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Abstract:

Geophytes represent an important component of Mediterranean vegetation due to their ecological
adaptations and underground storage organs that allow them to survive unfavorable environmental
conditions. This study investigates the floristic composition, life-forms, chorotype, flowering phenology
and flower colour of geophytes in Al-Jabal Al-Akhdar (Green Mountain) northeastern Libya. Field
surveys were carried out across different elevation zones to evaluate species diversity and ecological
distribution patterns. A total of 69 species belonging to 12 families were recorded. The geophytes were
representing by different underground organs including blubs, rhizomes, tubers and corms. The results
showed that species richness varied along the elevation gradient with the mid-elevation zone (301-600
m) exhibiting higher diversity compared with lower (0-300 m) and higher elevations (601-800 m).
Chorological analysis indicated the predominance of Mediterranean elements in the flora. Flowering
phenology revealed that most species flower during winter and spring which corresponds with favorable
climatic conditions in the white, yellow, pink and purple being the most common. Among the recorded
species Urginea maritima was one of the most common and widely distributed geophytes in several
habitats of the study area. The results highlight the ecological importance and diversity of geophytes in
Al-Jabal Al-Akhdar and provide baseline information for future botanical and ecological studies in the
region.
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Introduction:

The word geophyte is used to describe all underground storage organs, structures that allow plants
to survive unfavorable weather conditions (heat or cold) or to allow plants to flower at times where
resources, like water, warmth, or sun, are not highly abundant, if at all. However, the word geophyte
was created as part of a plant classification system based on the location of dormant buds in relation
to growth habit and location relative to the ground (i.e., above or below the soil level or water), [1] and
[2].

Al-Jabal Al-Akhdar region in northeastern Libya represents one of the most important Mediterranean
biodiversity host spots in North Africa. owing to its relatively high rainfall, altitudinal variation and
heterogeneous substrates, the region harbors a remarkable floristic diversity compared to the
surrounding arid landscape [3] and [4]. Its semi-Mediterranean climate and complex topography create
suitable ecological niches for various life-forms particularly geophytes. [5], [6], [7], [8], [9] and [10].

Geophytes are perennial plants that survive unfavorable seasons through underground storage
organs such as bulbs, rhizomes, tubers or corms. This adaptive strategy enables them to withstand
prolonged summer drought and grazing pressure, making them a significant ecological component of
Mediterranean— type ecosystem [11], [12], [13] and [14]. In semi-arid environments, geophytes often
contribute substantially to seasonal plant cover, especially during spring [15]. From a phytogeographical
perspective, geophytes play an essential role in understanding chorological pattern and floristic
affinities. Inflorescences may be produced before, during or at the end of the vegetative growing
season, a phenology that is constant for most species. Biogeographically, geophytes are widespread
around the world in many habitats, but nowhere are they more diverse and abundant than in the five
Mediterranean-climate ecosystems of the world [16] and [17].

Mediterranean climates are well known for their remarkable plant diversity [18], and the high
numbers of geophytes they harbour have long been noted [19]. The Mediterranean basin is considered
a global center of geophytic diversity, where many taxa exhibit distinct chorotypes reflecting historical
biogeographical processes. Investigating chorological composition helps clarify the relative contribution
of Mediterranean, Saharo-Arabian, Irano-Turanian and endemic elements within regional floras [20]
[21], [22], and [23]. The geophyte floras of some of these regions have been the subject of taxonomic
and ecological reviews (e.g. south-western Australia: [24], [25]; California: [26; Chile: [27].

Despite the ecological importance of Al-Jabal Al-Akhdar detailed quantitative studies focusing
specifically on geophytes remain limited. Previous floristic surveys have addressed general vegetation
composition, however targeted assessments of geophytes diversity, life-form spectrum and chorological
structure are still lacking. such studies are essential for understanding vegetation dynamics biodiversity
conservation priorities and ecological responses to climatic variability [28], [29] and [30]. They resprout
new foliage in the following growing season. Inflorescences may be produced before, during or at the
end of the vegetative growing season, a phenology that is constant for most species. Biogeographically,
geophytes are widespread around the world in many habitats, but nowhere are they more diverse and
abundant than in the five Mediterranean-climate ecosystems of the world [16] and [26].

Therefore, the present study aims to (1) analyze the floristic composition of geophytes in Al-Jabal
Al-Khdar, (2) evaluate their life-form spectrum according to Raunkiaers classification, and (3) determine
their chorological affinities. (4) Assessment of geophytes diversity indicators in different sites. (5) to
record the flowering periods and flower colors for each geophytes species. The findings are expected
to contribute to regional biodiversity knowledge and provide a scientific basis for conservation planning
in northeastern Libya.

Materials and Methods:

Study sites: The Green Mountain is located in northeastern Libya, and the field was studied in 2024-
2025, and 10 different sites were selected according to their difference from sea level. As shown by the
table (1) and the site map Figure (1), we divided the ten sites into three groups based on elevation: Site

292 | Afro-Asian Journal of Scientific Research (AAJSR)



1 represents (0-300 m), Site 2 (301-600 m), and Site 3(601-800 m). In each of the ten sites, five squares
were established, each with an area of 5x5 m?, and the geophytes were collected and identified.

The Floristic Analysis: It is known that the life forms of geophytes plants appear in the form of bulbs,
corms, tubers, and rhizomes buried beneath the soil surface, and they are identified according to the
Libyan flora [31] and [32], The floristic categories of the investigated species were made to assign the
registered species to world geographical groups according to [33] and [34]. Furthermore, All the plants
species were classified on the basis of life forms as defined by [8]. Data was collected on flowering
times and flower color from Libyan flora [35].

Climate: The Green Mountain has a Mediterranean climate, with dry and hot conditions from May to
September and cold and rainy conditions in winter from December to March. The average annual rainfall
reaches approximately 550 mm, with the highest amounts in December and January and the lowest in
March. The average annual temperature reaches about 16°C, with the lowest average in February and
the highest in June. The prevailing winds are northwesterly and north in winter and southerly and
southwesterly in summer [36] and [37].

Table (1): Location and elevation of study sites.

