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in Pisum sativum L. in nutrient medium?
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Abstract Due to excessive mining and use of radionuclide
especially uranium (U) and its fission products, numerous
health hazards as well as environmental contamination world-
wide have been created. The present study focused on dem-
onstrating whether low concentration of U treatment in liquid
nutient medium may translocate traces of U in plants and in
fruits of Pisum sativum after 30 and 60 days of exposure for
the safe use as a food supplement for human/animals.
Hydroponically grown plants (in amended Hoagland medi-
um) were treated with two different concentrations of uranium
([U] = 100 and 500 nM, respectively). Plants showed a de-
crease in total chlorophyll after 60 days of treatment. On the
other hand, Eh of the nutrient medium was not affected from
the initial days till 60 days of treatment, but pH of nutrient
medium was increased upon durations, highest at 60 days of
treatment. In seeds, micro/macro elements were under limit as
well as U concentration was also under detection limit. We did
not observe any U in the above ground parts (shoots/seeds) of

the plant, i.e., under detection limit. Our observation suggests
that P. sativum plants may be useful to grow at low radionu-
clide [U]-contaminated areas for safe human/animal use, but
for other fission products, we have to investigate further for
the safe human/animal use.
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Introduction

Uranium (U) is a natural radioactive material, extensively
spread in the earth’s crust, with an average of less than
4 mg kg−1 concentration. The main health risk of U intake
approaches is lungs and kidney damage, and also due to alpha
radiation, one should also get risk of cancer (Gupta et al.
2016a). There are several factors from which a normal man
is getting affected by the contamination of U, i.e., due to
unsafe handling and transportation.

Nowadays, a number of remediation techniques are in use
for remediation of contaminated land and water. Among them,
soil excavation is the most collective method for radioactively
contaminated soils as well as encapsulation (Evans 2000).
Cleaning of the environment by using green plants generates
assorted numerous environmental pollution complications
through direct uptake of toxic chemical(s), followed by con-
sequent alteration, conveyance, and their accumulation in less
toxic forms (Schnoor et al. 1995). Macek et al. (2000) de-
scribed that remediation practices are being upgraded by plant
root discharge exudates and enzymes that may encourage
microbial assortment at rhizosphere and biochemical
movement in bulk soil. Marschner (1995) also hypothesized
that plant roots discharge exudates in the neighboring soil
matrix that may help in chelation of unwanted metals to
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escape transportation inside the plant cell, such as root exu-
dates like histidine (His) inhibit Ni uptake from the soil (Salt
et al. 2000); however, pectic sites and diverse extracellular
carbohydrate particles present on the cell wall also show their
role in accumulation of toxic heavy metal ions (Manara 2012).
In plants, when growth is hindered by any toxic compounds, it
is known as phytotoxicity, sometimes the damage may be
caused by an extensive multiplicity of compounds, including
heavy metals, salinity, pesticides/insecticides, phytotoxins,
and radionuclides. Phytoremediation methods are attractive
substitute towards traditional energy and instrument
intensive, chemical-based expensive renewal techniques of
massive polluted areas of land and water (Padmavathiamma
and Li 2007; Lone et al. 2008). Immersion and circulation of
contamination in plants may take place either through straight
or secondary means, which may vary significantly in different
plant species principally in case of long-lived radionuclides
(Din et al. 2010). Transfer of vitality from soil to plant is
normally calculated for trace materials, whose behavior in
the soil-plant-rhizosphere scheme principally depends on the
concentrations of macro-nutrients present there. It has been
already observed that plants are taking up many cations
existing in their root zone; it is also a manifestation that
whenever plants are exposed to ionizing radiation, some
molecular and cellular effects are immediately induced
straight towards impairment of macromolecules or
parenthetically through water radiolytic reactions (Gupta and
Walther 2014; Gupta et al. 2016a). Generally, plants employ
numerous tactics to manage toxic effects of radionuclides
which comprises synchronization of complex functional and
biochemical procedures. Plants are generally resistant to
radionuclide anxieties either by monitoring uptake or by
enduring in existence of high internal absorption. However,
biosorption to cell walls, extracellular precipitation, reduced
uptake, or amplified efflux are collective mechanism from
which plants check abiotic stress and also decrease the
absorption of metal inflow in cells (Gupta and Walther 2014;
Walther and Gupta 2015). Though in plants, tolerance to stress
comprises complicated physiological reactions such as pro-
duction of amino acids, organic acid generation, glutathione/
or metal-binding ligand production, and up-regulation of an-
tioxidant resistance systems (Gupta and Sandalio 2012), it was
reported by Ebbs et al. (1998) that adding of phosphate to a U
containing solution condensed the noxious effects of U in
Pisum sativum; the reason behind was that U makes complex
with phosphate, and it may likely be due to the fact that
complexation decreases the bioavailability of U in the
solution. It is well known that plants take up P to variable
amounts from substrates in which they are rooted. Colle
et al. (2009) proved that plants get direct contamination if their
above-ground parts seize radionuclides or toxic complexes
through contaminated rain/sprinkling irrigation. It is
acclaimed that if only one part of the plants is edible, it is

