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Abstract

An in vitro study was conducted to make a comparative study of biochar and biomass on soil bac-
teria. The responses of three agriculturally important bacteria viz., Bradyrhizobium, Sulphate re-
ducing and Iron oxidizing bacteria, were studied. Total viable counts were also made. Three dif-
ferent types of biomasses viz., rice husk, rice straw and saw dust, and biochars produced thereof
were used for the study. The biomasses or biochars were applied to the soil at a rate of 5 t/ha. The
study included seven different treatments of biomasses and corresponding biochars including a
control. Total counts were made on the original materials as well as on the treated soils at 30, 60
and 90 days of incubation. Bacterial count was higher in all the biomass treated soils than the cor-
responding biochar treated ones including control. Although the presence of Bradyrhizobium,
sulphate reducing and iron oxidizing bacteria were not noted in the fresh soils, their presence,
however, was noted after incubation periods. The counts of all three bacteria are however lower
in the biochar treated soils than the corresponding biomass treated soils. The paper discusses
about the microbial soil health vis-a-vis biochar application, indicating that the materials exert
negative effect on the soil microbial population and thereby likely to jeopardize soil health and
crop production.
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1. Introduction

Soil quality in terms of soil health has gained much concern over the last few years as fertile soil is the best in-
surance against food insecurity and climate vulnerability. Since soil is a complex biological system, approxim-
ately 5% of soil is occupied by microbes, especially bacteria. For that, soil fertility is determined by the biologi-
cal factors, mainly by microbes as they are considered the life of soil. Soil microorganisms are crucial in recy-
cling of soil nutrients, decomposing organic matter, fixing essential nutrients, improving soil properties, main-
taining soil structure and above all conserving soil quality. These microbes need regular supplies of organic
matters in the form of biomass to maintain their survival and growth. About 60% of the soil carbon is in the
form of organic matter which determines much of the soil’s quality [1].

Very recently, charred biomass-biochar, came into the context of soil health which is increasingly central to
many concerns of the modern society both nationally and internationally. Problems of the global environment,
recognition of the need to recycle natural resources and discovery of the high technology in agriculture have
placed the biochar in the limelight. Biochar is crucial in reducing waste, producing renewable energy, improving
soil properties, reducing green house gases, sequestering soil carbon and combating global climate change [2].

Much is known about the potential advantages of biochar. However, some important knowledge gaps exist
about its drawbacks. A big debate exists about the impacts of biochar on soil health. It thus becomes pertinent to
explore the response of soil microbes to biochar addition. It is equally important to assess whether biochar is
equally good as biomass. Although many research reported positive effects of biochar with respect to soil mi-
crobial health yet, in recent times, negative effects of char in relation to soil microorganisms has also been rea-
lized [3]. As a part of this approach, viable counts of three agriculturally important bacteria viz., Bradyrhizobium,
Sulphate reducing and Iron oxidizing bacteria were enumerated both in the original materials and in the treated
soils after various incubation periods. The present research aimed to assess the effects of biochar on soil bacteri-
al abundance and ultimately on overall soil microbial health. This could be linked to determine whether biochar
brings the same advantages for soil microbes like the biomass.

2. Materials and Methods
2.1. Sampling Site

For the soil used in the present investigation, an agriculture field in the village, Jagir Dighulia in Atigram union
of Manikganj District, was selected for soil sampling (Figure 1). The geo-reference of the sampling site is
23°51.88 N and 90°06.219 E. The soil belongs to the Melandaha soil series; USDA family code-Loamy, mixed,
non acid, hyperthermic; USDA soil taxonomy-Aeric Haplaquepts [4]; FAO (UNESCO legend)-Gleysol (Eutric
Gleysol).

2.2. Collection, Preparation and Processing of Soil Sample

Soil sample was selected randomly from the agriculture field. 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 [5]. The depth was decided to represent the rhizosphere as soil bacteria were to be observed. The
soil sample was processed following standard procedure [6].

2.3. Collection and Processing of Biomass Samples

Three different types of biomass viz., rice husk, rice straw and saw dust were collected for producing three dif-
ferent types of biochar. Rice husk biomass was collected from a local Rice Mills, rice straw from the local far-
mers and the saw dust was collected from ad Saw Mill in Dhaka. All biomass samples were oven dried (at low
temperature). The straw was cut into small pieces before drying. After oven drying all samples were ground and
screened separately through a 0.25 mm sieve.

