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meeting this demand calls for productivity and innovative sustainable agricultural
practices that take care of the environment and other ecological structures. The
southern parts of Iraq have a great economic and cultural heritage associated with
rice cultivation, particularly under traditional, highly water-intensive cultivation of
Anbar-33. Moreover, decreasing flow volumes of the Tigris and Euphrates resulting
from upstream water management and prolonged periods of drought have
drastically reduced the available water for agriculture. Such problems need to be
dealt with in a comprehensive manner. Resilient systems that have emerged, such
as the System of Rice Intensification (SRI), which require less water and chemical
inputs, have already shown promise of increasing production. Recently, modern
irrigation technologies such as localized irrigation and under-the-ground irrigation
have been suggested to reserve water. Yet, limitations in Iraq’s farming sector
including a lack of knowledge by the farmers, unsupportive policies, and economic
inequality mean that these practices are not easily adopted. Besides, the agricultural
background in Irag implies hope of resilience and recovery: since the country at one
point managed to provide enough cereals in the years 1970-1980, it has since lost
several decades due to wars and conflicts, embargos, and mismanagement of
natural resources. Reviving rice output today isn’t just about food safety; it steps
towards bringing back farm sustainability plus economic balance. Even as Iraq faces
the effects of climate change head on, new solutions, teamwork in research, and
steps in policy need to happen to beat the hurdles against rice farming. Through
tapping into the rise of science and building cross-border ties, Irag can steer through
these intricate shifts, guaranteeing a path forward for cultivating rice even as
challenges mount from nature and society.

Journal of Agriculture and Rural Development Studies (JARDS) © 2025 is licensed under CC BY 4.0.

1. Introduction

The increasing rapid climate change and the demand for rice at the international level are major
challenges of the agricultural sector in Irag. The major threats include irregular rainfall distribution, high
rates of temperature rise, and increased extreme climatic conditions—a scenario that is exacerbated by
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most challenges to crop productivity (Al-Kadhim and Al-Hassan, 2023). Rice is a staple in Iraq; therefore,
it needs large amounts of water, especially during the most critical growing stages. These further
stresses the already limited water resources in the country (Hassan et al., 2023). High international
demand for rice due to increased human population and economic growth further calls for sustainable
agricultural practices as an approach to ensure food security and, at the same time meeting
environmental sustainability criteria (Al-Tamimi et al., 2022).

The challenges of socio-economics facing Irag have thwarted the successful adoptions of such solutions
even though great efforts have been invested in implementing new agricultural methodologies; for
example, System of Rice Intensification (SRI) and drip irrigation. A major part of the challenge would
again require the government to provide support and adequately train farmers on how to adopt and
effectively implement these practices (Hassan et al., 2023). The findings of Al-Khalidi and Al-Masri (2014)
revealed that improved irrigation techniques would enhance the productivity of agriculture to very
sustainable levels. Up to the 70s and 80s, fertile land and irrigation from the Tigris and Euphrates rivers
saw lraqg self-sufficient in grain production. But conflict effects and even economic sanctions over the
years took a heavy toll on the agricultural industry, reducing productivity and increasing the country's
dependence on food imports (Hanna, 2002; Al-Saadi, 1995). For decades now, as articulated in the FAO
(2005) and Al-Rawi and Al-Hamadi (2007), major challenges have been experienced in the southern
regions surrounding water scarcity and ineffective resource management, both of which have direct
effects on rice production. Recent studies have pinpointed the factor of salinity stress as a major
challenge to food security in Iraq, with over half of the cultivated rice lands falling victim to salinity. The
cultivation of salt-tolerant rice varieties has proved to be a solution that is feasible for such areas, and
that it leads to productivity (Munns and Tester, 2008). Other factors such as climate changes, high
temperatures, and prevailing drought conditions have deteriorated the quality of crops and lessened
the yield. Hence, more research is needed on optimal practices for rice cultivation (Aziz et al., 2015;
Kosova et al., 2013). Collaboration with international research institutions like the International Rice
Research Institute (IRRI) would be the right approach to take the steps necessary for enhancing rice
productivity in an unfavorable environment. Such collaboration became possible in the last couple of
years, directed at salt-tolerant rice genotypes for the salty regions, where southern Irag and the Ganges
Delta in Bangladesh have been the focal point of IRRI intervention (IRRI Annual Report, 2022; Al-Araji et
al., 2023).

