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Evaluating the invasive plant, Prosopis juliflora in the two initial growth
stages as a potential candidate for heavy metal phytostabilization in
metalliferous soil
Kamal Usman, Mohammed H. Abu-Dieyeh and Mohammad A. Al-Ghouti

Department of Biological & Environmental Sciences, College of Arts & Sciences, Qatar University, Doha, Qatar

ABSTRACT
Anthropogenic activities leads to increase in toxic metals in the environment. The toxicity of Cd,
Cr and Pb to P. juliflora were tested in agar media; Seeds germinated in 25, 50 and 100 mg/L
Pb; 5, 10 and 20 mg/ 10 L Cd; and 10 mg/L Cr were mostly unaffected. At 20 and 40 mg/L, Cr
inhibited germination. Similarly, Cd and Cr treatments but not Pb disturbed seedlings devel-
opment. Up to 3366.3 mg/kg and 1228.6 mg/kg of Pb accumulates in the root and shoot. The
bioconcentration factor for both tissues ranged from 27.8 to 115.4 and 11.4 to 45.7, respec-
tively. The translocation factor ranged from approximately 0.4 to 0.5, suggesting that it
preferentially accumulates Pb in the root. Fourier Transformed Infrared Spectroscopy confirms
Pb ions complexation with functional groups on the plant dry tissue biomass. These findings
therefore, suggest that P. juliflora is suitable for Pb phytostabilization in metalliferous soil.

Abbreviations: ICP-OES: Inductively Coupled Plasma Optical Emission Spectrometry; FTIR:
Fourier Transform Infrared Spectroscopy; BCF: Bioconcentration Factor; TF: Translocation Factor.
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1. Introduction

The desert plant, Prosopis juliflora, commonly known
as honey mesquite is widely distributed in arid and
semi-arid environments. It is an important fuel and
timbers source. A native of South and Central
America, P. juliflora was introduced to many desert
environments including the Gulf countries mainly to
mitigate the effect of desertification. However, in
many countries where the mesquite was introduced,
it is fast becoming the most invasive plant and com-
monly found in managed environments including
agricultural fields. It is becoming a threat to native
and exotic plant species due to its aggressive growth
nature and coppices formation [1]. However, it offers
many advantages over these local species [2]. Many
invasive plant species are known to be bioindicators
of environmental contamination [3].

Like many other countries, honey mesquite (locally
known as Ghwaif) is an invasive plant in the state of
Qatar. Due to increasing anthropogenic activities, espe-
cially that of oil and gas as well as construction works in
the state of Qatar, the accumulation of toxic metals such
as Cadmium (Cd), Chromium (Cr) and lead (Pb) has been
on the rise [4]. Therefore, several baseline studies are
being carried out to prospect for native and invasive
plants species with the capacity to efficiently remediate
these contaminants. In Qatari soil, the plant spreads
across all disturbed environments, including agricultural
and industrial areas, which suggest its toxitolerant

character. Therefore, considering the extreme nature of
the environment, it will be interesting to evaluate metal
hyperaccumulation capacity of P. juliflora found in these
areas for beneficial purposes such as phytoremediation
of metal-contaminated areas.

During phytoremediation, the process by which
contaminants are remediated differs; these may be
in the form of removal, transfer, degradation and
immobilization, from either soil or water. It is
a unique approach capitalizing on plants roots ability
for the initial uptake of pollutants and eventually
accumulating them in the shoot tissue by transloca-
tion across the stem. Compared to other conventional
treatment techniques, phytoremediation is new, with
great potential to provide the much-needed green
technology solution to our deteriorating environment.
To date, hundreds of plant species were suggested to
be potential phytoremediators [5]. Strategies used in
the clean-up of environmental pollutants, both
organic and inorganic are either by physical, chemical
and biological treatment [6]. However, physical and
chemical methods are recognized for some disadvan-
tages or limitations such as high cost and labour
intensiveness; additionally, chemical processes create
further pollution and are especially costly [7]. In this
context, new and better approaches to treat metal
contamination became imperative, hence the explora-
tion of various bio-based techniques. The use of bio-
logical agents are considered cheap, safer and was
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proven to have limited or no negative impact to the
environment [8]. Biological remediation methods
include bio-augmentation, bioremediation, biovent-
ing, composting and phytoremediation. However,
phytoremediation proves the most viable and useful
alternative among all, thereby gaining increased
attention in recent years [9].

