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Summary

Lead (Pb) can enter the food chain through the consumption of
contaminated plants and can cause serious health issues. However,
research on how Pb accumulation affects morphology of leafy veg-
etables in South Africa is minimal. This study tested the effect of
lead accumulation on vegetative and reproductive traits of Corchorus
olitorius. Plants were grown under varying Pb concentrations, and
studied for their variation in vegetative and reproductive traits as well
as Pb accumulation in leaves, stems and roots. Plants grown within
allowable soil concentrations of 150 mg kg~! Pb accumulated toxic (=
10 mg kg™!) Pb in all plant parts without causing any morphological
defect, except for a decrease in chlorophyll content. Minor reductions
in growth and yield were evident only at 900-1000 mg kg~! concen-
tration. Pb accumulation increased as its concentration increased in
the soil, with a higher accumulation in roots in comparison to aerial
parts. In conclusion, C. olitorius can grow and reproduce under toxic
Pb levels (= 300 mg kg™) and accumulate toxic amounts of Pb (=
10 mg kg™!) without visible morphological defects. Therefore, it is
suitable for phytoremediation but unsafe for consumption when it is
collected from sites prone to Pb contamination.

Keywords: Corchorus olitorius, lead heavy metal, plant accumula-
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Introduction

Contamination of agricultural soils with lead (Pb) is a major problem
for agricultural production and human health (FATTAHI et al., 2019).
Lead, a heavy metal that is not essential for plant growth, can be ac-
cumulated in excess by plants and become toxic to them (SHEORAN
et al., 2016). Lead soil contamination results from sources such as
smelting, combustion of leaded gasoline and application of lead-
contaminated sewage sludge as fertilizer (POURRUT et al., 2011). The
maximum allowable Pb concentration in agricultural soils is 300 mg
kg™! (X140 et al., 2018). The lowest detected value is 0.3 mg kg™!
(AHMAD et al., 2019) and the maximum permissible limit is 10 mg
kg~! (WHO, 1998 cited in JEZLER et al., 2015) Pb within edible plant
parts.

Phytoremediation is a process of growing plants in contaminated
soils to either remove heavy metals (phytoextraction and phytovola-
tilization) or stabilize them into a harmless status (phytostabiliza-
tion or phytoimmobilization) (KHALID et al., 2017; Liu et al., 2018).
Hyperaccumulators are plants that can accumulate metals and metal-
loids at concentrations 100 times greater than that of normal plants
growing in the same environment (SHEORAN et al., 2016). Certain
plants within the Asteraceae and Brassicaceae families can accumu-
late > 1 000 mg kg™ of Pb (SHEORAN et al., 2016). Some wild leafy
vegetables are good accumulators of Pb, too. Amaranthus viridis
is recommended for Pb phytoextraction, whereas Solanum nigrum

* Corresponding author

is recommended for phytostabilization of Pb-contaminated soils
(MALIK et al., 2010).

Corchorus olitorius L., a leafy vegetable commonly known as Jute
mallow, is an annual erect herb that grows in fields, home gardens
(ToviHOUDIJI et al., 2015) and on roadsides (SANYAOLU et al., 2011).
Its leaves are in abundance of iron, folate, protein, fibre, calcium,
riboflavin, carotene, vitamin C and phenols, and have high zinc bio-
availability and appreciable amounts of other proximate components
and minerals (ISUOSUO et al., 2019). Cooked leaves and tender shoots
that are eaten along with food staples are recommended for pregnant
and nursing mothers because of their high iron content (SANYAOLU
et al., 2011). Leaves of C. olitorius are used in folk medicines for dif-
ferent ailments and they possess antioxidant, hepatoprotective and
antidiabetic properties (SALIU et al., 2019). This species has the abili-
ty to accumulate 0.31 mg kg™! of Pb in its leaves when it grows at
< 10 m away from the major roads, which is slightly above the lowest
detected value (0.3 mg kg™!) for consumption purposes (SANYAOLU
et al., 2011). Consumption of lead contaminated food including
vegetables in particular, cause health problems such as brain and kid-
ney diseases (FATTAHI et al., 2019).

Lead uptake is primarily through the roots, but some plants such as
Brassica napus also acquire it through the leaves (RUBIO et al., 2019).
Roots can accumulate large amount of Pb but restrict its movement
towards the shoots (POURRUT et al., 2011). The uptake of Pb from the
soil by plants increases with an increase of its concentration in the
soil — availability being the highest in loam and sandy soils — at high-
er soil moisture levels — and low pH (SHEORAN et al., 2016). Vegetable
and medicinal plants such as Ocimum basilicum show similar plant
height, internode length, leaf length and width as the control when
exposed to 400 mg kg~! Pb (FATTAHI et al., 2019); which is a major
concern because this concentration is above the maximum allowable
soil concentration (300 mg kg’l) (X1A0 et al., 2018).

Lead toxicity can induce different morphological, physiological and
biochemical effects on plants at different stages of plant growth and
contamination (POURRUT et al., 2011). Increase in Pb levels in the
soil retards seed germination, seedling growth and fresh weight of
roots and shoots (YAHAGHI et al., 2019). It also impairs mitosis, root
and shoot growth, transpiration, chlorophyll production, lamellar or-
ganization in the chloroplast and results in leaf chlorosis (POURRUT
et al., 2011). Increased Pb concentration in the soil also reduces the
moisture content of roots, stems and leaves (YILMAZ et al., 2009).
Improved and/or similar morphological features of some edible
plants such as Ocimum basilicum grown under toxic Pb concentra-
tions (= 300 mg kg™') and had accumulated toxic concentrations
(> 0.3 mg kg!), when compared with untreated plants (FATTAHI
et al., 2019), have high potential of intoxicating consumers. When
people from rural areas accidentally harvest such Pb contaminated
vegetables for food and medicinal purposes, they can be intoxicated
by high concentrations or gradual Pb accumulation in their system.
As C. olitorius is one of the leafy vegetables that grow in areas prone
to Pb contamination, it is essential to study its Pb accumulation po-
tential. Depending on the type of species, plants that have accumu-
lated toxic Pb amounts can either have better, retarded or similar
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growth and yield than plants without Pb. Therefore, the objective of
this study was to determine variation in vegetative and reproductive
traits of C. olitorius accumulating different toxic Pb concentrations.

