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Abstract

Large reservoirs built along the Euphrates River for hydropower and irrigation
have significantly changed regional hydrology, evaporation patterns, and water
quality, leading to downstream effects on nearby agricultural soils. This structured
review summarizes evidence published between 2000 and 2025 on reservoir-re-

lated soil salinization, sodification, and waterlogging in Tiirkiye, Syria, and Iraq.
Three main mechanisms appear repeatedly in the literature: groundwater table rise
in irrigated areas, evaporation-driven concentration of reservoir water, and salt re-
circulation through irrigation return flows with poor drainage. Most evidence is
from the Harran Plain in Tiirkiye, the reservoir edges of Lake Assad in Syria, and
downstream sections of the Euphrates in Iraq. Management recommendations fo-
cus on drainage-driven planning, crop zones sensitive to salinity, and integrated
soil-groundwater monitoring. Major research gaps include scarce long-term paired
soil-groundwater data near reservoir edges and difficulties in separating reservoir
impacts from climate variability and farming practices.
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1. Introduction

Reservoir development along the Euphrates River has enabled large-scale irrigation expansion while fundamentally
altering hydrological and geochemical conditions that control soil processes in adjacent lands. Under semi-arid and
arid climates, these alterations can increase the risk of secondary salinization, sodification, and waterlogging, par-
ticularly where drainage infrastructure is inadequate. This review synthesizes mechanisms, evidence, and manage-
ment responses reported in the literature, focusing on reservoir-adjacent soils in Tiirkiye, Syria, and Iraq. Specifi-
cally, we focus on three pathways: (i) shallow groundwater and waterlogging near lakeshores; (ii) evaporative en-
richment within reservoirs that degrades downstream water quality; and (iii) salinity build-up from reservoir-sup-
plied irrigation combined with inadequate drainage [1, 2, 6].

2. Methods

This study is a structured narrative review synthesizing published evidence on the effects of Euphrates River reser-
voirs on soils and groundwater. It follows a transparent and reproducible search strategy but does not constitute a
systematic review. Consequently, Formal PRISMA screening, meta-analysis, and quantitative risk-of-bias scoring
were not applied due to heterogeneity in study designs, spatial scales, and reported variables.

Literature searches were conducted for the period 2000-2025 using Web of Science, Scopus, FAO AGRIS, and
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Google Scholar, as shown in Table 1. Search strings combined geographic and thematic terms, for example: (‘Eu-
phrates” AND ‘reservoir’ AND (‘soil salinity” OR ‘groundwater’ OR ‘irrigation return flow”)). Studies were in-
cluded if they reported measured or modeled soil, groundwater, or irrigation water-quality indicators within the
Euphrates Basin. Opinion pieces and non-verifiable sources were excluded. Basin inventories were used to cross-
check the dam/reservoir context [1, 3, 11-13].

Table 1. Summary of primary studies included in the review

. . Sample size/cov- Key varia- . . .
Study Location Period . Study type bles Main findings Quality
Evaporative en-
Kattan Lake As- 1999- .. Field + iso- richment; de- .
(2008)  sad,Syria 2006 Multi-site topes EC, 0180 1 aded irrigation High
quality
Bahgeci Pll;l ;H?lflu_ 2008- Experimental Field experi- GW depth, iorétizgsge%rzg_l_ Hish
(2016) b 2014 plots ment EC ge redu &
rkiye linity
Harran . .
Akga et al. . .. 2017- Remote sens- . Persistent salin- .
(2022) Plﬁg’y:“' 2020 RS + field ing Soil EC ity hotspots High
Rahi 1970s- . . oo Downstream sa-
(2009) Iraq 2000s River stations Monitoring TDS linity increase Moderate

3. Results and Discussion

This review synthesizes evidence on how large reservoirs along the Euphrates River influence adjacent soils through
interacting hydrological and geochemical pathways (Figures 1-4). Across the basin, three mechanisms recur most
consistently in the literature as shown in Figure 5: (i) groundwater tables rise and waterlogging near reservoir mar-
gins and irrigated command areas, (ii) evaporative enrichment within reservoirs that degrades downstream irrigation
water quality, and (iii) recirculation of salts through irrigation return flows under conditions of inadequate drainage.
As presented in Figure 6, these mechanisms are well-established conceptually; however, their relative importance
varies spatially and temporally depending on climate, soil properties, irrigation intensity, and management practices.

Evidence from the Harran Plain in Tiirkiye provides the most internally consistent documentation of soil salini-
zation processes linked to reservoir-fed irrigation. Multiple studies combining long-term monitoring, field experi-
ments, and remote-sensing analyses have reported groundwater rise following irrigation expansion, with salinity
hotspots concentrated where drainage is shallow or poorly maintained. Although study designs and metrics differ,
the convergence of independent approaches strengthens confidence in the association between altered groundwater
regimes and secondary salinization in this setting. At the same time, results from Harran should not be generalized
uncritically to other Euphrates regions without considering differences in soil texture, cropping systems, and insti-
tutional management capacity [4-5, 9].

