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Abstract

A net-house experiment was conducted to assess the impacts of different
sources of biochar on growth and development of plant. Three different types
of biomasses viz., cow dung, poultry manure and sewage sludge produced
were used for the study. An upland leafy vegetable commonly known as kalmi
(Ipomoea aquatica) was used for pot culture experiment. The biomass or bi-
ochar was applied to the soil at a rate of 5 t/ha and the pots were arranged
following completely randomized design. A number of physical, chemical and
physico-chemical properties of the soil, biochar, biomass and plant samples
were analyzed in the laboratory. Biochar treated soils showed higher CEC
than the corresponding biomass treated ones. Organic carbon in biochar
treated soils was also higher. Total nitrogen contents of biomass treatments
were higher than biochar treatments. Phosphorus, potassium and sulphur
concentrations of the treated soils increased after harvesting. The paper dis-
cusses plant growth and agricultural crop production vis-a-vis biochar appli-
cation, indicating that the materials might not exert similar positive effects as
their biomass sources and thereby likely to jeopardize crop production and
soil health.
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1. Introduction

Soil is one of the basic resources and healthy soil is the foundation of the food

system. Various approaches have been tested so far for maintaining quality of

soil that ensures proper growth and development of plants as well as sustainable

agricultural production. Fertile soils rich in organic matter are our best insur-

ance against food insecurity and climate vulnerability [1]. Soil organic matter,

DOI: 10.4236/ajps.2018.99139  Aug. 23, 2018 1922

American Journal of Plant Sciences


http://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2018.99139
http://www.scirp.org
https://doi.org/10.4236/ajps.2018.99139
http://creativecommons.org/licenses/by/4.0/

T. F.Khan et al.

the product of on-site biological decomposition, affects the chemical and physi-
cal properties of soil and its overall health. Its composition and breakdown affect
soil structure and porosity, water infiltration rate, moisture holding capacity, di-
versity and biological activity of soil organisms and plant nutrient availability
[2].

Recently, a charred material, biochar, came into the context of plant growth,
soil quality and climate change mitigation. In recent years, a number of ap-
proaches have been made with biochar in this regard [3]. Although some of
these approaches appeared promising but their field verification and carryover
effects on plants remained to be further ascertained. The problems of the global
environment, the recognition of the need to recycle natural resources and dis-
covery of the high technology of agriculture have placed the biochar in the lime-
light. Biochar could be a good option as the high surface area and porosity are
able to absorb and/or retain nutrients and water and also provide a habitat for
beneficial microorganisms to flourish [3] [4]. Moreover, biochar takes the car-
bon captured by living plants and turns the biomass into solid form of char.
Such processes appear to offer one of the most promising technologies for car-
bon capture, sequestration and combating global climate change. Being crucial
in reducing waste, producing renewable energy, increasing plant yield, biochar
has become the most important discovery in human history [4].

The use of biochar has, however, been argued to have some drawbacks, with
some research reporting negative consequences on soil and crop production. In-
ternationally, there is a large hue and cry whether biochar is equally good com-
pared to that of its biomass [5]. Decreased growth and nutrient imbalances in
plants were observed due to the application of freshly prepared biochar into the
soil [6]. Thus, the effects of biochar on growth of plants need to be assessed. The
present study was undertaken to study the impacts of different sources of bio-

char on the growth of kalmi (Jpomoea aquatica) plant.

2. Materials and Methods
2.1. Sampling Site

The soil sample was collected from a local vegetable field located in Jagir Dighu-
lia village in Atigram union in Manikganj district with geo-location of 23°51.884
N and 90°06.219 E. The soil was a non-calcareous grey floodplain belonging to
the Melandaha series. The USDA family code of the soil is loamy, mixed, non-
acid, hyperthermic; taxonomy code is Typic Endoaquents and the FAO-UNESCO
legend is Gleysols (Eutric Gleysols).

2.2. Collection, Preparation and Processing of Soil Sample

The bulk soil sample representing 0 - 15 cm depth from surface was collected by
the composite sampling method as suggested by the United States Department
of Agriculture [7]. The soil sample was processed following the standard proce-

dures [8]. The collected soil samples were dried in air (at ~40°C) after being
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transported to the laboratory. After air-drying, a portion of the sample contain-
ing the larger and massive aggregates was ground by gently crushing with a
wooden hammer. Ground samples were passed through a 2 mm stainless steel
sieve. The sieved samples were then mixed thoroughly and stored in labeled
plastic containers until required for various physical analyses. Likewise, another
portion of the soil sample was further ground, passed through a 0.5 mm sieve,
then mixed thoroughly and finally stored for various chemical and physi-

co-chemical analyses.