2.4. Production and Processing of Biochar

A big earthen pot was taken and metal wires were arranged in a criss-cross arrangement 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
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Location of the Soil Sampling Site
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Figure 1. GPS-GIS based location map of the soil sampling site.
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heated from all sides. Finally, fire was lighted and accelerated time to time by adding wood chips and kero- sene
oil. After about an hour, when the biomass was turned to biochar, fire was stopped. 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. Laboratory Analysis

Various physical, chemical and physico-chemical properties of the soil, biomass and biochar samples were ana-
lyzed by the procedures described in [6].

2.6. Experimental Setup to Observe Changes of Soil Bacteria in Biomass and Biochar

In order to assess the impact of biomass and biochar on soil bacteria, a pot experiment was carried out in the
Department of Soil, Water and Environment, University of Dhaka. Microbiological studies were conducted in
the Industrial Microbiological Laboratory, Bangladesh Council of Scientific and Industrial Research (BCSIR).
For the incubation study, 21 plastic pots were filled with soil mixed with the biomasses or the biochars. The
materials were added to soil at the rate of 5 t/ha. There were a set of control pots where no materials were added
to the soil. The pots were incubated for three different periods viz., 30, 60 and 90 days. The seven treatments
were designated as C (control), BM1 (soil + biomass 1-rice husk), BM2 (soil + biomass 2-rice straw), BM3 (soil
+ biomass 3-saw dust), BC1 (soil + biochar 1-rice husk), BC2 (soil + biochar 2-straw), BC3 (soil + biochar
3-saw dust). Sterilized distilled water was added to maintain field condition.

2.7. Microbiological Studies

At the end of each incubation periods, sample was collected from each pot and viable counts for specific bacte-
ria viz., Bradyrhizobium; iron-oxidizing and sulfur-reducing bacteria were made. Total viable counts were also
made. The count was made both before and after addition of treatments to make a comparative study. The
experiment was conducted in an aseptic condition which prevented contamination and assured accuracy of
result.

2.7.1. Microbiological Studies
TVC was enumerated by the number of CFU (Colony Forming Units) with the colony counting technique to
measure cells capable of dividing. It was done according to the serial dilution (pour-plate) technique as de-
scribed by [7]. Samples and 0.85% NaCl solution were mixed in 1:10 ratio in Erlenmeyer flask (10~* dilution). 1
ml solution was transferred to McCartney bottle (107?) which was further diluted up to 10 ®. Each bottle con-
tained 9 ml saline solution. From each of the dilutions, 1 ml solution was placed in the corresponding individual
petri-dishes and at the same time, sterilized, hot Plate Count Agar (PCA) was poured onto the dishes. The dishes
were rotated clockwise and anticlockwise to ensure proper mixing and then left to solidify. After the media soli-
dified, they were kept in an incubator, upside down, at 37°C for 24 hours for the bacteria to grow [8].

Number of colony was counted manually and the CFU was calculated by multiplying the number of colonies
with the dilution factor. For each dilution, number of colony on each individual plate was counted and amount
of bacteria were calculated by using the following equation as described in [9].

CFU/g = (number of colonies x dilution factor)/volume of culture plate

2.7.2. Total Viable Counts of Specific Bacteria
In order to count the Bradyrhizobium, Iron oxidizing and Sulphate reducing bacteria, media specific to these or-
ganisms were prepared; and viable count was made by serial dilution technique.

2.7.3. Bradyrhizobium

Bradyrhizobium was cultured by YEM (Yeast Extract Mannitol) agar medium as described in [10]. YEM agar
contained the following constituents: K,HPO, (0.5 g/l), MgSO,4 7H,0O (0.2 g/l), NaCl (0.2 g/l), and CaCO; (0.2
g/l), FeCl3'6H,0 (0.01 g/1), mannitol (10 g/l), yeast extract (0.4 g/l), agar (15 g/l). YEM agar was amended with
the following constituents: cyclohexamide (200 mg), pentacholoronitrobenzene (100 mg), sodium benzyl peni-
cillin (25 mg), chlonamphenicol (10 mg), neomycine (25 mg), sterilized water (1 litre) and pH (6.8 - 7.0). In-
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itially, soil samples and BPW (Buffered Peptone Water) were taken at a ratio of 1:10 and was subjected to sto-
macher machine to ensure homogenization of the samples. Following stomaching, serial dilution was done up to
10 and then 1 ml portion of different diluted samples were inoculated into the YEM agar plates. After incuba-
tion (37°C) for 5 days, colonies started to appear as described in [10]. Presence of Bradyrhizobium was con-
firmed by observing morphological properties and some biochemical activities of colony. Viable count was done
manually.

