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Abstract

Soil degradation, increasing pollution, and water stress are major challenges facing
agriculture today, threatening soil fertility and crop productivity. In response to these issues, the
adoption of sustainable and environmentally friendly solutions has become essential. Among
these, the use of biochar a natural soil amendment produced through the pyrolysis of organic
residues has attracted growing interest for its potential to improve soil quality and support plant
growth. The objective of this study was to evaluate the effects of soil amendment with biochar
on the physiological and biochemical properties of common bean (Phaseolus vulgaris L.). Two
types of biochar were tested: one derived from eggshells and the other from date seeds, both
applied at different concentrations (1%, 3%, and 5%) to clay soil. The results showed that the
addition of biochar significantly enhanced plant growth, with increases in root biomass, leaf
area, and stem length. Biochemically, there was an increase in chlorophyll content, total soluble
sugars, total proteins, polyphenols, and flavonoids. In parallel, oxidative stress markers such as
proline and malondialdehyde (MDA) decreased. Antioxidant activity, assessed using the DPPH
(2,2-diphenyl-1-picrylhydrazyl) assay, revealed a notable improvement in radical scavenging
capacity, particularly in plants treated with 1% eggshell biochar. Date seed biochar showed
marked benefits at 3% and 5% concentrations, whereas eggshell biochar had a stronger impact
on photosynthesis and leaf quality. These results confirm that biochar is a promising natural
amendment capable of improving soil fertility, enhancing plant stress tolerance, and

contributing to sustainable agriculture through the recycling of organic waste.

Keywords: Biochar; Phaseolus Vulgaris L.; soil amendment; eggshells; date seeds; organic
waste.



Résumé

La dégradation des sols, la pollution croissante et le stress hydrique représentent
aujourd’hui des défis majeurs pour 1’agriculture, compromettant la fertilit¢ des sols et la
productivité des cultures. Face a ces enjeux, le recours a des solutions durables et respectueuses
de I’environnement s’impose. Parmi elles, I’utilisation du biochar, un amendement naturel issu
de la pyrolyse de résidus organiques, suscite un intérét croissant pour améliorer la qualité des
sols et soutenir la croissance des plantes. L’objectif de cette étude est d’évaluer les effets de
I’amendment du sol par le biochar sur les propriétés physiologiques, biochimiques de I’haricot
commun (Phaseolus vulgaris L.). Deux types de biochar ont été testés : I'un dérivé de coquilles
d’ceufs et I’autre de graines de dattes, appliqués a différentes concentrations (1 %, 3 % et 5 %)
sur un sol argileux. Les résultats ont montré que 1’ajout de biochar a significativement amélioré
la croissance des plantes, avec une augmentation de la biomasse racinaire, de la surface foliaire
et de la longueur des tiges. Sur le plan biochimique, on a observé une augmentation des teneurs
en chlorophylle, en sucres solubles totaux, en protéines totales, en polyphénols et en
flavonoides. Parallelement, les marqueurs de stress oxydatif tels que la proline et le
Malondialdehyde (MDA) ont diminué. L’activité antioxydante, évaluée par le test DPPH (2,2-
diphényl-1-picrylhydrazyle), a révélé une amélioration notable de la capacité de piégeage des
radicaux libres, en particulier chez les plantes traitées avec 1 % de biochar de coquille d’ceuf.
Le biochar de graines de dattes a montré des bénéfices marqués a 3 % et 5 %, tandis que celui
de coquilles d’ceufs a eu un impact plus fort sur la photosynthese et la qualité des feuilles. Ces
résultats confirment que le biochar constitue un amendement prometteur, capable d’améliorer
la fertilité des sols, de renforcer la tolérance des plantes au stress et de favoriser une agriculture

durable grace au recyclage des déchets organiques.

Mots-clés : Biochar ; Phaseolus Vulgaris L. ; amendement du sol ; coquilles d’oeufs ; noyaux
de dattes ; déchets organiques.
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General Introduction

I. Introduction
The global agricultural sector faces significant challenges due to the world's growing
population. The farming system must rely more on technology and chemical inputs to feed the
growing population and satisfy the continuously increasing demand for food. In an effort to
boost crop yields, more fertilizers and pesticides have been applied to agricultural land over
time. Long-term use of pesticides and fertilizers may result in leaching losses, which lower soil
fertility and pollute the ecosystem. Nutrient loss from agricultural soils can raise soil acidity
and lower crop yields in addition to decreasing soil fertility and raising farming expenses.
Farmers and the scientific community have turned their attention to natural leftovers and

organic materials as alternatives to commercially produced goods. (Adak et al., 2024)

One promising outcome of scientific research is biochar. Recognized for its well-established
benefits, biochar is used as a soil amendment to enhance fertility and immobilize or transform
heavy metals and other pollutants in agricultural soils. Often referred to as “charcoal” or
“biomass-derives black charbon”, biochar also has the unique ability to sequester carbon over

extended periods.

The pre-Columbian indigenous people of the Amazon region are thought to have used it for the
first time between 500- and 9000-years, biochar as part of a series of soil amendments that
created "terra preta," an agricultural soil with a higher pH and more nutrients leading to a more
stable arrangement of soil particle than the region's current acidic and infertile soils (Singh et
al., 2022). It is simple to detect because of its dark color, high nutritional content associated
with an increase in microbial population, and high aggregate stability brought on by the
presence of additional carbon. The evaluated Terra Preta's soil sub-layers contained flakes of
various mica species. The Terra Preta has a 25% higher variety of bacterial species than other

soils, and there are many different kinds of acidobacteria.

According to its original definition, "biochar" is "charred organic matter that is applied to soil
in a deliberate manner, with the intent to improve soil properties." The concept of biochar has
recently been expanded to include beneficial material use (such as in construction or composite

materials) that provides equal C-sinks to soil use (Schmidt ez al., 2021).

Biochar, as a well-known soil amendment, is a carbon-enriched material produced by pyrolysis
of biomass in the absence of oxygen. Due to the specific and tunable properties of biochar, e.g.,
high porosity and surface area, high pH value, good stability, and high cation exchange capacity

(CEC), numerous studies have recognized the great benefits of biochar for soil amendment
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(Hou et al., 2020; Palansooriya et al., 2020), such as improving soil fertility, soil structure,
microbial community, and carbon storage capacity (Zhang et al., 2020; Zheng et al., 2019) as
well as immobilizing potentially toxic metals/metalloids (TMs) in soil (Wang et al., 2020;
Xiong et al., 2019; Zhao et al., 2020; Zhong et al., 2020). Waste leftovers from forestry,
agriculture, and animal manures are typically used to make biochar. These feedstocks are

crucial because they can convert garbage into biochar, a valuable and practical product.

According to (Hayat et al., 2024), the well-known elements found in biochar include carbon
(C), oxygen (O), hydrogen (H), sulfur (S), silicon (Si), calcium (Ca), sodium (Na), nitrogen
(N), phosphorus (P), potassium (K), and magnesium (Mg). Among these, C is the most
abundant (about 60%), followed by Hydrogen and Oxygen. According to several researches,

the content is 40%—75% carbon, 7%—-20% oxygen key elements, and 7%—15% minor elements.

The literature review showed that Mg, Ca, K, and P can directly create mineral nutrients,
increasing plant development characteristics, and anions such as COs3;, OH, PO4, and SO4
released from biochar. According to earlier studies, heavy metal removal can be significantly
aided by water-based media that contain carbon and mineral biochar components (Inyang et
al., 2016). Although it also occurs in lower mineral fractions such as crop residue biochar, heavy
metal sorption primarily occurs via surface complexes in media with O-rich feature groups
(Alcoholic-OH, -COOH). Conversely, biochar derived from manure and sludge with elevated
mineral fractions may significantly influence the sorption process through interactions between
mineral fractions and heavy metals, as minerals can eliminate around 90% of heavy metals by

forming precipitates. (Shakoor et al., 2019; Hayat et al., 2024).

A popular technique for producing biochar is pyrolysis, which is typically done at 300-1000°C
(Diatta et al., 2020). According to (Li ef You, 2022), pyrolysis is a thermochemical process
that produces value-added products like biochar (such as crop residues and municipal solid
waste) in an inert atmosphere. Fast pyrolysis, flash pyrolysis, slow pyrolysis, vacuum pyrolysis,
hydro-pyrolysis, and microwave pyrolysis (MWP) are the six main categories of pyrolysis
technologies, which differ by their heating rate, pyrolysis temperature, residence time, reaction
environments, and heating method. Microwave pyrolysis and slow pyrolysis are two of these

methods that are thought to be promising and favor the production of biochar (Li et al., 2022)

The physicochemical characteristics of biochar, such as its surface area, pH, and functional
groups, as well as its abilities as a soil amendment, were significantly impacted by the pyrolysis

temperature. Pyrolysis temperature affects characteristics due to the presence of volatiles at
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higher temperatures. A higher pyrolysis temperature led to a drop in CEC and the concentration
of surface functional groups and an increase in surface area, carbonized fractions, pH, and

volatile matter (Tomezyk et al., 2020)

However, biochar made at lower temperatures (between 250 and 400 degrees Celsius) has better
yield recoveries and contains additional C=0O and C-H functional groups that, following
oxidation, can act as sites for nutrient exchange. Furthermore, the organic composition of
biochar generated at lower pyrolysis temperatures is more varied and includes cellulose-type
and aliphatic structures. These could make suitable mineralization substrates for fungi and

bacteria, which are essential for aggregate formation and nutrient turnover activities

Biochar's properties are crucial for evaluating its effectiveness in removing heavy metals and
determining its applications. Surface area, pore structure, pH, functional groups, elemental
composition, and stability are some of the crucial properties of biochar that are covered below

(Akhil ef al., 2021; Yan et al., 2024)

In most cases, biochar with a large surface area and high porosity will have strong sorption
capabilities. The pyrolysis process creates the porous surface of biochar when there is a rise in
water loss as a result of dehydration. The International Union of Pure and Applied Chemistry
states that biochar can have micro (less than 2 nm), meso (between 2 and 50 nm), and macro
(more than 50 nm) holes. Regardless of the pesticide molecules' polarity or charges, biochar
with smaller pores is unable to adsorb them. SEM (Scanning Electron Microscopy) can be used
to characterize the pore size of biochar. While temperature has a significant impact on the
synthesis of biochar, surface area is the primary factor in determining the sorption capacity of
biochar. Raw materials that have been treated and those that have not may have different surface
areas. The biochar made without the activation step is less porous and has a small surface area.
Therefore, an activation technique is used to improve the porosity and surface area of biochar
during its manufacture. The activation process may entail both chemical and physical

activation. (Yaashikaa et al., 2020)

Biochar is known for its excellent stability. The stability of biochar depends on the feedstock,
pyrolysis process, and pH conditions. Increasing pyrolysis temperature leads to more stable

biochar.

Biochar generated at 600°C was shown to be more stable than that produced at 250°C, 350°C,
and 450°C (Yang et al., 2018). Pyrolysis with oxygen has little impact on biochar stability due
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to negligible weight loss. The enhanced pyrolysis process ensures great biochar stability,

making it suitable for various applications, including as an additive.

When assessing the pore characteristics of biochar, temperature is a crucial consideration. When
the temperature was raised from 400 to 500 °C, the biochar's total pore volume increased from
0.5 to 0.6 cc/g, which led to pore melting and blockage (Yakout 2017). According to Jia et al.
(2018), the biochar's coordinated nanoscale pores facilitate the simple entry of heavy metal

ions. The pore structure of biochar is mostly determined by volatiles.

The biochar has a porous structure as volatiles are created. However, volatiles have a tendency
to escape during thermochemical degradation, which causes pores and cracks to develop on the

surface of biochar (Zhang et al., 2018).

