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MAPPING OF WEED DISTRIBUTION
IN SOUTHERN KAZAKHSTAN

This study presents the results of mapping the distribution of economically important and quarantine
weed species in southern Kazakhstan. Field surveys were conducted in the Almaty, Zhetysu, Zhambyl,
and Turkestan regions, covering agricultural lands, roadside habitats, fallow fields, and irrigated areas.
Georeferenced sampling was carried out to determine the current distribution range and infestation level
of major weed species.

A total of 1,078 specimens of Rhaponticum repens (Russian knapweed), 1,153 specimens of Am-
brosia artemisiifolia (common ragweed), and 1,027 specimens of Cuscuta campestris (field dodder) were
collected and analyzed. Weed distribution mapping was performed using QGIS 3.28, while geographic
coordinates were processed with the Lat Lon Tools plugin. The resulting thematic maps enabled visual-
ization of infestation hotspots and distribution patterns across the study area.

The results showed that transportation corridors, irrigated agroecosystems, and intensively managed
agricultural landscapes represent major pathways for weed dispersal. R. repens was primarily associ-
ated with arid and foothill environments, C. campestris was mainly distributed in irrigated croplands
and roadside habitats, whereas A. artemisiifolia exhibited a fragmented but expanding distribution near
urbanized and highly disturbed areas. The study demonstrates the value of GIS-based mapping as an
effective tool for monitoring quarantine weeds, assessing phytosanitary risks, and supporting weed man-
agement strategies in southern Kazakhstan.

Keywords: quarantine weeds, distribution mapping, GIS, Rhaponticum repens, Ambrosia artemisi-
ifolia, Cuscuta campestris, QGIS, phytosanitary monitoring.
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Ka3akCTaHHbIH, OHTYCTIrHAEr apamLLenTepAiH
TapaAyblH KapTara Tycipy

Ocbl 3eptTeyae KasakCTaHHbIH, OHTYCTIK ©HIpAEpiHAE TapaAFaH LlapyallblAblK, TYPFbICbIHAH
MaHbI3Abl >KOHE KapaHTMHAIK apamiiern TYypAepiHiH TapaAyblH KapTorpadusianay HaTuXKeAepi
yCbiHbIAFaH. Aanaablk, 3epTreyaep Aamartbl, XKeticy, >KambbiA >eHe TypkictaH 0O6AbICTapbIHbIH
ayMarblHAQ XKYPri3iAin, ayblA WAPyalbIAbIFbI AAKANTapPbIH, XOA 6OMbIHAAFbI ayMakKTapAbl, ThiHAMFaH
>KEPAEPAI >KOHe CyapMaAbl ericTiKTepAi KaMTblAbl. Herisri apamiuen TypAepiHiH Ka3ipri TapaAy alimarbl
MeH TapaAy KapKbIHABIAbIFbIH HAaKTbIAQY MaKCaTbIHAA FeorpausIAbIK, KOOpAMHATTapMeH GeAriAeHreH
YATIAEp >KMHAAABI.

3eptTey 6apbicbiHaa Rhaponticum repens (kaTaraH Kekipe) TypiHiH 1078 vyarici, Ambrosia
artemisiifolia (>)kycaH >kanblpakTbl am0Opo3ns) TypiHiH 1153 yarici >xoHe Cuscuta campestris (pana
apamcostybl) TypiHiH 1027 YAriCi XXWMHaAbIMN, TaAAQHABL. ApamLuenTepAiH TapaAyblH KapTorpaduasay
QGIS 3.28 6aFpapAamMaAblk, opTacbiHAQ >Ky3ere acbipbiAAbl, aA reorpadmsAblK, KOOPAMHATTAPAbI
eHAey YLWiH Lat Lon Tools nAarmMHi KOAAQHBIAABI. AAbIHFAH MOAIMETTEP HEri3iHAE TapaAy OLIaKTapbl
MEH 3epTTeAreH TYPAEPAIH, KEHICTIKTIK OpHaAacy epekLIeAiKTepiH KepceTeTiH TakblpbINTbIK, KapTaAap
>KacaAAbl.

