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ABSTRACT

This study compared the ecological and phytochemical status of funiperus phoenicea in two areas of Al
Jabal Al Akhdar, Libya: Ashnishan (monospecific stands) and Satlunah (mixed maquis), and evaluated the
allelopathic activity of aqueous leaf extracts on seed germination. Composite leaf samples from each site
were analyzed for flavonoids, total alkaloids, total phenolics, and protein content. Aqueous extracts at
concentrations of 0, 5, 10, 20, 50, 75, and 100% were tested in a completely randomized design with three
replicates to assess germination percentage, germination inhibition, shoot length, root length, fresh weight,
dry weight, and water content. Phytochemical analysis revealed higher concentrations of all measured
constituents in the Ashnishan population than in Satlunah: flavonoids (2.17 vs. 1.81 mg/100 g), alkaloids
(129.80 vs. 114.30 pg ml™"), total phenolics (393.80 vs. 369.10 pg GAE/100 g), and protein (5.10% vs.
4.72%). Bioassay results showed that increasing extract concentration significantly (P <0.05) reduced seed
germination. In Ashnishan extracts, germination declined from 90% (control) to 20% at >20%
concentration, with inhibition reaching 78%. In Satlunah extracts, germination dropped from 100% to 20%
at 75—100% concentration, with inhibition up to 80%. Root growth was the most sensitive parameter;
complete inhibition occurred at >50% Ashnishan extract and >75% Satlunah extract. Fresh weight, dry
weight, and water content also decreased significantly with rising extract concentration. The results
indicate that the allelopathic activity of /. phoenicea is concentration dependent and varies between
populations. The stronger phytotoxic effect of the Ashnishan extract corresponded with its higher phenolic,
flavonoid, and alkaloid content, suggesting that geographical variation in phytochemical composition may
influence the allelopathic potential of /. phoeniceain Mediterranean ecosystems.
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INTRODUCTION

In conservation biology, significant emphasis is
placed on protecting isolated plant communities
and accurately mapping their distribution (Scott
et al.,, 2001). This priority is driven by escalating
climatic threats to biodiversity. Safeguarding
fragmented populations is essential for
preserving genetic variation and mitigating risks
posed by unpredictable  environmental
disruptions to limited resources (Jones er al,
2001). Populations at range peripheries may
harbor significant genetic variability, making
them resilient to anthropogenic or natural
disturbances (Lloret and Garcia, 2016).
Consequently, identifying relict populations and
refugia is vital for conserving plant species. A key
mechanism in plant survival and community
structure is allelopathy—the mediation of
competition  through release of plant
metabolites. This allelopathic interaction is
mediated by the release of bioactive secondary
metabolites through root exudation and the
subsequent decomposition of plant biomass

(Alagesaboopathi, 2010). These phytotoxic

compounds  disrupt  neighboring  plants’
physiological equilibrium, affecting
photosynthesis,  respiration, and  protein

synthesis (Algandaby er al/, 2021). Beyond
inhibition, they play roles in signaling, nutrient
uptake, and defense against microorganisms

(Bertin eral, 2003).

Allelochemical release is often tied to
environmental conditions. Many identified
allelochemicals, such as terpenoids and

phenolics, are secondary metabolites. Plant
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stressors—including elevated temperatures,
herbivory, and reduced water availability—can
significantly increase their release. Such
mechanisms are crucial for invasive species
establishment and wild species dominance in
changing environments (Hierro and Callaway,
2003; Othman er al, 2018). The Juniper genus
has extensive historical distribution, deep roots
broad ethnobotanical

in folklore, and

applications from therapeutic to culinary
practices. Ecologically, Juniper thrives across
diverse conditions, colonizing various soils and
altitudes in open canopies (Alhadead and
Almesmari, 2021). The current body of research
provides compelling evidence that Juniperus
phoeniceaexhibits a strong allelopathic capacity,
underpinned by its phytochemical profile, which
is notably abundant in terpenes and aromatic
substances. These bioactive compounds have
been shown to suppress seed germination and
hinder the growth of various plant species,
thereby interfering with their fundamental
physiological ~ functions.  Considering the
widespread occurrence of this species across
Mediterranean ecosystems, such allelopathic
traits are likely to play a significant role in shaping
the structure and

composition of plant

communities (M'barek and Haouala 2024).