2.3. Collection and Processing of Biomass Samples

Cow dung and poultry manure were collected from a dairy and a poultry farm in
Gazipur district. Sewage sludge was collected from Pagla Sewage Treatment
Plant located in Narayanganj, Dhaka. Cow dung, poultry manure and sewage
sludge was dried in air for several days. After that, they were grounded with
wooden hammer and screened through a 0.25 mm stainless steel sieve. The
sieved samples were then mixed thoroughly for making composite sample and

were preserved in plastic containers.

2.4. Production and Processing of Biochar

A big earthen pot was taken and metal wires were arranged in a criss-cross ar-
rangement over the pot so that it can support the small pots. Individual biomass
was placed layer by layer in small earthen pots. These pots were covered with
earthen lids. 4 - 5 pots were placed on the wire arrangement in such a way that
pots were uniformly heated from all sides. The temperature was maintained at
about 100°C. Finally, fire was lighted and accelerated time to time by adding
wood chips and kerosene oil. After about an hour, when the biomass was turned
to biochar, fire was stopped. These biochar looked like powdery ash and was
black in color with large surface area. The lid of the pot was not opened until it
cooled down completely. After cooling of the biochar, lids of the pots were

opened, screened through 0.25 mm sieve.

2.5. Pot Culture Experiment

An upland leafy vegetable commonly known as kalmi (/pomoea aquatica) was
used for pot culture experiment. A total of 21 pots were arranged in the net
house following completely randomized design (Table 1). Among them nine
pots were supplied with different types of biomass and other nine pots with bio-
char. The pots were washed properly with water and dried in sunlight. There was
no hole at the bottom of the pot. Air dried 5 mm sieved 2 kg soil samples were
put in 3 kg sized pots and was kept in the sunlight for 15 days. Biochar and bio-
mass were applied a rate of 5t/ha ie. each pot received 5 gm of biochar or bio-
mass. Nitrogen, phosphorus, potassium and sulphur were supplied from urea,
TSP (Triple Super Phosphate), MP (Murate of Potash) and Gypsum fertilizers
respectively according to the recommended dose of fertilizers. Certified,
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Table 1. The design of pot arrangements and treatment symbols.

Sample name Treatment Rate of application Designation

Cowdung biomass 5 t/ha CcM

Biomass Poultry manure biomass 5 t/ha PM
Sewage sludge biomass 5 t/ha SM

Cow dung biochar 5 t/ha CC

Biochar Poultry manure biochar 5t/ha PC
Sludge biochar 5t/ha SC
Control No treatment None Cont

registered seeds of kalmi were procured from local market and 9 - 10 seeds were
sown in each pot. The plants were irrigated with water in frequent intervals.
Weeds were removed manually. Adequate plant protection measures were taken
during the growing period. Visual observation viz., height, growth, leaf struc-
ture, leaf color, deficiency or toxicity symptoms, pest or insect infestations etc.

were noted during the growing period of plants.

2.6. Collection and Preparation of Plant Samples

The kalmi plants were allowed to grow for 45 days. Sampling of plants was done
by uprooting them carefully from the pots. The roots were first washed by tap
water and then by deionized distilled water. The plant samples were separated
into two parts: roots and shoots. Length of the collected shoots samples were
noted down. The fresh weights were taken. The samples were first air dried and
then oven dried at 70°C + 5°C for 48 hours and the dry weight of the plant
samples was measured. The dried samples were then ground with mortar and
pestle. The ground samples were mixed thoroughly and passed through a 0.25

mm sieve and kept in plastic containers for further chemical analyses.