Seed phytotoxicity test can be used to evaluate
plants response to various metal stress [10]. Although
seed germination and seedlings growth are inhibited by
metals concentration, however, toxicity is subject to
plant, metal types and concentration level [11].
Compared to filter papers, metal phytotoxicity test is
more sensitive in agar media [12]. The effects of Cd
and Cr on P. juliflora is well documented in the literature
[13]. Some studies reported Prosopis sp. Pb bioaccumu-
lation, such as fungal and EDTA assisted Pb accumula-
tion in hydroponic medium [14,15] or powdered seed
biosorption potential [16]. However, information on the
effect of Pb toxicity on the desert inhabitant’s seed
germination, seedlings growth and accumulation is
not sufficiently established. In fact, to the best of our
knowledge, this study is probably the first to report Pb
toxicity on P. juliflora in agar media.

Several parameters, including Bioconcentration
(BCF) and Translocation factors (TF) [17] can be used
to evaluate plants phytoremediation potential. BCF
values higher than one (>1) and less than one (<1)
indicate that a plant is a ‘hyperaccumulator’ and
‘excluder’ respectively [18]. TFs are useful in the deter-
mination of plants efficiency in heavy metals translo-
cation right from the root and on to the shooting part.
According to [19] the plant is considered useful in
metal translocation from root to shoot when the TF
is higher than one (>1) due to the efficient plants
metal transport system [20]. However, TF values less
than one (<1) indicate ineffective metal transfer and
hence suggest that plants accumulate the studied
metals in roots/rhizomes more than in the shoot/leaf.

Metal properties such as charge, hydrated ion
radius, electronegativity and covalent binding para-
meter contribute to the behaviour, strength of metal
binding and hence influence adsorption mechanism
in plant biomass. The affinities of different plant tis-
sues towards specific metal ions depend on the avail-
able binding sites [21]. The translocation of certain
metals such as Cd to the shoot may be due to their
soft cationic nature. They are more likely to form
stable complexes with like donors, the soft ligands,
such as the amino and sulfhydryl groups. Whereas
metal elements like Cr and Pb have more affinity to
root due to their more stable complex formation with
hard ligands; hydroxyl, carboxylate, carbonate and
phosphate groups [22]. Biological samples are com-
posed of macromolecules including carbohydrates,
lipids, and nucleic acids. These biomolecules bear dis-
tinct functional groups with unique fingerprints

corresponding to specified infrared light frequencies
[23]. When present in a given biological sample, tran-
sition metals interact with the functional groups of
these biomolecules, the composition of which can be
determined by analyzing their infrared light adsorp-
tion [24]. Therefore, Fourier Transformed Infrared
Spectroscopy (FTIR) spectra can be used to study
metal cation binding in biological samples [16], and
hence, useful in phytoremediation studies.

2. Materials and method

2.1. Seed collection and storage

Seeds were taken from mature plants in Qatar
University campus (25°22ʹ21.60″N 51°29ʹ45.28″E) Doha-
Qatar, during March and April 2018. Following cleaning
and drying, seeds were then stored in the dark at 4°C
for subsequent germination experiment.

2.2. Seed treatment

The seeds were prepared by washing with tap water,
and later soaked in concentrated sulfuric acid (H2SO4)
for 15 minutes with occasional stirring. Afterwards,
soaked in 6% sodium hypochlorite for 5mins, and sub-
sequently rinsed with deionised water for ten minutes.

2.3. Germination condition

Metal phytotoxicity tests are more sensitive in agar
media than filter paper [12]. Metal treatment solutions
in this study were solidified in 0.8% (w/v) nutrient
based Bacto agar (DIFCO) in 500 mL mason jars con-
taining about 250 ml each. The nutrient medium was
made up of modified Hoagland solution according to
Peralta et al. [25]. Since agar solidification is pH
dependent and said to be optimal between 5.4 and
5.8 [10], all metal treatment solutions pH were
adjusted before autoclaving. Three jars were spiked
with the metal solutions 0, 5, 10 and 20 mg/L of Cd, 0,
20, 40 and 80 mg/L of Cr or 0, 25, 50 and 100 mg/L of
Pb obtained from CdCl2, K2Cr2O7 and PbCl2.

