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Apricot seed shell biochar, derived from agro-waste through thermal and hydrothermal processes, has demonstrated 

significant potential in addressing environmental challenges and advancing sustainable practices. The review discusses 
the production, characterization, and application of apricot-based biochar, emphasizing physicochemical properties and 

performance in adsorption and soil improvement. Apricot biochar is distinguished by its porous carbon microsphere 

structure and the abundant oxygen-containing functional groups that result in better adsorption for atrazine, nitrates, and 

heavy metals. The selected responses present some common preparation techniques found in biochar preparation: 

hydrothermal and pyrolytic techniques, with some chemical activation processes. For this reason, kinetic models, pseudo-

second-order kinetics, and the Freundlich isotherms apply to govern the adsorption performance of such biochar samples. 

Mechanisms that might underlie such behavior are hydrogen bonding and hydrophobic interactions. Biochar based on 

apricots has given promise in regulating pesticide residues; enhancing the quality of saline soils through their 

improvement can bring a halt to agricultural nonpoint source pollution as well. However, it is pH-dependent, ion 

concentration-dependent, and dosage-dependent. The review will emphasize the promise of apricot biochar as an 

inexpensive and environmentally friendly tool for environmental remediation while uncovering difficulties in mass 
production, optimization of activation processes, and performance in applications. Potential research directions are the 

development of biochar's functional properties and its role in sustainable agriculture and pollution control. 
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Fig. 1. Graphic abstract 

INTRODUCTION 

Biochar is carbon-rich material produced from 

the heating of organic matter in a low or oxygen-free 

environment. Recently, people have taken an interest 
in biochar as it can be used to enhance soil grade and 

crop growth and sequester carbon. Among the good 

uses of apricot shells would be making charcoal, 

which is biochar. Kargil is a distant town in the 
Ladakh region of India. It has beautiful views, but 

the climate is harsh. 
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The major activity here is farming, and apricots 

are grown abundantly. Yet, the countless apricot 

shells that are thrown away can be converted into 
biochar, benefiting the environment as well as the 

economy. Studies are being carried out on the 

application of apricot shells with minimal 
environmental impact. Apricot shell biochar has 

worked efficiently in amending soil and promoting 

crop yields. It also serves as an environmentally 
friendly and sustainable waste management method. 

We shall see if we can make biochar from apricot 

shells in Kargil and check how well it improves soil 

quality. 
A great deal of research on has been conducted 

on the effect of biochar the properties of the soil, 

crop productivity, and yield. Biochar is very helpful 
in retaining nutrients in the soil, preventing the 

nutrients from washing away, and improving the 

general health and quality of the soil. According to 
Agegnehu et al., it has been found through a review 

that incorporation of biochar and biochar-compost 

improves the soil and helps crops to grow better [1]. 

The present review shall discuss in-depth the current 
work on biochar and its potential use in agriculture. 

Other benefits of applying biochar encompass its 

potential ability to improve the water retention 
characteristics of soil in addition to the rehabilitation 

of both degraded soils and landscapes. Biochar has 

been found to promote healthy growth in plants, 

which postulates that its use can also be as a sort of 
fertilizer. Toxic levels of biochar impair earthworm 

and vegetable crop yield. Biochar is a product that 

improves soil value and offers several environmental 
advantages, such as carbon storage, mitigation of 

greenhouse gases, and increased plant growth [2-4].  

Biochar has been found to provide various benefits 
throughout its life cycle when used for soil 

conditioning. These benefits include improving the 

quality of ecosystems, reducing the consumption of 

resources, and mitigating the effects of climate 
change. Overall, biochar is considered a positive 

option for enhancing soil health and sustainability 

[5]. The incorporation of biochar into soil has the 
potential to greatly benefit plant growth and enhance 

soil quality by acting as a stimulant for plant growth 

[6]. By conducting additional research on the use of 
biochar as a soil amendment, we can enhance our 

knowledge regarding its interactions with various 

components of problematic soils. This, in turn, will 

expedite our progress in soil remediation and 
contribute to the improvement of crop yields in such 

challenging environments [7]. Algal biochar from 

wastewater can boost soil grade and generate income 
as a fertilizer and soil ameliorant, besides its water 

remediation and C-sequestration benefits [8]. 

Producing biochar from oil palm biomass can 

potentially lead to a healthier environmental, societal 

and economic growth for the oil palm industry 
specifically, and enhances sustainability in 

worldwide context [9]. Biochar production 

technologies are among the environmentally 
friendly technologies that aim to reduce greenhouse 

gas (GHG) emissions and promote a cleaner 

environment [10]. Biochar can be applied at suitable 
levels under dry conditions, as it has the ability to 

retain more water compared to treatments without 

biochar [11]. Since the beginning of the twenty-first 

century, biochar has garnered significant attention 
from various fields of research due to its unique 

properties, diverse applications, and promising 

potential for further development [12].  
Biochar-based carbon sequestration may have 

long-term benefits, but it comes at the expense of 

short-term CO2 emissions that can accelerate climate 
change [13]. The addition of biochar to soil has a 

quick and robust impact on both the nutrient content 

of the soil and the composition of plant communities 

[14]. 
Compost and biochar, either applied alone or in 

combination with fertilizer, have been shown to 

enhance soil fertility and plant growth while 
reducing nutrient leaching [15]. Biochar is 

recognized to have improved soil physical and 

chemical properties, enhanced soil biota, increased 

crop yield, remediated polluted soil, and recycled 
agricultural waste. It offers several interrelated direct 

and indirect benefits when used as a soil amendment 

[16]. For the sustainable and economically viable 
use of biochar for environmental applications, its 

economic impacts and recyclability must be taken 

into account during development [17].  