obligatory to take into explanation that the translocation pro-
cedure throughout the plant might allocate toxins from con-
taminated leaves to the comestible parts; it might be conceiv-
able that the circulation from foliar deposition and absorption
by the leaves. It was hypothesized by Chamel et al. (1991) that
in plants, permeation through cuticle consists of four phases,
i.e., sorption, dispersal, desorption in the apoplast, and absorp-
tion by the subjacent cells. Subsequently after infusion phase,
active transport within cells, conveyance in the vascular ar-
rangement, and conveyance between phloem and xylem inter-
fere (Lauchli 1972; Carini and Bengtsson 2001).

When any contaminated land with radioactively contami-
nated substances is being remediated with the aim of returning
for farming use, measures for reducing of radionuclide trans-
fer from soil to vegetation are obligatory. Radionuclides com-
monly migrate from soil to vegetation through ground solu-
tions. Nowadays, best method for reducing of radionuclide
migration from soil to vegetation is tilling of radioactively
contaminated deposits (Voronina et al. 2015). This present
study focused on demonstrating whether low concentration
of U may translocate in the fruits of pea (P. sativum) under
different concentrations of U after 30 and 60 days of exposure
for the safe use as a food supplement for human and for ani-
mals. Furthermore, we address the effect of U on macro/micro
nutrient uptake and accumulation, photosynthetic parameters
and also checked toxic symptoms of radionuclide (U) in tested
plants as well as change in Eh and pH upon different
durations.

Material and methods

Plant material, growth condition, and treatment

Pisum sativum L. var. Boretta seeds were bought from N. L.
Chrestensen, Erfurt, Germany. Initially, seeds were soaked in
distilled water for 12 h and again kept in wet blotting paper for
48 h for seed germination in the dark; healthy and equal size
seedlings were transferred to hydroponics in plastic boxes
containing 5 L of amended Hoagland medium pH 6.2
(Gupta et al. 2013b). Plants were grown in a growth chamber
at 22 ± 1 °C during 16/8 light/dark cycle with 120 μE m−2 s−1

of irradiance by cold fluorescent lamps for 3 weeks. For the
treatment of plantlets, we dissolved appropriate amounts of
UO2(NO3)2 in the amended Hoagland solution (pH 5.5) to
achieve concentrations of [U] = 100 and 500 nM, respectively.
In modified nutrient solution, low phosphate concentrations
were used to avoid precipitation of U as U-phosphate com-
plexes. Plants without any U treatment were used as control.
U-treated plants were harvested totally at random after 30 and
60 days of treatment. In each experiment, randomly leaves,
root, and seeds were selected. All chemicals used were of
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analytical grade purchased from Sigma Chemical Company
(USA).

Eh and pH analysis

At every harvest (60 and 90 days), Eh and pH concentration
was measured in the nutrient medium with the help of Eh and
pH meter. Eh and pH values were also measured before
adding U concentration in the liquid medium and served as
an initial control.