2.4. Metal treatments

Three different concentrations of Cd, Cr and Pb, were
prepared and used for the phytotoxicity test.
Treatments were 5, 10 and 50 mg/L for Cd. 20, 40
and 80 mg/L for Cr. 25, 50 and 100 mg/L for Pb. All
metal treatments were chosen based on a preliminary
study on the background concentrations in select
industrial areas of Qatar (Unpublished data), and hyper-
accumulation threshold [26]. Metal salts dissolved in
deionised water further diluted to prepare treatment
solutions, while deionised water only was the control.
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2.5. Seed germination and seedlings growth

Five seeds were aseptically planted into each of the
jars (3 replicates per treatment) in a completely ran-
domised design and transferred to a growth cham-
ber at a temperature of 25°C, 12 h photoperiod and
photon irradiance of 39 µmol m−2 s−1 (3000 lux).
Seed germination experiment ran for seven (7)
days. Seed germination was recorded every 24 h.
Radicle emergence of at least 2 mm long was con-
sidered for seed germination [10]. Subsequently,
germination variables; final germination percentage
(TG), germination rate (T50), which is the time taken
to reach 50% germination and germination index
(seed vigor) were computed as described by
Farooq et al. [27]. At the end of the germination
experiment, Cd and Cr treated P. juliflora showed
severe signs of physiological stress, including wilting
and chlorosis. Hence, only Pb treatments were
extended to seedlings growth stage for another
twenty-five (25) days, after which plant biomass
(Root and shoot) morphological, Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-
OES) and Fourier Transformed Infrared Spectroscopy
(FTIR) analysis was performed to evaluate P. juliflora
Pb tolerance and hyperaccumulation capacity.
Before biomass preparation for metal analysis,
growth parameters such as fresh weight, shoot and
root length as well as chlorophyll contents were all
computed using weighing balance (Intell-Lab PBW-
3200), electronic digital calliper (Titan 23175) and
chlorophyll meter (SPAD 502 Plus), respectively. For
this purpose, three plants per replicate were chosen
at random from each treatment. Measurements of
shoot and root lengths were from the crown to
main shoot apex and from root apex to the crown,
respectively. Total chlorophyll measurement taken
from three leaves per replicate, a total of nine per
treatment and average values reported.

2.6. Metal quantitation by inductively coupled
plasma optical emission spectroscopy (ICP-OES)

All Pb treated samples washed with tap water, followed
by acid treatment in 0.01% HCl and further rinsed with
deionised water. Following sterilisation, individual plants
were then separated into two parts; shoot (above the
ground biomass) and root (below the ground biomass).
Both tissues were air and oven dried for 24 h and 48 h at
room and 65°C temperature, respectively. Dried shoot
and root tissues were later ground to a powder using
a mechanical stainless steel grinder, and a wooden mor-
tar and pestle, respectively. A fine powdered sample
starting materials were then obtained by sieving
through a 0.25 µm diameter mesh utensil.

Samplesweredigested in nitric acid (HNO3) andhydro-
gen peroxide (H2O2). A large capacity Environmental

Express SC154 HotBlock® digestion system was used at
alternating temperature until clear solutions were
obtained by the Environmental Protection Agency (EPA)
method 3050. All digests analysed by direct injection into
Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES). The accumulation of Pb in
P. juliflora root and shoot were determined against
National Institute of Standards and Technology (NIST)
multi-element Standard Reference Material (SRM’s);
Apple leaves 1515. Before analysis, standard linear curves
obtained using five different concentrations of 1.0 µg/L to
500 µg/L. One standard and quality check analysis per-
formed and good correlation coefficient >0.999 obtained.
All samples were analyzed in triplicates.

2.7. Bio-concentration (BC F) and translocation
(TF) factor

Bio-concentration (BCF) and Translocation (TF) factors
were determined as described by Bose and
Bhattacharyya [28], as follows.

Bioconcentration factor (BCF) computed as heavy
metal accumulated in each plant tissue to that dis-
solved in the agar medium as shown below.