Various surface oxygen-containing functional groups define biochar. In the Raman spectra,
Chen et al. (2019) found that the ratio of the D-Raman peak to the G-Raman peak (ID/IG) was
0.736 in wet sludge biochar and 0.805 in dry sludge biochar. The low ratio in wet sludge biochar
was caused by an overabundance of moisture, which generally has a detrimental effect on
biochar because it consumes the majority of the functional groups on the surface, lowering the
Raman intensity. The pyrolysis conditions and feedstock type are the only factors that determine
whether a specific functional group is present (Zhang et al., 2018). Due to their ability to form
stable complexes with heavy metals, C—H and O—H functional groups aid in increasing the
adsorption of heavy metals. The quantity of functional groups in the biochar is further reduced

by severe carbonization brought on by rising temperatures (Li ef al., 2017).

The quantity of surface functional groups in the biochar has a direct impact on the removal of
heavy metals. Additionally, functional groups aid in learning about the characteristics of
biochar. Phenolic and carboxylic groups allow for the measurement of biochar's surface charge

and redox characteristics (Wang and Liu 2017; Yuan et al., 2017).

The pH value of biochar can be used to determine whether they are basic or acidic. The pH
range of biochar is typically 4.0 to 12.0. Because of an increase in volatilization, the temperature
rise causes the chars' pH to move toward a highly basic pH. The biochar produced by pyrolysis
at 600 °C had a basic pH of 9.0, demonstrating the alkaline nature of the biochar surface at
elevated temperatures. If there is an electrostatic contact between the heavy metal and the
biochar, the presence of a higher pH in the biochar increases the adsorption of heavy metals.

this is due to the fact that higher pH levels generate more negative charges.
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However, because the heavy metals dissociate into the solution, a high pH can also occasionally

result in a decrease in the adsorption of heavy metals (Yakout 2017; Jia et al., 2018).

Increasing pyrolysis temperature increases carbon content by releasing volatiles, but decreases
hydrogen and oxygen content by breaking weak bonds in biochar. Rice straw biochar's
hydrogen and oxygen content declined from 4.4 to 2.9% and 49 to 30.1%, respectively, when
the pyrolysis temperature increased from 400 to 600 °C (Yakout 2017; Jia et al., 2018). The
polymerization, aromatization, and carbonization of biochar results in a high carbon content.
Biochar elemental composition changes as they lose bulk. Biochar mass loss occurs at
temperatures below 100 °C due to moisture content, whereas temperatures above 500 °C cause

oxidation of carbon molecules and mass loss.

According to Hammer et al. (2014), the characteristics of soil are altered by biochar. It can
raise the soil's load of plant fungi and arbuscular mycorrhizal organisms. Crop yield rises as a
result (Solaiman et al.,, 2010). Biochar's biological characteristics allow it to function as a
habitat, about microbes (Jaafar, 2014), earthworms can readily adapt to soil modified with
biochar. The fact that earthworms favor soils treated with biochar over those that are not was
further supported by Van-Zwieten et al., (2010). Adding biochar to the soil has the potential to
increase the amount of methane that plants absorb from the soil. The mechanism underlying the
claim is unclear, though. Nitrogen fixation is one of the biochar's other significant biological
effects on the soil. Upon being integrated into the soil, it could increase the amount of nitrogen

that plants fix (Rondon et al., 2007).

Various parameters, including pyrolysis temperature and feedstock type, can significantly
impact the properties of biochar, including pH, specific surface area (SSA), porosity, chemical
composition, and electrical conductivity (Kamali ef al.,, 2021). The properties of biochar are
mostly influenced by variables like feedstocks, temperature, particle size, heating rate, etc.
Instead of affecting the quality of the biochar, these factors directly affect its yield. Determining
the use of biochar requires a thorough understanding of property analysis. Biochar has been
produced using a variety of biomass from various sources, including solid waste, wood, plant

materials, agricultural residues, etc. (Yaashika et al., 2020)

A complex biological material that can be either organic or non-organic, biomass is derived
from living or recently deceased organisms. Because they include a combination of organic and
non-organic compounds and can be processed to produce energy, a variety of waste items,

including animal manure, waste paper, sludge, and several industrial wastes, are also considered
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biomass. Woody and non-woody biomass are the two types of biomasses. The majority of
woody biomass is made up of tree and forestry wastes. Low moisture content, low ash content,
high calorific value, high bulk density, and reduced porosity are the attributes of woody
biomass. Animal dung, urban and industrial solid waste, and agricultural products and leftovers
make up non-woody biomass. It is thought to have a higher porosity, a lower calorific value, a

smaller bulk density, and a high moisture and ash content (Tomezyk et al., 2020).

More moisture in biomass mostly prevents biochar from forming and increases the energy
required to reach the pyrolysis temperature. When compared to biomass with a high moisture
content, biochar creation is economically feasible when the biomass has a low moisture content
due to the remarkable reduction in heat energy and the time required for the pyrolysis process
(Yaashika et al., 2020). When compared to biochar made from solid waste and animal litter,
those made from crop residue and wood biomass typically have higher SSA (specific surface

area) and porosity (Kamali et al., 2021)

Aromatic carbon
Ash
pH

Surface area_;

Yield
. Valatiles
Conductivity
Catit;h'e,x/c:haylge

Porosity capacity

Higher levels at higher temperature

Figure 1: Evolution of physicochemical properties of biochar as a function of temperature.

Patra, B. R. (2021).

The pace at which heat changes during the slow pyrolysis of biomass affects the yield, volatile
component release, and characteristics of biochar. Reducing the likelihood of secondary
pyrolysis reactions and additional thermal cracking by keeping the pyrolysis heating rate in the
lower range significantly increases the yield of biochar. The generation of volatile compounds
is suppressed when the biochar's heating rate is kept below 10 °C min—1, which is followed by

minor polymer structural rearrangement events that produce a stable carbon matrix.
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Furthermore, through limits in heat and mass transmission, the degree of heating rate also

affects the textural characteristics of biochar (Mukherjee et al., 2022).

The extended residence time at a moderate to higher peak temperature range is crucial for slow
pyrolysis efficiency, especially when the heat transfer limit at this elevated thermal condition
point is large. Because of the various polymerization and secondary processes that can occur
for the biomass's contents, a higher biochar production was achieved while retaining a moderate

to extended residence duration (Patra et al., 2021).

The application of biochar in agriculture has been the subject of recent research, both in large-
scale field operations and in laboratory settings. Biochar is applied as a soil supplement to boost
crop output and water capacity, as well as a chemical fertilizer component that encourages soil
microbial activity. In acidic soils, it has been demonstrated to increase soil pH and decrease
heavy metal discharge. Unlike compost, which is naturally biodegraded by microbial
populations, biochar is produced by heating breaking down materials without oxygen. The

benefits of compost fade quickly, whereas biochar stays in the soil for longer.

The issue of heavy metals/metalloids (HMS) and polycyclic aromatic hydrocarbons (PAHs) in
soil and water has a detrimental effect on all forms of life. These contaminants result in
detrimental environmental effects and inadequate farming methods. These pollutants have the
potential to bioaccumulate, are persistent, toxic, and non-biodegradable. Because of its
advantages, biochar is one of the best bioremediation techniques utilized to address the HMS
and PAHs issue. These advantages include sustainability, cost, and carbon sequestration.
Because of its physical and chemical characteristics, such as its pore structure, specific surface
area, and functional groups, biochar has been used to adsorb a variety of pollutants. (Kumar et

Panwar, 2024)

Biochar significantly improves dry areas with limited water supply and extremely variable

water quality. The method used to prepare biochar affects the soil's capacity to hold onto water.

Following a heavy rain, biochar's wide total pore space allows it to retain water in its micropore
space and facilitate water movement through larger pores from the lower soil horizon to the
upper soil (0—15 cm). This improves the capacity to hold water. A study was carried out for
various soil types. After applying biochar at different rates, only 25 of 60 soil types showed an
improvement in water storage capacity. Applying biochar to plants under drought stress has

been found to boost their photosynthetic rate.
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Biochar can enhance certain enzymatic processes in soil as well as carbon, phosphorus,
nitrogen, and carbon mineralization. Generally speaking, incubating with fresh pyrolyzed
biochar significantly improved the behavior of many different types of enzymes. Numerous
studies have shown that heavy metals negatively affect soil biological and biochemical
characteristics, including soil enzyme activity. Nevertheless, it has also been asserted that by
changing the soil's enzymes, adding biochar to the soil can reduce the harmful effects of heavy
metals. Biochar is a significant contributor to systemic acquired resistance. The suggested rates
of application for disease suppression vary depending on the type of biochar. As of yet, there is

no "one concentration fits all" method for incorporating biochar into soilless systems.

Providing Inhibition of
microbial habitat contaminant toxicity

« Supply of labile
carbon

« Supply of labile

soil structure
Maintaining soil moisture
Optimizing soil pH
Improve soil enzyme activities

Figure 2: Biochar effects on soil biology health (Bolan et al., 2023)

Studies repeatedly show that biochar-enriched poor soils produce larger, more robust plants that
produce more and better crops. Better yet, compared to soils lacking biochar, these soils
maintain their production and retain nutrients. In soils containing up to 9% biochar, plants
thrive, producing more at a lower cost and with a higher yield. They may maintain this higher
production for extended periods of time while using less fertilizer. Biochar greatly boosts
fertilizer efficiency in soil, lowering the demand for chemicals while increasing crop yields.
Maize productivity more than doubled after a Mississippi maize farmer buried 15 tons of

charcoal per acre into the sandy riverbed. His use of fertilizer decreased after the first year.
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Research conducted in New South Wales, Australia, found that applying 4.5 tons per acre (20
pounds per 100 square feet) to carbon-depleted soils increased the biomass of soybeans and
tripled that of wheat. In 2008, Virginia Tech conducted tomato transplant experiments using
less than a cup of biochar in a gallon of soil mixture and discovered a yield increase of 48% on
average. Inoculating biochar with advantageous microorganisms improves crop
responsiveness, boosting overall plant health and nutrient usage efficiency. Applying biochar

reduces the requirement for irrigation, according to field observations (Ekebafe et al., 2013).

In recent years, biochar has emerged in Algeria as a versatile amendment, both in agriculture
and in civil engineering. Mohamed ef al. (2025) showed that adding up to 15% biochar to local
sands significantly improves shear strength, due to better particle interlocking at this optimal
content. The study by Bounouara et al. (2025), conducted in Algeria, demonstrated that
combining biochar with compost and chemical fertilizer significantly enhances soil properties
(organic carbon, nitrogen, pH, water retention) as well as agro-morphological characteristics of
durum wheat (plant height, leaf area, water content). This treatment achieved the best yield,
with 45 quintals per hectare, confirming its effectiveness in increasing wheat productivity under
local conditions. Thus, the use of biochar today appears as a promising and sustainable solution
in Algeria to improve soil quality, increase agricultural yields, and address challenges related

to land degradation and harsh climatic conditions.

The aim of this study is to investigate the effects of biochar application on the physiological

and biochemical properties of plant, especially common bean (Phaseolus vulgaris L.)

This work is divided into two parts: a general introduction and an experimental part. The
introduction consists of several sections covering concepts related to biochar, including its
production, characterization, properties, and the effects of its use as a soil amendment. The
experimental part is composed of two parts: the first details the materials used and the
methodology employed, while the second presents the results obtained, accompanied by a

discussion, and concludes with a final synthesis.
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II. Materials and Methods

The objective of this research is to study the effects of biochar application on the physiological
and biochemical properties of the common bean (Phaseolus vulgaris L.). The two types of
biochar used for the study were prepared from eggshells and date seeds. Their preparations as
well as all the other tests and experiments were conducted in the laboratory and greenhouse of

the University of May 8, 1945 of Guelma, in the department of biology.

