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Abstract The current study was conducted in order to

examine the applicability of rice hull derived biochar (BC)

to improve the properties of growing media (GM). Biochar

was incorporated into a growing media composed of coir

dust, perlite and vermiculite at 0, 1, 2 and 5 % (w/w).

Subsequently, the physicochemical properties of the GM-

BC mixtures were determined in the cultivation of kale

(Brassica oleracea L. var. acephala) for 25 days through

the observation of the plant growth response. During kale

cultivation in the GM-BC mixtures, the leachates were

collected and analyzed to determine the changes in nutrient

levels due to BC amendment. Application of rice hull-

derived BC increased the retention of nutrients in the

growing media due to a biochar-induced increase in cation

exchange capacity, in addition to the biochar nutrient

supply such as potassium and phosphorus. Furthermore, a

higher water content of the growing media was observed

when BC was used as an amendment, mainly due to the

increased proportion of pore space available for water

storage. The growth rate of kale was also increased as the

biochar incorporation rate was increased. For example, the

dry weight of the kale shoots was 150 % higher when

grown in media containing 5 % GM-BC mixture than with

the control growing media (with no biochar). From these

results, it can be concluded that the rice hull-derived bio-

char would be a practically applicable amendment to

improve the properties of the growing media.

Keywords Growing media � Rice hull-derived biochar �
Physicochemical properties � Nutrients � Kale

Introduction

In general, growingmedia are used in horticulture for seedling

production, plant propagation, and ornamental plant produc-

tion. Hence, the components of the media are required to be

stable with suitable physical, chemical and biological prop-

erties for supporting plant growth performance.

The growing media are composed mainly of different

fractions of organic material such as coir dust and peat

moss, and inorganic material such as perlite and vermi-

culite [1, 2]. However, due to the variation in quality of the

raw materials produced in each country for the production

of growing media, the properties of growing media are not

consistent, and in some cases are not good enough for plant

cultivation [3]. Therefore, investigation into prospective

materials to improve the properties of growing media is

required.

Addition of organic and inorganic materials such as agri-

culture waste, compost, clay and fly ash have been demon-

strated to improve the physicochemical properties of growing

media [4–7]. For example, Marianthi [5] reported that the

application of rice hulls and ground kenaf core increased the

total porosity and concentration of nutrients such as nitrogen

(N), potassium (K) and magnesium (Mg) in the growing
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media. Ribeiro et al. [6] also showed that increasing the

percentage of compost (forestry wastes to solid phase of pig

slurry, 3:1 by volume) in growing media, increased the pH

and availability of N, calcium (Ca), and Mg, consequently

enhancing the growth of tomato seedlings. Currently, con-

tinuous investigation and performance evaluation of amend-

ments to improve the quality of growing media are in

progress and this study shares the same objective.

Biochar is a carbonaceous material produced through

the pyrolysis of organic materials in the absence of oxygen,

which has been used widely for carbon sequestration in

soils [8–10]. In addition, many studies have demonstrated

that biochar incorporation into soils induces improvement

of the soil properties and structure, resulting in increased

plant growth and crop yield [11–15]. Likewise, when used

as a soil amendment, biochar is likely to improve the

properties of growing media in the horticultural industry.

Recently, Zhang et al. [16] reported an increase in the

water holding capacity and macro- and micro nutrient

contents of the growing media when mixed with coconut

husk fiber derived biochar, and as a result the growth

performance of the ornamental plant, Calathea insignis

was improved. Furthermore, although biochar was not

applied directly to the soil, biochar incorporation into

growing media offers the opportunity to sequester carbon

as part of the normal outplanting process [17]. To date,

only a few studies have reported the potential use of bio-

char as a growing media amendment [17–19].