1.1. Objectives of the Study

This study explores how environmental stressors, on-farm conditions, and socio-economic factors
influence rice production in arid regions, especially in the context of water scarcity, climate variability,
and rising global demand. The objective is to highlight practical, evidence-based strategies that can
enhance food security, increase productivity, and support the long-term resilience of farming
communities.

1.2. Justification of the Study:

Iraqi rice production is at a turning point, with climate change, water shortages, salinity soil, and
growing global demand putting increasing stress on both farmers and the environment. Because rice
requires large amounts of water, it is particularly vulnerable to drought, higher temperatures, and
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reduced flows in the Tigris and Euphrates rivers. These problems are particularly serious in southern
Irag, where rice plays a central role not just as a food crop but also in supporting the local economy,
culture, and community traditions. While there are modern approaches available—like improved
irrigation, water-conserving techniques, and salt-tolerant rice varieties—these practices are still rarely
used. support Limited, proper training for farmers, and policies that fail to translate research into
actionable practices have slowed the adoption of solutions. This gap between what is known and what
is applied continues to make sustainable production a challenge in the Iraqg. This study is therefore
important to provide a thorough understanding of the environmental, agricultural, and socio-economic
factors that shape rice farming in Irag. It aims to generate insights that can guide realistic strategies to
improve productivity, resource management, and resilience in the sector. Its goal is to identify practical
strategies that increase productivity, conserve water, and build resilient farming systems. By linking
research with action, the study aims to support food security and help rebuild sustainable rice farming
in Irag under mounting environmental and societal pressures.

2. Literature review

The literature highlights Rice is the major caloric source for more than half of the world's population,
and demand is expected to rise further, particularly in Asia and Africa, where population growth and
dietary changes are accelerating (Ansari et al., 2021; Farooq et al., 2023). This growing need for rice is
unfolding at a time when climate change is reshaping agricultural systems worldwide. Higher
temperatures, irregular rainfall, extreme climatic events, and increased pest and disease pressures have
all been identified as major factors reducing rice yields and affecting grain quality (Rezvi et al., 2022); (Li
et al., 2025); (Fei et al., 2020); (Zhao et al., 2022). Among the challenges facing rice cultivation, water
scarcity stands out as one of the most critical. Rice cultivation is heavily dependent on irrigation; hence,
any alteration in precipitation or water availability jeopardizes critical rice-producing regions (Algarni et
al., 2025; Habib Ur Rahman et al., 2022; Joseph et al., 2023).Although a few localized environments may
experience slight yield improvements due to specific climatic conditions, the overall trend across
Southeast Asia, South Asia, and Africa points toward declining production. This decline raises concerns
about the future of global food security and the stability of rice markets (Wu et al., 2020); (Saud et al.,
2022); (Guidigan et al., 2025).Researchers have suggested several techniques to adapt to these
demands. Some of these efforts are to make rice varieties that can handle environmental stress, to
improve the nutrient content of rice through biofortification, to use precision agriculture technologies,
to make irrigation more efficient, to change planting schedules, and to give farmers more policy support
(Algarni et al., 2025; Rezvi et al., 2022; Farooq et al., 2023; Li et al., 2024; Joseph et al., 2023; Gao et al,,
2025; Rahman & Zhang, 2022). Individuals are not capitalizing on these readily accessible opportunities.
Numerous agricultural communities lack the requisite institutional support, training, or resources to
adopt these novel approaches (Ansari et al., 2023; Hussain et al., 2020). The findings unequivocally
indicate the necessity for a comprehensive strategy encompassing innovative technologies, enhanced
agricultural practices, and synchronized governmental initiatives to safeguard rice production against
climate change. Without a strategy such as this, it will increasingly become more challenging to farm
rice and ensure sufficient food for all (Farooq et al., 2023; Li et al., 2025; Habib Ur Rahman et al., 2022).
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3. Research Methodology