II.1 Vegetal material and soil

The soil used in this study was collected from a wheat field in Ain Arbi in the region of Guelma,

Algeria.

I1.1.1 Soil

Figure 3: The soil used for experiments

I1.1.2 Vegetal material

The vegetal materiel consists of one variety (coco-rose) of common bean (Phaseolus
Vulgaris L.). This variety was purchased from a specialized agronomic seed supplier in

Guelma, with seeds imported directly from Italy.
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Figure 4: the vegetal material
Common bean (Phaseolus Vulgaris L.) classification according to Chaux and Foury's (1994)
Kingdom: Plantae
Super division: Spermatophyta
Division: Magnoliophy
Class: Magnoliopsida
Subclass: Rosidae
Order: Fabales
Family: Fabaceae
Genus: Phaseolus
Species: vulgaris L.

I1.1.3 Germination test

To enhance germination, the seeds were soaked in water at room temperature for one night. We
utilized Petri dishes labeled with paper and tape (with the following information: plant species,
variety, and replication number) that were filled with cotton balls of the same weight and
covered with absorbent paper. Forty seeds vegetal material were used, with ten seeds per Petri
dish and four (4) replications. Seeds were evenly distributed on top of the absorbent paper,
ensuring no seeds came into contact. We sprayed 15ml of distilled water to completely saturate
the papers without soaking. The boxes were placed in an incubator at 25°C for seven days and

watered every two days to ensure constant humidity. Germinated seeds in Petri dishes were
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counted and recorded during watering days and after seven days the germination rate

percentage was calculated using the following formula according to (ISTA 2023 Guidelines)

Number of germinated seeds 100

Germination rate (%) =

X
Total number of seeds tested

Figure S: Steps of germination test

I1.2 Biochar preparation

The preparation of biochar involves a pyrolysis process, which is the thermal decomposition of
organic material in the absence of oxygen. In this study, we have prepared two types of biochar

from eggshells and date seeds.

I1.2.1 Eggshells biochar preparation

The eggshells were collected, washed with tap water, then manually crushed and sun-dried for
7H. To ensure thorough dehydration, a second drying phase was done in an incubator at 70°C
for 24H. The dried material was then exposed to pyrolysis at 450°C for 2H in a muffle furnace.
After cooling to an ambient temperature, the biochar was ground with a grinder and sieved to

produce a fine and homogenous powder (Akram et al., 2022)

11.2.2 Date (Phoenix dactylefera L.) seeds biochar preparation

Dates were collected and the seeds were extracted, washed in warm water and dried in an oven
at 105°C for 24 hours.

Following the method described by Rahmat (2021), the seeds were then converted into biochar
by pyrolysis in a muffle furnace at 350°C during four hours.

The seeds were then grounded and sieved using a 350-micrometer sieve.
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Figure 6: Eggshells and date seeds biomass after pyrolysis

I1.3 Sowing of bean seeds

This experience was realized in plastic pots, which were filled with soil and biochar mixture.
Three concentrations of biochar (1%, 3%, and 5%) were tested according to Copley et al.
(2015) compared to a control group without biochar, with four replicates for each trial. For
biochar treated groups, the biochar was incorporated into the soil before sowing and four seeds
were sowed per pot after they have been soaked in water overnight to stimulate germination.

The pots were irrigated two to three times per week with distilled water.

Before sowing, a field capacity test was carried out by filling each pot with soil but leaving 1/3
of the volume empty. A known volume of distilled water was poured in to saturate the soil. After
24 hours, drained excess water that poured out was collected and measured. The field capacity,
which is the ideal amount to water that soil can retain, was determined by subtracting the

drained water from that which was originally added.
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Figure 7: Sowing bean seeds
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I1.4 Soil and biochar analysis

I1.4.1 Measurement of pH (the electrometric method)

25 mL of distilled water was combined with a 10 g sample of soil or biochar in a 1:2.5 (w/v)
ratio. After 30 minutes of shaking, the mixture was given an hour to settle. A pH meter that had

been calibrated was used to measure the pH.

I1.4.2 Electrical Conductivity (EC)

The electrical conductivity expressed in (uS) was measured using a conductivity meter and

soil in a ratio (soil or biochar/water = 1/5) according to (AUBERT, 1978)

I1.4.3 Soil composition

I1.4.3.1 Determination of organic carbon and organic matter

The organic carbon was determined by weighting 1g of soil and invert it into a beaker, then 10
ml of potassium dichromate and 20ml of concentrated sulfuric acid have been added. After 30
min, 200 ml of distilled water and 10 ml of concentrated phosphoric acid were added before
finally adding 10 to 15 drops of the colored indicator diphenylamine.

Titration was done using ammonium iron sulfate until a green color appears. A control (without
the soil) was prepared using the same method. And the percentages of organic carbon and

organic matter were calculated with the following formulas: (Walkley and Black, 1934)

o = @ -1 =
CO0% = - ><1><0.77

with n’: volume of the control
n: volume of the sample
p: weight of the soil

And MO% = CO0% x 1.72
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11.4.3.2 Total Limestone

Total limestone refers to the amount of limestone in the soil in all dimensions. Its concentration
in the soil can be evaluated following dissolving with a moderately concentrated acid

(effervescence test).

HCI attacks the soil's limestone carbon. This measurement is based on an acid-base reaction
with HCI diluted by one-third. The volume of CO; emitted is used to calculate the amount of
CaCO:s. (Baize, 2000)

CaCO3 + 2HC] ——CaClI2 + Co2

In a beaker containing 10 ml of HCI diluted to 1/3 of the known weight, add 2 g of fine soil,
weigh and note it (P1), stir, let stand, and reweigh to determine the weight (P2).

The limestone content is estimated with the following formula:

CaCo3% = weight of CO2 released *2.274*100/ weight of soil

Were weight of CO2 released = P1- P2

11.4.3.3 Texture of Soil

Based on Dermech et al. (1982) methodology which consist to make a paste by mixing a
quantity of soil with water. Next, try to use this paste to make a ribbon, then transform this

ribbon into ring.
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Figure 8: Soil texture test steps

Identification

-No ribbon forms — Sand

-Ribbon fragments — Sandy soil

-Ribbon forms but is fragile — Loamy soil

-Ribbon forms but not the ring — Sandy loam soil

-Ribbon and ring form, but ring fragments — Heavy sandy loam soi
-Ribbon and ring form completely — Clay soil

I1.4.4 Volatile matter, Ash and Moisture content determination

For the determination of moisture content, volatile matter, and ash content, the method
described by (Mahdi et al., 2015) was applied. First, the empty crucibles were weighed and

their masses were recorded as M0 using a precision scale.
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Then, a known mass of soil or biochar, typically 1 g, was placed into each crucible. The
crucibles containing the samples were weighed again, and this mass was recorded as MI1.

The samples were heated in a muffle furnace at different temperatures to analyze parameters:

e 105°C/24H for moisture content,
e 350°C/3H for volatile matter, and
e 550°C/3H": for ash content.

Following heating, the crucibles were removed from the furnace and allowed to cool to ambient
temperature in a desiccator to avoid moisture absorption. After cooling, the crucibles were

weighed again, and the resultant mass was recorded as M2.

Calculations were based on the loss-on-ignition method, using the formula:

M1 - M2

X
M1 - MO 100

with
MO: the mass of the empty crucible,
M1: the mass of the crucible plus the sample before heating,

M2: the mass after heating.
I1.5 Analysis of plants

I1.5.1 Morphological parameters

In order to evaluate the effects of the two types of biochar used in this study on the
morphological parameters of the common bean plants, they were uprooted and the leaves, stems

and roots were analyzed

I1.5.1.1Stem and root length:

After uprooting, the length of the stems and roots was measured and reported in centimeters

(cm) using a graduated ruler.
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I1.5.1.2Roots fresh and dry weight

After uprooting them, the roots of the plants in each group were washed and then dried between
two pieces of paper towels. Afterwards, their fresh weights were directly determined using a
precision scale and the values were reported. They were then placed in an incubator at 105°C

for 24 hours, after which their dry weights were determined.

Figure 9: Uprooting of plants for morphological parameters determination

I1.5.1.3Leaf Area Measurement

Leaf area was estimated using a manual tracing method according to (Breda, 1999). After
harvesting, each leaf was placed on tracing paper, and its outline was carefully drawn to capture

the exact shape and margins.

Following the contour tracing, leaf area was calculated using the empirical formula and

expressed in cm?):
Leaf area = Length X width X 0.75

I1.5.1.4Relative water content (RWC)

By following Jones and Turner (1978), RWC was measured using evenly sized leaves from
replicates and weighed. After recording the weight of fresh leaves (g), bean leaves were soaked
in distilled water for 3 hours at room temperature in the dark and then the turgid weights were

recorded. To determine dry weight, bean leaves samples were oven-dried overnight at 80°C.

RWCY% = (f.wt.—d.wt.) % 100

t.wt.—d.wt.
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With fowt.: fresh weight
d.wt.: dry weight

t.wt.: turgid weight

I1.5.2 Biochemical parameters

Every test was conducted on bean (Phaseolus vulgaris L.) fresh leaves. Seven groups have
been analyzed (control, 1%, 3%, and 5% for both date seeds and eggshells biochar) with three

biological replicates for each group and so a total of 21 samples by analyses.

I1.5.2.1 Total Soluble Sugars Assay

From each group about 0.5 g of fresh bean leaves were weighed. After homogenizing the
samples in 80% ethanol, they were centrifuged for ten minutes at 3000 rpm and the supernatants
were gathered for the analysis.

A stock solution of glucose was made by dissolving 100 mg of glucose powder in 100 ml of
distilled water and we proceed to a dilution from 0-1 mg/ml from this stock solution in purpose
to realize a standard curve.

Then, ImL of either standard solution or plant extract was added to each tube.

Each tube was then filled with 2 ml of anthrone reagent (200 mg of anthrone in 100 ml of
concentrated sulfuric acid).

After mixing, the tubes were heated for 10 min at 90°C in a water bath before left to cool to
room temperature. And finally, the absorbance was measured using a spectrophotometer UV-

Vi at 620 nm for both each sample. According to YEMM ez WILLIS, (1954)

I1.5.2.2 Chlorophyll Determination

The determination of chlorophyll a, chlorophyll b and total chlorophyll content was carried out
according to Arnon (1949).

Fresh bean leaves were harvested on the same day of the analysis for each treatment
corresponding to different biochar concentrations. For each sample, 0.5g of fresh leaves were
weighed, cut into small pieces and ground in 20 ml of 80% acetone until a homogeneous extract
was obtained. After filtration, the filtrate was collected and used for spectrophotometric

analysis.
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The absorbance was measured at 663 nm and 645 nm for chlorophyll a and b respectively. The
pigment concentrations (expressed in mg/g fresh weight) were calculated using the following

equations:

Chla (mg/g FW) = 12.7 X A663 — 2.69 X A645

Chlb (mg/g FW) = 22.9 x A645 — 4.68 X A663

Chl total (mg/g FW) = 20.2 x A645 + 8.02 X A663

11.5.2.3 Proline content

The proline content in leaves was determined according to Bates ef al., (1973). Fresh leaves
tissues (500mg) were homogenized in 10 ml of 3% sulfosalicylic acid; the homogenate was

filtered through Whatman filter paper.

In a clean glass test tube, 2 ml of the filtrate was mixed with 2 ml of glacial acetic acid and 2
ml of acidic ninhydrin reagent (prepared by dissolving 3.75g of ninhydrin in 90 ml glacial acetic
acid, then adding 60 ml of 6 M orthophosphoric acid).

The reaction mixture was incubated in a water bath at 100°C for 60 minutes to allow color
development after what the tubes were immediately cooled in an ice bath to stop the reaction.
Then, 4ml of toluene was added to each tube, the mixture was vortexed for 1-2 minutes, this

allows the separation of organic and inorganic phase.

