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Abstract

Background and Objective: Corchorus olitorius is a leafy vegetable and medicinal plant rich in antioxidants and also cultivated
worldwide forits stem fibers. This work studied the influence of micronutrients fertilization on growth and antioxidant activity of this plant.
The study aimed to help improvement of this crop yield as well as study the impact of fertilization on its characteristic antioxidant activity.
Materials and Methods: In this work, micronutrients fertilization by Cu, Zn, Ni and Fe were studied for their effect on fresh weight, stem
length, leaf number and leaf areas of C. olitorius. Antioxidant activity was estimated by the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay.
A number of non-enzymatic antioxidants were estimated including free and wall-bound phenolics, total flavonoids, total anthocyanins
and ascorbic acid. Results: The results recorded increased growth and reduced antioxidant activity as a result of all metal treatments,
except Ni. Iron treatment resulted in the best growth and least antioxidant activity. After a second dose of the tested metals, growth rate
decreased with increasing metal concentrations and this was accompanied by elevated antioxidant activity. These results record the
positive impact of micronutrient fertilization on crop production of jute. Conclusion: However, the negative impact on its antioxidant
value suggests a limitation on micronutrients fertilization of this plant if cultivated for consumption as a vegetable or for medicinal
purposes.
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INTRODUCTION

Jute (Corchorus olitorius L.) is an annual herb used as a
green leafy vegetable in many tropical areas. This plant is a
very good source of proteins, carotenoids, vitamins (A, B1, B2,
Cand E) and is rich in mineral nutrients like Ca, K, Cu, Zn and
Mn. It is also cultivated for fibers production from its stems in
most parts of the world. The jute fibers have many industrial
and commercial applications which may be applied to make
use of jute plants grown under metal-contaminated soils'. Jute
leaves are particularly known to contain a number of strong
antioxidants, including phenoliccompounds, tocopherolsand
ascorbic acid. There is a lack of information on the qualitative
improvement of foliage yield of this plant'2,

Micronutrients, including copper (Cu), zinc (Zn), nickel (Ni)
and iron (Fe) elements are essential in minute amounts and
toxic if exceeded certain levels®. Low soil fertility is a factor
responsible for low productivity of vegetables®. Responses of
many crops to micronutrients have been reported>®. Adding
micronutrients as fertilizers could contribute to lowering their
deficiency in humans and in improving crop production’.

The impact of heavy metals contamination on jute has
been studied®®. Only a few studies have investigated the role
of heavy metals as micronutrients for jute'®. Soil amended with
organic or inorganic fertilizers improve growth and yield
performance of C olitorious’®". Information on effect of
fertilization on antioxidant activity of other plants is
contradictory'>'3. The effect of micronutrients fertilization on
jute and the influence on antioxidant activity is not clear. This
study aimed to assess the effect of four micronutrients (Cu, Zn,
Ni and Fe) on the growth and non-enzymatic antioxidant
activity of jute.

MATERIALS AND METHODS

Study area: The experiment was carried out at the Botanical
Garden of the Faculty of Sciences, Minia University in the
duration from August-September, 2019.

Research protocol: Seeds of jute were obtained from the
Agricultural Research Unit, Minia, Egypt. They were sown in
3.6 kg pots filled with clay soil obtained from the Botanical
Garden of the Faculty of Sciences, Minia University. The
experiment was conducted in the middle of July, 2019 for
45 days. Ten seeds were sown per pot and irrigated by normal
tap water. After germination, seedlings were thinned to 3 per
pot. Fifteen-day-old seedlings were subjected to levels of Cu
(as CuS0O,.5H,0), Zn (as ZnS0O,.7H,0), Ni (as NiCl,.6H,0) and Fe
(as FeSO,.7H,0). Solutions of concentrations 0.02, 0.05 and
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0.1 g L7" were prepared from each of the metals and were
chosen after preliminary seed germination experiments.
Concentrations 0.02,0.05and 0.1 g L 'are referred toas T, T,
and T;, respectively. Three pots were irrigated to the field
capacity (330 mL kg™ soil) with the appropriate solution. The
elements concentrations added to the soil were 6.6 mg kg™
soil in T, pots, 16.5 mg kg~ soil in T, pots and 33 mg kg~ soil
in T; pots. Pots were kept outdoors and irrigated with tap
water for 15 days. A second dose, equal to the first dose, of the
micronutrients solutions was added to each pot. Plants, either
treated or control, were irrigated with normal tap water until
the end of the experiment. No additional fertilizer was added.
Samples were collected at 15 days after treatment with the
first dose of the tested metals, plants were 30 days old.
Samples were collected again at the end of the experiment,
15 days after treatment with the second dose of tested metals
solutions, plants were 45 days old.

Measuring growth parameters: Shoot lengths were
measured and leaves counted at both stages. Leaf area was
measured using the disk method' and expressed as cm?/plant
leaf. Plant stems and leaves were harvested and fresh weights
determined. Leaves were washed thoroughly with deionized
water and forced-air oven dried at 65°C for 48 hrs until a
constant weight was reached. Dried leaves were ground into
afine powder, passed through a 2 mm sieve and kept in paper
bags for analysis. For protocols that required fresh tissues,
plant leaves were kept in freezer till used.

