
Soil organic carbon depletion, increased emission 
of greenhouse gases, and global warming are major 
concerns nowadays. Annual total CO2-equivalent 
emissions from world agriculture in 2005 were 
estimated to be 5.1–6.1 Pg and comprised about 
10–12% of global anthropogenic emissions (Smith 
et al. 2007). One of the most recent measures used 
to enhance the carbon sequestration in soils is ad-
dition of biochar. Biochar is produced through a 
pyrolysis process, when tissues of biological origin 
are burned or charred in the absence of, or at low 
levels, of oxygen (Mohan et al. 2006). Biochar has 
been shown to improve chemical, physical, and 
biological properties of soils (Yamato et al. 2006) 
and enhance plant growth (Rajkovich et al. 2012). 

Biomass such as crop residues, woody material, 
green wastes, animal manures and agricultural 
wastes, such a rice husks, can be used for biochar 
production. Conversion of wastes such as rice 
husk into biochar through pyrolysis can result in 
advantages such as energy production, sustainable 
waste recycling, carbon sequestration, improve-
ment of soil quality, and better plant growth.

Research about the beneficial effects of biochar 
has mostly concentrated on tropical soils. There 
are few studies on arid and semiarid soils which 

often have different characteristics and are not 
primarily limited by low pH. Therefore this study 
was conducted to evaluate the effects of different 
application rates of two rice husk biochars on 
physico-chemical properties of an alkaline soil 
and on lentil growth as it is a common crop in 
the dry lands of Iran.

MATERIAL AND METHODS

Soil characteristics. The soil used in this study 
was collected from top layer (0–20 cm) in the 
University of Tehran experimental farm, located 
at the city of Karaj, Iran. The soil is a Calcaric 
Cambisol. Various physico-chemical properties 
of the soil (Table 1) were measured as follows: 
The pH and electrical conductivity (EC) of the 
soil were measured in 1:1 (soil:water) suspension. 
Particle size distribution and soil organic carbon 
(Corg) were determined by the hydrometer method 
(Gee and Or 2002) and the dichromate digestion 
method (Nelson and Sommers 1982), respectively. 
Total nitrogen (Ntot) was measured by the Kjeldahl 
method (Bremner and Mulvaney 1982). Available 
phosphorus (POlsen) and available potassium (Kavail) 
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were measured after extracting soil with sodium 
bicarbonate (Olsen and Sommers 1982) and am-
monium acetate (Knudsen et al. 1982), respectively. 
Cation exchange capacity (CEC) was determined 
at soil pH = 8.2 by the ammonium acetate method 
(Chapman 1965).

Biochar production and characterization. The 
rice husk was air-dried at room temperature and 
then placed in ceramic crucibles, each covered with 
a fitting lid, and the pyrolysis process was done un-
der limited oxygen conditions in a muffle furnace. 
The general conditions of pyrolysis are given in 
Table 2. Biochars were subsequently analysed for 
their basic properties (Table 2). Particle size distri-
bution of biochars was assessed by passing a total 
20 g biochar through 4.75, 2, 1, 0.5 and 0.25 mm 
sieves and weighing the various size fractions. The 
pH and EC of biochar were measured in deion-
ized water at 1:20 (biochar:water) weight ratios 

(Rajkovich et al. 2012). A subsample of biochar 
was finely ground before total carbon (Ctot), total 
hydrogen (Htot) and total nitrogen (Ntot) content 
determination by dry combustion analysis us-
ing an Elemental analyser (Perkin Elmer 2400 II, 
Massachusetts, USA). Ash content of biochars was 
measured by the standard ASTMD-2866 method on 
a weight basis. Briefly 5.0 g of oven-dried biochar 
was heated at 500°C overnight, cooled and weighed 
again. The yield of biochars was calculated as the 
mass of biochar generated from dry mass of rice 
husk. Scanning electron microscopy (SEM) and 
infrared (IR) spectroscopy were also performed 
on two biochars. 