Objectives of the Study

. To examine the phytochemical and
environmental characteristics of Juniperus
phoenicea in Al-Jabal Al-Akhdar by comparing

two contrasting habitats:
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. To evaluate the allelopathic potential of
aqueous extracts of /. phoenicea through their
effects on seed germination and seedling growth.
. To conduct a comparative
phytochemical screening to quantify the major
bioactive compounds, including proteins,
alkaloids, phenolic compounds, and flavonoids.
how environmental

. To elucidate

variation and plant community structure
influence secondary metabolism and adaptive
mechanisms in /. phoenicea under current

ecological pressures.

Materials and Methods

Experimental Section

Plant sampling and processing in February 2026,
the aerial parts of Juniperus phoenicea were
collected from two sites in the Al-Jabal Al-Akhdar
region, Libya: Ashnishan and Satlunah. In
Ashnishan, /. phoenicea occurs as scattered,
isolated individuals, whereas in Satlunah the
species grows in association with mixed Maquis
vegetation. Two composite samples were
prepared, one representing the Ashnishan site
and the other representing the Satlunah site, by
pooling plant material collected from several
individual plants within each site to ensure
representative sampling. All phytochemical and
biochemical analyses were performed in
triplicate (n = 3) for each composite sample. The
collected plant material was thoroughly rinsed to
remove impurities and air-dried on laboratory
benches for 15 days at room temperature (24—

25 °C). After drying, the plant tissues were

ground into a fine, homogeneous powder.
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Approximately 50 g of the powdered material
was stored in airtight containers until further
phytochemical and biochemical analyses were
conducted.

Phytochemical screening

A qualitative screening was conducted to identify
the primary groups of secondary metabolites
within Juniperus phoenicea extracts. Utilizing
standard analytical protocols, the presence of
alkaloids, flavonoids, phenolic compounds, and
proteins.

The quantification of total phenolic content
(TPC) was performed using the Folin—Ciocalteu
colorimetric assay, following the protocol
established by Singleton and Rossi (1965), 100
Ul aliquot of the plant extract was combined with
an equal volume of Folin-Ciocalteu reagent. After
a 5-minute initial incubation period at ambient
temperature, the reaction was neutralised by
adding 800 Ml of 7.5% sodium carbonate
(Na2C03) and diluted with 1 ml of deionized
water. The resulting mixture was then incubated
in total darkness for 120 minutes. Subsequently,
the absorbance was recorded at a wavelength of
750 nm employing a UV/Vis Spectrophotometer
(Onda, P.R.C). To determine the phenolic
concentration, a standard curve was generated
using Gallic acid (40—125 lg/ml). The final TPC
results were normalised and expressed as
milligrams of Gallic acid equivalents (mg GAE)
per 100 grams of dry weight (DW) of the sample.
The total flavonoid content (TFC) was quantified
using a modified colorimetric technique based

on Yoo eral. (2008), 250 W of the sample was
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Figure 1: Calibration Curve for Total Alkaloid Content.

combined with 1.25 ml of deionized water and
75 Ul of 5% NaNO2. Following a 6-minute
reaction, 150 Ml of 10% AICI3-6H20 was
incorporated into the mixture. After a further 5-
minute incubation at ambient temperature, the
reaction was terminated by adding 0.5 ml of 1 M
NaOH and 2.5 ml of deionized water. The
solution was vortexed rigorously, and the
absorbance of the resulting pink chromophore
was recorded at 510 nm (Aqua mate Plus UV/Vis
Spectrophotometer, England). TFC values were
extrapolated from a (+) catechin standard curve
(5-80 Hg/ml) and reported as mg catechin
equivalents (CAE) per 100 g of dry weight (DW).
Crude protein content: The crude protein content

(N X 6.25) of the samples was measured using

Germination bioassay
To evaluate the allelopathic influence of
/ phoen/'cea aqueous extracts, a bioassay was

conducted using Triticum aestivum L. as a test
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the macro Kjeldahl method on a dry weight basis
according (AOAC, 1997).

