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remediation using Trifolium alexandrinum L.
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Abstract

Biochar possesses a number of characteristics that make it suitable for remediation of organic and inorganic pollutants
from soil. Biochar acts as a suitable amendment to the soil as it increases the surface negative charge, nutrient reten-
tion capacity, high adsorption affinity, porosity, resistance to degradation and a high internal surface area. The present
research is based on pot experiment, from October 2015 to April 2016. A probe sonicator extraction procedure was used
for the determination of naphthalene and phenanthrene in dried soil and plant samples using gas-chromatography
coupled with flame ionization detector. Fortification was carried out by spiking the 50 mg/kg naphthalene and 100 mg/
kg phenanthrene in soil. The extraction efficiency observed for phenanthrene was 74.62% and 66.59% for naphthalene
with relative standard deviation in the range of 0.39 to 0.26, respectively. Naphthalene was not detected in soil and plant
samples. BCF value significantly decreases with increasing the biochar concentration in soil as compared to control (non-
biochar-amended soil). BCF level decreased significantly (P <0.05) from 123.1 to 4.46 in phenanthrene-contaminated soil
and 19.3-1.32 in mixed contaminated soil with time period. The maximum phenanthrene removal efficiency is observed
to be 10% in biochar-amended soil as compared to other treatments (10% > 5% > 1% > control). Biochar significantly
helps to increase plant height, dry biomass and total available nutrients. Above results showed that biochar derived from
Prosopis juliflora effectively enhanced the PAHs surface adsorption capacity, removal efficiency and plant growth param-
eters. This study shows the effectiveness of biochar on contaminant remediation with the help of Trifolium alexandrinum.
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1 Introduction cropland. These activities are the main cause for the loss

of productive soil for agriculture by releasing harmful

Globally, biodiversity reduces due to the natural (includes
volcanic eruption, forest fire and floods) and anthropo-
genic activities (includes industrial waste disposal sites,
excessive use of pesticides and fertilizers in cropland,
urbanization, automobiles and incomplete combustion
of plant biomass) [7, 45] that may directly affect the soil
health. The uncontrolled use of chemicals and inorganic
fertilizers in agricultural practices is the main problem
for increasing the intensity of different contaminants in

organic and inorganic contaminants in soil and harsh natu-
ral environmental conditions [4]. Moreover, soil performs
as a natural sink for many harmful toxicants that over the
time accumulates and concentrates in soil from different
sources [34].

The list of 16 poly-aromatic hydrocarbons (PAH) has
been identified by United States Environmental Protec-
tion Agency (USEPA) on the basis of their toxicity. Some of
these contaminants are listed in Figs. 4 and 5 in electronic
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supplementary material low molecular weight (LMW)
and high molecular weight (HMW) PAHs, respectively.
These PAHs are lipophilic chemical compounds that are
found in the soil, water and plant bodies mainly due to
wet and dry deposition activities of atmosphere [33]. PAHs
are generally insoluble or less soluble in water, and their
solubility decreases with increasing molecular weight [1].
PAH compounds are highly toxic and dangerous for our
environment as well as human health [41]. The main root
of exposure of these PAHs into environment is combus-
tion of carbonaceous material, motor vehicle emissions
and smelting [1]. HMW PAHs negatively effect soil qual-
ity, crop production and soil microbial diversity, and LMW
PAHSs are also toxic in nature [3].

This problem could be overcome by using biochar
which is a stable form of charcoal derived from different
agricultural byproducts, forest residues, sewage waste, ani-
mal excreta and dairy manure materials [28]. According to
the International Biochar Initiative (IBl), Kaur and Sharma
[21, 22],“Biochar is a solid material obtained from thermo-
chemical conversion of biomass in an oxygen-limited envi-
ronment”. Biochar contains the carbonized and non-car-
bonized organic matter such as wood fiber cellulose and
lignocellulose [11-13]. Biochar has the potential to retain
nutrients required for plant growth and productivity [25].
It nourishes soil by increasing the water holding capacity
and soil porosity that helps to reduce the soil bulk density
especially in case of sandy soil having high bulk density
and low water retention capacity [9].

