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Abstract. The ability of Vetiveria zizanioides and Phacelurus gabonensis to
accumulate copper (Cu), zinc (Zn) and manganese (Mn) in the aerial parts and to mobilise
them in the roots is applied. This investigation is based on the in situ observation of these
plants, their biomass and the evaluation of the translocation capacity of each metal from roots
to aerial parts.

A proliferation of both plants in culture was observed for three months, then harvested and
analysed. Significant metal contents, on 250 mg of samples taken, are observed in the aerial
parts of Phacelurus gabonensis (2028 ppm of Cu, 9 ppm of Zn and 7456 ppm of Mn) whereas
(3854 ppm Cu, 268 ppm Zn 43005 ppm of Mn) in the roots. Vetiveria zizanioides records in
the aerial parts 83 ppm Cu, 31 ppm Zn and 8761 ppm, Mn while in the roots there are 83 pm
Cu, 1974 ppm Zn and 11930 ppm Mn. The ability to transfer these metals from the roots to
the aerial parts is greater in Vetiveria zizanioides than in Phacelurus gabonensis despite the
high metal concentrations in the aerial parts in Phacelurus gabonensis.The high
concentrations of metals purified by Phacelurus gabonensis and Vetiveria zizanioides place
them among the top ranks of phytoremediation.
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1 - Introduction

In recent decades, the contamination of terrestrial ecosystems by heavy metals has
accelerated [1].The presence of metals such as Manganese (Mn), Copper (Cu) and Zinc (Zn)
in the environment as well as their persistence, mobility and bioaccumulation are of great
concern [2]. This accumulation (pollution) leads to serious risks for public health via the food
chain and the degradation of biodiversity [3].

Gabon is the world's second largest producer of high-grade manganese (Mn) [4], after
South Africa and before Brazil [5]. This mineral is gradually becoming one of the riches of
the Gabonese economy after oil and timber exploitation [6,7,]. Manganese has antagonistic
roles for plants where it acts as a micronutrient at low concentrations, while it becomes toxic
when its concentration rises in the soil [8,9]. This is particularly the case in Hawaii where its
phytotoxicity has been reported on oxisols at pH <6 [10].

In Gabon, similar situations have been reported by Marchal and Fouré (1983) [11] and
more recently by Eba (2007) [12]. All these potential risks point to the need for remediation
of contaminated soils, in order to protect human health and the environment. In addition to
Mn, Zn and Cu are also being analysed for their implications in the photosynthetic response
and their integration in cellular metabolism [13].

The rehabilitation of mining soils, including in Gabon, requires several physical, chemical
and biological methods to decontaminate soils polluted by heavy metals [14,15,16]. Many of
these methods are expensive, difficult to implement and, above all, destructive to ecosystems.
Phytoremediation remains one of the ecological and cost-effective techniques using plants
that tolerate abiotic stress and remove elemental pollutants from the soil [17,18]. Metal
uptake and accumulation depends on the metal concentration, the nature of the soil but also
the physiology of the plant [19].

The Mbembele mining area in Gabon has soils heavily contaminated with Cu, Zn and
Mn. To rehabilitate these soils, two species were chosen in thi study:Phacelurus gabonensis
and Vetiveria zizanioides. The objective of this study is to evaluate the capacity of these two
plants to absorb and accumulate Cu, Zn and Mn in their root and aerial parts. While Vetiveria
is known for its resistance to environmental stress and for its use in phytoremediation of
polluted soils [20,21,22] Phacelurus gabonensis is newly included to assess its effectiveness
for phytoremediation given its ability to grow on soils contaminated by heavy metals (Cu,
Zn and Mn).
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2 - Materials and Methods
2.1 - Soil sampling and characterisation

Fourteen young plants of Phacelurus gabonensis supplied by the Raponda Walker
Arboretum in Gabon on 10 September 2021 and fourteen young plants of Vetiveria
zizanioides supplied by the Laboratoire de Géosciences Faculté des Sciences Kenitra Maroc
on 9 September 2021, are being monitored in situ. Each plant is pruned before its cultivation
on 30 cm for the aerial part (leaves) and 10cm for the underground part (roots). Two zones
are carefully selected on the dyke to receive the crops. These are the wet Zone A or water
reception area of the dam (N0°03'73.6188" E10°46'28.17012") and a dry Zone B
(N0°04776012 E10°4625734). Seven plants of Phacelurus gabonensis and seven plants of
Vetiveria zizanioides were grown in Zone A and Zone B respectively, with a distance of 1m
between the plants in succession. The soil pH and heavy metal content (Cu, Zn and Mn) of
the soils from both zones are given in Table 1.