Materials and methods

Seed sourcing, study area and experimental design

Seeds of Corchorus olitorius L. were sourced from the Agricultural
Research Council in Roodeplaat, Pretoria. Subsequent experiments
were conducted at the University of Zululand (28.85416° S, 31.84565°
E), Department of Botany, in a rain-free environment. A black,
humus-rich soil was collected from the university’s farm and had
its properties analysed using a method described by MANSON and
ROBERTS (2000) (Tab. 1). Twenty-litre plastic pots were filled with
soil mixed with lead in the form of lead acetate [Pb(NOs),], applied
at 0, 150, 300, 600, 900 and 1000 mg kg‘l soil as modified from
KHODAVERDILOO et al. (2011). These values were chosen to include
the maximum allowable (< 300 mg kg~!) and toxic (> 300 mg kg™')
Pb levels in agricultural soils (XIAO et al., 2018). The experiment was
laid out in a randomized complete block design with five replications.
Ten seeds of C. olitorius were germinated in each pot and later
thinned into one plant per pot, followed by application of 2:3:2 (27)
NPK fertilizer at a rate of 1 g kg~! of soil. Plants were regularly irri-
gated with deionised water (50 ml per pot), which was then collected
from the base of the pots and reused to irrigate, in order to avoid
nutrient or heavy metal loss.

Measurement of agronomic traits

Germination percentage was recorded at seven days after sowing
(DAS), prior to thinning. All vegetative traits were measured at 44
DAS, whereas the number of branches and all reproductive traits
were measured at 85 DAS, in quintuplicate. Plant height (cm) was
measured from the soil level to the tip of the stem using a ruler. The
numbers of leaves and branches were counted manually. Vernier cal-
lipers were used to measure stem width (mm) at 10 cm from the soil
level. Leaf area (length x width) (cm?) was recorded on the fourth
leaf from the apex using a ruler. The leaf chlorophyll content of the
fifth oldest leaf (from the apex of the main stem) was captured with
a chlorophyll content meter (CCM-200). Five different spots were
randomly measured in the leaf and provided the average leaf chlo-
rophyll content.

Plants were uprooted, washed with distilled water and blot-dried
with a paper towel, and had their root length (cm) measured from the
root tip to the base of the stem using a ruler. The fresh mass (g) of
roots, stems and leaves of uprooted plants were measured separately.
Separated plant parts were oven dried at 60 °C until constant dry

Tab. 1: Properties of the soil used in the research

Soil property Value (mg kg~! for elements)

P 10

K 170
Mg 1432

Na 525

Zn 22

Cu 3
Mn 6

Fe 395

pH 4.5
Clay content 23.0%
Organic matter 4.3%

mass. The dry mass (g) and moisture content of roots, stems and
leaves were also determined separately. The number of pods per
plant was counted manually, and pod length (cm) and width (cm)
determined with Vernier callipers. Seed traits were determined from
five pods per plant per treatment. The number of seeds per pod was
counted manually; total seed mass (g) per pod and 100-seed mass (g)
in each pod were also recorded.

Lead content of plant parts

Plants were analysed for lead accumulation in roots, stems and leaves
at both seedling (44 DAS) and termination or maturity (85 DAS)
stages. Three pots were selected for harvesting and each pot was
used as a replicate for each plant part. Plants were carefully uprooted,
thoroughly washed with distilled water and blot-dried with a paper
towel. Plants were then separated into leaves, stems and roots. Each
plant part (in three separate replicates) was cut into pieces and fur-
ther dried in an oven at 80 °C until they reached a constant weight.
Dried samples were ground into powder and packaged in air-tight
plastic containers and stored in a fridge (—4 °C) for further analysis.
One gram of each milled sample was dissolved in 5 ml of 60% hy-
drochloric acid and 10 ml of 70% nitric acid, and then digested at a
moderate temperature of 50 °C until white fumes evolved, and the
solution changed to a brownish colour. The heat was further intensi-
fied for few minutes to expel most of the HCIL. 50ml distilled water
were added, heated for few minutes and allowed to cool. The solution
was filtered through a Whatman’s No. 1 paper into a transparent plas-
tic container, and was allowed to settle for a few minutes for the aspi-
ration of the lead accordingly. The digested sample was analysed for
lead concentration using an atomic absorption spectrophotometer.

Statistical analysis

Data were subject to analysis of variance (one-way ANOVA) in
GenStat 12.1 version. Means were separated using Tukey’s Multiple
Range Test in GenStat at a 5% level of significance. Correlation ma-
trix analysis also determined the relationship between vegetative and
reproductive traits.

Results

Vegetative traits

Some vegetative traits of plants treated with lead differed signifi-
cantly (p < 0.05) from each other and/or the untreated plants except
for root length; number of branches, and leaf fresh mass (Tab. 2).
Lead application at 300 mg kg™! was associated with the maximum
germination rate (100%) of C. olitorius seeds, whereas the minimum
germination rate (60%) corresponded with 1000 mg kg~!. A signifi-
cant reduction in seed germination was recorded for plants exposed
to 900-1000 mg kg~! Pb compared with the control. Plants exposed
to 150-600 mg kg~' Pb were taller than untreated plants, whereas
the shortest plants were exposed to 1000 mg kg~'. The plants treated
with 1000 mg kg~! Pb had the thinnest stems compared with the
control, but their stem girth was similar to all other treated plants.
Exposure of plants to 150 mg kg~' Pb promoted the formation of
numerous leaves, whereas 1000 mg kg~! Pb drastically reduced
the number of leaves per plant compared with the control. Leaves
gradually became smaller as the concentration of Pb increased above
300 mg kg~!. Plants treated with Pb had a significantly lower chloro-
phyll content than untreated plants. Only stems and leaves of plants
exposed to 150 mg kg~! Pb had increased fresh and dry mass, respec-
tively. This treatment also caused an increase in stem moisture con-
tent, but a reduction in leaf moisture content. However, a reduction
in leaf moisture content was only significant when compared with
untreated plants and 1000 mg kg~ Pb.
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Tab. 2: Effect of lead on the vegetative traits of C. olitorius.
Conc. GP RL PH SG NB NL LA LCC LFM SFM RFM LDM SDM RDM LMC SMC RMC
000  90.0% 247% 3800° 5.09* 8.0* 258> 54.13* 5407* 727% 555  134%c 108> 070> 0512 8490 61.70° 87.20°
150 86780  26.3% 43.60P 486 8.8 3448 4990% 4454 859° 877* 193* 2.64* 129% 0.16° 69.339 91.70° 89.30%
300 100®  26.0* 4420° 468 80*  304% 47.11° 44.04> 479 9.16* 144% 089° 083> 046* 81.50" 65.20° 91.07%
600 7002 2378 49808 4792 78  240° 46.73% 37.77¢ 604> 6412 127%c 128> 083> 044% 78.83° 65.90° 87.13°
900 7332 2632 36.00° 4442 742 208° 36.22¢ 43.53Y 6.02° 5152 099> 1.14> 065> 0.322 81.10¢ 67.90° 87.07°
1000 60.0°> 160* 29.804 405> 722 1429 3476° 3452¢ 630 6.11*  057° 0.72° 041° 021° 91332 71.20° 93272
GM 800 238 4023 465 787 2493 4484 4308 650 686 126 129 079 035 81.17 7060 89.17
CV% 163 203 63 92 147 121 66 45 8.9 381 239 185 99 188 22 8.8 20
LSD 2372 881 335 057 153 398 391 256 106 475 055 044 014 012 323 1133 3.19
P-value 0033 0.159 <001 002 036 <001 <001 <001 <001 035 0005 <001 <001 <001 <001 0002 0.006