Level Sites Elevation
Location m.s.a.l Aspect
S1 El-Ghareeb N 32°35'23.7" E?21°06 7.7" 233 Northern
Low S4 Shahat N 32° 53" 1.5° E 21° 55 9.3" 204 Northern
0-300 m S5 Susa N32° 54°17.0 E22° 01 9.1 15 Northern
S2 Qasr Libya N 32° 36" 10.2° E21° 21°7.5 425 Northern
Mid S3 | Wadi El-Kouf | N 32° 40" 55.2" E21° 32°2.2" 339 Northern
301-600m | S8 Taknis N 32°26° 59.5 E21°06° 19.5" 448 Southern
S9 | WadiEl-Akar | N 32°29°55.0" E 20°43  41.7° 317 Northern
S6 Slonta N32°34" 189" E21° 3924 761 Southern
High S7 Gandula N 32°29°55.0" E 20° 431.7° 686 Southern
601-800 m | s10 Labrag N 32° 47 29.3" E 22° 05" 9.3" 673 Northern

v . T T T v
w o = 2 W

Mediterraneon seo

i:ig.uré (i): Map of the study ies. ‘

Results and Discussion:

In this study the total of 69 species of geophytes were recorded in 50 stands, 10.15% of these being
endemic (Appendix 1). The species belonged to 12 families and 33 genera. The great majority (95.65%
of the species) were monocots, and most of these (8.69%) were concentrated in the largest monocot
family, Liliaceae (16 sp). The largest six families were the Orchidaceae (12 sp), Cyperaceae (10 sp),
Alliaceae (11 sp), Iridaceae (8 sp), and Amaryllidaceae (3 sp), all other families included less than 3
geophytic species. The largest genus was Allihum (11 sp), followed by Carex (5 sp), Orchis (5 sp),
Ophrys (5 sp), and for each of Romulea and Asphodelus (3 sp). Table (2), (3) and (4). Figure (2), (3)
and (4) and this agrees with previous studies that focused on surveying the vegetation in the Al-Jabal
Al-Akhdar areas [38], [39], [40], [41], [42], [43], [44], [45], [46] and [47].

Monocotyledonous geophytes formed the dominant component of the flora, reflecting their
ecological adaptation to the Mediterranean climate to the region. Monocot families, which include
species with bulbs. Corms and rhizomes are well adapted to survive the dry summer period by
remaining dormant underground. this ability enables them to complete their cycle during the favorable
wet season and maintain their populations over time. Dicotyledonous geophytes, although represented
by fewer families, still contributed significantly to the overall diversity of the area. Many dicot geophytes
possess tubers or rhizomes, allowing them to persist under similar environmental conditions [48]. And
adds to the ecological complexity of the mid elevation flora. The higher number of monocot families
compared to dicot families aligns with patterns observed in Mediterranean ecosystems where
geophytes flora is generally dominated by monocotyledons. Overall the study highlights the ecological
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and floristic importance of geophytes in Al-Jabal Al-Akhdar, whit monocots playing a major role in
maintaining the species richness and adaptive resilience of the plant community [49] and [50].

Table (2): of plant groups in all the study sites

Taxa Families | Genera | Species
Monocotyledonous 8 25 60
Dicotyledoneae 4 8 9
Total 12 33 69

Dicot

Monocot
87%

Figure (2): percentage Monocot and Dicot of geophytes according to Species.

Monocot
76%

Figure (3): percentage Monocot and Dicot of geophytes according to Genera.

Table (3): The comparison of Genera and the number of species at the study area

Families Number of % Number of %
Genera species

Liliaceae 9 27,28 16 23,2
Orchidaceae 4 12,21 12 17,4
Cyperaceae 4 12,21 10 14,5
Alliaceae 1 3,03 11 16,0
Poaceae 1 3,03 1 1,45
Iridaceae 4 12,21 8 11,6
Amaryllidaceae 2 6,06 3 4,35
Asteraceae 3 9,10 3 4,35
Araceae 2 6,06 2 2,90
Oxalidaceae 1 3,03 1 1,45
Onagraceae 1 3,03 1 1,45
Primulaceae 1 3,03 1 1,45
Total 33 100 69 100
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Table (4): The distribution of genera at the study area

Genera Species per genera Genera Species per genera
Numbers % Numbers %

Allium 11 33,33 Pancratium 1 3,03
Carex 5 15,16 Arisarum 1 3,03
Orchis 5 15,16 Arum 1 3,03
Ophrys 5 15,16 Scorzonera 1 3,03
Romulea 3 9,1 Otanthus 1 3,03
Asphodelus 3 9,1 Cicerbita 1 3,03
Bellevalia 2 6,07 Scilla 1 3,03
Gagea 2 6,07 Eleocharis 1 3,03
Scirpus 2 6,07 Crocus 1 3,03
Narcissus 2 6,07 Epilobium 1 3,03
Cyperus 2 6,07 Cyclamen 1 3,03
Gladiolus 2 6,07 Oxalis 1 3,03
Iris 2 6,07 Smilax 1 3,03
Urginea 2 6,07 Asparagus 1 3,03
Androcymbium 1 3,03 Neotinea 1 3,03
Poa 1 3,03 Barlia 1 3,03
Ornithogalum 1 3,03 Colchicum 1 3,03

PRIMULACEAE
OMNAGRACEAE
OXALIDACEAE
ARACEAE
ASTERACEAE
AMARYLLIDACEAE
IRIDACEAE
POACEAE
ALLIACEAE
CYPERACEAE
ORCHIDACEAE
LILIACEAE