LITERATURE REVIEW 

Biochar has gained significant attention as a 

sustainable solution for soil enhancement, 

greenhouse gas mitigation, and environmental 
remediation. Biochar application is considered a 

viable strategy for reducing greenhouse gas 

emissions, particularly carbon dioxide (CO₂), 
methane (CH₄), and nitrous oxide (N₂O). By 

sequestering carbon in stable forms, biochar 

prevents CO₂ from being released into the 
atmosphere and contributes to long-term carbon 

storage. Moreover, it influences nitrogen dynamics 

in the soil, potentially reducing N₂O emissions from 

agricultural activities. However, optimizing the 
nitrogen efficiency of biochar-based fertilizers 

remains a challenge, requiring further research on 

their interaction with soil microbes and plant uptake 
[18]. Its potential to improve soil health, support 
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rural economies, and function as an effective 

adsorbent makes it a promising material in 

agriculture and environmental applications. 
However, the effectiveness and scalability of biochar 

depend on factors such as feedstock source, 

production costs, and technological advancements. 
Biochar has the potential to support rural economies 

by creating new revenue streams through its 

production and sale. Small-scale biochar production 
units can provide employment opportunities while 

promoting sustainable agricultural practices. 

However, widespread adoption faces significant 

challenges, including high production costs, 
technological limitations, and inconsistent 

availability of suitable feedstocks. Developing cost-

effective biochar production technologies and 
establishing standardized guidelines for its 

agricultural use are critical steps toward mainstream 

implementation. This review explores the role of 

biochar in soil nutrition and biology, its impact on 

greenhouse gas emissions, pollutant remediation, 

economic benefits, and challenges associated with 
its widespread adoption [19]. Table 1 shows the 

various key findings of research papers. 

METHODS OF PREPARATION OF BIOCHAR 

Pyrolysis The process of thermal decomposition 

of organic materials in an oxygen-free environment 

under the temperature range of 250-900 0C is called 
pyrolysis. Table 1 shows the key findings from 

studies comparing the effectiveness of different 

biochar types, conditions, and application rates in 

diverse environmental settings.  
Table 2 shows the summary of research findings 

on how different pyrolysis temperatures affect 

biochar surface area, porosity, and carbon stability. 
Figure 1 shows the graphical abstract for the biochar 

uses.  

Table 1. Key findings from studies comparing the effectiveness of different biochar types, conditions, and 

application rates in diverse environmental settings 

S. 

No. 

Title Year Key findings Ref. 

No. 

1 Biochar enhances yield and 

quality of tomato under reduced 

irrigation. 

2014 Biochar application has increased tomato yield and 

quality under the reduced irrigation set-up. 

[3] 

2 Biochar: potential for countering 

land degradation and for 

improving agriculture. 

2012 Biochar particles have a wide surface area and 

complicated inner structure that provides an environment 

for the thriving of microorganisms, thereby biofilm 

formation. 

[5] 

3 Using poultry litter biochars as 

soil amendments. 

2008 The addition of biochar in hard-setting soil showed major 

changes in its properties: increasing carbon, nitrogen, pH, 

and available phosphorus, though it decreases soil 

strength. 

[6] 

4 Influence of soil properties and 
feedstocks on biochar potential 

for carbon mineralization and 

improvement of infertile soils. 

2018 Biochar with low clay content and sandy soil without 
nutrients and organic matter improves the fertility of soil 

to a considerable extent. 

[7] 

5 Effect of biochar application on 

seed germination and seedling 

growth of Glycine max (l) under 

drought stress. 

2017 Biochar application counteracts the damaging effects of 

drought stress on the seedlings of soybean effectively 

have been observed. 

[8] 

6 Using agricultural residue biochar 

to improve the soil quality of 

desert soils. 

2016 Cotton gin trash biochar boosts organic matter and 

nutrients in sandy and loamy soils but may raise soil 

salinity due to increased electrical conductivity. 

[9] 

7 Effects of biochar application on 

vegetable production and 

emissions of N2O and CH4. 

2012 In farm-based applications, it was found that the use of 

biochar leads to a huge decrease in N2O and N2O-N 

emissions and yet allows the production of successfully 

grown vegetables. 

[13] 

8 Comparison of the efficacies of 
peanut shell biochar and biochar-

based compost on two leafy 

vegetable productivity in an 

infertile land. 

2019 It can be gathered from this research that incorporation of 
specially designed, peanut-shell biochar, PBC-based 

amendments (PAD) made from composted PBC was 

efficient in overcoming soil infertility, and Application of 

PAD at 1.5% to 3% improved vegetable yields by 

enhancing soil quality and nutrient availability. 

[14] 
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9 Soil organic carbon 

characteristics affected by peanut 

shell biochar in saline-sodic 

paddy field. 

2022 Study results showed that Biochar boosts soil organic 

carbon by forming humus-like substances, increasing 

aromaticity, and enhancing soil hydrophobicity. 

[15] 

10 Coconut shell-derived biochar to 

enhance water spinach (Ipomoea 

aquatica Forsk) growth and 

decrease nitrogen loss under 

tropical conditions. 

2019 Coconut shell biochar was found to enhance the yield of 

water spinach and decrease nitrogen leaching; hence, it 

can be used as an amendment for enhancing soil quality 

in tropical regions 

[16] 

11 Effect of biochar and hydrochar 

from cow manure and reed straw 

on lettuce growth in an acidified 

soil. 