Soil analysis: A soil sample was taken, air-dried, ground and
passed through a 2 mm sieve and kept for analysis. The pH
was measured in 1:2.5 soil-water suspensions by pH-meter.
Five gram of dried soil was subjected to wet digestion's. The
soil sample was mixed with 10 mL of HCI:HNO; (3:1 molar
ratio). The mix was digested on a hot plate at 95°Cfor 1 h and
allowed to cool to room temperature (20-25°C). The sample
was diluted to 50 mL with deionized distilled water and left to
settle overnight. The supernatant was filtered through
Whatman no. 1 filter papers and used for determining
concentrations of Cu, Zn, Niand Fe with an atomic absorption
spectrophotometer (Perkin Elmer AAnalyst 400) and
compared to the maximum allowable limits of heavy metalsin
soils' and to critical limits'°,

Estimation of total antioxidant activity by the DPPH (2,2-
diphenyl-1-picrylhydrazyl) assay: Dried powdered plant
leaves were used for extraction of total flavonoids and for the
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay?®. A weight of
0.05 g of each dried plant sample was extracted in 5 mL of
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50% methanol overnight. The samples were centrifuged at
14000 rpm for 15 min and the supernatants used for
determining total flavonoids content and for DPPH assay.

Freeradical scavenging activity measurement using DPPH:
A 0.1 mM solution of DPPH in methanol was prepared and
1 mL mixed with 1 mL of methanol extract of each sample. The
mix was incubated for 30 min in dark and absorbance
measured at 517 nm. The DPPH solution without sample was
the control and the 50% methanol was used as a blank. A
freshly prepared DPPH solution exhibits a deep purple color
with an absorption maximum at 517 nm. The purple color
generally disappears when an antioxidant is present in the
medium, antioxidant molecules quench DPPH free radicals
and convert them to a colorless product (2,2-diphenyl-1-
picrylhydrazine), resulting in a decrease in absorbance. The
percentage (%) scavenging activity was calculated using the
following equation?":

SA (%) = 2o A 09

0

where, SA (%) is the percentage scavenging activity, A, is the
absorbance of controland A, is the absorbance of sample. The
higher SA (%) indicates higher antioxidant activity.

Estimation of ascorbic acid content: The ascorbic acid
content was determined based on Jagota and Dani?. A fresh
weight of 0.1 g of plant leaves was homogenized with 2 mL of
0.75 M metaphosphoric acid. The homogenate was
centrifuged at 3000 rpm for 10 min. The supernatant was
collected and 200 uL of 3% meta-phosphoric acid and 200 yL
of Folin reagent (1:5) were added to 400 uL of the supernatant
and brought to a total volume of 2 mL with distilled water. The
content was mixed for 10 min and the absorbance read at
760 nm.The ascorbic acid concentration was calculated using
the standard curve constructed with known concentrations of
ascorbic acid (50-1000 ug mL™").

Estimation of Total Anthocyanins Content (TAC): Total
anthocyanins content was determined according to Strack
and Wary®. A weight of 0.1 g of fresh frozen leaves was
ground in liquid nitrogen and extracted with 2 mL of 1% HCI
acidified methanol [1% (v:v) HCl in methanol] for 2 hrs at
room temperature (20-25°C). Samples were centrifuged at
12000 rpm for 15 min and the supernatant used for measuring
anthocyanins content by reading absorbance at 535 nm.
Acidified methanol was used as a blank. The dilution factor
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and the cyanidin 3-galactoside coefficient of extinction (98.2)
were taken into account in the anthocyanins concentration
calculations?*according to the equation:

Total anthocyanins (mg cyanidin _ Absorbance x Dilution factor
98.2

/g fresh plant material)

Estimation of free and wall-bound Total Phenolic
Compounds (TPC): The total phenolic compound
concentration was determined according to Kofalvi and
Nassuth?. Fresh leaves (0.25 g) were extracted in 5 mL of 50%
methanol (1:1 v/v) for 90 min at 80°C. The extract was
centrifuged at 14000 rpm for 15 min. The supernatant was
collected and used for the determination of free phenolics.
The pellet was used for the extraction of bound phenolics. The
pellet was mixed with 2 mL of 0.5 N NaOH for 24 hrs at room
temperature (20-25°C) to release bound phenolics,
neutralized with 0.5 mL of 2 N HCl and centrifuged at
14000 rpm for 15 min. The supernatant was used for the
estimation of bound phenolics.

Free and bound phenolics were determined using the
Folin Ciocalteu method. One hundred L of each sample was
diluted to 1 mL with deionized water and mixed with 0.5 mL
of 1 N Folin Ciocalteu reagent (1:1 diluted commercial 2 N
reagent). After 5 min, 2.5 mL of 20% Na,CO; was added to
each sample. Samples were incubated at room temperature
(20-25°C) for 20 min and absorbance measured at 735 nm
againstablank. Astandard curve was prepared with gallicacid
of known concentrations (100-1000 ug mL™") prepared in 50%
methanol. Total phenolic content was expressed as Gallic Acid
Equivalents (GAE) in mg g™ fresh plant material.

Estimation of Total Flavonoids Content (TFC): Estimation
of total flavonoids in plant extracts used the method of
Ordonez et a/?. Five hundred uL of 2% AICI; in methanol was
added to 0.5 mL of samples extracted in methanol. After T h
incubation at room temperature (20-25°C), the absorbance
was measured at 420 nm. A standard curve was prepared
using quercetin of known concentrations (20-200 ug mL™")
prepared in 50% methanol. Total flavonoids content was
expressed as Quercetin Equivalents (QE) in mg g~ dried plant
material.

Statistical analysis: All data were subjected to 1-way analysis
of variance (ANOVA) using SPSS (ver. 21.0). Vertical bars in fig
indicate=SD based on 3 determinations. Least significant
difference (LSD) was used to separate means of control and
treated plants.



Asian J. Plant Sci,, 20 (2): 344-354, 2027

RESULTS

Table 1 represents soil concentrations of the four metals
under examination in this work. Their concentrations are
within the normal range in cultivated soils as compared to
their corresponding maximum permissible limits as well as
critical limits in cultivated soils.