2.7. Laboratory Analysis of Soil, Biomass, Biochar and Plant
Samples

Various physical, chemical and physico-chemical properties of the soil as well as
the biochar, biomass and plant samples were analyzed in the laboratory. The
particle size analysis of the soil was carried out by hydrometer method [9]. The
textural classes were determined by Marshall’s triangular co-ordinates. pH of the
samples were measured electrochemically by using a glass electrode pH meter at
a ratio of 1:2.5 for soil and 1:15 for biochar and biomass. The CEC of soil, bio-
mass and biochar samples were determined by 1M ammonium acetate extrac-
tion method [10]. Total organic carbon was determined by wet oxidation me-
thod of Walkley and Black [11]. Total nitrogen was determined by Kjeldahl’s di-
gestion method with concentrated sulfuric acid (H,SO,) [12]. Available phos-
phorus was determined by extracting the samples using Bray and Kurtz method
(pH < 6.0) and Olsen method (pH > 6.0) then the extracts were used to estimate
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P colorimetrically by following the blue color method using ascorbic acid by
spectrophotometer at 880 nm. Available S was determined by extracting the
samples with calcium dihydrogen phosphate monohydrate [Ca(H,PO,) and then
the extracts were analyzed with a spectrophotometer at 420 nm. Available K was
determined by a flame analyzer after extracting the samples with 1M ammonium
acetate at pH 7.0. Total P content of the samples were determined colorimetri-
cally using a spectrophotometer at 490 nm by developing yellow color with va-
nadomolybdate after digesting the biomass with ternary acid mixture. Total
sulphur content of the samples were determined turbiditimetrically by a spec-
trophotometer at 420 nm after digesting with concentrated nitric and perchloric

acid.

2.8. Data Analysis

All data were statistically analyzed by using Microsoft Excel (version 2013) and
SPSS (version 24) software.

3. Results
3.1. Effects on Overall Growth of Plants

It was found that due to the conversion of biomass to biochar, most of the pa-
rameters of biochar differed significantly from its source of biomass. Among
these treatments kalmi growth was best under cow dung biomass (CM) treat-
ment while it was worst under cow dung biochar (CC) treatment. Under other
treatments growth was average in general though growth was better in control.
Height of the plant was better grown on poultry manure biomass treated soils
compared to that of biochar treated ones. However, the result was opposite in
case of sludge. Number of leaves was almost same as control in sludge biochar
than sludge biomass (SM). For poultry manure, number of leaves was almost

same in both biomass (PM) and biochar (PC) but lower than control.

3.2. Fresh and Dry Matter Production

It was found that shoot length of kalmi differed significantly at 0.1% level due to
the effects of all treatments. The fresh and dry matter productions of kalmi as
affected by various biomass and biochar treatments were measured. It was ob-
served that the weight of fresh and dry matter of kalmi was highest in cow dung
biomass treated soils while the lowest in cow dung biochar treated ones and for
other treatments dry matter production was lower than control (Figure 1 and
Figure 2).

3.3. Effects on CEC

It was observed that CEC of biochar treated soils (CC, PC and SC) was greater or
same compared to their respective sources of biomass (CM, PM, SM) treated
soils (Figure 3). The highest CEC was found in cow dung biochar (CC) treated
soils which was also greater than control.
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Figure 1. Comparison of fresh weight between different treatments.
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Figure 2. Comparison of % relative dry matter between treatments.
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Figure 3. Comparison of CEC between different treatments.

3.4. Effects on Organic Carbon

Total organic carbon (TOC) was found same in both sludge biomass and bio-
char treated soils. In the present study, total organic carbon or soil organic mat-
ter (SOM) was found higher or same in biochar treated soils than their respec-
tive sources of biomass treated soils. ANOVA study indicated that total soil or-
ganic carbon did not differ significantly due to the application of these treat-

ments.

3.5. Effects on Nitrogen Availability

Total nitrogen concentration in various treated soils and control soil increased
after harvesting of kalmi. Total N concentration of all three biomass treatments
was slightly higher than their respective biochar treatments. The ANOVA test

shows significant differential effects of different biomass and biochar treatments
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at 5% level. The concentrations of nitrogen in treated soil after harvesting of
kalmi as affected by different biomass and biochar treatments were presented in
Table 2.

Total N content of all treated soil and plant shoot were found to be higher
than non-treated ones. Uptake of total N was highest under CM treatment and
much higher than its respected biochar treatments (Figure 4). After CM, uptake
was found higher in control than other treatments. Except cow dung, nitrogen
uptake was higher in biochar treated kalmi plants than their corresponding bio-
mass treated plants. The mean values of total N concentration of SM treated
shoot and control shoot differed significantly at 5% level as indicated by LSD

test.

