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Abstract
In this study, biochar was produced from three biomass feedstocks such as fruits of Cassia fistula and Caesalpinia sp. and barks
of Eucalyptus globulus. The samples of the obtained biochar were characterized for pH, physiochemical properties, surface
morphology, and surface functional groups. The obtained biochar samples were further studied with/without the combination of
urea for their plant growth enhancement properties including the germination studies and effect on shoot and root growth of rice
plants. Biochar produced fromC. fistula fruits at 1.5% concentration increased the plant shoot height 18% higher than the control
plants. Eucalyptus sp. barks’ biochar application at 0.5% concentration also increased the plant shoot height 12% longer than the
control. However, the biochar produced fromCaesalpinia sp. did not increase the shoot length. Yet, a generalized increase in root
length was observed with the application of biochar. The combined application of nitrogen fertilizer (urea) and biochar together
reverted the effect of biochar on the shoot length increase. Phospholipid-derived fatty acid (PLFA) characterization of soil
revealed that soil biota shifts when soil was supplemented with the biochar. The bacterial community increased and a loss of
fungal community was observed with the application of biochar.
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1 Introduction

Soil and crop management practices in agriculture such as
fertilization, crop rotation, and land-use change exert a con-
siderable influence on the soil chemical and biological prop-
erties over time. Continuous use of inorganic fertilizer in-
creases nutrient availability to plants, but also at the same
time, they can also affect soil microorganisms [1]. Soil micro-
bial biomass is essential for nutrient cycling as well for soil
formation, and thus, the soil microbes indirectly affect the soil

quality. The use of the chemical fertilizers increases the soil
efficiency but also affects the soil quality along with it [2].

Carbon sequestration is the carbon entrapment process,
leading to the reduced carbon concentration in the atmo-
sphere. One of the viable methods of the carbon sequestration
is the biochar supplementation to the agricultural land [3]. The
deposition of biochar into agricultural soil seems to confer
several benefits on soil quality. Laboratory research [4] and
historical findings [5] indicate that the incorporation of bio-
char into the soil pose demonstrable benefits in increasing soil
fertility. In conventional agricultural practices, lime is applied
to the soil to ameliorate the alkalinity [6]. However, alkaline
nature of biochar could confer the soil alkalinity, thereby re-
ducing the level of lime application. Lee et al. [7] have shown
that the functional groups change the pyrolysis of biomass
which can increase the alkalinity of the biochar.

Soil organic matter (SOM) can increase the crop produc-
tivity by improving the soil fertility and water holding capac-
ity. However, SOM has a very less half-life and can be de-
graded fast [8, 9]. On the other hand, biochar has higher half-
life than the SOM and can stay in the field for a much more
extended period [10]. Furthermore, biochar application to the
soil can increase the pH and cation exchange capacity (CEC)
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which are many preferred characteristics for plant growth en-
hancement [11].

In the tropical regions’ agricultural practices, biochar pro-
duced from sugarcane filter cake enhanced the soil fertility
[12]. Biochar produced from straw biomass has increased
the available water holding capacity by 17–42% of soil and
enhance the shoot and root growth by 40–165 and 50–57%,
respectively, on Spring Barley (Hordeum vulgare L.) [13].
Hydrochar application has resulted in the better growth of
soya bean plants and also showed to increase the plant
growth-promoting bacteria Rhizobacteria in the soil rhizo-
sphere [14]. A recent review by Rangabhashiyam and
Balasubramanian [15] provides an insight on overall prospec-
tives of various lignocellulosic biomass precursors for biochar
production as well modification procedures to enhance the
biochar properties are also highlighted.

Biochar may enhance the soil fertility and nutrient avail-
ability to plants but also affects the soil microbial biota [16].
Biochar has a wide range of physicochemical [17] as well as
organochemical properties, which can affect the soil microbial
ecology [18]. Phospholipid fatty acid (PLFA) analysis is a
widely used method to identify various microbial biomass
compositions in soil and other environmental samples.
Using the PLFA pattern to study the communal structure of
soil microorganisms has become one of the most commonly
used methods [19]. The PLFA-based methods have several
advantages, and some of them are rapid, inexpensive, sensi-
tive, and reproducible [20].