FAMILIES

SPECIES

Figure (4): The distribution of species of geophytes according to families

The results showed that when analyzing life forms according to Raunkiaer for geophytes plants in
the study areas, that it is seen that mostly bulbous taxa has been found with the rate of 45 % (31 sp),
Rhizome of 23% (16 sp), Tuber of 20 %(14 sp) and the least corm of 21% (8 sp). Figure (5), (6) and (7)
Similar patterns were found by [27] and [51] for the geophyte flora of Chile. The present study revealed
clear variation in the types of underground storage organs among geophytes recorded in al Jabal Al-
Akhdar. Bulbous species represented the dominant group, followed by rhizomatous plants, while
tuberous and corms species were comparatively less frequent. The predominance of bulbous
geophytes may be related to their high ecological adaptability to Mediterranean climatic conditions,
particularly the seasonal rainfall and the prolonged dry summer period. Bulbs enable plants to store
nutrients and water underground. Allowing them to survive unfavorable environmental conditions and
resume growth rapidly during the wet season. Rhizomatous species also formed an important
component of the geophytic flora in the study area. Rhizomes allow plants to spread vegetative and
occupy larger areas, which may increase their ecological success in habitats with relatively favorable
soil moisture conditions. In contrast, tuberous and corms species showed lower representation, possibly
due to their more specific ecological requirements and narrower distribution within the study region [52].
These difference in underground storages organs reflect the various adaptive strategies developed by
geophytes to cope with the environmental conditions of Al-Jabal Al-Akhdar. Similar patterns have been
reported in other Mediterranean ecosystems where geophytes represent an important component of
the flora due to their ability to withstand seasonal climatic stress [53] and [54].
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Figure (5): The distribution of geophytes according to underground types.

Figure (6): shows the percentage of life forms in the study area.

[
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Figure (7): Types of life-forms of geophytes in the study area.

The species of geophytes distribution survey by altitude indicated that the number of plant species
increased as the altitude increased, except for the region between 300 and 600 m a.s.| that showed a
lower number of plants than in the other survey areas at higher altitudes. The present study has
demonstra ted [53] that a large number of the species are concentrated in mid altitude (301--600 m
a.s.l) areas. But at higher altitudes above 601-800 m a.s.l, the number of the species tends to decline
Table (5), Figure (8) and (9). An accurate trend of distribution in terms of species richness by altitude
has yet to be demonstrated due to a variety of environmental elements in each region. Previous studies
on the richness of species by altitude have reported that the higher the altitude, the lower the number
of species [55] [56], [57] and [58]. at mid-altitudes may be the most important factors for peak species
richness of plants in this region. In regard to climatic factors, mainly temperature and rainfall,
temperature decreases with increasing altitude while rainfall increases non linearly with altitude in the
semi-arid and hence produce a double complex gradient and affect the abundance and diversity of
species along the mid altitudinal gradient [28], [59], [60] and [61].
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Table (5): Showing the Number Species of geophytes at each elevation levels.
Family Low | Mid | High
Liliaceae
Orchidaceae
Cyperaceae
Alliaceae
Poaceae
Iridaceae
Amaryllidaceae
Asteraceae
Araceae
Oxalidaceae
Onagraceae
Primulaceae
Total
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Figure (8): The distribution of species of families of geophytes according to Difference Altitude.

Species

Low Mid High
Altitude

Figure (9): shown Number of species of geophytes according to Difference Altitude.

Results of the total chorological analysis of the surveyed geophytes presented in (Figure 9), which
revealed that 69 species of the total recorded species were mono-regional in being native to
Mediterranean chorotype (43 species) and Euro-Siberian chorotype (3 species). the recorded species
were Bi-regional (10 species) in being native to Mediterranean + Euro-Siberian (4 species),
Mediterranean + Irano-Turanian (5 species), the recorded species were Pluri-regional Mediterranean +
Irano-Turanian + Euro-Siberian regions (2 species.), and cosmopolitan elements, (3 species). Table (6)
Figure (10). From a phytogeographical point of view, the recorded species may be classified as mono-
regional, bi-regional or Plural-regional species. Of the total 69 species, 46 species (67%) were mono-
regional species, 10 species (15%) were bi-regional species and 11 species (3%) were Plural-regional
species. Results showed the highest of the species of the study area belonged to Mediterranean region.
seem to be dominant in all the studied sites and showed an increasing trend with altitude. Fig (11)
These results are in the agreement of the other [34], [62], [63], [64], [65], [66] and [67].
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The chorological analysis of the recorded geophytes species in Al-AJabal Al-Akhdar revealed the
dominance of the Mediterranean chorotype. This dominance can be attributed to the Mediterranean
climatic conditions prevailing in the region, which are characterized by mild and wet winters and hot dry
summer. such climatic conditions favor the growth of geophytes, which survive unfavorable seasons
though underground storage organs such as bulb, rhizomes, tubers and corms. In addition to the
Mediterranean elements several species belong to other chorotypes such as Mediterranean-European
and Mediterranean-Irano-Turanian elements. The presence of these chorotypes reflects the transitional
geographical position of Libya between different floristic regions, allowing the coexistence of species
with different phytogeographical affinities. A smaller proportion of the recorded species showed wider
distribution patterns such as pluri-regional or cosmopolitan elements. These species generally possess
a high ecological tolerance that enable them to adapt to a wide range of environmental conditions.

The predominance of Mediterranean chorotype among the geophytes is consistent with previous
floristic studies conducted in North Africa and other Mediterranean regions. This pattern highlights the
strong relationship between geophyte diversity and Mediterranean environmental conditions,
Furthermore the chorological composition observed in the study emphasizes the phytogeographical
importance of Al-Jabal Al-Akhdar as one of the most botanically diverse regions in Libya These results
are consistent with the studies of [68], [69], [70], [71], [72] and [73].

Table (6): The number of the recorded taxa belonging to the main floristic categories and their
relevant percentages (%) in Jabal Al-Akhdar. Cosmopolitan (COSM), Euro-Siberian (ES), Irano-
Turanian (IT), Mediterranean (Med), Paleotropical (PAL), Saharo-Arabian (SA), Tropic (Trop) and
Endemic (End).