3.6. Effects on Phosphorus Availability

There was an increased available phosphorus concentration in the biochar
treated soils than the biomass treated soils. The ANOVA result showed signifi-
cant differential effect of different biomass and biochar treatments on soil avail-
able P content at 0.1% level. Table 3 shows the changes in P concentration of
treated soil as affected by different biomass and biochar treatments after har-

vesting of kalmi and also P uptake by the plant.

®Biomass ™ Biochar ™ Control

£ 2500
S 2000 T
= 1500 -
=
E 1000 - ' T
Z 500 - = =
[
§ 0 - : — : —
*g_ -500 - nuTe Studge
)
Treatments

Figure 4. Uptake of total N by kalmi shoots and leaves.

Table 2. Changes in total N percentage as affected by different treatments.

Total N in Total N in Change in total N of
Treatments soil biomass/biochar treated soil
(%) (%) (%)
Biomass (CM) 0.06 1.58 0.15
Cow dung

Biochar (CC) 0.06 1.19 0.15
Poultry Biomass (PM) 0.06 1.67 0.16
MAnure - piochar (PC) 0.06 1.09 0.15
Biomass (SM) 0.06 0.57 0.15

Sludge
Biochar (SC) 0.06 0.50 0.15
No treatment Control (Cont) 0.06 No treatment 0.14
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Table 3. Changes in P concentration as affected by different treatments and P uptake by

kalmi.
Ch i
i . Total P in 'ange m Total P of Total P of
Soil available | | . Available P of
Treatments biomass/biochar . shoot +leaf root
P (ppm) treated soil
(%) (%) (%)
(ppm)

Biomass

49.16 0.41 60.10 0.069 0.032
Cow dung (cM)

Biochar (CC) 49.16 0.54 73.70 0.072 0.085

Biomass
Poultry M) 49.16 0.70 66.50 0.076 0.054

manure

Biochar (PC) 49.16 0.79 79.67 0.091 0.085

Biomass
49.16 0.16 62.82 0.072 0.055

Sewage sludge (SM)

Biochar (SC) 49.16 0.24 68.97 0.07 0.039

Control
No treatment 49.16 No treatment 64.11 0.068 0.031

(Cont)

Uptake of total P was highest under CM treatment and it was much higher
than its biochar CC treatment (Figure 5). After CM, uptake was found higher in
control than other treatments. Except cow dung, P uptake was higher in biochar
treated kalmi than their corresponding biomass treated kalmi plants. ANOVA
showed significant effect of these treatments on total P content of both shoot

and root at 0.1% level.

3.7. Effects on Potassium Availability

It is apparent that available potassium content of the treated soil decreased from
the initial condition and differed differently depending on the treatments. In
general there was an increased or same available potassium concentration found
in the biochar treated soil than the biomass treated soil (Table 4). Moreover,
available K of CC treated soil was higher than CM treated soil. The ANOVA test
of available K concentration after harvesting of kalmi showed the presence of
significant effect of different biomass and biochar treatments on soil available K
at 5% level.

The uptake of K by kalmi shoots and leaves exhibits similar pattern as other
two nutrients (nitrogen and phosphorus). Uptake of total K was highest under
CM treatment and it was much higher than its biochar CC treatment (Figure 6).
After CM, uptake was found higher in control than other treatments. Except
cowdung, K uptake was higher in biochar treated kalmi than their correspond-
ing biomass treated kalmi. ANOVA test showed significant effect of these treat-

ments on total K content of shoot at 0.1% level.

3.8. Effects on Sulphur Availability

It was observed that there was an increased available sulphur concentration in
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cow dung and sludge biochar treated soils than their biomass treated soils whe-
reas for sludge opposite phenomenon happened. Available S of all treated soils
was higher than the non-treated ones. On the contrary, uptake of S by kalmi
shoots and leaves exhibits similar pattern as other three nutrients (nitrogen,
phosphorus and potassium). Uptake of total S was highest under CM treatment
and it was much higher than its biochar CC treatment (Table 5).

4. Discussions

The overall pH of all biochar was found above 7 i.e. alkaline as pyrolized biochar
often had a basic pH [13]. It was reported that a rice-husk biochar produced by
gasification process increased final biomass, root biomass, plant height and

number of leaves compared to no biochar application [14].

Table 4. Changes in K concentration of treated soil as affected by different treatments
after harvesting kalmi.