Root bioconcentration factor : BCFr ¼ Croot=Cagar 1

Shoot bioconcentration factor : BCFs ¼ Cshoot=Cagar

2

Where C is the metal concentration
Translocation factor (TF) of examined heavy metals

were computed using the above equations as follows

TF ¼ BCFr=BCFs 3

2.8.. Fourier transformed infrared spectroscopy
(FTIR)

Before FTIR analysis, samples were prepared by
Naumann et al. [29]. Summarily, about 1 mg of dry
plant tissue samples were mixed with approximately
2.5 mg of potassium bromide (KBr) using agate mortar
and pestle. Diffuse reflectance infrared spectra data
obtained by filling in the powdered sample into the
2 mm micro cup. All samples were analyzed in tripli-
cates using Fourier Transformed Infrared Spectrometer
(FTIR-8201PC). IR spectra data recorded at room tem-
perature and infrared range of 4000–400 cm−1

2.9. Statistical analysis

All data were statistically analysed using one-way
ANOVA with the statistical package Sigma Plot,
Systat Software Inc., and treatment means compared
by Tukey test [30]. Statistical significance was consid-
ered at P ˂ 0.05.
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3. Result and discussion

3.1. Germination response

Plant seeds imbibition and softening increase its perme-
ability to various stress conditions. At this stage, the first
exchange with the immediate environment occurs and is
responsive to variable changes [31]. In the present study,
all-metal treatments recorded a TG of 80% and above,
except for 40 mg/L Cr (Table 1). When compared to the
control, which recorded a TG of 100%, 40mg/L Cr treated
P. juliflora TG fell by approximately 17%. In contrast, all Pb
and 5 mg/L Cd treatments recorded 100% TG. Generally,
heavy metals exert varying degree of toxicity to plants;
however, much of these is a function of metal types and
plant species. Similarly, while plants exposure to certain
metal concentration may result in the manifestations of
its toxicity, the same concentration may be tolerated by
some species [11]. Germination rate (T50) and index (GI),
which together demonstrates the speed of germination
and seedlings vigour are important parameters in the
assessment of heavy metal toxicity to plants [32].
Accordingly, considering T50 and GI, we found P. juliflora
to be more tolerant of Pb than Cd and Cr. The T50 and GI
demonstrated an inverse relationship between increasing
concentration of all metals. Compared to the control and
other treatments, the highest T50 and lowest GI recorded
by Cr treatments from this study suggest that it has the
greatest inhibitory effect on P. juliflora (Table 1). A regular
trend of increasing inhibitory effects of Cd and Cr toxicity
can be observed with increase in respective metal con-
centrations as 20mg/L˃10mg/L˃ 5mg/LCd and40mg/
L˃ 20mg/L˃ 10mg/LCr, respectively (Table 1). At 25mg/
kg concentration, Pb demonstrates a more interesting
scenario by stimulating P. juliflora germination compared
to control with a T50 of 0.3 days and GI of 13.9, compared
to the control’s 0.4 days and 12.8, respectively (Table 1).
Together, the results of germination experiment suggest
that the effects of metal treatments were in a dose-
dependent manner. Although 100% TG were recorded
by all Pb treatments, higher T50 and lower GI for 50 and
100mg/L compared to the control (Table 1), suggest that,
at higher concentration, Pb negatively affects P. juliflora
germination. Accordingly, Mishra and Choudhuri [33],

reported that at 36 mg/kg, Pb negatively impacted on
rice seed germination by up to one third, and inhibited
further seedlings development by approximately 50%
[34]. Similarly, it reduce seed germination and caused
stuntedgrowth in roots of another SouthAmericannative
plant Lupinus, belonging to the same family, Fabaceae.

However, of all the metal treatments, Cr was the
most toxic to P. juliflora, whereas Pb even promotes
seed germination at 25 mg/kg concentration. This is
supported by Jamal et al. [35],work, where Cr
demonstrated high toxicity to P. juliflora germination
and seedlings development. Meanwhile, compared
to the control and except for Pb at 25 mg/L, the
germination response variables for Cd at 5 mg/kg
concentration (Figure 1 and Table 1) suggest that
at this concentration, Cd is the most tolerated by
P. juliflora. Indeed, some studies proved Cd tolerance
by P. juliflora at a higher concentration than reported
in this study. Khan [36],noted that at 400 mg/L, Cd
showed no detrimental effects to the plant’s seed
germination. Similarly, Michel-López et al. [37],
found no effects on its photosynthetic activities
when exposed to 1000 µM CdCl2 for 48 h. Other
studies Ling et al. [38], Senthilkumar et al. [39], also
corroborate our findings.