Determination of total chlorophyll and carotenoid
concentration

Plant material (0.1 mg) was grounded in chilled 80% acetone
in dark. After centrifugation at 10,000g for 10 min at 4 °C,
absorbance of the supernatant was taken at 663, 645, 510, and
480 nm. The concentration of total chlorophyll was calculated
by the method of Arnon (1949) and carotenoid concentration
by Duxbury and Yentsch (1956).

Element determination

Uranium and other micro/macro nutrient concentration were
measured in all root, shoot (including leafs), and in seeds.
Between 0.01 and 0.25 g of dry plant tissue and seeds were
grounded and digested in 5 ml of concentrated HNO3, using
an open digestion system with heating block Velp Scientific
(Milano, Italy). Heating was set at 130 °C for 2 h. Plastic caps
were fitted to the vessels to prevent loss by volatilization.
After digestion, the rest of the materials was diluted five times
withMilleQwater andmake up to 50ml. The U, Ca, K,Mg, P,
S, Zn, and Cu concentration was determined by inductively
coupled plasma optical emission spectrometry (ICP-OES),
using a PerkinElmer Optima 4300 DV (Shelton, USA)
equipped with a cyclonic spray chamber and a concentric
nebulizer (Gupta et al. 2013a).

Statistical analysis

All data were processed by statistical package SPSS (Version
11.0). All values are means of three independent replicates.
Data were tested at significant levels of P < 0.05 (b) and
P < 0.01 (bc), respectively, using one-way ANOVA.

Results

Visually, there were no phytotoxic symptoms shown in plants
after 30 days (Supplementary Fig. 1). The plants did not show
any symptom of U toxicity at initial days (30 days), but at
60 days, plants were getting yellow leaves that may be due
to aging. We also noticed that there were no effects of U

concentration on the production of seed quality or on the size
of seeds.

Eh and pH of nutrient solution

The initial Hoagland solution has a pH of 5.5. The interdepen-
dency with P. sativum showed an increase of pH in control
medium, i.e., 6.9 ± 0.1 after 30 days up to 7.6 ± 0.1 after
60 days. At low U concentration (100 and 500 nM), it does
not influence pH at initial solution. After 30 days, the pH of
the U-treated solution increased only up to 6.4 ± 0.1 at 500 nM
concentrations, and after 60 days, the pH of 100 nMU-treated
solution was 6.6 ± 0.1 and 500 nMwas 7.3 ± 0.4 (Fig. 1). The
redox potential (Eh) showed no significant change since be-
ginning of the experiment till last (Fig. 1).

Chlorophyll and carotenoid

After 30 days of U treatment in modified Hoagland nutrient
solution ([U] = 500 nM), the chlorophyll content was noticed
1.2 times higher compared to control plant. In case of 60-day
harvest, U-treated plants ([U] = 500 nM) showed 1.6 times
less chlorophyll content than control plants. One reason be-
hind decrease of chlorophyll is that the plants came to their
maturity of life cycle (generally, pea plants have the total life
cycle of 60–90 days) (Fig. 1). The carotenoid showed no
significant influence by any of the U treatment at any days
(Fig. 1).

Uranium, macro and micro elements in solution

The U concentration in modified Hoagland solution after
30 days was about 4.5 times less than the initial 500 nM U
solution. After 60 days, it was 7.1 times less than the initial
concentration. In case of macro elements such as Ca, K, Mg,
and S, the concentration in solution decreases strongly after
30 days of treatment that was due to the fact that plants ini-
tially require these elements for growth. In comparison to
control solution, after 30 days of treatment, Ca concentration
in 500 nMU solution was 3.4 times less, K concentration was
2.0 times less, Mg concentration was 2.3 times less, and S
concentration was 1.5 times less. After 60 days, Ca concen-
tration in 500 nM U solutions was 2.4 times less compared to
control solution, K concentration was 1.5 times less, Mg con-
centration was 3.1 times less, and S concentration was 1.2
times less (Fig. 2).