Means followed by different superscript(s) within a column vary significantly (P < 0.05). Conc. (concentration (mg kg™!)); GP (germination percentage (%)); RL
(root length (cm)); PH (plant height (cm)); SG (stem girth (mm)); NB (number of branches); LA (leaf area (cmz)); NL (number of leaves); LCC (leaf chlorophyll
content (mg cm™2)); LEM (leaf fresh mass (2)); SEM (stem fresh mass (g)); RFM (root fresh mass (g)); LDM (leaf dry mass (g)); SDM (stem dry mass (g)); RDM
(root dry mass (g)); LMC (leaf moisture content (%)); SMC (stem moisture content (%)); RMC (root moisture content (%)).

Reproductive traits

Reproductive traits of Pb-treated plants differed significantly among
each other and from the untreated plants, except for the number of
pods per plant (Tab. 3). A reduction in pod length was recorded
in plants treated with 900-1000 mg kg~! Pb, when compared with
the control. Only pods from plants treated with 1000 mg kg~! were
lighter than those of untreated plants. Although the number of seeds
per pod of the untreated plants were insignificantly different from
all treated plants, 150 mg kg™ produced plants with more numerous
seeds per pod than plants treated with 900—1000 mg kg~!. Total seed
mass of plants grown under 150 mg kg~! was higher than seeds of un-
treated plants and those treated with = 600 mg kg~!. Also, treatment
with 150 mg kg! resulted in plants with a heavier 100-seed weight
than untreated plants and those exposed to 600 and 100 mg kg™!.

Lead accumulation and correlation matrix

Lead accumulation differed significantly within each plant part
and among different plant parts at seedling (44 days after sowing)
and termination or maturity (85 days after sowing) stages (Tab. 4).
Among the treated plants, mature roots of plants exposed to 900 mg
kg! had accumulated the most Pb (634.0 mg kg™!); whereas ma-
ture leaves treated with 1000 mg kg~ had the least (22.8 mg kg ™).
Accumulation of a range from 22.8-78.8 mg kg~' in immature and

Tab. 3: Effect of lead on the reproduction traits of C. olitorius.

mature stems and leaves of plants exposed to different Pb concentra-
tion in the soil did not differ significantly with the untreated plants
without Pb.

At seedling stage, application of 1000 mg kg~! resulted in plants with
the highest Pb accumulation (448.8 mg kg™!) in roots; but the lowest
(67.0 mg kg™') in stems, when compared with all other treatments.
At both stages of growth, an increase in Pb soil content resulted in
its high accumulation in the roots. However, in immature stems and
leaves, the increase in accumulation was evident up to the maximum
of 900 mg kg~' Pb and then declined drastically at 1000 mg kg~'.
In mature stems, the increase was only evident in plants exposed to
1000 mg kg™'; whereas leaves were not significantly different from
each other. Also, in each Pb concentration in the soil, the accumula-
tion was the highest in roots and then decreased relatively similarly
in stems and leaves, at both stages of growth.

Almost all traits had a significant positive correlation with at least
50% of the traits investigated, except for root dry mass and leaf
moisture content (Tab. 5). Most vegetative traits correlated signifi-
cantly with one another except for leaf chlorophyll content, root dry
mass, and moisture content of leaves, stems and roots. Further, pod
and seed traits were significantly correlated with one another and to
most of the vegetative traits, except root fresh mass; leaf and root dry
mass, as well as leaf, stem and root moisture content.

Tab. 4: Accumulation of Pb in roots, stems and leaves of C. olitorius.

Harvest stage  Pb in soil Pb in plant parts (mg kg1

(days after (mgkg™) Roots Stem Leaves
Conc. NP PL PM SPP TSM 100-SM sowing)
0 7.00° 6.35% 5501 114.4%  (.12b 0.11% 44 0 0.0! 0.0 0.0!
150 5.50° 497¢ 5407 139.6 025 0.15 150 185.5¢f 78.8271 110.57%
300 6.75* 6.48% 5382 1214%  0.17%  0.17° 300 276.84 78.2¢1 136.2H
600 6.25% 6.62¢ 5378 113.0®* (.13 0.142 600 340.8¢ 159.2f¢h 179.5°f¢
900 2.25% 4.77¢ 4,580 98.4b 0.15° 0.152 900 409.5b¢ 202.5¢f 212.0¢
1000 6.50° 5425 4.11b 86.6° 0.10° 0.09¢ 1000 448.8° 67.0"! 68.6"1
GM 571 5.77 5.06 1122 015 0.13 85 0 00' 0.0' 0.0
CV% 405 8.4 9.1 16.0 313 148 150 129.25 332+ 34.5
LSD 348 0.73 0.69 2374 006 0.03 300 212.5¢ 37.5H1 39.2H
P-value 0092 <001 0003 0003 0001 <001 600 483.8 332+ 420+

900 634.0° 410+ 26211

Means followed by different superscript(s) within a column vary significantly 1000 596.82 116.0fk 27 gkl

(P < 0.05). NP (number of pods); PL (pod length (cm)); PM (pod mass (g));
SPP (number of seeds per pod); TSM (total seeds mass (g)); 100-SM (100
seed mass (g)).