The collected soils are oven-dried at 105°C for 48 hours and then pulverised (< 75 um).

Due to the technogenic nature of the soil, the pH of the two planting areas gradually evolves
towards neutrality. The water from the mine'swashing plant causes a decrease in pH when
watered in zone A (wet). The Mn, Cu and Zn contents are of the same order of magnitude in
both zones.

Table 1: Chemical parameters of the soil samples from the two study areas A and B. Values
are means (n=3), statistically significant at P <0.05 levels

Ph Mn(ppm)  Cu(ppm) _ Zn(ppm) |
Zone A (wet) |5,79 329 600 250 219
Zone B (dry) |6,23 333600 228 204
Witness 7,6 700 28 88

2.2 - Monitoring plant growth and harvesting

The growth of the plants (Fig.1) is observed over an interval of zero to six months. During
the first month, the plants are monitored daily to assess the adaptation conditions of the
plants. After three months (T3) and six months (T6) of growth, the stem length, leaf length
and root length of the plants are measured. The time zero months (T0) corresponds to the
state of the young plants before their growth in zones A and B.

After six months of cultivation under local conditions, the whole plants in each zone are
uprooted, carefully washed with running tap water to remove soil and dust, and then rinsed
with distilled water. Each plant is separated into aerial and root parts. The samples were dried
in an oven at 60°C for 72 hours. The dry biomass is weighed and ground into a fine powder.

https://doi.org/10.1051/e3sconf/202341201089
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Figure 1: Images of plants used for the phytoremediation trial at the Mbembele manganese
mine site. A:Vetiveria zizanioides ( 1 university reserve, 2 site view); B: Phacelurus
gabonensis ( 1 site view, 2 national herbarium identification sheet)

2.3 - Soil and plant digestion

Soil and plant samples and blanks of the products used are prepared for elemental analysis
using inductively coupled plasma-atomic emission spectrometry (ICP-AES)
For the solution of the analytical elements, each soil sample is accurately weighed to 250 mg

in the digestion vessels. The preparation is carried out using a three acid digestion of the
samples. 5 ml of 39.5% hydrofluoric acid and 5 ml of 37% hydrochloric acid are used as the
first digestion. The digestion system is carried out on a hot plate at 250°C for 40 minutes.
The second digestion is carried out with 5 ml of nitric acid and 5 ml of hydrochloric acid
heated again for 40 minutes. After complete evaporation of the diacid mixture, a third attack
is made with 50% hydrochloric acid heated for a few minutes. A blank solution comprising
only the acids from each attack is also digested and diluted. The cooled contents are
transferred to the 100ml flasks and dilutedwithdistilled water to the mark for ICP-AES
analysis.
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The analytical data is adjusted by triplicating each volume analysed by the dilution factor
(Fd):
Fd= Volume of solution / Test sample (1)
(Fd= 200; 400; 1000) for high grade samples.

The digestion of roots and leaves is carried out in a three-step method to completely digest
the plant material. The samples are digested in 5 ml of 39.5% hydrofluoric acid, 5 ml of 37%
hydrochloric acid and 3 ml of perchloric acid to destroy the plant material in the first attack
on a hot plate at 250°C for 1 hour. The second attack by a mixture of 10ml of 50% nitric acid
and 50% hydrochloric acid heated for 40min. The third attack 50% hydrochloric acid heated
for 10 minutes. The cooled contents were transferred to the 100ml flasks and diluted with
distilled water to the mark for ICP analysis.

The analytical data is adjusted by tripling each volume analysed by the dilution factor (Fd):

Fd= Volume of solution / Test sample (Fd=200 ;400 ) (1)

3 -Results
3.1 — Biomass Vetiveria zizanioides and Phacelurus gabonensis.