2022 It has also been shown that chemically activated biochar 

(CBC) enhances soil organic matter, pH and also 

influences the nutrient contents of the soils, such as P, K, 

Ca, Mg, Zn, Fe, and Mn. 

[18] 

12 Understanding the role of biochar 
in agriculture 

2022 Black carbon enhances crop growth and soil health in 
arid, poor soils by improving water retention, structure, 

nutrient uptake, and microbial diversity. 

[19] 

13 Effect of biochar application at 

different adding rates on garlic 

(Allium sativum) growth and 

production. 

2020 Observation shows that 1.5% biochar addition boosted 

garlic production, while 3% hindered it, guiding optimal 

biochar use for garlic. 

[20] 

14 Observation shows that 1.5% 

biochar addition boosted garlic 

production, while 3% hindered it, 

guiding optimal biochar use for 

garlic. 

2021 Incorporation of Biochar improved the tomato seedling 

growth and resilience in saline soil by enhancing 

physiological and biochemical mechanisms. 

[21] 

15 Biochar and hydrochar from 

agricultural residues for soil 

conditioning: Life cycle 
assessment and microbially 

mediated C and N cycles. 

2022 The Findings show that, Biochar produced at a 

temperature of 500–700°C exhibited superior 

physicochemical properties. 

[22] 

16 Impacts of biochar concentration 

on the growth performance of a 

leafy vegetable in a tropical city 

and its global warming potential. 

2020 Higher biochar levels increased nitrate, potassium, and 

cation exchange capacity (CEC) but reduced phosphate 

availability. 

[23] 

17 Water extract from straw biochar 

used for plant growth promotion: 

an initial test. 

2016 Hot water extracts of biochar boost plant growth, 

increasing Chinese cabbage yield in pot experiments, as it 

contains organic compounds and mineral nutrients. 

[24] 

18 Potential of integrating biochar 

and deficit irrigation strategies for 

sustaining vegetable production 

in water-limited regions 

2019 There is evidence that adding biochar to soil under 

limited irrigation can mitigate crop yield losses and 

improve water use efficiency for vegetables. However, 

there is a lack of comprehensive field studies that provide 

a conclusive understanding of the long-term effects of 
biochar on soil-moisture interactions under drought 

conditions. 

[25] 

19 Biochar induced modifications in 

soil properties and its impacts on 

crop growth and production. 

2021 The addition of biochar to soil as an amendment has had a 

notable impact on the physical, chemical, and biological 

characteristics of the soil. 

[26] 

20 Biochar: effects on crop growth. 2018 The growth of oil palm and rubber seedlings was 

improved by adding a small amount of biochar to the soil. 

[27] 

21 Algal biochar: effects and 

applications. 

2012 In pot trials, biochar treatments resulted in remarkable 

plant growth rate improvements, ranging from 15 to 32 

times, compared to no biochar controls in Carbon and 

nutrient-poor soil. The addition of fertilizer further 

enhanced the growth. Biochar amendment also had a 

significant but relatively smaller impact on plant growth 

in a fertile agricultural soil. 

[28] 

22 Biochar-induced modification of 

soil properties and the effect on 
crop production. 

2019 Biochar typically improves soil health by changing its 

physical, chemical, and biological characteristics, such as 
water retention ability, pH level, capacity to retain 

nutrients, and promoting the growth of beneficial fungi 

[29] 
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Table 2.Summary of research findings on how different pyrolysis temperatures affect biochar surface area, porosity, 

and carbon stability. 

S. 

No. 

Material sources Temperature Key finding Ref. 

No. 

1 Feedstock maize 750 0C The incorporation of biochar decreases the bulk density of soil, 

increases the total volume of pores, and increases the water-
holding capacity at the permanent wilting point. 

[1] 

2 Soybean stover, 

Peanut shells 

300 0C 

700 0C 

Different carbonization temperatures affected biochar 

properties, increasing hydrophobicity, surface area, and 

aromatic condensation while reducing polarity. These changes 

influenced trichloroethylene (TCE) adsorption capacity. 

[38] 

23 Biochar to improve the quality 

and productivity of soils. 

2015 Biochar use can be helpful in the modification of soil 

properties because it improves fertility, increases water 

retention capacity, enhances cation exchange capacity, 

and regulates pH levels. 

[30] 

24 Effects of compost and biochar 

amendments on soil fertility and 

crop growth in a calcareous soil. 

2020 Numerous studies have reported the favorable agronomic 

outcomes of applying compost and biochar derived from 

diverse biomass sources on soil fertility, as well as the 

uptake of nutrients by crops and their growth, across a 

broad spectrum of soil types. 

[31] 

25 Low-cost and environmental-

friendly Triticum aestivum-

derived biochar for improving 

plant growth and soil fertility. 

2018 After physicochemical analysis of the soil and studying 

the plant growth and dry matter yield, it was observed 

that the treatment increases both dry matter yield and soil 

fertility along with improvements in plant growth. 

[32] 

26 A comprehensive review of 
engineered biochar: production, 

characteristics, and 

environmental applications. 

2020 A mixture containing a total of 15 g of rice-straw biochar 
per kilogram of soil was applied; the results observed 

showed that these amendments had increased effects on 

plant height, tiller quantity, and biomass yield as 

compared with the control groups, which had no biochar 

application. 

[33] 

27 Environmental benefits of 

biochar. 