Pot experiment. The 11 treatments were una-
mended soil (control) and amended soils with 
0.4, 0.8, 1.6, 2.4, and 3.3% by weight of B1 and 
B2 biochars: B0; B1(0.4); B1(0.8); B1(1.6); B1(2.4); 
B1(3.3); B2(0.4); B2(0.8); B2(1.6); B2(2.4); and B2(3.3), 

Table 1. Physico-chemical properties of the experimental soil

Sand Silt Clay Soil 
texture

CEC 
(mmol+/kg)

EC 
(mS/m) pHH2O

Corg Ntot POlsen Kavail

(%) (g/kg) (mg/kg)

33 35 32 Clay loam 139 50.5 7.9 7.6 0.91 11.12 121

CEC – cation exchange capacity; EC – electrical conductivity; Corg – soil organic carbon; Ntot – total N; POlsen – avail-
able P; Kavail – available K

Table 2. Production conditions (pyrolysis) and properties of biochars

Unit Biochar B1 Biochar B2

Production 
condition

heating rate (°C/min) 0.25–0.3 0.25–0.3
initial temperature 

(°C)
150 350

peak temperature 250–300 450–500
residence time in peak temperature (min) 225 30

Property

(> 4.75 mm)

(%)

0.22 0.1
(4.75–2 mm) 6.28 3.15

(2–1 mm) 26.89 13.91
(1–0.5 mm) 49.51 57.86

(0.5–0.25 mm) 12.06 16.91
(< 0.25 mm) 5.04 8.07

electrical conductivity (mS/m) 36 48
pHH2O 7.4 8.4
total C

(g/kg)
451.1 442.4

total N 5.4 5.6
total H 29.8 19

ash 
(%)

38 47
yield 39 32
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respectively. 3200 g air dried soil without and with 
biochar B1 and B2 were mixed thoroughly then 
placed in plastic pots (15 cm diameter and 20 cm 
depth). A basal dose of 14.45 mg N and 8.00 mg 
P/kg soil (using stock solutions of (NH4)3 PO4), 
and 5.18 mg K/kg soil (using stock solutions of 
K2SO4) were applied to the pots. Ten lentils (Lens 
cullinaris Medik) seeds per pot were sown at a 
depth of 10 mm, and thinned to the best 4 after 
germination. Pots were maintained at 25°C and 
all pots received the same amount of water at 
the first signs of leaf curl, to minimize drought 
stress. Plants were harvested on day 70 when 
plants had not yet reached full maturity but had 
already begun to produce seeds. Above and below 
ground biomass was dried to constant weight 
at 60°C, and dry weights were measured. Core 
samples were taken from the surface (0–5 cm) 
of the pots and used for bulk density and field 
capacity measurements. Surplus soil in pots was 
taken for chemical analysis and permanent wilt-
ing point measurement. The water content of 
undisturbed soil samples at field capacity and 
disturbed ones at permanent wilting point were 
determined using pressure plate apparatus at 
0.033 MPa and 1.5 MPa, respectively (Dane and 
Hopmans 2002). Available water content of the 
soils was calculated as: 

AWC (cm3/cm3) = FC (cm3/cm3) – PWP (cm3/cm3)

Where: AWC – available water content; FC – field capacity; 
PWP – permanent wilting point.

Statistical analysis. The triplicate data were 
subjected to mean separation analysis using the 
2-way ANOVA test at a significance of P = 0.05 and 
P = 0.01 by use of the Statistical Analysis System 
software (SAS Institute 2001). The differences 
between mean values were identified using the 
LSD test at a significance of P = 0.05.