Table 2 represents the data of measured stems and leaves
growth parameters for control and treated jute plants in the
first stage of growth. Most of the measured growth
parameters were highly significantly stimulated as a result of
different micronutrients treatments, particularly fresh weights
of stemsand leaves. The tested micronutrients concentrations
resulted in doubling growth parameters of C. olitorius plants
in many cases. For example, Plants treated by T, and T, Cu
recorded leaves fresh weights of 211 and 206% in comparison
with control, respectively and Zn-treated stems recorded fresh
weights of 248 and 237%, respectively, compared to their
control. Nickel was the only tested micronutrient whose
treatmentresultedin a reduction of some growth parameters

(number of leaves and leaves fresh weight at higher
treatment). The highest stimulation of leaves fresh weights in
this stage was due to Cu and Fe treatments while the highest
stimulation in stems resulted from Fe and Zn treatments.
Table 3 showed the results of growth parameters for
C. olitorius stems and leaves in the second stage of growth.
The measured growth parameters were in most cases
significantly higher than control. The best growth in this stage
was recorded by Fe-treated plants, particularly under T,
treatment. T, Fe-treated C olitorius stems and leaves
recorded fresh weights of 282 and 180%, respectively, in
relation to their controls. However, the positive impact of
micronutrients treatments in this stage was less significant
than the first stage, particularly under T; treatments (the
highest tested metal concentration) and the negative impact

Table 1: Concentrations of Cu, Zn, Ni and Fe in the studied soil

Element (ug g=") Cu Zn Ni Fe
Maximum permissible level in soil 100 300 50 50000
Critical limit 0.2 0.6 0.2 45
Concentration in studied soil 157 6.92 6.62 6.03

Table 2: Effect of Cu, Zn, Ni, Fe and control on growth of Corchorus olitorius plants [fresh weights of stems and leaves (g), stem length (cm), no. of leaves and leaf

area (cm?)] in the first growth stage

Stem Control Leaves Control Stem Control No. of Control Leaf Control

Metal Treatment fw (g) (%) fw (g) (%) length (cm) (%) leaves (%) area (cm?) (%)
Control 1.72£0.18 100 2.621+0.24 100 16.13+0.33 100 24.00£1.01 100.00 5.50+0.58 100.00
Cu T 3.361+0.22* 195.35 5.52+0.72* 210.69 18.661£0.33 115.69 32.00+2.16* 133.33 9.07x1.11* 164.91
T, 3.66+0.12*% 212.79 5.4+0.06* 206.11 21.66+0.88* 134.28 29.00%+3.15 120.83  1030*=1.12*  187.27
T, 4.00£0.60* 232.56 5.02+0.58*% 191.60 23.00+1.73*% 142.59 31.00+1.53 129.17  1223%+1.08*  222.36
Zn T 4.2610.26% 247.67 3.88+0.48 148.09 27.3311.34% 169.44 23.33%233 97.20 11.73+0.32%  213.27
T, 4,08+0.52* 237.21 4,08+0.42* 155.73 26.66+1.2* 165.28 26.00+2 108.33 10.20£0.95* 185.46
T, 2.84+0.20* 165.12 3.42+0.42 130.53 23.00+1* 142.59 21.00+3.79 87.50 7.38+0.98 142.36
Ni T, 2.08+0.06 120.93 2.68+0.16 102.29 20.00+0.17* 123.99 20.50+2.19 85.42 8.68+0.85* 157.82
T, 2.581+0.34* 150.00 3.14%£0.1 119.85 19.83+1.2* 122.94 18.33+0.87* 76.38 10.65+0.25*% 193.64
Ts 1.92+0.30 111.63 2.25+0.08* 85.88 19.33£0.88* 119.84 15.33£1.76* 63.88 8.05+0.3* 146.36

Fe T, 3.24+0.30*% 188.37 4.60+0.2% 175.57 20.33+0.33 126.04 28.00+3.04 116.67 9.95+1.19* 18091
T, 4.04£0.12*% 234.88 5.16+0.22*% 196.95 26.00+1.15*% 161.19 36.00+2* 150.00  13.23%+0.80*  240.55
Ts 3.36+0.18* 195.35 5.36+0.50% 204.58 22.83+1.57*% 141.54 31.00£3.79 129.17 13.65+0.99*  248.18

Values are represented as means of three replicates+SD. Value with (*) are statistically different from their control at p<0.05, f w: Fresh weight

Table 3: Effect of Cu, Zn, Ni, Fe and control on growth of Corchorus olitorius plants [fresh weights of stems and leaves (g), stem length (cm), no. of leaves and leaf