The upper toluene phase containing the chromophore, was carefully collected and the

absorbance was measured at 520nm against a toluene blank using a UV/vis spectrophotometer.

I1.5.2.4 Malondialdehyde (MDA) content

0.5 g of fresh bean leaves from each group were homogenized in3 mL of 1% TCA.

This homogenate was transferred into conical centrifuge tubes and centrifuged at 2000 g for 15
minutes at 4 °C and the supernatant was collected. In clean test glass tubes 0.5 ml of the
supernatant was added to 3 ml of 0. 5% TBA (prepared in 20% TCA) and left to incubate 50
min in a shaking water bath at 95 °C. In order to stop the reaction, tubes were immediately

cooled in an ice bath and the mixtures underwent a second centrifugation at 10000 g for 10 min.
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The optical density of the supernatants was measured at 532 nm with a UV/vis
spectrophotometer and the values at 600 nm for nonspecific turbidity absorbance were
subtracted.

Concentration of MDA was calculated by using the extinction coefficient of the MDA-TBA
complex (=155 mmol™! cm™), Cakmak and Horst (1991).

MDA content(nmol) = [w x 105] X V/W x 106

I1.5.2.5 Antioxidant capacity determination

In order to evaluate the antioxidant activity of bean leaves after application of both types of

biochar, several tests were carried out using the same extract.

I1.5.2.5.1 Extraction for antioxidant activity

According to Abbas et al., (2023), after homogenizing 250 mg of fresh bean leaves of each
group with 3 ml of 80% methanol, each sample was incubated in a dry incubator at 65°C for 15

minutes following by a centrifugation step, the supernatant was collected for additional tests.

11.5.2.5.2 Total Phenol content

Total phenolic content of leaf extracts of plants was determined using the Folin—Ciocalteu

method as described by Li et al., (2007) with minor modifications.

This colorimetric method uses the oxidizable ability of phenolic groups to cleave the complex
containing the phosphotungstic (WO4?) phosphomolybdic (MoO42) in the Folin reagent under

alkaline conditions to form a blue-colored complex.

200 pL of each extract or gallic acid standard (from O to 1g/ml) was combined with 1 ml of
Folin—Ciocalteu reagent (previously diluted 10-fold with methanol). After 4 minutes of
reaction, 800 ul of sodium carbonate solution (0. 75%) was added to the mixture. Both mixtures
were incubated for 2 hours in the dark at room temperature. Absorbance was measured

spectrophotometrically at 765 nm.

Total phenolic content was calculated using the gallic acid (0-1g/ml) calibration curve and

expressed in mg of gallic acid equivalents per g of fresh weight (mg AG/g fr.wt.).

11.5.2.5.3 Flavonoid Content

According to Bahorun et al., (1996) the flavonoids content was quantified using the aluminum

chloride (AICI3) colorimetric method with quercetin (0 to 40 g/ml) as standard. In short, 1 ml
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of a solution of 2% aluminum chloride (made in methanol) was added to 1 ml of each extract.
The absorbance of the reaction mixture was measured at 430 nm after 10 min of incubation at

room temperature.

Using the standard curve, the flavonoid content of each extract was determined and expressed

as milligrams quercetin equivalent per gram of fresh weight (mg QE/g fr.wt.).

I1.5.2.5.4 Determination of 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)
Radical Scavenging Activity

Based on the method proposed by Fedeli et al., (2024b), the total antioxidant power of extracts

was estimated.

1 ml of DPPH solution was added to 200 pl of extracts obtained from each sample. The DPPH
solution was made by dissolving 3.9 mg of DPPH in 100 ml of 80% methanol, a control solution

(200 pl of 80% methanol and 1 ml of the DPPH solution) samples were prepared.

Samples absorbance was measured at 517 nm with an UV—vis spectrophotometer after one hour
of incubation in complete darkness. The percentage of antiradical activity (ARA), which was

determined using the following formula, was used to express the results:

ARA (%) = (1 sample absorbance < i
0) = ( control absorbance)

11.5.2.6 Protein content

I1.5.2.6.1 Extraction for protein and antioxidant enzymes

From each, 0.5g of fresh bean leaves were homogenized in 10 ml of cold phosphate buffer (pH
7,8; 50mM). The homogenate was then centrifuged at 6000 g for 20 minutes at 4 °C. The
resultant supernatant was carefully removed from the pellet, put to appropriately labeled

Eppendorf tubes, and frozen for additional analysis. (Shahzadi et al., 2024)

I1.5.2.6.2 Total protein assay

The enzymatic extract produced from fresh bean leaves was used to quantify total proteins

content using the method described by Bradford (1976).
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The Coomassie Brilliant Blue (CBB) reagent was prepared by dissolving 0.1g CBB in 50 ml of
95% ethanol. To this solution, 100ml of 85% O-phosphoric acid was added and the final volume

was adjusted to 11 with distilled water.

In each tube, 50 pul of enzymatic extract was mixed with 2.5 ml of CBB reagent. The mixtures
were stirred and incubated at room temperature for Smin. The absorbance was then measured

at 595 nm using a UV-Visible spectrophotometer.

A standard calibration curve was established using a stock solution of BSA (0-1mg/ml). This

curve was used to determine protein content in unknown samples.
I1.5.2.6.3 Catalase activity assay

According to the method described by Seckin ez al., (2009), the activity CAT was measured by
producing a reaction mixture consisting of 1.0 ml of phosphate bufter (pH 7.8; 50 mM), 1.7 ml

of distilled water and 0.1 ml of enzymatic extract.

This combination was incubated at room temperature for 3 min. After incubation, 0.2 ml of

H-0: (200mM) was added to start the reaction.

The breakdown of H.O> was monitored by measuring the decrease in absorbance at 240 nm

using a UV-Visible spectrophotometer. Readings were taken every 30s for a duration of 2 min.
I1.5.2.6.4 APX activity assay

The ascorbate peroxidase 3 mL reaction solution was containing 2.7 ml of phosphate buffer (50
mM and 7.8 pH), 0.1 ml of ascorbic acid (7.5 mM), 0.1 ml of H202 (300 mM) and 0.1 ml of
enzyme extract. The decrease in absorbance at 290 nm was followed using a UV-Visible

spectrophotometer every 30s during 60s. according to Nakano ef Asada (1981).
Statistical tests:

All experimental data are presented as mean + standard deviation (SD) from five trials.
Statistical analyses were performed using IBM SPSS Statistics V27 software IBM Corporation,
New York, USA), with the significance level set at p < 0.05. The tests conducted included:

* One-way analysis of variance (ANOVA) followed by Tukey HSD (with Bon-Ferroni

adjustment) and Games-Howell post-hoc tests.

* Two-way ANOVA, complemented by Tukey's post-hoc test, and Welch's ANOVA, followed
by Games-Howell's post-hoc test.
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» Non-parametric Kruskal-Wallis test, with post-hoc comparisons performed using Bonferroni

correction.
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III. Discussion
Globally, the exponential growth of the human population has led to an increasing demand for
agricultural resources, low- and middle-income countries, in particular face significant
challenges in addressing food security issues. Biochar, a carbon rich material, has been
advocated as a soil amendment to improve soil quality and crop productivity. However, its
effects on plant growth vary depending on factors such as biochar type, application rate, plant
species and soil conditions (Kumari et al, 2022). This study aims to evaluated the
physiological and biochemical effects of eggshell-and date seed- derived biochar on the

common bean (Phaseolus Vulgaris L.).
IV.1. Soil and biochar physicochemical characterization

The physicochemical characterization of the soil and biochar realized in this study revealed
significant variability in their properties, which may influence their agronomic effectiveness.
The native soil displayed a slightly alkaline pH (7.92), moderate organic matter content
(2.64%), and relatively low electrical conductivity (200 uS), in consistent with values
commonly observed in clay soils of semi-arid regions (Hassanein et al., 2022). Eggshell-
derived biochar (B1) exhibited a markedly alkaline pH (9.05), low moisture content (1.36%),
and low volatile matter (2.6%), which reflects its high mineral content, particularly calcium
carbonate, consistent with findings by Wong et al. (2023), who reported that eggshell biochar
significantly increased soil pH and phosphorus availability due to its high CaCOs concentration.
In contrast, the date seed biochar (B2) had a lower pH (6.61) but much higher volatile matter
(66.3%) and carbon-rich composition, corroborating the results of Mahdi et al. (2015), who
showed that date seed biochar enhances soil water retention and microbial activity due to its
porous carbonaceous structure. The higher conductivity value observed in B2 (470 uS)
compared to B1 (246 uS) suggests a greater ionic release, possibly linked to its elevated ash
content. Overall, these results align with previous studies demonstrating that biochar properties
are highly dependent on feedstock type and pyrolysis conditions, and that both eggshell and
date seed biochar can serve complementary roles in improving soil fertility, through pH

adjustment, nutrient retention, or organic matter enhancement.
IV.2. Morphological and physiological properties

According to Bradbeer (1988), a seed is considered viable if it can germinate under optimal

conditions, including when dormancy has been broken through appropriate treatments.
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Conversely, a seed deemed non-viable if it fails to sprout even after dormancy-breaking
measures. In our study, a germination rate of 77.5% was observed for common been (Phaseolus
vulgaris L.) seeds, a result consistent with established standards for this species. This rate aligns
with the typical germination threshold reported fer these seeds, as confirmed by Agrobio

Périgord’s technical guidelines on seeds germination.

Our results show an increase in root biomass (root dry weight, root fresh weight and root length)
compared to the control, after the addition of both types of biochar, as well as the length of the
stems, after the addition of B1, corroborate with those found by Rondon et al., (2006) who also
observed an increase in biomass after the addition of biochar to the same plant material. This
increase can be explained by the improvement of soil structure by biochar, in particular by
promoting water retention and nutrient availability. According to Zulfiqar et al., (2021),
possible explanations for BC's beneficial effects on root growth include modifications to the
physical characteristics of the soil, such as pH, water-holding capacity, and hormonal impacts,
which speed up root development and enhance overall growth. Biochar derived from date seeds
is rich in four main macronutrients which are P, K, Ca and S, (Rahmat, 2021), essential for
good root growth. On the other hand, eggshell biochar is rich in CaCO3 and therefore mostly
alkaline, which makes it possible to adjust the pH of soils, thus influencing their qualities and
fertility by improving the availability of mineral elements. Calcium, the dominant element in
this biochar, is required for biochemical and metabolic activities in plants, such as the synthesis
of root and shoot tissue and cell wall membranes (Ma’mor et al., 2023). The length of the bean
stems after the addition of date seeds biochar shows a significant decrease compared to the
control group, we hypothesize that this may be due to a shift in the growth dynamics of the
plant that prioritized the development of the underground parts or may also be due to an
increased allocation of resources to the roots after the biochar is positively modified soil

parameters.

Bean plants' leaf area and relative water content (RWC) significantly increased following
applying biochar, which is similar to the results of (Munir et al., 2020; Farhangi-Abriz et al.,
2018), particularly for eggshell-derived biochar suggests enhanced physiological performance
under treated conditions, the highest relative water content (RWC) at 3% and the increased leaf
area especially at 5% indicate that biochar improved the plant’s water retention capacity while
promoting vegetative growth. These eftects can be attributed to biochar’s ability to enhance soil
physical properties, such as porosity and water-holding capacity as while as its influence on

nutrient availability, particularly calcium, which is critical for maintaining membrane stability
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and cell turgor (Yuan et Xu, 2011; Lehmann ef Joseph, 2015). The positive correlation
between RWC and leaf area supports the hypothesis that improved water status facilitates leaf
expansion, as proper hydration promotes stomatal function and cell enlargement (Farooq et al.,

2009; Agegnehu et al., 2017).

