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Abstract
Prosopis juliflora, an invasive species known for its allelopathic properties, 
poses a significant threat to biodiversity, particularly in arid regions like 
the Kingdom of Saudi Arabia (KSA). This investigation sheds light on 
the chemical mechanisms underlying its allelopathic effects using Fourier-
Transform Infrared (FTIR) spectroscopy and assesses the influence of 
leaf extract and soil solution on the germination of native plant species 
(Acacia gerrardii, Horwoodia dicksoniae and Panicum turgidum). The 
study identifies critical allelochemicals responsible for suppressing native 
plant species under study. These include nitriles, alkynes, thiocyanates, 
carbonyl groups, and alcohols or amines in plant extracts and soil solutions, 
although plant extracts had the highest impact on seed germination. The 
results suggest these compounds interfere with plant proteins and cellular 
processes, reducing growth and biodiversity loss. The paper concludes 
with a call for urgent biodiversity conservation measures to mitigate the 
adverse impact of P. juliflora.
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Introduction
Invasive plants are non-native plants that, upon introduction, spread 

rapidly and cause significant damage to ecosystems, biodiversity, human 
health, and economies. These plants disrupt the ecological equilibrium by 
competing with native plants, resulting in changes in community structures 
and ecosystem functions [1]. Significant economic and health challenges 
in several ecosystems are associated with invasive plant species [2]. 
Management of invasive plants entails substantial expenditures, necessitating 
substantial financial resources for management and mitigation efforts [3]. 
Furthermore, invasive plants can adversely affect human health by causing 
allergies and skin irritation [4]. Effective management strategies are needed 
to mitigate these impacts, which disrupt agricultural productivity and local 
economies. The 1992 Convention on Biological Diversity (CBD) state these 
strategies for management: Preventing the spread of invading species is the 
most crucial approach, aiming to deter their emergence. When prevention 
fails, early detection, rapid response, and potential eradication are essential to 
control new invasions. Physical removal, chemical treatments, and biological 
control are some of the long-term management strategies. Sustainable control 
of invasive plants requires integrated management strategies that combine 
these methods with a focus on prevention. Long-term management costs and 
prevent irreversible ecological changes [2,4]. Prosopis juliflora, commonly 
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known as mesquite, has recently been a major invasive plant 
in Saudi Arabia, it belongs to the family Fabaceae, order 
Fables. It is characterised by its deep root system, compound 
leaves, and thorny branches, the plant can grow up to 8 meters 
tall and produce numerous seeds [5,6]. Moreover, it is a fast-
growing evergreen tree or spiny shrub native to South and 
Central America and was introduced globally from the late 
1970s to early 1980s in order to address deforestation and 
desertification issues. However, its ability to grow quickly, 
produce large quantities of seeds, and thrive in diverse 
climatic and soil conditions has made it one of the 100 most 
invasive alien plant species worldwide [7]. The seeds are 
dispersed by livestock, wild animals, and water, allowing the 
plant to colonise new areas rapidly. Additionally, P. juliflora 
can tolerate a wide range of soil types, including saline and 
alkaline soils, and can survive in extremely arid conditions 
[8,9]. The impact of P. juliflora is not only due to its ability to 
be highly spared but also to its allelopathy effect [10]. In 1937, 
Hans Molisch introduced the term "allelopathy" to describe 
all direct and indirect effects resulting from biochemical 
substances transferred from one plant to another. The term 
"allelopathy" is derived from the Greek words "allelon" 
(mutual) and "pathos" (harm or suffering), highlighting the 
mutual influence and potential negative consequences of 
these biochemical interactions, the International Allelopathy 
Society (IAS) expanded the definition in 1996 to encompass 
any process involving secondary metabolites produced by 
plants, microorganisms, viruses, and fungi that influence 
the growth and development of agricultural and biological 
systems [11].

