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ABSTRACT

Metal biofortification may effectively improve plant productivity via overcoming the various plant growing
constraints. This work was designed to examine the impact of zinc biofortification on soils synthetically
contaminated by various lead concentrations by growing mungbeans. Silty clay loam soil samples in
plastic pots were artificially contaminated with five lead levels and each Pb level received three zinc
concentrations. Ten mungbean seeds were planted in each pot during the growing summer season of
2019. There were significant differences between all examined crop characters, and this reflected the
capability of zinc biofortification in reducing lead toxicity. This indicated that certain metal biofortification
might be the alternative technique to overcome soil toxicity due to heavy metal contamination.
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INTRODUCTION

Plant food crop productivity is significantly
affected by several growth factors such as
micronutrient deficiency, salinity, heavy
metal contamination, lack of water and drought
(Rui and Ricardo, 2017). Therefore, huge
attention was concentrated on controlling this
crop growth affecting factors by applying
various techniques such as chemical
synthetic and organic fertilizers, amelioration
of soil salinity, heavy metal toxicity and
modern watering techniques (Sahin et al.,
2014; Shrivastava and Kumar, 2015), selecting
most evolved and adapted crops and metal
biofortification (Malagoli et al., 2015). The soil
heavy metal toxicity was remediated by several
methods such as biosurfactant techniques
(Sarubbo et al., 2015; Da Rocha Junior et al.,
2019), microbial polymers (Ayangbenro and
Babalola, 2018), immobilization technology
(Nejad et al., 2018), sewage sludge (Placek et
al., 2015) and water containing hydrogen nan
bubbles (Kim and Han, 2020). On the other
hand, biofortification was applied to subsidize
the plant crop with certain micronutrient
elements by improving malnutrition and
enhancing growth and productivity (Jha and
Warkentin, 2020; Haider et al., 2021). Both

biofortification and phytoremediation seem to
have an almost similar target to assist the
plant in overcoming the growth constraints (Wu
et al., 2015; Prahara et al., 2021). Several
studies have examined the abil ity of
micronutrient elements such as selenium and
zinc to enhance plant crops grown on soil
contaminated with cadmium and lead (Hu et
al., 2014; Qaswar et al., 2017). Also, they
reported that such micronutrient
biofortification had enhanced plant growth and
prevented the accumulation of Cd and Pb in
rice and wheat crops. So, the current work was
designed to examine the effect of zinc
biofortification on mungbeans grown on
synthetically lead-contaminated soils.

MATERIALS  AND  METHODS

The study was carried out using plastic pots of
30 cm diameter (almost 3 kg) containing loam
soil. The soil was synthetically contaminated
by lead as PbNO3 at five concentrations (0.0,
100, 200, 300 and 400 µg/kg). Ten mungbean
seeds were planted in each pot during the
growing season of summer 2019. Zinc sulphate
was sprayed as foliage application at three
levels (0.0, 3.0 and 5.0 mg ZnSO4/l). The
experiment was laid out as a completely
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randomized block design covering 15
treatments with three replications of each
treatment. After seed germination, only four
healthy plants were left in each pot, and the
remaining seedling was removed. Zinc
application was sprayed weekly after 20 days
of the seedling stage. The experiment was left
under natural conditions but with regular
watering. By the end of the growing season,
several plant characters such as plant height
(cm), pod length (cm) per plant, seed number
per pod, seed index (100-grain weight g), seed
yield per pot (g) and straw dry weight per plot
(g) of plants grown on each pot were measured.
The collected results were statistically
subjected to analysis of variance (F test), and
the least significant difference was calculated
for each examined variable.

RESULTS  AND  DISCUSSION

Zinc biofortification had significantly
enhanced mungbean growth cultivated in lead-
contaminated soils in all examined plant
characters. Furthermore, the higher zinc
concentration obviously increased the mean
values of these examined plant variables, but
there were detectable impacts of soil lead
concentrations on these characters. In
general, this work found that plant length, seed
number/pod and straw dry weight/plot of plants
grown with 400 ppm of lead and biofortification
with five ppm zinc had mean values higher
than those of plants grown on lead-free soils
with no added zinc. For plant height, the
highest mean value of 87.6±4.6 cm was
recorded for mungbean plants grown on free
Pb soil and biofortification with 5.0 mg Zn/l,
while the lowest mean value of 33.1±2.0 cm
was measured for those plants grown on 400
µPb/kg but was not zinc biofortification (Fig.
1). The analysis of the variance test showed
significant differences between grown
mungbean plants in terms of lead soil
contamination and zinc biofortification, and
LSD values for both Pb and Zn were 10.7 and
15.6, respectively.
Regarding pod number per plant, the plants
grown on uncontaminated soil with lead
receiving 5.0 mg Zn/l gave the highest mean
value (16.6±1.0), while similar plants grown on
soil contaminated with 400 µg/kg without zinc
biofortification gave the lowest mean value of
3.7±0.6 (Fig. 2).

