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ABSTRACT
Weed’s geographical and temporal expansion severely affects the global biodiversity, agricultural ecosystems and economy
of the country like India. Therefore, in order to help and better prioritize the management tactics, MaxEnt model was used
to predict the current and future distribution of Echinochloa colona and Cyperus rotundus, two economically important
weeds of agricultural ecosystems. With the help of 552 and 343 occurrence points of E. colona and C. rotundus,
respectively, along with 8 bioclimatic parameters, elevation, and soil layers; modelling was performed and predictions were
made for probable hotspots of the species in future changing climate scenario. The area under the receiver operating
characteristics (ROC) curve (AUC) was used to test the model’s accuracy, and Jackknife test was used to observe the
variable importance for both the species. The model predicts that under Representative Concentration Pathway (RCP) 4.5
for both 2050 and 2070, climatic conditions were generally highly suitable for E. colona, except for certain areas in southern,
western, and northern India. Whereas, under RCP 8.5 for the same years, a notable reduction in suitable areas is predicted
for the species, particularly in Central India. On the other hand, C. rotundus is projected to contract the suitable areas in
future climates under both the scenarios depicting the reduced suitability under future climate. Findings of this study would
contribute to a better understanding of the nature of the niche shift of both the species and the potential for invasion under
future climate scenarios. This will help in understanding the impact of the species and in making informed decisions on
matters related to biodiversity, public health, agriculture, and the economy.
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INTRODUCTION
Biotic and abiotic factors contribute in crop yield

and economic losses. Among the major biotic
constraints, weeds are the significant pest affecting
agricultural production, agrobiodiversity and natural
water bodies (Gharde et al. 2018). They can
negatively impact the crop by competing for
resources such as water, sunlight and space;
sheltering crop pests; interfering with water
management; reducing the yield and quality and
subsequently increasing the cost of the production
(Chauhan 2020, Rao 2022). The alien invasive weeds
(AIW) are those, which are introduced into places
outside their natural range, adversely affecting native
biodiversity, ecosystem or human well-being. These
species are introduced intentionally or accidentally
outside their natural habitat, where they exhibit the
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ability to establish themselves, invade, out-compete
native weeds and take over the new environment
within short span of time. One of the major
disadvantages of their introduction is extinction of
native species, which has been well documented
(Blackburn 2019). For instance, a tree species Saint
Helena olive (Nesiota elliptica) endemic to Saint
Helena that became extinct due to habitat destruction
and competition with invasive alien plants introduced
to the island during human settlement and agriculture
(Cronk 2016). Further, uncontrolled expansion of
weeds in agriculture ecosystem may cause huge crop
yield losses (Rai and Singh 2020).

Climate change, mostly known by the term
“Global Warming”, is now a well-accepted
phenomenon which may be due to both natural and
human intervention. According to Inter-governmental
Panel on Climate Change (IPCC), “Climate change
refers to any change in the state of climate identified
by fluctuations in the mean and/or the variability of its
properties due to natural event or human activities,
and that persists for a longer period like decades or
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more” (IPCC 2007, Anwar et al. 2021). Recent IPCC
report states that the Earth has already warmed about
1.1–1.2 °C since pre-industrial times, will likely reach
1.5 °C between 2030–2040, and could warm up to ~5
°C by 2100 under high emissions (IPCC 2023).
Climate change is also expected to affect the
distribution and occurrence of the weeds in future
(Gharde et al. 2024). It will have a profound effect on
crop protection, including the effects on pests,
diseases and weeds (IPCC 2022). Furthermore, the
physiology and biological cycle of the weeds and their
competitive relationship with crops will also be
affected significantly (Ziska and Dukes 2011).
Climate change may also affect the geographic
distribution of a native species or invasion of crops by
a new weed species (López-Tirado and Gonzalez-
Andújar 2023). To minimize the effect of weed
success favoured by climate change, there is need to
predict the potential geographical distribution of
species accurately. This will help in understanding the
impact of the species and in making informed
decisions on the matter related to biodiversity, public
health, agriculture and the economy. Apart from this,
it will also help in early detection of the hot spots of
the species enabling prompt actions in order to reduce
management cost after its introduction in new places
(Dorji et al. 2022, Singh et al. 2024).

