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Abstract
Diplotaxis harra (Harra, family Brassicaceae) is a common annual species in the desert of Egypt with a 20-30 cm height. The
present study aimed to screen the phytochemical compounds and evaluate the antioxidant activity of D. harra collected from
North Eastern Desert, Egypt, as well as to characterize its allelopathic potential against Chenopodium murale L. Standard
methods were used for the qualitative and quantitative of tannins, saponins, flavonoids, alkaloid, phenolics, steroids,
terpenoids, and glycosides. Antioxidant activity was analyzed by using 2, 2-diphenyl-1-picryl-hydrazyl-hydrate assay. D.
harra attained the highest values of alkaloids, flavonoids, and phenolics compared. In the DPPH test system, the IC50 value
of the antioxidant inhibition for D. harra was 2.11 mg ml-1. The data obtained indicated that, the root system of C. murale was
more affected than shoot system to the inhibitory allelopathic activity induced by D. harra. At higher concentration (20 g l-

1) the germination of the tested seed was highly inhibited by 96.25 g l-1, while the shoot and root were reduced by 82.14% and
93.50%, respectively. However, the different response was observed at the lower concentration (2.5 g l-1). In conclusion, the
incorporation of allelopathic substances into agricultural management might scale back the development of pesticides and
reduce environmental deterioration.
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Introduction
In the process of using wild plants over thousands of

year’s humans have influenced plant evolution. The early
days of agriculture began approximately 10,000 years
ago (Zohary et al., 2012; Shelef et al., 2017) when people
used native species and selected for desirable traits for
human consumption. Such plants have been cultivated in
diverse areas; in USA, Mexico, India and many other
countries, and produced a considerable economic return.
Native species can reduce the negative impacts of
introduced species. Invasive species often spread and
damage the environment, threatening biodiversity,
agriculture, and human health (Schmitz and Simberloff,
1997). In the arid climate, primary and secondary
compounds increase when plants are mildly stressed due
to less availability of nutrients and water, but decrease
when agricultural practices emphasize productivity and
growth (Zahran and El-Amier, 2013; Kamoun, 2018). On
the other hand, the desert vegetation in Egypt is by far

the most essential and characteristic type of natural plant
life. It covers about 95% of the total area of the country
and is mainly formed of xerophytic shrubs and sub-shrubs
as well as, ephemeral (or annual) plant growth depending
on the amount of precipitation in a given year (El-Amier
and Abdul-Kader, 2015).

Brassicaceae (Cruciferae or Mustard family) is one
of the largest families in the plant kingdom and is rich in
medicinal species, containing about 338 genera and 3350
species as well as are distributed worldwide. In Egypt, it
represents about 53 genera and 107 species (Boulos,
1999). Rizk (1986) stated that plants of this family were
used as anti diabetic, anti bacterial, anti fungal, anti cancer,
and anti rheumatic; also, it showed potent insecticidal
activity. Many previous studies (Guarrera, 2003; Pieroni
et al., 2004) referred to Diplotaxis as a traditionally used
plant with therapeutic properties and as an alimentary
plant usually consumed as salads (Guarrera, 2003; Falleh
et al., 2013). Moreover, Hashem and Saleh (1999) stated
that some species of Diplotaxis contain high percentages
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of antimicrobial components.
Diplotaxis harra (Forssk.) Boiss, is a common

annual species in the desert of Egypt with 20-30 cm
height. The plant is found in sandy stony desert valleys
and locally known as Harra and spreading white-hispid
with thick, woody root (Hegazy, 2001). It has been
reported to have an analgesic effect and has moderate
toxicity (Mohammed et al., 2013). The phytochemical
analysis of aerial parts which carried out by Atta et al.,
(2011) has shown the presence of flavonoids, tannins,
glucosinolates and sterols.

Allelopathy is a well-studied phenomenon due to its
multi-dimensional impacts and has been identified as a
potential tool for sustainable crop production (Jabran et
al., 2015). Allelopathy involves the endogenous synthesis
of biochemicals known as allelochemicals, which affect
the plant growth and development, plant diversity,
dominance, succession, and climax of natural vegetation
of neighboring plants and other species (Sangeetha and
Baskar 2015; Abd El Gawad et al., 2018 a). Moreover,
weeds are one of the major constraints on crop production
because it competes with crops for vital resources such
as light, air, water, nutrients, and space, leading to a
significant reduction in crop growth, productivity and
quality (Rehman et al., 2019). The present research
aimed to investigation the phytochemical compounds,
antioxidant and allelopathic activities of crude plant extract
from Diplotaxis harra (Forssk.) Boiss.