RESULTS AND DISCUSSION

Biochar characteristics. General properties of 
the biochars are presented in Table 2. Biochar B2 
had more ash, less yield and more fine particles 
than biochar B1. This is probably due to the higher 
temperature and more severe pyrolysis condition 
that enhanced the biomass decomposition for B2. 
EC and pH were higher for biochar B2. The calcu-
lated molar H/C ratios (0.79 and 0.52) for B1 and 
B2, suggest aliphatic as well as aromatic carbon 
compounds, but B2 with its lower H/C ratio, is 
likely to have more aromatic carbon compounds. 
This finding is supported by the IR spectra of the 
biochars (Figures 1 and 2). Strong peaks around 
775.71 (Figure 1 for B1) and 799.44/cm (Figure 2 
for B2) relate to aromatic CH out-of-plane bend-
ing vibration but the peak is stronger in B2. It can 
be concluded that with increasing pyrolysis peak 
temperature, the more aromatization was done. 
Scanning electron microscopy imaging clearly shows 
the porous structure of both biochars (Figure 3). 
Effect of biochar on soil chemical properties. 

Figure 1. Infrared spectroscopy of biochar B1. T – transmission
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Biochar type showed a significant effect on Corg 
and POlsen (P < 0.01), and pH (P < 0.05). Biochar 

application rate had a significant effect on EC, 
cation exchange capacity (CEC), Kavail and POlsen 

Figure 2. Infrared spectroscopy of biochar B2. T – transmission

Figure 3. Scanning electron micrographs of biochars: biochar B1 (left) and biochar B2 (right) (a) scale bar of 
500X, and (b) scale bar of 1000X

(a)

(b)

T
 (%

)
62

60

58

56

54

52

50

48

46

44

4000  3600   3200   2800   2400   2000   1800   1600   1400   1200    1000    800    600   450
(1/cm)

3433.70

63.6

43.3

2921.95

1614.89
1434.86

1098.24

799.44

471.81

478

Vol. 61, 2015, No. 11: 475–482 Plant Soil Environ. 

doi: 10.17221/117/2015-PSE



(P < 0.05), and Corg (P < 0.01). Neither biochar 
type nor the application rate has any significant 
effect on Ntot. No significance in the interaction 
of the variables (biochar type and application 
rate) was found in all soil chemical properties but 
CEC (P < 0.05). The significant interaction of the 
variables in the case of CEC suggests that biochar 
type influenced the effect of the application rate 
on CEC and vice versa.

Soil pH was significantly lower in the B1 amended 
soils than in the B2 amended and control soils 
(Figure 4). Many reports have showed soil pH 
increases due to biochar application (Yuan et al. 
2011). However, most of these studies have been 
performed on acidic soils with low pH in com-
parison to the biochar pH. Liu and Zhang (2012) 
reported that alkaline biochar did not increase 
the pH of five types of alkaline soils, but instead 
produced a decreasing pH trend. The alkaline soil 
used for the study had pH of 7.9, which could have 

prevented any biochar liming effect. Lower pH of 
biochar B1 compared to biochar B2 and the soil 
could result in lowering pH in the B1 amended soils. 
Biochar is not at all inert and can be oxidized in 
soil, especially at its surface (Cheng et al. 2006). 
Biochar B1 is probably more oxidized than biochar 
B2, because of its less aromaticity. Therefore, pro-
duction of acidic material as a result of biochar 
B1 oxidation could also cause lower soil pH in the 
biochar B1 amended soils. Soil EC increased in 
proportion to the biochar application rates. But 
only the highest rate of the biochar application 
(3.3%) had significantly higher EC compared to the 
control soil (Table 3). The increase in EC can be 
attributed to high amount of ash in the biochars.

The biochar amended soils had significantly more 
Corg than unamended soils and biochar B1 was more 
effective in increasing Corg (Figure 4). The increase 
in Corg was in proportion to the rates of biochar 
application (Table 3). The increase of Corg in the 

Figure 4. Effects of B1 (biochar B1), B2 (biochar B2) and B0 (control) on soil properties and lentil biomass. The 
means that share the same letters are not significantly different at P < 0.05

b 

a a 

7.85

7.90

7.95

8.00

B1 B2 B0

So
il 

pH
 

a 
b 

c 

0

2

4

6

8

10

B1 B2 B0

So
il 

or
ga

ni
c 

ca
rb

on
 

(g
/k

g)
 

c 
b 

a 

0

4

8

12

16

20

B1 B2 B0

A
va

ila
bl

e 
P 

(m
g/

kg
) 

a a 

b 

0

40

80

120

160

200

B1 B2 B0

A
va

ila
bl

e 
K

 
 (m

g/
kg

) 

b b 

a 

1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

B1 B2 B0

So
il 

bu
lk

 d
en

sit
y 

(g
r/

cm
3 )