To be utilized in a growing media, the candidate com-

ponent should (1) be available in large amounts, (2) be as

homogeneous as possible, (3) be low in price and (4) have

minimal transport costs [20]. This implies that feed mate-

rials for the production of biochar, practically used as a

growing media amendment, should be stable and easy to

collect. In addition, the bulk amount should be available

within the local area in order to minimize the transport

cost. From this perspective, rice hull derived from agri-

culture would be a good candidate for biochar production

in Asia. The total generation of by-products derived from

rice cultivation in Korea in 2009 is estimated to have been

approximately 7.6 million tons, while the biomass by-

products derived from agriculture is approximately 12

million tons [21]. In general, improvement in the physic-

ochemical properties of growing media by the incorpora-

tion of biochar depends on the type of biochar used,

because biochar derived from various feedstocks show

different characteristics [13, 22]. It should be noted there-

fore, that each biochar from a different feedstock must be

carefully evaluated before practical application.

The main objective of this study is to evaluate the

suitability of rice hull-derived biochar as a growing media

amendment, through the determination of physical and

chemical properties together with a plant growth study.

Materials and Methods

Growing Media Preparation

The rice hull biochar (BC) pyrolyzed at 500 �C, was

obtained from a commercial charcoal production facility

(DAEWON GSI, Korea). The chemical properties of the

biochar are shown in Table 1, and detailed information

regarding the measurement methods has been presented in

our previous study [23]. The base growing media (GM)

composed of 70 % coir dust from India, 20 % perlite and

10 % vermiculite from China, on a volume basis was used

in this study. Coir dust is the most widely used material for

making growing media, either by itself or in combination

with other materials such as perlite and vermiculite in

Korea [24–26]. This growing media was incorporated with

biochar at four different rates (w/w); 0 % as a control (GM-

BC0), 1 % (GM-BC1), 2 % (GM-BC2), and 5 % (GM-

BC5).

Determination of Physico-Chemical Properties

Before the pot experiment, physico-chemical properties of

GM-BC mixtures were determined as follows. The pH and

EC of the GM-BC mixtures were analyzed in a growing

media distilled water suspension (growing media to water

ratio, 1:5, v/v) using a pH meter (S220, Mettler Toledo,

Switzerland) and an EC meter (S230, Mettler Toledo,

Switzerland), as described by the European Committee for

Standardization [27, 28]. Following the pH and EC mea-

surements, the suspension was centrifuged and filtered

through Whatman No. 42 paper in order to determine the

water-soluble nutrient contents [29]. The ammonium

(NH4
?) concentration was measured using a nitrogen dis-

tillation system (Kjeltec 2300, Foss Tecator, Sweden) and

the NO3
- concentration was analyzed by ion chromatog-

raphy (IC, ICS 1600, Dionex, USA). The phosphorus

Table 1 Chemical properties of the biochar

pH EC1:5 (dS m-1) Water soluble (mg L-1) CEC (cmolc kg
-1) Total C (g kg-1) Total N (g kg-1)

Ca2? Mg2? K? P

Biochar 10.2 0.82 0.72 0.65 1121 23 50 205 2.6
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(P) concentration was determined via UV-Spectropho-

tometer (UV-160A, Shimadzu, Japan) at 880 nm after the

extract was mixed with ammonium ascorbic acid, while

water soluble cations (Ca2?, Mg2? and K?) were deter-

mined using atomic absorption spectrometry (AAS, Ana-

lyst 400, Perkin Elmer, USA). Cation exchange capacity

(CEC) was measured using the ammonium acetate extract

method at pH 7.0 [30].

The physical properties including bulk density, particle

density, total pore space, water volume, and air capacity

were measured according to the method described by the

European Committee for Standardization [31]. The GM-

BC mixtures were added to a container (2 L), saturated in

water and then equilibrated on a sand suction table (Ei-

jkelkamp, The Netherlands) at 5 kPa water tension for

48 h. The equilibrated GM-BC mixtures were distributed

into double ring cylinders, re-saturated and equilibrated at

1 kPa water tension because this value usually reflects

container capacity. The double ring cylinders were

removed from the sand suction table and then the upper

ring with GM-BC mixtures were discarded using a sharp

knife strike off the material level with the top of the lower

ring. The GM-BC mixtures in the lower ring cylinders were

dried in a fan-forced oven at 105 �C for 48 h and then

weighed. The measurements obtained from the above

procedure were used to calculate the bulk density, particle

density, total pore space, water volume, and air capacity

using the following equations [31]:

Bulk density kg m�3
� �

¼ Dry weight of GM� BC mixture in the lower ring

Lower ring cylinder volume

� 1000 ð1Þ

Particle density kg m�3
� �

¼ 1

Organic matter content= 100� 1550ð Þ þ ash content= 100� 2650ð Þ
ð2Þ

Total pore space ð%Þ ¼ 1� Bulk density

Particle density

� �
� 100

ð3Þ

Air capacity %ð Þ ¼ Total pore space� water volumeð Þ
� 100 ð5Þ

In order to calculate the particle density, organic matter

content and ash content of the GM-BC mixtures were

determined by loss on ignition at 450 �C [32]. The water

retention curves of the GM-BC mixtures were determined

using a sand suction table at 1, 5 and 10 kPa water tensions

and a pressure plate (1600, soilmoisture, USA) at 100 and

500 kPa water tension. The quantity of water released,

easily available water (difference between the water vol-

ume at 1 and 5 kPa water tension) and the water buffering

capacity (difference between the water volume at 5 and

10 kPa water tension) were determined using the water

retention curves [33].

Pot Trial

The pot experiment was conducted in a greenhouse (av-

erage temperature was 30 �C day/15 �C night) under nat-

ural light conditions. After measuring the laboratory

compacted bulk density to convert weight to volume [34], a

portion of each GM-BC mixture (500 ml) was distributed

to plastic pots (diameter 11 cm 9 height 10 cm), followed

by saturation with tap water and subsequently allowed to

drain naturally for 24 h to attain their respective field

capacities. Kale (Brassica oleracea L. var. acephala)

seedlings (a week old), previously cultivated on a com-

mercial horticultural growing substrate in a growth cham-

ber (day time, 16 h, 25 �C; night time 8 h, 18 �C; light,
500 mol m-2 s-1), were then transplanted into each pot.

Pot trials were carried out in triplicates for each GM-BC

mixture. Kale was cultivated for 25 days and supplemented

with a nutrient solution every 3 days after transplanting.

The nutrient solution contained, major nutrients (9.5,

0.625, 3, 5.5, 4.5, 1.125 meq L-1 for NO3-N, NH4-N, P, K,

Ca, and SO4-S, respectively), and minor nutrients (1, 0.005,

0.1, 0.1, 0.1, 0.25 mg L-1 for Fe, Cu, B, Mn, Zn, Mo,

respectively). The nutrient solution was supplied on top of

the pot media. In order to determine the released nutrients,

the leachates were collected twice, on day 6 and 24 of the

experiment, filtered through filter paper (Whatman No. 42)

and subsequently analyzed for NH4
? using a nitrogen

Water volume ð%Þ ¼ Wet weight of GM� BC mixture� dry weight of GM� BC mixture

Lower ring cylinder volume
� 100 ð4Þ
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distillation system, and cations (Ca2?, Mg2?, K?) using a

AAS and anions (nitrate (NO3
-), phosphate (PO4

2-), sul-

fate (SO4
2-), chloride (Cl-)) by IC.

Plant Analysis

The shoot and root tissues were harvested 25 days after

transplantation. At harvest, shoots and roots were separated

and washed once with tap water and twice with distilled

water to remove any adhering particles. Subsequently, the

plant tissues were dried in a fan-forced oven at 65 �C for

48 h and then the dried plant shoots and roots were

weighed. The nutrient (N, P and K) contents of the plant

shoot were analyzed following acid digestion based on

Korean Standard Methods [35]. Powdered plant shoot

(0.5 g) was digested in an Erlenmeyer flask (100 ml) with

H2SO4 (1 ml) and 50 % HClO4 (10 ml) using a hot plate at

180 �C over 3 h [36], followed by filtration through filter

paper (Whatman No. 6). The nitrogen content was mea-

sured using a nitrogen distillation system and the K content

was analyzed using AAS. The phosphorus content was

determined using a UV-Spectrophotometer (UV-160A,

Shimadzu, Japan) at 470 nm after the filtrate was mixed

with ammonium molybdate and ammonium meta vanadate.

Statistical Analysis

The results were calculated as an average of triplicate

determinations together with the standard deviation of each

treatment. Any significant differences among treatments

were determined by ANOVA using the SAS 9.3 software

(SAS for Windows v. 9.3, SAS Institute Inc., Cary, NC).