This review adopts a descriptive and analytical methodology to examine the challenges and
opportunities in rice production in Iraq under climate change, salinity stress, and rising global demand.
The study synthesizes findings from peer-reviewed literature, institutional reports, and collaborative
research initiatives. The increasing rapid climate change and the demand for rice at the international
level are major challenges of the agricultural sector in Irag. The major threats include irregular rainfall
distribution, high rates of temperature rise, and increased extreme climatic conditions—a scenario that
is exacerbated by most challenges to crop productivity (Al-Kadhim and Al-Hassan, 2023). Rice is a staple
in Irag; therefore, it needs large amounts of water, especially during the most critical growing stages.
These further stresses the already limited water resources in the country (Hassan et al., 2023). High
international demand for rice due to increased human population and economic growth further calls
for sustainable agricultural practices as an approach to ensure food security and, at the same time
meeting environmental sustainability criteria (Al-Tamimi et al.,, 2022). The challenges of socio-
economics facing lrag have thwarted the successful adoptions of such solutions even though great
efforts have been invested in implementing new agricultural methodologies; for example, System of
Rice Intensification (SRI) and drip irrigation. A major part of the challenge would again require the
government to provide support and adequately train farmers on how to adopt and effectively
implement these practices (Hassan et al., 2023). The findings of Al-Khalidi and Al-Masri (2014) revealed
that improved irrigation techniques would enhance the productivity of agriculture to very sustainable
levels. Recent studies have pinpointed the factor of salinity stress as a major challenge to food security
in Iraqg, with over half of the cultivated rice lands falling victim to salinity. The cultivation of salt-tolerant
rice varieties has proved to be a solution that is feasible for such areas, and that it leads to productivity
(Munns and Tester, 2008). Other factors such as climate changes, high temperatures, and prevailing
drought conditions have deteriorated the quality of crops and lessened the yield. Hence, more research
is needed on optimal practices for rice cultivation (Aziz et al., 2015; Kosova et al., 2013). The study based
on the collaborative research International Rice Research explored genetic diversity and response in 92
rice genotypes (31st IRSSTN-SS1 and 31st IRSSTN-SS2) under salt stress conditions (50 mM NaCl, Ece =
6 ds/m-1). The main focus of this study was to determine how genetic diversity affects the response of
rice to nutrient availability under salinity. Rice grains are particularly more nutrient deficient; most of
the nutrients are extremely concentrated in rice bran (pericarp, and seed coat, nucellus, and aleurone
layer), and the nutrient contents represent approximately 28% to that found in polished white rice after
milling (Aziz et al., 2015). Grain quality of rice is greatly influenced by salt stress imposed during the
flowering, vegetative, and grain-filling stages (Sakina et al., 2015; Kumar et al., 2014; 2015; Kshirsagar
et al., 2014).

4, Result and Discussion

4.1 Challenges in Rice Production in Iraq: Economic and Social Factors, Technological Adoption, and
Climate Change Impacts

The agriculture sector has traditionally been the economic mainstay of Iraq; during 2001, it contributed
approximately 6.1% to its GDP (Figure 1). In 1980s and 1970s, Iraq could fully achieve grains self-
sufficiency because there was fertile land and good irrigation systems supported by the Tigris and
Euphrates rivers. Such conditions would make this country one with guaranteed food security through
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agriculture. The impact of war and embargos had already greatly negative effects on the agricultural
sector. This has turned the situation in Iraq from an exporter to an importer of food. Agricultural output
dropped drastically between 1990 and 2000 because the past wars led to ill mismanagement which
wore out irrigation systems and the available water resources could not sustain the food requirements
of the population; thus, the nation has to raise food imports (Al-Saadi, 1995). In the hunger circle that
placed Iraqg in by the end of the second decade of the twenty-first century was to have become one of
the major nations that import rice even though it has arable land. It never exceeded 4-5 million hectares
on an annual basis out of 8 million hectares of arable land (FAO, 2005). As for problems with water
shortage, they persist in the rice production sector, especially in the Euphrates region (Al-Rawi and Al-
Hamadi, 2007). Challenges in social and economic issues hinder the adoption of such technologies at an
increased rate. Training of farmers as well as the provision of resources and government support needs
to be put in place for these solutions to be sustained. Initiatives that take part should be developed in
an effort to work against the stakes of climate change and the increasing demand attaining rice globally.
In terms of technology, rice production in Irag can be significantly improved in a resilient and sustainable
manner under such technologies as intensive irrigation and drip irrigation provided that there is
effective coordination between the farmers and the government institutions.

