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a b s t r a c t
Peatlands are crucial sinks for carbon in the terrestrial ecosystem, but they are jeopardized by their use
as fuel or as growing media. Much research has been performed aiming to ﬁnd high quality and low
cost substrates from different organic wastes, such as coir, compost, sewage or paper sludges, and thus
decrease peat consumption. The main objective of this work is to study the effect on peat and coirbased growing media of deinking sludge (R) and biochar obtained by pyrolysis of deinking sludge at
300 ◦ C (B300). For this reason, mixtures of peat or coir with deinking sludge and corresponding biochar
were prepared mixing them at 50/50 v/v ratios. The results showed that it is possible to improve the
chemical and hydrophysical properties of peat and coir with addition of biochar and deinking sludge.
Indeed, biochar increased air space, water holding capacity and total porosity of peat-based growing
media whereas for coir, the best hydrophysical properties were obtained after deinking sludge addition. Finally, the use of biochar plus peat as growing media can increase lettuce yield by more than
100% with respect to peat growing media, which can be related with the improvement of hydrophysical growing media properties. This yield increment along with the reduction of the over-exploitation
of peat can justify the use of biochar as growing media in spite of the cost associated to the pyrolysis
process.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Agricultural production through greenhouse cultivation is
today, one of the most widely techniques used to increase agricultural yields due to the control of production factors such as
watering, fertilizing, relative humidity, irradiance or the quality
of growing media (Fei et al., 2008). Growing media or substrates
include all materials that can be used to grow plants in a variety
of production systems, such as greenhouse cultivation, containerised ornamental plant production, urban agriculture or green roof
(Cao et al., 2014). Peat alone or blended with inorganic components such as vermiculite; perlite and sand (Bilderback et al., 2005)
has been traditionally used as substrate material because of the
excellent combination of peat properties such as low pH, high
interchange cationic ability or adequate porosity (Robinson and
Lamb, 1975). Peat is obtained from peatlands that cover an estimated area of 400 million ha, equivalent to 3% of the Earth’s land
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surface. Most of them, approximately 350 million ha, are in the
northern hemisphere, covering large areas in North America and
Eurasia. Peatlands globally represent a major store of soil carbon,
sink for carbon dioxide and source of atmospheric methane. Northern peatlands store around 450 billion metric tons of carbon, which
is equivalent to approximately one third of the global soil carbon
stock (Strack, 2008).
Peat is a non-renewable resource; that fact combined with
increasing peat price have created a need for locating alternative growing media materials (Abad et al., 2001; Boldrin et al.,
2010; Cleary et al., 2005; Holmes et al., 2000). A number of studies have shown that several organic residues such as urban solid
wastes, plant wastes, sewage sludges, paper wastes, spent mushroom, coconut coir and even green wastes, after proper composting,
can be used with variable results as growing media in lieu of peat
(Abad et al., 2005; Chong, 2005; Garcia-Gomez et al., 2002; Maher
et al., 2007; Méndez et al., 2011; Ostos et al., 2008).
Nowadays, the main attention has been focused on the potential biochar use in growing media formulation. Biochar is a solid