At T3 and T6 months of growth, a total of forty-six plants were studied, i.e. 26 Vetiver plants
and 20 Phacelurus gabonensis plants were visually monitored for growth. At three months,
14 Vetiver plants and 12 Phacelurus gabonensis plants were taken from each zone (T3),
followed by 10 Vetiver plants and 10 Phacelurus gabonensis plants taken at six months (T6).

At each sampling point, plant growth varied without any symptoms of toxicity. At T3,
the plants reached average heights of 139cm for Phacelurus gabonensis and 108cm for
Vetiveria zizanioides, and at T6 they reached heights of 166¢cm for Phacelurus gabonensis
and 145cm for Vetiveria zizanioides.

These observations show that Vetiveria zizanioides and Phacelurus gabonensis adapt well to
both types of substrate and show variability in the total biomass of each plant.

Figure 2 shows the total biomass of each part of the two plants (root and aerial) obtained
at T3 and T6. At T3, no significant difference in total biomass was noted, whatever the
substrate (zone A, B and control). However, at 6 months, the biomass of Vetiveriazizanioides
and Phacelurus gabonensis grown in zone B (dry) was significantly higher than that in the
control zone and zone A (wet). This variation affected the biomass of the root and aerial
parts. However, the ratio of root biomass to above-ground biomass for each plant was similar,
with no difference between zones A, B and the control.
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Figure 2: Total biomass of both plants at zero, three and six months. Values are means (n=3),
statistically significant at p<0.05. The total biomass of each plant per zone wasanalysed by
ANOVA. A Tukey test was used to assess significant differences between plants at the 95%
confidence interval.

3.2 - Concentration of Cu, Zn and Mn in biomass

Table 2 summarises the accumulation performance of Cu, Zn and Mn in the two plants as a
function of time. The evaluation of the evolution of the uptake rate of each mineral according
to the observation of their concentrations in the dry biomass during the experiment is defined
at different times. In the aerial parts of Vetiveria zizanioides (Table 2), the initial Cu
concentration increased from <10 ppm to 10.01 ppm at three months and reached 28.1 ppm
at six months in samples of 250 mg. In Phacelurus gabonensis, concentrations in the aerial
parts are higher. The initial Cu concentration rose from <10ppm to 1848ppm at month three
and 830ppm at month six. The observation of concentrations of the same content in the roots
is slightly lower than the values of the concentrations in the aerial parts for the same duration.
This observation was made in both experimental zones by taking 250 mg of each Vetiveria
zizanioides biomass. However, for 250 mg of biomass taken for each analysis from
Phacelurus gabonensis, the highest concentrations were recorded in the roots.

For zinc (Table 2), the highest concentrations in both zones A and B were detected in the
roots at different times: the maximum value detected was 2112.6 ppm at three months and
1165ppm at six months in Phacelurus gabonensis in zone B, while in Vetiveriazizanioides it
was 1974 ppm at three months in zone B and 621 ppm in zone A at six months.
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Manganese concentrations in the biomass of Vetiveria zizanioides and Phacelurus
gabonensis differed according to genus and sampling zone. Mn concentrations varied from
0.01 ppm to 8761 ppm at three months and 318 ppm at six months for Vetiveria zizanioides
in zone A. In Phacelurus gabonensis in the same zone A, the variation is 0.01 to 16008 ppm
at three months and 1401 ppm at six months. Manganese values in above-ground parts in
zone A were higher at three months than values in roots in both genera. The same observation
was made at six months.

Mn levels in zone B are highly representative in the roots. The maximum concentrations
detected were 43005ppm in Phacelurus gabonensis and 10920ppm in Vetiveria zizanioides.
These levels are much higher than those recorded in the aerial parts.

In terms of uptake (Fig. 2), there was no significant difference in the accumulation of Mn,
Cu and Zn in the aerial parts, irrespective of the duration of growth and the substrate.
However, Fig. 3 shows that the elements Mn, Cu and Zn are more concentrated in the leaves
at T3 and decrease at T6.

