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HYDRAULIC HERITAGE: QANATS AND
LANDSCAPE DYNAMICS IN THE LIBERATED
KARABAKH TERRITORIES

Qanat systems are traditional underground channels designed for water transportation and play a
vital role in providing reliable water sources for both drinking and irrigation purposes. Over the past two
years, monitoring was conducted in the territories of Karabakh liberated from occupation to assess the
condition of ganats after a 30-year period. The findings revealed that many ganats still show traces of
past military activities. A comprehensive study was undertaken to evaluate the technical condition and
restoration potential of the ganats. In parallel, land reclamation, hydrogeological, and agro-soil investi-
gations were carried out across the entire ganat distribution area. The results indicated that conditions
varied significantly among the Agdam, Fuzuli, and Jabrayil districts. Recommendations include regular
monitoring of water and soil quality, implementation of effective ganat rehabilitation methods, and the
optimal utilization of ganat water for both domestic and agricultural purposes. This study emphasizes
the importance of ganat systems for arid and semi-arid regions and offers practical recommendations for
the sustainable management of water and land resources, to enhance the socio-economic well-being of
local communities.

Keywords: ganat, irrigation, hydraulic structure, degradation, restoration.
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' 93sipbarkaH Pecnybamkachl FblAbIM >KaHE GiAIM MUHUCTPAITIHIH,
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I'mapaBAnKanbik, Mypa: KapabakTbiH, a3aT eTiAreH aiMaKTapbiHAAFbl
parnc XoHe AaHALIAT AMHAMMKACHI

KaHart xyreaepi — cy TacbiIManpayFa apHaAFaH ABCTYPAI XKepacTbl apHaAapbl X8He aybl3 Cy XXeHe
Cyapy MakcaTTapbl YLLIiH CEHIMAI CYy KO3AEPiH KaMTaMachl3 ETYAE MaHbI3Abl peA aTkapaAbl. COHFbI eki
KbIAAQ OKKYMaLUMsAaH 60ocaTbiAFaH Kapabak, ayMakTapbiHAa 30 XKbIAABIK, KE3€HHEH KeliH KaHaTTapAbIH
>KarFpanblH 6arasay YuiH MOHWMTOPUHI XXYPri3iAai. 3epTTey HOTUXKeAepi KernTereH KaHatTapasa oAi
A€ OTKEH 9CKepu apekeTTepAiH i3aepi 6ap ekeHiH kepceTTi. KaHaTTapAbliH TEXHWMKAAbIK, >KarAarbiH
KOHE KaAMblHA KEATIpYy oAeyeTiH 6araray YuWiH KelleHAi 3epTrey >Kypridiaai. CoOHbIMeH Kartap
KaHaTTbIH BYKiA TapaAy anmarbiHAQ >KepAi MeAMOpauMsAay, TMAPOreOAOTUSIAbIK, XXOHE arpoTorbipak,
3epTTeyAepi xXyprisiaai. Hatvxxkeaep Araam, Ousyan xxeHe Axxabpana aysaHAAPbIHAA XKaF AaAAPAbIH
aNTapAbIKTan e3repeTiHiH KepceTTi. YCbIHbICTapFa Cy MEH TOMbIPak, CanacbiH YHeMi GakblAay, KaHaTTbl
KAAMbIHA KEATIPYAIH TUIMAI 8AICTEPIH EHri3y )K8He KaHaT CyblH TYPMbICTbIK, YX8He aybIALLIAPYaLUbIAbIK,
MakcaTTapbl YLWiH OHTaMAbI NarAaAaHy Kipeai. Bya 3epTTey Kyprak, keHe >KapTblAai KypFak, anMakTap
YWIiH KaHaT >XyMeAepiHiH MaHbI3ABIAbIFbIH aTan KepCeTeAl >K8He XEepriAikTi KaybIMAACTbIKTapAbIH,
SAEYMETTIK-9KOHOMMKAABIK, 9A-ayKATbIH >KaKCapTy YLUiH CYy MEH >ep pecypcrapbiH TypakTbl 6ackapy
6o¥ibIHLLIA MPaKTUKAAbIK, YCbIHbICTAp YCbIHAADI.

TyiiH ce3aep: KaHaT, cyapy, r’MAPaBAMKAAbIK, KYPbIAbIM, TO3Y, KAArMbIHA KEATIpY.
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Hydraulic heritage: qanats and landscape dynamics in the liberated Karabakh territories

A.T. Tyanes', Y.T. baxwmesa', T.M. babaesa?,
T.U. EAMapabl', H.M. Tyanes'
TMHCTUTYT MOYBOBEAEHMS U arPOXMMMU MMUHUCTEPCTBA HayKu
1 ob6pasoBaHms AsepbanakaHckor Pecry6amku, baky, AzepbanakaH
2CyMramTCKmin roCy AApCTBEHHbIN YHMBepcuTeT, baky, Azep6anakaH
*e-mail: elovset_g@mail.ru

IMApaBAMYECKOe HacAeAMe: KaHaTbl U AMHAMMKA AaHALIadTa
Ha 0CcBO60XAeHHbIX TeppuTopusix Kapabaxa