2.7.4. Sulphate Reducing Bacteria

Sulphate reducing bacteria was cultured by “Starkey” medium containing the following constituents: K,HPO,
(0.50 g/l), peptic digest of animal tissue (2 g/l), beef extract (1 g/l), Na,SO, (1.5 g/l), MgSO47H,0 (2 g/l),
CaCl1,"2H,0 (0.10 g/l), Fe(SO4),NH,4 12H,0 (0.392 g/l), C¢H;NaOg (0.10 g/l), NaC3Hs05 (3.5 g/l), agar (7.5 g/l)
and pH (7.5 £ 0.3). After incubation of 30°C for 2 weeks, colonies began to appear as described in [11]. Sulphate re-
ducing bacteria were cultured and colonies emerged as described above and viable count was done manually.

2.7.5.Iron Oxidizing Bacteria

Iron oxidizing bacteria was cultured in a broth medium by mixing A and B solutions. Solution A and B con-
tained the following constituents: NH,SO, (0.5 g), KCI (1 g), Na,SO4 (1 g), MgSO,47H,0 (0.1 g), K;HPO, (2 g),
CaNO; (5 g), H,O (700 ml); and FeSO47H,0 (3 g), 1 N H,SO, (10 ml), H,O (290 ml), respectively. Then the
soil samples were added to the broth at a ratio of 1:10 and incubated at 30°C for 24 hours in a shaking incubator.
Serial dilution was done and diluted samples were inoculated into the agar plates as before. After incubation for
24 hours, colonies began to appear. Gram staining was done to confirm the growth and then viable count was
done manually.

2.7.6. Statistical Analysis

The experimental data were statically analyzed by using the Microsoft Excel and the MINITAB (version 16).
The data obtained were analyzed to find out the analysis of variance resulting from the experimental treatments
and days of incubation. Paired t-test was done to know whether or not there is a significant difference between
the biomass and biochar treatment.

3. Results and Discussions

The selected soil, biomasses and biochars were analyzed to determine the nutritional status and the results are
presented in Table 1.

3.1. Total Viable Count (TVC) of the Initial Soil, Biomass & Biochar

Bacterial colonies started to appear after 24 hours of incubation in soil and biomass inocula indicating the pres-
ence of bacteria in these materials. Initially, the soil and three biomass samples possessed Total Viable Count
(TVC) of 60 x 10, 50 x 10%, 70 x 10% and 45 x 10* respectively. Straw biomass (per gramme) (M2) had more
viable count even than the soil itself. It could be due to its origin. Conversely, no count was observed in the bi-
ochar samples. The reason could be that, high temperature for producing char might have killed the microbes
that are present in the corresponding biomass. It has been observed that condensates from the smoke of char
contain easily degradable substances with small amounts of inhibitory agents which could be utilized by the mi-
crobes [12]. According to DeLuca and Gundale [13], as biochar possesses high C:N ratio (up to 400), it under-
goes rapid mineralization of labile carbon leading to reduced soil nitrogen. As a result, availability of total N and C
decrease for the microbes. These facts could be attributed to the absence of any viable organisms in the biochars.

3.2. Total Viable Counts (TVC) of the Treated Soils at Different Incubation Periods

Bacterial growth was higher for all of the biomass treated soils compared to that of the corresponding biochar
treated as well as the control soils. Although there was no colony in the biochars initially, when biochars were
added to soils, colonies appeared though the number was relatively smaller. Soil microbes could not survive in
presence of char due to its antagonistic effects resulting from nutrients deficiency, decreased sorption of en-
zymes, and increased binding of enzymes. Complex compounds (benzene, phenolic ring) are formed too that are
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not easily degradable by the common microbes. Graber et al. [14] noted that except some resistant microbes,
most microbes die in course of time due to char. They also observed that enzyme activity, particularly chitinase,
aminopeptidase and phosphatase; was drastically reduced. However, respiration, microbial biomass, population

growth and efficiency increased significantly with increasing char concentrations [12].

AVOVA test indicates that the treatment had highly significant effect on total viable count (P = 0.000) while
the effects of incubation periods was not significant (P = 0.205). Except for the M1 and C1 (30 days: P = 0.06)
and M2 and C2 (60 days: P = 0.09), biomasses and biochars had significant differential effect on the TVC.

Following incubation, bacterial growth appeared after 24 hours as before. Total viable counts of different

treated soils at the incubation periods of 30, 60 and 90 days are presented in Figure 2.

Table 1. Basic properties of the soil, biomass and biochar samples.