area (cm?)] in the second growth stage

Stem Control Leaves Control Stem Control No. of Control Leaf Control
Metal Treatment fw (g) (%) fw (g) (%) length (cm) (%) leaves (%) area (cm?) (%)
Control 1.941+0.12 100 2.90+0.18 100 20.83+1.31 100 25.00+2.72 100 6.101+0.68 100
Cu T, 2.96+0.48*% 152.58 3.60+0.34*% 124.14 23.83+1.19 114.4 38.6713.79* 15468  12.20%1.02* 200
T, 4.08+0.18* 21031 3.261+0.06* 112.41 32.83+2.78*% 157.61 32.00+2.55% 128 11.37£1.13* 18639
Ts 2.82+0.30% 145.36 2.561+0.24 88.28 26.831£2.32*% 126.64 28.67£2.90 114.68 16.63+1.82% 27262
Zn T 3.22+0.26* 165.98 3.72%+0.02* 128.28 29.50+3.01* 141.62 31.67+3.15%*  126.68 15.23£0.93*  249.67
T, 4.0610.44* 209.28 3.56+0.28* 122.76 33.50+3.46* 160.83 29.33+1.09 11732 1845%1.12* 30246
T, 3.041+0.20% 156.70 3.02+0.22*% 104.14 32.67+2.19*% 156.84 30.00+2.36 120 11.83£1.25%  193.93
Ni T 2.48+0.28* 127.84 3.06+0.34 105.52 29.8313.14*% 143.21 31.50£3.02* 126 8.85+0.86* 145.08
T, 3.32+0.12* 17113 2.54+0.18* 87.59 30.83+2.56* 148.01 25.50+1.55 102 9.28+0.72* 152.13
T; 2.30+0.24*% 118.56 1.98+0.18 68.28 29.50+2.71* 141.62 17.33+1.14% 69.32 840%0.51 137.71
Fe T, 3.70+0.64* 190.72 3.54+0.12*% 122.07 32.331+1.99*% 155.21 38.33%+4.05% 15332  11.15£097* 182.79
T, 5.48+0.70% 28247 5.22+0.24* 180 36.331+4.05% 174.41 52.00%£4.39* 208 17.50+1.98*  286.89
T, 3.48+0.30* 179.38 3.66+0.12* 126.21 30.00+3.89* 144.02 40.00£3.98* 160 1440£1.12*  236.07

Values are represented as means of three replicates=SD. Value with (*) are statistically different from their control at p<0.05. fw: Fresh weight
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Fig. 1: Effect of control, T;, T, and T of Cu, Zn, Ni and Fe on
percentage DPPH scavenging activity (SA %) of jute
plants in the first growth stage
Results are means®SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different from control
atp<0.05.T,:0.02 g L7' (solution concentration), T,:0.05 g L=" (solution
concentration), T;: 0.1 g L~ (solution concentration)
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Fig. 2: Effect of control, T;, T, and T of Cu, Zn, Ni and Fe on

percentage DPPH scavenging activity (SA %) of jute

plants in the second stage

Results are means£SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different from control
at p<0.05.T,:0.02 g L' (solution concentration), T,: 0.05 g L~" (solution
concentration), T;: 0.1 g L~ (solution concentration)

of Ni was more significant. For example, leaves fresh weights
in relation to control in the first stage were 192, 131, 86 and
205% in plants treated by T; concentrations of Cu, Zn, Ni
and Fe, respectively (Table 2). In the second stage, the
corresponding values of leaves fresh weights under T,
treatments of Cu, Zn, Ni and Fe were 88, 104, 68 and 126%
compared to control, respectively (Table 3).

The total antioxidant activity of young C olitorius leaves
in the first stage of growth as estimated by the DPPH assay
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Ascorbic acid (mg g~ fw)
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Control T,

Fig. 3: Effect of control, T;, T, and T; of Cu, Zn, Ni and Fe on
ascorbic acid content in mg g~ fresh weight of jute

plants in the first stage

Results are means+SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different from control
at p<0.05.T;:0.02 g L' (solution concentration), T,: 0.05 g L=" (solution
concentration), T5: 0.1 g L~" (solution concentration)

is represented in Fig. 1. Antioxidant activity was highest in
control plants (48% SA) while different metal treatments
resulted in significant reduction in antioxidant activity which
was minimum in Fe-treated plants, particularly under T, and
T; Fe treatments (16 and 18% SA, respectively). Figure 2
represents antioxidant activity of plants in the second stage in
which control plants also recorded the highest antioxidant
activity (56% SA) while T, and T, Ni-treated plants recorded
the least values (33 and 30% SA, respectively). Generally,
antioxidant activity of plant leaves in this stage was
significantly reduced in response to low and middle metal
treatments of the different tested metals (T, and T,). On the
otherhand, leaves treated by the highest metal concentration
(T5) recorded values of antioxidant activity comparable to
control plants, except for Fe-treated T; plants which had
antioxidant activity that was significantly lower than control
(45% SA).

Ascorbic acid contents of C olitorius leaves in the first
stage of growth are shown in Fig. 3. Control plants recorded
the highest content of ascorbic acid (7.5 mg ascorbic acid g
fresh weight). Different metal treatments resulted in reduced
ascorbic acid contents. The lowest results of ascorbic acid
were recorded in Fe-treated plants (4.5, 3.9 and 2.5 mg
ascorbicacid g~ freshweightinT,, T, and T; Fe-treated plants,
respectively). Figure 4 shows ascorbic acid contents in the
second stage of growth where almost no significant
differences were recorded among different treatments and
control plants. Most values of control and metal-treated
plants ranged around 10 mg ascorbic acid g~ fresh weight.
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Fig. 4: Effect of control, T;, T, and T of Cu, Zn, Ni and Fe on
ascorbic acid content in mg g~! fresh weight of jute

plants in the second stage

Results are means®SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different from
control at p<0.05. T;: 0.02 g L~ (solution concentration), T,: 0.05 g
L= (solution concentration), T;: 0.1 g L~ (solution concentration)
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Control T, T, T,
Fig. 5: Effect of control, T;, T, and T of Cu, Zn, Ni and Fe on
total anthocyanins content (TAC) in ug cyanidin g~

fresh weight of jute plants in the first stage

Results are means£SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different
from control at p<0.05. T,: 0.02 g L' (solution concentration),
T, 0.05 g L' (solution concentration), T;: 0.1 g L~ (solution
concentration)