In contrast, date seed-derived biochar exhibited more variables effects compared to B1 which
showed consistent improvements while high RWC was observed at 1% and 3% for B2, a
significant decline accrued at 5% suggesting potential osmotic or structural limitations at higher
concentrations. This may result from altered soil ionic balance or excessive water retention
impeding aeration (Glaser et al., 2002; Sohi et al., 2010). Overall, the stimulations
enhancement of physiological (RWC) and morphological (leaf area) traits the multifaceted
benefits of biochar for plant performance, with optimal outcomes observed at moderate

application rates.
IV.3. Biochemical properties

IV.3.1. Total soluble sugar content

The total soluble sugar content in bean leaves was clearly impacted by the application of
biochar, with significant variations based on the type and concentration of biochar. The
eggshell-derived biochar showed a dose-dependent response, which is in contrast to the results
of Farhangi-Abriz et al., (2018), who did not find a significant increase in sugar content in
bean leaves after applying biochar. There was a notable increase In B1 3%, though, reaching
355.264 mg/g FM, which is higher than the control. This notable increase could be the result of
a microenvironment that is ideal for photosynthetic efficiency and carbohydrate accumulation
at this concentration, most likely due to better potassium uptake.as well as less oxidative stress,
Spokas ef al., (2012). The date seed-derived biochar showed a more progressive and stable
dose-dependent effect at higher doses, indicating a nutritional imbalance. At 5%, the sugar
content decreased slightly, but it was still higher than the control. The sugar content increased
moderately at 1%, then decreased slightly at 3% then increased at 5%. The consistent nutrient
release and buffering properties of B2 may be an explanation of this pattern, maintaining soil

conditions that favor the accumulation of sugar (Atkinson et al., 2010; Lehmann et al., 2011).
IV.3.2. Chlorophyll content

The increase in chlorophyll content observed in bean plants treated with biochar is consistent

with several earlier studies that have reported beneficial effects of biochar on plant growth and
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metabolism. Mechanistically, Cheng et al., (2012) and Enders et al., (2012) proposed that
biochar enhances plant development in two ways: the direct action occurs through the supply
of essential nutrients (Ca, Mg, P, K, and S), and the indirect action occurs through the
modification of the soil’s physical, chemical, and biological properties (in other words,
improves plant physical permeability). This dual action may give rise to favorable conditions
for chlorophyll biosynthesis. This is particularly evident in eggshell biochar, which
demonstrated the highest chlorophyll a content (6. 7272 mg/mL at 5%) and chlorophyll b
content (10. 61 mg/mL at 1%) probably due to its mineral richness and soil conditioning effects.
These findings are consistent with those reported by Farhangi-Abriz et al. (2018). Date seeds
biochar on the other hand was associated with a more moderate but steady increase in
chlorophyll content. The highest levels of chlorophyll a were achieved at all concentrations, the
chlorophyll b at 1% and 5% treatments increased with a comparable level. To monitor the total
chlorophyll content, the values were relatively high in all. These results are consistent with
those recently reported by Wang et al. (2014) wherein biochar significantly increases
photosynthetic rate and chlorophyll accumulation and are closely followed by reports from
Laird ef al. (2010) and Beesley ef al. (2011) who have shown that biochar enhances the soil

mineral nutrient content as a result of adsorption processes.
IV.3.3. Leaf proline content

The results reveal that leaf proline content in common bean is significantly influenced by both
the type and concentration of biochar applied, the highest proline concentration was observed
in the control indicating a higher level of physiological stress in the absence of amendments
according to Szabados et al., (2010). This could be due to suboptimal soil conditions, such as
poor water retention, limited nutrient availability, leading to the activation of stress-related
pathways and proline biosynthesis. The addition of eggshell biochar results in a progressive
decrease in proline content, this pattern signifies a decrease in stress intensity, likely resulting
from improved soil conditions, and water retention, also biochar could improve nutrient
availability, particularly of calcium, magnesium and phosphorus, this element known to support
plant metabolism and reduce oxidative damage (Marschner, 2012; Gill and Tuteja, 2010). A
small amount of proline in the cytoplasm can quickly reach a high concentration and contribute
more effectively to the vacuole osmotic potential balance. In a number of stressed tissues, amino
acids function as a putative osmoprotective solute, reducing the osmotic potential (Mohamedin
et al.,, 2006). Free proline has been suggested to have a variety of functions, including

osmoprotection, protein stabilization, metal chelation, lipid peroxidation inhibition, and OH
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and O; scavenger Trovato ef al., (2008). These findings are consistent with those reported by
Farhangi et al., (2017) who also observed a decrease in leaf proline content in common bean
leaves treated with biochar, date seeds biochar has not been able to significantly lower proline
concentrations. The observed concentrations of 1% and 5% are comparable to the control while
a slight decrease of 3% is noted, this suggests that this type of biochar did not improve growing
conditions to the same extent as eggshell biochar, it may contain lower levels of beneficial

minerals that play critical roles in stress response mechanisms.

1V.3.4. Malondialdehyde (MDA) levels

Similar to the results reported by Raziye Kul et al., (2021) malondialdehyde (MDA) levels in
groups treated with biochar of bean (Phaseolus vulgaris L.) leaves were considerably lowered
in comparison to the control group, suggesting a reduction in oxidative stress. The effect of
eggshell-derived biochar was the most noticeable, MDA levels were considerably reduced at
all tested concentrations, but especially at 5% in comparison to the control. This decrease is
explained by the biochar's high mineral content, particularly calcium, which is essential for
maintaining cell membrane stability and decreasing lipid peroxidation (Cakmak, 2005).
Previous research has demonstrated that biochar improves a number of soil properties, such as
pH, nutrient availability, water retention, and beneficial microbial activity, so that plants are
better able to resist abiotic stress (Farhangi-Abriz et al., 2017; El-Naggar et al., 2019).
However, date seeds derived biochar demonstrates a significant decrease in MDA only at 3%
at 1% and 5% concentrations, the effect was less apparent. The distinction could result from
variations in the two types of biochar's chemical composition and structural characteristics,

which affect how well they can regulate the plant's antioxidant response.

IV.3.5. The antioxidant activity (total phenols content, total flavonoid

content, DPPH radical scavenging).

Phenolics, which have at least one phenol unit with one or more hydroxyl substituents, are a
type of secondary metabolites in plants (Yang et al., 2018), which play multiple essential roles
in plant physiology and have potential healthy properties on human organism, mainly as
antioxidants, anti-allergic, anti-inflammatory, anticancer, antihypertensive, and antimicrobial
agents (Daglia, 2011). Our results show an increase in the total polyphenol content depending
on the concentration but also on the type of biochar. Eggshells biochar at 1% recorded the
highest value, which indicates a higher efficacy at low doses, which is quite the opposite of date

seeds biochar where the peak concentration of polyphenols is obtained at 5%. The reason
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behind the varying plant responses to different biochar concentrations lies primarily in the
alteration of soil pH (Wong et al., 2023). As for flavonoids, date seeds biochar seems to have a
more significant effect on this parameter, probably because of its richness in carbons, mineral
elements and its ability to improve water retention on the ground (Kavvadias et al., 2024;
Rahmat, 2021). Phares et al., (2020) also found an increase in the content of polyphenols and
flavonoids in another plant of the same family (Fabaceae) as the bean, cowpea (Vigna
unguiculata), exponentially to the concentration of biochar and claims that this increase would
be due to an improvement in soil fertility following the addition of biochar. According to Nasiri
et al., (2024), biochar effectively raises the levels of secondary metabolites in soil by
introducing a substantial amount of organic molecules and the effectiveness of the plant's
antioxidant system in kidney beans. Antioxidant activity in this study was measured by the
DPPH method and all biochar-treated groups recorded a higher percentage of activity than the
control. These results demonstrate that biochar, after increasing the content of phenolic
compounds in bean leaves, certainly effectively influenced its antioxidant capacity. Zulfiqar et
al., (2021) also found in Alpinia zerumbet that, by raising phenolic acid concentrations, biochar

is helpful for boosting plant antioxidant capacity.
IV.3.6. Total protein content

In contrast to the findings of Farhangi-Abriz et al.,, (2018), who reported no significant
increase in protein content in leaf protein content after biochar application, our study reveals
distinct dose dependent effects for different biochar types. Eggshell derived biochar
consistently enhanced total soluble protein levels at both 1% and 5% application rates. Whereas
date seeds biochar showed a more variable response, increasing protein content at 1% but
decreasing it below control protein levels at 5%. The beneficial effects of B1 likely stem from
its ability to improve soil nitrogen availability through enhanced nutrient cycling (Lehmann et
Joseph, 2015) and its calcium carbonate content that promotes microbial activity and pH
regulation tested concentrations with a maximum value of 1% and 5%, while dated seed biochar
has a less uniform effect only the 1% treatment increased protein content, a decrease, with 5%
of B2 below control levels, was observed ,there are several of interconnected mechanisms that
contribute to the observed increase in soluble proteins, especially with B1. It is commonly
known that biochar increases the soil's availability of nutrients, especially nitrogen, which is
necessary for the synthesis of proteins and amino acids. Biochar which is typically rich in
calcium carbonate and other essential minerals, enhances nutrient cycling, pH regulation

(Uzoma et al., 2011; Liu et al., 2018). These factors collectively stimulate nitrogen assimilation
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pathways leading to greater protein accumulation. The negative impact observed with higher
B2 concentrations may results from ionic unbalances or disruption of critical root-soil-microbe
interactions, highlighting the importance of biochar source and application rate in protein

biosynthesis.
IV.3.7 Antioxidant enzymes (CAT, APX)

Catalases, ascorbate peroxidases, glutathione/thioredoxin peroxidases, glutathione sulfo-
transferases, and some peroxiredoxins are among the H>O»-metabolizing enzymes found in
plants. Nevertheless, CAT and APX are the most prominently different enzymes since the
former is mostly found in peroxisomes and catalyzes a dismutation reaction without the need

for a reductant (Sofo et al., 2015).

Our results found in this study about CAT and APX, can be explained by the fact that the
addition of biochar to reduce the availability of free radicals, so the plant could therefore reduce
the synthesis of certain antioxidants in order to adjust their quantity to its needs. According to
Farhangi-Abriz et Turabian (2016), biochar decreased the amount of O>— and H,O» as ROSs
in bean leaves and roots, which decreased some antioxidant activities. They also report that to
minimize oxidative damage and preserve cellular metabolic processes under stress, a balance
between ROS creation and breakdown is necessary. The amount of ROS in plant tissues may
be regulated by the antioxidant system. On the contrary, increases in APX activity were found
in all groups compared to the control except the eggshell biochar at 3%. Plants can still activate
the synthesis of other enzymes more efficient than catalase at low concentrations of H>O; such
as APX, which would explain our results obtained in relation to the activity of APX in bean
leaves after the addition of both types of biochar. With ascorbate acting as a specialized electron

donor, APX specifically has a greater affinity for H2O2 (Sofo et al., 2015).
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Conclusion and perspectives

This study demonstrated the significant potential of biochar as a sustainable soil amendment to
improve the physiological and biochemical performance of common bean (Phaseolus vulgaris
L.). Two types of biochar, derived from eggshells and date seeds through pyrolysis, were
applied at different concentrations to evaluate their effects on plant growth, nutrient status, and
stress response. The results clearly show that both biochar positively influenced various
morphological parameters, such as root and shoot development, and improved biochemical

indicators, including chlorophyll content, soluble sugars, proteins, and antioxidant activity.

Notably, the date seeds biochar exhibited a stronger effect on root biomass and antioxidant
capacity, particularly at 3% and 5% concentrations, while eggshell biochar was more effective
in enhancing photosynthetic pigments and leaf water status. Additionally, the reduction in stress
markers such as proline and malondialdehyde confirms the biochar’s role in enhancing plant

tolerance to environmental stress.