Hm Production

200 2 Bl Domestic Consumption

2001-2010

Years

1990-2000

0 2000 4000 6000 8000 10000
Rice Grain (tan*1000)

Figure 1. Rice Production and Domestic Consumption for market from 1990-2017
Source: Mouhamad et al., 2025

Water flows in the Euphrates were dramatically spotted by agriculture as lagging as 2014 (figure 2). This
came after the upstream hydropower projects resumed, further deteriorating the situation. Irrigation
infrastructure rehabilitation also led to reduced agricultural production, including rice production at the
time of enhancing food imports. Specific to the period 2014-2016, this was the year when Iraq
experienced one of its worst water crises ever, reflected in a comprehensive drop in crop production in
Iraq. There was no change from 2017 to 2018 in the scarcity of water in the southern part of Irag. The
government-initiated steps like the cultivation of drought-resistant crops. However, this proved
unsuccessful for ensuring good outcomes in terms of food security. Most foodstuffs are still to be
imported into the country (Al-Saadi, 2017). Iraq witnessed ‘long drought periods’ between 2019 to
2021, thereby exerting more pressure on agriculture (Al-Masry, 2020; FAO, 2020). In 2022, the situation
further worsened due to climate change impacts, resulting in decreased rainfall and increased
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temperatures (Al-Kadhim and Al-Hassan, 2023). Even with better irrigation and soil management
practices, the ability of Iraq to realize its food requirements is constrained by water availability and the
extent of arable land (FAO, 2023).

cultivated {irrigated)
Cultivated (rain fed)
range or scrub land

Yasmeen

Anhar

forest

Wi shkah 1
desert

Iraqi Rice Var.

Euphrates

Al-Baraka

a 500 1000 1500 @ 19 . 20 % ¢ se
X X Irrigation in the Landscape
Grain Yield

Figure 2. Iraq Area Rice, Grain Area, Grain Yield in varitypes
Source: Mouhamad et al., 2025

4.2 Impacts of Climate Change on Iraq: Historical Trends, Future Projections, and Regional
Vulnerabilities

The historical and projected air temperature trends over Irag from 1950 to 2100 show high increases
with anthropogenic climate change as the major driver. Data for the past years shows that there has
been a rise of about 2.3°C from 1950 to 2020, mainly due to the greenhouse gas emissions and land-
use changes. Future projections at different RCPs indicate further warming. The less aggressive RCP2.6
projection places temperatures at 27.1°C by the end of the century, with substantial efforts on
mitigation. The more aggressive projection, RCP8.5, puts temperatures at 31.9°C by the end of the
century, more than 7.1°C higher than today’s current temperatures, under high emission scenarios.
Such changes are likely to aggravate more existing critical challenges, including low agricultural
productivity, fierce desertification, and water scarcity. This is through enhanced rates of