Anthocyanins contents of jute plants in their first stage of
growth in Fig. 5 gradually increased in response to metal
treatments. Control plants recorded the least anthocyanins
content (174 pg cyanidin g fresh weight) while the highest
values were recorded in plant leaves treated by T;
concentration of the different tested metals. Zn T;-treated
plants recorded the highest content of anthocyanins (228 ug
cyanidin g~ fresh weight). Anthocyanins contents of plantsin
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Control
Fig. 6: Effect of control, T;, T, and T; of Cu, Zn, Ni and Fe on
total anthocyanins content (TAC) in ug cyanidin g~

fresh weight of jute plants in the second stage

Results are means®SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different from control
atp<0.05.T,:0.02 g L' (solution concentration), T,: 0.05 g L~ (solution
concentration), T;: 0.1 g L~ (solution concentration)

the second stage represented in Fig. 6 reveal similar trend to
the first stage. Control plants also recorded the lowest value
(260 pg cyanidin g7' fresh weight) while metal treatment
resulted in irregular increase of anthocyanins contents. The
highest values were recorded in Ts-treated plants under
different metals treatments (ranging between 360 and 450 ug
cyanidin g~' fresh weight). A general increase in the values of
anthocyanins was observed in the second stage compared to
the first. For example, control plants recorded 270 ug
cyanidin g~ fresh weight in the second stage compared to
174 ug cyanidin g=! fresh weight in the first. Similarly, the
general range of anthocyanins was higher in metal treated
plants in the second stage as compared to the first.

Figure 7 shows the contents of free phenolic compounds
in young plants where values were more or less comparable
to control with slight reduction under Zn and Ni treatment
and a significantly sharp reduction under Fe treatment. T,
Fe-treated leaves recorded the least contents of free phenolic
compounds in the first stage (2.1 mg GAE g~ fresh weight)
while control plants recorded 4.5 mg GAE g~ fresh weight.
Only Cu-treated plants had non-significantly higher values of
free phenolics compared to control in this stage.

Free phenolic compounds in the second stage of growth
are shown in Fig. 8. Metal treatment reduced free phenolicsin
juteleavesin this stage, except for Cuand Ni T, concentrations
which stimulated free phenolics to record 16.5 and 17 mg
GAE g7' fresh weight, respectively, which is significantly
higher than control values (11.2 mg GAE g~' fresh weight).
The least values resulted from Zn and Fe T; treatments
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Fig. 7: Effect of control, T;, T, and T; of Cu, Zn, Ni and Fe on
free phenolic compounds contentin mg GAE g~ fresh
weight of jute plants in the first growth stage.

Results are means®SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different from control
atp<0.05.T,:0.02 g L' (solution concentration), T,: 0.05 g L~ (solution
concentration), T;: 0.1 g L~ (solution concentration)
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Fig. 8: Effect of control, T;, T, and T; of Cu, Zn, Ni and Fe on

free phenolic compounds content in mg GAE g™
fresh weight of jute plants in the second growth
stage

Results are means®SD of three replicates. Vertical bars indicate
standard deviations. Bars with (¥) are significantly different from control
atp<0.05.T,:0.02 g L' (solution concentration), T,: 0.05 g L~ (solution
concentration), T;: 0.1 g L~ (solution concentration)

(around 4 mg GAE g~' fresh weight). Figure 9 showed the
contents of wall-bound phenolics in the first stage where a
similar trend to free phenolics in the same stage (Fig. 7) was
observed. Most values were also comparable to control (8 mg
GAE g~! fresh weight) except for Cu-treated plants which
recorded higher values up to 10 and 10.2 mg GAE g™ fresh
weightinT, and T, Cu-treated plants, respectively, which were
the highest values of wall-bound phenolics in the first stage.
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standard deviations. Bars with (*) are significantly different from control
atp<0.05.T;:0.02 g L' (solution concentration), T,:0.05 g L=" (solution
concentration), T;: 0.1 g L~ (solution concentration)

20 -
*
18
£ 16 -
I
=11]
214 A
<
&} 12 4
on
AT *
é * * *
g 81
£
z ]
3 4 {—0— Cu
M —+Zn
2 1—A—Ni
—>¢— Fe
0 T T T 1
Control T, T, T,
Fig. 10: Effect of control, T;, T, and T; of Cu, Zn, Ni and Fe on

wall-bound phenolic compounds content in mg
GAE g~ fresh weight of jute plants in the second

growth stage

Results are means=SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different from
control at p<0.05.T,:0.02 g L=" (solution concentration), T,:0.05g L™
(solution concentration), T5: 0.1 g L~' (solution concentration)

Wall-bound phenolics in the second stage are
represented in Fig. 10 and also record the prevalence of Cu
treatment in bound phenolics where T, recorded the highest
value (18 mg GAE g~' fresh weight) compared to 12.2 mg
GAE g~' fresh weight for control while the least value was
recorded by T; Fe-treated plants (9.1 mg GAE g' fresh
weight). Cu treatment generally stimulated the contents of
free and wall-bound phenolics in both the firstand second
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total flavonoids content (TFC) in mg QE g' dry
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Results are means=SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different
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Fig. 12: Effect of control, T;, T, and T; of Cu, Zn, Ni and Fe on

total flavonoids content (TFC) in mg QE g~' dry

weight of jute plants in the second growth stage
Results are means£SD of three replicates. Vertical bars indicate
standard deviations. Bars with (*) are significantly different
from control at p<0.05. T;: 0.02 g L' (solution concentration),
T, 0.05 g L' (solution concentration), T;: 0.1 g L= (solution
concentration)