3.2. Seedlings growth

It is known fact that plants are more vulnerable to
metal toxicity at seedlings stage [40]. Therefore, the
assessment of seedlings growth is an important stage
upon which metal toxicity can be further evaluated. To
this effect, several parameters can be tested. However,
this study determines fresh weight, chlorophyll content
as well as root and shoot length for Pb only, as noted
above. On physical inspection at harvest, though all
treatments generally appear healthy with no major
physical damage, such as wilting, chlorosis or root
darkening, partial leaf chlorosis began to manifest for
100 mg/L Pb treatment. Additionally, compared to the
control and other treatments, root length also signifi-
cantly differ (Figure 2(a)), suggesting that at this con-
centration, Pb caused root stunted growth in P juliflora.
In sharp agreement, Arias et al. [15],noted that root
elongation was negatively affected in arbuscular
mycorrhizal fungi associated Prosopis sp. treated with
100 mg/L of Pb. Indeed, Pb toxicity is implicated in
various physiological, biochemical and morphological
stress symptom in plants, including chlorosis, root dar-
kening, disturbed photosynthesis and general growth
inhibition. Several workers noted root growth inhibi-
tion by Pb at a concentration below 1 mg/L in other
plant species [41]. Additionally, at higher concentra-
tion, not only does Pb inhibit root development but
also that of other tissues, and subsequently affecting
the general plant biomass accumulation [42]. However,
we observed no significant differences in fresh weight

Table 1. P. juliflora germination index (GI) and time (T50) after
7 days treatment in agar media.

Treatment (mg/L)
Germination indexa

(GI)
Germination timea,T50

(Days)

Control 12.8 0.4
Cd 5 9.3 1.1
Cd 10 9.1 2.3
Cd 20 7.2 2.5
Cr 10 8.7 1.5
Cr 20 8.7 2.4
Cr 40 6.7 2.5
Pb 25 13.9 0.3
Pb 50 9.2 0.7
Pb 100 7.8 1.0

aGermination index (GI) and time (T50) represent seed vigor and time to
obtain 50% germination, respectively [27].

148 K. USMAN ET AL.



and shoot length on Pb treated P. juliflora compared to
control (Figures 2(a,b)). It is probably due to low Pb
accumulation in the plant shoot relative compared to
the root. The root has an important role in plant
growth and development, which directly affects how
other tissues respond to growth conditions [43]). Under
heavy metal stress, it suffers the first exposure.
However, its cell wall has a mechanism of exchange
that fixes heavy metal ions, thereby limiting transport
to other plant tissues [41], which may in part also be
responsible for the significant effect observed in
P. juliflora treated with 100 mg/kg of Pb, but not in
fresh weight and shoot length.

The chlorophyll contents is an important para-
meter used to assess plants health [44], in the present
study, SPAD values indicate a significant reduction in
chlorophyll contents in P. juliflora treated with
100 mg/L Pb compared to control (Figure 2(c)).
Accordingly, Pb increases the activities of chlorophyl-
lase enzymes in plants, which facilitates the degrada-
tion of chlorophyll [45] Strong evidence also suggests
a direct relationship between reduced photosynthetic
activity and high Pb presence in plants. At high con-
centration, it also inhibits cell division and partly
impacts on metabolic activities at the cellular level,
all of which are responsible for the decreased growth
of plants. Therefore, the behaviour of mesquite
growth under Pb toxicity can be likened to that of
other crop plants such as Triticum aestivum [15].

