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Abstract: Soil-fertility management is crucial for maintaining or increasing the yield. Application of charred
biomass to soil seems to be a positive impact on soil fertility and crop growth. We investigated the effect of
charred biomass (CB) addition on selected soil properties and yield of beet root (Beta vulgaris) through
laboratory incubation and green house studies. Treatments were T (control), T  (CB), T  (NPK fertilizer) and0 1 2

T (Combination). Complete randomized design was used with three replicates for incubation experiment and3

four replicates for pot trial. Results of incubation experiment with different treatments indicated that pH of soil
significantly increased in T  (CB) and decreased in T  (NPK fertilizer). EC was significantly increased in NPK1 2

fertilizer followed by T  (Combination). Available N was significantly higher in T (NPK fertilizer) followed by3 2

T  (Combination) and T (CB). Available P, Available K, Cation exchange capacity and microbial biomass carbon3 1

were significantly increased in T (CB) compared with other treatments. Results of pot experiment showed that1

leaching loss was lowest in CB treated pots. The yield of beet root was increased by 156.36%, 60.41% and
126.43% in T (CB), T  (NPK fertilizer) and T  (Combination) respectively compared to control. Results therefore1 2 3

indicate that addition of charred biomass has potential to increase the yield of beet root through improving soil
properties and reducing leaching losses of both nitrate and ammonium.
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INTRODUCTION like for fuel, for livestock feeding, building materials etc.

Due the decline in soil productivity as a result of combines the application of inorganic fertilizers and
continuous  cultivation,  Crop  yields  continue  to decline organic fertilizers for crop production has been proposed
on farmers fields and there is a huge gap between by Vanlauwe et al. [2]. However, the quality of organic
potential crop  yields  and  actual  crop  yields.  In  the inputs in terms of N, lignin and polyphenols has been
context of agriculture, as demand for food increases, suggested to influence the decomposition of organic
current  agricultural  lands  are  over-fertilized  in  the inputs [3]. High quality materials are expected to
attempt to raise soil productivity, while the expansion of decompose rapidly to release plant nutrients to
the agricultural frontier signifies more pasture lands and synchronize with crop demands. Low quality materials on
forests converted into new cultivation areas, soon to be the other hand are expected to first immobilize soil
over-fertilized. A higher-than-optimal application to soil nutrients and then subsequently release it gradually for
leads to loss of reactive nitrogen into the environment, crop demand. The decomposition of organic sources
causing pollution to soil, water and land. Due to intensive release gases green house gases like CO , methane, N O.
cultivation of annual crops in Jaffna peninsula, the nitrate- Global concerns for climate change thus necessitate the
nitrogen levels exceeds WHO recommended levels [1]. To search for agricultural management practices that can be
achieve food sufficiency, there is the urgent need to used to achieve food security and at the same time
address the soil infertility problem. The use of organic contribute to adaptation and mitigation of climate change.
sources to improve soil fertility also had limited success Biochar, a product obtained from pyrolysis of woody
due to the bulkiness of the organic inputs, slow rate of materials may provide such a management practice [4].
action and low availability as they have alternative uses Applied as a  soil  enhancer,  the  highly  organic  carbon-

The Integrated Soil Fertility Management (ISFM) which

2 2
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intensive biochar improves the structure, water retention
capacity, fertility and carbon sequestration of degraded
soils. The enhanced nutrient retention capacity of the soil
reduces the total fertilizer requirements and also the
environmental damage associated with fertilizers,
including N O emissions, fertilizer runoff into surface2

waters and nitrogen leaching into groundwater. Further
and most importantly, biochar locks up rapidly
decomposing carbon in plant biomass in a much more
durable form, with most of it remaining in the soil for
orders of magnitudes longer than any other organic Available P (Kg/ha) 134.49

amendments. This means that biochar offers a long-term
sink for the purposes of reducing carbon dioxide
emissions from the atmosphere, making chance to turn
bioenergy into a carbon-negative industry [5]. The use of
biochar could allow the total soil organic carbon (SOC)
sequestered in soils to be several magnitudes larger than
is naturally possible. Again, it is relatively simple to verify
for national carbon accounting and is more resistant to
climate than the conventional SOC [6]. Carbon trading
that include agricultural soil sequestration will enable
farmers to trade their sequestered biochar soil
applications and facilitate the expansion of a range of new
technologies that improve farm productivity, energy
security, with potential for large positive environmental
outcomes.

On this background experiments were conducted with
the following objectives:

Study the effect of charred biomass application alone
and in combination with inorganic fertilizers on
selected properties of soil of kondavil belonging to
Inuvil series of Jaffna peninsula. 
Study the effect charred biomass application alone
and in combination inorganic fertilizers on yield of
Beet root crop in Inuvil series.

MATERIALS AND METHODS

Soil Sampling: For this study, soil samples were collected
from Kondavil area belonging to Inuvil series in Jaffna
peninsula. Table 1 shows some selected physical and
chemical properties of the soils. The top 0 - 15 cm was
sampled and all plant debris was removed. The samples
were air-dried and sieved through a 2 mm mesh size.