KaHatbl — 3TO TpaAMLMOHHbIE MOA3EMHblE KaHaAbl, NMpeAHa3HauyeHHble AAS TPaHCMOPTUPOBKM
BOAbI M UIPAIOLLME >KM3HEHHO BaXkKHYIO POAb B OGECMEUYEHMM HAAEXKHbBIX UCTOUHUKOB BOAbI KaK AAS
MUTbEBbIX, TaK 1 AASl UDPUFALLMOHHBIX LieAel. B TeueHne nocAeAHMX ABYX AeT Ha TeppuTopusx Kapaba-
Xa, 0CBOOOXAEHHbIX OT OKKYMaLMK1, MPOBOAMACS MOHUTOPWHI COCTOSIHMSI KaHaAOB nocAe 30-AeTHero
nepuoAa. Pe3yAbTaTbl MOKa3aAM, YTO MHOTME KaHaAbl AO CUX MOP COXPaHSIOT CAEAbI MPOLLAOI BOEHHOM
AESITEAbHOCTU. BbIAO MPOBEAEHO KOMMAEKCHOE MCCAEAOBaHME AAS OLIEHKM TEXHWYECKOro COCTOSIHMS
M MOTeHLMAAa BOCCTAHOBAEHMS KaHAAOB. [1apaareAbHO ObiAM MPOBEAEHbI MEAMOPATHBHbIE PaboThl,
rMAPOreoAOrnyeckme 1M arporoyBeHHble MCCAEAOBaHMS MO BCEM 30HEe pacrnpocTpaHeHns KaHaAoB. Pe-
3yAbTaTbl MOKa3aAM, YTO YCAOBUS 3HAUMTEABHO Pa3AMYUAOTC MeXAY Araamcknm, PU3YAMHCKUM 1
A>KabpanAbCKMM parioHamu. PekomeHAQUMU BKAIOYAIOT PeryAsipHbii MOHMTOPUHI KauecTBa BOAb! U
nouBbl, BHeapeHue 3(PheKTUBHbIX METOAOB BOCCTAHOBAEHUSI KAHAAOB M OMTUMAAbHOE MCMOAb30BaHUe
BOAbI M3 KaHAAOB Kak AASl ObITOBbIX, Tak U AASl CEAbCKOXO3SIMCTBEHHbIX LieAel. AaHHOe MCCAeAOBaHMe
NMoAYepKMBaeT BXKHOCTb CMCTEM KaHATOB AASt 3aCYLLIAMBBIX M MOAY3aCyLUAMBbBIX PErMOHOB U MpeAAara-
eT npakTUyeckme pekoMeHAALMK MO YCTOMUMBOMY YMNPABAEHMIO BOAHBIMU 1 3eMEAbHbIMW pecypcamm

AAS] TIOBbILLEHMWS COLMAAbHO-3KOHOMMUYECKOrO BAAronoAyUMst MECTHbIX OOLLMH.
KatoueBble cAOBa: KaHaT, Mppuraumsi, TMAPOTEXHUYECKOE COOPY>KEHWE, AErpPaAaLms, BOCCTAHOB-

AEHUe.

Introduction

In the context of arid and semi-arid climates,
which characterize much of the Near and Middle
East, water supply has historically been a matter
of life-sustaining importance. Within these envi-
ronments, ovdans, wells, and qanats emerged as
unique hydraulic structures—underground irrigation
channels, designed to provide long-term and sus-
tainable water supply for both human populations
and agricultural lands. A Qanat (Kahriz) is a type
of subterranean hydraulic system constructed on the
principle of gravity-driven groundwater flow, which
channeling water from depths exceeding 20 meters
to the surface.

While the operating principle of a qanat is
straightforward, its construction depends on numer-
ous geological and hydrological factors. The system
consists of vertical shafts connected by horizontal
galleries, which collect water from underground
aquifers and convey it to the surface. These struc-
tures represent some of the earliest forms of artifi-
cial irrigation and demonstrate the remarkable engi-
neering sophistication of ancient societies. Guliyev
examined the “Ganat” terms within Nakhchivan’s
folklore and literature, highlighting their role in the
region’s cultural and linguistic heritage (Guliyev,
2007).
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In the territory of modern southern Kazakhstan,
near the city of Turkestan—approximately 50 km
from the fortress settlement of Saurana (Savran)—
and in Azerbaijan, qanats were already recorded at
the initial stage of the formation of the Great Silk
Road, with their most widespread distribution dat-
ing to the 5th—7th centuries (Guliyev, 2014). Com-
parative analyses of historical and archaeological
data classify ganats as long-term irrigation systems
that played a key role in the economic life of the
population. Their presence facilitated not only the
expansion of agriculture but also the establishment
of sustainable settlements in regions with limited
natural resources.

Recent studies have highlighted the importance
of traditional gqanat systems in arid and semi-arid
regions, both as sustainable water supply infrastruc-
tures and as cultural heritage. For instance, Bahrase-
man et al. investigated effective approaches for re-
vitalizing qanats in the dry and semi-arid areas of
Razavi Khorasan province, Iran (Guliyev, 2017).

