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ABSTRACT

Bassia indica is one of invasive plants which widespread and distributed wildly
in last decades in Libya and other regions of the world. Because of its ability to
grow in harsh environments, this plant invades a lot of places in Benghazi city
including disturbed areas, saline soils and salt marsh. GIS and satellite remote
sensing provide powerful, scalable tools for assessing plant distribution and
abundance. Several satellite platforms provide multispectral and hyperspectral
data suitable for vegetation analysis. This study assessed the distribution of
Bassia indica in Benghazi, Libya, integrating GIS mapping and satellite images
techniques. Satellite images analysis revealed uneven spatial distribution, with
the Northern district hosting the highest coverage (42.8%), while Bo’aathani had
the minimal presence (10.3%, 0.5 km?). Bassia indica coverage declined,
inversely correlating with urban development (85% to 95% urban area) in the
city during last near years. The growth of this species in Northern district which
its soil characterized by high saline content reflect its promising features in
phytoremediation and soil reclamation.
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INTRODUCTION

The Chenopodiaceae family includes the annual xerophyte
Bassia indica (Wight) A.J. Scott [Syn;Kochia indica], also
known as “Gedgad” in Arabic. It is primarily native to India
and has been introduced to many Mediterranean and eastern
Asia countries, including Afghanistan, Algeria, Cyprus,
Egypt, Irag, Kenya, Kuwait, Pakistan, Palestine, Saudi
Arabia, Sinai, Sudan, Morocco, Tunisia and Libya (Qureshi
and Khan, 2022).

As it appears in figure (1), B. indica is annual subshrub has
a compact pyramidal habitat with a lot of branching close to
ground, creating dense thickets. It is densely branched at the
base, creating a cushion, up to 205 cm high and 20-200 cm
in diameter with sharp points leaves, and black broad elliptic
seeds (Ashraf, 2004). After developing more quickly in
summer, its growth become restricted in winter (Youssef et
al., 2009).

According to its ability to grow in abiotic stress environment,
it has been used in the repair of saline lands,
phytoremediation, soil conservation and management (Hand,
2003). B. indica is considered to have potential as green
fodder cross the world for animals such as cattle (Hashem et
al., 2016). Additionally, B. indica is a promising salt-tolerant
forage crop that benefits from salinity even in its early stages
and may be grown in saline environments due to its obligatory
halophyte nature (Hashem et al., 2015). Moreover, use this
plant in folk medicine as anti-inflammatory, anticancer,
antioxidant, antibacterial and more properties have also been
documented (Bibi et al., 2021).

Fig. (1): The morphological characteristics of Bassia
indica plant found at Benghazi area

B. indica is a tough plant that can grow in saline
environments by accumulating and storing Na and other
salts in its leaves and branches. This ability, combined with
its quick and sizable annual growth, makes it a perfect
choice for a natural clean-up process called
phytoremediation (Shelef, et al., 2012).

The plant B. indica is originally native to South Asia, from
India to Afghanistan (Ali and Quiser 2023). However, it
has been introduced to different countries by human
activities and spread beyond its native habitat (Figure 2)
and is now considered as invasive plant in north African
like Egypt, Morocco and Libya (Boulus, 2009; Shaltout,
and El-Beheiry, 2000).
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Fig. (2): Distribution map of Bassia indica cross the
world.

During last decades, the growth, distribution and
abundance of B. indica were increased rapidly especially in
Benghazi city. And according to our knowledge, the
information about B. indica in Libya are scarce. Because of
lake of data, the aim of this work is to shade some light on
population’s distribution and habitat of growth of this
species.

MATERIALS AND METHODS

Study area

Benghazi city is located in North eastern part of Libya
between geographical coordinates of 32°07'N latitude,
20°04'E longitude and it is situated on the Mediterranean
Sea as coastal city. Its soil is characterized as coastal semi-
arid environment with pH ranged from 7.8 to 8.3. Some
places of the city, is mixed and polluted with construction
debris and polluted wastes, thus, disturbed soil can be
clearly noticed, in addition, salt marches. The climate is
influenced by the Mediterranean Sea, therefore, it has a
semi- arid climate and classified as (Képpen: BSh) with hot
summer and rainy short winter.

Distribution range and abundance of B. indica
subshrubs in Benghazi region

To find out the distribution and abundance of this plant, the
city area was divided to four locations (A, B, C and
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D) according to the electric and road map of the city. And
satellite technique was used as the following:

Data source: A satellite images for the city from Landsat

8 were downloaded via the United States Geological
Survey (USGS) platform. Bands 3 and 5 were selected,
where band 3 represents the green visible spectrum, while
band 5 corresponds to the near-infrared spectrum. This
combination enhances the interpretation of land features
such as vegetation and urban areas. Specialized software
(ENVI and ArcGIS) was used to merge the bands
producing a composite image that highlights variations in
land cover.

Field survey: a field survey was conducted using a GPS
device to record coordinates of sample points representing
target plant species within the study area. These points
serve as ground truth points (GTPs), providing accurate
data on the real distribution of B. indica vegetation.

Data integration: After collecting field data, the GPS
coordinates were overlaid onto the satellite imagery using
ArcMap. This integration of field data and satellite imagery
enables verification of the geographical accuracy of plant
distribution.

Spectral analysis and classification: a spectral signature
was defined for the vegetation class based on its spectral
reflectance. The software extrapolated these spectral
signatures across the entire satellite image to generate a
classified map showing the distribution of vegetation
classes in the study area.

Accuracy assessment: the output map was analyzed to
evaluate classification accuracy by comparing field sample
points with the classified categories by using Confusion
Matrix and Kappa index.