The quantification of total alkaloid content was
executed following the protocol established by
Shamsa et al,, (2008), 5 g of the powdered plant
material underwent a 24-hour continuous
extraction using methanol at a controlled
temperature of 26°C. The resulting filtrate was
concentrated to dryness using a rotary
evaporator under vacuum at 45°C. The obtained
residue was subsequently reconstituted in 2N
HCl and filtered. A 1 ml aliquot of this acidic
solution was transferred to a separating funnel
and subjected to a purification step by washing
with 10 ml of chloroform (triplicate washes) to
remove non-alkaloidal impurities before the final

alkaloid determination.

model. The parameters monitored included
germination percentage (GP). Seed surface
sterilization was performed by immersing them

in 2% sodium hypochlorite for 2 minutes,
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followed by multiple rinses with distilled water
and a 24-hour soaking period in aerated distilled
water. Subsequently, ten seeds were placed in 9
cm Petri dishes lined with Whatman No. 1 filter
paper, with each treatment replicated three times
(n=10 seeds per concentration). The seeds were
treated with 10 ml of the extract at varying
concentrations (5%, 10%, 20%, 50%, 75%, and
100%), while distilled water served as the
control. The experiment was maintained under
controlled laboratory conditions  (midday
temperature of 25°C and diffused light) for seven
days. To prevent dehydration, equal volumes of
distilled water were added as needed. Upon

of

completion the incubation  period,
germination counts were recorded, and the
lengths of the roots and shoots were precisely
measured

Data analysis by (Chungetal., 2001):

Seedling growth was evaluated by the use of the
following indicators:

Percentage of germination (G %) =

number of seeds germinated in extract \ number

of seeds germinated in control * 100.

Percentage of inhibition (1 %) =

(control - sample extracts) \ control * 100
Root/shoot ratio: is an indicator of relative
growth of the root and shoot in a plant
Statistical analysis:

Statistical analysis was performed using
STATISTICA software. Data from triplicate
samples were expressed as means + standard
deviation (SD). Significant differences among
treatment means were determined by one way
analysis of variance (ANOVA) followed by
Tukey's honestly significant difference (HSD)

post hoc test at a significance level of P <0.05.
RESULTS AND DISCUSSION
Phytochemical screening

The phytochemical analysis of Juniperus
phoenicea revealed a consistent variation in the
concentration of bioactive compounds between
the two study sites. As shown in Table 1, the
samples collected from Ashnishan exhibited
higher levels of all measured parameters

compared to those from Satlunah.

Table 1: Phytochemical screening results

Phenols ug Proteins
Sites Flavonoids Mg/100g Alkaloids ug /1ml
GAE/100g mg/g
Ashnishan 217 129.80 393.80 5.10
Satlunah 1.81 114.30 369.10 472

The qualitative analysis presented in Table 1

confirms the presence of several bioactive

constituents in Juniperus phoenicea, including
alkaloids, phenols, flavonoids, and proteins. Our

findings are largely consistent with the existing
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literature; for instance, Hamzal et al, (2016)
identified a similar profile containing flavonoids,
alkaloids, tannins, and saponins. While Amalich
et al, (2016) did not detect alkaloids or saponins
in the foliage, their results aligned with ours
regarding the abundance of phenolic
compounds and flavonoids. Despite these minor
variations in chemical composition, there is a
consensus across studies including the work of
Zouari Bouassida eral, (2018) on the prevalence
of terpenes, glycosides, and tannins in this
species.  These slight discrepancies in
phytochemical profiles are likely attributable to
differences in environmental conditions and the
specific plant parts analyzed.

The total alkaloid content of Junjperus phoenicea
was determined spectrophotometrically usingan
atropine standard calibration curve (Figure 1).
The calibration curve was established by plotting
absorbance against atropine concentrations
ranging from 5 to 60 pg/ml. The standard curve
exhibited excellent linearity and was described
by the regression equation y = 108.44x — 19.564,
where y represents the alkaloid concentration
(pg/ml) and x represents the absorbance. The
coefficient of determination (R2 = 0.9909)
confirmed the high linearity and reliability of the
calibration curve for quantitative alkaloid
determination.