Biochar is a carbonaceous substance and has strong
adsorption capacity for all contaminants present in the
soil. Hence, it can be used as a powerful tool for sustain-
able agriculture and rendering agro-ecosystems more
stress-free. The remediation efficiency of biochar helps
to remove pollutants that may be organic or inorganic in
nature [19, 35]. The mechanism for reduction in organic
and inorganic contaminants in soil and plants depends
upon biochar adsorption capacity, surface area and poros-
ity which again depend upon production temperature,
feedstock quality used during production of biochar [3].

It improves soil fertility due to its high surface area,
electrostatic attractions and highly porous structure [42,
43]. Therefore, biochar applications in soil help to improve
soil physical, chemical and biological properties because it
has the ability to remain in the soil for hundreds to thou-
sands of years [37, 44].

The different applications of biochar are shown in Fig. 6
in electronic supplementary material. Additionally, treat-
ment of soil with biochar or biochar compost can be justi-
fied as cheaper or economical approach [35, 44].

Moreover, the other benefits of biochar as soil amend-
ment resolve many environmental issues such as pro-
duction of bio-energy, waste management, enhancing
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soil productivity and quality by changing soil pH, cation
exchange capacity (CEC), organic carbon content, nutri-
ent retention capacity and water holding capacity [38, 40].

In present research, berseem (Trifolium alexandrinum)
was used as a test crop. It is an important forage, fast grow-
ing, leguminous, winter season crop and neutral to alka-
line soils. It belongs to Fabaceae family. Berseem also acts
as a phytoaccumulator, when grown on polluted soil [8]. It
has a tendency to absorb large amount of pollutants from
soil that causes serious health effects to human beings,
animals and on environment. The level of pollutants in
fodder crops generally depends on climatic conditions,
agro-chemical practices, soil type and irrigated water qual-
ity [8]. According to [15], Trifolium pretense L. species was
used as a phytoaccumulator for removal of PAH contami-
nated soil. Moreover, no literature was found that shows
the phytoaccumulator efficiency of Trifolium alexandri-
num species with respect to PAHs. Biochar-treated plots
were compared with non-biochar-treated plots, and the
maximum increase in berseem fodder and seed yield was
reported in biochar-treated soil at the dose rate of 25 and
50 ton ha™' [14].

This research has been focused on the synthesis of bio-
char from Prosopis juliflora (P. juliflora) which is potentially
valuable and sustainable tool to improve soil quality and
berseem growth. P, juliflora biochar could be used as an
adsorbent for the removal of pollutants present in the soil
[27]. It helps to resolve environmental problems faced
by rapidly developing society and increasing population
worldwide.

For these reasons, the application of biochar has
recently been suggested as a sustainable means to agro-
economic benefits, i.e., improved fertility, increased nutri-
ent cycling and environmental benefits. To our knowledge,
no previous research has systematically investigated to
study the effect of separate and combined doses of bio-
char-amended soil with PAHs on berseem growth param-
eters. This research highlighted that the application of bio-
char in contaminated soil improves berseem growth and
plant available nutrients as compared to control. P, juliflora
biochar reduces sandy soil bulk density with increasing
surface porous structure and water holding capacity.

Therefore, the objectives of this work was to understand
the: (1) physico-chemical characterization of soil and bio-
char produced from P, juliflora, (2) to evaluate the effect of
different doses of biochar on plant height, biomass and
chlorophyll content at different time intervals, (3) to study
the dose effect of biochar on PAHs adsorption capacity at
different durations.
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2 Materials and methods
2.1 Experimental design
2.1.1 Sample collection

The pot study was conducted from October 2015 to April
2016 in replicates under natural conditions in University
Energy Park, Guru Jambheshwar University (Coordinates
29.1672°N, 75.7401°E), Hisar, India. The P, juliflora biochar
was procured from C6 Agrisciences India private limited,
Telangana, Hyderabad, India. It was synthesized by tradi-
tional earth mound kiln method at approximately 450 °C
[36]. It was crushed to homogenize before pot filling. The
air-dried soil was collected from nursery area in the Univer-
sity. Soil and P, juliflora biochar were subsequently sieved
to pass through a 2-mm sieve and stored in laboratory at
room temperature for further experimental analysis. Differ-
ent concentrations of biochar (0%, 1%, 5% and 10%) were
then mixed homogeneously with soil and finally fortified
with the known concentration of naphthalene (50 mg/
kg) and phenanthrene (100 mg/kg) into the soil. Soil sam-
ples were collected, air-dried, sieved by 2-mm sieve and
stored at room temperature in plastic containers for fur-
ther characterization.