3epTTey HoTMXKeAepi KOAIK ABAI3Aepi, CyapMaAbl arposkoXyiheAaep >koHe KapKblHAbI
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C. campestris kebiHece cyapmaAbl eriCTiktep MeH >KOA GOMbIHAAFbl yYaCKeAEpAE KEe3AECKeH, aA A.
artemisiifolia ypbaHaaAraH >keHe aHTPOMOreHAIK acepre yliblparaH aymakTapAa y3ik-y3ik, 6ipak ke-
HEIO YPAICIH KepceTKeH. 3epTTey HaTMXKeAepi KapaHTUHAIK apamilenTepAi MOHUTOPUHITey, huToca-
HUTAPUSIABIK ToyeKeAAepAi HGararay XkeHe oAapAbl 6ackapy cTpaTernsiaapbid a3ipaey yiuin FTAXK-Heri-
3iHAeri KapTorpadmsaAayAblH MaHbI3ABIABIFbIH ADAEAAENAI.

Ty¥iH ce3aep: KapaHTUMHAIK apamiuenTep, kaptorpadusiaay, TAX, Rhaponticum repens, Ambrosia
artemisiifolia, Cuscuta campestris, QGIS, ¢pMTOCaHUTAPUSAbIK, MOHUTOPUHT .
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KaprorpadupoBanue pacnpocrpaHeHusi
COPHbIX pacTeHui Ha tore KasaxcraHa

B HacTosemM nccaeA0OBaHMM MPeACTaBAEHbI Pe3yAbTaTbl KApTOrpadmMpoBaHUs pacnpoCTpaHeHNs
XO39MCTBEHHO 3HAYMMBbIX M KaPaHTUHHbIX BUAOB COPHbIX PAaCTEHMIA Ha TepPUTOPUM t0>kHOTro KasaxcTa-
Ha. [NoAeBble 06CAEAOBaHMS MPOBOAMAMCH B AAMATUHCKOM, XKeTbicyckon, XambbiAckon u TypkecTaH-
CKOM 0OAACTSIX M OXBaTblBaAM CEAbCKOXO3SMCTBEHHbIE YIOAbS, NMPUAOPOXHbIE TEPPUTOPUM, 3AAEXK-
Hble 3eMAU 1 opollaemble yuyacTkn. OT60p 06pasLoB ¢ reorpamyeckon NpUBS3KON OCYLLLECTBASIACS
C UeAbl0 YTOUYHEHMsI COBPEMEHHOrO apeaAa M CTereHW pacrnpoCTPaHEeHWs OCHOBHbIX BMAOB COpPHbIX
pacTteHun.

Bcero 6bin0 cobpaHo u npoaHaamaunposaHo 1078 obpasuos Rhaponticum repens (ropyak noa3sy-
umn), 1153 obpasua Ambrosia artemisiifolia (amb6po3us NoAbIHHOAMCTHAs) 1 1027 obpasuos Cuscuta
campestris (noBuAMKa noaesas). KaptorpagurpoBaHme pacnpocTpaHeHUs COPHbIX PACTEHUI BbIMOAHS-
AOCb C MUCMOAb30BaHMeM nporpammHoro obecnevenns QGIS 3.28, a o6paboTka reorpadmyeckmx Ko-
OPAMHAT OCYLLECTBASIAACh C MOMOLLbIO MAarmMHa Lat Lon Tools. Ha ocHOBe NMOAYYEHHbIX AQHHBIX GbIAM
CO3AaHbl TeMaTUUYeCKMe KapTbl PacnpoOCTPaHEHWS, MO3BOASIOLLME BU3YAAM3MPOBATL OYarn 3aCOpPEH-
HOCTM M 0COBEHHOCTU MPOCTPAHCTBEHHOTO Pa3MeLLieHNs MICCAEAYEMbIX BUAOB.