tested stages (Fig. 7-10). Like the other tested antioxidants
parameters in this work, values of phenolic compound, free or
wall-bound, increased by increasing plant age in both control
and metal-treated plants. For example, at the level of control,
free phenolics were 4.5 and 10.5 mg GAE g~' fresh weight in
the first and second stages, respectively. Similarly, bound
phenolics recorded 8 and 12.2 mg GAE g~' fresh weight in the
first and second stages, respectively.
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Total flavonoids contents for jute leaves in the first stage
in Fig. 11 showed values that are mostly similar to control
value (21.5 mg QE g=! fresh weight) under most metal
treatments. The least flavonoids content was under Fe
treatment, particularly T, (15.5 mg QE g~ fresh weight) while
the highest was under T, Cu and T, Zn treatments (27 and
28 mg QE g~ ' fresh weight, respectively). Flavonoids contents
in the second stage in Fig. 12 were significantly inhibited in
response to metal treatment. Control plants had the highest
value (28 mg QE g~' fresh weight) while T, Fe-treated leaves
had the lowest (14.2 mg QE g~' fresh weight).

DISCUSSION

This work studied the potential fertilization of Corchorus
olitorius by the four micronutrients Cu, Zn, Ni and Fe and
the influence of these metal treatments on the non-
enzymatic antioxidants of this plant. Growth parameters were
measured for both stems and leaves as the economically
important organs of this plant. The four investigated metals
are known to have a biphasic effect on plants depending on
their concentration?. All tested metals, except Ni, resulted in
a considerable enhancement in plant growth after the first
dose of metals. A second dose of metals was added to further
experiment the plant tolerance against increased levels of
tested metals. Increasing metal concentrations in the second
stage of this work also resulted in stimulated growth.
Therefore, micronutrient fertilization could be applied for
increasing crop productivity of C olitorius. However, the
stimulated growth parameters were accompanied by general
reduction in antioxidant activity of jute leaves, the edible plant
organ. This result needs to be taken into consideration in the
light of the production of healthy food; particularly that
nutritional value of jute leaves is distinguishable by the strong
antioxidant activity. When environmental conditions are
favorable, vegetative growth generally receives resource
priority over secondary metabolites, decreasing the relative
availability of carbon for the support of secondary metabolism.
Since phenols and other antioxidants are mainly stress
components, stressed plants are expected to stimulate their
antioxidant defense system while in non-stressed
environments they are not?,

The metal toxic effect on jute plants was only recorded in
plants treated by the highest Ni concentrations in both stages
of this study, more pronounced after adding the second dose
of Ni. This may be attributed to the very low concentrations of
Ni as a micronutrient needed by plants?. Nickel toxicity was
only recorded in growth parameters of leaves but not in
stems, which may suggest the suitability of jute to cultivation
in soils with relatively high Nilevels for stem fibers production.
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The highest general growth in this work was recorded in
plants treated by Fe. This could be related to the high plant
requirements of Fe in comparison with other micronutrients.
The range of soil critical levels of Fe, Zn and Cu are 4.7,0.7 and
1.4 mg kg™, respectively®. Average plant contents of Fe, Zn,
Cuand Niare 100, 10, 6 and 0.0001 mg kg, respectively3'. It
is estimated that about one-third of Earth’s soil can be
considered to be Fe deficient®. The Fe-treated plants were
recorded to have the lowest antioxidant activity in most cases.
This was observed in the DPPH scavenging assay, contents of
ascorbic acid and total flavonoids (particularly in the first
stage) as well as free phenolic compounds in both stages.

Copper and Zn were more or less comparable as
micronutrients for jute plants. Both enhanced growth at all
tested metal concentrations. Cu was superior to other
treatments after adding the first dose. Both metals also
showed similar patterns in most of the tested antioxidant
parameters. Zinc treatment was only characterized by
remarkable reduction in total phenolic compounds, but notin
flavonoids.

The absolute values of most measured antioxidantsin this
study increased significantly after increasing plant age even
for the absolute control plants, which may be attributed to
increased exposure to normal stresses of the environment33
and may also be related to the end of the vegetative stage and
preparation for the flowering and fruiting stages of plant life
which are characterized by increasing antioxidant activity34*>.
However, the increased antioxidant activity and the general
reduction in growth rates with extending plant life were more
pronounced in metal-treated plants rather than control. This
might be due to increasing soil concentrations of the tested
metals after the second dose and to increasing the duration of
exposure. Therefore, adjusting the concentrations of
micronutrient fertilizers is crucial.

The effect of fertilizers on phenol contents is different in
different plants and types of fertilizers. Inorganic fertilizers are
reported to reduce antioxidants levels, while organicfertilizers
mostly enhance plants antioxidant content***. In addition,
low fertilization levels increase the phenols contents while
heavy fertilization tends to decrease these contents?. This
different behavior of phenolics production in response to
different treatments was recorded in this study. Free phenolic
compounds in the second stage, attributed a particular trend
(Fig. 8) where T, treatment decreased free phenolic contents,
T, treatment sharply stimulated their accumulation and T;
significantly dropped their contents. This pattern was
observed in the four investigated metals and it suggests that
T, metal concentration was stimulator to free phenolics
production in response to the accumulative stress resulting
from increased metal concentration. The sharp drop at T,

352

concentration might be explained by impairment of the
antioxidative system responses due to increased metal
concentrations which limited plant ability to synthesize new
phenols3.

The results of this work confirm the positive impact of
fertilization by the micronutrients Cu, Zn and Fe on jute crop
production. However, the stimulated growth might have
adverse effects on the benefits of this plant as a strong source
of antioxidants.