Along the margins of Lake Assad in Syria, fewer studies are available, but field observations and isotopic analyses
consistently indicate strong evaporative enrichment of reservoir water and shallow groundwater influence on adja-
cent soils. Soil chemical changes reported near the reservoir shoreline are consistent with prolonged capillary rise
and evaporative concentration under semi-arid conditions. However, the limited temporal coverage and lack of
paired pre-impoundment data constrain causal attribution and highlight the need for longer-term monitoring in res-
ervoir margin zones [2, 3].
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Figure 1. Schematic of the Euphrates reservoir cascade and example adjacent areas referenced in the review.
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Figure 2. Approximate geographic locations of major Euphrates reservoirs used in this review.
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Figure 3. Enhanced approximate map with country context, key reservoirs, and a schematic Euphrates course.

Downstream in Iraq, changes in Euphrates water quality are documented primarily through river monitoring stud-
ies rather than direct soil experiments. These studies report increasing total dissolved solids and salinity downstream,
attributed to a combination of upstream storage effects, evaporation losses, irrigation return flows, and reduced
dilution during drought periods. While these trends plausibly increase salinization risk in irrigated soils, direct link-
age between river salinity and field-scale soil degradation remains under-documented, underscoring a key evidence
gap in the lower basin [6-8].

Attributing observed soil changes solely to reservoir construction or operation remains challenging. Partly be-
cause most studies rely on observational designs in which climate variability, irrigation expansion, and on-farm
management act as confounding factors. In this review, as illustrated in Figure 6, attribution is therefore treated as
probabilistic rather than definitive, relying on temporal coincidence with reservoir operation, spatial proximity to
reservoirs or canals, mechanistic plausibility, and consistency across independent studies. Explicit separation of
reservoir effects from broader agricultural intensification has remained a priority for future research.
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Figure 4. PRISMA-style flow diagram for literature screening (placeholders to be filled with your counts).

Figure 5. Mechanisms by which reservoirs affect adjacent soils, leading to waterlogging, salinization, and sodification.

Evidence map (relative weight 1-5; illustrative)
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Figure 6. Evidence map summarizing the relative weight of evidence by country and mechanism (illustrative indices 1-5).
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Management implications derived from the reviewed literature emphasize the central role of drainage in mitigat-
ing the risk of salinization. Field studies (Figure 7) from semi-arid irrigated systems suggest that maintaining
groundwater depths below approximately 1.2-1.5 m can reduce salinity accumulation for moderately salt-tolerant
crops on medium-textured soils. This threshold, however, is not universal and must be adapted to local hydraulic
properties, crop rooting depth, irrigation frequency, and water quality. Furthermore, where drainage infrastructure
is absent or poorly maintained, leaching alone is unlikely to provide sustainable control of salinity.

Conceptual effect of drain depth/spacing on salinity risk
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Figure 7. Conceptual effect of subsurface drain spacing and depth on root-zone salinity risk (illustrative; lower is better).

The applicability of management options (Figure 8) also differs between large-scale irrigation schemes and small-
holder systems. Infrastructure-intensive measures such as subsurface drainage networks are typically feasible only
in centrally managed schemes, whereas smallholders may rely more on crop selection, rotational leaching during
periods of favorable water quality, and field-level water management. Recognizing these constraints is essential to
avoid recommending practices that are economically or institutionally unrealistic.

Timeline of Euphrates reservoirs commissioning (approximate years)
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Figure 8. Timeline of reservoir commissioning on the Euphrates system (approximate years).

Overall, the reviewed evidence supports a consistent conceptual model linking Euphrates reservoirs to increased
salinization risk under certain conditions, while also revealing substantial gaps in quantitative, field-based soil
data—particularly near reservoir margins and in downstream reaches. Addressing these gaps through coordinated
soil-groundwater monitoring and improved reporting of experimental design would significantly strengthen future
assessments and management guidance.

These patterns are consistent with regional water-storage stress detected by GRACE [2-7, 10].
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4. Management and Policy Implications

1) Drainage first: design subsurface drains to keep the water table >1.2-1.5 m during cropping; verify with obser-
vation wells; schedule post-harvest leaching fractions where water quality allows [5, 9].

2) Water-quality management: blend or cycle reservoir water with better-quality sources; monitor electrical con-
ductivity/sodium adsorption ratio (EC/SAR) of supplies and fields [2, 6].

3) Crop zoning & rotations: assign more salt-tolerant crops/forages to higher-risk zones; use halophyte buffers
where persistent hotspots remain [5, 9].

4) Monitoring: integrate periodic soil sampling with remote-sensing-based salinity mapping to target drains and
prioritize fields [4].

5. Limitations and Research Needs

There are a few longitudinal, paired soil-groundwater datasets within hundreds of meters of reservoir shorelines
(especially around Haditha and Baath/Tishreen). Attribution studies that explicitly separate dam operations from
climate variability and farm-level practices are limited. Multi-year designs combining soil surveys, piezometers,
isotopic tracing, and RS-based salinity mapping would substantially improve inference [1-3, 7].

6. Conclusions

Reservoirs along the Euphrates influence adjacent soils primarily through groundwater rise, evaporative enrichment,
and salt recirculation. Implementing drainage, salinity-aware crop zoning, and integrated monitoring can reduce
risks, but long-term paired soil-groundwater studies remain a priority.
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