This equation was subsequently employed to
calculate the alkaloid concentration in the plant
samples collected from both study sites
(Ashnishan  and

Satlunah), providing

a biochemical basis for the species’ adaptive and

69

Allelopathic characteristics. The quantitative
determination of total alkaloid content in
J. phoeniceain the present study revealed higher
concentrations compared to several regional
assessments of the Cupressaceae family. For
instance, investigations conducted in Jordan by
Al-Mustafa er al, (2021) and Bajes er al, (2021)
reported alkaloid levels of 0.9% and 0.7%,
respectively both of which are notably lower
than our current findings. Furthermore, even
within the Libyan context, Shaboun eral, (2021)
recorded a concentration of 0.8%, suggesting
that the populations in our study area (Al-Jabal

Al-Akhdar) may possess a superior capacity for
alkaloid biosynthesis, likely driven by specific

local environmental stressors or genetic
variations.
Protein Content and its Relation to
Allelopathic

Statistical analysis revealed significant variations
in protein levels between the two study sites,
which differ fundamentally in their vegetative
structure. In  Ashnishan, where Juniperus
phoenicea forms a pure, monospecific stand of
scattered individuals, the protein content was
higher at 5.10 mg/g. Conversely, in Satlunah,
where /. phoenicea grows in a mixed forest
associated with maquis vegetation, a lower value
of 472 mg/g was observed. This variation is
noteworthy as proteins are not only essential
macromolecules  for and

plant  growth

development but also serve as crucial

components in the plant's biochemical response

to environmental stressors. The elevated protein
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levels in the isolated Ashnishan stands may
reflect a metabolic adaptation to the more
exposed conditions of a single-species habitat.
This elevation may be attributed to the up-
regulation of enzymes and stress-related
proteins involved in the Allelopathic pathway;
plant stressors often trigger the release of
secondary metabolites (Alhadead er al, 2025).
Thus, the higher protein concentration in
Ashnishan may be an indicator of enhanced
biochemical activity aimed at maintaining
dominance and survival through allelopathic
interference in an environment with limited
interspecific support. In summary, the higher

concentrations of proteins and secondary

metabolites (such as phenols and alkaloids)
observed in the Ashnishan site reflect the
physiological plasticity of Juniperus phoenicea.
This biochemical upregulation suggests an
adaptive response to a  monospecific
environment, likely characterized by higher
abiotic stress, such as water scarcity or thermal
fluctuations. Conversely, the lower values
recorded at the Satlunah site indicate that
interspecific competition and the presence of
diverse maquis vegetation may modulate the
plant’s metabolic pathways, potentially reducing
the energetic investment in defensive secondary
metabolites in favour of other growth-related

processes.

Table 2. Mean germination percentage % and inhibition percentage % of seeds treated with

different concentrations of Juniperus phoeniceaaqueous extracts.

Ashnishan Satlunah
Treatment . . . .
0 germination 7o nnipiton % germination % nnipiton %
(%) tion %  Inhibition % tion % hibition %
+SD +SD +SD +SD

0 90% + 0.84 0°+0.0 1002+ 0.89 PP0O¢+ 0.0
5 902+ 0.84 0°+0.0 80°+ 0.60 209+ 1.0
10 40+ 0.76 56°+ 0.67 60°+ 0.25 40° + 0.76
20 20°+1.01 782+ 0.55 60°+ 0.25 40+ 0.76
50 20°+1.01 782+ 0.55 509+ 0.74 50° +0.76
75 20°+1.01 782+ 0.55 208+ 1.0 802+ 0.81
100 20°+1.01 782+ 0.55 20+ 1.0 802+ 0.81

ANOVA test, Significance between groups was done using, Test (Tukey)
Means in same column with common letters are not significant
Means in same column with different letters are significant

Statistically significant at p <0.05. Data was expressed by using Mean

The results presented in Table 2 demonstrate a

significant inhibitory effect of /. phoenicea
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observed at concentrations of 75% and 100%,

aqueous extracts on seed germination. In indicating that the Allelopathic potency varies
Ashnishan, maximum inhibition (78%) was according to the source site and extract
achieved at a concentration of 20%, while in concentration.

Satlunah, the highest inhibition (80%) was

Figure 2: Growth parameters Ashnishan site

Table 3: Effects of different concentrations of Juniperus phoenicea aqueous extracts (Ashnishan
site) on shoot length (SHL), root length (RTL), fresh weight (FW), dry weight (DW), and water

content (WC%) of treated seedlings.

