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Abstract

Purpose The agricultural practices in south western Mor-

occo reserve a majority of the water resources to be used

for irrigation. The extent of irrigated agriculture combined

with high evaporative rates, lead to the depletion of water

resources and degradation of soil quality. To remedy to this

problem, biochar, a pyrolysed biomass, is highly consid-

ered to improve retaining water and nutrients in soils. For

this biochar research, argan shells obtained after extraction

of argan oil were used as the biomass source to produce

biochar. According to the best of our knowledge, no

research to date has been carried out on the production and

characterization of biochar produced from argan shells

wastes.

Methods To produce biochar, we have used a pyrolytic

stove fabricated in Morocco from locally available mate-

rials. The biochar sample collected was then crushed,

sieved (\2 mm) and its physical, and chemical character-

istics were analysed and compared with those of other

media (soil and peat).

Results The physical and chemical properties of the argan

shells biochar revealed a highly alkaline pH, high electrical

conductivity, high content of K, Na, Mg and NaNO3, low

content of Ca, KH2PO4 and low content of heavy metals

compared to sandy soil and peat. In addition, by increasing

biochar application, the water holding capacities of bio-

char-sand mixtures also increased.

Conclusions The use of argan shells biochar to enrich the

soil will be expected to improve both nutrient and water

retention especially that South Western Morocco is subject

to frequent drought.

Keywords Biochar � Argan shells � Biochar analysis �
Nutrients � Water retention

Introduction

In recent years, the practice of amending agricultural soils

with bio-resources, biochar, has gained increasing attention.

Biochar has been reported as a soil amendment for enhancing

soil structure, increasing crop yields (Lehmann et al. 2006;

Liu et al. 2012; Tammeorg et al. 2014), increasing microbial

activity (Hossain et al. 2010; Jiang et al. 2016) and

decreasing soil bulk density (Laird et al. 2010). Due to its

positive effect on the physical, chemical and biological

properties of soils, biochar indirectly helps improving crop

productivity (Liu et al. 2013; Smider and Singh 2014; Kaudal

et al. 2016). Yet, previous studies have shown that the bio-

char environmental function in soil changes depending on

the physical and chemical properties of the biochar.

In the Mediterranean, semi-arid climatic conditions have

led to a decrease in soil organic matter content (Romanyà

and Rovira 2011). In such environmental conditions, the

use of biochar can enhance soil structure, nutrients and

water holding capacity (Kammann et al. 2011; Smider and

Singh. 2014; Tammeorg et al. 2014; Cao et al. 2014; Stella

Mary et al. 2016).
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Over two thirds of Morocco can be classified as semi-

arid, arid and desert with low and variable rainfalls.

Resources are predominantly consumed by irrigated agri-

culture leading to the depletion of water resources and

degradation of soil quality especially that south western

Morocco is subject to frequent drought (Badraoui et al.

2000; Debbarh and Badraoui 2002; Daoud et al. 2016). The

addition of biochar can be a solution as it has been highly

reported to retain water and nutrients in soils.

According to our knowledge, no research to date has

been carried out on the production and characterization of

biochar produced from argan shells wastes. In this study,

argan shells were selected as the biomass source for pro-

ducing biochar. Argania, a genus of flowering plants con-

tain the only species Argania spinosa, referred to as argan,

a tree that grows in the Sous Area in Morocco. It has a

small, oval, round or conical fruit, whose fleshy pulp is

covered by a thick peel that surrounds a hard-shelled nut.

The latter represents approximately 25% of the weight of

the fresh fruit. Fruit size varies from 17 to 30 mm long and

10–17 mm wide. Converting of aragn hard-shelled into

biochar can be an alternative way to dispose and recycle

wastes.

Materials and methods

Biochar preparation

Argan shells obtained after the extraction of argan oil were

used and converted into biochar. These materials are easily

available in southwestern Morocco at relatively low price.

For our current biochar research, we have used a pyrolytic

stove fabricated in Morocco from locally available mate-

rials based on the design provided by Dr. Claudia Kam-

mann (Institute for Plant Ecology, Giessen University,

Germany). The pyrolysis stove which is produced from

zinc alloy sheet has a cylindrical shape with a 40 cm

height. It consists of different parts: a combustion chamber

whose diameter is 18 cm, an outer chamber with 28 cm

diameter and a lid with ventilation tube.

First, we started the process of pyrolysis by filling the

combustion chamber with fuel materials, which were used

for lightening purposes. The argan shells are then placed in

the gasifier space. Once the fire started burning, the lid was

put on the stove. 20 min later, the flame became yellow

which was a sign that the fuel material was burnt hotter. The

argan shells biomass started to burn after 30 min at a slow

pyrolysis temperature ranged between 300 and 500 �C.

