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Abstract

In modern agricultural practices, applying biochar to improve soil fertility, plant growth and
agricultural output is gaining a great deal of attention. Our current study highlights the preparation
of biochar from fruit and vegetable waste and nutshell waste and its application as biofertilizer.
The prepared biochar from both resources was characterized via Fourier transform infrared spectroscopy
(FTIR), x-ray diffraction (XRD), and scanning electron microscopy (SEM). Both types of biochar and
their mixture were tested in a short-term lab-scale pot experiment at two different rates (0.5%, 1%
w/w) in order to evaluate their relative efficacy in soil fertility and wheat yield. Soil parameters like
pH, electrical conductivity, total carbon, total nitrogen, phosphorous, and potassium were analysed
before and after plant growth by standard procedures. At the end of the experiment plant growth and
dry biomass was calculated. Analytical characterization of biochar depicts its crystalline nature with
the presence of carbon nanotubes and circular pores. Wheat growth effects varied with biochar type,
but overall positive growth results were observed for both biochar and their mixture. Results proved that
wheat growth and biomass production was highest with maximum concentration of biochar mixture,
while the highest microbial count was observed with 1% nutshell biochar. Promising wheat growth and
a shift in relative abundance of the microbial community could have resulted from improvement in soil
parameters such as highest soil EC of 190 us/cm. Phosphorous and potassium concentrations of 12 mg/kg
and 210 mg/kg were observed at 1% mixture of biochar. In 1% fruit and vegetable waste biochar highest
TC of 0.459% was observed in soil. Furthermore, the highest TN of 0.0325% was examined at 0.5%
mixture of biochar. Our results conclude that the biochar amendment in soil at optimum level improves
soil physiochemical properties and enhances soil microflora, which in turn cast a positive influence on

soil productivity and crop growth.
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Introduction

Increasing  sensitivity towards environmental
protection and sustainability has gathered significant
interest in natural products and processes. In particular,
the emerging scientifically verified data supports the fact
that biochar can improve soil productivity, stimulates
plant growth and improves environmental quality by
countering synthetic agrochemical and pollutant effects.
In agriculture-based countries like Pakistan, most of
the population has been associated with agribusiness.
According to reports, around 60% of the population
relies on agriculture, with a 21% contribution toward
gross domestic product (GDP) [1]. The agriculture sector
of Pakistan has been facing serious issues regarding soil
fertility. The principle reasons for continual decrease
in soil quality include loss of top soil layers, nutrient
mining, physical degradation, poor soil management
and pollution [2-3].

To reclaim soil, various strategies have been adopted
like the use of chemical fertilizers, but they also have
disadvantages. One of the biggest issues with chemical
fertilizers is that they are not cost-effective and cause
land pollution and groundwater contamination. The
agriculture sector need such systems that are eco-
friendly and help promote and maintain biological
processes, like the use of organic fertilizer, mixed
cropping, animal manure, and green manure. The
application of animal fertilizer and manure maintains
the level of natural matter in soil. Synthetic compost
can be expected to rapidly supply the soil with required
nutrients [4].

Along with compost, biochar is an emerging tool in
this respect as history has witnessed increased fertility
of terra peta soils due to biochar. Biochar is commonly
derived with various feedstock materials and is created
from the thermal breakdown of natural material under a
restricted supply of oxygen. Production of biochar under
various pyrolysis conditions effects soil physiochemical
properties, which may then have a quick influence on
plant development [5]. Biochar amendment into soils
is of essential significance in deciding the ecological
advantages of biochar as it decides to what extent carbon
in biochar will be retained in soil, thus enhancing soil
quality [6].

Biochar addition alters the microbial community
present in soil as well as its composition [7-8]. The
existence of pores in biochar gives a reasonable
habitat to soil microorganisms by shielding them and
by fulfilling their carbon and mineral requirements
[9]. These progressions influence microbial structures
and nutrient cycling that in some way influences plant
development [6].

The application of biochar for plant growth, soil
physiochemical properties and the microbial community
has driven a significant impact on agriculture practices.
Biochar has been considered an important alternative
fertilizer as it improves agriculture outputs by managing
the effect of environmental changes and on the other

side decreases greenhouse gas emissions [10]. In the
present era, strategies are being employed that can
produce cost-effective biochar. However, there is a need
to improve understanding regarding biochar influence
on the agriculture properties of soil — in particular its
effect on plant growth and soil microbiota. The present
study was attempted to produce, characterize and apply
biochar in agricultural soil in order to understand its
effect on wheat growth and soil microbiota.

Materials and Methods
Soil Collection

Soil collection was done at a depth of 0-20 cm
from the garden area of Quaid I Azam University
in Islamabad, Pakistan. Debris, grass, stones, and
unwanted particles were removed from the soil.