YCTaHOBAEHO, UTO TPaAHCMOPTHbIE KOPUAOPBI, OPOLLAeMble arpO3KOCUCTEMbI U MHTEHCMBHO MC-
NMOAb3yeMble CEAbCKOXO3SMCTBEHHbIE AQHALWAMTbI SIBASIOTCS OCHOBHbIMM MYTSMW PacrnpOCTPaHeHMs
COpPHbIX pacTeHun. Bua R. repens GbIA MPenmMyLLIECTBEHHO MPUYPOYEH K 3aCyLUAMBBLIM U MPEArOPHbIM
Tepputopmam, C. campestris yalle BCTpeYaAacb Ha OPOLUAEMbIX CEAbCKOXO3SMCTBEHHBIX 3eMASX U
BAOAb aBTOMOOMABHBIX AOPOT, TOrAQ Kak A. artemisiifolia xapakTepusoBasacb (pparMeHTUPOBAHHbIM,
HO PaCLUMPSIOLLIMMCS PACTIPOCTPaHEHMEM BOAM3M yPOaHU3MPOBAHHbIX M HApYLIEHHbIX MECTOOOUTaHWIA.
[MoAyueHHble pe3yAbTaTbl MOATBEPXKAQAIOT BbICOKYO achdhekTnBHOCTb [MC-kapTorpadmpoBaHms AAd
MOHUTOPMHIra KapaHTMHHBIX COPHbIX PACTEHMI, OLLEHKM (PUTOCAHUTAPHBIX PUCKOB M pa3paboTku mep
MO OrpaHUYEHMIO X AAAbHENLLEro pacrnpoCcTpaHeHus.

KAloueBble CAOBa: KapaHTUHHblE COpHble pacTeHus, kapTorpadguposanue, [MC, Rhaponticum
repens, Ambrosia artemisiifolia, Cuscuta campestris, QGIS, dovTocaHUTapHbI MOHUTOPUHT.

Introduction

Biological invasions have long been recognized
as a major ecological process shaping species dis-
tributions worldwide, with early conceptual frame-
works highlighting their historical, biogeographi-
cal, and evolutionary dimensions (Di Castri, 1989;
Bradley et al., 2011).

In recent decades, the ecological and economic
impacts of invasive and quarantine weed species
have intensified under the combined effects of cli-
mate change, land-use transformation, and increas-
ing global connectivity. Rising temperatures, shifts
in precipitation regimes, and the growing frequency
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of extreme climatic events enhance the establish-
ment, persistence, and spread of invasive plants by
weakening crop competitiveness and destabilizing
native plant communities (Clements & DiTomma-
so, 2012; Kairova et al., 2025; Liu et al., 2020). At
the same time, global trade, expansion of transport
infrastructure, and agricultural intensification facili-
tate long-distance dispersal of propagules, accelerat-
ing the accumulation of alien species across regions
and national borders (Early et al., 2016; Seebens et
al., 2021). These interacting drivers are particularly
pronounced in arid and semi-arid regions, where
limited ecological resilience increases the vulner-
ability of agroecosystems to biological invasions.
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Central Asia represents a critical hotspot for
weed invasions due to its continental climate, ex-
tensive irrigated agriculture, increasing anthropo-
genic pressure, and long history of land disturbance.
The region is characterized by highly heterogeneous
environmental conditions, including arid and semi-
arid ecosystems, large-scale agricultural landscapes,
and extensive transport networks that facilitate the
introduction and spread of alien plant species. Re-
cent assessments indicate that invasive weeds such
as Rhaponticum repens, Cuscuta campestris, and
Ambrosia artemisiifolia are actively expanding their
distributions within Kazakhstan and neighboring
countries, posing increasing threats to agricultural
productivity, native biodiversity, ecosystem stabil-
ity, and phytosanitary security (Kochorov et al.,
2025). These species are capable of forming dense
populations that compete with native vegetation
and cultivated crops for water, nutrients, light, and
space, resulting in substantial economic losses and
ecological degradation.