Ashryshan Length(cm) Weight(g/plant)
Site
Treatment Water content %
SHL +SD RTL+SD FW DW
(%0)
0 11.932°+ 0.66  14.21%+ 0.93 4.6852 0.719? 5.52
5 12.86%+ 0.32 10.75+ 0.80 3.143P 0.52P 5.02
10 9.18°+ 0.81 2.68°+0.71 1.748° 0.63aP 1.8°
20 4.79% 1.01 1.079+0.22 1.117¢ 0.60a° 0.8¢
50 1.18%+ 0.19 0.00°+ 0.0 0.513¢ 0.57° 0.0f
75 1.39%+ 0.19 0.00%+ 0.0 0.936¢ 0.26° 2.6°
100 0.64™+0.11 0.00%+ 0.0 0.525f 0.33¢ 0.6°

ANOVA test, Significance between groups was done using, Test (Tukey)
Means in same column with common letters are not significant

Means in same column with different letters are significant

Statistically significant at p <0.05. Data was expressed by using Mean.
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(Figure 2; Table 3) A clear concentration- (FW), dry weight (DW), and water content
dependent inhibitory effect was observed for all (WC%).

measured growth parameters, including shoot The control treatment (0%) produced the highest
length (SHL), root length (RTL), fresh weight seedling growth, with shoot and root lengths

reaching 11.93 + 0.66 cm and 14.21 £ 0.93 cm,
Table 4: Effects of different concentrations of Juniperus phoeniceaaqueous extracts (Satlunah site)

on shoot length (SHL), root length (RTL), fresh weight (FW), dry weight (DW),

Satl_unah Length(cm) Weight(g/plant)
site o
Treatment Water content %
SHL+SD RTL+SD FW DW
(%0)
0 11.90%+ 1.25 14.22+ 0.30 4.7? 0.722 5.522
5 11.0°+ 0.75 7.0°+0.20 2.7° 0.57¢ 5.012
10 11.7%+ 0.92 4.9 0.15 2.9P 0.62° 1.77¢
20 9.4% 0.67 1.6%+ 0.10 2.3P 0.31¢ 0.85¢
50 6.49%+ 1.0 1.19+ 0.10 1.9¢ 0.20¢ 0.03¢
75 0.96%+ 0.82 0.0°+ 0.0 0.7¢ 0.39¢ 2.60P
100 0.82°+ 0.82 0.0+ 0.0 0.8¢ 0.27¢ 0.58¢

ANOVA test, Significance between groups was done using, Test (Tukey)
Means in same column with common letters are not significant

Means in same column with different letters are significant

Statistically significant at p < 0.05. Data was expressed by using Mean.

Figure 3: Growth parameters Satlunah site
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respectively. Likewise, fresh and dry weights
attained their maximum values (4.68 + 0.71 g
and 0.719 £ 0.00 g, respectively), while water
content reached 5.5%. A gradual reduction in
growth was evident as the extract concentration
increased. At 5% and 10%, shoot length
remained relatively high (12.86 + 0.32 cm and
9.18 + 0.81 cm, respectively), whereas root
elongation declined markedly to 10.75+0.80 cm
and 2.68 + 0.71 cm, indicating that root growth
was more sensitive to the extract than shoot
growth. Fresh weight also decreased from 4.68 g
inthe controlto 3.14 gand 1.75 g at 5% and 10%,
respectively.

(Figure 3 ;Table 4) The control treatment (0%)
produced the highest seedling growth, recording
shoot and root lengths of 11.90 + 1.25 cm and
14.20 + 0.30 cm, respectively. Fresh and dry
weights also reached their maximum values
(4.70+0.72 gand 0.72 £ 0.00 g, respectively).
As extract concentration increased, all measured
growth parameters progressively declined. At 5—
20%, seedling growth was reduced, with root
length showing greater sensitivity than shoot
length. Root length decreased from 14.20 cm in
the control to 7.00, 4.90,and 1.60 cm at 5, 10, and
20% extract concentrations, respectively, while
shoot length declined from 11.90 cm to 11.00,
11.70, and 9.40 cm over the same concentration
range.