Means followed by different superscript(s) within a column and a row vary
significantly (P < 0.05)
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Tab. 5: Correlation matrix among vegetative and reproductive traits.

Traits RL PH SG NB NL LA LCC LFM SFM RFM LDM SDM RDM LMC SMC RMC NP PL PW SPP TSM
PH 053

SG 084 0.86

NB 083 082 0.95

NL 052 090 081 0.76

LA 056 094 091 087 0.90

LCC 040 0.85 0.78 0.73 083 0.90

LFM 089 057 085 086 056 0.63 057

SFM 090 0.71 075 0.79 086 0.71 059 0.72

RFM 090 056 080 0.77 068 060 045 0388 0.0

LDM 0.77 054 071 073 068 056 043 081 090 0388

SDM 0.86 0.68 083 086 0.75 0.68 049 082 089 090 0.92

RDM 0.64 0.81 054 056 029 037 039 055 023 047 024 043

LMC 079 039 071 066 030 044 033 078 042 065 044 053 054

SMC 0.73 028 0.60 055 035 034 0.15 075 061 080 0.68 0.63 031 0.84

RMC 083 048 0.77 071 043 051 037 083 058 076 058 0.65 051 098 091

NP 0.67 088 088 090 0.79 090 077 061 064 059 054 074 048 038 023 044

PL 062 087 086 091 075 091 0.78 0.60 061 052 045 0.67 050 043 023 047 1.00

PW 062 089 088 093 079 093 080 0.64 069 056 055 072 045 042 027 048 097 099

SPP 0.61 0.88 087 090 0.77 093 083 059 059 051 044 0.64 052 043 021 047 1.00 099 098
TSM 061 087 08 086 079 084 069 051 067 053 046 072 045 037 023 044 093 095 093 093
éOMO- 0.66 081 081 090 0.74 081 065 058 069 058 055 076 045 037 027 045 1.00 096 095 093 0.96

Values = 0.6 in bold are significant. Traits are described in Tab. 2 and 3.

Discussion

Phytoremediation and toxic consumption potential of C. olitorius
exposed to lead contaminated soils

Corchorus olitorius species accumulated toxic lead content (> 10 mg
kg!) even when grown at concentrations below the maximum allow-
able soil levels (300 mg kg™!), but had very low morphological defects
even at the exposure to high Pb concentrations in the soil. However,
its herein observed maximum Pb accumulation of 634 mg kg™! does
not qualify it as hyperaccumulator (SHEORAN et al., 2016). This plant
is good for phytoextraction purposes, because it can grow well in Pb
contaminated soil, remove it and accumulate it within its plant parts
(LU et al., 2018). It can also be recommended for phytostabilization
purpose because it accumulates high levels of Pb in its roots and
transport limited amount to the aerial parts (KHALID et al., 2017).
The low phytotoxicity was probably caused by the retention of more
Pb in roots and less translocation to the stems and leaves (shoots) (SHI
et al., 2019). Although this retention was evident in the study, but the
concentration that ranges from 22.8-212.0 mg kg~ accumulated in
its stems and leaves, is very high for the maximum recommended
10 mg kg~! Pb within the consumed plant part (JEZLER et al., 2015).
Statistical analysis showed insignificant differences of accumulated
concentrations from 0-100 mg kg~' Pb among the C. olitorius plant
parts; but this can be disputed and consider the maximum allowable
concentration of 10 mg kg~! Pb for consumption purposes.

A 150 mg kg~! Pb concentration in the soil, which is half the maxi-
mum limit of 300 mg kg™! (X1a0 et al., 2018), either promoted
growth and yield in C. olitorius or induced traits that were similar
to the untreated plants. These included plants with numerous leaves
that were relatively large, with higher fresh and dry masses — in-
creased shoot dry mass and moisture content — as well as heavier
total and 100-seeds weight. These features can make the plant to be
selected for vegetable harvest by rural communities when they had
accumulated toxic amounts of 78.8 and 33.2 mg kg~! in stems as well
as 110.5 and 34.5 mg kg™! in leaves at immature and mature stages,
respectively. C. olitorius accumulates Pb at low soil concentrations,

but Pb becomes intensified within the plant leading to toxic amounts
for consumption purposes. There was also a significant decline in Pb
concentration of stems (202.5-41.0 mg kg™') and leaves (212.0-26.2
mg kg~!) from immature to mature stages of C. olitorius plants ex-
posed to 900 mg kg~! Pb soil concentration, respectively. This might
result from an increased level of phytostabilization in this plant
(KHALID et al., 2017; L1u et al., 2018), and enhanced passive mecha-
nisms as even small amount of Pb penetrated root cell membranes,
interacted with cellular components and increased thickness of the
cell walls (POURRUT et al., 2011), as plants were forming nodule-like
swellings in their roots in concentrations from 900-1000 mg kg™! at
maturity.

Effects of consumption of plants such as vegetables that are contami-
nated with Pb differs among individuals and their different stages
of growth (DINIS and F10zA, 2011). As C. olitorius is recommended
for pregnant and nursing mothers (SANYAOLU et al., 2011), its con-
sumption with trace amounts of Pb might lead to severe health is-
sues of both the mother and the foetus. Pregnant mothers, foetus and
breastfeeding individuals are more susceptible to renal failure, car-
diovascular diseases as well as neurological and mental disorders as
a result of Pb toxicity (DINIS and F10zA, 2011; SARWAR et al., 2017).
Therefore, precautions are necessary for the collection sites of these
vegetables by pregnant women.

High accumulation of Pb in C. olitorius roots and relatively less
translocation to the aerial parts is similar to the records in edible
plants such as Amaranthus viridis, Malvastrum coromandelianum
and Chenopodium album (MALIK et al., 2010), as well as Mentha ar-
vensis (JEZLER et al., 2015). However, in Ocimim bacilicum Pb con-
centration was higher in leaves than roots when plants were exposed
to 100 and 200 mg kg~! Pb (FATTAHI et al., 2019). C. olitorius is a po-
tential species for phytoremediation in Pb contaminated areas with
advantages such as high germination rate, growth and yield rates on
Pb intoxicated soils. It also quickly accumulates lead at very juve-
nile stages without any morphological defects (phytotoxicity), which
is a requirement for a good species for phytoremediation purposes
(SARWAR et al., 2017, L1U et al., 2018).
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Agro-morphological traits

Insignificant changes in the germination rate of C. olitorius seeds
sown in Pb treated soils compared with the control indicate that it
can germinate successfully even in Pb concentrations far above the
maximum allowable limit of 300 mg kg™! in agricultural soils (X1A0
et al., 2018). However, seeds of Ocimum basilicum had a significant
decline in their germination percentage with an increase in Pb con-
centration from 0-80 mg L' (FATTAHI et al., 2019). This also reveals
that Pb toxicity varies between plant species, as plants with phytore-
mediation properties tolerate more Pb than sensitive ones (POURRUT
et al., 2011). When Pb is in excess in the soil for a particular plant,
it interferes with hydrolytic enzymes, including proteases and amy-
lases that breaks down the cotyledons to initiate the germination pro-
cess (POURRUT et al., 2011).