The invasion success of these species is largely
attributed to their high ecological plasticity, broad
environmental tolerance, efficient reproductive sys-
tems, persistent soil seed banks, and multiple dis-
persal pathways. In addition, many invasive weeds
demonstrate resistance or tolerance to conventional
mechanical and chemical control measures, making
their management increasingly difficult once popu-
lations become established. Climate change may
further accelerate invasion processes by creating
favorable conditions for range expansion and in-
creasing the likelihood of successful establishment
in previously unsuitable habitats. Recent phytosani-
tary studies conducted in Kazakhstan have reported
a continuing increase in the occurrence and distribu-
tion of quarantine weed species, emphasizing the ur-
gent need for region-specific monitoring programs,
risk assessment tools, and science-based manage-
ment strategies (Kochorov et al., 2025).

From a theoretical perspective, these patterns
are consistent with ecological niche theory, which
emphasizes the importance of niche conservatism,
environmental filtering, propagule pressure, and
non-equilibrium dynamics in determining the dis-
tribution and expansion of invasive species. Under-
standing these mechanisms is essential for improv-
ing predictive modeling approaches and developing
effective long-term strategies for invasive weed
management under changing environmental condi-
tions (Peterson et al., 2011).

Despite growing recognition of the threat posed
by invasive alien species, spatially explicit and har-

monized data on their current distribution in Cen-
tral Asia remain limited. This information gap con-
strains the development of effective early-warning
systems and evidence-based management strategies.
Recent global syntheses have highlighted invasive
species as one of the major drivers of biodiversity
loss worldwide, with impacts exacerbated by cli-
mate change and insufficiently coordinated biosecu-
rity responses (Pysek et al., 2020; Roy et al., 2024).
In response, international initiatives such as the In-
vasiBES project have emphasized the need to inte-
grate ecological data, spatial analyses, and manage-
ment frameworks to better understand and mitigate
the impacts of invasive alien species on biodiversity
and ecosystem services (Gallardo et al., 2023).

In the context of increasing pressure on agricul-
tural systems, invasive and quarantine weeds rep-
resent not only an ecological challenge but also a
significant economic constraint for crop production.
Yield losses, increased management costs, and re-
strictions on agricultural trade associated with quar-
antine species underscore the need for improved
surveillance and control strategies. In regions with
intensive irrigation and rapidly expanding agricul-
tural infrastructure, such as southern Kazakhstan,
the risk of weed introduction and secondary spread
is particularly high. Despite this, regional-scale as-
sessments integrating field observations with GIS-
based mapping remain scarce. Addressing this gap
is essential for developing proactive phytosanitary
measures, improving early-warning systems, and
supporting evidence-based decision-making aimed
at reducing the long-term impacts of invasive weeds
on agroecosystem sustainability.

Advances in geospatial technologies now pro-
vide powerful tools for addressing these challenges.
Geographic Information Systems (GIS), combined
with georeferenced field surveys, enable the iden-
tification of invasion hotspots, dispersal pathways,
and key environmental drivers of weed spread at re-
gional and landscape scales. GIS-based approaches
have proven effective for early detection, invasion
risk mapping, and prioritization of control mea-
sures in agricultural and semi-natural ecosystems.
Spatial information on weed distribution is particu-
larly important for supporting non-chemical and
integrated weed management strategies, which are
increasingly promoted as sustainable alternatives to
herbicide-based control (Pala & Mennan, 2022). In
regions undergoing rapid environmental and socio-
economic change, such as southern Kazakhstan,
spatial analyses represent a critical decision-support
tool for phytosanitary surveillance and integrated
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weed management under current and future climate
scenarios.