Chorotype Number of percentage
species (%)
Mono-regional
Med 43 53.33%
Euro 03 4.45%
Subtotal 46 66.67%
Bi-regional
Med / Ir-Tu 05 7.78%
Med / Eu-Si 04 6.67%
Eu-Si/ Trop 01 2.23%
Subtota 10 14.50%
Pluri-regional
Med /Ir-Tu/Eu-Si 02 6.67%
Subtotal 02 2.89%
COSM 03 27.27%
PAL 01 9.10%
End 07 63.70%
Subtotal 11 15.95%
Total 69 100%
Med/ It-Tu
Med
Euro
Med/Eu-Sa
Eu-Si/Trop

Med/1t-Tu/Eu-Si
Cosm
Pal

Endemic

50 40 30 20 10 o

Species

Figure (10): Shows of Chorotype of Geophytes.
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Figure (11): The frequency of the recorded plant species of families' relation to their floristic category

Seven species are endemic to geophytes in this study Table (7) Fig (12). They compose about
10.14% of the total number of species. The taxa endemic to area is Allium negrianum and Allium
ruhmerianum Asch (Alliaceae 43%), Arum cyrenaicum (Araceae 14%), Romulea cyrenaica Beguinot
(Iridaceae14%), Bellevalia Cyrenaica Maire & Weiller (Liliaceae 14 %), Orchis cyrenaica Dur & Barr
(Orchidaceae 15%) and Cyclamen rohlfsianum Aschers (Primulaceae 14%). And these form part of the
endemic species in the Green Mountain, And Comparing it with the number of endemic species in Al-
Jabal Al-Akhdar is simple, as it represents 11.86%, About 84 species are recorded in the Libyan flora,
approximately endemic 70 % of them are found in the Al- jabal Al- Akhdar region (about 59 endemic
species) And this agrees with the studies of both [31] and [47].

Table (7): The distribution of Endemic of geophytes at the study area.

Taxon Family Life form Taxa Local Name
Allium negrianum Maire & Weiller. Alliaceae bulbs Monocot Bossalia
Allium ruhmerianum Asch Alliaceae bulbs Monocot Bossalia
Arum cyrenaicum Hruby Araceae corms Dicot Renish
Romulea cyrenaica Beguinot. Iridaceae corms Monocot -
Bellevalia cyrenica Maire & Weiller Liliaceae bulbs Monocot -
Orchis cyrenaica Dur. & Barr. Orchidaceae tubers Monocot Orchid
Cyclamen rohlfsianum Aschers. Primulaceae tubers Dicot Rukkof
Liliaceae Orchidaceae
14% 15%

Figure (12): The Percentage of the Endemic species of families 'in study area.

Within the results of the assessments made by the flower colors of geophytes located in Al-Jabal Al-
Akhdar, the highest rate has been Yellow flowered geophyte taxa with 38 % ratio. 26% of them has
been found to be white flowering species and %15 has been violet flowering species and has been
purple (7%) flowering specie. The lowest rate with 1% has been yellowish brown and pink flowering
species Figure (13), (14) On the other hand [74] has said that when we use the geophytes in landscape
designs, preferring the short and short flowering species can be preferred in the drifts will be more
effective and will achieve a natural appearance.

Flowering start time and flowering periods of the geophytes is a very important issue in planting design
as well as their flower colors. Within the results of the assessments made by the flowering times of
geophytes located in study area, it has seen that 42 % of the district geophytes are flowering in March-
Julye and 30 % of them are flowering in March- April. 22% of them are flowering in February - April.
Autumn and winter flowering geophytes are the least and also it has seen that in October and December
geophyte taxa is flowering in AL-Jubal Al-Akhdar, Figure (15) and (16).
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The flowering phenology and flower color of geophytes in Al-Jabal Al-Akhdar region provide
important insights into their ecological strategies and reproductive adaptations. The data show that most
geophytes species flower during mid-spring period, which coincides with moderate temperatures and
optimal moisture conditions in this mountainous area. Some species exhibit early or late flowering
patterns reflecting species-specific responses to microclimatic variations and ensuring temporal
separation that reduces competition for pollinators [75] and [76]. a Flower color among the studied
geophytes is variable with light yellow and white hues being the most common, while pink and yellowish-
brown flowers occur less frequently. this variation likely represents different pollination strategies, where
bright colors attract diurnal insects, and more subdued colors may be associated with specialized
pollinators or abiotic dispersal mechanisms. The correspondence between flowering time and flower
color suggests that most species have evolved synchronized phonological and visual cues to optimize
reproductive success. Furthermore, altitudinal differences appear to influence both flowering time and
color distribution. species at higher elevations tend to flower slightly later due to cooler temperatures
while mid-elevation species dominate the mid-spring flowering peak [77]. Overall the variation in
flowering phenology and flower color among geophytes contributes to functional diversity within the
plant community promoting ecosystem resilience reducing interspecific competition.

Yellow
White
Voilet
Pink
Purple
Pink

Yellowish brown

30 25 20 15 10 5 0

Species

Figure (13): The distribution of geophyte taxa according to flower colors.

Yellow#shk
browi %
Yellow
38%

Voilet
15%

White
26%

Figure (14): The percentage of geophyte taxa according to flower colors.

Jul-Sept
Mar-Jul
Mar-May
Jun-Jul
Apri-Jul

Jul-May

25 20 15 10 5

o

Species

Figure (15): The distribution of geophyte taxa according to flowering start times.

300 | Afro-Asian Journal of Scientific Research (AAJSR)



Figure (16): The distribution of geophyte taxa according to flowering periods

The geophytes species Urginea maritima showed relatively high abundance and wide distribution
across several habitats of Al-Jabal Al-Akhdar Figure (17). this species is well adapted to Mediterranean
ecosystems and commonly occurs in open rocky areas, grasslands and disturbed habitats with
calcareous or sandy sails, its large underground bulb enables the plant to survive the long dry summer
period and regenerate rapidly during favorable seasons.

The high density of this species in many sites may be related to its strong ecological tolerance and
its ability to grow under harsh environmental conditions such as drought, shallow soils and exposure to
fire. In addition, the bulb structure stores water and nutrients, allowing the plant to persist for many
years and maintain stable populations within Mediterranean landscapes. Furthermore, the species
typically occurs from sea level up to about 600 m elevation in Mediterranean regions, which corresponds
to many habitats of the Green Mountain. This altitudinal range and ecological plasticity may explain is
frequent occurrence and relatively high population density compared with some other geophytes record
in the study area.

The widespread distribution of Urginea maritmia in the study area therefore reflects its ecological
adaptability and its successful survival strategy as a bulbous geophyte in Mediterranean climates [2],
[78] and [79].