2012 Temperatures at varying levels were applied to create 

birch wood biochar, and the effects that were induced by 

different temperatures were studied on various 

components of the soil ecosystem. Although their 

physical properties exhibit dramatic differences, all the 

biochar types showed similar impacts on soil properties 

and plant growth. 

[34] 

28 Impacts of different sources of 
biochar on plant growth 

characteristics. 

2018 Biochar affects plant productivity positively, neutrally, or 
negatively; low rates, low-temperature biochar, or 

hydrochar may immobilize nitrogen, reducing benefits. 

[35] 

29 Comprehensive review on the 

production and utilization of 

biochar. 

2019 This study investigated the impact of date palm residues 

biochar on sandy desert soil and showed that biochar’s 

produced at lower temperatures (300-400 ◦C) with a 

mineral fertilizer enhanced the growth of wheat and 

increased soil water retention over time whereas, Bio-

chars produced at higher temperatures have enhanced 

specific soil physical properties like bulk density and total 

porosity. 

[36] 

30 Production, activation, and 

applications of biochar in recent 

times. 

2020 Application of biochar to a depth of up to 10 cm can 

minimize denitrification and reduce N2O emissions with 

a better regulation of leaching of mobile nutrients like 
potassium; hence, increasing water use efficiency, 

nutrient availability, and eventually, plant growth. 

[37] 
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3 Pine 

Rice husk 

Wheat straw 

350 0C 

450 0C 

550 0C 

650 0C 

Wood biochar had 3–10 times more humification materials than 

rice husk biochar and ash, while bamboo biochar had none. 

Wood biochar's superior sorptive and humification properties 

make it useful in composting. The stability of biochar from 

pine, rice husk, and wheat straw was analyzed using proximate, 

ultimate analysis, and the Edinburgh stability tool, confirming 

that higher pyrolysis temperatures increased stability and total 

carbon by releasing volatiles. 

[39] 

4 Canola 

Corn 

Soybean 
Peanut straws 

300 0C 

500 0C 

700 0C 

Biochar’s from canola, corn, soybean, and peanut straws 

became more alkaline with higher pyrolysis temperatures. 

Carbonates were the main alkaline species at 500 and 700°C. 
FTIR–PAS and zeta potential analysis showed that –COO− and 

–O− groups influenced biochar alkalinity, especially at lower 

temperatures. 

[40] 

5 Orange peel 150-700 0C Biochar prepared at 150–600 0C showed strong 1-naphthol 

sorption due to specific interactions, while at 200 0C had the 

highest capacity at high concentrations. Biochar at 700 0C was 

most effective at low concentrations, highlighting biochar’s 

potential as engineered sorbents. 

[41] 

6 Wheat straw 

Poplar wood 

Spruce wood 

400 0C 

460 0C 

525 0C 

Wheat straw biochar had high salt (4.92 mS cm−1) and ash 

(12.7%) content. H/C ratios ranged from 0.46 to 0.40 at 525°C. 

Higher temperatures increased surface area (1.8–56 m²/g) but 

reduced CEC (162 to 52 mmol/kg). 

[42] 

Hydrothermal carbonization 

Hydrothermal carbonization (HTC) is a cost-

effective biochar production method operating at 
low temperatures (180–250°C). The resulting 

product, called hydrochar, differs from biochar 

produced via dry processes like pyrolysis and 

gasification. In HTC, biomass mixed with water is 
heated in a closed reactor, gradually increasing in 

temperature. Below 250°C, hydrothermal 

carbonization occurs, producing biochar; between 
250–400°C, hydrothermal liquefaction forms bio-

oil; and above 400°C, hydrothermal gasification 

generates syngas (CO, CO₂, H₂, CH₄). The process 
involves reactions like dehydration, fragmentation, 

isomerization, condensation, and polymerization, 

forming intermediates such as 5-

hydroxymethylfurfural. Lignin before 
repolymerization and cross-linking resulting in 

hydrochar [43-45] decomposition follows 

dealkylation and hydrolysis, yielding phenolic 
compounds. 

Gasification 

Gasification is a thermochemical process that 
converts carbonaceous materials, such as biomass or 

coal, into syngas (a mixture of CO, H₂, CH₄, and 

CO₂) by reacting them with a controlled amount of 

oxygen, steam, or air at high temperatures (700–
1000°C). Unlike combustion, which fully oxidizes 

the fuel, gasification partially oxidizes it, producing 

versatile syngas that can be used for power 
generation, synthetic fuels, or chemical production. 

The process includes drying, pyrolysis, oxidation, 

and reduction stages, making it an efficient method 

for energy recovery and waste management. 
Gasification offers advantages like lower emissions, 

higher efficiency, and the potential for carbon 

capture, making it a promising technology for 

sustainable energy production.[46] 

Torrefaction and flash carbonization 

Torrefaction is a mild pyrolysis process that 

thermally treats biomass at 200–300°C in an 
oxygen-free environment. This process removes 

moisture and volatile compounds, increasing the 

energy density, hydrophobicity, and grindability of 
the biomass. The resulting product, known as 

torrefied biomass or bio-coal, has improved 

combustion properties and is used as a renewable 

alternative to fossil fuels in co-firing and gasification 
applications. Flash carbonization is a rapid 

thermochemical process that converts biomass into 

biochar at high temperatures (300–600°C) under 
pressurized conditions. Unlike traditional slow 

pyrolysis, flash carbonization occurs within minutes, 

achieving higher biochar yields and energy 
efficiency. This method enhances carbon 

sequestration and provides a sustainable way to 

produce high-quality biochar for soil amendment 

and energy applications [47]. 