 

a a 

b 

0

0.4

0.8

1.2

1.6

2

B1 B2 B0

D
ry

 b
io

m
as

s o
f b

el
ow

 
gr

ou
nd

 (g
/p

ot
) 

b 

a a 

7.85

7.90

7.95

8.00

B1 B2 B0

So
il 

pH
 

a 
b 

c 

0

2

4

6

8

10

B1 B2 B0

So
il 

or
ga

ni
c 

ca
rb

on
 

(g
/k

g)
 

c 
b 

a 

0

4

8

12

16

20

B1 B2 B0

A
va

ila
bl

e 
P 

(m
g/

kg
) 

a a 

b 

0

40

80

120

160

200

B1 B2 B0

A
va

ila
bl

e 
K

 
 (m

g/
kg

) 

b b 

a 

1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

B1 B2 B0

So
il 

bu
lk

 d
en

sit
y 

(g
r/

cm
3 )

 

a a 

b 

0

0.4

0.8

1.2

1.6

2

B1 B2 B0

D
ry

 b
io

m
as

s o
f b

el
ow

 
gr

ou
nd

 (g
/p

ot
) 

b 

a a 

7.85

7.90

7.95

8.00

B1 B2 B0

So
il 

pH
 

a 
b 

c 

0

2

4

6

8

10

B1 B2 B0

So
il 

or
ga

ni
c 

ca
rb

on
 

(g
/k

g)
 

c 
b 

a 

0

4

8

12

16

20

B1 B2 B0

A
va

ila
bl

e 
P 

(m
g/

kg
) 

a a 

b 

0

40

80

120

160

200

B1 B2 B0
A

va
ila

bl
e 

K
 

 (m
g/

kg
) 

b b 

a 

1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

B1 B2 B0

So
il 

bu
lk

 d
en

sit
y 

(g
r/

cm
3 )

 

a a 

b 

0

0.4

0.8

1.2

1.6

2

B1 B2 B0

D
ry

 b
io

m
as

s o
f b

el
ow

 
gr

ou
nd

 (g
/p

ot
) 

 B1                   B2                    B0  B1                   B2                    B0

479

Plant Soil Environ.  Vol. 61, 2015, No. 11: 475–482

doi: 10.17221/117/2015-PSE



biochar amended soils could be a result of the high 
amount of organic carbon in the biochars. High 
Corg in the biochar amended soils suggests that 
the organic carbon of the biochars is recalcitrant. 
The biochar amended soils had significantly higher 
CEC in comparison with the control soil (Figure 5). 
There was no difference between CEC of the biochar 
B1 and B2 amended soils in rates of 0.4, 0.8, 1.6 and 
2.4% but 3.3% (Figure 5). CEC increased more or 
less in proportion to the biochar application rates. 
However, the highest CEC of the biochar B1 and 
B2 amended soils was observed in rate of 3.3% and 
2.4%, respectively (Figure 5). The increase of soil 
CEC as a result of biochar application can be caused 
by the inherent characteristics of biochar, such as 
high porosity and surface area. High Corg and CEC 
in soils amended by biochar were similarly reported 
by a number of authors (Nigussie et al. 2012). 