Charred Biomass Production: The charred biomass used
in the study was obtained from bakery. It was produced
from fire wood under “kiln”. The chemical compositions
of   the   charred    biomass    were:    Organic C,   6.48%;

Table 1: selected properties of soil used for study

Characters
-----------------------------------------------------------------------------------------------
Texture Sandy loam

Sand (%) 76.86
Silt (%) 7.71
Clay (%) 15.43
pH (1:5 / soil: water) 7.4
EC (dS/m) 0.156
Total N (mg/kg) 728
Available N (mg/kg) 8.05

Available K (Kg/ha) 742.25
CEC (c mol / Kg of soil) 8.7(+)

Organic matter (%) 0.938

Total Nitrogen 2.1%; Available nitrogen, 17.1 mg/kg;
Total P 0 , 412.82 mg/kg; K O, 11750.68 mg/kg. The char2 5 2

was ground and applied to soil.

Greenhouse Study: The study was carried out at the
Department of Agricultural Chemistry, University of
Jaffna. The experimental design was completely
randomized design and each treatment was replicated four
times. The treatments were:

Control (T )0

Charred biomass (T )1

Inorganic fertilizers (NPK) (T )2

Charred biomass mixed with inorganic fertilizers (T )3

Nitrogen and Phosphorus were applied as basal and
top dressing to all treatments at the rate of 330 and 395
kg/ha respectively. Nitrogen was applied in the form of
urea while Phosphorus was in the form of triple super
phosphate. Potassium was applied in the form of muriate
of potash as basal at the rate of 125 kg/ha. The
amendments were thoroughly mixed with the soil. Charred
biomass was applied at 20 tons/ha. In T  both3

amendments were applied half of T  and T . The soils were1 2

kept at field capacity throughout the period of the study.
Crimson Glob beetroot variety was used as the test crop.
The beetroot was planted at 3-seeds per pot and thinned
to 1 after one week of planting. Pots were arranged on
plastic container and excess water was applied to collect
leachate third and sixth week after planting. Nitrate
content in collected leachate was determined by
colorimetric method [7]. Beetroot from each pot was
harvested after three months. The harvested beet root
fresh weight, diameter of tuber and dry matter content was
analyzed separately.
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Incubation Study: 250g of air-dried soil was placed in
transparent plastic bottles. Complete randomized design
was used with four treatments and three replicates. The
treatments were control (T ), CB (T ), NPK fertilizers (T )0 1 2

and ½ CB + ½NPK fertilizers (T ). Inorganic fertilizers were3

applied at following rate: urea 165kg/ha, TSP 270kg/ha and
MOP 125kg/ha. CB was applied at the rate of 20 t/ha. In T3

(Combination), CB and NPK fertilizers were applied at half
of T  and T  rate.1 2

Soil Analysis: pH and Ec, were measured at two weeks Fig. 1: Effect of different treatment on pH with time. 
interval until two months of incubation. Available K, N T  – control, T  – CB, T  – NPK fertilizer, T –
and P were measured after 2 weeks. Soil pH was Combination.
determined in distilled water using a soil: solution ratio of
1: 5. Total N and available N were determined using the
method of Bremner Mulvaney [8]. Available phosphorus
was determined using the method of Olsen and Sommers
[9]. Available K was measured by flame photometer [10].

Statistical Analysis: Results were analyzed by SAS
package and the mean separation was done by LSD at
p=0.05.

RESULTS AND DISCUSSION

Incubation Experiment conductivity with time. 
Soil pH: At second week significantly higher pH was T  – control, T  – CB, T  – NPK fertilizer, T –
recorded in T (CB) followed by T  (½ biochar + ½ NPK Combination.1 3

fertilizer) while lowest pH was recorded in T  (NPK2

fertilizer) (Figure 1). All treatments were significantly Available Nutrients (N, P and K): Available N
different. Similar trend was observed throughout the significantly higher in T  (NPK fertilizer) than other
incubation period (Figure 1). Verheijen et al. [11] and treatments (Table 2). However there was no significant
Chan and Xu [12] discussed that biochar increases the pH difference between T  (NPK fertilizer) and T
of soil due to its higher pH and also it contains varying (Combination) and also between T  (Combination) and
concentrations of ash alkalinity that is directly added into T (CB). This may be due to the lower available N content
the soil as Ca, Mg, K and Na oxides, hydroxides and of biochar (Table 2) compared to fertilizer. Biochar
carbonates. Inorganic fertilizers decrease the soil pH after increases the N availability through both the direct
application due to acidification resulting from dissociation nutrient additions by the biochar and greater nutrient
of urea to produce H  ions [13]. retention [14] and it can also due to the effect of changes+

Electrical Conductivity: Until eighth week significantly P  availability  was  significantly  increased  with
highest EC was recorded in T (NPK fertilizer) and lowest T (CB) and T (Combination) compared to all treatments.2

in T  (control) (Figure 2). EC of T (Combination) and All the treatments were significantly higher than T0 3

T (CB) were not differ significantly. Electrical conductivity (control) (Table 2). This may be due to the nutrient1

decreased with time in all treatments. The reason may be content in char and microbial activity. Nishio [15] stated
the soluble nutrient content of inorganic fertilizers that application of charcoal stimulates indigenous
increased EC in T . Immobilization of nutrients, ammonia arbuscular mycorrhiza fungi in soil and thus promotes2

volatilization and adsorbtion by clay particles due to plant growth.
increased CEC would have contributed to reduced EC Highest available K was recored in T (CB) followed
with time). by T   (Combination)  the lowest in T  (control) (Figure 3).