CHARACTERIZATION TECHNIQUES 

The characterization of biochar is essential to 

understand its physicochemical properties, which 
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influence its effectiveness in applications such as 

soil amendment, carbon sequestration, and pollutant 

remediation. Various analytical techniques are 
employed to assess the structural, elemental, and 

functional attributes of biochar [48]. Currently, 

numerous modern characterization techniques have 
been reported for characterizing biochar such as 

scanning electron microscopy (SEM), Fourier 

transform infrared spectroscopy (FTIR), X-ray 
diffraction (XRD), thermo-gravimetric analysis 

(TGA), nclear magnetic resonance spectroscopy 

(NMR), Brunauer-Emmett-Teller (BET), proximate 

and ultimate analysis, Raman spectroscopy, etc. 

Biochar stability 

Biochar stability, defined by its resistance to 

biotic and abiotic soil degradation, is crucial for 
carbon sequestration. Various methods assess 

biochar stability, with pyrolysis temperature often 

considered an indicator, though it provides only a 
rough estimate. Proximate analysis, traditionally 

used for coal and charcoal, determines moisture, 

volatile matter, ash, and fixed carbon, but may 

overestimate carbon content due to ash 
underestimation. Biochar stability assessment 

methods fall into three categories: (a) structural 

characterization (e.g., aromaticity), (b) chemical and 
thermal quantification of stable carbon, and (c) 

incubation-based carbon mineralization modeling. 

Incubation and modeling provide the most direct and 

reliable results, but are time-consuming. Stability is 
influenced by biochar’s carbon structure, consisting 

of crystalline and amorphous phases, with aromatic 

condensation and C-C bonds enhancing resistance to 
degradation. Other properties, such as pore structure, 

pH, and sorption mechanisms, also contribute. 

Emerging methods, like ¹⁴C isotope tracking, offer 
insights into biochar-microbial interactions, while 

thermochemical oxidation assesses degradation 

resistance. Despite advancements, current 

techniques lack precision. Developing improved 
stability evaluation methods is essential for 

optimizing biochar’s role in carbon sequestration 

and climate change mitigation, ensuring its long-
term environmental benefits [49-51]. 

Scanning electron microscopy (SEM) 

The surface morphology of biochar is commonly 
analyzed using scanning electron microscopy 

(SEM). SEM imaging has revealed that variations in 

processing methods and pyrolysis temperatures lead 

to significant changes in the surface structure of 
biochar particles, although their overall shape 

remains largely intact. The development of pores in 

biochar tends to increase with rising pyrolysis 

temperatures, resulting in enhanced pore properties. 

Additionally, higher pyrolysis temperatures may 

contribute to increased crystallinity of mineral 
components and the formation of highly ordered 

aromatic structures. SEM provides detailed insights 

into the distribution of micropores and mesopores, 
as well as the arrangement of pores within biochar. 

It is also used to observe changes in surface 

morphology before and after adsorption processes. 
Furthermore, SEM, when combined with energy 

dispersive X-ray spectroscopy (EDX), facilitates the 

elemental analysis of biochar by identifying the 

various elements present on its surface. Many 
studies on biochar applications have employed 

SEM-EDX to assess surface modifications after 

contaminant adsorption. However, a key limitation 
of this technique is its unsuitability for detecting 

organic contaminants [52]. 

Functional groups 

The sorption properties of biochar are 

significantly influenced by the presence of various 

surface functional groups, including carboxylic (-

COOH), hydroxyl (-OH), amine, amide, and lactone 
groups. The primary factors determining the 

abundance and nature of these functional groups are 

the type of biomass used and the pyrolysis 
temperature. However, an increase in properties 

such as pH, surface area, and porosity may lead to a 

reduction in the concentration of these functional 

groups. Fourier transform infrared spectroscopy 
(FTIR) is commonly employed to characterize the 

functional groups present on the biochar surface. 

Additionally, biochar produced at different 
temperatures exhibits notable variations in its 

surface chemistry. Beyond FTIR, nuclear magnetic 

resonance (NMR) spectroscopy can also be utilized 
to analyze the structural composition of biochar 

functional groups [53]. 

X-ray diffraction (XRD) 

X-ray diffraction (XRD) is a widely used 
technique for analyzing the crystallinity and 

structural characteristics of biochar. XRD 

diffractograms reveal specific features of amorphous 
materials, particularly those formed at temperatures 

above 350°C, indicating their structural consistency. 

Modern XRD systems are equipped with 
computerized controls, including a monochromator, 

a radiation source, and a stepping motor, enabling 

precise analysis. The presence of sharp and intense 

XRD peaks suggests the formation of crystalline 
nanostructures within biochar. Additionally, 

prolonged processing time leads to an increase in 

particle diameter, further influencing crystallinity. 
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XRD patterns provide a rapid, non-destructive 

means of characterizing biochar, facilitating the 

production of high-quality materials with enhanced 
sorption efficiency [54]. 

Raman spectroscopy 

Raman scattering is a widely used molecular 
spectroscopy technique that analyzes vibrational 

transitions in molecules when exposed to 

electromagnetic radiation. The Raman effect occurs 
due to the scattering of light with a shifted 

frequency, resulting from the absorption or loss of 

vibrational energy within a molecule. This technique 

is valuable for reliably assessing chemical and 
nanostructural changes during biomass 

carbonization. It also enables the rapid estimation of 

heat treatment temperatures (HTTs) used in biochar 
production. Raman spectroscopy offers high 

sensitivity, minimal sample preparation, and 

reduced interference, making it a powerful tool for 
biochar characterization. However, its high cost 

limits its widespread application despite its 

effectiveness in structural analysis [55]. 