carbon-rich material obtained from pyrolysis of biomass. Biochar
production has attracted widespread attention as soil amendment
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(Enders et al., 2012; Lehmann and Joseph, 2009) and, only in
recent years, as growing media component (Dumroese et al., 2011;
Vaughn et al., 2015a,b; Zhang et al., 2014). Vaughn et al. (2015a)
studied the use of biochar from several feedstocks as replacements
for inorganic components such as vermiculite and perlite and digestate to replace organic components such as peat. They deduced that
biochar can substitute peat in levels lower than 15% (v/v). Zhang
et al. (2014) concluded that the highest quality growth medium and
the highest quality ornamental plant growth was achieved mixing composted green waste with 30% of biochar and 0.7% of humic
acids. Dumroese et al. (2011) found that pelletized biochar worked
well when substituted for peat at a rate of 25% (v/v) but at higher
levels lead to unsatisfactory results possibly due to high C/N ratios.
Due to the small number of biochar types that have been considered as peat substitutes, there is a lack of information concerning
their suitability for this use. Green wastes have been transformed
into biochar in order to study their suitability for growing media
(Tian et al., 2012). However, there is an imperative need to perform
wider studies that take into account the intrinsic characteristics of
the different biochars and the ratios the ratios of biochar to peat in
order to produce good peat substitutes.
It is well known that properties depend greatly on the raw materials and pyrolysis conditions (Cantrell et al., 2012; Hossain et al.,
2011; Masek et al., 2013; Méndez et al., 2013; Song and Guo, 2012).
Temperature in one of the most signiﬁcant parameters in the pyrolysis process of organic materials and consequently, it has a great
inﬂuence on the chemical and physical properties of the biochar
(Hossain et al., 2011; Masek et al., 2013; Méndez et al., 2013). Song
and Guo (2012) studied the effect of pyrolysis temperature on poultry litter biochar and found that for agriculture use, the temperature
of biochar production should be between 300 and 500 ◦ C, whereas,
for carbon sequestration and other environmental uses, temperatures higher than 500 ◦ C were suggested. Yuan and Xu (2011)
recommended the use of low temperature for the amendment of
acid soils using biochar from crop residues. Taking into account the
above mentioned considerations, the main objective of the present
work is to study the performance of biochar from slow pyrolysis of
deinking sludge at low temperature (300 ◦ C) as component of peat
and coir-based growing media for horticultural production.
2. Materials and methods
2.1. Selection and preparation of raw materials
The raw materials used in this study were deinking sludge (R),
biochar obtained from deinking sludge pyrolysis at 300 ◦ C (BR300),
commercial brown peat (T) and coir (C). Biochar was prepared as
follows: approximately 200 g of deinking sludge was placed in a
covered steel cup and introduced in an electric furnace. The temperature was increased at 10 ◦ C min−1 until 300 ◦ C was reached and
maintained for 2 h, leading to BR300.
2.2. Preparation of growing media
Mixtures of peat or coir with deinking sludge and corresponding
biochar were prepared mixing them at 50/50 v/v ratios. Individual raw materials were used as control. Table 1 summarizes the
formulation of the different growing media tested in the present
work.
2.3. Chemical and physical properties of growing media
The growing media were characterized as follows:
pH and EC were determined in a ratio sample:water 1:10
(weight:volume) using a Crison micro-pH 2000 and a Crison