Conclusion:

This study highlight the floristic composition, life-forms, cholotype and floering phenology of
geophytes species in the Al-Jabal Al-Akhdar region of libya. A total of 69 species belonging 33 geners
and 14 families were recorded, indicating a considerable diversity of geophytes in this Mediterranean
ecsystem. The result showed that geophytes are represented by different underground storage organs
such as bulb,rhizomes,corms and tubers which help these plants survive seasonal climatic conditions.
The analysis of life forms revealed that most of the recorded species are adapted to the Midetarranea
climate, where geophytes complete their growth and flowering during the favorable seasons.Chorotype
analysis indicated that many species belong mainly to the Meditrrranean phytogeographical region,
reflecting the strong Mediterranean floristic influence in Al-Jabal Al- Akhdar.

Flowering phenology showed that most species flower during late winter and spring which
corresponds with the period of higher rainfall and moderate temperatures in the region. Among the
recorded species , Urginea maritimia is one of the most common geophytes and shows wide ecological
distribution in the study area. This species is well adapted to different habitats and is characterized by
its ability to survive dry summer conditions through its large bulb . Overall, the diversity and ecological
characteristics of geophytes in Al-Jabal Al-Akhar highlight the importance of this region as a significant
center of Mediterranean plant diversity in Libya.

301 | Afro-Asian Journal of Scientific Research (AAJSR)



Reference:

[1] Korkut, A., Kiper, T., Ustiin Topal, T. (2017) Ecological Approaches in Urban Landscape Design.
Artium. 5(2), 14- 26.

[2] Zencirkiran, M., Ender, E., Cetiner, S., Gorur, A., Eraslan, E., Tanriverdi D., Celik, B.H. (2018) A
Research on Kocaeli Geophytes and Their Ornamental Purposes for Sustainable Landscape Design.
Fresenius Environmental Bulletin, 27(9), 6042-6052.

[3] Boulos, L. (1977) A check-list of the Libyan flora. 1. Introduction and Adiantaceae-Orchidaceae.
Publications of Cairo University Herbarium, 7/8: 115-141.

[4] El-Kady, H.F. (2000) Vegetation analysis along Slouk-Msus road in southeastern Benghazi, Libya.
El-Minia Sci. Bull., 13: 61-71.

[5] Gimingham, C.H. and K. Walton. (1954) Environment and the Structure of Scrub Communities on
the Limestone Plateaux of Northern Cyrenaica. Journal of Ecology, 42: 505-520.

[6] Scholz, H. (1974) Liste der grase Libyens. Willdenowia, 7: 419- 458.

[7] Schishov, L.L. (1980) Soil studies in the eastern zone of the socialist people’s Libyan Arab
Jamahiriya. Soil-Ecological Expedition V/O “Selkhozpromexport”, Tripoli, 392 pp.

[8] Le Houérou, H.N. (1997) Biogeography of the arid steppeland north of the Sahara. In: Reviews in
Ecology: Desert Conservation and Development. (Eds.): H.N. Barakat, A.K. Hegazy. Cairo: Metropole,
Egypt, pp. 207-228.

[9] Brullo, S. and F. Furnari. (1994) La vegetation del Gebel elAkhdar (Cirenaica settentrionale). Boll.
Acc. Gioenia Sci. Nat., 27: 197-412.

[10] Huerta-Martinez, F.M., J.A. Vazquez-Garcia, E. Garcia-Moya, L. Lopez-Mata and H. Vaquera-
Huerta. (2004) Vegetation ordination at the southern Chihuahuan Desert (San Luis Potosi, Mexico).
Plant Ecology, 174: 79-87.

[11] Kamenetsky, R., Hiroshi, O. (2013) Ornamental Geophytes from Basic Science to Sustainable
Production, CRC Press, U.S., 15-19.

[12] Mammadov, B., Sahrang, R. (2003) Some geophytes determined in autumn in the center of Mugla.
Journal of Ecology Environment, 12(48), 13-18.

[13] Ozuslu, E., iskender, E. (2009) Geophytes of Sof mountain (Gaziantep/Turkey). Biological Diversity
and Conservation, 2(2), 78-84.

[14] Sargin, S. A., Selvi, S., Akgicek, E. (2013) Investigations of ethnobotanical aspect of some
geophytes growing in Alasehir (Manisa) and surrounding area. Erciyes University Journal of the Institue
of Science and Technology, 29(2), 170-178.

[15] Dafni, A., Cohen, D. & Noy-Meir, |. (1981) Life cycle variation in geophytes. Ann. Mo. Bot. Gard.
68: 652—660.

[16] Doutt, R. L. (1994) Cape Bulbs. B. T. Batsford Ltd., London. [17] Linder HP, Kurzweil H. 1999.
Orchids of southern Africa. Rotterdam: AA Balkema.

[17] Cowling RM, Rundel PW, Lamont BB, Arroyo MK, Arianoutsou M. (1996) Plant diversity in
mediterranean-climate regions. Trends in Ecology and Evolution 11: 362—-366.

[18] Raunkiaer C. (1934) The life forms of plants. Oxford: Clarendon Press.

[19] Snijman, D. A. (1984) A revision of the genus Haemanthus L. (Amaryllidaceae). J. S. Afr. Bot.,
supplementary volume 12: 1-139.

[20] Goldblatt, P. (1986) The moreas of southern Africa. Ann. Kirst. Bot. Gard. 14.

[21] Duncan, G. (1988) The Lachenalia handbook. Ann. Kirst. Bot. Gard. 17.

[22] Hilton-Taylor, C. (1996) Patterns and characteristics of the flora of the succulent Karoo biome,
southern Africa. Pp. 58—72. In: van der Maesen, L. J. G. et al. (eds), The Biodiversity of African Plants.
Kluwer Academic Publishers, Dordrecht.

[23] Pate JS, Dixon KW. (1982) Tuberous, cormous and bulbous plants. Perth: University of Western
Australia Press

[24] Parsons RF, Hopper SD. (2003) Monocotyledonous geophytes: a comparison of south-western
Australia with other areas of mediterranean climate. Australian Journal of Botany 51: 129-133.