Materials and methods
Plant material

The aerial parts of Diplotaxis harra (Forssk) Boiss
were collected from populations growing naturally in the
North sector of Eastern desert (wadi Hagoul), Egypt
during the flowering period (March 2018). The plant
species were identified, according to Boulos (1999).
Immediately after collection of the plant samples, the shoot
system of species was handily cleaned, washed several
times with distilled water, dried in an oven at 50oC, ground
to a fine powder and preserved in well-stopped bottles
which were directly used for different investigations.
Aqueous and methanolic extracts were obtained by
soaking the plant materials in large two flasks for 48h.
Preliminary phytochemical screening

Qualitative phytochemical analysis of D. harra aerial
parts were carried out on the aqueous extract and on the
dry powdered for the presence of some phytochemicals
including: tannins, saponins, flavonoids, alkaloid, phenolics,
steroids, terpenoids and glycosides as described by Trease
and Evans (1989), Sofowara (1993), Evans (1996) and

Joshi et al., (2013).
Quantitative Estimation of some secondary
compounds

The total phenolics content was quantitatively
estimated spectrophotometrically according to Chlopicka
et al., (2012) methods. The alkaloids were extracted with
10% acetic acid in ethanol and determined based on Joshi
et al., (2013) method, while the total flavonoid content
was determined according to Stankovic (2011).
Antioxidant Activity

Antioxidant activity was determined by using a stable
free radical (1, 1-diphenyl-2-picrylhydrazyl) DPPH
(Miguel, 2010). Briefly, two mL of 0.15 mM freshly
prepared DPPH was added to 2 mL of both plant extracts
in different concentrations ranging from 100 to 1000 µg
ml-1, and catechol as standard. A control was prepared
by adding 2 mL of DPPH to 2 mL solvent. The mixture
was incubated in the dark at the room temperature for
30 min. The absorbance was recorded at 517 nm, and
the IC50 (The sample concentration providing 50% free
radical scavenging activity) was calculated graphically.
The antioxidant activity was calculated using the following
equation:

Scavenging activity % = 100


Control

sampleControl

A
AA

Allelopathic bioassay
The seeds of Chenopodium murale were collected

from the cultivated land in Mansoura City, Al-Dakahlia
Governorate, Egypt. Seeds were sterilized in 0.3% sodium
hypochlorite for 3 minutes, washed several times by
distilled water, dried at room temperature for seven days
and preserved in a paper bag until further use.

In order to test the phytotoxic activity, methanol
extracts were prepared at various concentrations (2.5, 5,
10, 15, 20% w/v). The concentrations used were selected
based on the preliminary tests. 5 mL of each concentration
was transferred in sterilized Petri dish (9 cm) contained
sterilized Whatman No. 1 filter paper as well as 20 seeds
of the tested plant. The control treatment was designed
with distilled water. The germinated seeds, with 2 mm
radicle were counted daily. The inhibition percentage and
the length of radicle and plumule were calculated according
to Abd El-Gawad and El-Amier (2015).
Statistical analysis

All assays were in triplicate analyses and the data
were recorded as mean values ± standard error. One-
way analysis of variance (ANOVA) was performed in a
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randomized complete block design using COSTAT
software program to assess the differences between
treatments based on Duncan’s test at 0.05 probability
level.

Results and Discussion
Phytochemical analysis

There is a growing interest in using bioactive
phytochemicals from natural origin. Phytochemicals
obtained from a different part of plants have different
effects on human health (Avato and Argentieri, 2018). In
the present study, the qualitatively identified
phytochemicals of aerial parts of wild D. harra have
been tabulated in Table1. In the identification process,
the extracts showed many types of chemical constituent
in different solvents. The extraction efficiency of
biologically active compounds depended on a large number
of parameters - extraction method such as; type of
solvents, temperatures and extraction times (Lincheva
et al., 2017). The results obtained for the quantitative
estimation of some secondary metabolites of wild D. harra
are presented in Fig. 1. The results showed that the aerial
parts contained mainly phenolics compound (22.71 mg g-

1, respectively). While, alkaloids and flavonoids attained
values of 8.37 and 6.93mg g-1 dry weight, respectively.