Table 1
Composition and formulation of different growing media.
Growing media

Components

Formulation (v/v)

T
C
R
BR300
T–R
T-BR300
C–R
C-BR300

Peat
Coir
Deinking sludge
Biochar from R at 300 ◦ C
Peat/deinking sludge
Peat/biochar
Coir/deinking sludge
Coir/biochar

100
100
100
100
50/50
50/50
50/50
50/50

222 conductivimeter for pH and EC determination, respectively
(Thomas, 1996; Rhoades, 1996).
Cation exchange capacity (CEC) was determined with
NH4 OAc/HOAc pH 7.0 (Sumner and Miller, 1996). Later, Na,
K, Ca and Mg in the extract were determined with a PerkinElmer
AAnalyst 400 Atomic Absorption Spectrophotometer. N Kjeldahl
content was analyzed by the Kjeldahl method (Bremner, 1996).
Extractable P was determined by the Olsen method (Watanabe
and Olsen, 1965). One gram of sample and 20 mL of 0.5 M sodium
bicarbonate (NaHCO3 ) solution were shaken for 30 min. Blue color
in the ﬁltered extract is developed with molybdate- ascorbic acid
reagent and measured with a Shimadzu UV-1203 spectrophotometer at 430 nm.
Organic carbon was analyzed by the Walkley–Black method
(Nelson and Sommers, 1996). Oxidizable matter in the sample is
oxidized by 1N of K2 Cr2 O7 solution. The reaction is assisted by the
heat generated when 2 volumes of H2 SO4 are mixed with 1 volume of K2 Cr2 O7 . The remaining dichromate is titrated with ferrous
sulphate.
Proximate analysis of individual raw materials (T, C, R and
BR300) was performed by heating samples in an electric furnace.
First, weight loss at 105 ◦ C during 24 h was used to calculate the
moisture content; following, air treatment at 600 ◦ C in a nonoxidizing atmosphere was used to measure the volatile matter.
At this temperature sample was oxidized with air. The remaining
weight is the ash content, whereas ﬁxed carbon was calculated by
difference.
Also, the hydrophysical properties of the different substrates
were determined by using the following methodology: A container
of known volume with a drainage hole sealed at the bottom was
ﬁlled with the growing medium and slowly completely saturated
by gradually pouring water onto the surface. Then, the container
was placed over a watertight pan and the seal was removed from
the container drain hole to allow all the free water to drain out of
the container over 10 min. By recording the volume of water that
drains, it is possible to determine the container volume ﬁlled with
air, and hence air space. Afterwards, the entire content of saturated
growing medium was weighted, placed in an aluminum pan, and
completely dried in 105 ◦ C oven for 24 h. By recording the weight of
the media after removing from the oven we calculated the amount
of water that is dried off the media, and therefore, the volume of
water held by the media (water holding capacity). The total porosity was calculated as the addition of the air space and the water
holding capacity. Although there are no universal standards for substrate physical properties, there are ranges in which most potting
substrates utilized in the commercial production of horticultural
crops fall such as container capacity from 45 to 65%, air space from
10 to 30% (Yeager et al., 1997) and total porosity values from 50 to
85%. The bulk density of an ideal substrate should be lower than
0.40 g cm−3 (Abad et al., 2005). Table 2 shows acceptable range of
some physical and chemical properties for container media.
Particle size distribution of the raw materials was determined
by passing 50 g of dried samples through a nest of sieves (2.0 mm,
1.0 mm and 0.5 mm mesh). The material retained on each sieve
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Table 2
Acceptable range of physical and chemical properties for container media (Abad et al, 2005; Abad et al., 2001; Robbins and Evans, 2013; Yeager et al., 1997).
pH

EC (S/cm)

CEC (mmol(+)/100g)

P (mg/kg)

Bulk density (kg/m3 )

Air Space (%)

Water holding capacity (%)

Total porosity (%)

5.0–6.5

<500

200

5–50

400

10–30

60–100

50–80

EC: electrical conductivity; CEC: cation exchange capacity Table 3. Dry Mass of raw materials used in growing media formulations.

was weighed and coarseness index (CI) expressed as percentage
of particles >1 mm was determined (Jayasinghe, 2012).

Table 3
Dry Mass of raw materials used in growing media formulations.
Raw material

2.4. Germination test
Germination test was carried out in triplicate as follows. The
germination test was carried out (in triplicate) on ﬁlter paper in
Petri dishes. 10 mL of aqueous extract (1/10 w/v) from R, BR300, T
and C were added to the dishes. Ten lettuce seeds (Lactuca sativa L.)
were placed on the ﬁlter paper and the Petri dishes were placed in a
dark chamber set at 21 ◦ C. Germination percentages and root length
were assessed after 48 h. The germination index (GI) was calculated
as GI (%) = %G × Le/Lc, where %G is the percentage of germinated
seeds in each extract with respect to control; Le is the mean total
root length of the germinated seeds in each extract and Lc is the
mean root length of the control (Zucconi et al., 1985).

T
C
R
BR300

Proximate analysis, dry mass (wt%)
VM

FC

70.5 ± 6.3
62.8 ± 4.7
35.1 ± 1,6
11.5 ± 0.6

8.3
21.1
0.6
13.0

Ash
±
±
±
±

0.3
1.7
0.1
0.9

21.2
16.1
64.4
75.5

±
±
±
±

2.0
1.5
5.5
5.8

VM: volatile matter; FC: ﬁxed carbon.