In case of micro elements, Cu concentration was 1.3 times
higher after 30 days in comparison to control solution, and Zn
concentration was about 2.0 times less. After 60 days, Cu and
Zn concentration in nutrient solution was below detection
limit in all samples. The phosphorus concentration in the ini-
tial solutionwas increased upon addition of U concentration in
comparison to control. One reason behind is that the low
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concentration of U in the liquid medium provokes the P at
initial stage, but after 30 and 60 days, it was lowered due to
plant uptake (Fig. 2).

Uranium, macro and micro elements in root, shoots,
and in seeds

Uranium accumulation was analyzed in root, shoots (30 and
60 days), as well as in the seeds after their maturity (60 days).
The highest recorded U amount was in the roots of 500 nM U
treatment after 60 days, i.e., 0.38 ± 0.07 mg U g−1 of root
(DW) (Fig. 3). This U content was approximately 10 times
less, if we compared with Pisum sativum in 100 times higher
U concentration (50 μM) for 5-day treatment (Gupta et al.
2016b). For shoots and seeds, the U content was below detec-
tion limit (the detection limit for root, shoots, and seeds was
0.01 mg U g−1 DW). This shows that the U translocation from
root to the upper parts of the plant was very less.

Among macro elements, Ca was approximately 1.4 times
higher in the roots of [U] = 500 nM treated plants after 60 days
in comparison to control (same trend as it was for 50 μM U
treatment, Gupta et al. 2016b). In case of shoots, Ca content in
[U] = 100 nM treated plants was 2.5 times higher than the
control after 60 days, the shoots of [U] = 500 nM treated plants
also shows some increment of Ca but was lesser than
[U] = 100 nM treated plants, but it was significantly different
to control. The same trend was also observed for K, Mg, and S
in shoots after 60 days. The P content in both root and shoot
was strongly induced due to the presence of U. In root, it was
approximately 21.7 times higher, in shoots 6.0 times higher,
for [U] = 500 nM treated plants after 30 days in comparison to

control. After 60-day treatment, the P content was less, but
still 4.8 times higher in root and 4.5 times higher in shoots
compared to control. In case of micro element, Zn and Cu
concentration decreased in both root (Zn: 1.3, Cu: 1.3 times
lower) and shoots (Zn: 1.8, Cu: 1.2 times lower) upon addition
of U (500 nM, 60 days) in nutrient medium in comparison to
control (Fig. 3). In seeds, only P and S content was higher at
500 nMU treatment plants than control, i.e., 1.9 and 0.5 times
higher, respectively, and significantly different. Other macro
and micro elements were not significantly higher in compari-
son to control. U concentration in the seeds was below detec-
tion limit. From this result, the seeds have less metal accumu-
lation, so that it is useful for safe human/animal consumption.
Only P was high, because of Pisum plants enriched in phos-
phorus, so that in many countries, it is used as P supplement.

Discussion

In general, like heavy metals, radionuclides may not be obvi-
ously or synthetically degraded (Gupta and Walther 2014).
For living creatures, all heavy metals are noxious and affect
rigorously to all vital biological processes such as photosyn-
thesis, respiration, metabolism, and reproduction and also ef-
fect total injury to the individual or even to cell death
(Anderson 2003). The concentration of radionuclides and its
movement and bioavailability principally inclined by initial
excellence, quantity, and the rate of discharge at the point
source; it also depends upon diverse hydrological features,
like circulation, advection, reduction, and also to geochemical
procedures such as complexation at diverse pH, solid/liquid
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Fig. 1 Effect of uranium on Eh
and pH concentration, total
chlorophyll, and carotenoid
contents in Pisum sativum L.
plants after 0, 30, and 60 days of
treatment in nutrient solution.
Data are the mean of three
independent replicates ± SD.
Mean values followed by
different letters (bc) are
significant difference at P < 0.01
by one-way ANOVA
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distribution constant, aqueous phase, reduction/oxidation (re-
dox), precipitation/dissolution, diffusion, colloid-facilitated
transport, and of course organic matter substances (Gupta
and Walther 2014).