Their research identified 27 factors affecting
the restoration of ganats and emphasized the crucial
role of a holistic approach in reviving these systems.
The study suggests that reforming water governance
policies and establishing independent institutions
for qanat restoration are vital strategies for sustain-
able water management. In a concise publication for
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an Iranian academic audience, Guliyev presented
an overview of ancient heritage monuments in Na-
khchivan, highlighting their historical significance
within a broader regional context (Guliyev, 2007).
Similarly, Kowkabi examined the revitalization
of ganats in District 7 of Tehran, focusing on their
potential role in urban regeneration (Guliyev, 2017).
The study proposed the integration of ganat routes
into public open spaces to enhance social activities
and connect urban areas with nature. Kowkabi em-
phasized that revitalizing these traditional infrastruc-
tures can improve the quality of life in urban settings
by providing sustainable water sources and promot-
ing ecological awareness. These studies underscore
the multifaceted value of qanat systems, encompass-
ing technical, ecological, and socio-cultural dimen-
sions. They provide a framework for assessing qanat
systems from both technical and socio-ecological
perspectives, forming the foundation for the present
investigation in the liberated territories of Karabakh.
This study aims to analyze the physicochemical
properties of water from selected qanats in Azer-

Figure 1

baijan’s Karabakh region to determine its qual-
ity and suitability for domestic and agricultural
use. By measuring key parameters—including pH,
electrical conductivity, total dissolved solids, and
major ions—the research assesses the current hy-
drochemical state of these waters. The findings are
intended to inform sustainable management and
restoration strategies for these traditional ground-
water systems.

Research object and methodology

A qanat (Figure 1) is an ancient underground
water management system developed to transport
groundwater from an aquifer or water-bearing layer
to the surface for irrigation and domestic use. This
system spread to many regions, including Central
Asia, the Middle East, North Africa, and even parts
of southern Europe. A typical ganat consists of the
main components including 1) Mother Well (Main
Shaft), 2) Underground Tunnel (Gallery), 3) Verti-
cal Shafts and 4) Outlet (Surface Channel).

Pic. Schematic Description of the Nourishment and Transit Zones in Qanats

Carried sediments

Wells

Watery horizonts which
underground water move e
Hales 25

Note: Compiled by the author.

The ancient qanat systems of the Karabakh
region in Azerbaijan represent a remarkable ex-
ample of historical water resource management
and their enduring relevance to contemporary wa-
ter quality challenges. These underground chan-
nels, designed to convey water from aquifers to
the surface, have for centuries played a crucial

role in sustaining agriculture and supporting the
livelihoods of local communities in arid regions
(Antonov, 1959).

Over the past two years, a comprehensive re-
search project has been conducted in the liberated
territories of Karabakh to assess the technical condi-
tion and operational potential of the qanat systems.
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The study focused primarily on the Fuzuli, Agdam
and Khojavend districts, where over 50 ganats across
22 settlements were documented and surveyed. The

Figure 2
The study area map

Agdam Rayonu .
kahrizlar

£

Geogle Earth

Note: Compiled by the author.

The findings revealed that many qanats still bear
traces of military activity, with walls damaged by
mines, explosions, and firearms. Following three
decades of occupation, a significant portion of these
systems had been destroyed or rendered non-func-
tional. This deterioration has been further exacer-
bated by environmental factors such as overgrown
vegetation, the accumulation of animal bones, and
the blockage of channels. Addressing these issues
through the restoration and preservation of the ga-
nats is a priority task. This endeavor carries not only
technical importance but also profound socio-eco-
nomic and ecological significance for the region.

The conducted analysis of water (chemical com-
position) from ganats in both districts revealed that
the concentrations of major components are within
permissible sanitary standards. In certain qanats,
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research methodology included visual monitoring,
GPS mapping, and technical, archaeological, and
hydrogeological assessments (Figure 2).

¥ Legend
® iehriz
) Rayon Ssthadi

such as the Molla-Mahmud qanat in the Agdam
district, water mineralization levels do not exceed
maximum allowable values and do not pose a threat
to public health. Measurements of the radiation
background showed stability and compliance with
regulatory norms. A key parameter was the concen-
tration of dissolved oxygen in the ganats, ranging
from 2.74 t0 9.11 mg/L, indicating sufficient oxygen
saturation, which reflects the favorable condition
and biological stability of the water.

Within the framework of the research, not only
the hydrogeological but also the technical condition
of the qanats was studied, along with a comprehen-
sive analysis of water and soils. As a result, it was
found that in some villages of the Agdam district,
there are significant differences in the schemes and
layouts of qanats. These differences are determined
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not only by natural factors but also by the lithologi-
cal characteristics of soils and substrates. Prolonged
absence of agricultural activity in the liberated ter-
ritories (for example, in the villages of Ahmedagali

Figure 3

and Bash Gervend) has led to land being overgrown
with various shrubs and trees. Figure 3 presents two
graphs for the wells of the Mollamammadali Qanat
in Bash Gervend village, Agdam District.

Wells of the Mollamammadali Kahriz located in Bash Gervend village, Agdam District.

Note: Compiled by the author.

Methods

During observations, we recorded tunnel col-
lapses in sections of the qanat at depths of only 2-3
meters, leading to cessation of its operation. At pres-
ent, an official appeal has been submitted to the au-
thorities regarding the activities of the construction
companies. Despite our appeals to the relevant au-
thorities, no conclusions or actions have been taken
so far.