3. Results and discussion

of volatile organic matter (Table 2). Deinking sludge (R) and corresponding biochar (BR300) had basic pH (Table 3) whereas peat
(T) and coir (C) showed slightly acid pH (6.8 and 6.0, respectively).
The electrical conductivity (EC) is an important parameter for the
use of materials as growing media, because salinity represents the
main limiting factor for germination and plant growth (Bustamante
et al., 2008; Gascó et al., 2005). EC of raw materials varied from
40.0 S cm−1 to 65.7 S cm−1 for T and R, respectively. All EC values were under the suggested reference level for an ideal growing
media (Table 2, Abad et al., 2001).
Cation exchange capacity (CEC) is a measure of the ability of the
growing medium to adsorb exchangeable cations which are available to the plant and will resist the leaching of nutrients during
watering. The highest CEC correspond to T and C whereas lowest values correspond to R. Pyrolysis of deinking sludge slightly
increased CEC. There was not signiﬁcant differences in the carbon
content (CK2 Cr2 O7 ) of T and BR300 materials. This content was lower
than carbon content of coir (C) and deinking sludge (R). After pyrolysis of deinking sludge, data summarised in Tables 3 and 4 showed
that biochar BR300 is a more stable carbon material than the original deinking sludge R with higher ﬁxed carbon and lowest volatile
matter and oxidisable carbon.
The highest Nkjeldhal content corresponded to T and the lowest
for C, whereas R and BR300 showed intermediate N values. Concluding, addition of BR300 and R to C treatments could improve
their N content, whereas for T their mixture with R and BR300 will
not produce an excessive N decrement. Also, the use of BR300 on
growing media would increase the content in other nutrients, such
as K and Ca, which are necessary to crop growth.

3.1. Chemical properties

3.2. Hydrophysical properties

Table 3 shows the results of the proximate analysis for the raw
materials used in this experiment. Analysis of raw materials used in
the growing media indicated that R and BR300 had higher content
of ash, compared to T and C, whereas the latter had higher content

Hydrophysical properties of raw materials and growing media
are given in Table 5. As indicated in Table 5, the bulk densities
of all raw materials and corresponding mixtures were within the
ideal range. The highest value corresponded to BR300 whereas coir

2.5. Plant growth experiments
Lettuce plants were established in 150 cm3 pots, and ﬁlled 3/4 of
their volume with a respective substrate. Then, six seeds of lettuce
were placed in each pot (by triplicate) and the pots were introduced
in an incubator 12 h light/dark cycle and constant temperature
of 25 ◦ C for 4 weeks. During this time, samples were regularly
watered with distilled water and number of emerged seedlings was
recorded. Neither pesticides nor fertilizers were applied before or
during the study. After this period, stem length and root length of
plants were measured. Entire plants were dried at 85 ◦ C for 24 h
and after, whole plant weight and shoot and root weights were
obtained.
2.6. Statistical analyses
All statistical analyses were done using Statgraphics Centurion XVI (Statpoint Technologies, Warrenton, USA). Differences of
means were tested using an analysis of variance (ANOVA). Means
were considered to be different when P < 0.05 using the Tukeyı́s
test.

Table 4
Main properties of raw materials used in growing media formulation.
Growing media

pH

EC (S/cm)

CEC (mmol(+)/100g)

(CK2 Cr2 O7 ) (wt%)

Nkjeldhal (wt%)

P (mg/kg)

Na
(mg/kg)

K
(mg/kg)

Ca
(mg/kg)

Mg
(g/kg)

T
C
R
BR300

6.8a
6.0b
8.2c
8.8d

40.0a
61.3b
65.7b
54.0c

103a
93.2b
9.1c
12.8d

14.3a
32.9b
27.1c
15.0a

0.5a
0.02b
0.3c
0.3d

38.1a
9.9b
2.4c
3.9d

900a
2700b
4700c
5900d

500a
8300b
1300c
1600d

11600a
2000b
17000c
18500d

500a
500a
300b
300b

EC: electrical conductivity; CEC: cation exchange capacity; (CK2 Cr2 O7 ): carbon content.
Values in columns followed by the same letter are not signiﬁcantly different at the 0.05 level (P = 0.05). Means are based on 3 replicates. Mean separation was performed
using Duncan’s multiple range test.
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Table 5
Main hydrophysical properties of growing media.