Plant allelopathy involves the interaction of plant receptors 
and plant donors. The chemical compounds released by one 
plant affect the growth and development of the other; these 
interactions can influence various aspects of agricultural and 
natural ecosystems [11]. Prosopis juliflora contains a variety 
of chemical compounds that contribute to its allelopathic 
effects on neighbouring plants. These compounds include: 
Phenols: Such as caffeic acid and ferulic acid, which disrupt 
the cell membranes of neighbouring plants and affect ion 
absorption and enzymatic activities [12]. Alkaloids, Including 
juliflorine, julifloricine, and juliprosopine, are known for 
their growth-inhibiting effects on other plants by interfering 
with cell division and photosynthesis [13]. Flavonoids: 
Compounds like quercetin and kaempferol, which inhibit 
plant growth by affecting metabolic processes within plant 
cells, free Sugars: Such as glucose and fructose, which may 
influence plant growth by altering the water balance within 
plant cells [14,15]. Volatile Compounds: Such as terpenes, 
which can have inhibitory effects on neighbouring plants 
through evaporation into the surrounding environment and 
interaction with other plants [16]. These chemical compounds 
affect native plants that grow near them through several 
mechanisms. One of these mechanisms is the disruption of 

cell membranes by increasing phenols and the permeability 
of cell membranes, causing the loss of essential ions and 
nutrients and leading to cell death [12]. Also, Phenolic and 
flavonoid compounds can cause an alteration of ion balance 
by affecting plant ion absorption, leading to an imbalance 
necessary for average growth [9]. Moreover, Alkaloids affect 
the activity of enzymes necessary for photosynthesis and 
respiration, hindering the growth of neighbouring plants [13]. 
Some compounds, like juliprosopine, prevent cell division, 
limiting the formation of new plant tissues and hindering 
growth [17]. 

Several studies have investigated the allelopathic effects 
of P. juliflora in different regions, providing valuable insights 
into its impact on native plant species and ecosystems. For 
instance, a study conducted in the Middle Awash region of 
Ethiopia found that P. juliflora invasion significantly reduced 
the germination and growth of native species such as Acacia 
nilotica and Cenchrus cillaris [6]. The study highlighted that 
the allelopathic effects were concentration-dependent, with 
higher concentrations of P. juliflora extracts causing more 
significant growth inhibition. In another study, researchers in 
Ethiopia examined the impact of P. juliflora on tropical crops 
under laboratory conditions. They found that all parts of the 
plant, including leaves, roots, and litter, contained water-
soluble allelochemicals capable of inhibiting the germination 
and growth of crops like maize and cotton [8]. These 
findings underscore the potential threat of P. juliflora to both 
agricultural productivity and native plant communities.

This research aims to investigate the allelopathic effects 
of aquacise leaf extract and soil solution of Prosopis 
juliflora, focusing on its impact on native plant species seed 
germination and evaluating its impact on biodiversity.

Experimental 
Site selection and sample collection

Soil and plant leaves from under the canopy of Prosopis 
juliflora were collected from the southwest of Riyadh, 
Saudi Arabia. Native plants (Acacia gerrardii, Horwoodia 
dicksoniae and Panicum turgidum) were selected from Seed 
banks.

Preparation of leaf extraction
The plant samples were dried in the shade at room 

temperature and then ground into a fine powder. Ten grams of 
the fine powder were soaked in 100 ml of distilled water for 
24 hours. The solution was filtered to obtain a concentrated 
extract (100%).

Preparation of soil solution
Measure out 20 gm of soil that has been dried in the air 

and is smaller than 2 ml in size. Place the soil in a bottle and 
add 100 ml of deionised water. 15-rpm mechanically shake 
for 1 hour.
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P. juliflora was significantly observed. They provide crucial 
insights into how this invasive species disrupt native plant 
communities. These insights can help predict the long-term 
ecological impacts on biodiversity and ecosystem stability. 
The results showed that plant extract had a significant 
inhibition (p > 0.014) on seed germination of plants under 
study with the parallel of root vitality compared with control 
plants, and soil solution had less effect on seed germination 
compared with plant extract to all plants under study. 

The results showed that Acacia gerrardii seed germination 
was affected by plant extract (40%), Horwoodia dicksoniae 
(0%) and Panicum turgidum (0%) (Figure 1, Table 1). 
Although soil solution had decreased the germination ratio, 
Acacia gerrardii seed germination was 60%, Horwoodia 
dicksoniae and Panicum turgidum (23%) (Figure 1, Table 1). 
From the above results, plant extract has a higher effect on 
seed germination than soil solution. However, the chemical 
components remained in both treatments and had the same 
effect on plant germination. The negative impact of plant 
extracts on seed germination and root vitality mainly because 
of allelopathic chemical compounds produced as root 
exudates from the invasive plant [22] which alter the soil 
chemical composition [5,23], hence the growth of subsequent 
natives will be limited. These results align with several 
studies which have shown that aqueous extracts from the 
leaves, roots, and litter of Prosopis juliflora negatively affect 
the germination and growth of various native plant species 
[8,12]. Another study conducted field surveys and laboratory 