We were able to conduct water analyses in the
demined territories within the combat zone in col-
laboration with the Institute of Radiation Problems.
The objective was to determine whether heavy met-
als and other harmful substances had entered the
ganat waters as a result of military aggression. Con-
sequently, the analysis of ganat water collected from
the combat zone was performed in a specialized lab-
oratory at the Institute of Radiation Problems. The
results of the analysis are presented in the table and
in explanatory form.

During the course of the study, it was established
that qanats of hereditary historical significance were
destroyed during military actions, with their walls
bearing traces of damage from mines, explosions,

and firearms. As a result of 30 years of occupa-
tion, a significant portion of the systems had been
destroyed or rendered nonfunctional. Their current
condition has been further exacerbated by over-
grown vegetation, accumulation of animal remains,
blockages, and clogged channels.

Results and discussion

This section presents the results of the study
conducted on the Molla-Mammadali Qanat in
Bash Gervend Village, Agdam District. At the
initial stage of monitoring the ganats in the liber-
ated and demined territories, water samples were
collected from qganats in the study area and ana-
lyzed in the accredited laboratories. The analyses
were conducted under conditions that complying
with current standards. As shown in Tables 1 and
2, the results of the physicochemical analysis of
water samples collected from the villages of Dash
Veisally (Bala ganat), Kavdar (Agalarbek ganat),
Chereken (Tavega qanat), Khorovlu (Shikhi qa-
nat), Khalifa Valley qanat, Asker ganat, and Orta
(Middle Kahriz and Guzey qanats in the village of
Guyjak, Jabrayil district)-demonstrated that these
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waters are fully suitable for both drinking and ir-
rigation purposes.

The turbidity of the qanat waters ranges from
0.21 to 2.5 mg/L, which does not exceed the maxi-
mum permissible concentration of 2.6 mg/L. Only
the turbidity value of the water sample taken from
the Bala ganat in the village of Dash Veysally
slightly exceeded the permissible limit, measur-
ing 2.71 mg/L. This deviation is likely associated
with urban development and restoration activities

Figure 4

carried out by certain Turkish companies in the
area.

In ganat wells with depths less than 4—5 meters,
structural collapses have been observed due to the
impact of heavy machinery operating near or above
the tunnels. Overall, the results of the conducted
studies indicate that the qanat water remains fully
suitable for both drinking and domestic water sup-
ply purposes (Akimtsev, 1928; Bekzhanov, 2020;
Mukanova, 2024).

Outlets of the Karasu (a) and Mollamammadali (b) Qanat wells in Bash Qervend village.

a)

Note: Compiled by the author.

Addressing the aforementioned challenges re-
lated to the restoration and preservation of ganats
is a priority task of not only technical, significance
but also socio-economic and ecological importance.
The analysis of the chemical composition of ganats
water showed that the concentrations of major com-
ponents remain within permissible sanitary stan-
dards. In certain ganats, such as the Molla-Mahmud
ganat (Agdam district), the sodium concentration
reached 90 mg/L.

This indicates adequate oxygen saturation, re-
flecting the overall favorable condition and biologi-
cal stability of the water. Within the framework of
this study, not only was the hydrogeological condi-
tion of the ganats examined, but a comprehensive
analysis of the agrochemical properties of the soils
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was also conducted. The results revealed significant
variations in soil agrochemical properties were ob-
served across several villages in the Agdam district.
These differences are attributed not only by natural
factors but also by the prolonged absence of agricul-
tural activity in the liberated territories (for example,
the villages of Ahmedaghali and Bash Gervend).
Khojavend District After analyzing the distri-
bution of Qanatsystems, their current condition, and
their interaction with the landscape in the Aghdam
and Fuzuli districts, the Khojavend district was se-
lected as a logical continuation of the research. The
territory of the Khojavend district is characterized
by specific orographic and hydrogeological condi-
tions, which lends particular scientific significance
to a comparative study of the influence of Qanatsys-
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tems on landscape dynamics in the liberated territo-
ries of Karabakh.

Comprehensive monitoring and laboratory in-
vestigations of springs and Qanatsystems located in
various villages and settlements of the Khojavend
district made it possible to scientifically substantiate
the assessment of their hydrogeological character-
istics, hydrogeochemical composition, and existing
potential for utilization. The research covered the
villages of Kish, Khanoba, Zogalbulag, and Tugh,
as well as the settlements of Gizil-Bazar and Hadrut,
with the physicochemical parameters of water be-
ing comparatively analyzed across the selected sites.
The diversity of relief and geological structure of
these areas provided an opportunity for a more de-
tailed study of the conditions of Qanat formation
and their interaction with the landscape.

The results of the conducted analyses indicate
that the waters of springs and Qanat systems in the
Khojavend district are formed predominantly within
a hydrogeological environment composed of car-
bonate and partially dolomitic rocks. This is con-
firmed by the dominance of calcium and magnesium
in the cationic composition of the water: the equiva-
lent concentration of calcium ranges from 38.5 to
50.9 %-eq, while that of magnesium varies between
12.7 and 26.7 %-eq. Sodium and potassium occupy
a secondary position (22.4-48.8 %-eq), exhibiting a
generally balanced character. These indicators sug-
gest that water formation occurs mainly under the
influence of natural hydrogeochemical processes,
with limited anthropogenic impact.