The insignificant differences between control and Pb exposed C. oli-
torius plants in terms of root length, number of branches, stem and
root fresh mass and number of pods indicate that this species pos-
sesses some phytoremediation properties. The same holds for insig-
nificances with the control for stem girth, number of leaves, dry mass
of leaves, stems and roots, root moisture content, pod length and
mass, number of seeds per pod and total seed mass when plants were
exposed to toxic soil Pb levels (= 300 mg kg™") (X140 et al., 2018).
Although Pb is a non-nutrient heavy metal (SHEORAN et al., 2016),
exposure of C. olitorius to mild soil concentration of 150 mg kg™
resulted in taller plants, numerous leaves, heavier dried leaves and
stems, higher stem moisture content, numerous seeds per pod as well
as higher total seed and 100-seed mass than the control. A similar
trend was recorded in Ocimum basilicum where Pb treatments (100—
400 mg kg™ resulted in taller flowering stems as well as leaf collars
and stem that are wider, than the control (FATTAHI et al., 2019). This
might result from prolific cell division and intensive reproduction as
plants were exposed to heavy metal stress, which is the similar case
as in Eclipta prostrata (CHANDRASEKHAR and RAY, 2019).

High dry mass and low moisture content in leaves of plants exposed
to 150 mg kg™, could have resulted from the loading of photosynthet-
ic products in them, as they are the site of photosynthesis. However,
the retain of both high dry weight and moisture content of stems was
related to the taller plants at this Pb concentration. Therefore, more
secondary tissues contributed to dry mass and moisture content re-
lates to the stem as the passage for the transpiration and assimilation
streams which both works with adequate moisture content. Roots at
this concentration had a drastic reduction in their dry mass because
they function primarily for water absorption, although their moisture
content was basically the same as that of the control. However, the
increase in root moisture content in plants exposed to 1000 mg kg™
is evident of high Pb accumulation (448.8 mg kg™!) at this concentra-
tion, which will facilitate more water uptake from the soil (ZHANG
et al., 2019).

Insignificant effect of Pb application on the length of C. olitorius
roots was contrary to a decline in root length of Solanum melon-
gena (YILMAZ et al., 2009) and Spinacia oleracea (ALIA et al., 2015)
caused by 150 and 300 mg kg' Pb levels, respectively. Resistance
of C. olitorius is an indication of its phytoremediation potential and
therefore reacts differently to Pb toxicity in the soil. The Pb inhibi-
tion on root growth depends on the lead and ionic composition and
the pH of the medium (POURRUT et al., 2011). Interaction of Pb with
the chemicals found in the soil results in reduced cell growth and
formation, which results in root and shoot growth inhibition (ALIA
et al., 2015). Increase in height of plants exposed to 150—600 mg
kg~!, but a decrease only at 1000 mg kg~! Pb concentration probably
means that C. olitorius can resist and undergo proper stem cell divi-
sion and elongation at toxic Pb levels (> 300 mg kg™'). On contrary,
high Pb levels results in a decrease in plant height in Spinacia olera-
cea (LAMHAMDI et al., 2013).

Stem girth and number of branches of C. olitorius were not affected

by Pb application, which is indicative of species resistance towards
toxic Pb concentrations. Similarly, an insignificant decline in stem
diameter at increasing Pb levels in the soil was also recorded in
Ligustrum lucidum seedling (ZHOU et al., 2018). However, diameter
of Spinacia oleracea shoots decreased as a result of an increase in
Pb in the growth medium (LAMHAMDI et al., 2013). Also, increasing
Pb resulted in a decrease in number surviving shoots in Salix species
(WANG et al., 2014).

The lowest Pb concentration (150 mg kg™') increased the number of
C. olitorius leaves, with a decline only at the highest (1000 mg kg™")
concentration in the soil. Increase in Pb soil concentration (100—
1 600 mg kg™) did not affect the number of Eclipta prostrata and
Scoparia dulcis leaves but reduced that of Phyllanthus niruri leaves
at the maximum dose of 1 600 mg kg~! (CHANDRASEKHAR and RAY,
2019). Differences in response towards Pb contamination in the cur-
rent and previous studies shows that Pb effect is species dependant.
The decline in leaf number at highest Pb concentrations results from
leaf senescence, chlorosis, and later abscission, because of the dis-
turbed plant metabolic activities (CHANDRASEKHAR and RAY, 2019;
SHi et al., 2019).

A gradual reduction in C. olitorius leaf area in concentrations =
300 mg kg! indicated lead toxicity in the soil, which is known to
reduce the leaf area in plants, such as Taraxacum officinale (BINI
et al., 2012). The decline in leaf chlorophyll content in the current
study is similar to the reduction recorded in Triticum aestivum and
Spinacia oleracea (LAMHAMDI et al., 2013) when Pb concentration
was increase in the soil. This was probably a result of toxic levels of
Pb that altered relative proportion of chlorophyll a and chlorophyll b
and thus reduced total chlorophyll production and the rate of photo-
synthesis (KHAN et al., 2013; Hou et al., 2018).

Insignificant difference in the fresh and dry weight of C. olitorius
leaves, stems and roots treated with Pb than the control, with few
exceptions, might imply the potential of these plants to grow rela-
tively well under Pb contaminated soils. Different responses towards
Pb contamination were recorded in different plants, where fresh and
dry weights of shoots and roots of Eclipta prostrata were increased
by an increase in Pb concentrations (100—1 600 mg kg™!); were not
affected in Scoparia dulcis; but they were drastically decreased
in both Phyllanthus niruri (CHANDRASEKHAR and RAY, 2019) and
Helianthus annus (with Pb increase from 300-900 mg kg™") (SALEEM
et al., 2018). The increase in C. olitorius leaf and stem dry mass at
150 mg kg—1 might result from enhanced growth under Pb applica-
tion as in Eclipta prostrata (CHANDRASEKHAR and RAY, 2019) but
reduction in stem and root dry mass at 1000 mg kg—1 was caused by
growth retardation at high Pb concentrations as in Spinacia oleracea
and Triticum aestivum (LAMHAMDI et al., 2013), Ceratophyllum de-
mersum (AFAJ et al., 2017), Helianthus annus (SALEEM et al., 2018)
and Phyllanthus niruri (CHANDRASEKHAR and RAY, 2019).