Biochar Production

Fruit and vegetable waste like mango, apple,
pomegranate, orange peels and nut shell waste (peanut,
almond, and walnut shells) were collected from university
cafeterias and food huts. The samples were air dried and
transferred to a muffle furnace set at 550°C for 2 hours.

Pot Experiment

To investigate biochar impact on wheat growth,
treatment was conducted in plastic pots. Three sets of
pots (set 1, set 2, and set 3) were prepared. In the first
set fruit and vegetable waste biochar was added, in the
second set nut shell biochar was added, in the third set
a mixture of both types of biochar (nut shell + fruit and
vegetable waste) was added. Biochar addition in pots
was with two varying rates (0.5% and 1%) while the
control was with 0% biochar. 3-4 seeds of wheat were
sown in each pot (Table 1).

Characterization of Biochar

pH was determined in 1:5 biochar-to-water ratio
as described by Pandian et al., 2016 [11]. Surface
morphology of biochar was observed using a JSM
5910 1v thermionic scanning electron microscope
(Jeol SEM, Japan) to establish macro-pore shape [12].
X-ray diffraction was performed on the biochar using
a Shimadzou XRD-6000 Diffractometer. 3 g of each
char were granulated for powder diffraction using
Cu Ka 0.154 nm radiation (40 kV, 30 mA) from 5° to
80° (20) with scan rate of 8%min [13]. Samples were
analysed by FTIR spectroscopy to check the different
functional groups of biochar. A 5-mg powdered sample
of biochar was analysed by a Tensor 27 (Bruker)
FTIR spectrophotometer. An absorbance spectrum
(600-4000 cm-1) was collected with 4 cm™ resolution
[13].
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Table 1. Treatment plan for the experiment.

Crops Substrate Soil samples Sets
. . S, S0, S0.5%, S1%

Wheat Fruit and vegetable biochar S= Soil at first day Set 1

Wheat Nut shell biochar S, S0, S0.5%, S1% Set 2

Wheat Nut shell + Fruit and vegetable waste biochar S, S0, S0.5%, S1% Set 3

Physicochemical Characterization of Soil

Physicochemical characterization of soil was
performed before sowing and after harvesting. Soil
was mixed thoroughly in water (1 g soil in 2 ml water).
Mixture was allowed to settle down for 30 minutes.
Soil pH and Electrical conductivity was measured.
Chemical analysis of soil samples for C, N, P, and K was
undertaken at the Soil and Water Testing Laboratory for
Research, Rawalpindi by standard soil testing methods
[14].

Biochar Effect on Plant Growth
and Soil Microflora

To check the effect of biochar on plant growth,
plant morphological parameters including plant height
and weight were measured. Plant height was calculated
starting from stem base to the tip of the tallest leaf, and
their dry biomass was calculated [15].

For microbial analysis soil samples were taken from
rhizosphere of plants grown in pots. Serial dilutions of
soil samples were prepared at up to 107 concentrations.
These dilutions were spread on nutrient agar plates
which were incubated at 37°C for 24 hrs. Growth on
plates was enumerated by colony counter and CFU was
calculated by applying formula

CFU/g = colony number x dilution factor/inoculum size

Results and Discussion
Characterization of Biochar
pH

The pH recorded for fruit and vegetable waste
biochar and nutshell biochar was 8.8 and 9.4 respectively.
Biochar produced in this study were alkaline, as high
pH is commonly observed for thermally produced
biochar [16].

SEM Analysis

The SEM analysis of the nut shell biochar depicted
a porous structure with cracks on the surface of biochar
particles (Fig. la). The SEM images of fruit and
vegetable waste biochar showed discontinuous elliptical
and circular pores 10-50 um in diameter spaced between

CRE UOP

Fig. 1. SEM micrographs of a) nutshell biochar, b) fruit and
vegetable waste biochar.

longitudinal sheets of pyrolyzed structure (Fig. 1b).
Furthermore, microstructure of both samples of biochar
was tightly compact and packed with characteristic
macro pores prominent on the surface, suggesting
that both biochar samples had a porous structure quite
similar to that observed in previous studies [17].