Results and Discussion

Chemical Properties

The selected chemical properties of the GM-BC mixtures

are listed in Table 2. Biochar incorporation increased the

pH of the growing media showing a proportional increment

to the BC amount applied. The highest increase of 0.5 pH

units, from pH 6.1 of the GM-BC0 (control), was observed

in GM-BC5. As oxygen containing functional groups are

generated on biochar surfaces, and the contents of car-

bonate increased during pyrolysis of feedstocks, in general

biochar is alkaline [37]. Therefore, BC incorporation with

GM likely resulted in a pH increment. Previously Vaughn

et al. [19] showed that addition of straw biochars at 10 %

(v/v) to growing media, consisting of 40 % (by volume)

peat and 50 % vermiculite, had a higher pH value (0.5

units) than the control growing media (biochar untreated),

which was attributed to the high pH of the biochar. In T
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agreement with this study, the increased pH observed in the

present study was most likely due to the high pH (10.2) of

the rice hull-derived biochar. The pH of GM-BC0, GM-

BC1, and GM-BC2 examined in this study were within the

optimum pH range (5.3–6.5) for growing media proposed

by Abad et al. [38], while the pH (6.6) of GM-BC5 was

slightly higher than the proposed range. Biochar addition

slightly changed growing media EC but the EC of all the

GM-BC mixtures used in the present study were within the

optimal EC range (0.6–2.0 dSm-1) for healthy, vigorous

growth [39].

Application of biochar at 5 % increased the water sol-

uble P and K concentration from 1.9 and 118.5 mg L-1 in

the control to 7.2 and 132.7 mg L-1, respectively, while

the Ca concentration decreased. This was attributed to a

high concentration of P and K embedded in the biochar

(Table 1). In general, the P and K concentration in biochar

is significantly increased by increasing the pyrolysis tem-

perature [40, 41], and consequently, application of biochar

can improve soil or growing media fertility. For example,

Peng et al. [41] demonstrated that incorporation of rice

straw biochar into soil at 1 % (w/w) was equivalent to P

and K fertilizer treatment of *0.02 and 1.89–2.78 g kg-1

respectively. In addition, Dumroese et al. [17] reported that

increasing the level of biochar pellets corresponded to

increasing P and K amounts in the growing media.

Application of biochar increased the CEC of the grow-

ing media by a significant amount from 82 cmolc kg
-1 in

the GM-BC0 to 96 cmolc kg-1 in the GM-BC5. This

increase in CEC was mainly attributed to the large surface

area and high charge density of the applied biochar [13,

42]. Many previous studies have shown that application of

biochar to soil increases soil CEC [43, 44]. Moreover,

Headlee et al. [45] reported that biochar from red oak

increased the CEC of peat moss growing media when

mixed at 25 % (v/v).

Physical Properties

Physical properties of the growing media directly affect

plant growth and are not significantly changed during the

plant growth period when compared with the chemical

properties. Thus, the improved physical properties of the

growing media could enhance the growing conditions,

resulting in an increased water and nutrient uptake by the

plant [1].

Table 3 shows the physical properties of the GM-BC

mixtures examined in the present study. The bulk density

was in the range of 158–174 kg m-3 and increased as the

biochar application rate increased. The particle density

ranged from 2031 to 2072 kg m-3 and decreased with an

increase in the application of biochar. The bulk density of

the growing media influences the growth of the plant. If the

bulk density becomes too high, it can limit plant root

growth due to a reduction in porosity, and a high bulk

density also increases the transport cost of the growing

media [46, 47]. Conversely, a very low bulk density can

cause excessive aeration of the growing media and con-

comitantly decrease the available water content. Since

biochar itself has a higher bulk density than other growing

media materials such as peat moss and vermiculite [19], it

increases the bulk density of the GM-BC mixtures, while

additions of biochar soil induces a decrease in the bulk

density [48]. Nevertheless, the bulk density of all the GM-

BC mixtures used in the present study were within the

recommended range (\400 kg m-3) for plant growth [38].