3.3. Pb bioaccumulation in the root and shoot

The amounts of Pb accumulated in the root and shoot
tissues of P. juliflora cultivated in agar media containing
25, 50 and 100mg/L of Pb are as shown in Figure 3(a). For
all treatments, Pb accumulation is generally higher in the
root than shoot. The accumulation of Pb by P. juliflora
were (a) 25 mg/L of Pb: 2884 and 1142mg/kg. (b) 50mg/

L of Pb: 3366.3 and 1228.6 mg/kg and (c) 100 mg/L of Pb:
2778 and 1410.4 mg/kg for root and shoot, respectively.
Although Pb does translocate to the aerial part of plants,
similar studies found that it preferentially accumulates in
the root [46]. Other similar studies are reviewed by
Pourrut et al. [41],in a critical review of Pb toxicity to
plants. Understandably, translocation of metal to the
aerial parts in plants is restricted in some species includ-
ing Pb courtesy of many factors. It is largely regulated
when the metal species is entering the root using apo-
plast via water streams and into the inner endodermis
region [41]. In the course of transport, negatively charged
molecules in the cell wall such as the pectin can immo-
bilize Pb ions; others are plasma membrane accumula-
tion or precipitation of Pb insoluble salts [47,48]. Even
more convincing is the fact that, since Pbmay be trapped
in the endodermis by the Casparian strip, it can resort to
symplastic transport bywhichmost of the isolated Pb can
be excreted out of the plant [41]. Our results suggest that
for the root, P. juliflora absorbed the most Pb when
treated with 50 mg/L of Pb. However, shoot recorded
the highest Pb accumulation under 100 mg/L treatment
(Figure 3(a)). Supporting our findings, other workers
report similar Pb accumulation pattern in P. juliflora tis-
sues. For instance, Arias et al. [15],observed that P. juliflora
root accumulated higher Pb concentration when treated
with 50 mg/L of Pb. The same observation was made by
Aldrich et al. [14], where at 50 mg/L of Pb treatment, the
plant root tend to accumulate up to 63,396 mg/kg of the
metal concentration in a hydroponic media amended
with ethylenediaminetetraacetic acid (EDTA).

3.4. Bioconcentration and translocation factors

Other important parameters considered in the evalua-
tion of metal bioaccumulation and plants phytoreme-
diation potentials are bio-concentration (BCF) and
translocation factor (TF) [17]. While BCF estimate
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(n = 3) ± SEM. Mean difference with different letters are statistically significant at P ≤ 0.05 (ANOVA-TUKEY) .
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metal accumulation in the tissues relative to that of
the treatment medium, TF is useful in the determina-
tion of plants efficiency in heavy metals translocation
right from the root and on to the shooting part. A BCF
value greater than one (>1) and less than one (<1)
indicates that a plant is a ‘hyperaccumulator’ and
‘excluder’ respectively [49]. According to [19] a plant
is considered effective in metal translocation from
root to shoot when the TF is greater than one (>1),
which is due to the efficient plants metal transport
system. However, TF value less than one (<1) indicate
ineffective metal transfer and therefore suggest that
the plant species accumulate more metals in roots
than the shoot.

The BCF and TF of P. juliflora treated with 25, 50 and
100 mg/kg of Pb are as shown in Figures 3(b,c) respec-
tively. As noted above, while both root and shoot accu-
mulated Pb in varying concentrations, the root tissue
recorded the most, and so is the case with the biocon-
centration factor. The root BCF were 115.4, 67.3 and 27.8
for 25, 50 and 100 mg/L of Pb treatments, respectively.
While that of the shoot are as follows: 45.7, 28.2 and 11.4
for 25, 50 and 100mg/L of Pb treatments, respectively. As
a factor of metal concentration in the medium, it can be
seen that the BCF decreases with increasing Pb concen-
tration (Figure 3(b)). Despite the relative higher root BCF
across all treatments, the shoot BCF also indicates the
capacity of P. juliflora to translocate reasonable
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concentration of Pb onto the shoot part, especially at
25 mg/L concentration, where the BCF is highest for the
shoot at 45.7 (Figure 3(b)). Indeed, hyperaccumulator
plants such as Brassica pekinensis and Pelargonium were
reported to accumulate higher Pb concentration to their
aerial parts [50]. Regarding the TF, all treatments were
less than one, indicating that P. juliflora does not translo-
cate Pb to its aerial parts (Figure 3(c)). However,
a different trend to that of BCF is evident in that the
least TF value was under 50 mg/L, whereas the highest