Before spiking contaminants in control (soil
without biochar) and biochar-amended soil, the

physico-chemical parameters were studied (represented
in Table 1). The pH was measured by using a pH meter
(2:5 m/v) (Cyberscan pH tutor, EUTECH), electrical con-
ductivity (EC) was measured by using conductivity meter
(2:5 m/v) (Laboratory testing procedure for soil sample
analysis 1SO 9001: 2000) (CM-183, ELICO), soil organic
carbon (SOC) was analyzed by the Walkley-Black method
or wet digestion method, and CEC was determined by
using flame photometer (CL-378, ELICO). The amount of
Mg, Cu, Mn, Zn and Fe was determined by using atomic
absorption spectrophotometer (Shimadzu AA-6300,
Japan & GFA-EX7i), and Ca and K concentration were
determined by using flame photometer.

2.1.2 Selected plant species

In this study, berseem (Trifolium alexandrinum) was used
as a test crop, Mescavi variety, procured from Chaudhary
Charan Singh Haryana Agriculture University (CCSHAU),
Hisar, India. Plant samples from pots having different
concentration of biochar (0%, 1%, 5% and 10%) were
taken on an interval of approximately 60 days. The soil
and plants samples were studied in replicates. Four dif-
ferent types of treatment sets are designed in Table 4 in
electronic supplementary material.

Table 1 Soil and biochar

e ; S.no. Characteristics Soil Biochar type
characteristics used in
experiment Soil and biochar type Sandy soil Alkaline
2. Soil texture « Sand: 85.09% ND
- Silt: 10.71%
- Clay: 4.20%
3. Water holding capacity (%) 25.7 93
4. Biochar feedstock - Prosopis juliflora
5. pH (1:10 solid water suspension) 8.09 8.54
6. Electrical conductivity (EC) ds/m (1:10 soil 1.31 1.43
water extract)
7. Cation exchange capacity (cmol/kg) 9.24 16.9
8. Total organic C (g kg™") 109 870
9. Total Na (g kg™) 0.21 0.68
10. Total K (g kg™") 0.8 0.83
11. Total Mg (g kg™") 0.04 0.12
12. Total Ca (g kg™") 3.09 10.6
13. Total Cu (g kg™") 0.01 0.26
14. Total Mn (g kg™) 0.19 ND
15. Total Ni (g kg™ 0.01 0.04
16. Total Zn (g kg™") 0.03 ND
17. Total Fe (g kg™") 0.05 0.01
Values are mean of triplicate samples, and elemental analysis was done by using EDX
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2.2 Proximate analysis of biochar

The moisture content, volatile matter and ash content
of biochar were determined by using ASTM standard
method-D1762-84 [5] (shown in Table 5 in electronic sup-
plementary material).

2.3 Ultimate or Elemental analysis of biochar

Different elements C, O, Cu, Mn, Ni, Zn and Fe were deter-
mined by using EDX. Hydrogen, sulfur and nitrogen were
analyzed by using ASTM standard method-D3176-89 [6]
(represented in Table 1 and Table 5 in electronic supple-
mentary material).

2.4 Fortification of soil sample

The soil sample without any treatment (control) was col-
lected, dried and sieved by passing through 2-mm sieve.
The fortification was carried out by spiking the 50 mg/kg
naphthalene and 100 mg/kg phenanthrene for further
analysis of PAH recovery (%). The spiked samples were
subjected to the same extraction procedure as explained
in the supplementary materials.

2.5 Extraction efficiency

For calculating the extraction efficiency and derivatization
of naphthalene and phenanthrene, the standard solutions
were processed (Table 6 in electronic supplementary
material). The quantity of PAHs in extracts was estimated
on the basis of peak area by using formula given in Eq. 5.
Both PAHs were detected by matching their retention time
(0.5 min) with those of pure standards. The standard
peaks of phenanthrene and naphthalene (Conc. v/s peak
area) are represented in Fig. 7 in electronic supplementary
material.

2.6 Biomass measurement

Aboveground plant height and dry biomass were
observed at different time intervals. Roots of each plant
were cleaned properly with running water, and plants
were sorted manually. Fresh plant biomass and dry plant
biomass (oven dry plants at 65 °C for 48 h) were recorded,
and plant samples were grind in the electric stainless steel
grinder and sieved by using 0.5-mm sieve and stored in
plastic containers at room temperature for further analysis.