The primary objective of this investigation is to expose the
possibility of using biochar produced from three different bio-
mass feedstocks on plant and shoot growth. For the produc-
tion of biochar, three biochar biomass feedstocks, namely, (i)
fruits of Cassia fistula. (ii) barks of Eucalyptus globulus, and
(iii) fruits of Caesalpinia sp., were used in this investigation.
The selected biomass samples were pyrolysed in top-lit up-
draft (TLUD) gasifier. The obtained biochar was characterized
and used to study its potential application for plant shoot and
root growth enhancement. Furthermore, the soil microbial
ecology was also carried out through PLFA characterization
and the corresponding results are presented in this paper. The
authors had earlier attempted to model the pyrolysis process
using different biochemical and empirical approaches to eval-
uate the product yield along with its composition [21].

2 Materials and methods

2.1 Biochar production and characterization

The biomass was collected from the National Institute of
Technology (NIT) Rourkela premises and segregated into
three significant feedstocks, viz., (i) fruits of C. fistula, (ii)
barks of E. globulus, and (iii) fruits of Caesalpinia sp. These

feedstocks were pyrolysed individually in the TLUD reactor
system, and the biochars were collected separately. TLUD had
been initially designed in SolidWorks 2015 platform and sub-
sequently fabricated using the simple carpentry and welding
equipment from the central workshop of the campus. The
primary air outlet can be adjusted to provide control over the
supply of primary air and availability of oxygen. The dry
feedstocks were loaded onto the reactor, and with the help of
gasoline, the feedstock is lit with the supply of air (oxygen)
through the primary air inlet. Air exchange is adjusted through
the primary and secondary air exchangers. Once the required
heat is generated, both the airlets are shut to cut off the air
exchanges for the biochar production. Before the biomass
turns into ash, the fire is turned off to keep the char, and later,
the produced biochars were collected from the top of the
TLUD reactor system.

A well-crushed powder biochar (0.3 g) was suspended in
30 ml of deionized water and subjected to shaking for 30 min.
It was then centrifuged at 5000 rpm for 5 min and the super-
natant was taken to measure the parameters such as pH, elec-
trical conductivity (EC), total dissolved solids (TDS), and sa-
linity. The surface morphology of the biomass and biochar
was analyzed using the Quanta FEG250 Environmental
Scanning Electron Microscope (ESEM analysis). Fourier
transform infra-red (FTIR) spectroscopy analysis was carried
out to analyze the functional groups present on the biochar
surface. The FTIR spectra were obtained using a PerkinElmer
spectrum instrument. The surface area of the biochars was
obtained using a Quantachrome BET surface area analyzer.

2.2 Plant growth study

The effect of biochar application on the preliminary vegetative
plant growth was tested on a glasshouse experiment. The ex-
perimental setup consisted of growth pots with growth media
filled up at various treatments or concentrations. The plant
growth media was prepared in such a way to estimate the
effect of biochar on the preliminary vegetative growth of
plants. Crop species chosen to study the effect of biochar
wasOryza sativa (rice plant). Various combinations of growth
media were prepared to study the effect of fertilizer, biochar,
and also the various combinations of both.

Soil material was obtained from an agricultural field nearby
the NIT Rourkela campus with the coordinates 22° 15′ 24.9″
N and 84° 54′ 42.3″ E. The soil material was found to be clay
nature. The pH of soil was found to be 7.416 with the electri-
cal conductivity of 76.9 μS. The cation exchange capacity of
the soil through ammonium displacement method was found
to be around 48.9 meq/100 g of soil. This soil was mixed with
various biochar and fertilizer treatments for the plant growth
studies. Biochar produced from all the three types of feedstock
were utilized for the study. Biochar applications (0.5, 1.0, 1.5,
and 2.0% (w/w)) with and without the combination of nitrogen
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fertilizer (urea) were supplemented to study the effect on the
preliminary vegetative plant growth. Amount of urea to be
supplemented was kept constant at 22 kg/ha and accordingly
calculated for the study as 0.014 g/100 g of soil with the depth

of 10 cm. Table 1 gives the experimental design undertaken to
study the effects of biochar, fertilizer, and the combination of
both. In this investigation, three trials were conducted for each
combination.