Beyond documenting invasion patterns, recent
studies emphasize the importance of integrating
restoration and adaptive management strategies to
mitigate the impacts of invasive plant species un-
der ongoing climate change. Restoration-based ap-
proaches, including habitat rehabilitation and eco-
system resilience enhancement, are increasingly
recognized as essential components of long-term
invasion management (Selvakumar et al., 2026).

The objective of this study was to map the cur-
rent distribution of major invasive and quarantine
weed species in southern Kazakhstan using georef-
erenced field surveys and GIS-based mapping. Par-
ticular attention was given to species-specific occur-
rence patterns, infestation hotspots, and landscape
features potentially associated with weed spread,
with the aim of supporting phytosanitary monitoring
and region-specific management strategies.

Unlike previous phytosanitary surveys in Ka-
zakhstan, the present study provides a unified GIS-
based mapping framework for three major quaran-
tine weed species (Rhaponticum repens, Cuscuta
campestris, and Ambrosia artemisiifolia) across four
southern regions of Kazakhstan. The study gener-
ates one of the first published GIS-based distribu-
tion datasets for major quarantine weeds in southern
Kazakhstan that may support future phytosanitary
monitoring, invasion-risk assessment, and long-
term surveillance programs.

Materials and methods

Study Area and Sampling

Field surveys were conducted in southern Ka-
zakhstan, covering the Almaty, Zhetysu, Zhambyl,
and Turkestan regions. Weed sampling was per-
formed across agricultural fields, roadside habitats,
fallow lands, and irrigated agroecosystems. A total
of 30 georeferenced sampling sites were surveyed.
Field surveys were conducted during the period of
28 April to 26 October 2025 within the active veg-
etation period of the target species, when plants
could be reliably detected and identified under field
conditions. The surveys were carried out during a
single growing season. Sampling sites were selected
using a targeted survey approach to represent the
main habitat types and potential dispersal path-
ways of quarantine weeds in southern Kazakhstan.
Priority was given to agricultural fields, irrigated
croplands, field margins, roadside habitats, fallow
lands, and areas located near transport or irrigation
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infrastructure. At each site, weed presence was vi-
sually confirmed, GPS coordinates were recorded,
and representative plant specimens were collected
for further identification. Sampling intensity varied
among sites depending on local infestation density;
therefore, the number of collected specimens was
interpreted as an indicator of local occurrence and
infestation level rather than as a standardized den-
sity estimate.

Three invasive and quarantine weed species
were investigated: Rhaponticum repens, Cuscuta
campestris Yunck., and Ambrosia artemisiifolia L.

In total, 1078 specimens of R. repens were col-
lected from 13 sites, 1027 specimens of C. campes-
tris from § sites, and 1153 specimens of A. artemisi-
ifolia from 9 sites. Sampling intensity varied among
locations depending on infestation density.

To ensure data consistency, all field observa-
tions were recorded following a standardized sam-
pling protocol. Sampling sites were selected to rep-
resent major land-use types, including croplands,
irrigation zones, roadside habitats, and fallow lands.
At each site, weed presence was visually confirmed,
and representative specimens were collected for
species identification. Collected specimens were
labeled and documented to link field records with
spatial data.

GIS-based mapping

The geographic coordinates were recorded for
each studied weed (30 points) across the study area
using a Garmin Montana 7501 GPS device (Kansas
City, MO, USA). To map of the sampling locations
based on the GPS coordinates, the Lat Lon Tools
plugin (Lat Lon Tools, 2026) in the Quantum Geo-
graphic Information System (QGIS 3.28) (Gizach-
ew et al., 2016; Khusnitdinova et al., 2024; Khus-
nitdinova et al., 2025; QGIS Association, 2026) was
utilized (Figure 1, Table 1,2).