Seed germination measurement.
Seeds of plants under study (Acacia gerrardii, Horwoodia 

dicksoniae and Panicum turgidum) were collected from the 
seed bank in Riyadh, Saudi Arabia. All damaged and empty 
seeds were discarded using a flotation process in distilled 
water prior to germination tests. The surface of the seeds was 
sterilised with chlorine water (5ml chlorine 95ml water) for 
5-10 minutes, then rinsed several times with distilled water 
until it was confirmed that there was no chlorine smell. Ten 
seeds at three replicates for each treatment were sowed in Petri 
dishes on a single layer of filter paper saturated with distilled 
water for the germination test. Seeds germinating 7-10 days 
after the start of the experiment were monitored. The seeds 
were considered to have germinated when their radicle or 
germ length reached approximately 1 mm. The germinability 
of the seeds was observed on the tenth day. Each time, seed 
germination was calculated as the flowing equation according 
to (Al-Imam et al. 2016). 

Germination %= (G. Seed / T. Seed)* 100

The G. Seed is the number of germinated seeds, and the T. 
Seed is the total number of seeds.

Ten seedlings per dish were randomly selected after 
germination measurement, and the height of the root 
seedlings (S) was measured with a standard ruler (cm). The 
seed vitality index (VI) was then calculated as follows: VI = 
GI∗S, where GI is the germination index, and S is the average 
height of the root seedlings. 

Chemical Analysis of Extracts
One mL of each extract was taken for FTIR analysis 

(Fourier transform infrared spectroscopy). FTIR was used to 
analyse the spectra and identify the chemical compounds in 
the plant extract and soil solution [18-20].

Results and Discussion
The presence of invasive plants in any ecosystem can 

impact on the structure and composition of plant communities 
directly through its root exudates, consequently influence on 
the emergence and early growth of other native seedlings 
[21]. In this study, the findings on the allelopathic effects of  

Figure 1: The effect of plant extract (p.s) and soil solution (s.s) on 
seed germination of the plants under study is compared with that of 
the control. (P. value > 0.05).

Plant species
Germination Root vitality

control p.s s.s control p.s s.s

Acacia gerrardii 100 ±0 40 ± 0.0.57 60 ± 0 6.5 1 3.16

Horwoodia dicksoniae 100 ±0 0 23.3 ±0.33 1.83 0 0.67

Panicum turgidum 100 ±0 0 23.3 ±00.66 2 0 1.17

F 5.115

Sig. 0.014

Table 1: The effect of plant extract (p.s) and soil solution (s.s) on seed germination of the plants under study is compared with that of the 
control—and Root vitality.
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Figure 2: FT-IR spectra of Plant Extract: (A). Plant Sample 1, (B). Plant sample 2, (C). plant sample 3, Main Wavelengths: 2187.73 
cm<sup>-1</sup>, 2081.07 cm<sup>-1</sup>, 1635.49 cm<sup>-1</sup>, 3310.00 cm<sup>-1</sup>. Functional Group Analysis: Indicates 
the presence of nitriles, alkynes or thiocyanates, carbonyl groups, and alcohols or amines. (chem.libretexts).
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Figure 3: FT-IR spectra of soil solution: (A) Soil solution Sample 1, (B) Soil solution Sample 2, (C) Soil solution Sample 3, Main Wavelengths: 
1974.96 cm<sup>-1</sup>, 1636.27 cm<sup>-1</sup>, 3337.78 cm<sup>-1</sup>. Functional Group Analysis: Indicates the presence of 
alkynes or thiocyanates, carbonyl groups, and alcohols or amines. (chem.libretexts).
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In KSA, where biodiversity is threatened due to harsh 
environmental conditions, the spread of P. juliflora poses a 
significant risk to native plant species and overall ecosystem 
health [36]. This spread underscores the urgent need for 
immediate action to curb this invasive species' spread and 
restore our ecosystems' balance [37-40].