Predictive models used for the species
distribution modelling are powerful tools that can
assist in making the decision on the management of
these invasive species under different climate
scenarios. Some commonly used models are
CLIMEX, BIOCLIM, MaxEnt and CLIMATCH
known for their simplicity and the data accessibility
(Srivastava et al. 2019, Gharde et al. 2023a). This
modelling approach is a well-established approach to
model and project the habitat suitability of a species
based on their current distribution relative to climatic
factors (Elith et al. 2006, Gharde et al. 2023b). This
technique has gained importance in ecology,
biogeography, biodiversity conservation and
management of natural resources (Adhikari et al.
2019). Numerous studies have been conducted in the
past to assess the impact of climate change on the
potential distribution of the species and found the
difference in the results (Merow et al. 2017). In
India, widespread obnoxious invasive alien weeds
such as Parthenium hysterophorus, Lantana camara,
Chromolaena odorata (Patil and Janarthanam 2013),
Cassia tora (Panda et al. 2018), Tridax procumbens
(Panda and Behera 2019), Ethulia gracilis (Aravind et
al. 2022), Calyptocarpus vialis (Lal et al. 2024),
Phalaris minor (Gharde et al. 2023a) etc. have been
studied for their probable geographical distribution in
future climatic scenarios.

Holm (1969) listed 10 serious weed species that
cause serious consequences to agriculture worldwide
which also includes purple nutsedge (Cyperus
rotundus (L.) and jungle rice (Echinochloa colona
(L.) Link.). These species are capable of adapting
different environmental conditions, and have spread
all over the world (Holm 1969). Echinochloa colona
ranked as the world’s fourth worst weeds infesting
numerous crops in several countries and causing
significant reduction in the yield of crops (Holm et al.
1991). However, it tends to occur mostly in rainfed
agriculture system. Due to its characteristics such as
plasticity in morphology, phenology, fast growth,
prolific seed production, seed dormancy, and
adaptability to a wide range of environments, it
contribute to the successful establishment of this
species in agroecosystems (Rao 2021). Purple
nutsedge (Cyperus rotundus L.), native to India, is
considered as economically damaging weed, which
has been widely adapted in the countries across
Africa, America, South Asia, and southern/central
Europe, significantly impacting the tropical and
subtropical regions of the globe (Srivastava et al.
2013). This weed cause huge yield losses (20–90%)
in various crops across the world (Peerzada 2017).
Due to its distinctive characteristics such as high rate
of reproduction, perennial nature, genetic diversity,
ability to adapt to adverse environments, easy
dispersion and strong competitive abilities help this
weed to occur in a wide range of agro-climatic
regions (Peerzada 2017). As a glabrous perennial
sedge, it can grow under various soil conditions,
preferably in moist soils, and is commonly found in
wasteland, gardens, orchards, and cultivated areas
(Khalid and Siddiqui 2014). In particular, it can be a
threat to croplands, resulting in the loss of food and
feed valuable to human beings (Holm 1969).

Keeping in view, the harmful effects caused by
these two weeds in agriculture ecosystem, it is
necessary to explore the expansion risk of these
weeds in India. Therefore, the aim of this study was
to model and project the habitat suitability of two
important weed species of agricultural system, viz. E.
colona and C. rotundus under current as well as
future climatic scenarios.