Table 1 Experimental design for
the plant growth study Treatments Description Experiments

Control The plants are grown only on soil and no additional
supplements are given

Soil

Soil +
fertilizer

The plants are grown in the soil supplemented with
urea at the rate of 0.014 g/100 g of soil

Soil + 0.014 g urea

Soil + biochar The plants are supplemented with three types of biochars
separately at the concentrations of 0.5, 1, 1.5, and 2.0%
supplementation

Soil + 0.5%Cassia biochar

Soil + 0.5% Eucalyptus
biochar

Soil + 0.5% Caesalpinia
biochar

Soil + 1.0%Cassia biochar

Soil + 1.0% Eucalyptus
biochar

Soil + 1.0% Caesalpinia
biochar

Soil + 1.5%Cassia biochar

Soil + 1.5% Eucalyptus
biochar

Soil + 1.5% Caesalpinia
biochar

Soil + 2.0%Cassia biochar

Soil + 2.0% Eucalyptus
biochar

Soil + 2.0% Caesalpinia
biochar

Soil +
fertilizer +
biochar

The plants are grown in the soil supplemented with
urea at the rate of 0.014 g/100 g of soil and biochars
applied separately at the concentrations of 0.5, 1, 1.5,
and 2.0% as a supplement to the plants

Soil + 0.014 g urea + 0.5%
Cassia biochar

Soil + 0.014 g urea + 0.5%
Eucalyptus biochar

Soil + 0.014 g urea + 0.5%
Caesalpinia biochar

Soil + 0.014 g urea + 1.0%
Cassia biochar

Soil + 0.014 g urea + 1.0%
Eucalyptus biochar

Soil + 0.014 g urea + 1.0%
Caesalpinia biochar

Soil + 0.014 g urea + 1.5%
Cassia biochar

Soil + 0.014 g urea + 1.5%
Eucalyptus biochar

Soil + 0.014 g urea + 1.5%
Caesalpinia biochar

Soil + 0.014 g urea + 2.0%
Cassia biochar

Soil + 0.014 g urea + 2.0%
Eucalyptus biochar

Soil + 0.014 g urea + 2.0%
Caesalpinia biochar

All set of experiments were conducted in triplicates
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The pots were sowed with the rice seeds and incubated in
the controlled conditions for 4 weeks. Incubation conditions
were 24 ± 2 °C temperature, 85% humidity, and 2000–4000 lx
light intensity with 16/8 photoperiodism (16 h light and 8 h of
darkness). Germination percentage was calculated on the
fourth day after sowing. Shoot and root lengths were used as
the plant growth indicators to study the effect of biochar and
the biochar-fertilizer combination. The shoot and root lengths
were measured after 4 weeks of incubation.

2.3 Soil microbial study

To understand the effect of biochar on soil microbial commu-
nity, analysis of PLFAs was carried out. The soil microbial
ecology was studied after 20 days of the incubation period for
the control soil and biochar-amended soil in which the plants
were grown. In this study, the procedure described by Buyer
and Sasser [20] was followed in carrying out the soil microbial
ecology study. The gas chromatography-mass spectroscopy
(GCMS) analysis to quantify the PLFAs was done on the
HP5MS column, and the gas used for mobile phase was the
mixture of nitrogen-helium. Table 2 provides the fatty acid
markers used in the study to categorize the identified PLFAs
corresponding to different organisms. These fatty acid
markers were used to understand the soil microbial commu-
nity and the effect of biochar on the soil microbial community.
Soil ecology characterization through PLFA pattern was car-
ried out only on the best positive results obtained from the
plant growth studies on each biochar combination.

3 Results and discussion

3.1 Physical properties of biochar

The physiochemical properties of the biochar are provided in
Table 3. The pH, EC, TDS, and salinity of the biochar gener-
ally depend on the biomass feedstock and the pyrolysis tem-
perature. The pH of all the three types of biochars was found

to be alkaline as indicated in Table 3. It can also be inferred
from Table 3, which the biochar produced from the fruits of
C. fistula has the increased EC, salinity, and TDS than the
biochar produced from the other two biomass feedstocks.
The cation exchange capacity of the biochar from Cassia sp.
fruits, Eucalyptus bark, and Caesalpinia sp. fruits was found
to be 82.6 meq/100 g, 55.8 meq/100 g, and 7.80 meq/100 g of
sample, respectively. Higher salinity and TDS and CEC could
be directly correlated with the higher available mineral con-
tent. It shows that the biochar produced from Cassia sp. fruits
had higher dissolved and exchangeable ions which could im-
prove the plant growth.

3.2 Surface area analysis

The surface area and total pore volume of the biochars were
studied using the Brunauer–Emmett–Teller (BET) analysis
and the results are provided in Table 3. It can be observed
from Table 3 that the biochar produced from the bark of
E. globulus had a higher surface area (163m2/g) and total pore
volume (0.4576cm2/g). This value is higher than the already
reported value of 5–25 and 8–60 m2/g by Mohammadi et al.
[22] and Brewer et al. [23], respectively. However, the surface
area of the biochars produced from the fruits of C. fistula and
Caesalpinia sp. had the surface area around 70 and 78 m2/g
which is almost equal to the reported value of Brewer et al.
[23] on biochar.