2.7 Plant available nutrients

The concentration of available plant nutrients (Mn, Fe, Cu,
Zn and Mqg) was analyzed by digesting the 1.0 g oven dried
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tissue, in diacid mixture (nitric acid and perchloric acid)
(9:1) under fume hood (CHF-42-SS) and filtered by using
Whatman filter paper No. 1, makeup total volume 50 ml
and analyzed by using atomic absorption spectrophotom-
eter. Total Na, Ca and K concentrations were determined
by using flame photometer (Elico, CL 378) [39].

2.8 Plant chlorophyll content

Chlorophyll‘a;‘b’and total chlorophyll content were deter-
mined by using an equation given by [10].

Extraction of chlorophyll Fresh leaf tissues (100 mg) were
homogenized in 80% acetone in a vial and centrifuged at
5000 rpm for approximately 5 min. The supernatant was
transferred to a graduated tube and made volume 10 ml
with 80% acetone and assayed immediately. Absorbance
of supernatant was recorded at 645 nm and 663 nm in a
UV-Visible spectrophotometer (BioMate 3S, Thermo scien-
tific, India) against 80% acetone used as blank.

2.9 Statistical analysis

All experiments were performed in three replicates. The
data were homogeneous and normally distributed. For
comparison between all set of treatments at different
durations, two-way ANOVA and Duncan test were per-
formed by using SPSS V.18 and presented as mean of three
replicates + SE level of significance between treatments
was checked at P<0.05.

3 Results
3.1 Plant height

The significant increase in plant height was observed at
P <0.05 significance level in soil amended with 5% and
10% biochar concentration (as represented in Fig. 1).
Initially, the plant height was observed to be 15.47 cm
(December 2015), 52.50 cm (February 2016) and in April
2016 it was found to be 107.61 cm in control soil (A0),
without biochar amendment. The percent increase was
observed as 70.53% (December to February), 51.21%
(February to April) and 85.62% (December to April). The
influences of biochar addition on plant growth param-
eters were highly dependent on soil quality. The signifi-
cant effect was observed with biochar addition in soil as
compared to control.

The maximum percent increase was noticed in Decem-
ber 2015 sampling which efficiently changed with age
or time period (from December 2015 to April 2016).
In soil having 5% biochar dose (A2) without any PAHs
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contamination, the maximum percent increase was
observed 51.26% in December and 35.18% in April as
compared to control (A0). In soil having 10% biochar dose
(A3), the maximum percent increase was reported to be
44.15% in December and 21.90% in April as compared to
control soil (A0). The percent increase was observed to be
51.80% (December) and 35.08% (April) in soil mixed with
5% biochar and 50 mg/kg naphthalene dose (B2) as com-
pared with naphthalene contaminated soil without bio-
char application (B0). On the other hand, if we compared
5% biochar-amended soil spiked with 100 mg/kg phen-
anthrene dose (C2) as compared with phenanthrene-con-
taminated soil without any biochar dose effect (C0), the
percent increase observed was 46.44% (December) and
30.16% (April). Soil spiked with combined dose of both
naphthalene and phenanthrene mixed with 5% biochar
concentration (D2) was showed to be 48.12% (December)
and 31.30% (April) increase in plant height as compared
to soil without biochar application rate, but spiked with
combined contaminant dose effect (DO).

3.2 Plant dry biomass

Application of biochar on naphthalene- and phenan-
threne-polluted and naphthalene- and phenanthrene-
unpolluted soil samples was significantly (P<0.05)
increased. The mean values of plant biomass are repre-
sented in Fig. 2. In the proposed experiment, initially, the

Treatments

plant biomass was observed to be 1.80 g (December 2015),
11.50 g (February) and in April 2016 it was 21.46 g in con-
trol soil (AO). Plant biomass increased with each sampling
period, but their percent increase effectively changed with
different time intervals and with biochar application rate.
The percentincrease was observed to be 84.34% (Decem-
ber to February), 46.41% (February to April) and 91.61%
(December to April).