Table 2:Variability of Cu, Zn, Mn concentration in shoots and roots of two species:
Phacelurus gabonensis and Vetiveria zizanoides, at different times (3 months and 6 months).

Sheets
No. of tests

Zone per point £t{ppm) Za{ppty e
sampled sampled To | Ts Ts | To| Tz Te | To | T Ts
Vet <10 | 100|281 | 13| 31 | 12 |001| 8761 | 318
A) 3
Phaceturus <10 (1848| 830 | 20| 79 | 17 |0,01|16008 | 1401
(A) 7

Vettvee <10 [ 51,5| 83 |01| 19 | 26 [001| 451 | 3328
® 3
Phacelurus <10 [ 20,7 | 2258 0,1| 21 11 |0,01| 7456 | 976
®) 6

Roots
No. of tests

Zone per point Cu (ppm) Zn (ppm) Mn (ppm)
sampled sampled To | Ts | Te [To| T3 Te | To| Ts Ts
Veltvee 28 | 89 27,189 | 1121 | 124 |0,01| 4033 | 6823
(G 5
R 43 2048|2536 | 21 | 268 | 621 |0,01|14270| 1370
(GY) 7

Vetiper 32 (241 48 | 21| 1974 | 411 |0,01|11930 | 10920
® 3
Pha‘(’;‘)“f“s : 25 | 18,1 |3854| 88 | 2112,6| 1165 0,01 | 43005 | 30100

For zinc, (Table 2), the highest concentrations in both zones A and B, are detected in the
roots at different times. The maximum value detectedis2112.6ppm at threemonths and
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3.3 - Translocation of Cu, Zn and Mn in aerial parts

The calculation of the Translocation Factor (TF) shows that the variation in the rate of Cu,
Zn and Mn transferredfromroots to leaves varies according to the plant, the sampling zone
and the element Cu, Zn and Mn (Table 3). Cu in both zones isperfectlytranslocatedfromroots
to leaves (FT>1) at different times. For Phacelurus gabonensis, the FT varies from 0.9 to
lessthan 0.5 in zone A and from 1.1 to 0.6 in zone B. The FT of copperishigher in zone B for
Vetiveriazizanioidesand Phacelurus gabonensis with a better translocation capacity in
Vetiveriazizanioides. For zinc, however, translocation isrelativelylow for both plants in both

Zones.

Table 3. Evaluation of FT of Cu, Zn, Mn in Vetiveria zizanioades and Phacelurus gabonensis
at three and six months in zones A and B.

| Translocation Factor |

Vetiveria zizanioides Phacelurus gabonensis
Zone A Zone B Zone A Zone B
Cu Zn Mn|Cu Zn Mn | Cu Zn Mn|{Cu Zn Mn
3
months |1.1 <05 22 |21 <05 <05| 09 <05 11|11 <05 <05
6
months| 1 <05 <05|1.7 <05 <05|<05 <05 1 (06 <05 <05
4-Discussion
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The high manganese concentrations associated with copper and zinc concentrations in the
tailings dam at Mbembele in Gabon do not influence the adaptation or growth of Vetiveria
zizanioides and Phacelulurs gabonensis in the two areas selected. There were no visible
symptoms of toxicity, brown spots on the leaves, chlorosis, deformation of young leaves or
leaf tip burns attributed to plant stress [23] despite the high levels of Mn (333,600ppm),
copper (250ppm) and Zn (219ppm) present in the various 250mg samples of substrate from
the Mbembele mine tailings dam analysed. These results are consistent with the work of [24,
25, 26, 22], which confirm the tolerance of Vetiveria zizanioides and other grasses to these
metals.

At 6 months, the significant difference in the biomass of Vetiveria zizanioides and Phacelurus
gabonensis grown on zone B (dry) is higher than that on the control zone and zone A (wet)
and affects the biomasses of the root and above-ground parts. This result is contrary to those
of [27] and [20], who observed a decrease in biomass in Vetiveria zizanioides as a function
of treated metal concentrations. The ratio of root biomass to above-ground biomass was
similar, with no difference between zones A, B and the control. There was therefore no visual
environmental stress on Vetiveria zizanioides and Phacelurus gabonensis under the
experimental conditions. In fact, plants grown in deficiency conditions increase their sorption
of root surfaces: the leaf/root ratio [28, 29].