These findings highlight the agronomic value of biochar, not only for improving plant
productivity and soil quality but also for promoting circular economy principles through the
valorization of organic waste. This work supports the broader application of biochar in
sustainable agriculture and opens the door to future research on optimizing its use across

different crops and soil types.

With this in mind, several perspectives deserve to be explored to strengthen and expand the

applications of this technology.

e [t would first be relevant to test the effectiveness of biochar as a crop adaptation strategy
to abiotic stresses, particularly in drought or salinity conditions, in order to assess its
potential to improve plant resilience in a context of climate change.

e Inaddition, a better understanding of the effect of biochar on soil diversity and microbial
activity would help to elucidate its role in stimulating soil-plant interactions, particularly
in legume root systems.

e Finally, the study of the link between the physicochemical properties of the different
biochar (pH, conductivity, cation exchange capacity, mineral richness) and the
biochemical responses of plants could pave the way for the optimization of pyrolysis
parameters and the raw materials used, with a view to producing "tailor-made" biochar

for specific agronomic needs

Applied Biochemistry Page | 54



Bibliographic references




Bibliographic references

Bibliographic references

A

Adak, E., Halder, S., Koley, B., Biswas, S., Sengupta, S., Kundu, S., & Sarkar, T. (2024).
An Overview of the Importance of Biochar in Sustainable Agriculture. Journal of Advances in

Biology & Biotechnology, 27(6), 924-937. https://doi.org/10.9734/jabb/2024/v2716956

Agegnehu, G., Bass, A. M., Nelson, P. N., & Bird, M. I. (2016). Benefits of biochar,
compost and biochar—compost for soil quality, maize yield and greenhouse gas emissions in a

tropical agricultural soil. Science of the Total Environment, 543, 295-306.

Agegnehu, G., Srivastava, A.K., & Bird, M.I. (2017). The role of biochar and
biochar-compost in improving soil quality and crop performance: A review. Applied Soil

Ecology, 119, 156—170. https://doi.org/10.1016/j.aps0il.2017.06.008

Akhil, D., Lakshmi, D., Kartik, A., Vo, D.-V. N., Arun, J., & Gopinath, K. P. (2021).
Production, characterization, activation and environmental applications of engineered biochar:
A review. Environmental Chemistry Letters, 19(3), 2261-2297.
https://doi.org/10.1007/s10311-020-01167-7

Akram, A.; Muzammal, S.; Shakoor, M.B.; Ahmad, S.R.; Jilani, A.; Iqbal, J.; Al-Sehemi,
A.G.; Kalam, A.; Aboushoushah, S.F.O. Synthesis and Application of Egg Shell Biochar for
As(V) Removal from Aqueous Solutions. Catalysts 2022, 12, 431.
https://doi.org/10.3390/catal 12040431

Albert, H. A., Li, X., Jeyakumar, P., Wei, L., Huang, L., Huang, Q., Kamran, M.,
Shaheen, S. M., Hou, D., Rinklebe, J., Liu, Z., & Wang, H. (2021). Influence of biochar
and soil properties on soil and plant tissue concentrations of Cd and Pb: A meta-analysis.
Science of The Total Environment, 755, 142582.
https://doi.org/10.1016/].scitotenv.2020.142582

Arnon, D. I. Copper enzymes in isolated chloroplasts. Polyphenol oxidase in Beta vulgaris.

Plant Physiol. 24(1), 1 (1949).

Aubert, G. (1978) Méthodes d’analyses du sol. 2¢éme Edition, C.N.D.P. Marseille, 199 p.

Page | 55


https://doi.org/10.1016/j.apsoil.2017.06.008
https://doi.org/10.1007/s10311-020-01167-7
https://doi.org/10.1016/j.scitotenv.2020.142582

Bibliographic references

Bahorun, T., Aumjaud, E., Ramphul, H., Rycha, M., Luximon-Ramma, A., Trotin, F., &
Aruoma, O. 1. (2003). Phenolic constituents and antioxidant capacities of Crataegus
monogyna (Hawthorn) callus extracts. Nahrung/Food, 47(3), 191-198.
https://doi.org/10.1002/f00d.200390045

Baize D (2000) Guide des analyses en pédologie : 2e édition, revue et augmentée. Editions

Quae.
Baize, D. (1988). Guide des analyses courantes en pédologie (éd. INRA).
Baize, D. (2018). Guide des analyses en pédologie : 3e édition revue et augmentée. Quae.

Bates, L. S., Waldren, R. P. & Teare, I. Rapid determination of free proline for water-stress

studies. Plant Soil 39(1), 205-207 (1973).

Beesley, L., Moreno-Jiménez, E., Gomez-Eyles, J. L., Harris, E., Robinson, B., & Sizmur,
T. (2011). A review of biochars’ potential role in the remediation, revegetation and restoration
of contaminated soils. Environmental Pollution, 159(12), 3269-3282.
https://doi.org/10.1016/j.envpol.2011.07.023

Bolan, S., Sharma, S., Mukherjee, S., Kumar, M., Rao, Ch. S., Nataraj, K. C., Singh, G.,
Vinu, A., Bhowmik, A., Sharma, H., El-Naggar, A., Chang, S. X., Hou, D., Rinklebe, J.,
Wang, H., Siddique, K. H. M., Abbott, L. K., Kirkham, M. B., & Bolan, N. (2024).
Biochar modulating soil biological health: A review. Science of The Total Environment, 914,

169585. https://doi.org/10.1016/j.scitotenv.2023.169585

Bounouara, Z., Negrach, R., Larit, S., Ouissem, L., Lamri, M., Seghir, A. A., & Bouhdiba,
I. (2025). Effect of biochar addition on soil properties and durum wheat production in Northeast
of Algeria. IOP Conference Series Earth And Environmental Science, 1455(1), 012008.
https://doi.org/10.1088/1755-1315/1455/1/012008

Bradbeer, J. W. (1988). Seed Viability and Vigour. Dans Springer eBooks (p. 95-109).
https://doi.org/10.1007/978-1-4684-7747-4 8

Bradford, M. M. A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding. Anal. Biochem. 72(1-2), 248-254
(1976).

Bréda N (1999) L’indice foliaire des couverts forestiers : mesure, variabilité et role

fonctionnel. Revue Foresti¢re Francaise, LI-2, 135-150

Page | 56


https://doi.org/10.1016/j.envpol.2011.07.023
https://doi.org/10.1016/j.scitotenv.2023.169585
https://doi.org/10.1088/1755-1315/1455/1/012008

Bibliographic references

C

Cakmak, I. & Horst, W. J. Effect of aluminium on lipid peroxidation, superoxide dismutase,
catalase, and peroxidase activities in root tips of soybean (Glycine max). Physiologia

Plantarum 83(3), 463-468 (1991).

Chaux, C., & Foury, C. (1994). Productions legumieres : Légumes feuilles, tiges, fleurs,

racines, bulbes. Tome 2.

D

Daglia, M. (2011). Polyphenols as antimicrobial agents. Current Opinion in Biotechnology,
23(2), 174-181. https://doi.org/10.1016/j.copbio.2011.08.007

Das, S. K., Ghosh, G. K., & Avasthe, R. K. (2017). Biochar amendments on physico-
chemical and biological properties of soils. Agrica, 6(2), 79. https://doi.org/10.5958/2394-
448x.2017.00019.0

Diatta, A. A., Fike, J. H., Battaglia, M. L., Galbraith, J. M., & Baig, M. B. (2020). Effects
of biochar on soil fertility and crop productivity in arid regions: A review. Arabian Journal of

Geosciences, 13(14), 595. https://doi.org/10.1007/s12517-020-05586-2

E

Ekebafe, M., Ekebafe, L., & Maliki, M. (2013). Utilization of Biochar and Superabsorbent
Polymers for Soil Amendment. Science Progress, 96(1), 85-94.
https://doi.org/10.3184/003685013x13587941096281

F

Farhangi-Abriz, S., & Torabian, S. (2016). Antioxidant enzyme and osmotic adjustment
changes in bean seedlings as affected by biochar under salt stress. Ecotoxicology And

Environmental Safety, 137, 64-70. https://doi.org/10.1016/j.ecoenv.2016.11.029

Farhangi-Abriz, S., & Torabian, S. (2018). Effect of biochar on growth and ion contents of
bean plant under saline condition. Environmental Science and Pollution Research, 25, 11556—

11564. https://doi.ore/10.1007/s11356-018-1446-z

G

Page | 57


https://doi.org/10.5958/2394-448x.2017.00019.0
https://doi.org/10.5958/2394-448x.2017.00019.0
https://doi.org/10.1007/s12517-020-05586-2
https://doi.org/10.3184/003685013x13587941096281
https://doi.org/10.1007/s11356-018-1446-z

Bibliographic references

Gao, Y., Shao, G., Yang, Z., Zhang, K., Lu, J., Wang, Z., Wu, S., & Xu, D. (2021).
Influences of soil and biochar properties and amount of biochar and fertilizer on the
performance of biochar in improving plant photosynthetic rate: A meta-analysis. European

Journal of Agronomy, 130, 126345. https://doi.org/10.1016/j.eja.2021.126345

Ghodake, G. S., Shinde, S. K., Kadam, A. A., Saratale, R. G., Saratale, G. D., Kumar,
M., Palem, R. R., AL-Shwaiman, H. A., Elgorban, A. M., Syed, A., & Kim, D.-Y. (2021).
Review on biomass feedstocks, pyrolysis mechanism and physicochemical properties of

biochar: State-of-the-art framework to speed up vision of circular bioeconomy. Journal of

Cleaner Production, 297, 126645. https://doi.org/10.1016/i.jclepro.2021.126645

Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery in abiotic
stress tolerance in crop plants. Plant Physiology and Biochemistry, 48(12), 909-930.
https://doi.org/10.1016/j.plaphy.2010.08.016

Godlewska, P., Ok, Y. S., & Oleszczuk, P. (2021). THE DARK SIDE OF BLACK GOLD:
Ecotoxicological aspects of biochar and biochar-amended soils. Journal of Hazardous

Materials, 403, 123833. https://doi.org/10.1016/j.jhazmat.2020.123833

H

Hammer, E. C., Balogh-Brunstad, Z., Jakobsen, I., Olsson, P. A., Stipp, S. L., & Rillig,
M. C. (2014). A mycorrhizal fungus grows on biochar and captures phosphorus from its
surfaces. Soil Biology And Biochemistry, 77, 252-260.
https://doi.org/10.1016/j.s011b10.2014.06.012

Hayat, Z., Ullah, 1., & Baig, S. A. (2024). Biochar production from green waste. Dans
Elsevier eBooks (p. 241-265). https://doi.org/10.1016/b978-0-443-22069-2.00007-3

He, M., Xiong, X., Wang, L., Hou, D., Bolan, N. S., Ok, Y. S., Rinklebe, J., & Tsang, D. C.
(2021). A critical review on performance indicators for evaluating soil biota and soil health of
biochar-amended soils. Journal Of Hazardous Materials, 414, 125378.
https://doi.org/10.1016/j.jhazmat.2021.125378

Hussain, M., Farooq, M., Nawaz, A., Al-Sadi, A. M., Solaiman, Z. M., Alghamdi, S.S.,
Ammara, U., Ok, Y. S., & Siddique, K. H. M. (2016). Biochar for crop production: potential
benefits and risks. Journal of Soils and Sediments, 17(3), 685-716.
https://doi.org/10.1007/s11368-016-1360-2

Page | 58


https://doi.org/10.1016/j.eja.2021.126345
https://doi.org/10.1016/j.jclepro.2021.126645
https://doi.org/10.1016/j.plaphy.2010.08.016
https://doi.org/10.1016/j.jhazmat.2020.123833
https://doi.org/10.1016/b978-0-443-22069-2.00007-3
https://doi.org/10.1016/j.jhazmat.2021.125378
https://doi.org/10.1007/s11368-016-1360-2

Bibliographic references

I

Inyang, M. L., Gao, B., Yao, Y., Xue, Y., Zimmerman, A., Mosa, A., Pullammanappallil,
P., Ok, Y. S., & Cao, X. (2015). A review of biochar as a low-cost adsorbent for aqueous
heavy metal removal. Critical Reviews In Environmental Science And Technology, 46(4),

406-433. https://doi.org/10.1080/10643389.2015.1096880

Inyang, M. L., Gao, B., Yao, Y., Xue, Y., Zimmerman, A., Mosa, A., ... & Cao, X. (2016). A
review of biochar as a low-cost adsorbent for aqueous heavy metal removal. Critical Reviews
in Environmental Science and Technology, 46(4), 406—433.
https://doi.org/10.1080/10643389.2015.1096880

J

Jaafar, N. M. (2014). Biochar as a Habitat for Arbuscular Mycorrhizal Fungi. Soil Biology,
297-311. https://doi.org/10.1007/978-3-662-45370-4 19

Jia, R., Qu, Z., You, P., & Qu, D. (2017). Effect of biochar on photosynthetic microorganism
growth and iron cycling in paddy soil under different phosphate levels. The Science Of The
Total Environment, 612, 223-230. https://doi.org/10.1016/j.scitotenv.2017.08.126

Jones, M. M. & Turner, N. C. Osmotic adjustment in leaves of sorghum in response to water

deficits. Plant Physiol. 61(1), 122—-126 (1978).