3.3 Surface morphology

The surface morphology of the selected feedstock and the
obtained biochars are depicted in Figs. 1 and 2, respective-
ly. This surface morphology was observed using the
ESEM. The feedstocks showed superficial structures with
the ordered arrangements of cells over the surface without
any porous structures. However, the biochars exhibited po-
rous structure irrespective of the biomass feedstock
pyrolysed, which is exhibited in Fig. 2. However, the shape
of the porous structure varied among the biochars depend-
ing upon the biomass. Biochar produced from the fruits of
C. fistula had the oval-shaped porous structure, whereas
the polygonal-shaped porous structure was observed in
the biochar produced from the barks of E. globulus.
Longitudinal porous structures were observed in the bio-
char produced from fruits of Caesalpinia sp. Furthermore,
a lot of interconnecting microporous channels were ob-
served in all the biochars irrespective of the feedstock type.
Similar type of microporous structure was earlier reported
by Hilioti [24] in the castor plant-derived biochar. This
porous structure could have acted as the release route for
the gases to vaporize during the pyrolysis process [25].

Table 2 PLFA markers used in the current study

S. no. Fatty acid type Biomarker group

1 Iso and anti-iso saturated branched
fatty acids

Gram-positive bacteria

2 Monounsaturated fatty acids and
cyclopropyl 17:0 and 19:0 fatty acids

Gram-negative bacteria

3 10-Methyl fatty acids Actinobacteria

4 18:2 ɷ6 fatty acids Fungi

5 20:3 and 20:4 fatty acids Protozoa

6 15:0, 17:0 cyclo, 19:0 cyclo, 15:1 iso,
17:1 iso and anti-iso fatty acids

Eubacteria

7 Poly unsaturated fatty acids Eukaryotes
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3.4 Surface functional group analysis

The FTIR analysis of the selected biomass feedstocks in this
study and the obtained biochar were carried out and presented
in Fig. 3. The FTIR analysis was done to identify the surface
functional groups present in the biomass feedstocks and the
obtained biochar and to understand the functional group
changes that took place during the pyrolysis process.

A comparative observation between biomass feedstock
and the obtained biochar revealed that specific peaks dimin-
ished gradually in the obtained biochar, irrespective of the
biomass feedstock. This trend of diminishing or decrease in
the intensity of the peaks was also observed and reported by
Li et al. [26]. In the biochar produced from the bark of
Eucalyptus sp. and Caesalpinia sp. fruits, the peak corre-
sponding to the hydroxyl group (-OH) (3400–3000 cm−1)
found to be decreased in intensity than the biomass samples
after pyrolysis. However, in the biochar produced from the
fruits of Cassia sp., the sharpness of peak corresponding to
hydroxyl group got increased. The concentration symmetric
nitro groups in the biochar produced from the fruits of
C. fistula were reduced (1376 cm−1), while the intensity of

the asymmetric nitro group (1557 cm−1) increased when
compared with the biomass samples. The peak correspond-
ing to the carbonyl functional group (–CO) (1315 cm−1) had
marginally increased intensity in the biochar produced from
C. fistula fruits than the biomass samples. Furthermore, ar-
omatic ring structure was found on the biochar surface
(742 cm−1) which could have formed during the pyrolysis
process.

In the biochar produced from the barks of E. globulus,
the peak corresponding to the hydroxyl group was found
to be widened than the biomass feedstock (3400–
3000 cm−1). In the eucalyptus bark feedstock, two distinct
sharp peaks at 1622 and 1316 cm−1 corresponding to
carbon-carbon double bond and the acyl/phenyl carbonyl
bonds (–CO–),respectively, were observed. However, in
the biochar, flattened and blunt peaks were observed be-
tween the wavenumbers 1620 and 1315 cm−1. The shift in
the peaks could be due to the loss of intensity in the
functional groups. Furthermore, aromatic ring structure
was identified through a very sharp peak at 780 cm−1 in
the biochar produced from barks of Eucalyptus sp. which
shows the increased aromaticity on the biochar surface.

a) b)

c)

Fig. 1 Surface morphologies of
the biomass feedstocks of a fruits
of Cassia fistula, b bark of
Eucalyptus globulus, and c fruits
of Caesalpinia sp.