The phytochemical analysis of D. harra in this study
relatively agreed with those mentioned by Akrout et al.,
(2010) on Diplotaxis harra and D. simplex from Tunisia,
except alkaloids not recorded and Attia et al., (2006) on
Diplotaxis acris from Egypt. Comparing the obtained
results to that for other plant species of the Egyptian
flora revealed that the phytochemical analysis of D. harra
agreed with that obtained by Alghanem and El-Amier
(2017) on Pergularia tomentosa (Solanaceae) and El-
Amier et al., (2014) on Senecio glaucus growing in the
arid region.
Antioxidant Activity

Antioxidants are entities that reduce oxidative stress
by reacting with a free radical early in the oxidation
process and are exogenous (natural or synthetic) or
endogenous compounds (Carocho et al., 2018). Plant
antioxidants are important for human health and include
numerous compounds such as ascorbic acid, tocopherols,
polyphenolic compounds, and terpenes (Hartsel et al.,
2016). The evaluation of the antioxidant activity of D.
harra extract is shown in Fig. 2. It is obvious that by
increasing the plant extract concentration; there was a
corresponding continuous increase in scavenging activity.
At 4000 µg ml-1, the extract showed scavenging activities
of 54.89% while, the lowest concentration (250 µg ml-1)
showed the lowest antioxidant activity (17.68%). In the
DPPH test system, the free radical-scavenging activity
of the crude extract of D. harra, with an IC50 value of
2.11 mg ml-1, but higher than that of the positive control
catechol (0.15 mg ml”1).

The powerful antioxidant activity of shoot extract
can be attributed mainly due to secondary compounds
(Juan and Chou, 2010). This was confirmed by Falleh et
al., (2013) who reported that wild Diplotaxis could be
used as a potent source of natural antioxidants and
antibiotics due to highest polyphenol content.
Allelopathic bioassay

The crude extract of D. harra aerial parts showed
significant phytotoxic effect against on the germination
and seedling growth of C. murale (Figures 3 and 4) at
different concentrations (2.5 to 20 g.l-1) over control. The
data obtained indicated that the root system of C. murale
was more affected than the shoot system to the inhibitory
allelopathic activity induced by D. harra. At higher
concentration (20 g l-1) the germination of the tested seed
was highly inhibited by 96.25 g l-1, while the shoot and
root were reduced by 82.14% and 93.50%, respectively
(Figures 3 and 4). However, the opposite response was
observed at the lower concentration (2.5 g l-1).

The root of C. murale was more sensitive to the

Table 1: Qualitative phytochemical screening of various
extracts of Diplotaxis harra aerial parts.

Phytochemical Aqueous Methanolic
screened extract extract
Alkaloid - +++
Saponins ++ -
Tannins + +

Flavonoids ++ +++
Phenolics ++ +++

Glycosides ++ ++
Steroids + +

Terpenoids + ++

Fig. 1: The concentration of different active constituents in
mg g-1 dry weight in Diplotaxis harra.
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phytotoxic effect of the crude extract than shoot. This
could be ascribed to the radicle was the first to emerge
and consequently direct contact with the extracts or due
to the organ-based sensitivity of the species to phytotoxic
compounds. Previous studies (Abd El-Gawad et al.,
2018a; Ximenez et al., 2019) also documented this aspect
of greater root than shoot inhibition. The results of the
present research against the weed C. murale agreed
with the most of the previous results obtained by other
researchers, which emphasized that extracts of many
plant species inhibited germination of C. murale seeds
(Arora et al., 2017; Abd El-Gawad et al., 2018a).

The previous phytochemical and biological
investigation of D. harra reported its anti-inflammatory
and anticancer agents (Nasri et al., 2017), antidiabetic,
antibacterial, antifungal, anticancer, antirheumatic and
insecticidal effect (Rizk, 1986), as well as cytotoxic
(Mohammed et al., 2013) and antioxidant activities
(Bahloul et al., 2016), ascribed to the high phenolic
contents which exhibited efficient free radical scavenging
potential (Nabavi et al., 2012). The present results
showed the potent allelopathic effect of D. harra on the

nuisance weed C. murale, which could be ascribed to
the high content of phenolics, tannins, and alkaloids.
Moreover, the plant extract of D. harra contained high
levels of arachidonic and palmitic acids, nonadecane,
stigmasterol and sitosterol (Hashem and Saleh, 1999),
phenolics (Falleh et al., 2013), flavonoids (Mohammed
et al., 2013).