The highest increase in plant biomass was observed
with 5% and 10% biochar dose effect as compared to other
treatments. In soil having 5% biochar dose (A2) without
any PAHs contamination, the maximum percent increase
was reported as 66.48% (December) and 34.19% (April)
as compared to control (A0) without biochar application.
In soil amended with 10% biochar concentration, the
percent increase was observed to be 60.95% (December)
and 29.43% (April). Moreover, the percent increase was
observed as 64.09% (December) and 34.67% (April) in
biochar-amended soil spiked with 50 mg/kg naphthalene
dose (B2) as compared with biochar non-amended soil
(BO). Soil spiked with 100 mg/kg phenanthrene dose with
5% biochar application rate (C2) showed significant differ-
ence as compared with phenanthrene-contaminated soil
without biochar dose effect (C0). Therefore, the percent
increase was found to be 56.56% (December) and 28.86%
(April) in 5% biochar-amended soil (C2) as compared to CO.
Soil spiked with combined dose of both naphthalene and
phenanthrene mixed with 5% biochar concentration (D2)
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showed 54.29% (December) and 30.34% (April), increase
in plant dry biomass as compared to DO, i.e., biochar non-
amended soil but spiked with combined contaminant
dose of both naphthalene and phenanthrene.

3.3 Plant chlorophyll content

The analysis of variance showed that the non-significant
results were observed in different set of treatments at
P <0.05 significance level (as represented in Fig. 3). Initially
(December 2015 sampling), the plant chlorophyll content
was observed to be 1.26 mg/ml in control soil (A0) and
1.29 mg/ml in 10% biochar-amended soil (A3). Finally, in
April (2016) sampling period, the concentration was found
to be 1.18 mg/ml in control (A0) and 1.47 in 10% biochar-
amended soil (A3).

3.4 Plant tissue analysis

The analysis of plant available nutrients with an addition
of different doses of biochar is represented in Table 2. The
biochar applications significantly affect the plant tissue
macronutrients (K, Mg and Ca) concentration at P<0.05
level of significance (as represented in Table 2). Biochar
application rate of 1%, 5% and 10% results into 58%,
83.9% and 92.3% increase in K concentration 15.8%, 28.7%
and 45.9% increase in Mg concentration, 3.4%, 9.2% and
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Treatments

23.64% increases in plant Ca concentration and 10.31%,
12.94% and 13.29% increase in plant Cu concentration,
respectively, as compared to control.

Furthermore, 1.65% increases in Fe concentration was
observed only in soil amended with 1% biochar dose.
Furthermore, in case of 5% and 10% biochar, the Fe con-
centration was effectively reduced. Soil amended with
different biochar doses showed effective loss in Mn con-
centration in sandy soil. The non-significant results were
studied for soil Zn content. 1% biochar dose did not show
any significant increase in soil Zn content (the calculated
value was as same as in control). On the other hand, Zn
concentration effectively decreased with increasing bio-
char application rate in soil (5% and 10%).

3.5 BCF calculated

The statistical analysis revealed a significant (P <0.05)
decrease in BCF value due to addition of different concen-
tration of biochar (1%, 5% and 10%) in soil. The significant
changes in BCF values were observed only in two types of
sample sets (Set No. 3 and 4), spiked with phenanthrene
and mixed dose of both (naphthalene and phenanthrene).
Naphthalene was not detected in any sample analyzed by
GC-FID.

The BCF value reduced from 123.1 to 18.6% (December
2015), and in April (2016) duration it was reduced from
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Treatments
TabIeZ' Macro.nutrients . Plant available nutrients (mg/kg)
and micronutrients study in
biochar-amended and biochar Macronutrients & T T2 T3 T4
non-amended soil samples micronutrients Mean +SE Mean +SE Mean £ SE Mean £ SE
1. Potassium (K) 51.43+0.37¢ 122.47 £0.50° 321.38+0.31° 675.37+1.48°
2. Magnesium (Mg) 72.03+0.54¢ 85.63+0.23¢ 101.03+1.13° 133.27+0.82°
3. Calcium (Ca) 514.67+0.32¢ 532.90+0.90° 567 +£0.58° 674.08+1.23°
4.Zinc (Zn) 2212.33+0.88° 2212+1.53? 2156.33+14.84° 1960+0.58¢
5.1ron (Fe) 13047£029°  132.66+0.67° 129.79£0.15 129.56 £0.26°
6. Manganese (Mn) 41.27+0.51° 32.83+0.09° 29.70+0.46¢ 29.88+0.06°
7. Copper (Cu) 8.61+0.07¢ 9.60+0.08° 9.89+0.31° 9.93+0.19%