The inhibitory effect became more pronounced
at higher concentrations. At 50%, shoot and root
lengths were reduced to 6.40 + 1.00 cm and 1.10

+ 0.10 cm, respectively. Complete inhibition of
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The inhibitory effect became more pronounced
at concentrations of 20% and above. Shoot
length decreased to 4.79 + 1.01 cm at 20% and
further declined to 1.18 + 0.19 cm, 1.39 + 0.19
cm, and 0.64 + 0.11 cm at 50%, 75%, and 100%,
respectively. Root growth was completely
inhibited at concentrations of 50%, 75%, and
100%, where no measurable root elongation was
recorded (0.00 cm). Similarly, fresh and dry
weights declined substantially with increasing
extract concentration, reaching 0.51—0.94 g and
0.26-0.57 g, respectively, at the highest
concentrations. Water content also showed
a marked reduction compared with the control.
root elongation was observed at 75% and 100%,
where root length reached 0.00 cm, while shoot
length was restricted to 0.96 + 0.82 cm and 0.82
+ 0.82 cm, respectively. Fresh weight also
decreased markedly from 4.70 g in the control to
0.70 g and 0.80 g at 75 and 100%, respectively.
Similarly, dry weight declined to 0.39 g and 0.58
g at the two highest concentrations.
Measurements of Triticum aestivum L. with
varying concentrations of Juniperus phoenicea
aqueous extracts from two distinct sites
(Ashnishan and Satlunah) revealed a significant,
dose-dependent inhibition across all measured
growth parameters (Tables 3 & 4). Statistical
analysis (ANOVA, p<0.05) confirmed that Root
Length (RTL) exhibited higher sensitivity to the
phytotoxic effects of the extracts compared to
Shoot Length (SHL). This differential response

suggests that the root system, being in direct

contact with the allelochemicals, serves as a



primary indicator of the extract's inhibitory
potential. This root level inhibition is primarily
attributed to the direct exposure of the apical
meristem to phytotoxic phenols and alkaloids,
which disrupt cell division and auxin regulation.
Furthermore, the simultaneous decline in
Fresh/Dry Weight and Water Content (WC %)
suggests that the allelochemicals induce a
physiological drought' by impairing membrane
permeability and root absorption efficiency.
Notably, the Ashnishan extracts exhibited a more
potent inhibitory effect at lower concentrations
than those from Satlunah, confirming that the
monospecific stand conditions in Ashnishan
stimulate a higher synthesis of secondary
metabolites. ~ This  dual-action  strategy
suppressing both germination and subsequent
seedling development underscores the plant's
robust chemical defense mechanism, which is
intensified in isolated habitats to ensure
ecological dominance.

Souto (2021) reported that allelochemicals,
particularly phenols and alkaloids, can penetrate
root tissues and inhibit cell division in the apical
meristem by disrupting the mitotic index. The
greater phytotoxic effect observed at the
Ashnishan site compared to Satlunah is
consistent with the findings of Al-Hwaiti (2023)
and Kato-Noguchi and Kato (2022), who
demonstrated that plants under environmental
stress or in monospecific stands tend to
overproduce allelochemicals as a competitive

mechanism to suppress neighboring species.
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RECOMMENDATIONS

Based on the study’s findings, several strategic
recommendations are proposed to enhance the
sustainable utilization and conservation of
Juniperus phoenicea. Firstly, for medicinal and
pharmacological purposes, it is recommended to
prioritize harvesting from monospecific stands,
such as the Ashnishan site, to ensure maximum
yields of bioactive flavonoids and alkaloids;
however, non-destructive harvesting protocols
must be established to preserve tree health.
Secondly, the potent allelopathic properties of /.
phoenicea aqueous extracts—particularly from
Ashnishan should be explored for agricultural
applications as eco-friendly bio-herbicides,
providing a natural alternative to synthetic
chemicals. Furthermore, this species could be
utilised as a 'Nurse Plant' in reforestation
projects, leveraging its chemical inhibitory
capacity to suppress weed competition around
newly planted seedlings. From a conservation
perspective, the Ashnishan region should be
designated as a Protected Area, serving as a high-

quality seed source to maintain metabolically

efficient strains.
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