A similar GIS-based spatial framework has previ-
ously been applied for mapping plant pathogen distri-
bution in natural ecosystems of Kazakhstan (Kerim-
bek et al., 2025). In the present study, georeferenced
occurrence records obtained during field surveys
were integrated into a GIS environment to visualize
species distributions, identify infestation hotspots,
and compare spatial patterns among regions. In ad-
dition to mapping the occurrence points, the distri-
bution patterns were interpreted in relation to major
habitat and landscape characteristics recorded during
field surveys, including land-use type, irrigation in-
fluence, roadside disturbance, fallow vegetation, and
agricultural management intensity.
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Tablel

Quarantine weed species sampling locations in the southern Kazakhstan

Region No. on Map Coordinates
1 43.5369453, 77.15861351
Almaty Region
2 43.46000082, 79.38916905
Zhetysu Region 3 45.75222303, 78.43444692
Almaty Region 4 43.39638975, 76.91333573
5 42.33305656, 69.7138913
Turkestan Region
6 43.22416766, 69.86472466
Rhaponticum repens
(1078) 7 43.66500087, 76.51361352
Almaty Region 8 44.33861198, 75.82139133
9 43.67638976, 76.50472463
Zhambyl Region 10 43.83666757, 74.68222465
11 43.53666752, 77.16972463
Almaty Region 12 43.43500084, 78.35250239
13 43.4350009, 78.35250241
Turkestan Region 14 42.33305656, 69.7138913
) 15 449813897, 78.34444689
Zhetysu Region
16 43.1363898, 74.62333574
Cuscuta campestris Almatv Regd 17 43.2894453, 77.17833573
maty Region
(1027) yree 18 43.28972308, 77.17833573
) 19 44.17527857, 80.12139129
Zhetysu Region
20 44.17138968, 80.08139129
Almaty Region 21 43.60083415, 79.42805794
22 44981389704, 78.344446890
Zhetysu Region
23 44.976111926, 78.395280223
24 44.976111926, 78.395280223
25 43.536667522, 77.170002402
Amb"’s";ﬁg’;’”’”@fd’a 26 43384167524, 77.164724619
Almaty Region 27 43.311389743, 77.373057948
28 43.289723081, 77.178335727
29 43.289167525, 77.178057949
30 43.211389757,76.712780172

These factors were not analyzed as independent
quantitative predictors in the present study; howev-
er, they were used to support ecological interpreta-
tion of the observed spatial patterns and to identify
potential habitats associated with weed establish-
ment and spread. Particular attention was paid to
areas characterized by intensive agricultural activ-
ity, transportation corridors, and disturbed habitats,
which are commonly recognized as important path-
ways facilitating the introduction and secondary dis-
persal of invasive plant species. The incorporation
of field observations with spatial visualization also

enabled the identification of potential relationships
between weed occurrence and anthropogenic land-
scape modification.

This integrated methodological approach al-
lowed for a consistent spatial comparison of infesta-
tion patterns among species and regions, providing a
robust basis for subsequent analysis and interpreta-
tion. Furthermore, the generated distribution maps
constitute an important baseline dataset for future
phytosanitary monitoring, risk assessment, and
long-term surveillance of invasive and quarantine
weed species in southern Kazakhstan.
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Table 2

Summary of occurrence records and infestation intensity of quarantine weed species in southern Kazakhstan

Species Sites Specimens Mean specimens/site
R. repens 13 1078 82.9
C. campestris 8 1027 128.4
A. artemisiifolia 9 1153 128.1

Figure 1

Spatial distribution of quarantine weed species in southern Kazakhstan

60

@ Ambrosia artemisiifolia L. @ Cities

+ Cuscuta campestris Yunck. === State border
@ Rhaponticum repens

Results and discussion

GIS-based mapping revealed distinct distribu-
tion patterns among the studied weed species. Spe-
cies differed in geographic coverage, infestation
intensity, and habitat associations across southern
Kazakhstan.