The pH value and redox potential (Eh) of the soil are pre-
dictable as major leading factors in radionuclide chemical
speciation. All redox developments in soil occur in the exis-
tence of water. The redox potential and the pH values are
negatively connected, i.e., the pH will increase with the de-
crease of Eh. In our present experiment at 30 days, the Eh
value was increased (not significant) in U treatment, but at
60 days, it again came to its initial value what we used for
the experiment, but in case of pH, it was always increased

from 30 to 60 days and the maximumwas at 60 days in control
plants (Fig. 1). In U-treated plants, it was also increased but
not like control plants; it shows that there is some limiting
factor that makes some redox reactions in the liquid medium.
It was in accordance with Koch-Steindl and Pröhl (2001); they
hypothesized that oxygen supply controls the redox responses
in the soil and the radionuclide chemical speciation, thus cre-
ating the Eh-pH conditions. For U availability, data shows that
the movement and bioavailability of U were inclined by the
oxygen content, organic material content, pH, parent material
and weathering, and also comprises texture and clay content.
By an experiment, Sheppard and Evenden (1987) showed that
U retaining in soils increased with higher soil cation-exchange
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and P < 0.01 by one-way
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ability, while the U movement was increased by the presence
of carbonate, concluded formation of anionic U and CO3 com-
plexes. At low pH values (pH < 3), U has a low sorption in
soils, while for pH ranging from 5 to 7, the sorption was
maximum and decreases again at pH above 7, due to the
increasing number of negatively charged binding sites (EPA
1999).

Increase of photosynthetic pigments (total chlorophyll) in
our experiment at 30 days attributed to U-induced biosynthe-
sis (Fig. 1), but at 60 days, it was declined that may cause by
the induced nutrient deficiency, like as iron as well as due to

the decline in δ-ALA-D activity. Similar type of result was
reported by Vazquez et al. (1987) with Phaseolus vulgaris
plants treated with chromium and Gupta et al. (2017) also
got reduction of chlorophyll in Solanum tuberosum plants
treated with low level of plutonium in nutrient medium.
They also proposed that decrease in net photosynthesis as a
significance of reduced absorption of vital mineral nutrients as
an accidental reason for plant chlorosis; Tanyolac et al. (2007)
has the same type of experience with Zea maize plants treated
with Cu. Rebechini and Hanzely (1974) proposed that de-
crease of chlorophyll was due to injury in chloroplast in
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Fig. 3 Effect of uranium on accumulation of macronutrient/micro
nutrient content in shoots and roots of Pisum sativum L. plants treated
for 30 and 60 days. Data are the mean of three independent

replicates ± SD. Mean values followed by different letters (b and bc)
are significant difference at P < 0.05 and P < 0.01 by one-way ANOVA
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relation to grana and stroma in Ceratophyllum demersum.
Sharma and Dubey (2005) assumed that diminished uptake
of vital elements such asMn and Fe injures the photosynthetic
device, and due to that, chlorophyll deficit happened by am-
plified chlorophyllase movement. One more reason what we
proposed at 60 days, that the plant came to its life maturity that

also ascribed to the reduction in photosynthesis. In case of
carotenoids, there was no change observed at both treatment
and duration in comparison to control; it attributes to U that it
does not induce any inhibition (Fig. 1). It was in accordance
with Pallett and Young (1993) that carotenoid contents were
not going to change or small raise will be noticed; it might be
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that carotenoid acts as a defense device for the plant to cope up
with metal stress.

In general, a decreasing trend was noticed in all other nu-
trient components (after exposure to 30 and 60 days) except S
and P (Fig. 2), which could be elucidated through the fact that
the added nutrients in the solution are adequately used by the
plants for their growth and expansion and to cope up from the
metal persuaded toxicity. S plays a pivotal role because sulfate
transporters can mediate the entry of sulfate-analogs into the
cells and S-containing complexes like glutathione and
phytochelatins, which may amplify the tolerance of plants to
metals through complexation.