is that of 100mg/L of Pb treatment. Pb ability to break the
Casparian crisp barrier in P. juliflora endoderm at 100mg/
L concentration, to enable further cationic transport
across tissues and onto the aerial part may in part be
responsible. Numerous plants are known for reduced
metal uptake to aerial parts, which preferentially biocon-
centrate in the root [41]. Plant species including Nerium
oleander L. and Brassica juncea are known to accumulate
higher Pb accumulation in the root with no visible signs
of stress [51]. Notwithstanding, however, here, P. juliflora
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Figure 3. Prosopis juliflora Pb accumulation. (a) Root and shoot Pb concentration. (b) Root and shoot bioconcentration factor
(BCF) (c) Translocation factor (TF). Mean values are averages from three replicates (n = 3) ± SEM. Mean difference between
treatments of the same tissue and between tissues of the same treatment in (a) are statistically significant at P ≤ 0.05 level
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accumulates more than 1000 mg/kg Pb in both root and
shoot under all treatments (Figure 3(a)). A comparison of
highest reported BCF and TF of some terrestrial plants is
shown in Table 2.

Phytoextraction, a form of metal phytoremediation,
where plants translocate metals to other parts can be
demonstrated by BCF and TF. In this context, alongside
TF, above the ground metal BCF in plants tissues (leaf,
shoot or stem) are considered. Table 1 shows the shoot
BCF in this study to be higher at all treatment levels with
45.7, 28.2 and 11.4. Further, as found in this study,
except for Arabis paniculata Franch, Bidens frondosa,
Setaria plicata, Phytolacca acinosa, Oryza sativa and Zea
mays, majority of the plants reported as good candi-
dates for the remediation of Pb polluted environment
had TF ˂ 1. However, a TF > 1 in the above species could
in part be due to the occurrence of Pb alongside other
metals in the studied areas, which influences uptake
behavior across the plant tissues [52]. Together, our
results suggest that P. juliflora is a hyperaccumulator of
Pb [53], and therefore a suitable candidate for the phy-
tostabilisation of Pb contaminated areas.

3.5. FTIR analysis

In the recent past, FTIR has become a useful tool in
the study of metal cation binding in biological sam-
ples [16]. Transition metals found in biological

samples interact with the functional groups of biomo-
lecules, the composition of which can be determined
by analysing their infrared light adsorption [24].
P. Juliflora recorded the most Pb accumulation under
50 mg/L of Pb treatment. Therefore, it was chosen
alongside the control for FTIR analysis. The FTIR spec-
tra of 50 mg/L of Pb treated and untreated P. juliflora
tissues are as shown in Figure 4. In the present study,
FTIR results showed that the plant’s dry biomass has
different functional groups available for binding of
heavy metal ions, such as carboxyl, phosphate,
amide, and hydroxide. Spectral data for the root
were, treatment (RoT): 3282.92, 2919.03, 1624.16,
1388.13, 1234.81 and 1031.98 cm−1, control (RoC):
3283.72, 2919.44, 1632.85, 1360.60, 1235.69 and
1034.35 cm−1 (Figure 4(a)). While that of the shoot
were, treatment (ShT): 3279.89, 2918.57, 1625.72,
1394.90, 1234.78 and 1050.10 cm−1, control (ShC):
3281.01, 2918.59, 1626.39, 1395.49, 1236.38 and
1051.35 cm−1 (Figure 4(b)).

The results showed that P. juliflora tissues dry biomass
have different functional groups available for the binding
of Pb ions, such as carboxyl, phosphate, amide, and
hydroxide. According to Panda et al. [24], broad and
robust IR spectra regions spanning 3600–3200 cm̵ 1 char-
acterize O-H and N-H stretch. The peaks at 2919.03 and
2919.44 cm−1 (Figure 4(a)), and 2918.57 and 2918.59 cm−1

(Figure 4(b)) can be assigned to CH2 groups [54]. All
bands at 1624.16 and 1632.85 cm̵ 1 (Figure 4(b));
1625.72 and 1626.39 cm̵ 1 (Figure 4(b)) corresponds to
specific amide groups due to C = O stretch [55]. Whereas
O-H bending is also responsible for the peaks at 1388.13
and 1360.60 cm−1 (Figure 4(a)); and 1394.90 and
1395.49 cm−1 (Figure 4(b)) [56]. The regions from 1200
to 900 Cm̵ 1 within which 1234.81, 1235.69, 1031.98,
1034.35 cm−1 (Figure 4(a)); and 1234.78, 1236.38,
1050.10 and 1051.35 (Figure 4(b)) falls, signify C-C,
C-O and C-O-P stretch overlaps [57], occurring mainly in
cellular polysaccharides. Changes in the FTIR spectra con-
firmed that Pb ions complexeswith the various functional
groups found in P. juliflora tissues [16].