Species differed considerably in terms of geo-
graphic coverage and local infestation intensity. R.
repens occupied 43.3% of all sites surveyed (13 of
30 locations), representing the widest geographic
distribution among the weeds studied. 4. artemisi-
ifolia accounted for the largest number of collected
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specimens (1153 individuals), whereas C. campes-
tris showed the highest average infestation intensity
per occupied site (128.4 specimens per site), indicat-
ing the formation of dense local populations despite
its more restricted distribution.

Rhaponticum repens showed the broadest geo-
graphic distribution, being recorded at 13 sampling
sites across arid and semi-arid landscapes of the
Almaty, Zhetysu, Turkestan, and Zhambyl regions.
The highest occurrence was observed in Almaty Re-
gion. This pattern may be associated with favorable
climatic conditions, intensive agriculture, and high
landscape connectivity; however, these factors were
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not quantitatively evaluated in the present study.
The species’ tolerance to drought, soil disturbance,
and mechanical control, together with its extensive
underground root system, contributes to its success-
ful establishment and persistence in these environ-
ments (EPPO, 2026; Jacobs & Denny, 2006). Its fre-
quent detection in agricultural and roadside habitats
also indicates that repeated mechanical disturbance,
movement of soil, and landscape connectivity
may contribute to local persistence and secondary
spread. Therefore, disturbed habitats such as field
margins, fallow lands, irrigation-adjacent areas, and
roadsides may serve as important reservoirs for lo-
cal persistence and further spread.

The potential consequences of R. repens expan-
sion are particularly relevant for agricultural land-
scapes of southern Kazakhstan. Dense populations
of perennial rhizomatous weeds may reduce crop
competitiveness by limiting access to soil moisture,
nutrients, and light. In dry regions, where water
availability is one of the main constraints for crop
production, such competition may increase yield
instability and complicate weed management. Once
established, R. repens populations are difficult to
eradicate because mechanical control alone may
stimulate vegetative regrowth from remaining root
fragments. This indicates that areas with repeated
soil disturbance should be considered priority zones
for monitoring and long-term integrated control.

Cuscuta campestris was detected at 8 sites and
was primarily associated with irrigated croplands,
field margins, and roadside habitats. Despite fewer
sampling locations, the high number of collected
specimens indicates substantial local infestation lev-
els. This pattern suggests that C. campestris forms
dense populations once established, particularly
in irrigated agroecosystems where host availabil-
ity and suitable microclimatic conditions promote
rapid spread. Its close association with irrigation
infrastructure and transport routes highlights the
importance of anthropogenic dispersal pathways.
The spread of C. campestris may be facilitated by
several human-mediated pathways, including con-
taminated crop seed, movement of infested plant
residues, agricultural machinery, irrigation water,
and transportation networks (Parker, 2012, 2022).
Non-cultivated vegetation along field margins may
serve as a secondary reservoir, allowing the parasite
to persist outside agricultural fields and subsequent-
ly reinvade cultivated crops. The consequences of
C. campestris infestation can be severe, as parasitic
weeds directly reduce host growth and productivity,
contaminate seed material, and complicate phytos-
anitary control. In this context, early detection be-

fore seed formation is essential, because the accu-
mulation of seeds in the soil may support repeated
infestation in subsequent growing seasons.

Ambrosia artemisiifolia was recorded at 9 sites,
mainly within the Almaty and Zhetysu regions. The
species exhibited a fragmented but expanding dis-
tribution, with higher infestation levels near urban-
ized areas, transport corridors, and highly disturbed
agroecosystems. The large number of specimens re-
flects active population growth and ongoing range
expansion. These distribution patterns are consistent
with the species’ preference for disturbed habitats
and its effective dispersal through agricultural ma-
chinery and road networks. Its spread is supported
by high seed production, the formation of a persis-
tent soil seed bank, and effective dispersal through
transport corridors, contaminated soil, agricultural
machinery, and movement of crop products (Essl et
al., 2015; Lemke et al., 2019; Skalova et al., 2017).