The anionic composition of the water provides
important information about its formation condi-
tions. According to laboratory analysis results, bi-
carbonate ions (HCO3™) are the dominant anionic
component in all samples, with equivalent concen-
trations ranging from 49.3 to 77.2 %-eq, which al-
lows the waters of Qanat systems and springs to be
classified as the bicarbonate—calcium type. Sulfate
ions (SO,4*7) are present at concentrations of 18.9—
37.6 %-eq; relatively elevated values observed in
some samples indicate the involvement of gypsum
and sulfate-bearing rocks within the recharge zone.
Chloride ion (CI7) concentrations range from 3.1
to 13.1 %-eq, confirming the minimal influence
of technogenic and domestic pollutants. The ab-
sence of carbonate ions (CO3?7) in all samples is
an important hydrogeochemical indicator, reflect-
ing water formation under neutral environmental
conditions.

The total mineralization of water from Qanat
systems and springs ranges from 402 to 972 mg/L,

allowing these waters to be classified mainly as
moderately mineralized, and in some cases as rela-
tively highly mineralized. The highest mineraliza-
tion values are observed in areas with an intensive
distribution of carbonate rocks, indicating pro-
longed water—rock interaction. Total water hardness
varies between 4.38 and 13.39 meq/L, classifying
the waters as moderately hard to hard; the formation
of hardness is largely oOycnoBneno the high con-
centrations of calcium and magnesium ions, which
are directly related to the geological structure of the
region.

Analysis of sanitary-chemical parameters re-
vealed important insights into the ecological con-
dition of the waters of Qanat systems and springs
in the Khojavend district. Nitrite (NO,") and am-
monium (NH,") ions were not detected in any of
the samples, indicating minimal influence from an-
thropogenic sources of pollution. This confirms the
preservation of the natural filtration mechanisms of
the Qanat systems and the satisfactory sanitary and
hygienic condition of the water bodies. In addition,
water transparency, the absence of odor, and normal
organoleptic characteristics ensure their suitability
for domestic and household use.

Overall, the conducted studies demonstrate
that the Qanat systems and springs of the Khoja-
vend district constitute an important component of
the hydraulic heritage of the liberated territories
of Karabakh. These water systems are formed in
close interconnection with the natural dynamics of
the landscape, playing a significant role both in the
sustainable use of water resources and in maintain-
ing the ecological balance of the region. The Qanat
systems of the Khojavend district possess substan-
tial scientific and practical importance not only for
local water supply, but also for the restoration of
historical hydraulic systems of Karabakh and the
development of future water resource management
strategies.

The Qanat systems existing in the liberated ter-
ritories of Karabakh, as an important component of
the region’s hydraulic heritage, simultaneously play
a key role in shaping the “soil-water—landscape” in-
teractions. The study of the physical and chemical
properties of soils located within the zone of influ-
ence of Qanat systems is of particular importance
for assessing soil fertility, identifying potential nu-
trient deficiencies, or detecting processes of exces-
sive mineralization. Such investigations are espe-
cially relevant for territories that remained unused
for a long period in the post-war era and were sub-
jected to the destruction of vegetation cover and the
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impact of erosion processes, as they make it possible
to determine the current condition of soil structure,
organic matter reserves, and the content of major
macroelements.

Soil analyses also provide an important infor-
mational basis for maintaining soil health, assessing
the risks of salinization and acidification, and for the
scientifically grounded planning of irrigation and
fertilization strategies. For this purpose, within the
framework of the study, soil samples were collect-
ed from areas adjacent to Qanat systems located in
various villages of the Aghdam and Fuzuli districts,
followed by laboratory analysis.

In the Aghdam district, soil characteristics ex-
hibit more pronounced differentiation among rural
settlements. In the villages of Bash Gyaravend and
Gyaravend, soils are characterized by a high level of
fertility: humus content ranged from 2.6 to 3.8 %,
and the reserves of nitrogen, phosphorus, and potas-
sium were sufficient for the normal growth of agri-
cultural crops. In the villages of Gyulably, Yusif-
janly, and Ahmedagaly, soil fertility was assessed
as medium to low; humus content varied between
0.8 and 3.1 %, and the distribution of nutrients was
unstable and uneven.

In terms of mechanical composition, the pre-
dominance of heavy clay soils in certain areas lim-
ited aeration and water infiltration processes. At the
same time, in the villages of Bash Gyaravend and
Gyaravend, soils with a medium mechanical com-
position contributed to the formation of more favor-
able agroecological conditions.

Overall, the results of the conducted soil analy-
ses indicate that the soils located within the influence
zone of Qanat systems in the Fuzuli and Aghdam
districts possess significant potential for agricultural
activity. These studies provide a scientific basis for
the objective assessment of soil fertility, the determi-
nation of the spatial distribution of nutrients, and the
advance evaluation of potential risks in landscape
dynamics, including salinization, acidification, and
structural degradation of soils. The development of
differentiated agrotechnical measures and soil resto-
ration programs for each settlement is considered a
necessary condition for the sustainable and scientifi-
cally grounded revival of agriculture in the liberated
territories.
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The studies conducted in the Fuzuli district in-
dicate a significant differentiation of soils among
rural settlements. Humus content ranged from 1.7
to 3.5 %, while the availability of phosphorus and
potassium was characterized by uneven distribution
across plots. In terms of mechanical composition,
the soils were mainly classified as light and medium
loamy types, with the proportion of clay and sand
fractions determining their water-retention capacity
and aeration conditions. Areas with elevated am-
monium nitrogen content indicate relatively high
biological activity of the soils. Overall, based on
the conducted analyses, it can be concluded that the
soils within the influence zone of Qanat systems
in the Fuzuli district are favorable for agriculture;
however, some plots exhibit uneven distribution of
nutrients.

he conducted physico-chemical analyses indi-
cate that water samples collected from the ganats
located in the Horovlu, Kavdar, Chereken, Quycagq,
and Das Veyselli villages, as well as within the terri-
tory of the city of Jabrayil, are characterized by high
sanitary—hygienic quality. All samples were odor-
less, with an odor intensity of 0 at 20°C, confirming
the absence of organic contamination.