Conclusions
Prosopis juliflora, an invasive plant species, poses 

significant ecological threats through allelopathy, which 
involves releasing chemicals that inhibit other plants. FTIR 
spectroscopy has identified various chemical groups in P. 
juliflora's extracts and soil solutions, such as nitriles, alkynes, 
and carbonyls, which impair plant growth by disrupting 
cellular functions. These chemicals negatively impact the 
biodiversity of affected areas by reducing species richness 

experiments to assess the allelopathic effects of P. juliflora on 
native plants. The aqueous extracts of P. juliflora were found 
to significantly reduce the germination and seedling growth 
of several native species such as Acacia tortilis, Prosopis 
cineraria, Sueda aegyptica, and Halopeplis perfoliata. This 
indicates that P. juliflora can effectively outcompete native 
plants by releasing allelopathic chemicals that inhibit their 
growth [5]. These findings not only confirm the need for 
further research in this area but also open up new avenues for 
understanding the complex interactions between invasive and 
native plant species. The implications of this study underscore 
the urgent need for further research and conservation efforts 
in this area.

Allelopathy involves the chemical inhibition of one plant 
species by releasing toxic substances. The FTIR spectroscopy 
experiments have identified different chemical contents in the 
plant extract and soil solution under the canopy of Prosopis 
juliflora, as shown in Figure 2 to Figure 3. The absorption 
spectra provided the wave numbers (cm –1) of the prominent 
peaks listed in Table 2. Compared with the previous study, it 
found that functional group analysis indicates the presence 
of nitriles, alkynes or thiocyanates, carbonyl groups, and 
alcohols or amines in Plant extract, which are mainly 
attributed to phenols, ketene and isothiocyanate (Figure 2, 
Table 2) and in soil solutions, phenols, ketene, allene and 
azide had a high concentration (Figure 3, Table 2). Our 
findings came to support the previous reports regarding the 
allelopathic impacts of such compounds on plant metabolism 
[24,25]. These results suggest that alteration in the soil 
nutrient content by invasive species is vital to facilitate 
invasion success [26] in a way to compete with native species 
[27]. Studies indicate these compounds can disrupt ionic 
transport across cell membranes, impairing essential cellular 
functions [5]. Alkynes and thiocyanates are known for their 
toxic effects on plant cells [28,29]. Such allelochemicals may 
alter the cell membranes of plant cell which increase cell wall 
permeability causing ionic imbalance and growth inhibition 
[30,31]. These findings came in agreement with previous 
researches [32,33] who confirmed that the invasive plants 
influence carbon nitrogen-cycles. Carbonyl groups, such as 
aldehydes and ketones, can react with amino acids in proteins, 
forming new chemical bonds that alter protein structure and 
function. This alteration can inhibit vital enzymes and cellular 
functions [5]. Alcohols and amines can affect the fluidity and 
stability of cell membranes, disrupting membrane functions 
such as ion transport and cell protection [34,35]. 

These compounds may interfere with essential biological 
processes, including water balance. The invasion of P. 
juliflora reduces species richness and alters plant community 
structures. Its dense canopy and allelopathic effects created 
an unfavourable environment for native flora, resulting in 
decreased biodiversity and disrupted ecosystem services. 

S. No. Peak (cm–1) Assignment

Plant extract 
sample 1

3310 O-H present in phenols.

2187 C=C=O stretching present in ketene.

2091 N=C=S stretching present in 
isothiocyanate.

1635 A lot of result.

Plant extract 
sample 2

3337 O-H present in phenols.

2193 C=C=O stretching present in ketene.

2091 N=C=S stretching present in 
isothiocyanate.

1990 A lot of result.

1636 A lot of result.

Plant extract 
sample 3

3337 O-H present in phenols.

2215 C≡C stretching present in alkyne.

2094 N=C=S stretching present in 
isothiocyanate.

1636 A lot of result.

Soil solution 
sample 1

3337 O-H present in phenols.

2177 C=C=O stretching present in ketene.

2104 C≡C stretching present in alkyne.

1987 C=C=C stretching present in allene.

1974 C=C=C stretching present in allene.

1636 A lot of result.

Soil solution 
sample 2

3306 O-H present in phenols.

2184 C=C=O stretching present in ketene.

2108 C≡C stretching present in alkyne.

1636 A lot of result.

Soil solution 
sample 3

3336 O-H present in phenols.

2217 C≡C stretching present in alkyne.

2152 N=N=N stretching present in azide.

2116 C=C=O stretching present in ketene.

1637 A lot of result.

Table 2: Assignment of IR absorption bands in the spectra of the 
Prosopis juliflora.
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and altering plant communities. The potential biodiversity 
loss due to this invasive species is particularly alarming in 
regions like Saudi Arabia, where it threatens native flora 
and ecosystem health. Immediate measures are necessary 
to control its spread and protect biodiversity and ecosystem 
services.
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