MATERIALS  AND  METHODS

Collection of occurrence data of the species
Occurrence data of the two species, viz. E.

colona and C. rotundus was obtained from the
sources such as Flora of Peninsular India, Herbarium
JCB, Centre for Ecological Sciences, Indian Institute
of Science, Bangalore (http://flora-peninsula-
indica.ces.iisc.ac.in/); Centre for Agriculture and
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Biosciences International (CABI); Global Biodiversity
Information Facility (GBIF) (https://doi.org/
10.15468/dl.ja9yr2 and https://doi.org/10.15468/
dl.m35m8j); iNaturalist; India Biodiversity Portal; and
other published literature (Table 1). E. colona is
native to tropical and subtropical Asia and is now
widespread in the warm regions of Asia, Africa, and
Australia (Holm et al. 1991, Lazarides 1980, Peerzada
et al. 2016), therefore, occurrence data for both
native and invaded range (India) was collected for
this species. For C. rotundus, occurrence records
collected from India were used for modelling, as
India represents its native range. For those published
literature where geo-coordinates of the study location
was not provided, they were collected from google
search engine to locate the site of the experiment.
After the elimination of ambiguous and duplicate
records, 552 and 343 occurrence points were
retained for further analysis for E. colona and C.
rotundus, respectively (Figure 1).

Climate data
Climatic data for 19 bioclimatic variables (bio1

to bio19; Table 2) with a spatial resolution of 30 arc-
seconds (~1 km²) were downloaded from the
WorldClim database (www.worldclim.org). Elevation
data from the Shuttle Radar Topography Mission
(SRTM) were also obtained from the same source. All
the downloaded layers were converted into ASCII
(American Standard Code for Information
Interchange) format using QGIS version 3.36. Future
climate data for Representative Concentration
Pathway (RCP) 4.5 and RCP 8.5 for the years 2050
and 2070, at the same 30 arc-seconds resolution,
were downloaded in ASCII format from the Climate
Change, Agriculture and Food Security (CCAFS)
website (www.ccafs-climate.org) (Gharde et al.
2023a). According to the Intergovernmental Panel on
Climate Change Fifth Assessment Report (IPCC,

Species Source of data 

Echinochloa 
colona 

Das et al. (1996), Rao and Rao (2006), Swain et al. (2008, 2012), Babu (2012), Maharaj and Prabhakaran  (2014), 
Borkar et al. (2015), Kumar et al. (2016), Chopra et al. (2017), Praneetha et al. (2017), Aparna et al. (2018), 
Krishnaveni and Prasanna (2019), Borkar et al. (2021), Dhankar et al. (2022), Kaushal et al. (2023) 
GBIF (https://doi.org/10.15468/dl.p6sbf4; https://doi.org/10.15468/dl.zupkex; https://doi.org/10.15468/dl.jbjdjx; 
https://doi.org/10.15468/dl.uc9d6k;  
https://doi.org/10.15468/dl.kqdtgv; https://doi.org/10.15468/dl.tumy99; https://doi.org/10.15468/dl.s49hma; 
https://doi.org/10.15468/dl.c4wuz6; https://doi.org/10.15468/dl.k5ncnb;  https://doi.org/10.15468/dl.bgdwxa; 
https://doi.org/10.15468/dl.cpwyzq;   
https://doi.org/10.15468/dl.gk2tm7; https://doi.org/10.15468/dl.d28bzv) 

Cyperus 
rotundus 

Satao et al. (1995), Babu and Kandasamy (1997), Gupta et al. (2002), Chopra and Chopra (2004), Ghorai et al. 
(2005), Kumar and Mishra  (2005), Sharma and Gupta (2007), Pal (2009), Singh et al. (2010), 
Venkatasubramanian et al. (2010), Kumar et al. (2012), Samariya  and Sarin (2013), Kumar et al. (2013), Singh et 
al. (2014), Nidugala et al. (2016), Desai et al. (2017), Dhyani (2017), Edwina and Leela (2020), Golla et al. 
(2022), Vadivel et al. (2022) 

Table 1. List of published literature from where occurrence records were collected for Echinochloa colona and
Cyperus rotundus

Figure 1. Maps depicting the occurrence points of (a)
Echinochloa colona and (b) Cyperus rotundus
in the study region

2014), four RCPs were described. Among them, RCP
4.5 represents a moderate greenhouse gas emission
scenario (with a projected temperature rise of about
2-3°C), while RCP 8.5 represents a high emission
scenario (with a projected temperature rise of around
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5°C). The future climate data used in this study were
generated from the Canadian Earth System Model
(CanESM2) developed by the Canadian Centre for
Climate Modelling and Analysis. These datasets were
statistically downscaled from a Global Circulation
Model (GCM) using WorldClim version 1.4.