K

Kamali, M., Sweygers, N., Al-Salem, S., Appels, L., Aminabhavi, T. M., & Dewil, R.
(2022). Biochar for soil applications-sustainability aspects, challenges and future prospects.

Chemical Engineering Journal, 428, 131189. https://doi.org/10.1016/j.ce].2021.131189

Kamali, M., Sweygers, N., Al-Salem, S., Appels, L., Aminabhavi, T. M., & Dewil, R.
(2021). Biochar in water and wastewater treatment—a sustainability assessment. Chemical

Engineering Journal, 129946.

Kavan Kumar V, N.L. Panwar BIOCHAR PRODUCTION: IT’S APPLICATIONS IN
AGRICULTURE

Kavvadias, V., Guyader, E. L., Mazlouzi, M. E., Gommeaux, M., Boumaraf, B., Moussa,
M., Lamine, H., Sbih, M., Zoghlami, 1. R., Guimeur, K., Tirichine, A., Abdelfattah, A.,
Marin, B., & Morvan, X. (2024). Using Date Palm Residues to Improve Soil Properties: The

Page | 59


https://doi.org/10.1080/10643389.2015.1096880
https://doi.org/10.1080/10643389.2015.1096880
https://doi.org/10.1007/978-3-662-45370-4_19
https://doi.org/10.1016/j.cej.2021.131189

Bibliographic references

Case of Compost and Biochar. Soil Systems, 8(3), 69.
https://doi.org/10.3390/s0ilsystems8030069

Kul, R., Ekinci, M., Turan, M., & Yildirim, E. (2021). Impact of Biochar on Growth,
Physiology and Antioxidant Activity of Common Bean Subjected to Salinity Stress. Global
Journal Of Botanical Science, 9, 8—13. https://doi.org/10.12974/2311-858X.2021.09.2

Kumar, K., V., & Panwar, N. L. (2024). Pyrolysis technologies for biochar production in
waste management: a review. Clean Energy, 8(4), 61-78. https://doi.org/10.1093/ce/zkae036

L

Laird, D. A., Fleming, P., Wang, B., Horton, R., & Karlen, D. L. (2010). Biochar impact on
nutrient leaching from a Midwestern agricultural soil. Geoderma, 158(3-4), 436—442.
https://doi.org/10.1016/j.geoderma.2010.05.006

Li, Y., & You, S. (2022). Biochar soil application: soil improvement and pollution
remediation. Dans Elsevier eBooks (p. 97-102). https://doi.org/10.1016/b978-0-323-85343-
9.00004-5

Li, Y., Gupta, R., Zhang, Q., & You, S. (2022). Review of biochar production via crop
residue pyrolysis: Development and perspectives. Bioresource Technology, 369, 128423.

https://doi.org/10.1016/i.biortech.2022.128423

M

Ma’mor, A. S., Wahida, N. H., & Firdaus, A. R. N. (2023). The Application of Eggshell and
Fruit Peels as Soil Amendment on The Growth Performance and Yield of Corn (Zea mays L.).
IOP Conference Series Earth And Environmental Science, 1182(1), 012040.
https://doi.org/10.1088/1755-1315/1182/1/012040

Mahdi, Z., Hanandeh, A. E., & Yu, Q. J. (2015). Date Palm (Phoenix Dactylifera L.) Seed
Characterization for Biochar Preparation. Proceedings Of The 2013 (4th) International
Conference On Engineering, Project, And Production Management, 130-138.
https://doi.org/10.32738/ceppm.201509.0015

Mansouri, A., Embarek, G., Kokkalou, Eand Kefalas, P. (2005). Phenolic profile and

antioxidant activity of the Algerian ripe date palm fruit (Phoenix dactylifera);

Page | 60


https://doi.org/10.1093/ce/zkae036
https://doi.org/10.1016/j.geoderma.2010.05.006
https://doi.org/10.1016/b978-0-323-85343-9.00004-5
https://doi.org/10.1016/b978-0-323-85343-9.00004-5
https://doi.org/10.1016/j.biortech.2022.128423
https://doi.org/10.1088/1755-1315/1182/1/012040
https://doi.org/10.32738/ceppm.201509.0015

Bibliographic references

Marschner, P. (Ed.). (2012). Marschner’s mineral nutrition of higher plants (3rd ed.).
Academic Press. https://doi.org/10.1016/C2009-0-63043-9

Mukherjee, A., Patra, B. R., Podder, J., & Dalai, A. K. (2022). Synthesis of Biochar From
Lignocellulosic Biomass for Diverse Industrial Applications and Energy Harvesting : Effects
of Pyrolysis Conditions on the Physicochemical Properties of Biochar. Frontiers In Materials,

https://doi.org/10.3389/fmats.2022.870184

Mukherjee, S., Thakur, A. K., Goswami, R., Mazumder, P., Taki, K., Vithanage, M., ...
Kumar, M. (2021). Performance evaluation of crop residue and kitchen waste—derived
biochar for eco-efficient removal of arsenic from soils of the Indo-Gangetic Plain: a step

towards sustainable pollution management. Journal of Environmental Management, 281,

111814. https://doi.org/10.1016/1.jenvman.2020.111814

Munir, M. A. M., Liu, G., Yousaf, B., Ali, M. U., Abbas, Q., & Ullah, H. (2020). Synergistic
effects of biochar and processed fly ash on bioavailability, transformation and accumulation of
heavy metals by maize (Zea mays L.) in coal-mining contaminated soil. Chemosphere, [ Volume

and pages pending], https://doi.org/10.1016/j.chemosphere.2019.124845

N

N. Zieslin and R. Ben-Zaken, “Peroxidase Activity and Presence of Phenolic Substances in
Penduncles of Rose Flowers,” Plant Physiology and Biochemistry, Vol. 31, 1993, pp. 333-
339.

Nakano, Y. & Asada, K. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase
in spinach chloroplasts. Plant Cell Physiol. 22(5), 867-880 (1981)

Nasiri, M., Andalibi, B., Khomari, S., Goli, E., Nasiri, S., EI-Keblawy, A., & Mastinu, A.
(2024). Enhancing salt stress tolerance in kidney beans: The synergistic effects of biochar and
salicylic acid in arid and semi-arid regions. Plant Stress, 11, 100423.

https://doi.org/10.1016/].stress.2024.100423

Nepal, J., Ahmad, W., Munsif, F., Khan, A., & Zou, Z. (2023b). Advances and prospects of
biochar in improving soil fertility, biochemical quality, and environmental applications.

Frontiers in Environmental Science, 11, 1114752. https://doi.org/10.3389/fenvs.2023.1114752

Page | 61


https://doi.org/10.1016/C2009-0-63043-9
https://doi.org/10.3389/fmats.2022.870184
https://doi.org/10.1016/j.chemosphere.2019.124845
https://doi.org/10.3389/fenvs.2023.1114752

Bibliographic references

P

Palansooriya, K. N., Wong, J. T. F., Hashimoto, Y., Huang, L., Rinklebe, J., Chang, S. X.,
Bolan, N. S., Wang, H., & Ok, Y. S. (2020). Response of microbial communities to biochar-

amended soils: A critical review. Biochar, 2, 129-147.

Palansooriya, K. N., Yang, Y., Tsang, Y. F., Sarkar, B., Hou, D., Cao, X., ... Ok, Y. S.
(2020). Occurrence of contaminants in drinking water sources and the potential of biochar for

water quality improvement: A review. Critical Reviews in Environmental Science and

Technology, 50(6), 549—611. https://doi.org/10.1080/10643389.2019.1629803

Patra, B. R., Mukherjee, A., Nanda, S., & Dalai, A. K. (2021). Biochar production,
activation and adsorptive applications: a review. Environmental Chemistry Letters, 19(3),

2237-2259. https://doi.org/10.1007/s10311-020-01165-9

Phares, C. A., Atiah, K., Frimpong, K. A., Danquah, A., Asare, A. T., & Aggor-Woananu,
S. (2020). Application of biochar and inorganic phosphorus fertilizer influenced rhizosphere

soil characteristics, nodule formation and phytoconstituents of cowpea grown on tropical soil.

Heliyon, 6(10), €05255. https://doi.org/10.1016/j.heliyon.2020.e05255

R

Rahmat, A. (2021). Chemical properties of biochar from date palm seed (Phoenix dactylifera
L.) under low temperature pyrolysis as soil amendment candidate. Applied Research In

Science And Technology, 1(2), 116-120. https://doi.org/10.33292/areste.vii2. 13

Rondon, M. A., Lehmann, J., Ramirez, J., & Hurtado, M. (2007). Biological nitrogen
fixation by common beans (Phaseolus vulgaris L.) increases with bio-char additions. Biology

and Fertility of Soils, 43(6), 699—-708.