RESULTS AND DISCUSSION

The results of abundance and distribution showed that B.
indica has uneven distribution across the city (Table 1 and
figure 1). Northern district reflected highest proportion of
B. indica (42.8% of the total plant area), covering 2.1 km?
out of 23.62 km? indicates a significant presence of the
plant in this zone. In Western district, 1.3 km?
allocated to the plant (26.5% of the total vegetation area).
Reflects relatively high coverage, lower than the Northern
zone.

On the other hand, Eastern district revealed moderate
presence, with 1.0 km? (20.40%). dedicated to B. indica.
While Bo’aatani area represented the minimal coverage
with 0.5 km? (10.3%), highlighting the plant’s limited
presence in this smallest operational zone. The table 1
illustrates the distribution of areas allocated to B. indica
across different zones, detailing the plant’s total coverage
and its percentage share within each zone.

Table (1): The total area of Bassia indica abundance
at different Benghazi districts.

Distribution District Total Area (km?) B. indica Area (km2) = Share %

Northern District 23.62 21 9%
Western District 26.36 13 5%
Eastern District 22.98 1 4%
Bo'aathani area 21.35 05 2%

QLare riasl Dy 4ayC Aresc 208 ~L

£

i

;

=3
<
.'//

7 3 = N, 2 7 &5 Lokes
g 2 ‘{’i;f.\? ' A4 ] |8 Keote s
Y B "-" < Bsnghaz Cil
: ' .
/ .4
I W N7 Y E
¢ // k_ ;
£ s A S

1308 3IT4T™ 2IA4Y. 33N 33107 IIWT aITAC ETER

TEav
RE&M

nvEaN
nwIA

W

ey

nNINH

e I 3T T AT TN Iz e ST iy 33U Ak vay

Fig. (3): The distribution map of Bassia indica plant at
Benghazi city. Above, the total abundance of the plant,
while below revealed the distribution in each district.

Understanding plant distribution and abundance is critical
for ecological research, conservation, and sustainable
land management. Traditional field surveys, while
accurate, are time consuming and limited in spatial
coverage. Fortunately, modern technology offers a
powerful solution. By using satellite imagery and digital
mapping (Known as GIS), we can now be monitoring the
health and spread of vegetation over huge areas in much
more efficient and cost-effective way, giving us the big-
picture view we need (Turner et al., 2003).

GIS and satellite remote sensing provide powerful,
scalable tools for assessing plant distribution and
abundance. Advances in machine learning, cloud
computing are enhancing the accuracy and efficiency of
vegetation monitoring (Gorelick et al., 2017). Like these
researches are focus on improving of species-level
discrimination and integrating multi-source data for
global ecological assessment (Nagendra, 2001; Wang and
souse, 2009; Ustin and Gamon, 2010; Mulla, 2013).

Libyan Journal of Ecological & Environmental Sciences and TeChNOIOQY..........ccoveveveeveveeeeveeierieieieeieteeieeie e 66



Use of Satellite Image Techniques to Determine Distribution and Abundance of the Invasive Bassia Indica in Benghazi City, Libya

Several satellite platforms provide multispectral and
hyperspectral data suitable for vegetation analysis. Landsat
offers a long-term archive since 1972, making it useful for
temporal studies (Wulder et al., 2016). Sentinel-2 (10-60)
resolution has a high revisit frequency, ideal for seasonal
vegetation monitoring (Druch et al., 2012). MODIS (250
m- 1 km) is suitable for large scale phynology studies
(Running et al., 2004). These facts are agreeing with this
study while using landsat-8 was useful to determine the
vegetation coverage of B. indica in Benghazi region.

According to the results of abundance and distribution of
B. indica in Benghazi city (Table 1 and figure 2), it has
uneven distribution across the city. Northern district
reflected highest proportion of B. indica indicates a
significant presence of the plant in this zone. While it is
mostly near the lakes in Benghazi city, where the salt
content is high, and revealed that the habitat is suitable for
this plant. In contrast in other districts, the vegetation area
of this species reflects relatively lower coverage, than the
Northern zone. From the mapping results (figure 2), it is
clear that uncontrolled randomly urban (which appear in
pink color in the map) was spread rapidly in other zones
especially after 2015. This development eliminated
vegetation from these areas, even though the conditions
were otherwise suitable for plant life.

A number of studies reported the impact of soil salt content
on its key growth stages, including germination, biomass,
and how it accumulates salts in its tissues (Ayad, 2011;
Shelef et al., 2016; Vymazal, 2011; Hashem et al., 2019;
Zulfigar et al., 2021). B. indica is a halophytic species (salt-
tolerant plant) and one remarkable thing about this plant is
its ability to live in high salinity conditions. Thus, using this
plant species is one of important methods in remediation of
saline soils to remove salts and/or heavy metals
(Hassanuzzman et al., 2014). Therefore, it is highly
recommended to use in like these environments, in
addition, in feeding of livestocks, especially in arid saline
regions like some locations of Libya.

CONCLUSION

During last decades, the growth, distribution and
abundance of B. indica were increased rapidly especially in
Benghazi city. And according to our knowledge, the
information about B. indica in Libya are scarce. Because of
lake of data, the aim of this work is to shade some light on
population’s distribution and habitat of growth of this plant.

This study assessed the distribution of Bassia indica in
Benghazi, Libya, integrating GIS mapping and satellite
images techniques. Satellite images analysis revealed
uneven spatial distribution of this species. The growth of
this species in Northern district which its soil characterized
by high saline content reflect its promising features in
phytoremediation and soil reclamation, in addition, to plant
it as feeding crop in different regions of the country.
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