Table 3 Physicochemical analysis of the biochar produced from three types of biomass feedstocks

Type of biomass used for the production of biochar pH EC (μS) TDS
(ppm)

Salinity
(ppt)

BET surface
area (m2/g)

Total pore
volume (cm3/g)

CEC (meq/
100 g)

Fruits of Cassia fistula 9.89 ± 0.11 1672 ± 5.86 840 ± 7.02 0.82 ± 0.06 70.22 ± 0.95 0.2597 ± 0.0756 82.60 ± 0.10

Barks of Eucalyptus globulus 8.34 ± 0.07 937 ± 7.64 469 ± 1.53 0.41 ± 0.12 163.77 ± 1.07 0.4576 ± 0.0667 55.83 ± 0.15

Fruits of Caesalpinia sp. 9.23 ± 0.08 484 ± 2.52 243 ± 5.03 0.17 ± 0.10 78.28 ± 0.57 0.7245 ± 0.0646 7.80 ± 0.06
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In the biochar produced fromCaesalpinia fruits, mostly the
functional groups were observed to be decreased or lost. The
hydroxyl group concentration on the biochar surface was
found to be very less than the biomass, and a general loss of
nitrogen containing functional groups was also observed,
namely, nitro group (1384 cm−1) and carbon-nitrogen bond
(1246 cm−1). A decrease in the alkoxy group (1054 and
1125 cm−1) intensity on the biochar surface.

A loss or decrease in the intensity of the peaks in the bio-
char, after the biomass pyrolysis process, was observed and
already been reported by Yuan et al. [27]. Formation of aro-
matic rings on the surface of biochar was also reported by
Weber and Quicker [28]. This aromatic ring structure forma-
tion could have resulted due to the decreased hydrogen/carbon
and oxygen/carbon ratio in the biochar.

3.5 Effect of biochar on plant growth

Effect of the separate application of biochar and the
biochar-fertilizer combination on the plant growth was

studied in the glasshouse study over a period of 4 weeks.
The effect on seed germination by the various treatments
was measured after 4 days. The growth indicators, name-
ly, the shoot height and the root length were measured
after the 4 weeks.

3.6 Biochar effect on seed germination

Four days after sowing rice seeds, seedling growth was
evaluated. During the study, no evidence was found that
the biochar or the biochar-fertilizer combination was af-
fecting the overall germination percentage of the rice
seeds. Similar kind of result has already been reported
that biochar does not affect the seed germination percent-
age of the tomato plant [29]. However, in some cases, the
positive effect of biochar on the seed germination percent-
age and early germination was also reported [29]. Thus,
the effect of biochar on the germination percentage and
early germination of plant seeds needs to be studied and
assessed individually.

a) b)

c) d)

e) f)

Fig. 2 Surface morphologies of
the biochar produced from a, b
fruits of Cassia fistula, c, d bark
of Eucalyptus globulus, and e, f
fruits of Caesalpinia sp.
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However, after 4 days of germination, the effect of the
biochar and the biochar-fertilizer combination was observed

on the root length of the plants. Plants supplemented with
only biochar produced from the fruits of C. fistula, and the
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bark of Eucalyptus showed an increased root length than the
control plants. Root length of the rice seedlings nearly in-
creased thrice than the control plants, when the plants were
supplemented with the C. fistula fruit biochar. When the
Eucalyptus bark biochar was supplemented to the seedlings,
five times increased root length than the control seedlings
was observed. Vaughn et al. [30] also showed the increased
root length with the application of biochar in bentgrass spe-
cies. However, the effect of Caesalpinia fruits biochar on the
root length was not as comparable to the control plants.

3.7 Biochar effect on the seedlings—above-
and belowground growth

After the incubation period of 4 weeks, the shoot and the root
lengths were measured to understand the effect of various
biochar, nitrogen fertilizer, and the combinations employed.
Figure 4 shows the effect of various treatments on the plant
growth.

Application of biochar produced from the fruits of
C. fistula significantly increased the shoot and root lengths