The U concentration was increased upon concentration and
duration dependent in the nutrient solution from root to shoot
after 30 and 60 days, but the transfer of U from root to shoot is
less (Fig. 3). With an experiment, Singh et al. (2005) hypoth-
esized that uptake and dispersal of U generally vary from plant
age and species. U accumulation mainly in the roots and less
transfer to shoot was reported by various authors (Ramaswami
et al. 2001; Vandenhove et al. 2006; Gupta et al. 2016b). For
the usual plant growth and development, mineral nutrients
(macro/micro) are very necessary; for the general plant metab-
olism, a limited amount of mineral nutrients is vital day to day.
For the long-term experiments, a decrease of mineral nutrient
was noticed due to extensive use in plant expansion and to
cope up from the toxic element influence on growth.

Macro nutrients, such as Ca content in the root, were in-
creased till 60 days of treatment, but in shoots, it was increased
till 30 days of treatment in [U] = 100 nM concentration (Fig.
3). Oxidative stress and antioxidant system in plants have
been shown to have some relations with Ca2+ and calmodulin
(Huang et al. 2008). Ca and Zn ions are involved in stabilizing
plasma membrane; Ca and Zn deficiency has been described
in previous results of augmentation and may lead to mem-
brane leakage of cell solutes (Marschner et al. 1997). Our
results are in accordance with Smeets et al. (2008) following
exposure to cadmium. Cations, like Ca and Mg, are common-
ly thought to alleviate toxicities of heavy metals through site-
specific competition. Kopittke et al. (2011) hypothesized that
Ca alleviated Pb toxicity through a specific effect in plants.
Straczek et al. (2009) and Vanhoudt et al. (2011) also observed
similar Ca concentration increments in Carrot and in
Arabidopsis plant exposure to different U treatment.

K concentration decreases at the final harvest at 60 days
[U] = 500 nM treatment in both root and shoots (Fig. 3). This
was due to the U, which caused membrane damage that result
in K leakage for the integrity of the cells. Hernandez et al.
(1996) with Cd and pea plant, Gupta et al. (2016b) in pea
plant, and Vanhoudht et al. (2011) in Arabidopsis also observe
K decreases under U exposure. Mg concentration was also
decreased in our plant samples after final harvest in roots
(Fig. 3). It is also in accordance with Vanhoudht et al. (2011)
and Gupta et al. (2016b) following exposure to U decreases

Mg concentration in root at [U] = 100 and 50 μM treatment
for 7 and 5 days, respectively. In another experiment, Huang
et al. (2008) also notice that Mg concentration was reduced
upon addition of [Pb] = 200 and 400 μM to Sedum alfredii
plants for 21 days. Sulfur content was increased upon addition
of U in tested plants after exposure of 30 and 60 days in both
root and shoots (Fig. 3). It is in agreement with Gupta et al.
(2013b) subsequent exposure to arsenic increases S in
Arabidopsis wild-type plants upon addition of 25 and
50 μMAs for 5 days. But Vanhoudt et al. (2011) got opposite
trends upon addition of either U low or high (0.1–100 μM)
concentration in Arabidopsis plants, i.e., decrease of S after
7 days of treatment. Gupta et al. (2016b) also got the opposite
trend when pea plants were treated with [U] = 25 and 50 μM
for 5 days. It is well known that S is an essential component of
amino acids and proteins, and the shortage of S may cause
injury to biomolecules.

Phosphorus concentration was increased till 30 days, and
after that decreased in both the treatments at 60 days of expo-
sure in both root and shoots, but higher than control (Fig. 3).
One reason behind is that U binds phosphate to form uranyl
phosphate complexes which are going to be the steadier and
may form insoluble precipitates. It was in agreement with
Vanhoudt et al. (2011) following the exposure of U to
Arabidopsis plants for 7 days under various treatments.
Smeets et al. (2008) also observed in 3-week-old
Arabidopsis plants a lessening of P after Cd exposure for
1 day.