The increased bulk density of the growing media via BC

incorporation results in a proportional decrease in the total

pore space [48, 49]. However, the total pore space of all the

GM-BC mixtures used in the present study were also

within the recommended range ([85 %) for plant growth

[38].

The water volume at 1 kPa water tension in the GM-BC

mixtures increased from 63 % in the GM-BC0 to 73 % in

the GM-BC5 (Table 3). This result is in agreement with

Dumroese et al. [17], who showed that a mixture of 75 %

peat and 25 % biochar pellets increased the water volume

at 10 cm water tension by 13 % compared to 100 % peat.

The water volume of the growing media with biochar

incorporation, at each water tension, also showed increased

values as the amount of BC was increased (Fig. 1). As a

result, the easily available water (the difference between

Table 3 Physical properties of

the growing media
Treatment BD� (kg m-3) PD (kg m-3) TPS (%) WV (%) AC (%)

GM-BC0 157.9 ± 0.94c� 2072 ± 3.7a 92.4 ± 0.04a 63.5 ± 0.94c 28.9 ± 0.95a

GM-BC1 162.0 ± 0.20b 2053 ± 11.5b 92.1 ± 0.04b 67.1 ± 1.20b 25.0 ± 1.21b

GM-BC2 164.1 ± 0.93b 2040 ± 8.7bc 92.0 ± 0.04b 71.4 ± 0.39a 20.6 ± 0.38c

GM-BC5 174.1 ± 2.86a 2031 ± 7.1c 91.4 ± 0.15c 73.2 ± 1.15a 18.2 ± 1.29d

� BD bulk density, PD particle density, TPS total pore space at 1 kPa water tension, WV water volume at

1 kPa water tension, AV air capacity at 1 kPa water tension
� Means in each column followed by the same letter are not significantly different by Duncan’s Multiple

Range Test at p\ 0.05

Waste Biomass Valor (2017) 8:483–492 487

123



the water volume at 1 and 5 kPa water tension) was sig-

nificantly higher with biochar incorporation than with the

control, while the water buffering capacity (the difference

between the water volume at 5 and 10 kPa water tension)

was not significantly different between the control and the

biochar-treated growing media (Fig. 2). The specific

increase in the easily available water observed with BC

treatment was possibly caused by the large amounts of

micro- and/or meso-pores within the biochar particles,

because easily available water is known to be stored in

micro (\2 nm) and meso (2–50 nm) pores [50]. For opti-

mal plant growth, a growing media must contain enough

easily available water [51], as indicated by Papafotiou et al.

[52] who reported that a decrease in the amount of easily

available water in growing media, following the addition of

olive-mill wastes compost, resulted in a decreased growth

of poinsettia (Euphorbia pulcherrima cv.). Therefore, it

was expected that the observed increases in the easily

available water with biochar treatment would be a key

factor in enhancing plant growth.