The control soil had less Ntot than biochar amend-
ed soils, but the difference was not significant. 
Since the nitrogen of biochar is mostly present in 

unavailable form for plants, this may not be nec-
essarily beneficial to crops (Chan and Xu 2009). 
POlsen of the soils amended with 0.4, 0.8 and 3.3 
of biochar was significantly lower relative to the 
control soil. However, there was no significant 
difference between application rates of 1.6% and 
2.4% biochar, and the control soil (Table 3). Among 
the treatments, significantly higher POlsen ranked 
as control > biochar B2 amended > biochar B1 
amended soils (Figure 4). There is an inconsistence 
about the reports about effects of biochar on P 
availability. Significant improvement of available 
P as a result of biochar application is reported in 
sandy or loamy soils (Tryon 1948). However, in 
an incubation study, biochar amendment signifi-
cantly decreased P levels in leachate solutions and 
increased its retention in soil (Novak et al. 2009). 
Kavail content in the biochar amended soils was 
significantly higher than control soil (Figure 4) 
and it was increased in proportion to the biochar 
application rates (Table 3). The observed high 

Table 3. Effect of biochar application rate on soil properties and lentil biomass

Biochar 
(%)

EC 
(mS/m)

Corg 
(g/kg)

POlsen Kavail SBD 
(g/cm3)

DMb 
(g/pot)(mg/kg)

0 (control) 59.3bc 7.30c 16.51a 108.00f 1.39a 1.07c

0.4 53.5bc 7.65bc 11.91c 121.33e 1.37a 1.34b

0.8 49.8c 7.97bc 10.89c 140.00d 1.29b 1.45b

1.6 54.3bc 8.50b 14.80abc 176.67c 1.17c 1.49b

2.4 62.0ab 9.47a 15.42ab 218.67b 1.14c 1.90a

3.3 69.5a 9.93a 12.78bc 256.00a 1.14c 2.00a

Means within a column that have the same letter are not significantly different at P < 0.05. EC – electrical conductiv-
ity; Corg – soil organic carbon; POlsen – available P; Kavail – available K; SBD – soil bulk density; DMb – dry biomass of 
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Figure 5. Effects of interactions between biochar type and application rate on soil cation exchange capacity. The 
means that share the same letters are not significantly different at P < 0.05
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Kavail content in the biochar amended soils could 
be attributed to high ash content of biochars. The 
immediate release of K from the ash could result in 
higher K availability in the biochar amended soils.

Effect of biochar on soil physical properties. 
Biochar type had no significant effect on soil bulk 
density (SBD) and available water content (AWC). 
Biochar application rate showed a significant effect 
(P < 0.01) on SBD but has no significant effect on 
AWC. The two-way ANOVA found no signifi-
cance in the interaction of variables (biochar type 
and application rate) in SBD and AWC. SBD was 
decreased by increase of the biochar application 
rates. Biochars have bulk density much lower than 
that of mineral soils and therefore if the biochar 
does not have a low mechanical strength, its ap-
plication can reduce the overall density of the soil 
(Verheijen et al. 2009). In agronomy, relatively small 
reductions in soil bulk density can be associated 
with agronomic benefits (Verheijen et al. 2009). 
Although biochar induced a slight improvement 
in available water content of the soils, this effect 
was not significant. Although improvement of 
AWC is reported in several studies (Uzoma et al. 
2011), Tryon (1948) reported no significant ef-
fect of charcoal (biochar) application on AWC of 
a loamy soil but there was a significant increase 
in a sandy soil. It can be concluded that the ef-
fects of biochar on AWC are soil- and biochar 
type- specific. 

Effect of biochar on above and below ground 
lentil biomass. Biochar type and interaction be-
tween biochar type and application rate had no 
significant effect on the above and below ground 
biomass of lentil. Biochar application rate showed 
no significant effect on above ground dry biomass, 
whereas it had a significant effect (P < 0.01) on 
below ground dry biomass (roots). The highest 
below ground dry biomass was obtained in the 
3.3% biochar amended soil, and the lowest in the 
control soil (Table 3). An increase of root bio-
mass as a result of biochar application to soil has 
been previously reported by other authors such as 
Yamato et al. (2006). Biochar is known to modify 
soil physico-chemical parameters (Lehmann et 
al. 2011), which can likely affect root biomass. 
Decreases in soil bulk density shown in Figure 4 
and Table 3 and porous structure of biochars shown 
in Figure 3 may have allowed the lentil roots to 
grow more via facilitation of root penetration in 
the soil.
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