The absorption of Cu was reduced upon addition of higher
U concentration in contrast to control in both root and shoots
(Fig. 3). It is in agreement with Vanhoudt et al. (2011) follow-
ing the contact of U decreases Cu content in both root and
shoots after 1, 3, and 7 days in Arabidopsis plants; Gupta et al.
(2016b) have the same understanding with pea plants treated
with [U] = 25 and 50 μM for 5 days. Smith et al. (2009)
described that in the leaf tissues, As was specially positioned
in the leaf veins and co-located with Cu. Nevertheless, he
stressed that the motive for the co-localization of Cu with As
(or vice versa) is unknown at present. Fascinatingly, in the
contemporary study, in both root and shoots, Cu concentration
was reduced compared to control. The lessening in essential
nutrient will decrease the plant strength and their aptitude to
cope with (metal) stress; one of the conceivable explanations
may be that Zn ions are intricate in alleviating plasma mem-
brane (Huang et al. 2008). The pragmatic decline in the present
experiment for Zn can also cause electron outflow due to plas-
ma membrane deterioration (Fig. 3). Williams et al. (2009)
institute that Zn content in rice grain considerably declined with
cumulative As content, and the association between As in
shoots and Zn in grains was sturdier than that between As
and Zn in grains. Vanhoudt et al. (2011) also acquired the
analogous type of result after 7 days in Arabidopsis plant ex-
posure to [U] = 100 μM. To make accessible vital
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micronutrients like Fe, Mn, Zn, and Cu in metallic soils, roots
also release metal chelators that liberate the metals from the soil
particles and boost the movement and solubility of the same
(Bertin et al. 2003; Lakshmanan et al. 2012).

The mature seeds of P. sativum plants have accumulated
appreciable amount of metal which followed the order
K > P > S > Mg > Ca > Zn > Cu > U (Fig. 4). Since the

accumulation of U was considerably low (under detection limit
0.01 mg g−1) in the seed samples of [U] = 500 nM treatment,
showing safe for human/animal consumption besides consid-
erable accumulation of other essential metals like K, Mg, and P
may be beneficial for consumption. Several metals such as Cu,
Zn, and Mg are considered to be an important component of
cells and are co-factor in several metalloenzymes in plants for
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a 
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a a a

a a a

a

b b
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bc 

bc
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bc 
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a b
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Fig. 4 Effect of uranium on accumulation of macro/micro elements in
the seeds of Pisum sativum L. plants after ripening of pods (60 days).
Data are the mean of three independent replicates ± SD. Mean values

followed by different letters (b and bc) are significant difference at
P < 0.05 and P < 0.01 by one-way ANOVA
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plant growth and development. Comparable type of studies on
accretion of heavy metal in seeds of Cicer arietinum has been
conceded out by Gupta et al. (2006) and found that 10% fly-ash
alterations with press mud for associate excellent growth of
plants by keeping the level of toxic metals within a safe limit
for human intake. Yang et al. (2011) assumed that surplus P
reduced the circulation of Zn in grain, while Zn boosted the
uptake of Zn and P in grain. The collective solicitation of Zn
fertilizer with the wide use of P fertilizer can successfully in-
crease the P and Zn concentration and Zn bioavailability of
wheat grain, and hence Zn nutritional eminence. In a recent
report by Singh et al. (2016), higher concentration of fly-ash
amendments (50%) with soil may depreciate the soil quality,
and the production of rice is affected by heavy metal which
leads to contamination of toxic metals in the grain and are not
safe for human intake.

Conclusion

The present study concludes that the P. sativum plants may be
useful to grow at low radionuclide [U]-contaminated areas for
safe human/animal use, but for other fission products, we have
to investigate further for the safe consumption. In future stud-
ies, an experiment with contaminated soil should be carried
out, in order to get information on soil-plant relationships and
uranium uptake under actual growing conditions in the field.
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