-160-


http://www.imadr.jards.ugal.ro/

Journal of Agriculture and Rural Development Studies

% 2 Y Volume 2 —Issue 4 —2025
@“JAR”S ISSN Online 3061-2756

www.imadr.jards.ugal.ro

evapotranspiration, which are soon to be further aggravated by the loss of Iran's Urmia and Hamun
wetlands, as well as Iraqg's Central Marshes. This study goes a step further to endorse previous global
assessments, such as those of the IPCC, in identifying the wider Middle East as a global "hot-spot region"
for impacts of climate change in the world. Therefore, the use of both prescribed forms of adaptive
strategies and sustainable resource management form a global-best practice requirement in minimizing
future impacts. The IPCC 2021 report declares that the Middle East is likely one of the most vulnerable
regions to the impacts of climate change. It still mentions that the rise in temperatures is likely to exceed
the global average. This is in line with the projections also made for Iraqg. According to the same source,
the temperatures in this particular region will rise between 4-6°C by the end of the century, a scenario
similar to that of Irag, according to what was predicted under high emission scenarios. Several previous
regional studies (Al-Zubari et al., 2020) have also indicated a very significant temperature rise of about
2-3°C between 1950 and 2020. Projections recently suggested that temperatures might rise above 30°C
by the end of the century under high emission scenarios (e.g., RCP8.5). Similar findings were reported
by Elagib and Mansour (2017). Several areas of Iraq are expected to have up to 7°C warming by 2100,
with reduced rainfall as a side effect, which will even worsen desertification and water scarcity
challenges. Other studies, such as that of Al-Khader et al. (2019) results show relatively modest
warming, with the maximum warming by 2100 being about 4 °C, for some regions of Iraq, considering
regional factors like land use and resource management. Therefore, the high emissions scenarios and
rural-urban migration are less relevant to where the local land management is properly done and
emissions control measures are being enforced.

Historical and Projected Air Temperature Over Irag (1950-2100)
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Figure 3. Historical and Projected Temperature Changes in Iraq (1950-2100) Based on RCP Emission
Scenarios

Source: Mouhamad et al., 2025

4.3 Rice Salinity Tolerance: Addressing Challenges in Iraq

Salt stress is a major determining factor in food security, most of all in a country like Iraqg, with agriculture
mostly based on irrigation. Currently, more than half of the rice fields in Iraq are saline, making the
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adoption of salt-tolerant rice varieties cost-effective and efficient to enhance vyields in saline soils
(Munns and Tester, 2008). Even though rice happens to be one of the most adaptable crops to exist for
saline conditions, its sensitivity towards salt is seen mostly at the time of early establishment, flowering,
and grain formation (Ogbodo et al., 2011; Kosova et al., 2013). The accepted level of tolerance for rice
stands at an Ece of 3.0 ds/m-1. Furthermore, encroachment into new lands is unwelcome due to
problems presented by urbanization to limited arable land by abiotic stresses, including salinity.
Therefore, understanding the cellular mechanisms of salt tolerance in the plant will be very important
in further improving rice under such conditions. Modification of rice gene strains designed for the
rationale of heightened tolerance serves as a very promising solution. The resistance of plants toward
stress of salts includes several mechanisms, with the one most significant being that of the cell
membrane in efforts to protect the cells of the plant from various environmental stresses (Mansour,
2013; Aziz et al., 2015). It is a major challenge to evolve rice plants for resistance toward salinity since
the level of saline in the soil keeps varying both horizontally and vertically within the profile of the
ground and further changes with time (Hameed et al,, 2011). In the last few years, climate anomalies
have critically hit the paddy crop of Irag through intensified factors that include higher temperature
(Latif et al., 2011), drought (Choudhary et al., 2013), and increased soil salinization (Meti et al., 2013).
Such ecological shifts raise concern not only with reducing the quality and quantity of crops but also
propel further investigations and improvements in the management practices related to rice cultivation.
The study based on the collaborative research International Rice Research explored genetic diversity
and response in 92 rice genotypes (31st IRSSTN-SS1 and 31st IRSSTN-SS2) under salt stress conditions
(50 mM NaCl, Ece = 6 ds/m-1). The main focus of this study was to determine how genetic diversity
affects the response of rice to nutrient availability under salinity. Rice grains are particularly more
nutrient deficient; most of the nutrients are extremely concentrated in rice bran (pericarp, and seed
coat, nucellus, and aleurone layer), and the nutrient contents represent approximately 28% to that
found in polished white rice after milling (Aziz et al., 2015). Many studies reported variable grain quality
under upland conditions (Hoque et al., 2015). Moreover, grain quality of rice is greatly influenced by salt
stress imposed during the flowering, vegetative, and grain-filling stages (Sakina et al., 2015; Kumar et
al., 2014; 2015; Kshirsagar et al., 2014). This research would evaluate the variability in grain quality of
rice to Iragi conditions by evaluating two sets of IRSSTN rice. Much research has been done on the
development of rice varieties tolerant to salinity (FAO, 2008); research about the nutritional quality of
rice under salt conditions is still scanty (Djanaguiraman et al., 2006; Moradi and Ismail, 2007; Cha-um
et al., 2007; 2009; Hasamuzzaman et al., 2009). Salt stress reduces plant performance through effects
on photosynthesis, protein synthesis, and metabolism related to energy levels in the plant (Joseph et
al.,, 2013). High grain yield does not provide superior nutrient values because the nutritional
composition of the rice crop is influenced by many factors, such as plant genetics, soil quality, climatic
conditions, and pest pressure at the time of harvest.
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Figure 3. Rice Harvested Areas: Rainfed vs. Irrigated Systems (Global and Iraqi Context)