In agroecosystems, dense populations may
compete with crops during early development and
increase the cost of weed control. In disturbed ur-
ban and peri-urban habitats, the species is also im-
portant because its pollen is highly allergenic and
may contribute to seasonal allergic rhinitis and
other respiratory symptoms in sensitive populations
(EPPO, 2026; Schaffner et al., 2020). Therefore, the
detection of A. artemisiifolia near urbanized areas
and transport routes indicates a need for coordinated
phytosanitary and environmental monitoring. Con-
trol measures should focus on preventing seed pro-
duction, reducing disturbed bare soil patches, and
monitoring roadsides and settlement-adjacent agri-
cultural fields as potential sources of further spread.

Comparison of occurrence records revealed
contrasting invasion strategies among species. R.
repens exhibited broad regional distribution, sug-
gesting successful long-distance establishment
across multiple habitat types. In contrast, C. camp-
estris demonstrated localized but dense infestations,
whereas A4. artemisiifolia displayed an intermediate
pattern characterized by fragmented distribution and
active expansion in disturbed habitats.

The mapped occurrence records indicate that
many infestations were located in proximity to
transport corridors, irrigated agricultural systems,
and intensively managed landscapes. Although no
formal statistical testing of environmental predictors
was conducted, these patterns suggest that anthro-
pogenic land-use features may contribute to weed
establishment and spread.

The observed distribution patterns are consistent
with the ecological and land-use characteristics of
southern Kazakhstan, including arid climatic condi-
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tions, irrigation-dependent agriculture, and varying
levels of anthropogenic disturbance. These factors
create heterogeneous habitats that may facilitate
weed establishment and persistence.

Recent perspectives in weed science emphasize
a shift toward predictive, spatially explicit, and sys-
tems-based approaches to weed management under
global change scenarios (Zimdahl & Basinger, 2024).
Our findings align with recent global assessments
identifying spatial monitoring, invasion forecasting,
and management integration as key research priori-
ties in modern weed science (Brainard et al., 2023).

The growing complexity of weed invasions has
also contributed to the expansion of weed science
as an interdisciplinary field integrating ecology, ge-
ography, and agricultural management (Shrestha et
al., 2021). Similar trends in the expansion and man-
agement challenges of invasive weeds under climate
change have been reported for agricultural ecosys-
tems in other regions, highlighting the global rel-
evance of spatially explicit monitoring approaches
(Ionescu et al., 2023a, 2023b).

These findings underline the necessity of incor-
porating GIS-based distribution data into regional
weed monitoring programs to improve early detec-
tion and management efficiency.

Conclusion

GIS-based mapping of 30 georeferenced sur-
vey locations and 3258 collected weed specimens
revealed clear differences in the distribution pat-
terns of three major quarantine weeds in southern
Kazakhstan. Rhaponticum repens exhibited the
broadest geographic distribution (13 sites), Ambro-
sia artemisiifolia produced the highest number of
recorded specimens (1153), and Cuscuta campestris
showed the highest local infestation intensity de-
spite occurring at fewer locations.

The generated distribution maps identified sev-
eral concentration zones associated with agricultural

landscapes, irrigated areas, roadside habitats, and
other disturbed environments. The generated maps
provide a baseline framework for future integration
of environmental predictors, ecological niche mod-
elling, and invasion-risk assessments.

More broadly, the findings contribute to under-
standing invasion dynamics in arid and semi-arid
regions of Central Asia, where agroecosystems are
particularly vulnerable to biological invasions. The
methodological framework applied in this study can
be extended to long-term monitoring programs and
additional invasive species. Future research should
integrate GIS-based mapping with ecological niche
modeling and climate projections to improve inva-
sion risk forecasting and support sustainable agri-
cultural management in Kazakhstan.
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