Metal concentrations in plants growing in the same soil vary according to species and soil
conditions [30, 31]. The difference in the accumulation of the elements Cu, Zn and Mn
observed in the two species decreases with increasing exposure time. Salas-Moreno's work
in 2020 [32] is consistent with this observation, demonstrating that Vetiveria zizanioides and
phacelurus gabonensis can be exposed to high levels of Mn, Cu and Zn. Their tolerance
mechanism is not affected by Cu, Zn and Mn levels in this zone.

The Zn levels observed in the aerial parts during the study are largely low compared to the
level in the roots. This result appears to be similar to those reported by Sbartai (2011) [33],
who noted a high concentration of zinc in the roots of certain plants compared with the aerial
parts.

Mn contents were 8761ppm at three months and 318ppm at six months for Vetiveria
zizanioides in zone A. In Phacelurus gabonensis, in the same zone A, Mn contents were
16008ppm at three months and 1401ppm at six months. Manganese values in the aerial parts
of zone A were higher at three months than values in the roots of both genera. The same
observation was made at six months. The average Mn content in the 250 mg samples of aerial
parts analysed in the two plants seemed to fall just short of the critical values (Mn and Zn at
100 mg kg 1) [34, 35] above which toxic effects are possible; whereas for Cu (20-100 mg
kg?) they were much lower.

The rate of translocation of Mn from roots to leaves is higher in zone A than in zone B. This
may be associated with the difference in pH, which is relatively neutral in zone B and more
acidic in zone A, and which may influence the solubility of Mn in the soil [36].

The work of Kolek (1992) [28] and Chui (2006) [29] shows that root surface sorption
increases under deficiency conditions. This increase in root surface area would probably have
led to these high concentrations in the drier zone B (water deficiency) than in zone A (wet).
The highest concentrations of copper and zinc recorded on the dyke came from zone B. In
the case of copper, both plants translocated copper from the roots to the leaves. The aerial
parts of Phacelurus gabonensis concentrated more copper than those of Vetiveria zizanioides.
However, Vetiveria zizanioides translocated copper best from the roots to the aerial parts. In
accumulator plants, the metal content of the aerial parts is generally higher than that of the
roots. This increases the capacity of plants to absorb, transport and store metals in their aerial
parts [37].
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Zinc concentrations were particularly high in the roots. Both plants grown on the dyke
translocated Zn weakly into aerial parts. This result seems compatible with those reported by
Sivasankar et al (2012) [38], where they show that heavy metals are stored in the roots mainly
in the vacuoles, limiting transport of the metal to the aerial parts. This result is also confirmed
by Sbartai (2011) [33] who noted a high concentration of zinc in the roots of tomatoes in
contrast to the aerial parts.

5 -Conclusion

The two plants Vetiveria zizanoidesand Phacelurus gabonensisare used to evaluate the
possibility of depolluting Mn, Cu and Zn from a site heavilypollutedwithmanganese, in
particular from a manganese mine quarry in Gabon. The analysisishased on the local
conditions of the polluted site withoutanyexternal input. The twospecieschosen (Vetiveria
zizanoidesand Phacelurus gabonensis) adaptperfectly to high Mn levels and theirgrowthis
not significantlyaffected by a multi-contamination in Mn, Cu and Zn. Theyshowed a
strongcapacity to absorb Mn, Cu and Zn from the contaminatedsoil and accumulatethem in
theiraerial and root tissues. The resultsobtained on the analysis of the
twospeciesindicatethatthey can beused for phytoremediation of Mn, Cu and Zn
contaminatedsoils. Bothspeciesshow a high accumulation of Mn and Zn.

The previously known phytoremediation capacity of Vetiveria zizanioides is well
demonstrated in parallel with the newly tested Phacelurus gabonensis for the
decontamination of the contaminated site of the Mbembele/Gabon mining dam. This plant
also shows resistance to high concentrations of Mn whereasitwasconsidered a weed.
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