X-ray photoelectron spectroscopy 

X-ray photoelectron spectroscopy (XPS) is a 

valuable technique for analyzing the composition 

and structural properties of biochars derived from 
different biomass sources and thermal treatment 

conditions. XPS enables the identification and 

quantification of functional groups and key 

elemental components present on the biochar 
surface. Changes in oxygen-containing functional 

groups, as detected by XPS, are indicative of short-

term biochar stability. Additionally, XPS can be 
employed to determine the elemental O/C molar 

ratio, which serves as a key indicator of biochar 

stability. This technique provides critical insights 
into the surface chemistry of biochar, contributing to 

a better understanding of its long-term 

environmental behavior and sorption capabilities 

[56]. 

Fourier transform infrared spectroscopy (FTIR) 

Fourier transform infrared (FTIR) spectroscopy 

is a valuable non-destructive technique for 
characterizing the surface functional groups of 

biochar. The chemical composition and structural 

arrangements of biochar undergo significant 
transformations with increasing pyrolysis 

temperature, and these changes can be effectively 

monitored via FTIR. Specifically, at higher 

temperatures (650–800°C), FTIR spectra reveal a 
progressive loss of aromatic functionalities. While 

diffuse reflectance infrared Fourier transform 

spectroscopy (DRIFTS) typically involves preparing 

samples as potassium bromide pellets, attenuated 

total reflectance (ATR)-FTIR allows for direct 
analysis by contacting the sample with an ATR 

crystal, enabling the identification of surface 

functional groups [57]. 

Nuclear magnetic resonance spectroscopy (NMR) 

Nuclear magnetic resonance (NMR) 

spectroscopy is a powerful technique for analyzing 
the structural composition of biochar. This method 

utilizes a strong magnetic field and radio frequency 

(RF) pulses to investigate molecular structures by 

detecting resonance frequencies of specific atomic 
nuclei. Solid-state NMR techniques are particularly 

useful for characterizing biochar, allowing for the 

identification of carbon functional groups, the extent 
of aromatic ring condensation, and the overall 

molecular structure of char. Additionally, NMR 

spectroscopy enables the analysis of aliphatic and 
aromatic hydrocarbon content, providing insights 

into the stability and carbonization of different 

biochar samples. Despite its advantages, NMR 

spectroscopy has limitations. The presence of 
ferromagnetic minerals in biochar can interfere with 

signal detection, leading to distortions in the results. 

Furthermore, biochar produced at high pyrolysis 
temperatures often exhibits a low signal-to-noise 

ratio, which can hinder accurate spectral analysis 

[58]. 

Thermo-gravimetric analysis (TGA) 

Thermogravimetric analysis (TGA) is a widely 

used technique for thermal analysis, enabling the 

assessment of the physical and chemical properties 
of materials as a function of increasing temperature. 

This method has been extensively applied to 

evaluate the thermal behavior of various samples, 
including biochar and biomass/biochar mixtures. 

TGA is particularly useful in examining the 

combustion characteristics of biochar, helping to 

determine whether synergistic interactions occur 
between different components in biomass/biochar 

blends. The findings from such analyses provide 

valuable insights into the thermal stability, 
decomposition patterns, and overall behavior of 

these materials under heat exposure. During TGA, 

biochar samples are subjected to controlled heating 
from ambient temperature up to approximately 

1000°C. Several studies have utilized different 

heating rates, including 10°C/min, 20°C/min, and 10 

K/min, to analyze variations in thermal degradation. 
Understanding these thermal properties aids in 

optimizing biochar applications and improving its 
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utilization in various industrial and environmental 

processes [59]. 

Surface area and porosity 

Biochar with a high surface area and well-

developed porosity exhibits superior sorption 

properties. The formation of a porous structure 
occurs during the pyrolysis process as water loss 

intensifies during dehydration. According to the 

International Union of Pure and Applied Chemistry 
(IUPAC), biochar pores are classified into three 

types: micropores (<2 nm), mesopores (2–50 nm), 

and macropores (>50 nm). The ability of biochar to 

adsorb pesticide molecules depends on its pore size, 
irrespective of molecular polarity or charge. 

Scanning electron microscopy (SEM) is commonly 

used to characterize biochar pore size. Surface area 
is a critical factor in determining sorption capacity, 

with temperature playing a significant role in biochar 

formation. The surface area varies between treated 
and untreated raw materials, with commercially 

available activated carbon exhibiting a larger surface 

area. Biochar produced without an activation process 

tends to have lower surface area and porosity. To 
enhance these properties, biochar production often 

incorporates an activation process, which can be 

achieved through physical or chemical activation. 
This step is crucial in improving biochar's adsorption 

efficiency and expanding its applications in 

environmental remediation and pollutant removal 

[60]. 
Brunauer-Emmett-Teller analysis (BET) The 

surface area of biochar can be assessed through 

Brunauer–Emmett–Teller (BET) analysis, a crucial 
technique for evaluating its effectiveness in pollutant 

removal from soil and aqueous environments. The 

comparison between raw feedstocks and their 
corresponding biochar reveals a substantial increase 

in BET surface area following pyrolysis. Notably, 

the original feedstocks lack significant micropores, 

whereas pyrolysis induces the formation of new 
micropores within the biochar structure.  

For different feedstock types, porosity 

characteristics—such as BET surface area and 
micropore volume—exhibit improvements with an 

increase in power levels from 2100 to 2400 W.  