Here, T1=control (A0) or soil without biochar, T2 =s0il + 1% biochar (A1), T3 =soil + 5% biochar (A2), and

T4 =s0il+ 10% biochar (A3)

Means £ SE (standard error) within column followed by the same superscripts are not significantly differ-
ent and mean values with different superscripts denote significant difference between all treatments.
Comparisons using a Duncan multiple comparison test at (P<0.05). Macronutrients (K, Ca, Mg) and

micronutrients (Zn, Fe, Mn, Cu)

106.73 to 4.46%, with increased biochar application rate
at 10%. However, in mixed contaminated soil, the range
of BCF value was significantly decreased (P <0.05) from
19.3 to 4.69% (December 2015) and 16.73% to 1.32%
(April 2016) as represented in Table 3. The non-significant
mean difference was found after comparing both dura-
tions (December 2015 and April 2016). All samples hav-
ing different treatments were significantly different from
each other at P<0.05 significance level. BCF value effec-
tively decreased with increased biochar application rate
(10% > 5% > 1%) due to the increased surface adsorption

capacity of biochar (which depends upon production
temperature and raw material used during pyrolysis) with
increased concentration.

3.6 Removal efficiency (%)

The PAH removal percentage significantly increased in
biochar-amended soil at P <0.05 significance level as
compared to control (10% > 5% > 1% > control). The maxi-
mum removal percentage in phenanthrene-contaminated
soil varied from 66.58% (C1) to 85.01% (C3) in December,
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Table 3 Shows the BCF values
and % removal efficiency of
phenanthrene-contaminated
soil at different time interval in
amended and non-amended
biochar soil

Treatments December sampling April sampling
BCF value +SE Removal efficiency  BCF value +SE Removal
(%) efficiency

(%)

Set3

co 123.1£0.96 ND 106.73+0.332 ND

C1 41.5+0.40° 66.58¢ 26.00+0.15° 46.25¢

2 33.0+1.04 73.42° 24.32+0.32¢ 58.92¢

a 18.6+0.42° 85.01° 446+0.27° 77.83%

Set4

DO 19.3+0.32¢ ND 16.73£0.15¢ ND

D1 10.4+0.52f 48.07° 2.50+0.00f 39.78°

D2 8.0+0.219 58.94¢ 1.49+0.259 58.84¢

D3 4.6+0.56" 72.90° 1.32+0.05" 66.68°

Here, CO=soil + phenanthrene, C1=soil+ phenanthrene +1% biochar, C2=soil+phenan-
threne+5% biochar, C3=soil+phenanthrene+10% biochar, DO=soil + phenanthrene +naphthalene,
D1 =soil + phenanthrene + naphthalene + 1% biochar, D2 =soil + phenanthrene + naphthalene + 5% bio-
char, D3 =soil + phenanthrene + naphthalene + 10% biochar

ND not detected values

Means + SE (standard error) within column followed by the same superscripts are not significantly differ-
ent and mean values with different superscripts denote significant difference between all treatments at

different sampling intervals using Duncan multiple comparison test (P<0.05)

2015 and 46.25% (C1) to 77.83% (C3) in April 2016 as com-
pared to control (C0). However, in mixed contaminated
soil, maximum removal percentage observed was 48.07%
(D1) t0 72.90% (D3) (December 2015) and in April 2016 the
removal rate estimated was 39.78% (D1) to 66.68% (D3) as
compared to control (C0). These results showed that the
maximum removal percentage is observed in soil having
10% biochar concentration as compared to other treat-
ments (as shown in Table 3).