Table 6
Particle-size distribution of raw materials (weight%).

Materials

Bulk density
(kg/m3 )

Air Space
(%)

Water holding
capacity
(%)

Total porosity
(%)

T
C
R
BR300
T+R
T + BR300
C+R
C + BR300

160a
140a
230b
390c
260b
300d
170a
230b

7.9a
11.1b
14.1c
10.0d
9.1d
10.3d
16.7e
6.7b

63.2a
70.6b
44.2c
56.6d
51.4d
76.1e
59.5a
80.9e

71.2a
81.8b
58.3c
66.7e
60.5c
86.4d
76.2ab
87.6d

Values in columns followed by the same letter are not signiﬁcantly different at
the 0.05 level (P = 0.05). Means are based on 3 replicates. Mean separation was
performed using Duncan’s multiple range test.

showed the lowest. Addition of biochar increased the bulk density
of peat and coir based growing media. The selected peat (classiﬁed
as brown peat) showed lower air space than ideal substrates. Addition of deinking sludge and speciﬁcally biochar increased air space
to values close to suggested values for ideal substrates. Total porosity of all substrates was on the ideal range (see above). Also, biochar
addition increased water holding capacity, i.e., a 20% with respect
to peat and a 14.5% with respect to original coir. These results
are in accordance to Zhang et al. (2014) who studied the effect of
biochar and humic acid amendment on the quality of composted
green waste as growing media and found that biochar addition
combined with humic acids increased the water holding capacity
and porosity of composted green wastes. However, these results
were different to that obtained by Tian et al. (2012) who found that
addition of a green waste biochar at 50% to a peat moss medium
(with air space of 25.95%) had no effect on the total porosity or container capacity but signiﬁcantly decreased air space. Vaughn et al.

Materials
T
C
R
BR300

>2.0 mm
8.8a
2.4b
62.4c
29.0d

1.0–2.0 mm
36.2a
17.1b
16.5b
9.7c

0.5–1.0 mm
38.8a
31.7b
0.9c
29.0b

<0.5 mm
16.2a
48.8b
20.2c
32.3d

CI(<1)
45.0a
19.5b
78.9c
38.7d

Values in columns followed by the same letter are not signiﬁcantly different at
the 0.05 level (P = 0.05). Means are based on 3 replicates. Mean separation was
performed using Duncan’s multiple range test.

(2015b) prepared biochar-digestate based substrates with physical values into suggested ranges for total porosity. However, their
values for air space and container capacity were higher and lower
than the reference values. Differences among our study and previous studies (Tian et al., 2012; Vaughn et al., 2015a) could be due
to the smaller particle size for the biochars used in our experiment
(Table 4) and the speciﬁc characteristics of the peat used (brown
peat with low air space that increases with biochar addition). The
particle-size distribution of a growth medium is important because
it determines pore space, gas exchange and water-holding capacities (Abad et al., 2001). Jayasinghe (2012) reported that an excess
of larger particles may lead to excessive aeration and inadequate
water retention and that an excess of ﬁne particles may clog pores
and decrease air-ﬁlled porosity. Growth media with a high percentage of particles between 0.25 and 2.00 mm are optimal for potted
plants (Jayasinghe, 2010). Jayansinghe (2012b) established that CI
for ideal medium should be between 30 and 45 wt%. Table 6 summarizes the particle-size distribution of the raw materials. BR300
and T showed CI values within the range for an ideal medium.
However, C and R showed an excess of ﬁne and larger particles,
respectively.

Fig.1. Percentage germination (G, %) and germination index (GI, %) of Lactuca sativa seeds geminated in extracts of peat (T), coir (C), deinking sludge (R) and biochar (BR300).
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Fig.2. Whole plant, shoot and root weights of Lactuca sativa grown for 4 weeks in substrates consisting of peat (P), coir (C), deinking sludge (R), biochar (BR300) and mixtures
of different materials (50/50, v/v).