Statistical test of these data revealed clear
significant effects of both soil lead
concentrations and zinc spray applications. The
least significant difference (LSD) values
obviously confirmed these effects, which were
3.54 and 5.49 for soil lead and zinc spraying,
respectively. Also, seed number per pod was
significantly affected by zinc spray application
where the plants grown on free lead soil and
sprayed with 5.0 mg Zn/l gave the highest
mean value of 8.2±0.6. In contrast, those raised
on lead-contaminated soil of 400 µg/kg but not
zinc biofortification had the lowest mean value
of 2.6±0.6 (Fig. 3).
Analysis of variance of these data displayed
clear effects of both increased soil lead content
and the levels of zinc biofortification, where
such differences were backed by calculated
LSD of both Pb and Zn, which were 3.07 and
4.67, respectively (Table 2). In addition, seed
indices (100-seed weight g) of the examined
plants were found to vary significantly in terms
of soil lead and zinc spraying, where those
grown on uncontaminated soil receiving 5.0
mg Zn/l had the highest mean value (7.2±0.4),
while similar plants grown on soil
contaminated with 400 µg/kg and not zinc
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Fig. 1. Mean plant height (cm) of mungbean grown
on soils contaminated with different lead
concentrations and biofortification with
three zinc levels.

Fig. 2. Mean pod number per plant of mungbean
grown on soils contaminated with different
lead concentrations and biofortification with
three zinc levels.
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Regarding plant seed yield weight (g) per pod,
there were obvious effects of zinc
biofortification on all examined plants. Still,
those grown particularly on contaminated soils
by the lead of 300 and 400 µg/kg were severely
affected despite the fact that they were sprayed
by 3.0 and 5.0 mg Zn/l. However, the mean
values of plant seed yield weight per pod (g)
were found to range from the minimum value
of 2.2±0.6 g to the maximum value of 34.8±4.3
g of seeds planted on 400 µg Pb/kg
contaminated soil, but unsprayed by zinc and
those planted on control soil but biofortification
by 5 mg Zn/l, respectively (Fig. 5).
Statistical test of these data revealed clear
significant effects of both soil lead
concentrations and zinc spray applications. The

least significant difference (LSD) values
obviously confirm these effects, which were
4.829 and 7.485 for soil  lead and zinc
application, respectively. In the case of straw
dry weight per pod (g), this work found that the
highest mean value of 45.9±4.4 g was recorded
for seeds grown on control soil  but
biofortification by 5.0 mg Zn/l. In comparison,
the lowest mean value of 12.1±2.9 g was
detected in plants grown on 400 µg Pb/kg of
contaminated soil and unsprayed by zinc (Fig.
6).

Fig. 3. Mean seed number per pod of mungbean
grown on soils contaminated with different
lead concentrations and biofortification with
three zinc levels.
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Fig. 4. Mean 100-seed weight (g) of mungbean grown
on soils contaminated with different lead
concentrations and biofortification with three
zinc levels.

biofortification gave the lowest mean value of
3.2±0.1 (Fig. 4). However, the analysis of
variance showed significant differences
between mean values of grown mungbean
plants for both lead soil contamination and zinc
biofortification. These differences were clearly
confirmed by LSD values of both Pb and Zn,
which were 3.2 and 4.96, respectively.
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Fig. 5. Mean seed yield weight (g) per pod of
mungbean grown on soils contaminated
with different lead concentrations and
biofortification with three zinc levels.
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Fig. 6. Mean straw dry weight (g) per pod of
mungbean grown on soils contaminated
with different lead concentrations and
biofortification with three zinc levels.

Analysis of variance of these data displayed
clear effects of both increased soil lead content
and the levels of zinc biofortification, where
such differences were backed by calculated
LSD of both soil Pb and Zn biofortification which
were 6.70 and 10.39, respectively. In fact, there
was a lack of such similar studies, but both
phytoremediations of heavy metals
contaminated soils and application of various
micronutrient elements biofortification had
shown similar findings (Laghlimi et al., 2015;
Shrestha et al., 2019; Jha and Warkentin,
2020). From these results, it seems that there
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was a certain limitation of zinc biofortification
in the heavy metal contaminated environment
despite the improvement of plant growth and
productivity. However, still, the plant suffers
from increased lead concentrations. However,
such limitation was associated with both
phytoremediation nutrient biofortification
processes, as suggested by other studies
(Mahar et al., 2016; Singh et al., 2016; Dias et
al., 2018).
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