Moisture content of C. olitorius leaves, stems and roots was hardly
affected by Pb application, except for its decrease in leaves (150 and
600 mg kg~! Pb) and increase in stems (150 mg kg™") as well as leaves
and roots (I 000 mg kg™!). Similarly, the relative water content of
Eichhornia crassipes seedlings increased at low Pb concentrations
and started to decrease at higher concentrations, when compared
with the control (MALAR et el., 2014). However, increase of Pb in the
soil resulted in a decline in moisture content in Spinacia oleracea
(ALIA et al., 2015).

Increasing concentrations of Pb in the soil interfere with cell forma-
tion in the roots which results in reduced plant growth (ALIA et al.,
2015). Lead adversely affects plant biomass by reducing the accumu-
lation and translocation of other essential nutrients and by blocking
their entry or binding to the nutrient carriers making them unavail-
able for other elements (PINHO and LADEIRO, 2012).

An insignificant effect of Pb in most C. olitorius reproductive traits,
with few exceptions, probably means that plants that reach the re-
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productive stages (maturity) are less affected by the amount of Pb in
the soil. Increase in total and 100—seed mass at lower Pb concentra-
tions (150 and 300 mg kg™!) might be a response toward stress, where
plants maximizes their resources for reproduction than vegetative
growth (CHO et al., 2017). However, in Zea mays the presence of Pb
in the soil results in a decrease in seeds mass (GHANI, 2010).

Correlation matrix

Vegetative and reproductive traits correlated with each other in terms
of how they are affected by Pb content in the soil. Moisture content
of leaves, stems and roots had a strong positive correlation with one
another and they were all less affected by Pb content. Although leaf
chlorophyll content was drastically reduced by the increase in Pb
concentration, it correlated positively with less-affected reproduc-
tive traits as well as stem and leaf traits. Significant positive cor-
relations among vegetative and reproductive traits are essential to
indicate similar effect of Pb on all traits. Insignificant correlation of
reproductive traits with some vegetative traits such as root fresh and
dry mass; leaf dry mass as well as moisture content of roots, stems
and leaves probably means that these plants do not entirely depend
on these traits for reproduction. The growth of Ligustrum lucidum
seedlings under Pb stress had a significant negative correlation with
dry mass of roots, stems and leaves (ZHOU et al., 2018). Several stud-
ies mainly focus on correlation matrix among different heavy metals
(BINT et al., 2012) and their accumulation within plants (HASHIM et
al., 2017; HUANG et al., 2017; FATTAHI et al., 2019; SHI et al., 2019),
but less among plant traits that are affected by heavy metals.

Conclusions

Corchorus olitorius accumulates toxic amounts of Pb when growing
in Pb-contaminated soils, but continues to grow successfully. This
shows its potential for phytoremediation. However, its consumption
can be fatal to humans when it is collected from Pb-contaminated
areas. Pb is less translocated from roots to aerial plant parts, but con-
tinuous shoot consumption could lead to gradual Pb accumulation in
humans over time resulting in its toxicity. Therefore, collection and
consumption of this vegetable species from areas that are prone to
Pb contamination is not recommended. Future research will focus on
variation on growth and yield of Pb-treated C. olitorius plants, grown
in different soil types under different climatic conditions. This will
also include the measurement of pH and ion conductivity of the col-
lected run-off water in order to source information on the mobility of
Pb ions, such as availability of Pb to the roots.

Acknowledgements
The National Research Foundation and University of Zululand
Research Office are acknowledged for financial assistance.

References

AHMAD, K., WAIID, K., KHAN, Z.I., UGuLU, 1., MOMOONA, H., SANA, M.,
NawAz, K., MALIK, L.S., BASHIR, H., SHER, M., 2019: Evaluation of po-
tential toxic metals accumulation in wheat irrigated with wastewater.
Bull. Environ. Contam. Toxicol. 102, 822-828.

DOI: 10.1007/s00128-019-02605-1

AFAI, A H., JassiM, A.J., NOORI, M.M., SCHUTH, C., 2017: Effects of lead
toxicity on the total chlorophyll content and growth changes of the
aquatic plant Ceratophyllum demersum L. Int. J. Environ. Stud. 74, 119-
128. DOI: 10.1080/00207233.2016.1220723

ALIA, N., SARDAR, K., SAID, M., SALMA, K., SADIA, A., SADAF, S., TOQEER,
A., MIKLAS, S., 2015: Toxicity and bioaccumulation of heavy metals in

spinach (Spinacia oleracea) grown in a controlled environment. Int. J.
Environ. Res. Public Health 12, 7400-7416.
DOI: 10.3390/ijerph120707400

BINI, C., WAHSHA, M., FONTANA, S., MALECI, L., 2012: Effects of heavy
metals on morphological characteristics of Taraxacum officinale Web
growing on mine soils in NE Italy. J. Geochem. 123, 101-108.

DOLI: 10.1016/j.gexplo.2012.07.009

CHANDRASEKHAR, C., RAY, J.G., 2019: Lead accumulation, growth response
and biochemical changes of three plant species exposed to soil amended
with different concentrations of lead nitrate. Ecotoxicol. Environ. Safety
171, 26-36. DOI: 10.1016/j.ecoenv.2018.12.058

CHo, L-H., YOON, J., AN, G., 2017: The control of flowering time by environ-
mental factors. Plant J. 90, 708-719. DOI: 10.1111/tpj.13461

Dinis, M.D., Fiuza, A., 2011: Exposure assessment to heavy metals in the
environment: measures to eliminate or reduce the exposure to critical re-
ceptors. In: Simeonov. L.I., Kochubovski, M.V., Simeonova, B.G. (eds.),
Environmental heavy metal pollution and effect on child mental devel-
opment: Risk assessment and prevention strategies, 26-50. Springer:
Published in association with NATO Public Diplomacy Division.