0

5

10

15

20

25

Control urea 0.5% cae
biochar+Urea

1% cae
biochar+Urea

1.5% cae
biochar+Urea

2% cae
biochar+Urea

)
mc(

htgneL

Shoot length Root length

0

5

10

15

20

25

30

Control urea 0.5% cas
biochar
+urea

1% cas
biochar
+urea

1.5%cas
biochar
+urea

2% cas
biochar
+urea

)
mc(

htgneL

Shoot length Root length

* *

* * * * * *

0

5

10

15

20

25

Control urea 0.5% euca
biochar+urea

1% euca
biochar+urea

1.5% euca
biochar+urea

2% euca
biochar+urea

)
mc(

htgneL

Shoot length Root length

0

5

10

15

20

25

Control urea 0.5% Cae
biochar

1% Cae
biochar

1.5% Cae
biochar

2% Cae
biochar

)
mc(

htgneL

Shoot length Root length

* * * * * * * *

0

5

10

15

20

25

30

Control urea 0.5% cassia
biochar

1% cassia
biochar

1.5% cassia
biochar

2% cassia
biochar

)
mc(

htgneL

Shoot length root length

* *
* 

* *

* *
* * * * * *

0

5

10

15

20

25

30

control urea 0.5% Euca
biochar

1% Euca
biochar

1.5% Euca
biochar

2% Euca
biochar

)
mc(

htgneL

Shoot length Root length

* *

f)e)

d)c)

a) b)

Fig. 4 Shoot and root lengths of various treatments employed. aMean shoot
and root lengths of rice plants supplemented with biochar produced from
Cassia fruits. b Mean shoot and root lengths of rice plants supplemented
with biochar produced from Eucalyptus bark. cMean shoot and root lengths
of rice plants supplemented with biochar produced from Caesalpinia fruits.
d Mean shoot and root lengths of rice plants supplemented with biochar

produced from Cassia fruits and fertilizer. eMean shoot and root lengths of
rice plants supplemented with biochar produced from Eucalyptus bark and
fertilizer. h Mean shoot and root lengths of rice plants supplemented with
biochar produced from Caesalpinia fruits and fertilizer. Single asterisk
indicates significance difference at p < 0.1. Two asterisks indicate
significance difference at p< 0.05
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of the rice seedlings till the application of 1.5% biochar con-
centration. The plants supplemented with 1.5% Cassia fruits
biochar increased the shoot length 18% more than the control
plants and a significant fourfold increase in the root length
which is shown in Fig. 4a. The plants supplemented 0.5%
with the Eucalyptus bark biochar significantly increased the
shoot length over 12% than the control plants. The root length
of the plants was also increased fourfold at 0.5% biochar
(Eucalyptus bark) application as depicted in Fig. 4b.
Application of biochar produced from the Caesalpinia fruits
did not affect the shoot length at a lower concentration.
However, supplementing the plants with a higher concentra-
tion of biochar produced from the Caesalpinia fruits de-
creased the shoot height which is depicted in Fig. 4c. Only
twofold increase in the root length was observed when the rice
seedlings were supplemented with the Caesalpinia fruits bio-
char, which is not comparable to the other two biochar.

Application of biochar has effects on the soil physiochem-
ical characteristics [11]. The changes could be in the pH, elec-
trical conductivity, salinity, and CEC of the soil which can aid
in plant growth. Increased porosity and higher surface area-to-
volume ratio in the biochar can support the plant growth by
preventing the leaching of nutrients [31]. Also higher the nu-
trient availability by increased CEC can also support and in-
crease the plant growth. This implies that the availability of
nutrient for the plant growth with the application of biochar
could be increased. The difference in the plant growth among
three types of biochars was due to the difference in electrical
conductivity and salinity which could affect the soil CEC and
nutrient release from the soil. Increased shoot length in the rice
seedlings was observed when the C. fistula fruit biochar was
provided as a supplement. It can be due to the significant
increase of CEC, EC, and salinity and the alkaline pH of the
biochar. The presence of hydroxyl and the carbonyl functional
groups in C. fistula fruits biochar could also favored the nu-
trient exchange between the soil and plants in a productive
way. It can be observed from Table 3 that the CEC of the
Caesalpinia sp. fruits biochar is very low. It can also be ob-
served from Fig. 3 that the biochar produced from the
Caesalpinia sp. fruits lost the hydroxyl group and the nitrogen
containing functional groups. The loss of nitrogen group in the
biochar could affect the C/N ratio and thereby the growth of
the plants [32]. Further, the drastic loss of hydroxyl group also
affected the nutrient exchange between soil and the plants.

The effect of combined application of biochar and nitrogen
fertilizer (urea) on the shoot growth can be observed in Fig. 4.
The plant’s growth on 0.5 and 1% biochar (fruits of Cassia
sp.) and fertilizer combination showed an increase in shoot
length of 12 and 7%, respectively. A significant increase of
shoot length was observed with the 0.5% Cassia biochar and
urea combination. This increase was less significant than the
18% increase in plants’ shoot length with biochar (from fruits
of Cassia sp.) supplement alone. Also, the plants

supplemented with the combination of urea and biochar pro-
duced from the barks of Eucalyptus did not show any signif-
icant difference in shoot length from control plants. Plants
grown with a combination of urea and biochar from the
Caesalpinia fruits did not yield any positive response in the
shoot length than the control plants. However, root length was
observed to increase with the combination of biochar and urea
application than the control and urea-supplemented plants.