This enhancement is attributed to the accelerated 
release of residual volatile compounds and the 

intensified development of micropores at elevated 

heating rates. Additionally, the extensive release of 

volatile matter during pyrolysis contributes to the 
formation of highly porous biochar with diverse pore 

structures and lower density. These properties make 

biochar a promising material for applications 

requiring high adsorption capacity and pollutant 

sequestration [61]. 

APPLICATIONS OF APRICOT SHELL 

BIOCHAR 

Apricot shell biochar, derived from the pyrolysis 

of apricot shells, has been investigated for various 
applications across multiple fields.  

Table 3. Characterization of apricot seed shell biochar 

in soil and parameters thereof. 

Research indicates that apricot shell biochar 

exhibits effective adsorption properties for 

pollutants such as atrazine, a common herbicide. The 
biochar's adsorption capacity is influenced by factors 

like preparation temperature, pH, and the presence 

of ions like calcium. The primary mechanisms 

include hydrogen bonding and hydrophobic 
interactions, suggesting its potential in mitigating 

agricultural non-point source pollution. Atrazine 

adsorption kinetics on the biochar followed a quasi-
second-order kinetic model with R2 ≥ 0.995, and 

isothermal adsorption data fitted the Freundlich 

model with R2 ≥ 0.911. The adsorption process was 

accompanied by surface adsorption and diffusion. 
The prepared temperature increased and the pH and 

Ca2+ concentration increased the adsorption process, 

and the mechanism of adsorption mainly involved 
hydrogen bonding and hydrophobic interactions. 

Biochar from agricultural waste, apricot shells, 

showed good potential for atrazine adsorption and 
could help manage agricultural non-point source 

pollution, especially pesticide residue pollution [62], 

Parameters Before adding 

apricot seed 
shell biochar 

After adding 

apricot seed 
shell biochar 

Soil pH 6.5 7.0 

Nitrate 

concentration 

(mg/L) 

30 50 

Soil organic matter 

(%) 

2.0 3.5 

Water holding 

capacity 

20 25 

Cation exchange 

capacity  

(meq/100 g) 

10 15 

Microbial activity 

(CFU/g)  

1 × 10^6 5 × 10^6 

Soil electrical 

conductivity (dS/m) 

1.2 1.5 

Total nitrogen (%) 0.1 0.2 

Phosphorus content 

(mg/kg) 

15 25 

Potassium content 

(mg/kg) 

20 35 
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and bioavailability of heavy metals like zinc (Zn) 

and cadmium (Cd). This suggests its potential role in 

reducing heavy metal mobility and bioavailability in 
polluted soils, thereby contributing to soil 

remediation efforts. Adsorbents were prepared from 

apricot seed shell agro-waste that is available 
locally. Biochar at 370°C from pyrolysis in the shape 

of 80-mesh particle size was further modified with 

1N HCl. ASSP, biochar (ASSB), and activated 
biochar (AASSB) from aqueous solution nitrate 

adsorption were observed. FTIR and pH PZC are 

used for the characterization of the adsorbent. 

Optimum conditions were pH 2, dosage 0.3 g, 50 
mg/L initial concentration, and 90 min contact time. 

AASSB exhibited the highest nitrate removal, 

followed by ASSB and ASSP. Nitrate adsorption 
kinetics followed a pseudo-second-order model, 

showing favorable and improved sorption. This 

agro-waste can be developed into sustainable 
adsorbents for water treatment, potentially replacing 

commercial sorbents [63-65].  

Biochar was prepared through a hydrothermal 

process and studied with the help of SEM and FTIR 
for atrazine adsorption on apricot kernel shell 

biochar, which exhibited a uniform carbon 

microsphere structure with many oxygen-containing 
groups. Functional groups were enhanced by 

increasing temperature, hence improving the 

adsorption efficiency. The kinetics of atrazine 

adsorption onto the biochar followed quasi-second-
order kinetic models (R2 ≥ 0.995) and the Freundlich 

model (R2 ≥ 0.911). Surface adsorption and diffusion 

were involved in the process, which is favored by 
hydrogen bonding and hydrophobic interactions. 

Adsorption capacity increased with temperature and 

decreased with pH and Ca2+ concentration. The 
biochar derived from agricultural waste could be 

applied for pesticide residue pollution control [66]. 

CHALLENGES AND FUTURE PERSPECTIVES 

Biochar has been demonstrated as an effective 
tool for soil amendment in crop production and 

pollutant removal from water and soil. Most of the 

studies on the effect of biochar on soil properties 
(such as bulk density, porosity, water holding 

capacity, acidity, and mineral content) are conducted 

in the laboratory. Properties of biochar produced 
under various pyrolysis conditions (temperature, 

heating rate, residence time) have been widely 

researched. For large-scale commercialization, the 

advantages and disadvantages of biochar for soil 
applications must be discussed, taking into account 

technical, environmental, economic, and social 

factors. This review evaluates biochar for soil 
amendment within a sustainability framework and 

offers recommendations for future research and 

applications [67]. 

The speedy growth of the technology of 
renewable energies and the critical need for response 

to the challenges of the environment made it 

apparent that biochar is a multi-use tool for energy, 
water, and environmental sustainability. The review 

highlights recent advances in biochar production and 

functionalization toward enhanced roles in energy 
conversion, wastewater treatment, reduction of CO2, 

improvement of soil, and carbon neutrality. 