Simultaneously the flame became blue releasing some

smoke, which indicated that a complete burn of the fuel was

reached. After 2 h, the biomass was completely combusted.

The resulting biochars (28% of the biomass) were then

crushed and sieved to 2 mm particles to get a more

homogenous substrate. So, the differences between the

samples are minimized. The ash and moisture contents in

argan schells biochar were 19.35 and 0.97%, respectively.

The organic matter content was 8.55% with 4.95% total

organic carbon (Walkley–black method). The total N content

was 150 ppm determined following the Kjeldahl method.

Soil, peat and biochar analysis

All physical and chemical analysis of the soil, peat and

biochar were performed separately in the Hassan II Agro-

nomic and Veterinary Institute (IAV) soil science labora-

tory using standard analytical methods. The biochar sample

collected from the pyrolysis stove sieved (\2 mm), and its

characteristics were analysed. The pH and electrical con-

ductivity (EC) were both measured in water extracts with

standard electrodes. For chemical analysis, the total con-

centration of Na, K, Ca and Mg were determined by flame

emission spectrophotometer and Fe, Mn, Zn and Cu by

atomic absorption spectrophotometer and colorimetrically

for NaNO3 and KH2PO4.

Water holding capacity

Six biochar-fine sand mixtures have been prepared. We

have used small amounts of biochar that equal 0, 0.5, 1, 2,

4 and 8%, which means that 1% describes a mixture of 1 g

dry biochar with 99 g dry sand. Around 40 g of fresh

weight of each mixture were filled in small gray PE-tubes

(height: 5,5 cm; inner diameter: 3,6 cm) that were closed at

the bottom with gaze and filter paper. The filled tubes were

placed in a plastic box that was then filled with tap water.

The box was covered with aluminum foil. After 24 h the

tubes were placed on test tube racks to let water drip out.

24 h later, the weight of the tubes were determined and the

water content was calculated (knowing in advance the dry

weight of the substrate). Then, the maximum water holding

capacity can be determined.

Results and discussion

The physical and chemical properties of sandy soil, peat

and argan shells biochar are shown in Table 1. The pH

varied from 5.81 to 10.7 and was higher in biochar. The EC

value was lower for the soil than for the other media and

was higher for biochar. Mineral composition differed

among the substrates. The cation concentrations except Ca

were the highest with biochar and the lowest with soil

while heavy metals contents were the highest with the soil

and the lowest with biochar. The available NaNO3 and

KH2PO4 were different in the three substrates. The NaNO3

and KH2PO4 content were the highest with peat.
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The pyrolysis conditions and the nature of the feedstock

affect pH values which are documented to vary from 4 to

13 (Cheng et al. 2006; Chan et al. 2008). In this sense,

biochar from argan shells reached the same pH range (pH

10). The same result of alkaline nature of biochar has

previously been published (Novak et al. 2009). The alka-

line nature of biochar has been reported to be beneficial to

rise the pH of acidic soils.

The EC value was higher for biochar (4.83 mS/cm).

Previous research reported that added biochar with high EC

value into the soil with low EC value (indicating its low

salinity) increased EC of soil (Chan et al. 2008). For bio-

char produced in this research, we would expect that the

EC of the soil (0.48 mS/cm) would increase with biochar

application. However, before adding biochar to soils and to

avoid problems related to soil salinization and nutrient

imbalances, the use of biochar should be carefully inves-

tigated. The presence of salts and alkaline cations in the

biochar are responsible for the highly pH and EC values.

Because of the higher relative solubility of K containing

salts and carbonates in water, the K contents of the bio-

chars can have an effect on EC values (Uras et al. 2012).

Furthermore, we have found that biochar had relatively

high K and Na content (Table 1). Similar increases in K

and Na content in biochar have been observed by Xu et al.

(2013); Smider and singh (2014); Stella Mary et al. (2016).

As reported by Uras et al. (2012); Smider and Singh

(2014), the excessive addition of Ca to soil could hinder the

use of Mg and K except if it is added to soils suffering from

Ca deficiency. Thus, argan biochar which contains low

content of Ca can be worth considering as a soil amend-

ment. The Mg content was relatively higher in the argan

shells biochar than Ca and Na. It is reported that the

chemical constituents of biochar are directly affected by

different parameters: the temperature, the time and the

heating rate during pyrolysis (Lima and Marshall 2005)

which is in line with our result. In addition, biochar and soil

showed the same value of NaNO3; whereas soil showed the

higher value of KH2PO4 (Table 1). Biochars, as reported

by Coates (2000), contain little or no NO3
-, which is a

basic nutrient for plant growth while the PO4
3- was

characteristic for each feedstock (Uras et al. 2012).