[25] Rundel PW. (1996) Monocotyledonous geophytes in the California flora. Madrofio 43: 355-3

[26] Hoffmann AJ, Liberona F, Hoffmann AE. (1998) Distribution and ecology of geophytes in Chile.
Conservation threats to geophytes in mediterranean-type regions. In: Rundel PW, Montenegro G,
Jaksic FM, eds. Landscape degradation and biodiversity in mediterranean-type ecosystems. Berlin:
Springer, 231-253.

[27] Hegazy AK, EI-Demerdash MA, Hosni HA (1998) Vegetation, species diversity and floristic relations
along an altitudinal gradient in Southwest Saudi Arabia. Journal of Arid Environments 38: 3-13.

[28] Hegazy, A.K., G.M. Fahmy, M.I. Ali and N.H. Gomaa. (2004) Vegetation diversity in Natural and
Agroecosystems of aridlands. Community Ecology, 5: 163-176.

302 | Afro-Asian Journal of Scientific Research (AAJSR)



[29] Hegazy, A.K. and W.M. Amer. (2001) Altitudinal diversity of the flora on eastern and western sides
of the Red Sea. In: Biodiversity: Biomolecular Aspects of Biodiversity and innovative Utilization. (Ed.):
B. Sener. Proceedings of the 3rd IUPAC International Conference on Biodiversity (ICOB-3), November
3-8, Antalya

[30] Qaiser, M. and A. El-Gadi, (1984) A critical analysis of the flora of Libya. Libyan Science Journal,
Libya, 13: 31-40.

[31] Boulos, L. (1972) Our present knowledge on the flora and vegetation of Libya: Bibliography.
Webbia, 26(1), 365—400.

[32] Takhtajan, A. (1986) Floristic regions of the World, University of California Press, Berkeley.

[33] Zohary, M (1973) Geobotanical foundations of the Middle East, Vols, 1-2. Gustav Fischer Verlag.
[34] EI-Gadi, A., (1989) Flora of Libya, Department of Botany, Al-Fateh Univ., Tripoli, Libya, pp: 145-
147.

[35] Hamad, S. M. (2012) Water resources of Al Jabal Al Akhdar Region, North East Libya, A Review
of current situation and future IWRM Plan. Thesis submitted to the fulfillment of UN-WVLC IWRM
Diploma Program. Arabian Gulf University. WVLC UNU-INWEH. 29-33.

[36] Al-hummidi I. (1999) Floristic and Ecological Study of vegetation of Wadi AlAgar. M.Sc thesis,
Botany department, Faculty of Sience, Garyounis Universi.

[37] Boulos, L. (1972) Our present knowledge on the flora and vegetation of Libya: bibliography.
Webbia. 26: 365-400.

[38] Boulos, L. (1997) Endemic flora of the Middle East and North Africa. In: Barakat, H. N. and Hegazy,
A. K. (eds.), Reviews in Ecology: Desert conservation and development, pp. 229-245. Cairo: Metropole.
331 pp.

[39] Abdul Hadi, A. M (2009) Study of Plant Cover and Seed Reserves in the Area Extending from
South of Al-Marj to Wadi Al-Kharouba. Master's Thesis, Department of Botany, Faculty of Sciences, Al-
Qar Younis University, Benghazi. (In Arabic).

[40] Alaib, M. A., EI-Sherif, I., & Al-Hamedi, R. I. (2017) Floristic and ecological investigation of Wadi
Al-Agar in Al-Jabal Al-Akhdar-Libya. Journal of Science & Its Applications (JS&A), 5(1),

[41] Asker, A. M. (1998) Vegetation and flora of wadi Al-Asrha (Al-Jabal Al-Akhadar — Libya), M.Sc.
thesis, Bot. Dept., Garyounis Univ., Benghazi, Libya.

[42] Al-Hamedi, R. I. (1999) Floristic and ecological study of vegetation of Wadi Al-Agar (Master’s
thesis). Botany Department, Faculty of Science, Garyounis University, Benghazi, Libya.

[43] El-Sherif, M., El-Barasi, Y., Mugasabi, M., EI-Adrawi, M., Shakmahk, Y., & Gomma, M. (1991) A
contribution to the flora of Wadi Marquis (Jabal El-Akhdar Libya). Acta Botanica India, 19, 232-235.
[44] Abdul Khalig, Y. M. (2007) Study of vegetation of the heights of Albakur hills at the northern coast
of Al-Marj area (the old city of Barce) (Al-Jabal Al-Akhadar — Libya), M.Sc. thesis, Bot. Dept., Garyounis
Univ., Benghazi, Libya.

[45] AL-Juhary, A. M. (2002) Ecological and floristic studies of wadi Zazha (Al-Jabal Al-Akhadar —
Libya), M.Sc. thesis, Bot. Dept., Garyounis Univ., Benghazi, Libya.

[46] EI-Mokasabi,F.M(2014) Floristic Composition and Traditional Uses of Plant Species at Wadi Alkuf,
Al-Jabal Al-Akhder, Libya, American-Eurasian J. Agric. & Environ. Sci., 14 (8): 685-697.

[47] Vinnersten A, Bremer K. (2001) Age and biogeography of major clades in Liliales. American Journal
of Botany 88: 1695-1703.

[48] Linder HP, Kurzweil H. (1999) Orchids of southern Africa. Rotterdam: AA Balkema.

[49] Manning JC, Goldblatt P, Snijman D.( 2002) The color encyclopedia of Cape Bulbs. Portland, OR:
Timber Press.

[50] Kamenetsky, R., Hiroshi, O. (2013) Ornamental Geophytes from Basic Science to Sustainable
Production, CRC Press, U.S., 15-19.

[51] Akdeniz, N.S., Zencirkiran, M. (2016) Bursa Geophytes and Their Usage Possibilities in Landscape
Design. Journal of Agricultural Faculty of Uludag University, 30, 692-702.

[52] Marais EM. (1994) Taxonomic studies in Pelargonium section Hoarea (Geraniaceae). PhD Thesis,
University of Stellenbosch.