Many beneficial effects had been shown for the -
sitosterol (Yang et al., 2001). Phytosterols, in general,
are of interest due to their antioxidant activity and impact
on health. Recently, phytosterols have been added to
vegetable oils as an example of a successful functional
food (Ntanios, 2001). In general, data obtained revealed
that plant toxicity against weeds reduced the development
of pesticides and environmental degradation. Therefore,
the phytochemical compounds from D. harra can be
used as a green, biodegradable, and environmentally
friendly resource (Abd El-Gawad et al., 2018 b and
2019).

Conclusion
The results of the present study have revealed the

presence of flavonoids, alkaloids, and phenolics in D.

Fig. 2: % of scavenging activity of Diplotaxis harra extract
and natural antioxidant catechol.

Fig. 3: Allelopathic effect of different methanol extracts from
Diplotaxis harra aerial parts on the seed germination
inhibition percentage of C. murale after four days of
treatment.

Fig. 4: Allelopathic effect of different methanol extracts from
Diplotaxis harra aerial parts on the seedling growth
inhibition percentage of C. murale after fourteen days
of treatment.
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harra. The presence of these secondary metabolites in
this plant may be the source of some pharmaceutical and
biological activities. D. harra could also serve as a good
source for antioxidant and green materials. Further studies
will be undertaken to isolate, identify, and evaluate the
biological activities of these secondary metabolites in
these species. In conclusion, the incorporation of
allelopathic substances into agricultural management
might reduce the development of pesticides and
environmental deterioration.

References
Abd El Gawad, A.M., Y.A. El Amier and G. Bonanomi (2018a).

Allelopathic activity and chemical composition of
Rhynchosia minima L. D.C. essential oil from Egypt.
Chemistry and biodiversity, 15(1): e1700438.

Abd El Gawad, A.M., Y.A. El Amier and G. Bonanomi (2018b).
Essential oil composition, antioxidant and allelopathic
activities of Cleome droserifolia (Forssk.) Delile. Chemistry
and biodiversity, 15(12): p.e1800392.

Abd El-Gawad, A.M. and Y.A. El-Amier (2015). Allelopathy
and potential impact of invasive Acacia saligna on plant
diversity in Deltaic Mediterranean coast of Egypt.
International Journal of Environmental Research, 9(3):
923-932.

Abd-El Gawad, A.M., A.I. Elshamy, Y.A. El-Amier, A.G. El Gendy,
S.A. Al-Barati, B.A. Dar, S.L. Al-Rowaily and A.M. Assaeed
(2019). Chemical composition variations, allelopathic, and
antioxidant activities of Symphyotrichum squamatum
(Spreng.) Nesom essential oils growing in heterogeneous
habitats. Arabian Journal of Chemistry, 12(6): in press.

Akrout, A., H. El Jani and T. Zammouri (2010). Phytochemical
screening and mineral contents of annual plants growing
wild in the southern of Tunisia. Journal of Phytology,
2(1): 34-40.

Alghanem, S.M. and Y.A. El-Amier (2017). Phytochemical and
biological evaluation of Pergularia tomentosa L.
(Solanaceae) naturally growing in arid ecosystem.
International Journal of Plant Science and Ecology, 3:
7-15.

Arora, K., D. Batish, R. Kohli and H. Singh (2017). Allelopathic
impact of essential oil of Tagetes minuta on common
agricultural and wastedland weeds. Innovare Journal of
Agricultral Science, 5: 1-4.

Atta, E.M., A.I. Hashem, A.M. Ahmed, S.M. Elqosy, M. Jaspars
and E.R. El-Sharkaw (2011). Phytochemical studies on
Diplotaxis harra growing in Sinai. European Journal of
Chemistry, 2(4): 535-538.þ

Attia, H., E.M. Atta, S.M. Nasr and S.M. Mouneir (2006).
Potential protective effect of some plant extracts against
carbon tetrachloride–induced hepatotoxicity. African
Journal of Traditional, Complementary and Alternative
Medicines, 3(3): 1-9.