Data preprocessing and modelling approach
Before the modelling, data were pre-processed

to make them ready for further analysis. Occurrence
points for the species were prepared in csv file format
with species name along with latitude and longitude
data. For 19 bioclimatic variables downloaded from
WorldClim database, correlation analysis was done
and variables having Pearson correlation coefficient
values |r| 0.8 were excluded from the analysis to
avoid multicollinearity effects from the data. After
following this criterion, eight bioclimatic variables
along with elevation (and soil in case of C. rotundus)
were chosen for further analysis.

In case of E. colona, raster layers of
environmental variables were kept for whole world,
however, they were clipped to match the extent of the
study region for C. rotundus. All the raster layers of
environmental variables were converted to follow the
uniform projection system (EPSG: 4326 WGS-84)
and 30 arc seconds spatial resolution. The MaxEnt
v3.4.4 software (downloaded from https://
biodiversityinformatics.amnh.org/open_source/
maxent/) was used to model the present and future
distribution of both the species using occurrence data
and environmental variables. The relative importance
of the variables was established using the jackknife
method (Liao et al. 2017). Before the model run, the
output file format for the model was set to ‘cloglog’.

A ten-fold cross-validation approach was used to
minimize the uncertainties in the response curves and
prediction on occurrences. The final model output
was thus obtained through averaging these layers.
This technique randomly split the occurrence data
into 10 number of equal-size “folds” and models are
formed using nine folds leaving each fold in turn and
then left-out folds are then used for model validation.
Thus, this technique use all data for validation
purpose. The algorithm in MaxEnt was set to ‘auto
features’ and the procedure was set to run 500
iterations with 10,000 background points with a
regularization multiplier of 1. The Area under the
receiver operating characteristics (ROC) curve
(AUC) was used to test the model’s accuracy. AUC
values greater than 0.7 are generally considered to
indicate good model performance, whereas values
exceeding 0.9 are regarded as outstanding. AUC value
less than 0.7 is considered as ‘fair’. All environmental
layers were converted into ASCII format before
running the model (Thapa et al. 2018, Singh et al.
2024). MaxEnt provides gradient surface for the
suitability of areas with values between 0-1 based on
suitability.

RESULTS  AND  DISCUSSION

Model performance
The mean omission and predicted area for the E.

colona and C. rotundus are shown in Figure 2, which
shows that the models performed better than the
random one (AUC 0.5) when evaluated for omission.
The MaxEnt model can generate the area under ROC
curve and find the models’ AUC value on its own,
which can be utilized as model selection criteria. In
this study, the average AUC values are 0.958 and
0.735 for E. colona and C. rotundus, respectively.
This indicated that models performed much better
than the random prediction (AUC 0.5) and suggesting
that the outcomes of the prediction were more
precise. AUC value suggested that in case of E.
colona, the model-predicted distribution completely
matched the species’ actual distribution.

Importance of bioclimatic variables
In order to determine the importance of the

bioclimatic variables in prediction, jackknife test was
used available in MaxEnt. The MaxEnt generates the
result of jackknife test for regularized training gain,
test gain and AUC for both the species.