Turbidity values remained within the Hopmarus
limit (2.6 mg/L), while pH ranged between 6.83
and 7.7, indicating neutral to slightly alkaline wa-
ter characteristics. Electrical conductivity values
(404828 puS/cm) were significantly below the per-
missible threshold, reflecting low to moderate levels
of mineralization.

Total hardness, mineralization (340—713 mg/L),
and total dissolved solids (225-537 mg/L) across all
qanats were within acceptable standards. Concen-
trations of calcium, magnesium, sodium, and potas-
sium ions did not exceed allowable limits. The low
concentrations of bicarbonates, sulfates, and chlo-
rides indicate that the ionic composition of the wa-
ters is predominantly of natural origin.

Nitrogen compounds (ammonium, nitrites, and
nitrates) were detected at very low levels, with
the maximum nitrate concentration (11 mg/L) re-
maining well below the regulatory limit. Fluoride
(0-0.43 mg/L) and cyanide (0-0.003 mg/L) con-
centrations were also within permissible standards.
(Table 1)
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Water and soil samples were collected from
seven ganat systems and analyzed for a range of
physicochemical parameters. The water quality as-
sessment included measurements of pH, electri-
cal conductivity, hardness, mineralization, and the
concentrations of calcium, magnesium, sodium, and
other ions. Soil analyses focused on determining
pH, electrical conductivity, organic matter content,
salinity levels, and the presence of key ions such
as sulfates and nitrates. [ Mustafayev, et al., 2022].
The results indicated that the qanat water is gener-
ally of high quality, with pH values suitable for both
drinking and irrigation purposes. However, several
ganat systems showed elevated levels of electrical
conductivity and mineralization, suggesting poten-
tial salinization risks for sensitive agricultural crops
(Mustafayev, et al., 2025; Ahmadova, et al., 2025).

Table 2
Radiation Measurements of Qanats in the Fuzuli District

The soil samples exhibited favorable agricul-
tural conditions, including optimal pH values, low
salinity, and relatively high organic matter content.
Overall, the analysis revealed a strong correlation
between water quality and soil properties, under-
scoring the importance of an integrated approach
to sustainable water and land resource management
(Hamilton, 2012). To assess the current condition of
qanat systems in the Fuzuli , Agdam and Khojav-
end districts, evaluate their technical potential, and
determine restoration possibilities, comprehensive
field studies were carried out. Guliyev and Vali-
yev documented and analyzed the archaeological
remains of the ancient ganat (qanat) water systems
in Nakhchivan, emphasizing their significance as
historical monuments of hydro-engineering and cul-
tural heritage (Guliyev, 2004).

COND TDS SAL DO DO T Rad Rn
No Point description pH
usm/em  mg/L % % mg/L  oC pSviem Bg/L
1  Horadiz Nirja kahriz 7,87 697 348 0,04 1002 880 192 0,052 0,058
2 Gorazilli-Haji Shukur Kahriz 6,59 572 286 0,03 857 7,75 19,3 0,048 0
3 Gochahmadli — Chinar Kahriz 6,95 589 294 0,03 87,1 7,89 19,4 0,050 0
4  Gochahmadli —Jamal Kahriz 6,75 361 181 0,02 89,5 8,14 19,3 0,044 0,115
5  Qochehmedli Shirlan kahriz 6,82 573 286 0,03 92,8 844 19,5 0,042 0,402
6  Upper Abdulrahmanli Chereken River 7,76 661 329 0,03 873 796 19,3 0,051 0
7 powerAbdulmhmani=Ahmad Al g3 q009 515 005 752 688 190 0049 0
ahriz
AZS ?29:2023 Drinking Water: Hygienic 65-95 <2500 1000 6052 500 <20 1
Requirements -1500

Note: Compiled by the author.

The primary aim of the research was to docu-
ment the contemporary existence of the region’s
historical water infrastructure, particularly qanats,
and to provide a scientific evaluation of their hydro-
geological, technical, and ecological status. Guliyev
studied the interconnected roles of ganats (subterra-
nean aqueducts) and the “girkhpillalar” (“forty stag-
es”) as integral components of the ancient cultural
and infrastructural heritage in the region (Guliyev
2004).

Azizbayov conducted a foundational study on
the geology and petrography of the northeastern
Lesser Caucasus region, providing critical insights
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into the area’s lithological composition (Azizbayov
1947).