Avato, P. and M. Argentieri (2018). Plant biodiversity:
phytochemicals and health. Phytochemistry reviews,
17(4): 645-656.

Bahloul, N., S. Bellili, S. Aazza, A. Chérif, M. Faleiro, M. Antunes,
M. Miguel and W. Mnif (2016). Aqueous extracts from
Tunisian Diplotaxis: phenol content, antioxidant and anti-
acetylcholinesterase activities, and impact of exposure to
simulated gastrointestinal fluids. Antioxidants, 5(2): 1-
12.

Boham, B. and R. Kocipai-Abyazan (1974). Flavonoids and
condensed tannins from leaves of Hawaiian Vaccinium
vaticulatum and V. calycinium. Pacific Science, 48: 458-
463.

Boulos, L. (1999). Flora of Egypt (Azollaceae- Oxalidaceae). Al-
Hadara Pub., Cairo, Egypt, 1: 419.

Carocho, M., P. Morales and I.C. Ferreira (2018). Antioxidants:
Reviewing the chemistry, food applications, legislation
and role as preservatives. Trends in Food Science and
Technology, 71: 107-120.

Chlopicka, J., P. Pasko, S. Gorinstein, A. Jedryas and P. Zagrodzki
(2012). Total phenolic and total flavonoid content,
antioxidant activity and sensory evaluation of
pseudocereal breads. LWT – Food Science Technology,
46: 548-555.

El-Amier, Y.A. and O.M. Abdul-Kader (2015). Vegetation and
species diversity in the northern sector of Eastern Desert,
Egypt. West African Journal of Applied Ecology, 23(1):
75-95.

El-Amier, Y.A., A.M. Abdelghany and A. Abed Zaid (2014).
Green synthesis and antimicrobial activity of Senecio
glaucus-Mediated silver nanoparticles. Research Journal
of Pharmaceutical, Biological and Chemical Sciences,
5(5): 631-642.

Evans, W.C. (1996). Trease and Evans Pharmacognosy. 14th
Ed. London: WB Saunders Ltd; pp. 119–159.

Falleh, H., N. Msilini, S. Oueslati, R. Ksouri, C. Magne, M.
Lachaâl and N. Karray-Bouraoui (2013). Diplotaxis harra
and Diplotaxis simplex organs: Assessment of phenolics
and biological activities before and after fractionation.
Industrial crops and products, 45: 141-147.

Guarrera, P.M. (2003). Food medicine and minor nourishment
in the folk traditions of Central Italy (Marche, Abruzzo
and Latium). Fitoterapia, 74(6): 515–544.

Hartsel, J.A., J. Eades, B. Hickory and A. Makriyannis (2016).
Cannabis sativa and Hemp. In Nutraceuticals (pp. 735-
754). Academic Press.

Hashem, F.A. and M.M. Saleh (1999). Antimicrobial
components of some Cruciferae plants (Diplotaxis harra
Forsk. and Erucaria microcarpa Boiss). Phytotherapy
Research, 13(4): 329-32.

Hegazy, A.K. (2001). Reproductive diversity and survival of
the potential annual Diplotaxis harra (Forssk.) Boiss

Phytochemical screning, antioxidant and allelopathic activities of diplotaxis harra crude extracts 625



(Brassicaceae) in Egypt. Ecography, 24(4): 403-412.þ
Jabran, K., G. Mahajan, V. Sardana and B.S. Chauhan (2015).

Allelopathy for weed control in agricultural systems. Crop
Protection, 72: 57–65.

Joshi, A., M. Bhobe and A. Saatarkar (2013). Phytochemical
investigation of the roots of Grewia microcos Linn.
Journal of Chemical and Pharmaceutical Research, 5:
80-87.

Juan, M.Y. and C.C. Chou (2010). Enhancement of antioxidant
activity, total phenolic and flavonoid content of black soy
beans by solid state fermentation with Bacillus subtilis
BCRC 14715. Food Microbiology, 27(5): 586–591.

Kamoun, S. (2018). Theme 1-Abiotic and Biotic Stresses. In
Vitro Cellular and Developmental Biology-Plant, 54(1):
S4-S27.

Lincheva, V., N. Petkova and I. Ivanov (2017). Optimization of
biologically active substances extraction process from
Potentilla reptans L. aerial parts. Journal of Applied
Pharmacological Science, 7(2): 174-179.