Jackknife test revealed that two bioclimatic
variables Annual Mean Temperature and Mean
Temperature of Warmest Quarter provided higher test
gain in case of E. colona, however, Min Temperature

Table 2. List of climatic variables
Code Variable name 
bio1 Annual mean temperature 
bio2 Mean diurnal range [mean of monthly (max temp - 

min temp)] 
bio3 Isothermality (bio2/bio7) (* 100) 
bio4 Temperature seasonality (standard deviation *100)  
bio5 Max temperature of warmest month 
bio6 Min temperature of coldest month 
bio7 Temperature annual range (bio5- bio6) 
bio8 Mean temperature of wettest quarter 
bio9 Mean temperature of driest quarter 
bio10 Mean temperature of warmest quarter 
bio11 Mean temperature of coldest quarter 
bio12 Annual precipitation 
bio13 Precipitation of wettest month 
bio14 Precipitation of driest month 
bio15 Precipitation seasonality (coefficient of variation) 
bio16 Precipitation of wettest quarter 
bio17 Precipitation of driest quarter 
bio18 Precipitation of warmest quarter 
bio19 Precipitation of coldest quarter 
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of Coldest Month and elevation are found to be
affecting the distribution of C. rotundus significantly.
However, it was observed that for E. colona, Annual
Precipitation caused the greatest decrease in test gain
when omitted from the analysis. This indicates that it
contains more unique information than the other
bioclimatic variables and has the strongest influence
on model performance in its absence. These findings
revealed that these variables made significant

contribution in increasing the predictability in the
modelling process. Figure 5a revealed that higher
suitable conditions for E. colona are characterized by
annual mean temperature at 23°C. Lin and Kuo
(1996) also reported that non-dormant seeds of E.
colona can germinate well when mean temperatures
are 20-34°C. In the present study, test also revealed
that Mean Temperature of Warmest Quarter at 32°C
are ideal for the species and temperature beyond that

Figure 2. Plot showing the average omission rate and predicted area for Echinochloa colona and Cyperus rotundus as
a result of the cumulative threshold being approximately over 10 duplicate runs

Figure 3. Plot showing the AUC values for Echinochloa colona and Cyperus rotundus as a result of the 10-fold cross-
validation method

Note: bio_1 = Annual Mean Temperature; bio_4 = Temperature Seasonality; bio_5 = Max Temperature of Warmest Month; bio_6 = Min
Temperature of Coldest Month; bio_9 = Mean Temperature of Driest Quarter; bio_10 = Mean Temperature of Warmest Quarter; bio_12 =
Annual Precipitation; bio_14 = Precipitation of Driest Month; Elevation, above mean sea level

Figure 4. Significance of bioclimatic variables for the distribution of Echinochloa colona and Cyperus rotundus as a
result of jackknife test
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is giving the same favourability conditions for the
species without any gain, however, it also shows that
annual precipitation ranged between 3000-4000 mm
are highly promising conditions for species
development. This commemorates the findings of
Civico and Moody (1979) where they found that E.
colona is not affected by the flooding conditions to a
depth of 5 cm, once established, and thus, can
survive in both flooded and non-flooded rice fields.
However, submerged conditions make it die. Further,
it is observed that growth of E. colona was reduced
when they were subjected to drought stress (Chun
and Moody 1985). The plants produced shorter
panicles and initiated later compared to those grown
under well-watered conditions. These studies support
that the species requires higher precipitation (not sub-
merged) areas for the development. In case of C.
rotundus, Minimum Temperature of Coldest Month
>22°C is found to be suitable for the species which

indicates its tendency to tolerate the high temperature
(Figure 6), as also observed by Dor and Hershenhorn
(2013). Santos et al. (1997) also reported that due to
its rapid growth, perennial nature, and abundant tuber
production, this weed is highly invasive and difficult
to control in warmer regions. Our graph depicts that
at lower temperature (<18°C) species favourability
decreases. Elevation was also observed as significant
factor affecting the distribution of the species.
Analysis revealed that with increasing altitudes,
species performance in a place is decreasing which
revealed its non-adaptability to places with high
altitudes limited by cold temperatures (Holm et al.
1977).