4 Discussion

Our research is presumably the first attempt to study
the effect of separate and combined doses of biochar-
amended soil on berseem growth parameters. Soil was
spiked with 50 mg/kg naphthalene and 100 mg/kg phen-
anthrene dose having different concentrations of biochar.
The plant growth parameters were examined at different
time intervals in field, and samples were further stored and
analyzed under laboratory conditions. The low-tempera-
ture P, juliflora biochar used in the experimental study had
a high carbon content and ability for nutrient storage, and
these results were in close proximity with [16, 20, 24].
This study observed that the low concentration of
phenanthrene was found in the plant tissue (berseem)
treated with biochar. This could be due to high PAH
adsorption capacity of the biochar in soil. This helps to
increase the biomass of Trifolium alexandrinum (berseem)
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and its fodder application. The strong adsorption affinity
of biochar for different ionic solutes was also revealed by
different authors [17, 30]. Biochar application in soil signifi-
cantly reduces the negative effects of PAH compounds by
adsorbing it on their surface porous structure. The results
are in close proximity to the earlier studies on use of bio-
char for PAHs removal [3, 23, 31, 32]. So, the proposed
experimental study clearly showed that the biochar-
amended soil has high contaminant adsorption capacity
as compared with control or biochar non-amended soil.

The biochar-amended soil showed higher PAHs removal
efficiency as compared to biochar non-amended soil. As
the concentration of biochar increased in the soil, the
removal percentage of contaminants were also increased.
The sorption of PAHs into biochar surface significantly
increased overtime due to its high surface area and sur-
face porosity.

The above results clearly show that the maximum
increase in plant height was observed in pots having 5%
biochar dose followed with 10%, 1% and 0% as compared
to other treatments. This might be due to the increased
pH and alkaline minerals (Ca, Mg and K) level in biochar-
amended soil. This effects the reduction in soil metal
solubility rate, which causes the binding of contaminants
directly into the biochar surface and results into the micro-
nutrient deficiencies [26]. On the other hand, the soil
spiked with PAHs concentration having different doses of
biochar also shows an increased plant height as compared
to biochar non-amended soil (B0, CO and DO treatments).
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It was due to the biochar high adsorption capacity, large
surface area and porosity, which helps to adsorb all con-
taminants on their surface and improves plant height.

Furthermore, biochar helps to reduce the risk of PAHs
uptake in plant tissues by rapid sorption mechanism [2,
3, 29]. The small amount of phenanthrene transferred in
plant tissues from plant root system is further detected
by GC-FID. The uptake of contaminants in plant tissue sup-
presses plant growth, height and yield. This problem is
overcome by adding different doses of biochar in contami-
nated soil to reduce its effect on plant growth parameters.

The study found that the 5% application rate of bio-
char synthesized from P. juliflora biomass significantly
helps to improve the berseem biomass. Followed that it
was observed that biomass was also effectively increased
in soil having 10% biochar application rate, than 1% and
control (1st set of treatment having no contaminant dose
effect as compared to other set of treatments with con-
taminants). This might be due to the increased soil alkaline
properties and hydrogen ions concentration with differ-
ent biochar application rate. Biochar amendment in soil
did not show any significant increase in plant chlorophyll
content at different application rates and at different time
intervals. It was clear that, with increasing biochar appli-
cation rates the plant nutrient level significantly increases
within the sufficiency range of plant growth. The maxi-
mum percent increase was observed in case of 10% bio-
char followed by 5%, 1% and 0%. The reason behind this
was not clear.

5 Conclusion

Biochar possesses a number of characteristics that make it
suitable for remediation of organic and inorganic contami-
nants from contaminated soil. Biochar acts as a suitable
amendment in the soil as it increases the surface negative
charge, nutrient retention capacity, high adsorption affin-
ity, porosity, resistance to degradation and a high internal
surface area. Soil properties can be significantly influenced
by the addition of biochar and are known to enhance plant
productivity and soil quality. Berseem acts as a good phy-
toaccumulator. Total available nutrients were increased
with increase in biochar application rate.

BCF value significantly decreased with increased bio-
char concentration in soil (1%, 5% and 10%) as compared
to control (non-biochar-amended soil). There was no
negative effect studied in case of naphthalene on plant
growth parameters. Biochar significantly helps to increase
the plant height, biomass and total available nutrients. The
maximum plant biomass and height were observed in (5%
and 10%) biochar-amended soil as compared to control.
Moreover, the biomass that was harvested in the presence

of biochar did not show excessive PAH concentration in
plant shoot comparison with other treatments having
non-biochar-amended soil. This was due to biochar highly
porous structure and large surface area which adsorb all
contaminants present in the soil. Therefore, the addition of
biochar in soil is imperative in order to enhance soil fertil-
ity, ameliorate PAH-polluted soil and increase plant nutri-
ent uptake. Hence, berseem production was increased
worldwide with different biochar application rate.
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