Soil nitrogen content is one of the key and significant nu-
trients that are necessary for the growth of plants. Nitrogen
from the atmosphere should undergo ammonification (NH4

+)
followed by nitrification (NO3

−) before being utilized by
plants [33]. Thus, nitrogen cycle in soil plays a major role in
plant growth, and it can be affected by the application of
biochar [34]. It can be observed from Fig. 4 that the better
results were achieved with the application of biochar alone
rather than the combination of biochar and the nitrogen fertil-
izer. The enhanced effect of biochar alone on plants could be
explained by different factors that were involved in the nitro-
gen cycle and alteration in the cycle. With the addition of
biochar, extractable nitrogen as nitrate got decreased which
in turn could affect the overall plant growth which can be
attributed to the fact that biochar has a high carbon-to-
nitrogen ratio [35, 36]. Brewer et al. [23] reported that the soil
amended with both the urea and biochar had lower pH value
than the soil amended with biochar alone which could be due
to the nitrification of urea in the soil. It was also observed by
Brewer (2011) that there was no significant variation in CEC
and increased EC value in the soil amended with the biochar-
urea combination than the biochar alone.

The use of freshly prepared biochar could also have im-
plied adverse effects on the nitrogen metabolism. It was re-
ported that the application of freshly prepared biochar
immobilized the mineral nitrogen [37–40]. Asai et al. [41]
reported that the application of nitrogen fertilizer after the
biochar application in the rice field can limit the nitrogen
availability to the plants. Further, biochar with low C/N ratio
and low nitrogen and inorganic (ash) content could be respon-
sible for the nitrogen adsorption and thereby limit the plant
growth [32, 42]. These could be the reasons for the nullified
effect of the biochar-urea combination.

Another attribute to a negative interaction between nitrogen
fertilizer and biochar being increased nitrous oxide (N2O) and
ammonia (NH3) emission from the field [43]. It was also re-
ported that the higher rate of biochar application significantly
increased the ammonia and nitrous oxide emissions from the
field. It was also reported that higher nitrous oxide emission
occurred during the period of initial basal application of the
fertilizer to the field along with the biochar [44]. Ameloot
et al. [45] put forth an argument that volatiles present in the
biochar could act as an organic carbon source for the
denitrifying organisms. Biochar application also increased
the abundance of ammonia-oxidizing bacteria, thus increasing
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the nitrate concentration in the soil [46]. Further, the addition
of nitrogen fertilizer could increase the substrate (NO3

−) for
the denitrifiers present in the soil, thereby increasing the
efflux of nitrogen containing gases and loss of nitrogen to
the plants.

To minimize the efflux of N2O and NH3, it was proposed to
adopt combined application of biochar and nitrification inhib-
itors along with the nitrogen fertilizer [44]. By the proposed
way, the loss of nitrogen by efflux can be minimized.

3.8 Soil microbial community

The change in the communal structure of soil microbial bio-
mass was studied through PLFA characterization. The PLFA
study gives an insight into the soil microbial community and
how the communal structure is affected by the change in soil
physicochemical characteristics. PLFA characterization was
done for control soil, urea-supplemented soil, soil supple-
mented with 1.5, 0.5, and 0.5% biochar produced from
C. fistula fruits, Eucalyptus sp. barks, and Caesalpinia sp.
fruits, respectively, and the soil supplemented with the com-
bination of urea and 1, 0.5, and 1% biochar produced from the
C. fistula fruits, Eucalyptus sp. barks, and Caesalpinia sp.
fruits respectively.

Figure 5 depicts the overall PLFA profile for the different
treatments. In control soil, the fungal concentration was found
to be the highest at 37%, and it was followed by gram-
negative bacteria at 24%. Eukaryotes and eubacteria occupy
the next highest inhabitants. In urea-supplemented soil, the
level of gram-negative bacteria was found to be highest at
38%, followed by gram-positive bacteria at 28%. Fungi

occupied the third highest in the urea-supplemented soil, and
remaining organisms constitute the rest. In the soil supple-
mented with the biochar produced from the C. fistula fruits,
bacterial community occupies around 65%, and the eukary-
otes occupy the next highest community. The fungal commu-
nity got significantly reduced with the application of C. fistula
fruit biochar. A similar type of community profile was obtain-
ed, when the soil was supplemented only with the application
of other two biochar types.