CONCLUSION

Growth of Corchorus olitorius plants was significantly
stimulated by the tested concentrations of Cu, Zn and Fe. The
C olitoriusplant leaves were sensitive to high concentrations
of Ni. Enhanced growth of C olfitorius under metal
treatment was accompanied by inhibited antioxidant activity.
Iron-treated plants recorded the best growth and least
antioxidant activity while control plants recorded the least
growth and highest antioxidant activity.

SIGNIFICANCE STATEMENT

This study recorded the highly significant impact of
adding micronutrients to soil cultivated by C olitorius on
growth stimulation. These results could be applied for the
quantitative improvement of this crop. However, the recorded
suppression of antioxidant activity that accompanied
stimulated growth is to be taken into consideration as it
negatively affects the remarkable value of this plant as a
source of antioxidants. Micronutrients fertilization can thus be
applied when C olitorius is cultivated for its stem fibers or for
its biomass rather than being consumed as a vegetable or
medicinal plant. This study also spots more light on the effect
of different fertilizers on the nutritional and medicinal value of
cultivated crops, a study area that requires more work to
explore.

REFERENCES

Saleem, M.H., S. Ali, M. Rehman, M. Hasanuzzaman and
M. Rizwan et al, 2020. Jute: A potential candidate for
phytoremediation of metals-a review. Plants, Vol. 9, No. 2.
10.3390/plants9020258.

2. Ayeni, MJ. and O.V. Oye, 2017. Effect of different organic
fertilizers on the growth performance of Corchorus olitorius
L. IOSR JAVS, 10: 38-44.

3. Khan,M.lR, B.Jahan, M.F. Alajmi, M.T.Rehmanand N.A.Khan,

2019. Exogenously-sourced ethylene modulates defense
mechanisms and promotes tolerance to zinc stress in Mustard
(Brassica junceal.). Plants, Vol. 8. 10.3390/plants8120540.



10.

1.

12.

13.

14.

15.

16.

17.

Asian J. Plant Sci,, 20 (2): 344-354, 2027

Naim, A.H., KM. Ahmed and F.E. Ahmed, 2015. Effects of
chicken manure on growth and yield of jute mallow
(Corchorus olitorius L.) under Rain-Fed conditions of Sudan.
Open Access Library J., Vol. 2. 10.4236/0alib.1102042.
Denre, M., A. Bhattacharya, S. Pal, A. Chakravarty,
A. Chattopadhyay and D. Mazumidar, 2016. Effect of foliar
application of micronutrients on antioxidants and pungency
in onion. Not. Sci. Biol., 8: 373-379.

Ayinla, A, .A. Alagbe, B.U. Olayinka, A.R. Lawal, 0.0. Aboyeji
and E.O. Etejere, 2018. Effects of organic, inorganic and
organo-mineral fertilizer on the growth, yield and nutrient
composition of Corchorus oljtorious (L). Ceylon J. Sci.,
47:13-19.

Dimkpa, C.O0. and P.S. Bindraban, 2016. Fortification of
micronutrients for efficient agronomic production: A review.
Agron. Sustain. Dev., Vol. 36. 10.1007/513593-015-0346-6.
Mazen, AM.A., 2004. Accumulation of four metals in tissues
of Corchorus olitorius and possible mechanisms of their
tolerance. Biol. Plant, 48: 267-272.

Ahmed, D.and D.F.Slima, 2018. Heavy metal accumulation by
Corchorus olitorius L. irrigated with wastewater. Environ. Sci.
Poll. Res., 25: 14996-15005.

Viegas, I.J.M., J.R. Galvao, C.R.C. dos Santos, G.S.B. de Matos,
D.ASS. Silva, RS. Galate and F.O. Ribeiro, 2018. Growth and
symptoms of deficiency of micronutrients in young plants of
jute. Biosci. J., 34: 131-140.

Eid, E.M., S.A.M. Alamri, KH. Shaltout, T.M. Galal, M.T. Ahmed,
E.I. Brima and N. Sewelam, 2020. A sustainable food security
approach: Controlled land application of sewage sludge
recirculates nutrients to agricultural soils and enhances crop
productivity. Food Energy Secur., Vol. 9. 10.1002/fes3.197.
Bimov4, P. and R. Pokluda, 2009. Impact of organic fertilizers
on total antioxidant capacity in head cabbage. Hort. Sci.
(Prague), 36: 21-25.

Elhanafi, L., M.Houhou, C.Rais, |. Mansouri, L. Elghadraouiand
H. Greche, 2019. Impact of excessive nitrogen fertilization on
the biochemical quality, phenolic compounds and
antioxidant power of Sesamum indicum L. seeds. J. Food
Qual., Vol. 2019.10.1155/2019/9428092.

Watson, D.J. and M.A. Watson, 1953. Comparative
physiological studies on the growth of field crops. Ann. Appl.
Biol., 40: 6-7.

Black, C.A., 1965. Methods of Soil Analysis. 1st Edn., American
Society Agronomy, Madison, WI., USA.

Adams, V.D., 1991. Water and Wastewater Examination
Manual. 1st Edn., Lewis PublishersInc., Chelsea, USA., pp: 247.
Ahmad, K., ZI. Khan, A. Ashfag, M. Ashraf, N.A. Akram,
S.Yasminand M. Sher, 2015. Assessment of heavy metals and
metalloids in Solanum tuberosum and Pisum sativum
irrigated with urban wastewater in the suburbs of Sargodha
City, Pakistan. Human Ecol. Risk Assess. Int. J., 21: 1109-1122.