Miguel, M.G. (2010). Antioxidant activity of medicinal and
aromatic plants. Flavour and Fragrance Journal, 25: 291-
312.

Mohammed, M.M., E.R. El-Sharkawy and A.A. Matloub (2013).
Cytotoxic flavonoids from Diplotaxis harra (Forssk.)
Boiss. growing in Sinai. Journal of Medicinal Plants
Research, 7(1): 19-23.

Nabavi, S.M., S.F. Nabavi, S.H. Eslami and A.H. Moghaddam
(2012). In vivo protective effects of quercetin against
sodium-fluoride induced oxidative stress in the hepatic
tissue. Food Chemistry, 132(2): 931-935.

Nasri, I., R. Chawech, C. Girardi, E. Mas, A. Ferrand, N. Vergnolle,
N. Fabre, R. Mezghani-Jarraya and C. Racaud-Sultan
(2017). Anti-inflammatory and anticancer effects of
flavonol glycosides from Diplotaxis harra through GSK3
regulation in intestinal cells. Pharmaceutical biology,
55(1): 124-131.

Ntanios, F. (2001). Plant sterol-ester-enriched spreads as an
example of a new functional food. European Journal of
Lipid Science and Technology, 103: 102–106.

Pieroni, A., C.L. Quave and R.F. Santoro (2004). Folk
pharmaceutical knowledge in the territory of the Dolomiti
Lucane, inland southern Italy. Journal of Ethnopharma-
cology, 95: 373–384.

Rehman, S., B. Shahzad, A.A. Bajwa, S. Hussain, A. Rehman,
S.A. Cheema, T. Abbas, A. Ali, L. Shah, S. Adkins and P. Li

(2019). Utilizing the allelopathic potential of Brassica
species for sustainable crop production: a review. Journal
of Plant Growth Regulation, 38(1): 343-356.

Rizk, A.M. (1986). The Phytochemistry of the Flora of Qatar.
Scientific and Applied Research Center, University of Qatar,
582.

Sadasivam, S. and A. Manickam (2008). Biochemical Methods,
3rd ed. New Age International Publishers, New Delhi, India.

Sangeetha, C. and P. Baskar (2015). Allelopathy in weed
management: a critical review. African Journal of
Agriculture and Research, 10: 1004–1015.

Schmitz, D.C. and D. Simberloff (1997). Biological Invasions: A
Growing Threat. Issues in Science and Technology, 13(4):
33–41.

Shelef, O., P.J. Weisberg and F.D. Provenza (2017). The value
of native plants and local production in an era of global
agriculture. Frontiers in Plant Science, 8(2069): 1-15.

Sofowora, A. (1993). Screening Plants for Bioactive Agents. In:
Medicinal Plants and Traditional Medicinal in Africa. 2nd
Ed. Sunshine House, Ibadan, Nigeria: Spectrum Books
Ltd.; pp. 134–156.

Stankovic, M.S. (2011). Total phenolic content, flavonoid
concentration and antioxidant activity of Marrubium
peregrinum L. extracts. Kragujevac Journal of Science,
33: 63-72.

Trease, E. and W.C. Evans (1989). Pharmacognosy. 13th Edn.,
Billiare Tindall, London, pp: 61-62.

Ximenez, G.R., S.M.O. Santin, M.C. Ignoato, L.A. Souza and
L.H. Pastorini (2019). Phytotoxic potential of the crude
extract and leaf fractions of Machaerium hirtum on the
initial growth of Euphorbia heterophylla and Ipomoea
grandifolia. Planta Daninha, 37: e019180433.

Yang, B., R.M. Karlsson, P.H. Oksman and H.P. Kallio (2001).
Phytosterols in sea buckthorn (Hippophaë rhamnoides
L.) berries: identification and effects of different origins
and harvesting times. Journal of Agriculture and Food
Chemistry, 49: 5620–5629.

Zahran, M. A. and Y.A. El-Amier (2013). Non-traditional fodders
from the halophytic vegetation of the deltaic Mediterranean
coastal desert, Egypt. Journal of Biological Sciences,
13(4): 226-233.

Zohary, D., M. Hopf and E. Weiss (2012). Domestication of
Plants in the Old World: The origin and spread of
domesticated plants in Southwest Asia, Europe, and the
Mediterranean Basin. Oxford University Press.

626 Fahad M. Alzuaibr et al.