However, many studies showed that biochar can be

contaminated during pyrolysis process by dangerous inor-

ganic substances (heavy metals) and organic ones (Hale

et al. 2012; Oleszczuk et al. 2013; Buss and Masek 2014;

Kołtowski and Oleszczuk 2015; Domene et al. 2015) which

was not the case in our study where heavy metal contents

were higher with soil and lower with biochar.

It has been demonstrated that the nature of feedstock and

production conditions affect the chemical composition of

biochar (Lima and Marshall 2005; Stella Mary et al. 2016).

The physical and chemical properties of the argan shells

biochar revealed a highly alkaline pH, high electrical con-

ductivity (EC), high content of K, Na, Mg and NaNO3, low

content of Ca, KH2PO4 and low content of heavy metals

compared to sandy soil and peat. So, due to its high nutrient

content and low content of heavy metals, argan biochar can

improve plant growth especially in the sandy soil.

The water holding capacities (WHC) were 0.36, 0.39,

0.40, 0.41, 0.41 and 0.43 gH2O g-1soil (dry weight) in 0%,

0.5% (the lowest rate application), 1, 2, 4 and 8% (the

highest rate application), respectively. The biochar appli-

cation increased the WHC by 7.69% in 0.5% and 16.28%

in 8% compared to the control. An increase in water

holding capacity has also been reported with biochar

application (Abel et al. 2013; Andrenellia et al. 2016;

Stella Mary et al. 2016). Thus, agran shells biochar will be

beneficial to the soil where there is less drainage.

Conclusion

In semi-arid, arid and desert climatic conditions, like the

case of Morocco, the agricultural practices reserve a

majority of the water resources to be used for irrigation.

The extent of irrigated agriculture combined with high

evaporative rates, lead to degradation of soil quality. The

soil deterioration can be remedied using biochar which is

highly considered to improve the physical, chemical and

biological soil characteristics.

In this study, analysis of biochar from argan shells

indicated that it contains more major nutrients and less

heavy metals than the sandy soil and peat. When used in

mixture with sandy soil, it increases the water holding

capacity. Due to these properties, biochar can be used as an

alternative soil amendment. However, future research

should consider changes in nutrient availability and plant

growth.

Table 1 Comparaison of physico-chemical characteristics of the

used biochar with sandy-soil and peat

Soil Peat Biochar

pH 7.93 5.81 10.7

EC (milliS cm-1) 0.48 0.94 4.83

K (ppm) 7.11 78.26 1906.25

Na (ppm) 3.47 257.94 339.2

Ca (ppm) 34.09 190.9 4.8

Mg (ppm) 222.89 1191.58 1258.92

Fe (ppm) 9.07 0 0

Mn (ppm) 7.7 0.14 0.04

Cu (ppm) 1.3 0.06 0

Zn (ppm) 0.42 0.04 0.04

NaNO3 (ppm) 100 133.33 100

KH2PO4 (ppm) 1 2.33 0.33
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sols sous mise en valeur intensive au Maroc. Séminaire
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IRD, Cédérom du CIRAD

Domene X, Enders A, Hanley K, Lehmann J (2015) Ecotoxicological

characterization of biochars: role of feedstock and pyrolysis

temperature. Sci Total Environ 512–513:552–561. doi:10.1016/j.

scitotenv.2014.12.035

Hale SE, Lehmann J, Rutherford D, Zimmerman AR, Bachmann RT,

Shitumbanuma V, O’Toole A, Sundqvist KL, Arp HPH,

Cornelissen G (2012) Quantifying the total and bioavailable

polycyclic aromatic hydrocarbons and dioxins in biochars.

Environ Sci Technol 46:2830–2838. doi:10.1021/es203984k

Hossain MK, Strezov V, Chan KY, Nelson PF (2010) Agronomic

properties of wastewater sludge biochar and bioavailability of

metals in production of cherry tomato (Lycopersicon esculen-

tum). Chemosphere 78:1167–1171. doi:10.1016/j.chemosphere.

2010.01.009

Jiang X, Denef K, Stewart CE, Cotrufo MF (2016) Controls and

dynamics of biochar decomposition and soil microbial abun-

dance, composition, and carbon use efficiency during long-term

biochar-amended soil incubations. Biol Fertil Soils. doi:10.1007/

s00374-015-1047-7
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