XRD Analysis

XRD profiles of fruit and vegetable waste
biochar and nutshell biochar are shown in Fig. 2(a-b).
Characteristic sharp peaks in fruit and vegetable waste
biochar and nutshell biochar represent their crystalline
nature and changes in the structure of the biomass by
pyrolysis. Thermal decomposition of fruit and vegetable
waste biomass caused structural changes, converting



1072

Aziz S., et al.

a) 5

Countsls

200 175

T [ |
10 20 30

Position ["2Theta]

b) y y Yy

Countsls 40 | | |

0TSt

200 —

Position [[2Theta]

Fig. 2. a) XRD pattern of fruit and vegetable waste biochar; b) XRD pattern of nutshell biochar.

it into graphitic and crystalline form with peak at 28.5°,
representing a presence of carbon nanotubes and quartz
at 42.5°. The XRD pattern for nutshell biochar also
showed peak at 26.8° representing carbon nanotubes,
chaoite peaks at 29.5° and 39.5°, silicate minerals at 28°,
and magnesite at 21.02° [13-18].

Chemical Analysis of Fruit and Vegetable Waste
Biochar by FTIR

Peaks at 3276.03 and 3010.16 cm region confirm
the presence of oxygen-containing H-bonded O-H

functional groups from alcohols, phenols, and organic
acids; 2925.04, 2854.26 and 241.98 cm™ for stretch of
alkyl C-H chains; aromatic and olefinic C=C vibrations,
C=0 in amide (I), ketone, and quinone groups at
1861.51 and 1707.99 and cm; 1577.35, 1475.56 cm’
for carboxylic acid groups; O-H stretch for phenolic
compounds at 1280.2, 1224.23 cm™; bands at 1119.52,
1046,66 and 880.07, 829.30, 759.99, 732.47, 646.67 and
62548 cm™! of chlorinated aromatics in biochar. These
finding on FTIR seem quite similar to those observed
by Jindo et al. [19], indicating an increase in the degree
of carbonization that was accelerated due to high

Table 2. Physicochemical analysis of soil samples before any amendment.

Soil physiochemical parameters pH uf/ccm TC% TN% P mg kg K mg kg
Soil at 0 day 6.5 *80 0.238 0.0205 7.3 90
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Fig. 3. a) FTIR analysis of fruit and vegetable waste biochar; b) FTIR analysis of nutshell biochar.

temperature, which caused breakage of weak bonds
present in biochar structure leading to loss in hydrogen
and oxygen content [20].

Chemical Analysis of Nutshell Biochar by FTIR
Analysis of nutshell biochar examined by FTIR

showed that peak at 3741/cm was in correspondence
to the double bonds vibrations of C and N atoms in

Table 3. Effect of biochar on physiochemical properties of soil.

benzene ring, whereas 3591/cm, 3498/cm and 3324/cm
peaks corresponded to the O-H group vibrations. Peaks
appear like those mentioned by Kazemipour et al. [21]
and Koseoglu [22]. The peaks at 2926/cm and 2856/cm
represent the C-H stretching vibration in the aromatic
ring. Both 1744/cm and 1021/cm peaks indicated
the C=C stretching vibration and CH, vibration,
respectively, as observed by Yang et al. [23].

ST | oo || vt |

harvesting S 0.5% S 1% S 0.5% S 1% S 0.5% S 1%
pH 75 7.4 75 7.8 8 8.5 8.8

EC uS/cm 80 110 150 150 170 180 190
TC% 0.202 0.279 0.459 0.319 0.261 0315 0.383
TN% 0.0205 0.0185 0.0305 0.0275 0.0225 0.0325 0.028

P mg kg'! 8 8.5 11 10.4 11.5 9.1 12

K mg kg 90 120 160 180 200 180 210
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Biochar Effect on Soil Physiochemical
Properties

The initial physicochemical properties of soil
samples at 0 day were also measured; soil had pH
6.5, EC 80 us/cm, 0.238% of total carbon, 0.0205% of
total nitrogen, 7.3 mg kg' available phosphorus, and
90 mg kg total potassium.
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Fig. 4. a) effect of biochar (FVB = fruit and vegetable waste
biochar, NB = nutshell biochar, FVB + NB = mixture (fruit
and vegetable waste +nutshell biochar)) on soil microbiology;
b) Effect of biochar (FVB = fruit and vegetable waste biochar,
NB =nutshell biochar, FVB + NB = mixture (fruit and vegetable
waste biochar -+nutshell biochar)) on wheat height (cm);
c) Effect of biochar (FVB = fruit and vegetable waste biochar,
NB = nutshell biochar, FVB + NB = mixture (fruit and vegetable
waste biochar +nutshell biochar)) on wheat dry biomass (g).

At the end of the study, results showed noticeable
variations in the soil physicochemical properties by the
addition of biochar. These changes are mainly attributed
to nutrients present in biochar. It is possible that biochar
incorporation into soil enhance soil physicochemical
properties, decrease the bulk density, and improve the
soil texture, water holding capacity and air circulation
[6-24-25].