Distribution pattern of Echinochloa colona in
current and future climatic scenarios

In current climatic conditions, central part of
India including eastern states West Bengal and Odisha
showing highly suitable areas for E. colona. Other
parts of India including extreme north, west, north-
east, Indo-Gangetic plains and southern India
(excluding some parts of Kerala) are found to be
moderately suitable for the species (Figure 7a).
However, in future climatic scenarios most parts of
the India are found to be highly suitable for the
species (Figure 7b-e). Analysis revealed that under
RCP 4.5 for both years 2050 and 2070 (Figure 7b
and c), climatic conditions were found to be highly
suitable for the species excluding some parts of the

Figure 5. Response of the Echinochloa colona with
respect to significant environmental variables

a

b

c

Figure 6. Response of the Cyperus rotundus with respect
to significant environmental variables

a

b
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south, west and northern India, however, a
significant decrease in areas of suitability especially in
Central India is predicted under RCP 8.5 for both the
years (Figure 7d and e). Instead, climatic suitability
is shifted to the coastal parts of India along with
eastern, North-eastern and Northern states.

In case of C. rotundus, most of the parts of India
(excluding western Himalaya region, parts of
Rajasthan, few places of central plains and western
and southern plateau and hills) were found to be
moderately suitable (green colour) for C. rotundus
(Figure 8a), however, a significant decrease in
suitable areas were found under RCP 4.5 and 8.5 for
both the years 2050 and 2070 due to increase in
temperature. Very high and high suitable areas (red
and yellow colour) found to be increased under RCP

4.5 for both the years with slight decrease in 2070 as
compared to 2050 (Figure 8b and c). Indo-Gangetic
plains were found to be highly suitable (red colour)
for the species including very few parts of the
country.  This species is expected to find very few
areas of the country as suitable areas. The species
suitability conditions were found in southern states
including few areas in west, east and north-eastern
states (Figure 8b and c). The suitability was further
decreased in RCP 8.5 2050 and 2070 for the species
where very few areas of southern and north-eastern
states were found to be suitable (very high, high and
moderate) for the species (Figure 8d and e).

Thus, by identifying climatically and
environmentally suitable areas, early detection and

In maps, red colour depicts very high suitable, yellow colour as
high suitable, green colour as moderately suitable and blue colour
as not suitable areas

Figure 7. Predicted distribution maps of Echinochloa
colona under (a) current climate; and future
climatic scenarios (b) RCP 4.5 for 2050 (c) RCP
4.5 for 2070 (d) RCP 8.5 for 2050 and (e) RCP
8.5 for 2070

In maps, red colour depicts very high suitable, yellow colour as
high suitable, green colour as moderately suitable and blue colour
as not suitable areas

Figure 8. Predicted distribution maps of Cyperus
rotundus under (a) current climate; and future
climatic scenarios (b) RCP 4.5 for 2050 (c) RCP
4.5 for 2070 (d) RCP 8.5 for 2050 and (e) RCP
8.5 for 2070
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preventive management in regions are possible that
are at high risk of invasion but not yet heavily
infested. This supports a shift from reactive control
measures to proactive planning. The models help
prioritize surveillance efforts, optimize the allocation
of limited resources such as labour, herbicides, and
biological control agents, and reduce unnecessary
expenditure in low-risk areas. Furthermore, the study
identify key environmental drivers influencing weed
distribution, which aids in developing habitat-specific
and climate-informed management strategies for both
the species. This study also forecast potential range
expansion or contraction, allowing policymakers and
land managers to design long-term adaptation and
mitigation strategies. Overall, the study provides a
scientific basis for risk assessment, policy
formulation, and sustainable, cost-effective weed
management planning.

Conclusion
In the present study the impact of global climate

change on the distribution of Echinochloa colona and
Cyperus rotundus was been projected. Our findings
revealed that E. colona is expected to expand its areas
in the country in future climatic scenarios irrespective
of the RCPs for both the years 2050 and 2070 while
C. rotundus is showing overall contraction in the
invaded areas than the current geographical
distribution. However, through modelling highly
favourable areas are projected to increase for C.
rotundus in future climate. Thus, both the species
studied are responding differently to future climate.
The findings of this study will not only help to make
informed decisions on the matter related to
agriculture, biodiversity, public health and the
economy but it will also help in early detection of the
species to enable speedy actions to reduce their
management cost.
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