A mixture of C and R in 50/50 v/v could improve their hydrophysical properties as indicated in Table 5. Finally, addition of deinking
sludge to coir-based substrates led to signiﬁcantly increased air
space as well as reduced water holding capacity leading to ideal
values for growing media (Table 2).
3.3. Germination index
According to Zucconi et al. (1985) and Emino and Warman
(2004), GI values under 50% suggest a high phytotoxicity; between
50 and 80% suggest moderate phytotoxicity, whereas above 80%
suggest no phytotoxicity. When GI exceeds 100%, the material can
be considered as phytonutrient or phytostimulant. No signiﬁcant
differences in GI were observed among the four raw materials
(Fig. 1). GI was higher than 100%, indicating that all four raw materials are phytonutrient for lettuce seeds. The GI of the 4 materials was
in the same range of values obtained for different mixtures of peat
and compost and vermicompost of green pruning rest by MoralesCorts et al., 2014, but higher than the values obtained with 100%
compost and vermicompost in the same study. This fact suggests
that the use of biochar could be an alternative to the use of compost obtained from pruning rest. Moreover, our GI values were also
similar to the results obtained for grape marc compost, peat and
sand by Carmona et al. (2012).
3.4. Lettuce growth
Dry weight of lettuce was affected by the growing media
mixtures used in this study (Fig. 2). The total biomass production increased with treatments following the sequence:
T–BR300 > C–R > T ≈ C > R ≈ T–R > i–BR300 > BR300.

The
shoot
and
root
lettuce
weight
followed
similar
patterns
of
variation,
respectively:
T–BR300 > C–R ≈ T > C > R ≈ C–BR300 ≈ T–R > BR300
and
T–BR300 > C–R > C > T > T–R ≈ R ≈ C–BR300 > BR300. Indeed, lettuce biomass increased signiﬁcantly after the addition of biochar
to peat and deinking sludge to coir. The increase in biomass
production after biochar addition was 64.9% with respect to
the peat treatment, which could be related with the increment
of water holding capacity. This percentage is higher than the
results obtained by Tian et al. (2012) who used biochar from
low temperature pyrolysis of green waste as peat substitute for
the cultivation of the ornamental plant Calathea rotundifola cv.
Fasciata and found that biochar addition (50%) to peat increased
the biomass production by 22% in comparison to peat alone.
For coir-based substrates, the highest total biomass, shoot and
root lettuce weight production was obtained after addition of
deinking sludge whereas biochar addition decreased these parameters. This could be related to improved hydrophysical properties
(Table 4) and/or higher nitrogen and slightly elevated pH, which
have been reported optimal for lettuce growth (Carter et al., 2013).
4. Conclusions
Based on the results from this study, adequate growing media
for Lactuca sativa could be formulated by mixing biochar with
brown peat and original (unprocessed) deinking sludge with coir.
Deinking sludge and biochars from pyrolysis of deinking sludge at
300 ◦ C did not show adequate chemical and hydrophysical properties for their individual use as growing media. However, their
addition to brown peat (in 50 vol%) improved some of their properties as growing media.
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The addition of deinking sludge or biochar caused different
growth response depending on whether the media had peat or coir.
Plant biomass was signiﬁcantly higher when plants were grown in
peat and biochar media compared to peat media alone. Similarly,
plant growth was improved in media containing coir and deinking
sludge, compared to media with coir only. Despite the high cost of
pyrolysis, use of biochar as ingredient in growing media could be
justiﬁed because of superior crop yield (lettuce shoot) compared to
peat alone, as well as the fact that peat is a non-renewable resource.
The results of this study have a high environmental relevance as it
may involve the replacement of a non-renewable resource (peat) by
biochar made from deinking sludge pyrolysis or the use of deinking
sludge to improve the properties of coir as substrate component.
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