FATTAHI, B., ARZANI, K., SOURI, M K., BARZEGAR, M., 2019: Effect of cad-
mium and lead on seed germination, morphological traits, and essential
oil composition of sweet basil (Ocimum basilicum L.). Ind. Crop. Prod.
138, 111548. DOI: 10.1016/j.indcrop.2019.111584

GHANI, A., 2010: Toxic effects of heavy metals on plant growth and metal
accumulation in maize (Zea mays L.). Iran. J. Toxicol. 3, 325-334.

HasHiMm, T.A., ABBAS, H.H., FARID, .M., EL-HUSSEINY, O.H.M., ABBAS,
M.H.H., 2017: Accumulation of some heavy metals in plants and soils
adjacent to Cairo — Alexandria Agricultural Highway. Egypt. J. Soil Sci.
57,215-232. DOL: 10.21608/ejss.2016.281.1047

Hou, X., HAN, H., CalL L., Liu, A., MA, X., ZHoU, C., WANG, G., MENG,
F.,2018: Pb stress effects on leaf chlorophyll fluorescence, antioxidative
enzyme activities, and organic acid contents of Pogonatherum crinitum
seedlings. Flora 240, 82-88. DOI: 10.1016/j.flora.2018.01.006

HUANG, L., ZHANG, H., SONG, Y., YANG, Y., CHEN, H., TANG, M., 2017:
Subcellular compartmentalization and chemical forms of lead partici-
pate in lead tolerance of Robinia pseudoacacia L. with Funneliformis
mosseae. Front. Plant Sci. 8, 517. DOI: 10.3389/fpls.2017.00517

Isuosuo, C.C., AKANEME, F.I., ABU, N.E., 2019: Nutritional evaluation of the
seeds of Corchorus olitorius: a neglected and underutilized species in
Nigeria. Pak. J. Nutr. 18, 692-703. DOI: 10.3923/pjn.2019.692.703

JEZLER, C.N., MANGABEIRA, P.A.O., DE ALMEIDA, A.-AF., DE JESuUSs, R.M.,
DE OLIVEIRA, R.A, DA COSTA SILVA, D., DO BOMFIM COSTA, L.C., 2015:
Pb and Cd on growth, leaf ultrastructure and essential oil yield mint
(Mentha arvensis L.). Ciéncia Rural 45, 392-398.

DOI: 10.1590/0103-8478cr20130966

KHALID, S., SHAHID, M., N1azI, N.K., MURTAZA, B., BiBL, 1., DUMAT, C.,
2017: A comparison of technologies for remediation of heavy metal con-
taminated soils. J. Geochem. 182, 247-268.

DOLI: 10.1016/j.gexplo.2016.11.021

KHAN, A., JAVID, S., MUHMOOD, A., MIEED, T., NIAZ, A., MAJEED, A., 2013:
Heavy metal status of soil and vegetables grown on peri-urban area of
Lahore district. Soil Environ. 32, 49-54.

KHODAVERDILOO, H., DASHTAKI, S.G., REZAPOUR, S., 2011: Lead and cad-
mium accumulation potential and toxicity threshold determined for land
cress and spinach. Int. J. Plant Prod. 5, 275-282.

LAMHAMDI, M., GALIOU, O., BAKRIM, A., NOVOA-MUNEZ, J.C., ARIAS-
ESTEVEZ, M., ARAB, A., LAFONT, R., 2013: Effect of lead stress on
mineral content and growth of wheat (Triticum aestivum) and spinach
(Spinacia oleracea) seedlings. Saudi J. Biol. Sci. 20, 20-36.

DOI: 10.1016/j.sjbs.2012.09.001

Liu, L., L1, W, SONG, W., Guo, M., 2018: Remediation techniques for
heavy metal-contaminated soils: Principles and applicability. Sci. Total
Environ. 633,206-219. DOI: 10.1016/].scitotenv.2018.03.161

MALAR, S., VIKRAM, S.S., Favas, P.J.C., PERUMAL, V., 2014: Lead heavy
metal toxicity induced changes on growth and antioxidative enzymes


https://doi.org/10.1007/s00128-019-02605-1
http://dx.doi.org/10.1080/00207233.2016.1220723
http://dx.doi.org/10.3390/ijerph120707400
http://dx.doi.org/10.1016/j.gexplo.2012.07.009
http://dx.doi.org/10.1016/j.ecoenv.2018.12.058
http://dx.doi.org/10.1111/tpj.13461
http://dx.doi.org/10.1016/j.indcrop.2019.111584
http://dx.doi.org/10.21608/ejss.2016.281.1047
http://dx.doi.org/10.1016/j.flora.2018.01.006
http://dx.doi.org/10.3389/fpls.2017.00517
http://dx.doi.org/10.3923/pjn.2019.692.703
http://dx.doi.org/10.1590/0103-8478cr20130966
http://dx.doi.org/10.1016/j.gexplo.2016.11.021
http://dx.doi.org/10.1016/j.sjbs.2012.09.001
http://dx.doi.org/10.1016/j.scitotenv.2018.03.161

Effect of lead on Corchorus olitorius 377

level in water hyacinths [Eichhornia crassipes (Mart.)]. Bot. Stud. 55, 54.
DOI: 10.1186/s40529-014-0054-6

MALIK, R.N., HUSAIN, S.Z., NAZIR, 1., 2010: Heavy metal contamination
and accumulation in soil and wild plant species from industrial area of
Islamabad, Pakistan. Pak. J. Bot. 42, 291-301.

MANSON, A.D., ROBERTS, V.G., 2000. Analytical methods used by the soil
fertility and analytical services section. KwaZulu-Natal Department of
Agriculture and Rural Development, KZN Agri-Report No. N/A/2001/4.

PINHO, S., LADEIRO, B., 2012: Phytotoxicity by lead as heavy metal focus on
oxidative stress. J. Bot. DOI: 10.1155/2012/369572

POURRUT, B., SHAHID, M., DUMAT, C., WINTERTON, P., PINELLI, E., 2011:
Lead uptake, toxicity, and detoxification in plants. In: Whitacre, D.M.
(ed.), Rev. Environ. Contam. Toxicol. 213, 113-136.