S

Sanchez-Reinoso, A. D., Avila-Pedraza, E. A., & Restrepo, H. (2020). Use of Biochar in
agriculture. Acta Bioldgica Colombiana, 25(2), 327-338.
https://doi.org/10.15446/abc.v25n2.79466

Page | 62


https://doi.org/10.1080/10643389.2019.1629803
https://doi.org/10.1016/j.heliyon.2020.e05255
https://doi.org/10.15446/abc.v25n2.79466

Bibliographic references

Schmidt, H., Kammann, C., Hagemann, N., Leifeld, J., Bucheli, T. D., Monedero, M. A.
S., & Cayuela, M. L. (2021). Biochar in agriculture — A systematic review of 26 global meta-
analyses. GCB Bioenergy, 13(11), 1708-1730. https://doi.org/10.1111/gcbb.12889

Seckin, B.; Sekmen, A.H.; Turkan, I. An Enhancing Effect of Exogenous Mannitol on the
Antioxidant Enzyme Activities in Roots of Wheat Under Salt Stress. J. Plant. Growth Regul.
2009, 28, 12-20. [CrossRef]

Shahzadi, A., Noreen, Z., Alamery, S., Zafar, F., Haroon, A., Rashid, M., Aslam, M.,
Younas, A., Attia, K. A., Mohammed, A. A., Ercisli, S., & Fiaz, S. (2024b). Effects of
biochar on growth and yield of Wheat (Triticum aestivum L.) under salt stress. Scientific

Reports, 14(1). https://doi.org/10.1038/s41598-024-70917-2

Shakoor, M. B., Ali, S., Rizwan, M., Abbas, F., Bibi, 1., Riaz, M., Khalil, U., Niazi, N. K.,
& Rinklebe, J. (2019). A review of biochar-based sorbents for separation of heavy metals

from water. International Journal Of Phytoremediation, 22(2), 111-126.
https://doi.org/10.1080/15226514.2019.1647405

Shen, X., Zhang, Y., Liu, J., & Wang, H. (2024). Engineered biochar for in-situ and ex-situ
remediation of contaminants from soil and water. Science of The Total Environment, 907,

167504. https://doi.org/10.1016/j.scitotenv.2023.167504

Singh, H., Northup, B. K., Rice, C. W., & Prasad, P. V. V. (2022). Biochar applications
influence soil physical and chemical properties, microbial diversity, and crop productivity: A

meta-analysis. Biochar, 4(1), 8. https://doi.org/10.1007/s42773-022-00138-1

Sofo, A., Scopa, A., Nuzzaci, M., & Vitti, A. (2015). Ascorbate Peroxidase and Catalase
Activities and Their Genetic Regulation in Plants Subjected to Drought and Salinity Stresses.
International Journal Of Molecular Sciences, 16(6), 13561-13578.
https://doi.org/10.3390/ijms160613561

Sohi, S. P., Krull, E., Lopez-Capel, E., & Bol, R. (2010). A review of biochar and its use and
function in soil. Advances in Agronomy, 105, 47-82. https://doi.org/10.1016/S0065-
2113(10)05002-9

Solaiman, Z. M., Blackwell, P., Abbott, L. K., & Storer, P. (2010). Direct and residual
effect of biochar application on mycorrhizal root colonization, growth and nutrition of wheat.

Soil Research, 48(7), 546. https://doi.org/10.1071/sr10002

Page | 63


https://doi.org/10.1111/gcbb.12889
https://doi.org/10.1038/s41598-024-70917-2
https://doi.org/10.1080/15226514.2019.1647405
https://doi.org/10.1016/j.scitotenv.2023.167504
https://doi.org/10.1007/s42773-022-00138-1
https://doi.org/10.3390/ijms160613561
https://doi.org/10.1016/S0065-2113(10)05002-9
https://doi.org/10.1016/S0065-2113(10)05002-9

Bibliographic references

Spokas, K. A., Cantrell, K. B., Novak, J. M., Archer, D. W., Ippolito, J. A., Collins, H. P.,
Boateng, A. A., Lima, I. M., Lamb, M. C., McAloon, A. J., Lentz, R. D., & Nichols, K. A.

(2012). Biochar: A synthesis of its agronomic impact beyond carbon sequestration. Journal of

Environmental Quality, 41(4), 973-989. https://doi.org/10.2134/jeq2011.0069

Szabados, L., & Savouré, A. (2010). Proline : a multifunctional amino acid. In S. H. Datta &
F. Cajuda (Eds.), Methods in Molecular Biology (Vol. 639, pp. 317-331). Humana Press.
https://doi.org/10.1007/978-1-60761-702-0_20

T

Tomcezyk, A., Sokolowska, Z., & Boguta, P. (2020). Biochar physicochemical properties:
pyrolysis temperature and feedstock kind effects. Reviews in Environmental Science and

Bio/Technology, 19(1), 191-215. https://doi.org/10.1007/s11157-020-09523-3

rV

Van Zwieten, L., Kimber, S., Morris, S., Chan, K. Y., Downie, A., Rust, J., Joseph, S., &
Cowie, A. (2009). Effects of biochar from slow pyrolysis of papermill waste on agronomic
performance  and  soil  fertility.  Plant  And  Soil,  327(1-2),  235-246.
https://doi.org/10.1007/s11104-009-0050-x

Van Zwieten, L., Kimber, S., Morris, S., Downie, A. E., Berger, E., Rust, J., & Scheer, C.
(2010). Influence of biochar on flux of N2O and CO- from Ferrosol. Australian Journal of Soil
Research, 48(7), 555-568.

W

Wang, Y., & Liu, R. (2017). Comparison of characteristics of twenty-one types of biochar and
their ability to remove multi-heavy metals and methylene blue in solution. Fuel Processing

Technology, 160, 55-63. https://doi.org/10.1016/j.fuproc.2017.02.019

Wong, C. W., Bahari, N. Z. A. S., Tumiran, N. A. A., Ong, S. L., Faisal, R. A., & Joli, N. S.
(2023b, Decembre 31). The Effects of Eggshell and Egg Membrane Amendments on Soil and
Plant Growth. https://adab.um.edu.my/index.php/STEM/article/view/47717

Wong, J.T.F., Chow, K.L., Chen, X.W. et al. (2022). Effects of biochar on soil water retention

curves of compacted clay during wetting and drying. Biochar, 4, 4.

Y

Page | 64


https://doi.org/10.2134/jeq2011.0069
https://doi.org/10.1007/978-1-60761-702-0_20
https://doi.org/10.1007/s11157-020-09523-3
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1016/j.fuproc.2017.02.019

Bibliographic references

Yaashikaa, P. R., Kumar, P. S., Varjani, S., & Saravanan, A. (2020). A critical review on
the biochar production techniques, characterization, stability and applications for circular

bioeconomy. Biotechnology Reports, 28, e00570. https://doi.org/10.1016/1.btre.2020.e00570

Yakout, S.M. Physicochemical Characteristics of Biochar Produced from Rice Straw at
Different Pyrolysis Temperature for Soil Amendment and Removal of Organics. Proc. Natl.
Acad. Sci., India, Sect. A Phys. Sci. 87,207-214 (2017). https://doi.org/10.1007/s40010-017-
0343-z

Yan, S., Wang, P., Cai, X., Wang, C., Van Zwieten, L., Wang, H., Yin, Q., Liu, G., & Ren,
T. (2024). Biochar-based fertilizer enhanced tobacco yield and quality by improving soil

quality and soil microbial community. Environmental Technology & Innovation, 103964.

https://doi.org/10.1016/i.et1.2024.103964

Yang, Q., Gan, R., Ge, Y., Zhang, D., & Corke, H. (2018). Polyphenols in Common Beans
(Phaseolus vulgaris L.): Chemistry, Analysis, and Factors Affecting Composition.
Comprehensive Reviews in Food Science and Food Safety, 17(6), 1518-1539.
https://doi.org/10.1111/1541-4337.12391

Yemm, E. W., & Willis, A. J. (1954). The estimation of carbohydrates in plant extracts by
anthrone. Biochemical Journal, 57(3), 508-514. https://do1.org/10.1042/bj0570508

Yuan, Y., Bolan, N., Prévoteau, A., Vithanage, M., Biswas, J. K., Ok, Y. S., & Wang, H.
(2017). Applications of biochar in redox-mediated reactions. Bioresource Technology, 246,

271-281. https://doi.org/10.1016/j.biortech.2017.06.154

Yue, Y., Cui, L., Lin, Q., Li, G., & Zhao, X. (2017). Efficiency of sewage sludge biochar in
improving urban soil properties and promoting grass growth. Chemosphere, 173, 551-556.
https://doi.org/10.1016/j.chemosphere.2017.01.096

Z

Zhang, Q., Xiao, J., Xue, J., & Zhang, L. (2020). Quantifying the effects of biochar
application on greenhouse gas emissions from agricultural soils: A global meta-analysis.

Sustainability, 12(8), 3436. https://doi.org/10.3390/sul12083436

Zhou, X., Zhang, Z.., Wang, H., Chen, M., Wu, S., Xu, S., Zhou, X., Ran, M., Li, L., Lu,
G., & Ma, Z. (2024). Review on the properties and mechanisms of asphalt modified with bio-
oil and biochar. Journal of Road Engineering, 4(4), 421-432.
https://doi.org/10.1016/j.jreng.2024.06.001

Page | 65


https://doi.org/10.1016/j.btre.2020.e00570
https://doi.org/10.1007/s40010-017-0343-z
https://doi.org/10.1007/s40010-017-0343-z
https://doi.org/10.1111/1541-4337.12391
https://doi.org/10.1016/j.biortech.2017.06.154
https://doi.org/10.1016/j.chemosphere.2017.01.096
https://doi.org/10.1016/j.jreng.2024.06.001

Bibliographic references

Zulfiqar, F., Chen, J., Younis, A., Abideen, Z., Naveed, M., Koyro, H., & Siddique, K. H.
M. (2021a). Biochar, Compost, and Biochar—Compost Blend Applications Modulate Growth,
Photosynthesis, Osmolytes, and Antioxidant System of Medicinal Plant Alpinia zerumbet.

Frontiers In Plant Science, 12. https://doi.org/10.3389/fpls.2021.707061

Page | 66


https://doi.org/10.3389/fpls.2021.707061

Bibliographic references

WEB SITES

Agrobio Périgord, Fiche Germination — Biodiversité cultivée, [PDF], disponible sur :
https://www.agrobioperigord.fr/upload/biodiv/iweb%5BFICHE%SDGERMI.pdf, consulté le
30 mai 2025.

Biocharcarbon-negative  fertility, food & fuel Frequently Asked Questions
https://biochar.bioenergylists.org/files/0-Biochar%20FAQ.pdf visited in December 2024

International Seed Testing Association. (s. d.). International Rules Seed Testing | Olfficial

ISTA Guidelines - International Seed Testing Association.

Page | 67


https://www.agrobioperigord.fr/upload/biodiv/web%5BFICHE%5DGERMI.pdf
https://biochar.bioenergylists.org/files/0-Biochar%20FAQ.pdf




Annexes

Calibration Curve for Total Soluble Sugars Determination

0,6 y =0,0073x - 0,0024
R?=0,984

Absorbance at 620 nm

0 20 40 60 80 100 120

Concentration mg/ml

Annex 1: Calibration Curve for Total Soluble Sugar Determination Using Glucose Standard

Calibration Curve for Flavonoid Content Determination
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Annex 2: Calibration Curve for Flavonoid Content Using Quercetin Standard
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Calibration Curve for Protein Quantification
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Annex 3: Calibration Curve for Protein Quantification Using Bovine Serum Albumin (BSA)

1.5. Calibration Curve for Leaf Proline content Determination
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Annex 5: Calibration Curve for Proline Quantification Using L-Proline Standard (khouildat et

Benzahi, 2014)

Calibration Curve for Total Polyphenol Content Determination

I'absorbance

1,5

0 50 1c|m
0,5

y = 0,0102x - 0,0002
R* = 0,9803

# [l'absorbance

Linéaire {I'absorbance)

Linéaire {I'absorbance)

Linéaire {I'absorbance)

150 200

Annex 6: Calibration Curve for Total Polyphenol Content (Amara et al., 2022)

Table: pH classification (Baize, 1988)

pH values Interpretations

Below 3.5 Hyper acidic

Between 3.5 and 5 Very acidic

Between 5 and 6.5 Acidic

Between 6.5 and 7.5 Neutral

Between 7.5 and 8.7 Basic/alkaline

Above 8.7 Very basic/alkaline
Table: CaCO3 interpretation (Baize, 1988)

CaCO3 (%) Interpretation

Below 1% Non-calcareous
1to 5% Slightly calcareous
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5t025% Moderately calcareous
25 to 50% Strongly calcareous

50 to 80% Very strongly calcareous
Above 80% Excessively calcareous

Table: soil quality classes according Durand J.H scale (1983)

Class CE (nS) Quality
Class I 0 to 500 Non saline
Class 11 500 to 1000 slightly saline
Class 111 1000 to 2000 Saline
Class IV 2000 to 4000 Very saline
Class V Above 4000 Extremely saline

Table: interpretation of organic matter

MO (%) values interpretations
Below 1 Very poor
Between 1 and 2 Poor
Between 2 and 4 Moderate
Above 4 Rich
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