Within the framework of the study, visual mon-
itoring, GPS mapping, assessment of hydrogeologi-
cal conditions, and analysis of the lithological prop-
erties of soil substrates, as well as water sampling
and laboratory analyses, were conducted, alongside
water sampling and laboratory analyses of more
than 50 ganats across 22 villages. Certified labora-
tories evaluated water samples for physicochemical
parameters, including pH, mineralization, electrical
conductivity, salinity, and major ion concentrations,
as well as radiological indicators such as back-
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ground radiation and organoleptic characteristics,
providing comprehensive evaluation data for each
qanat. During the investigation of qanat systems,
particularly their above-ground structures, traces of
shells, bullet holes, and damage resulting from oc-
cupation and prolonged neglect were documented,
along with partially destroyed stone constructions.
At several outlet wells, wild trees and vegetation,
as well as accumulated debris and animal remains,
were observed.

These factors are crucial indicators, requiring
evaluation of qanats not only from a technical res-
toration perspective but also from ecological and
cultural-historical viewpoints. Fieldwork in the
surveyed villages included research in the Fuzuli
district, specifically the village of Dilagarda. Dila-
garda Historically, Dilagarda has been known for
its population engaged in agriculture and livestock
farming over many years. Qanat systems played
a key role in supplying water to the village. The
main sources were the Behbetli qanat and a spring
locally known as “Arig-Bulag”. Both sources were
historically utilized for drinking and irrigation pur-
poses. However, during the war and occupation,
the lack of proper maintenance led to the deteriora-
tion of these systems over time. Currently, water
flow in the qanats is weakened during certain sea-
sons, although circulation in some wells remains
active. Partial blockages caused by accumulated
soil and stone debris were observed in several tun-
nel sections of the qanats. Precise identification
of the head and outlet wells, along with geodetic
measurements, provided a necessary preliminary
information base for qanat restoration. Guliyev, et
al analyzed the specific restoration challenges fac-
ing the historic ganat systems of Azerbaijan’s Gan-
ja-Gazakh region, framing their preservation as a
critical issue for both cultural heritage and agricul-
tural sustainability (Guliyev, 2016; Mustafayev, et
al., 2025).

Water samples were collected from the qa-
nat for physicochemical and radiological analy-
ses. The Behbetli qanat exhibited a pH of 7.30,
electrical conductivity of 1089 uS/cm, total dis-
solved solids (TDS) of 546 mg/L, and total min-
eralization of 696 mg/L. Meanwhile, the sample
from the “Arig-Bulag” spring showed a pH of

7.16, TDS of 437 mg/L, and mineralization of
503 mg/L. These results indicate that the water
is characterized by high mineralization and me-
dium hardness. The concentration of sodium and
potassium ions (Na* + K*) was 142 mg/L in the
Behbetli qanat and 98 mg/L in the spring, indicat-
ing relatively high salinity, although still within
permissible sanitary standards. Bicarbonate con-
tent (HCO3™) measured 458 mg/L and 311 mg/L,
respectively, confirming the natural filtration of
the water. Sulfate levels (SO4*7) were 135 mg/L
for the Behbetli qanat and 98 mg/L for the spring,
indicating suitability for technical use and limited
drinking purposes.

Based on the analysis results, no organoleptic
impairments were detected in either water source,
and radiological indicators fully complied with es-
tablished standards. The dissolved oxygen (DO)
levels were 9.13 mg/L for the Behbetli qanat and
9.10 mg/L for the spring, indicating favorable eco-
logical condition of the water. Consequently, the
Behbetli gqanat and the “Arig-Bulag” spring in Di-
lagarda village, following technical restoration, can
be considered suitable water sources for agricultural
use, potable water supply, and ecological purposes.
The liberated Agdam district, being one of the eco-
nomic centers of the Karabakh region, holds stra-
tegic significance both historically and economi-
cally. Guliyev evaluated the potential opportunities
and continued relevance of the historic Aylis ganat
systems, proposing their significance for contem-
porary regional development and sustainable water
resource utilization (Guliyev, 2005).

As part of monitoring and geodetic surveys, an-
cient qanats in several villages of the district were
inspected, and their current condition, technical po-
tential, and restoration feasibility were evaluated.
Most qanats in the district had been used for both ir-
rigation and drinking purposes for many years; how-
ever, during the war and occupation, they fell out of
use due to a lack of maintenance (Yusifov, 2003).
Reporting on practical knowledge transfer, Gashi-
mova notes in the “East Gate” newspaper that the
restoration methodologies developed for the historic
ganats of Nakhchivan are slated to be applied in up-
coming ganat rehabilitation projects in Uzbekistan
(Gashimova, 2014).
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Figure 5
Photo taken in the field during the research work.

Note: Compiled by the author.

Bash-Gervend, one of the ancient settlements
in the Agdam district, historically supplied the lo-
cal population, engaged in agriculture and livestock
farming, with a primary water source. In this village,
the Molla-Mammadali, Gojja, Karasu, and Molla-
Mahmud qanat systems were utilized for both drink-
ing and irrigation purposes for many years. How-
ever, during the occupation, these systems gradually
deteriorated due to the absence of proper mainte-
nance. During field monitoring, the qanat systems
were inspected on-site, their technical condition was
assessed, and geodetic measurements were carried
out. The investigation revealed the presence of wet
zones in the Molla-Mammadali and Gojja qanats, in-
dicating that the underground water circulation had
not completely ceased and that these ganats retain
potential for restoration. Water samples were col-
lected from all four qanats, and their physicochemi-
cal and radiological characteristics were analyzed.
According to the analyses:

Molla-Mammadali qanat: pH 6.71, TDS 195
mg/L, electrical conductivity 388 pS/cm, miner-
alization 315 mg/L, Na* + K* 32 mg/L, HCO3~
244 mg/L, SO4* 74 mg/L, hardness 4.44.
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Gojja qanat: pH 7.47, TDS 215 mg/L, elec-
trical conductivity 429 pS/cm, mineralization
303 mg/L, Na* + K" 19 mg/L, HCO3~ 232 mg/L,
SO,* 72 mg/L, hardness 4.85.