353

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wani, M.A,, J.A. Wani, M.A. Bhat, N.A. Kirmani, Z.M. Wani and
N. Bhat, 2013. Mapping of soil micronutrients in Kashmir
agricultural landscape using ordinary Kriging and indicator
approach. J. Indian Soc. Remote. Sens., 41: 319-329.
Shahzad, B., M. Tanveer, A. Rehman, S.A. Cheema, S. Fahad,
S. Rehman and A. Sharma, 2018. Nickel; whether toxic or
essential for plantsand environment - A review. Plant Physiol.
Biochem., 132: 641-651.

Tusevski, O., A. Kostovska, A. lloska, L. Trajkovska and
S.G. Simic, 2014. Phenolic production and antioxidant
properties of some Macedonian medicinal plants. Cent. Eur.
J. Biol., 9: 888-900.

McCune, LM. and T. Johns, 2003. Symptom-specific
antioxidantactivity of Boreal diabetes treatments. Pharmac.
Biol., 41: 362-370.

Jagota, SK. and H.M. Dani, 1982. A new colorimetric
technique for the estimation of vitamin C using folin phenol
reagent. Anal. Biochem., 127: 178-182.

Strack, D. and V. Wary, 1989. Anthocyanins. In: Methods in
Plant Biochemistry, Dey, P.M. and J.B. Harborne (Eds.). Vol. 1,
Academic Press, New York, pp: 325-356.

Fuleki, T. and F.J. Francis, 1968. Quantitative methods for
anthocyanins. 1. Extraction and determination of total
anthocyanin in cranberries. J. Food Sci., 33: 72-77.

Kofalvi, S.A. and A. Nassuth, 1995. Influence of wheat streak
mosaic virus infection on phenylpropanoid metabolism and
the accumulation of phenolics and lignin in wheat. Physiol.
Mol. Plant Pathol., 47: 365-377.

Ordonez, A.AL.,J.D.Gomez M.A.Vattuoneand M.l. Lsla, 2006.
Antioxidant activities of Sechium edule (Jacg.) Swartz
extracts. Food Chem., 97: 452-458.

Borng, M.L,, D.S. Muller-St ver and F. Liu, 2019. Biochar
properties and soil type drive the uptake of macro- and
micronutrients in maize (Zea maysL.). J. Plant Nutr. Soil Sci.,
182: 149-158.

Heimler, D., A. Romani and F. leri, 2016. Plant polyphenol
content, soil fertilization and agricultural management: A
review. Eur. Food Res. Technol,, 243: 1107-1115.

Kumar, V., J. Singh and P. Kumar, 2019. Heavy Metals
Accumulationin Crop Plants: Sources, Response Mechanisms,
Stress Tolerance and their Effects. In: Contaminants in
Agriculture and Environment: Health Risks and Remediation,
Kumar, V., R. Kumar, J. Singh and P. Kumar (Eds.)., Agro
Environ Media - Agriculture and Ennvironmental Science
Academy, Haridwar, India pp: 38-57.

Prasad, P.S., CT. Subbarayappa, R.M. Raghavendra and
H.M. Meena, 2017. Development of critical limits for
different crops grown in different soils and its use in
optimizing fertilizer rates. Int. J. Curr. Microbiol. Appl. Sci.,
6:241-249.



31

32.

33.

34.

Asian J. Plant Sci,, 20 (2): 344-354, 2027

Feiziasl, V., J. Jafarzadeh, M. Pala and S.B. Mosavi, 20009.
Determination of critical levels of micronutrients by plant
response column order procedure for dryland wheat
(7. aestivum L.) in Northwest of Iran. Int. J. Soil Sci., 4: 14-26.
Mahender, A., M.B.P. Swamy, A. Anandan and J. Ali, 2019.
Tolerance of iron-deficient and toxic soil conditions in rice.
Plants, Vol. 8. 10.3390/plants8020031.

Simao, A.A,, M.A.l. Santos, R.M. Fraguas, M.A. Braga and T.R.
Marques et al, 2013. Antioxidants and chlorophyll in cassava
leaves at three plant ages. Afr. J. Agric. Res., 8: 3724-3730.
Fedurae, P., G. Chupakhina, P. Maslennikov, N. Tacenko and
L. Skrypnik, 2019. Variation in phenolic compounds content
and antioxidant activity of different plant organs from Rumex
crispus L. and Rumex obtusifolius L. at different growth
stages. Antioxidants, Vol. 8. 10.3390/antiox8070237.
Karamdc, M., F. Gai, E. Longato, G. Meineri, M.A. Janiak,
R. Amarowicz and P.G. Peiretti, 2019. Antioxidant activity
and phenolic composition of Amaranth (Amaranthus
caudatus) during plant growth. Antioxidants, Vol. 8.
10.3390/antiox8060173.

354

35.

36.

37.

Olayinka, A.O., M.A. Adeola, A.T. Kehinde, O. Durodoluwa,
C.A. Odunayo and E.A. Rotimi, 2018. Influence of nitrogen
fertilizer micro-dosing on phenolic content, antioxidant, and
anticholinesterase properties of aqueous extracts of three
tropical leafy vegetables. J. Food Biochem., Vol. 42.
10.1111/jfbc.12566.

Salehi, A, S. Fallah, K. Zitterl-Eglseer, H. Kaul, A.A. Surki and
B. Mehdi, 2019. Effect of organic fertilizers on antioxidant
activity and bioactive compounds of fenugreek seeds in
intercropped systems with buckwheat. Agronomy, Vol. 9.
10.3390/agronomy9070367.

Marquez-Garcia, B, AM. Ferndndez-Recamales and
F. Cérdoba, 2012. Effects of cadmium on phenolic
composition and antioxidant activities of £rica andevalensis.
J.Bot,, Vol. 2012. 10.1155/2012/9369.



	AJPS.pdf
	Page 1