Soil pH is an important parameter that has a direct
nexus with nutrient supply and salinity status of soil
[26]. Highest pH of 8.8 was observed in soil amended
with 1% mixture of biochar. It has been reported
previously that in soil, biochar behaviour is liming,
which increases soil pH. [13]. Shifts in EC values rest
on both the type of soil and biochar added. At 1%
concentration of biochar mixture in soil the highest EC
190 us/cm was detected. The increase in the amount of
biochar added caused an increase in soil EC values as
also observed by Pandian et al. [11].

Another parameter is organic matter, which affects
the soil physicochemical properties and microbial
activities in the soil [27]. In 1% Fruit and vegetable waste
biochar the highest total carbon of 0.459% was recorded.
As the amount of biochar increases, the carbon content
also increases, which also helps in carbon storage in soil
[10-28-29]. The highest total nitrogen of 0.0725% was
examined in soil at 0.5% mixture of biochar. Our study
explained that soil nitrogen directly depends on biochar
concentration. As the amount of biochar increased it
also increased the amount of nitrogen in soil. The lowest
0.0185% total nitrogen was reported in soil at 0.5%
biochar (fruit and vegetable waste). Different factors like
leaching, volatilization or erosion are also responsible
for decreasing the nitrogen [30].

Phosphorous concentration was high in both
nutshell biochar and the mixture of bio char at 1%
concentration, i.e., 11.5 and 12 mg/kg. Schmidt et al.
[31] explained that the amount of phosphorous increased
as the concentration of biochar increased. The lowest
concentration of phosphorous (8 mg/kg) was reported
in soil with no amendment of biochar. Potassium level
was 210 mg/kg when examined in soil amended with
1% mixture of biochar. Potassium level was increased
because a high amount of replaceable potassium was
present in biochar [32].

Biochar Effect on Soil Microbiology
and Wheat Growth

Soil Microbiology

CFU was counted for soil on the first day of the
experiment and it was recorded as 0.5410%. As time
passed, the bacterial population increased. After
harvesting, the population of bacteria was 0.84109,
1.1210°, and 1.2310° at 0 %, 0.5%, and 1% fruit and
vegetable waste biochar concentration respectively.
In soil with nut shell biochar at 0%, 0.5%, and 1%
concentrations, bacterial count ranged from 0.91 and
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1.32, to 1.5410° respectively. In soil having a mixture
of biochar at 0, 0.5% and 1 % concentrations, recorded
CFU was 1.53, 191, and 1.7810° respectively. Biochar
may give suitable pore space for the colonisation of soil
microbes. Biochar’s micro pores protect soil microbes
— particularly bacteria — from grazing because of the
minor size (0.15-1 um), which could assume a vital role
in enhancing the soil as a microbial habitat. The highest
CFU of 1.9110° was observed with 1% biochar mixture.
Previous studies explained that adding biochar in soil
caused an increase in microbial population due to the
liming behaviour of biochar [33-34]. Previous studies
reported that the amount of biochar increased beyond
a certain limit, causing a reduction in the microbial
population because the toxicity level increased in the
soil [35].

Wheat Growth

The lengths of roots, shoots and leaves were
measured to understand the effect of nutshell waste
and fruit vegetable waste biochar on wheat growth.
It is reported that biochar alteration in soil enhances
the soil fertility and water retention capacity [24, 32,
36]. Fruit and vegetable waste biochar and nut shell
biochar both gave more or less similar results in
terms of plant growth; nonetheless, best wheat growth
was observed in soil when a 0.5% mixture of biochar
(fruit and vegetable waste + nutshell) was added.
Biochar is a nutrient-rich substrate that when applied in
the soil aids plant growth [37-39]. As long as biomass
is concerned, it was almost equal at 0.5% and 1 %
concentrations of biochar mixture. The shortest height
of wheat crop was observed in control. Similarly, fruit
and vegetable waste biochar at 1 % concentration gave
shorter height of wheat plant, suggesting that a higher
concentration of biochar in soil can suppress wheat
growth. In some studies we observed that if the biochar
concentration increased it decreased plant development
[40]. Other factors like environment, soil condition,
water availability and land types also affect crop growth
[41-42].

Conclusions

The current study suggests that the addition of
biochar had a promising effect on plant growth as well
as an impact on improving soil fertility. However, a
mixture of both biochars showed enhanced impact on
soil fertility and plant growth, which can be accredited
to the synergistic effect of both types of biochar when
applied in combination. Biochar had much influence on
soil physiochemical parameters, which in turn effects
plant growth. Biochar caused a significant increase
in soil pH and electrical conductivity, enhanced soil
microflora and gave good results at a concentration of
0.5%. Above that concentration it suppressed the growth
of wheat.
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