[53] Bakker FT, Culham A, Hettiarachi P, Touloumenidou T, Gibby M. (2004) Phylogeny of Pelargonium
(Geraniaceae) based on DNA sequences from three genomes. Taxon 53: 17— 28

[54] Kdrner, C. (2003) Alpine plant life: functional plant ecology of high mountain ecosystems; with 47
tables. Springer Science ecosystems; with 47 tables. Springer Science & Business Media. Heidelberg.
[55] Matthews, T.J., Triantis, K.A. & Whittaker, R.J. (2020) The species-area relationship: theory and
Application. Cambridge University press Cambridge.

[56] Stevens GC (1992) The elevational gradient in altitudinal range: an extension of Rapoport’s
latitudinal rule to altitude. The American Naturalis 140(6): 893-911.

303 | Afro-Asian Journal of Scientific Research (AAJSR)



[57] Mota GS, Luz GR, Mota NM, et al. (2017) Changes in species composition, vegetation structure,
and life forms along an altitudinal gradient of rupestrian grasslands in Southeastern Brazil. Flora.

[58] Colwell, R.K., Rahbek, C. & Gotelli, N.J. (2004) The mid-domain effect and species richness
patterns: what have we learned so fa patterns: what have we learned so far? The American Naturalist,
163, E1-E23.

[59] Grytnes, J.A. & McCain, C.M. (2007) Elevational trends in biodiversity. Encyclopedia of Biodiversity,
2,1-8.

[60] Brown JH, Lomolino MV (1998) Biogeography. Sunderland, Massachusetts. p691.

[61] Salehi R, Javanpour R (2008) A Publication of The International Society for Horticultural Science.
Chronica Horticulturae. 48: 15-16

[62] White F, Léonard J (1991) Phytogeographical links between Africa and Southwest Asia. Flora Veg.
Mundi, 9: 229-246.

[63] Akhani H (2007) Diversity, biogeography, and photosynthetic pathways of Argusia and
Heliotropium (Boraginaceae) in South-West Asia with an analysis of phytogeographical units. Bot. J.
Linn. Soc., 155: 401-425.

[64] Léonard J (1989) Contribution a I'etude de la flore et de la vegetation des deserts d'Iran. Vol. 9.
Jardin Botanique National de Belgique., Meise.

[65] Davis PH (1972) Flora of Turkey and the East Aegean Island. V (1-9).

[66] Ahmad K, Khan ZI, Ashraf M, Hussain M Ibrahim (2008) status of plant diversity at Kufi (Soone
Valley) Punjab, Pakistan and prevailing threats their in. Pak. J. Bot., 40(3): 993-997.

[67] Al Borki, A. S (2025) Life forms and Biological spectrum in floral of the Al-Jabal Al-Akhdar,
NorthEastern, Libya.The North African Journal of Scientific publish (NAJSP),3(1)196-214.

[68] Shaheen, S., Igbal, Z., ljaz, F., Alam, J., & Rahman, I. U. (2016) Floristic composition, biological
spectrum and phenology of hehsil Havelian, district Abbottabad, KP, Pakistan. Pak. J. Bot., 48 (5),
1849-1859.

[69] Smith GF, Victor JE & Nkonkl T (2013) Global legume diversity assessment: Concepts, key
indicators, and strategies. Taxon 62, 249-266. DOI: 10.12705.

[70] Amin, S., Kaloo, Z. A., Singh, S., Altaf, T. (2013) Micropropagation of Medicinally Important Plant
Species of Family Asterac eae — A review. International Journal of Recent Scientific Research Vol. 4,
Issue, 8, pp.1296- 1303.

[71] Saed ZH, Abohell HA, Mahklouf MH. (2019) Floristic Analysis of the Family Asteraceae in Sabratha
City-Libya. American J Life Sci. Res .7(1):18-25.

[72] Al Borki, A. S & N, R. Al- Shaeb (2026) Comparative Floristic composition and Life- Form Analysis
of the Northern and Southern Slopes of the AL-AKhdar Mountainous, Libya. The North African Journal
of Scientific publish (NAJSP),4(1)49-68

[73] Seyidoglu, N., Zencirkiran, M., Ayashgil, Y. (2009) Position and application areas of geophytes
within landscape design. African Journal of Agricultural Research, Vol. 4 (12), 1351-1357.

[74] HARDER, R., SCHWEMMLE, (1967) Versehiebung der Blfitezeit der Herbstzeitlose. -- Planta
(Berlin) 76, 197--204.

[75] Goldblatt P, Manning JC. (1996) Two new edaphic endemic species and taxonomic changes in
Gladiolus (Iridaceae) of southern Africa, with notes on Iridaceae restricted to unusual substrates. Novon
6: 172-180.

[76] GOMBAULT, R., (1957) Notules sur la flora de la Syrie et du Liban. -- Bull. Soc. Bot. France 104,
286--287

[77] Esler, K. J. & Rundel, P. W. (1999) Comparative patterns of phenology and growth form diversity
in two winter rainfall deserts: the succulent Karoo and the Mojave Desert ecosystems. Plant Ecol. 142:
97-104 (this issue).

[78] Irl, S.D., Obermeier, A., Beierkuhnlein, C. & Steinbauer, M.J. (2020) Climate controls plant life-form
patters a high- elevation oceans Island, journal of biogeography.47:2261-2273.

Appendix (1):