Functionalization approaches such as chemical 

activation and metal impregnation significantly 
enhance catalytic activity, energy storage, and 

stability of the biochar; hence, there is a potential for 

its usage in water splitting, fuel cells, and 
supercapacitors. Additionally, it is a potential 

catalyst and adsorbent in wastewater treatment 

through the removal of pollutants and facilitation of 
resource recovery. The review points out the ability 

of biochar in CO2 capture and conversion into 

valuable fuels and chemicals. In conclusion, in a 

nutshell, biochar has great potential to be a 
sustainable material for a cleaner future. 

This technology is still at the nascent stage in 

Indian agriculture but promises several benefits, 
such as improved soil carbon sequestration, GHG 

offset, improvement in soil health, and increased 

crop yields. Crop residues from major crops, logging 

and processing residues, and organic residues from 
municipal solid waste were evaluated for 

availability. Approximately 249 million tons of crop 

residue is being generated annually. Using the 
residues for biochar will reduce GHG emissions by 

4.8% to 10.7% of total net annual emissions. 

Collection and transportation of residues would be 
the challenges, but institutional systems at the 

grassroots are established to get participation from 

the farmers as well, which will enhance the climate 

mitigation potential of biochar. Biochar production 
can improve waste management and offset GHG 

emissions for all sectors [68]. 

The development of effective and sustainable 
biochar production techniques, as well as their 

potential application in resolving global 

environmental issues, will receive particular 
attention. 

RESULTS AND DISCUSSION 

Biochar showed a positive impact on soil quality, 

crop performance, and yields. Biochar enhances the 
properties of soil such as water retention, water 

repellency, and carbon sequestration. The inclusion 

of biochar also increased crop productivity, nutrient 
uptake, and seed germination, especially in infertile 
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soils. It depends on the kind of soil, crop type, and 

feedstock on the optimal application rate. The 

feedstock selection, combined with the selected 
pyrolysis conditions, influences biochar properties 

such as pH, surface area, and nutrient content. The 

study of biochar reveals that it has the potential to 
reverse land degradation as well as enhance 

agriculture. 

Comparative soil benefits before and after adding 
apricot biochar in the soil are illustrated in Table 3. 

Apricot seed shell biochar adds the following to soil: 

It raises pH from 6.5 to 7.0, thereby making it 

alkaline. The nitrate concentration increases from 30 
mg/L to 50 mg/L, which will promote plant growth. 

Soil organic matter improves considerably from 

2.0% to 3.5%, making it fertile. Water holding 
capacity increases from 20% to 25%, thus helping 

retain moisture. Cation exchange capacity increases 

from 10 meq/100 g to 15 meq/100 g, which enhances 
nutrient availability. Microbial activity increases by 

as much as 1 ×10^6 CFU/g to 5 × 10^6 CFU/g, 

enhancing soil health and plant resistance. Electrical 

conductivity increased from 1.2 dS/m to 1.5 dS/m, 
indicating good salinity management in the soil. 

Total nitrogen increased from 0.1% to 0.2%, which 

contributed to better plant nutrition. From 15 mg/kg 
to 25 mg/kg, phosphorus increased, while potassium 

increased from 20 mg/kg to 35 mg/kg; all these 

added to better development and growth of plants. 

As a whole, soil with apricot seed shell biochar is 
much richer and more fertile.  

Based on this research, there are certain 

limitations discussed and directions for possible 
future study recommended. For example, if the 

sample only consisted of individuals from a certain 

geographic area or age, the limitation would need to 
be incorporated into the discussion, and the reader 

should be made aware that future studies ought to 

include a more diverse sample. In case the study 

used a particular methodology or tool, it would be 
necessary to talk about possible biases or limitations 

that might be linked with the methodology and 

provide alternative ways for future research. 
Implications for practice: This section describes how 

the results of the study can be applied in real-life 

settings. For instance, if the study found that a 
specific intervention improved mental health 

outcomes, discuss how this intervention can be 

implemented in clinical practice to improve patient 

outcomes. 

CONCLUSION 

The findings of this study demonstrate a 

continued necessity to study apricot seed shell 
biochar. If we delve further into the area of research, 

it will lead us closer to the complexities and nuances 

that lie in that field. More effective strategies for the 

challenges can be developed if more research is done 

in this area. We hope this research will be a good 
point of starting for future studies and eventually 

contribute to the ongoing endeavor to improve in the 

field of relevance - industry. 
Our study indicates the feasibility of preparing 

biochar from the apricot shell in Kargil and thus its 

use can be well authenticated for enriching the 
quality of soil. Apricot shell biochar, apart from 

other by-products of organic wastes, could play an 

active role in this regard for eradicating waste 

management and enhancing productivity. The 
potential area of investigation to be covered may 

include a critical analysis of its long-term 

implications on crop yields and soil quality.  
Some of the limitations that appeared during the 

production of biochar included using energy to heat 

at a higher temperature and nitrogen supply avoiding 
combustion during a production cost process. Future 

research could address these limitations by the use 

of solar energy as Kargil Ladakh on an average 

experience more than 300 sunny days in the year 
could be a promising solution with one-time 

investment. Overall, it contributes to the body of 

knowledge in the use of biochar made of locally 
growing plants in the indigenous soil in the same 

cold desert climate by providing benefits for 

agricultural produce. The findings and results of this 

study can be applied in practical settings, such as a 
decline or replacement with synthetic fertilizer. The 

hope is that this study will stimulate further 

investigation into “assessing the potential of apricot 
shell biochar derived from apricot seed shell 

collected sourced from Kargil”, Ladakh. 
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