Soil supplemented with 1% biochar produced from the
C. fistula fruits and urea bacterial community occupies 70%
of the soil ecological community and the fungi species was at
the lowest compared to the other treatments. However, in the
other two biochar cases, the combined application with urea
increased the fungal concentration. Combined biochar-urea
supplement to the soil increased fungal community composi-
tion than the supplement of biochar alone to the soil.

Several factors play a role in affecting the soil biota includ-
ing, biochar physical properties, organic and inorganic com-
position of biochar, physical and sorption properties of the
biochar, and the response of soil biota to the biochar supple-
ment. Lehmann et al. [16] listed out the numerous factors of
biochar that could have impact on soil properties such as pH,
surface area, a fraction of remained organic matter, recalci-
trance, surface chemical properties, CEC, as well the amount
of minerals present in it. Thus, different biochars have diverse
effects on the soil microbial biota based on the characteristics
of biochar.

Anders et al. [47] observed that the biochar application
affects the soil microbial community structure rather than af-
fecting the total microbial biomass present in the soil. The
utilization of the biochar carbon by microbes takes specific
timeframe since acclimatization of microbes to biochar-
amended soils needs time [48]. The change in the pH, EC,
and other physicochemical characteristics that also changes
the available form of carbon present in the soil could change
the structure of the microbial community based on the accli-
matization pace of the various microbes. The present research
also observed that the shift in community structure could be
the indirect impact of biochar rather than the direct effect.

The results obtained from the experiments conducted were
similar to the results of Gomez et al. [49] where the gram-
negative bacteria dominate the soil microbial biota rather than
the fungi and gram-positive bacteria. Ameloot et al. [45] ob-
served that efflux of CO2 and NO2 gases from the soil after the
addition of biochar to the soil could act as the readily available
substrate for the soil microbial growth. This could be one of
the reasons for the increased bacterial growth in the biochar-
supplemented soil. Kim et al. [50] also reported that the bac-
terial diversity was 25% greater in biochar-amended soil than
the biochar-un-amended soil. However, soil added with the
combination of nitrogen fertilizer and the biochar showed dif-
ferent effect on the soil microbial biota which could be
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Fig. 5 PLFA characterization of various soil treatments: control soil,
urea-supplemented soil, soil supplemented with only 1.5% biochar
produced from Cassia fistula fruits, soil supplemented with the
combination of urea and 1% biochar produced from Cassia fistula
fruits, soil supplemented with only 0.5% biochar produced from
Eucalyptus sp. barks, soil supplemented with the combination of urea
and 0.5% biochar produced from Eucalyptus sp. barks, soil
supplemented with only 0.5% biochar produced from Caesalpinia sp.
fruits, soil supplemented with the combination of urea and 1% biochar
produced from Caesalpinia fruits
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explained by different needs of the plant to form a symbiotic
relationship with the microbes under the changing nutrient
conditions. With the addition of nitrogen fertilizer, the plants
need not rely on the biological nitrogen fixation as much as
under the nitrogen limitation [16].

4 Conclusion

Biochar was successfully produced from three different
biomasses, namely, fruits of C. fistula and Caesalpinia
sp. and barks of E. globulus using a TLUD gasifier system.
Samples of biochars were characterized to be porous and
alkaline. There were variations in the electrical conductiv-
ity and salinity properties of the biochar which were based
on the feedstock biomasses used. A general loss or change
of functional groups was observed between the biomass
and biochar after pyrolysis. Germination studies revealed
that the biochar application on soil had increased the root
length of rice plant seedlings. Biochar produced from the
C. fistula fruits at 1.5% concentration enhanced the plant
shoot height by 18%. The Eucalyptus sp. barks’ biochar
application at 0.5% concentration also enhanced the plant
shoot height by 12%. The combined application of urea
(nitrogen fertilizer) and biochar reverted the effects of bio-
char on the plant shoot growth. The probable reasons could
be adsorption of nitrogen on the biochar or increased efflux
of N2O that affect the nitrogen metabolism in plants.
However, an increasing trend of root length was observed
with the biochar application for the concentrations consid-
ered in this study. The PLFA characterization of soil re-
vealed that soil biota shifts when the soil is supplemented
with biochar. The trend of increased bacterial community
and a decreasing fungal volume was observed with the
application of biochar. However, in the biochar and nitro-
gen fertilizer combination, the increase in fungal volume as
well decline in bacterial community in the soil might be
due to the secondary effect of biochar on the physiochem-
ical characteristics of soil.
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