Source: Mouhamad et al., 2025

It shows data on areas harvested for rice in different countries, under either rainfed or irrigated
conditions, with particular categorizations based on how water is managed and flooding levels during
the time the crop grows. The percentage of rainfed rice is shown on the top graph where countries like
India and Bangladesh are high rainfed-based. Which means those are fully precipitation-dependent
systems, where some of its subcategories are drought-potential and deep water, the latter defined as
having a water depth greater than 50 cm for some significant number of days. Lower percentage
countries have more controlled irrigation systems. The lower graph shows the complete harvested rice
area in the year 1990 (measured in thousand hectares). Nations like India and China take the lead with
vast cultivated regions, which mirror their stature in worldwide rice output. The facts are taken from
FAO Yearbooks, the China Agricultural Yearbook, and other IRRI prints, which group these areas as either
irrigated, rainfed, or flood-prone zones. This classification helps understand the distribution of water
requiring rice cultivation and its problems; such as flood control, risks of drought, and the necessity of
irrigation to sustain high productivity.
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4.4 Enhancing Rice Productivity in Salinity-Prone Regions: The Role of IRRI Collaboration

The partnership with the International Rice Research Institute is central to the worldwide endeavour in
raising rice productivity, especially under adverse environmental conditions. As most of the world’s
population depends on rice as their main food, crucial environmental concerns, such as salinity and
drought, greatly reduce the yield, especially in regions dependent on irrigated agriculture. These have
been developed and evaluated by IRRI, with which we collaborate, for their salt tolerance; among them
are 31st IRSSTN-SS1 and 31st IRSSTN-SS2. These varieties are genetically and physiologically designed
to empower rice for the mechanisms of adaptation to salinity. They have been successfully deployed in
southern Iraqg, the Ganges Delta, and the Mekong Delta of Vietnam for which they expressed high
resilience to high levels of salinity and at the same time productivity (Al-Araji et al., 2023; Rahman et al,,
2020; Tran et al., 2023). This multi-stakeholder partnership does not only aim at quality improvement
of rice but also addresses the food security challenges that are accelerated by climate change,
empowering farmers to deploy sustainable management practices in saline-affected areas.

Table 1. Performance of Salt-Tolerant Rice Genotypes Across Different Countries

Country Rice Genotypes: Area(ha) Yield (ton/ha) Challenges
o IRSSTN-SS1, Salt stress, water scarcity, agricultural
Philippines 500 3.8
IRSSTN-SS2 pests
) Saline soils, climate variability, fertilizer
India IRSSTN-SS1 1,000 4.2
shortage
Bangladesh | IRSSTN-SS2 800 3.5 High soil and water salinity levels
Vietnam IRSSTN-SS1 600 3.9 Flooding and salinity in the delta
, IRSSTN-SS1,
Thailand 700 4 Heat stress and water resource shortages
IRSSTN-SS2
Indonesia IRSSTN-SS2 900 4.1 Poor soil, lack of agricultural technology
Severe salinity and lack of technical
Iraq IRSSTN-SS1 300 2.8
support
High temperatures and water resource
Egypt IRSSTN-SS1 400 3.7
shortages

Source: Own author research

The performance of these rice genotypes in different countries was essentially a result of the diversity
of environmental factors and agricultural practice. Good performance was recorded in the Philippines
and India. The benefits were increased productivity as a result of better irrigation and fertilizers. In
Bangladesh and Iraq, yields were below the global mean yield though genotypes showed reasonable
tolerance to high salinity. In Indonesia, good performance was realized due to environmentally sound
agricultural practices, particularly soil and water management. In Egypt, good heat stress resistance was
observed in those genotypes, which makes cultivation possible in new agricultural lands. This
collaboration shows how important it is to work with IRRI in improving the production of rice worldwide.
Main aspects—of salt tolerance and high productivity under all environmental conditions— are critical
toward food security for environmentally challenged regions, such as Iraqg. The use of rice genotypes