Ch: i
Soil Total K in .ange m Total K of Total K of
. . . |available K of
Treatments available K |biomass/biochar . shoot+leaf  root
(ppm) %) treated soil %) %)
(ppm)
Biomass (CM) 96.14 0.49 90.26 1.38 1.035
Cow dung
Biochar (CC) 96.14 0.54 92.24 1.3 2.89
Poultry Biomass (PM) 96.14 0.44 89.93 1.46 1.72
manure - igchar (PC)  96.14 0.5 90.92 1.37 1.112
Sewage Biomass (SM)  96.14 0.34 89.60 131 1.744
sludge  Biochar (SC)  96.14 0.34 88.61 14 1.226
No Control
96.14 No treatment 88.94 1.48 1.281
treatment (Cont)

Table 5. Changes in S concentration of treated soil as affected by different treatments
after harvesting kalmi.

h .
Soil Total S in . i;:;?: ;IL ¢ Total Sof Total S of
\¢
Treatments available S biomass/biochar k shoot + leaf  root
(ppm) %) treated soil %) %)
(ppm)
Biomass (CM) 44.50 0.12 91.47 0.32 0.21
Cow dung
Biochar (CC) 44.50 0.22 99.64 0.46 0.41
Poultry ~ Biomass (PM)  44.50 0.12 102.85 0.35 0.33
manure
Biochar (PC) 44.50 0.24 92.32 0.32 0.20
Sewage Biomass (SM) 44.50 0.6 92.90 0.22 0.21
sludge  Bigchar (SC)  44.50 0.90 97.00 0.53 0.21
No Control
44.50 No treatment 85.36 0.33 0.22
treatment (Cont)
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Figure 5. Uptake of P by kalmi shoots and leaves.
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Figure 6. Uptake of K by kalmi shoots and leaves.

Biochar from different sources exhibited different results. Like PC and SC
treated kalmi, significant increase in biomass yield of lettuce was observed at 2%
pine forest waste biochar application rate in alkaline loamy sand soil [15]. Even
in alkaline soil, biochar application increased growth of lettuce [16]. No effect of
biochar amendment was observed for growth of sweet pepper and geranium
while coriander shoot growth was increased and lettuce shoot biomass decreased
when a biochar was amended with potting soil. In fact, the influence of biochar
may vary depending on feedstock of biochar, pyrolysis temperature and test
crops [17].

It was found that addition of low rates (11 t/ha) of char increased CEC indi-
cating the fact that capacity of soils can be increased with char addition [18]. Ca-
tion exchange capacity (CEC) could not be increased upon biochar addition
while base saturation (BS) was significantly increased due to ash addition with
biochar while compost addition significantly increased the CEC [19]. It was
found that application of biochar results usually in an increase in total soil car-
bon as found in the present study and thus acted as a short-term C sequestration
potential in loamy soil compared to sandy soil [20]. Limiting soil N content by
biochar application in N deficient soils could be due to the high C/N ratio, hence
it might reduce crop productivity temporarily [21] though pot experiments in-
dicate that biochar reduces N leaching [22]. It was reported that significantly
higher nitrogen retention occur in charcoal-amended soil [23]. Researchers
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mentioned that an increase in soil phosphorus compared with control condi-
tions but increasing levels of charcoal might decrease available P of the Waimea
soil [24]. It was reported that biochar addition could not reduce phosphate
leaching during the experiment [19] [21].

Additions of biochar to soils resulted in an average increase in K concentra-
tion compared with control and also alter the balance between the availability of
K and Mg in the soil and the application of timber mill waste charcoal increased
K concentration and reduced Mg and Mn concentrations in leaves of rubber
seedlings [25].

5. Conclusion

The present study suggests that different sources of biochar exert different ef-
fects on plants. Though, nowadays, biochar is gaining widespread credibility to
address soil quality and plant development, it is not always as much beneficiary
as the biomass. Due to the treatment applications, initial soil status was changed
and these changes were strongly correlated with their treatments. Biochar
treated soils showed higher CEC than the corresponding biomass treated ones.
Organic carbon in char treated soils was increased while organic carbon in bio-
mass treated soils was decreased. Total N concentration of biomass treatments
was higher than biochar treatments. Also P, K and S concentration of the treated
soils increased from initial soil after harvesting. Increased concentration of nu-
trients might be for relative stability, pH, physical properties of biochar, general
lack of energy and loss of readily utilizable carbon sources. Source of biochar is
also an important factor which needs to be pondered before using it for agricul-

tural purposes.
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