Effect on GM Fertility

As shown in Fig. 3, the NH4
? concentration in leachates

from GM-BC1, GM-BC2 and GM-BC5 on day 6 post-

transplantation were 14, 28 and 55 % lower than that of the

control, respectively. In addition, the concentration of

NO3
- in the leachates collected 6 and 24 days after

planting decreased with the amount of biochar applied

(Fig. 3). These results were in agreement with the report by

Altland and Locke [53] who evaluated the effect of biochar

on nutrient retention and release in growing media, where

they showed that the application of biochar increased the

NO3
- adsorption capacity and decreases NO3

- leaching

more slowly over time. Beck et al. [54] also showed that

amendment of a green roof growing media with 7 % bio-

char decreased the NO3
- concentration of the rainfall

runoff by 79 % compared with the control growing media

(without biochar). The decreased NO3
- in the leachate

following biochar application was primarily attributed to

biochar-induced NO3
- immobilization. Application of

biochar encouraged microbial populations and functions,

thus NO3
- immobilization occurred due to the fact that

NO3
- can be immobilized by microorganisms [55]. Also,

due to adsorption of NH4
? on to the BC surface, Laird

et al. [56] hypothesized that the application of biochar

reduced the rate of N mineralization and hence the rate of

NO3
- leaching. In contrast to N, the concentration of

PO4
2- and K in leachates increased with increasing BC,

likely due to the increased P and K that originated from the

BC. For example, PO4
2- in the leachate collected 6 days

after planting increased with the amount of biochar

applied, and ranged from 108–122 mg L-1 on day 24 after

planting. The concentrations of Ca2? and Mg2? in the

leachate were significantly lower in the growing media

mixed with biochar than those in the control. Decreasing

cations such as NH4
?, Ca2? and Mg2? in the leachate with

BC treatment were attributed to increased CEC in the GM-

BC mixtures in comparison with the control. Since biochar

itself has a high CEC value, the application of biochar

increased the CEC of the GM-BC mixtures as described in

‘‘Chemical Properties’’, and subsequently favored the

adsorption of cations [56, 57]. This phenomenon was

supported by the linear regression analysis in the current

study, where a negative correlation was shown between the

CEC and the concentration of NH4
?, Ca2? and Mg2? in the

leachate on day 6 (NH4
?: r = -0.97, p\ 0.05; Ca2?:

r = -0.96, p\ 0.05; Mg2?: r = -0.97, p\ 0.05) and 24

(Ca2?: r = -0.95, p\ 0.05; Mg2?: r = -0.97, p\ 0.05)

after transplantation. The concentration of SO4
2- and Cl-

in the leachate collected 6 and 24 days after planting were
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not significantly different (p\ 0.05) between the control

and the biochar treatments (data not shown). Overall, the

application of biochar to the growing media increased

essential plant nutrients such as P and K, and also main-

tained fertility by the retention of supplied nutrients due to

an increased CEC.

Plant Response

Biochar incorporation into GM enhanced kale growth

performance proportional to the BC application rate. The

maximum shoot and root dry weight of kale was observed

in the growing media that received BC at 5 % (w/w),

where the shoot and root dry weight were 150 and 192 %

higher than those of the control growing media, respec-

tively (Fig. 4). In agreement with this study, Tian et al. [58]

found that urban green waste biochar and peat mixture

(50 % peat and 50 % biochar, v/v) improved the growth of

Calathea rotundifola cv. Fasciata compared to the growth

in peat only (100 %). In addition, Graber et al. [18]

reported that citrus wood biochar improved the growth and

productivity of pepper when incorporated into the growing

media (1–5 %, w/w) when compared with the control. The

increase in the dry weight of kale with biochar application
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was most probably caused by an improvement in the

physical properties of the GM, as indicated by a positive

relationship between the easily available water and the dry

weight of both the shoot (p\ 0.001) and the root

(p\ 0.001).

The increased nutrient and water retention of the

growing media with biochar application contributed to the

increased N content in the shoots (Table 4). The N content

in the shoots was negatively correlated with the concen-

tration of NO3
- in the leachate collected 24 days after

planting (p\ 0.01), while it showed a positive correlation

with water volume at 1 kPa water tension (p\ 0.0005).

This implies that the N retention increased by biochar

incorporation provided more opportunity for N to be taken

up by the plant through the increased easily available water

that was also induced by biochar incorporation. Like N,

both P and K content in the shoots also increased with

increasing biochar application, which was attributed to the

high concentrations of P and K in the applied biochar, as

described earlier. Consequently, the maximum N, P and K

content in the kale shoots were observed in GM-BC5,

implying that the use of rice hull-derived BC as a growing

media amendment is a practically applicable approach to

improve and/or maintain the fertility of the growing media.

Conclusions

The current study demonstrates that rice hull-derived bio-

char, which can be easily obtained via agricultural

byproducts, is a suitable candidate for a growing media

amendment as indicated by the improved fertility and

physical properties of the base growing media. In sum-

mary, biochar application increases the bulk density and

water content, while decreasing particle density and total

pore space. As a result, the easily available water content,

which is a key factor for appropriate plant growth, was

significantly increased as observed by a 122 % increment

with 5 % biochar incorporation compared with the control

growing media that received no biochar. In addition, bio-

char amendment maintained or improved the fertility of the

growing media through the increased retention of nutrients

supplied in the growing media, and through the additional

supply of P and K from the biochar. These ameliorated the

physical and chemical properties of the growing medium,

resulting in increased plant growth.
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