DOI: 10.1007/978-1-4419-9860-6_4

RuBIO, M., MERA, ML.F., CAZON, S., RuBio, M.E., PEREZ, C.A., 2019: SR
Micro-XRF to study Pb diffusion using a one-dimensional geometric
model in leaves of Brassica napus for phytoremediation. Radiat. Phys.
and Chem., In Press. DOI: 10.1016/j.radphyschem.2019.04.041

SALEEM, M., ASGHAR, H.N., ZAHIR, Z.A., SHAHID, M., 2018: Impact of lead
tolerant plant growth promoting rhizobacteria on growth, physiology,
antioxidant activities, yield and lead content in sunflower in lead con-
taminated soil. Chemosphere 195, 606-614.

DOI: 10.1016/j.chemosphere.2017.12.117

SALIU, J.A., ADEMILUYI, A.O., BOLIGON, A.A., OBOH, G., SCHETINGER,
M.R.C., RocHA, J.B.T., 2019: Dietary supplementation of jute leaf
(Corchorus olitorius) modulates hepatic delta-aminolevulinic acid de-
hydratase (3-ALAD) activity and oxidative status in high-fat fed/low
streptozotocin-induced diabetic rats. J. Food Biochem. 43, €12949.

DOI: 10.1111/jfbc.12949

SANYAOLU, VT., SANYAOLU, A.A.A., FADELE, E., 2011: Spatial variation
in heavy metal residue in Corchorus olitorius cultivated along a major
highway in Ikorodu-Lagos, Nigeria. J. Appl. Sci. Environ. Manage. 15,
283-287.

SARWAR, N., IMRAN, M., SHAHEEN, M.R., ISHAQUE, W., KAMRAN, M.A.,
MATLOOB, A., REHIM, A., HUSSAIN, S., 2017: Phytoremediation strate-
gies for soils contaminated with heavy metals: Modification and future
perspectives. Chemosphere 171, 710-721.

DOI: 10.1016/j.chemosphere.2016.12.116

SHEORAN, V., SHEORAN, A.S., POONIA, P., 2016: Factors affecting phyto-
extraction: a review. Pedosphere 26, 148-166.

DOI: 10.1016/S1002-0160(15)60032-7

SHI, X., WANG, S., WANG, D., SUN, H., CHEN, Y., LIu, J., JIANG, Z., 2019:
Woody species Rhus chinensis Mill. Seedlings tolerance to Pb:
Physiological and biochemical response. J. Environ. Sci. 78, 63-73.

DOI: 10.1016/j.jes.2018.07.003

ToviHouDJ1, G.P., DJoGBENOU, C.P., AKPONIKPE, P.B., KpapDONOU, E.,
ABANGBA, C.E., DAGBENONBAKIN, D.G., 2015: Response of Jute mallow
(Corchorus olitorius L.) to organic manure and inorganic fertilizer on a
ferruginous soil in North-eastern Benin. J. Appl. Biosci. 92, 8610-8619.
DOI: 10.4314/jab.v92il.5

WANG, S., SHI, X., SUN, H., CHEN, Y., PAN, H., YANG, X., RAFIQ, T., 2014:
Variations in metal tolerance and accumulation in three hydroponical-
ly cultivated varieties of Salix integra treated with lead. PLoS One 9,
€108568. DOI: 10.1371/journal.pone.0108568

WHO 1998: Quality control methods for medicinal plant materials. Geneva,
Switzerland, 62-63.

X1A0, R., SHEN, F., Du, J., L1, R., LAHORI, A.H., ZHANG, Z., 2018: Screening
of the native plants from wasteland surrounding a Zn smelter in Feng
Country China, for phytoremediation. Ecotox. Environ. Safe. 162, 178-
183. DOL: 10.1016/j.ecoenv.2018.06.095

YAHAGHI, Z., SHIRVANI, M., NOURBAKHSH, F., PUEYO, J.J., 2019: Uptake and
effects of lead and zinc on alfalfa (Medicago sativa L.) seed germination
and seedling growth: Role of plant growth promoting bacteria. S. Afr. J.
Bot. 124, 573-582. DOI: 10.1016/j.5ajb.2019.01.006

YiLMAz, K., AKINCI, ILE., AKINCI, S., 2009: Effect of lead accumulation on
growth and mineral composition of eggplant seedlings (Solarium melon-
gena). New Zeal. J. Crop Hort. 37, 189-199.

DOI: 10.1080/01140670909510264

ZHANG, L., SUN, H., WANG, Q., CHEN, H., YAO, Y., ZHAO, Z., ALDER, A.C.,
2019: Uptake mechanisms of perfluoroalkyl acids with different car-
bon chain lengths (C2-C8) by wheat (Triticum aestivum L.). Sci. Total
Environ. 654, 19-27. DOI: 10.1016/j.scitotenv.2018.10.443

ZHOU, J., ZHANG, Z., ZHANG, Y., WEL, Y., JIANG, Z., 2018: Effects of lead
stress on the growth, physiology, and cellular structure of privet seed-
lings. PLoS One 13, e0191139. DOI: 10.1371/journal.pone.0191139

ORCID:
Sibongokuhle Ndlovu (2 https://orcid.org/0000-0002-1584-9758
Viswanadha S.R.R. Pullabhotla () https://orcid.org/0000-0002-0093-460X

Address of the corresponding author:
E-mail: NtuliR@unizulu.ac.za

© The Author(s) 2019.

[(c) 2| This is an Open Access article distributed under the terms of

the Creative Commons Attribution 4.0 International License (https://creative-
commons.org/licenses/by/4.0/deed.en).


http://dx.doi.org/10.1186/s40529-014-0054-6
http://dx.doi.org/10.1155/2012/369572
http://dx.doi.org/10.1007/978-1-4419-9860-6_4
http://dx.doi.org/10.1016/j.radphyschem.2019.04.041
http://dx.doi.org/10.1016/j.chemosphere.2017.12.117
http://dx.doi.org/10.1111/jfbc.12949
http://dx.doi.org/10.1016/j.chemosphere.2016.12.116
http://dx.doi.org/10.1016/S1002-0160(15)60032-7
http://dx.doi.org/10.1016/j.jes.2018.07.003
http://dx.doi.org/10.4314/jab.v92i1.5
http://dx.doi.org/10.1371/journal.pone.0108568
http://dx.doi.org/10.1016/j.ecoenv.2018.06.095
http://dx.doi.org/10.1016/j.sajb.2019.01.006
http://dx.doi.org/10.1080/01140670909510264
http://dx.doi.org/10.1016/j.scitotenv.2018.10.443
https://doi.org/10.1371/journal.pone.0191139