4. Conclusion

Like many other countries, mesquite (locally known as
Ghwaif) is an invasive plant in the state of Qatar. It is
fast becoming problematic to other native and bene-
ficial plant species. Therefore, the need to explore
means to utilise P. juliflora for socioeconomic and or
environmental benefits becomes imperative.
Increased anthropogenic activities are associated
with the prevalence of toxic metal species including
Cd, Cr and Pb in the environment. In the present
study, Cd, Cr and Pb toxicity to P. juliflora were tested
in agar media, the desert plant’s Pb tissue accumula-
tion capacity was also investigated, and the following
conclusion was to be drawn.

Table 2. Comparison of bioconcentration (BCF) and translo-
cation factor (TF) in some Pb accumulating terrestrial plants.
Plants species BCF TF Reference

Acacia mangium Willd 0.479 (Shoot) 0.312 [58]
Arabis paniculata Franch 0.10 (Shoot) 1.96 [59]
Alternanthera
philoxeroides

0.06 (Shoot) 0.62 [60]

Artemisia princeps 0.15 (Shoot) 0.57 [60]
Bidens frondosa 0.12 (Shoot) 1.71 [60]
B. pilosa 0.03 (Shoot) 0.75 [60]
Cynodon dactylon 0.05 (Shoot) 0.55 [60]
Digitaria sanguinalis 0.07 (Shoot) 0.79 [60]
Erigeron canadensis 0.02 (Shoot) 0.35 [60]
Setaria plicata 0.03 (Shoot) 1.13 [60]
Pelargonium capitatum
Attar

NR 0.8 [50]

P. domesticum Clorinda NR 0.65
P. capitatum Atomic NR 0.6
Phytolacca acinosa 0.02 (Shoot) 2.02 [60]

0.48 (Leaf)
Raphanus sativus 0.13 (Flower) [61]

0.03 (Seed)
0.55 (Shoot) 0.6
6.14 (Root)

Prosopis juliflora 115.4 (Root) 0.5 (Current
study)

45.7 (Shoot)
Triticum aestivum 6.05 (Shoot) 0.85 [28]

4.05 (Grain)
Oryza sativa 0.01 (Whole plant) 3.29 [52]
Mucuna bracteata DC. ex
Kurz

1.231 (Shoot) 0.299 [58]

Vetiveria zizanioides L.
Nash

0.395 (Shoot) 0.661 [58]

Zea mays 0.022 (Whole
plant)

3.95 [52]

NR refers to not reported
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The plant seeds germinate under all metal treat-
ments, but Cd and Cr negatively affected seedlings
growth in a dose-dependent manner. At low concentra-
tion, Pb stimulated P. juliflora growth. High Pb accumu-
lationwas shown by P. juliflora root and shoot. However,
it demonstrates preferential bioaccumulation in the
root. FTIR demonstrate the adsorption of Pb ions onto
the plant tissue biomass, and different functional groups
associated with the adsorption process were identified.
The BCF excellently reveal the capacity of the plant to be
a hyperaccumulator, and hence suitable for Pb phytost-
abilisation in the metalliferous soil.

Future work

Most certainly, P. Juliflora exposure to Pbwould have stimulated
the accumulation of protein transporter molecules, which
assisted in the metal uptake onto the plant tissues. However,
their accumulation and performance may be optimal at
a certain concentration of Pb than others. Therefore, as
a future work, our group will study the effect of the different
Pb concentrations on the accumulation of stress response pro-
teins such as proline, and evaluate the activities of antioxidant
enzymes such as superoxide dismutase (SOD), glutathione
reductase (GR) and catalase.
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