-164-


http://www.imadr.jards.ugal.ro/

Journal of Agriculture and Rural Development Studies

vz olume —ISsue 4 — Q
GIARDS VSN O 30612756 | LIZIIMADR

www.imadr.jards.ugal.ro

IRSSTN-SS1 and IRSSTN-SS2 marks a very critical step in responding to those challenges and contributing
to food security at the globe.
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Figure 4. Hierarchical Clustering of Rice Varieties Based on Environmental Adaptability and Yield
Source: Mouhamad et al., 2025

The relative yield data of various categories of rice plants from different locations (IRRI, AMRRS,
Annamalainagar, and Trichy) pointed towards large and significant interactions due to environmental
adaptation and performance. Such varieties as IR 77674-3B-B-2-4-2-14-AY4, are high yielding up to 2.0,
while IR 10T 107 and IR 68144-2B-2-2-3-2 expressed yield levels between 1.0 and 1.4, which indicates
dissimilarity in nature of the environment. There is regional variability, as shown by IR 72593-B-13-3-3-
1 giving vyields of 1.3 and 405 at IRRI and AMRRS, respectively, therefore, this underscores the
requirement for breeding efforts to be based on specific locations. Some such as CSR 28 (1.9) and A 691
(1.8) have continued to perform very well across the test environments and, therefore, should be
considered for further testing. Traditional varieties, on the other hand, such as POKKALI (1.3) and NONA
BOKRA (1.4), are moderate yielding but important for characters like salt tolerance. Strains that give less
than 1.5 tons in all places could get help from focused breeding work to improve tolerance to stress and
plant characteristics. These numbers show how important yield stability and environmental adaptability
are in programs to breed rice, helping to make tough, strong strains made for particular areas.
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Figure 5. Distribution of Salt-Tolerant Rice Varieties in Regions Facing Salinity Challenges
Source: Mouhamad et al., 2025

The dendrogram of hierarchical clustering presented above shows the grouping of rice varieties
according to similarities in traits such as yield, resistance, and tolerance to stresses, or adaptability to
the environment. Close merges at short distances between two varieties such as IR77664-B-5-1-2-1-3-
12-4-AY1 and IR77664-B-5-2-1-3-12-4-AY1 indicate high similarity, hence promising equally under
similar conditions. Very distinct clusters are seen. One cluster has modern varieties, e.g., IR77023-4B-
N-12-3-1 and IR70023-4B-N-12-3-1. A second distinctive cluster comprises the traditional varieties, e.g.,
POKKALI and IR72579-B-2R-3-1-1, which are very far apart at about 1.4. It indicates differences and,
therefore, possibilities for combining varied breeding strategies. Differences between groups at
distances less than 0.2-0.4 indicate similar environmental conditions. Greater distances of more than
1.0 indicate specific characteristics, e.g., salt tolerance. This study reinforced the fact that acclimatizing
varieties in an extensive yield trial regime enhances the potential of identifying material specifically
adapted to defined ecological regions based on myriad agronomic studies and interactions.

5. Conclusions and Recommendations

Rice farming in Iraq is under growing pressure. Hotter temperatures, shrinking water supplies, and soil
degradation have weakened traditional practices, lowering both yields and grain quality. Farmers in
heavily irrigated areas feel this strain most, and rising global demand adds further challenges. Although
better irrigation methods, salt-tolerant rice, and improved fertilizer use could help, few farmers have
the training or support to apply them effectively. Tackling these problems requires careful water
management, planting resilient varieties, restoring soil health, and giving farmers practical, hands-on
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guidance. Policies should focus on linking research with real farming practices and promoting

approaches that are both productive and sustainable. By addressing environmental, technical, and

economic factors together, Iraq can protect rice production, support rural livelihoods, and strengthen

food security over the long term.
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