Geophytes Floristic list in Jabal Al-Akhdar regions: Life —forms and Abbreviation of the chorology: (IT)
Irano-Turanian, (Med) Mediterranean, (ES) Euro- Siberian, (COSM) Cosmopolitan, (Trop)Tropica and
End) Endemic.
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flowering ower
Species Family life-form chorotype periods colours
Allium roseum L. Alliaceae bulbs Med Mar-Apri Pink
Allium ampeloprasum L Alliaceae bulbs Med May-Jul Pink
Allium orientale Boiss Alliaceae bulbs Med Mar-Apri White
Allium erdelii Zuec Alliaceae bulbs Med Mar-Apri White
Allium nigrum L. Alliaceae bulbs Med Mar-Apri White
Allium schubertii Zuec Alliaceae bulbs Med / Ir-Tu Apri-May Pink
Allium negrianum Maire & White-
Weiller. Alliaceae bulbs Endemic May-Jul Violet
Allium barthianum Asch Violet
&Schw. Alliaceae bulbs Med Apri-May
Allium paniculatum L. Alliaceae bulbs Med/ Eu-Si Mar-Jul White
Allium ruhmerianum Asch Alliaceae bulbs Endemic May-Dec White
Allium_subhirsutum L. Alliaceae bulbs Med Feb-May White
Narcissus elegans(Haw.) Yellow
Spach. Amaryllidaceae bulbs Med Oct-Nav
Narcissus tazetta L. Amaryllidaceae bulbs Med Nav-Jan White
Pancratium maritimum L. Amaryllidaceae bulbs Med Jun-Jul White
Arisarum vulgare Targ.Tozz. Araceae corms Med Feb-Mar Yellow
Arum cyrenaicum Hruby Yellow
Araceae Araceae corms Endemic Feb-Mar
Med /Ir-Tu/ Er- Yellow
Scorzonera lacinita L. Asteraceae tubers Si Mar-Apri
Otanthus maritimus (L.) Yellow
Hoffmannsé& Link. Asteraceae Rhizomes Med Feb-Apri
Cicerbita haimanniana Violet
(Ascher.) Beau Asteraceae Rhizomes Med Mar-May
Carex illegitima Cesate. Cyperaceae Rhizomes Med Mar-Apri Yellow
Carex_divisa Huds. Cyperaceae Rhizomes Eu-Si Feb-Jul Yellow
Carex flacca Schreb. Cyperaceae Rhizomes Med Mar-Jun Yellow
Yelloish
Carex distans L. Cyperaceae Rhizomes Med Mar-Jun brown
Carex extersa Good. Cyperaceae Rhizomes Cosm Apri-Jul Yellow
Cyperus laevigatus L. Cyperaceae Rhizomes Cosm Apri-Sept Yellow
Cyperus longus L. Cyperaceae Rhizomes Med Apri-Sept Yellow
Eleocharis palustris (L.) R.Br. Cyperaceae Rhizomes Eu-Si Mar-Oct Yellow
Scirpus maritimus L. Cyperaceae Rhizomes Cosm Jul-Sept Yellow
Scirpus lacustris L. Cyperaceae Rhizomes Trop/Eu-Si Mar-Jul Yellow
Gladiolus byzantinus Miller . Iridaceae corms Med Mar-Apri Violet
Gladiolus segatum Ker. Gowl. Iridaceae corms Med / Ir-Tu Mar-Apri Purple
Iris germanica L. Iridaceae Rhizomes Med Jun-May Violet
Iris sisyrinchium L. Iridaceae Rhizomes Med / Ir-Tu Feb-Apri Violet
Romulea cyrenaica Beguinot. Iridaceae corms Endemic Feb-Mar Yellow
Romulea bulbocodium (L.) Yellow
Seb&Mauri Iridaceae corms Med / Eu-Si Jan-Apri
Romulea colmnena Yellow
Seb&Mauri Iridaceae corms Med Feb-jun
Crocus boullosii Greuter. Iridaceae corms Med Feb-Jun Yellow
Urginea maritima (L.) Baker. Liliaceae bulbs Med Jul-Oct White
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White

Asparagus aphyllus L. Liliaceae bulbs Med Aug-Sept
Colchicum ritchii R.Br. Liliaceae bulbs Med Oct-Dec White
Androcymbium gramineum Violet
(Cav.) Mc. Liliaceae bulbs Med Oct-Dec
Asphodelus microcarpus Violet
Salzm&Viv Liliaceae bulbs Med Dec-Apri
Asphodelus aestivus Brot. Liliaceae bulbs Med Jan-Feb Pink
Asphodelus Tenuifolius Cav. Liliaceae bulbs Med Jun-Mar Yellow
Gagea trinervia (Viv) Greuter Liliaceae bulbs Med Mar-May White
Scilla villosa Desf. Liliaceae bulbs Med Jan-Mar Violet
Urginea autumnalis (L,) EL- Violet
Gadi Liliaceae bulbs Med Sept-Nov
Ornithogalum tenuifolium White
Guss Liliaceae bulbs Med Jan-Mar
Bellevalia sessiliflora (Viv) White
Kunth. Liliaceae bulbs Med Jan-Mar
Bellevalia cyrenica Maire & White
Weiller Liliaceae bulbs Endemic Jan-Feb
Smilax aspera L. Liliaceae bulbs Med/ Ir-Tu Nov-Jun White
Bellvalia mauritanica Pomel. Liliaceae bulbs Med Feb-May White
Gagea reticulata (Pall.) Schult. Liliaceae bulbs Med Mar-Apri Yellow
Oxalis articulata Savig. Oxalidaceae Rhizomes Plu Mar-Apri Pink
Epilobium hirsutum L. Onagraceae Rhizomes Euro May-Jul Pink
Orchis collina Soland. Orchidaceae tubers Med Jan-Apri Purple
Orchis papilionacea Linn Orchidaceae tubers Med Mar-May Purple
Orchis simia Lamk. Orchidaceae tubers Med Mar-May Pink
Ophrys bolosericea (Burm.F.) | Orchidaceae tubers Med Mar-May Purple
Ophrys rosea (Desf.) Yellow
G.Sampaio. Orchidaceae tubers Med Feb-May
Ophrys bombyliflora Link. Orchidaceae tubers Med Feb-Apri Yellow
Neotinea maculata White
(Desf.)Stearn. Orchidaceae tubers Med Mar-Apri
Barlia robertiana (Lois.) Purple
W.Greuter Orchidaceae tubers Med Jan-Apri
Ophrys fusca Link Orchidaceae tubers Med / Eu-Si Feb-May Yellow
Ophrys speculum Link Orchidaceae tubers Eu-Si Feb-Apri Yellow
Orchis cyrenaica Dur. & Batrr. Orchidaceae tubers Endemic Feb-Apri Yellow
Orchis italica Poir. Orchidaceae tubers Med Mar-Apri Violet
Ir-Tu /Med/Eu- Yellow
Poa bulbosa L. Poaceae bulbs Si Mar-May
Pink
Cyclamen rohlfsianum Aschers. Primulaceae tubers Endemic Oct-Dec
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