0 1 2 3

Fig. 2: Effect of different treatment on electrical
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Table 2: Effect of different treatments on selected properties of soil

T (control) T (CB) T (NPK fertilizer) T (combination)0 1 2 3

Available N(mg/kg) 7.741 11.250 15.907 11.901b b a ab

Available P(kg/ha) 125.5 217.626 131.158 175.377d a c c

Available K(kg/ha) 755.012 1038.811 867.461 910.298c a b b

Cation exchange capacity (cmol(+)/kg) 8.68 9.46 8.67 9.1b a b a

Microbial biomass C(µg/g) 925.32 1393.57 1207.8 1108.34c a b b

Same letters with in rows are not statistically different by the LSD at p=0.05.

Fig. 3: Effect of different treatment on ammonium a) leaching b) nitrate leaching
T  – control, T  – CB, T  – NPK fertilizer, T  – Combination. Bars with same letters within similar column are not0 1 2 3

statistically different by the LSD at p=0.05.

All treatments were significantly higher compared to T Pot Experiment0

(control). This is due to the higher K content of biochar. Ammonium and Nitrate Leaching: Highest ammonium
The supply of available K in biochar is typically high and leaching was observed in T (NPK fertilizer) and lowest in
increased K uptake as a result of biochar application has T  (Combination) (Figure 3) during 1 and 2  analysis.
been frequently reported [16]. However there was no significant difference between T

At the end of incubation CEC of soil was significantly (Combination) and T  (CB). Similar trend was observed in
high in T (CB) and T  (½ biochar + ½ NPK fertilizer nitrate leaching. The leaching analysis clearly indicates1 3

compared to other treatments and there was no significant that addtion of biochar reduces the leaching loss of
different between T  (control) and T (NPK fertilizer) nitrogen either ammonium or nitrate. The biochar0 2

(Table 2). The high specific surface area, oxidation of the application to soil affects nutrient leaching through
biochar itself and adsorption of organic matter to biochar several mechanisms, by increasing the retention of water
surfaces may contribute to the high CEC found in soils in the rooting zone, by directly binding or sorbing
containing biochar [17]. nutrients or by interacting with other soil constituents

Significantly higher microbial biomass carbon was and by facilitating the movement of attached nutrients
observed  in T  (CB)  compared  to  other  treatments when fine biochar particles are transported in percolating1

(Table 2). There was no significant difference between T water [21]. 3

(Combination) and T  (NPK fertilizer). It is generally2

accepted that biochar-C is largely unavailable to soil Yield Parameters: Beet root was harvested 90 days after
microbes, but changes in soil physicochemical properties planting. The yield of beet root was increased by 156.36%,
and the introduction of metabolically available labile-C 60.41% and 126.43% in T (CB), T  (NPK fertilizer) and T
compounds associated with the biochar may shift the soil (Combination) respectively compared to control. Highest
microbial community structure [18]. Investigation of this tuber weight was obtained in T (CB) and lowest in T

(control) (Figure 4). All the treatments were significantly
microbial biomass and/or microbial activity have increased higher compared to T (control). However there was no
with biochar additions [19]. It has been hypothesized that significant difference in yield among T (CB) and T
biochar can provide a microbial refuge due to its porous (Combination). Similar trend was obtained in the tuber
nature [20]. perimeter  analysis.   In   dry  matter  production  anlysis,

2

3
st nd

3

1

1 2 3

2 0

interaction has predominantly shown that the soil
0

1 3



Am-Euras. J. Agric. & Environ. Sci., 13 (10): 1345-1350, 2013

1349

Fig. 4: Effect of different treatment on a) Tuber perimeter b) Tuber weight and dry matter of beet root.
T  – control, T  – CB, T  – NPK fertilizer, T  – Combination. Bars with same letters are not statistically different0 1 2 3

by the LSD at p=0.05.

T (CB) was recorded significantly higher  followed  by  T Suggestions: It is suggested that experiments be carried1 3

(Combination) and T ( NPK fertilizer) compared to control. out to study the effect of biochar under real field2

Therefore result of pot trial indicates that the yield, dry conditions with wide range of crops. Further research is
matter and size of beet root were significantly improved needed to study the appropriate biochar rate to obtain
by biochar addition. Beneficial effects on crop yields have optimum yield. Soil microbial study in relation to biochar
been also documented in a number of pot and field trials addition is also suggested. 
[22, 23, 24, 25 and 26]. Reduction in soil activity,
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