Karasu qanat: pH 7.35, TDS 234 mg/L, elec-
trical conductivity 468 uS/cm, mineralization
410 mg/L, Na* + K* 53 mg/L, HCO3™ 293 mg/L,
SO4* 111 mg/L, hardness 5.18.

Molla-Mahmud qanat: pH 7.36, TDS
274 mg/L, electrical conductivity 548 uS/cm, min-
eralization 482 mg/L, Na* + K* 90 mg/L, HCO3~
384 mg/L, SO4>” 102 mg/L, hardness 4.90.

These indicators suggest that water in all qanats
is neutral and of moderate hardness, with mineral-
ization levels suitable for both potable and technical
use. Notably, the elevated sodium concentration in
the Molla-Mahmud ganat (90 mg/L) indicates a ten-
dency toward increased salinity; however, this value
remains within permissible sanitary limits. Radio-
logical analyses revealed no organoleptic impair-
ments, and all measurements complied with the es-
tablished standards. Dissolved oxygen (DO) levels
ranged from 2.74 to 9.11 mg/L, indicating varying
degrees of oxygen saturation across different qanats.
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Figure 6
Jamal Qanat, Gochahmadli village, Fuzuli district.

Note: Compiled by the author.

Conclusions

In conclusion, the qanat systems in Bash-Ger-
vend village demonstrate significant rehabilitation
potential from both hydrogeochemical and techni-
cal perspectives. The water exhibits a balanced and
clean composition, indicating that, following tech-
nical reconstruction and structural reinforcement,
these qanats can be effectively reused for agricul-
tural purposes and limited potable water supply.
The observed heterogeneity of the qanats, including
variations in water quality, structural condition, and
underground circulation, underscores the necessity
of developing individualized restoration programs.
Such an approach allows for the consideration of lo-
cal specificities, ensuring that restoration measures
are technically feasible, environmentally sustain-
able, and socio-economically beneficial.

Integrating scientific research into the practical
restoration of these historical water systems provides
a foundation for sustainable management of water
resources in the region. This integration not only
supports agricultural productivity but also strength-
ens food security and creates new socio-economic
opportunities for local communities. Consequently,
the rehabilitation of qanat systems can contribute to
the revitalization of post-conflict territories and pro-
mote long-term regional development, preserving
both cultural heritage and ecological balance.

The results of comprehensive hydrogeological
and environmental studies indicate that the qanat
systems that existed in the Karabakh and East Zang-
ezur regions functioned for many years as a natural
drainage mechanism, playing a significant role in
regulating groundwater levels and preserving soil
fertility. In particular, through the ganat network
formed in the foothill areas of the Jabrayil, Aghdam,
and Fuzuli districts, approximately 122 million m?
of groundwater resources were brought to the sur-
face annually, and these resources were used effi-
ciently for both drinking water supply and irrigation
purposes.

Studies demonstrate that over the past 30 years,
as a result of occupation, the vast majority of qanats
have been severely destroyed, and in some cases
the mining of wells and contamination with mili-
tary waste have turned them into potential sources
of danger. In this regard, the restoration of ganats
must be carried out strictly with the participation
of ANAMA and in full compliance with all safety
requirements. At the same time, observations show
that weak leakages are present in most of the de-
stroyed qanats, which makes it necessary to conduct
design-survey works and scientifically substantiated
technical measures for their restoration.

Research also indicates that the failure of qanat
waters to reach the ground surface leads to a rise in
groundwater levels in downstream areas, thereby
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increasing the risk of emerging new hydrological
problems. Despite the fact that the Main Karabakh
Canal has maintained the stability of filtration pro-
cesses over many years, the restriction of the func-
tional operation of qanats has caused fundamen-
tal changes in the structure of underground water
flows.

As a result, the region’s qanats possess sig-
nificant water supply potential and, under the con-
ditions of the expected water scarcity in the near
future, have strategic importance as a reliable and
sustainable alternative water source. Their resto-
ration should be regarded as essential in terms of
ensuring the country’s water security, preserving
ecological balance, and supporting the sustainable
development of agriculture.

In this context, the urgent passportization of qa-
nats in the liberated territories and the establishment
of a unified qanat cadastre emerge as key priorities.
This cadastre should include information on the his-
torical, technical, and hydrogeological characteris-
tics of each ganat, water discharge rates, the results
of chemical and bacteriological analyses, as well as
records of repair and restoration activities.

In particular, during the restoration of ganats
with historical and architectural significance, the

preservation of their original structural and architec-
tural features should be adopted as a fundamental
principle, and all interventions should be carried out
in accordance with the requirements for the protec-
tion of cultural heritage.
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