Name of Parameters

Parameter Values of the Soil Sample

Textural Class Silt Loam Organic Matter (%) 0.5
Sand (%) 139 Total Nitrogen (%) 0.03
Silt (%) 74.1 CEC (me/100g) 147
Clay (%) 12.0 Available Nitrogen (ppm) 40
Moisture Percentage (%) 13.2 Available Phosphorus (ppm) 5
pH 5.6 NH,OAc extractable Potassium (ppm) 0.003
Organic Carbon (%) 0.3 CaH,PO, extractable Sulphur (ppm) 10
C:N Ratio 10:1
Parameter Values of the Biomass and Biochar Samples
Name of Parameters
BM1 BM2 BM3 BC1 BC2 BC3
Moisture Percentage (%) 4.7 155 22.0 N/A N/A N/A
pH 6.6 7.6 6.0 7.6 10.6 6.7
Organic Carbon (%) 20.7 48.2 422 40.9 51.9 13.8
Organic Matter (%) 35.7 83.2 72.8 70.5 89.6 23.7
CEC (me/1009) 17.2 12.8 16.2 20.2 16.0 17.5
Total Nitrogen (%) 0.8 0.3 0.2 05 0.3 0.2
Total Phosphorus (%) 0.9 0.04 0.1 17 0.2 0.5
Total Potassium (%) 0.8 0.3 0.3 0.2 0.7 0.8
Total Sulphur (%) 8.9 114.2 22.3 20.7 ND" ND"
“ND = Not Detected.
o 200
O
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Figure 2. Total viable count at different incubation periods. Treatments and
Notations: C = Control, M1 = Soil + Rice husk biomass, M2 = Soil + Straw
biomass, M3 = Soil + Saw dust biomass, C1 = Soil + Rice husk biochar, C2 =
Soil + Straw biochar, C3 = Soil + Saw dust biochar.



T. F. Khan et al.

3.3. Total Viable Counts of Specific Bacteria

3.3.1. Bradyrhizobium

Although no growth of Bradyrhizobium was observed in soil, biomass and biochar materials before incubation,
growth appeared at the end of incubation. After incubation, all soils with biomass treatments showed higher
growth than that of corresponding biochar treatments. The bacteria might have remained dormant initially in soil.
However, when the soil was brought to field condition, the dormant cells became active. Growth of Bradyrhizo-
bium was not conducive in the laboratory condition. Thus, the incubation periods needs to be lengthened.

Count of Bradyrhizobium decreased in biochar treated soils. The reason might be that Bradyrhizobium are
able to use NH; or NO; as nitrogen source but when char is added utilization of these compounds is ham-
pered. Extreme pH hampers nodulation of Bradyrhizobium which leads to reduced growth and population [15].
In the present investigation, it was observed that when biomass was converted to char soil alkalinity increased-
significantly (Table 1) which might have adversely affected proliferation of the bacteria. Reports are also there
that biochar significantly increased biological nitrogen fixation by Rhizobium and improved BNF and biomass
productivity [16].

AVOVA test indicates that the treatment had highly significant effect on viable count of Bradyrhizobium (P =
0.000) while the effects of incubation periods (P = 0.017) was significant at a lower level. The biomasses and
biochars had significant differential effect on the viable count of Bradyrhizobium, except for the M1 and C1 at
30 (P =0.07) and 60 (P = 0.27) days.

Following incubation, colorless to cream colored, homogenous colonies of Bradyrhizobium emerged. Viable
counts of treated soils at 30, 60 and 90 days are presented in Figure 3.

3.3.2. Sulphate Reducing Bacteria

In all incubation periods, growth was higher in biomass treatments than their corresponding biochar treatments.
In case of biochar treatments, bacterial growth was consistently higher than the controls; however, the growth
plummeted at 90 days. Sulfur, prerequisite for the Sulphate reducing bacteria as an energy source, might have
degraded in presence of chars. When the biomass was converted to char, much of the S became concentrated.
This phenomenon however, could be related to the source. In the present study, the biochar made from rice husk
showed an increased concentration of S after charring while the chars made from rice straw and saw dust lost it
(Table 1). Sulphate reducing bacteria prefer simple substrates as energy source that might be degraded due to
the formation of char [17]. Biochar additions to mineral soils directly or indirectly affect sorption reactions and
S reduction [18], which might have affected the proliferation of Sulphate reducing bacteria. No published data
was found on the effects of biochar on Sulphate reducing bacteria at all.

AVOVA test indicated that both the treatments (P = 0.015) and incubation periods (P = 0.031) had significant
effects on viable count of Sulphate reducing bacteria. Except for the M3 and C3 at 90 days (P = 0.003) of incu-
bation, the treatments of biomasses and biochars had no significant differential effect.

Following incubation, black colonies of Sulphate reducing bacteria appeared. The viable count for this bacte-
rium in the soil was found to be 50 x 10® CFU/gm. No count was found either in biomass or in biochar. Counts,
after the incubation periods, are presented in Figure 4.
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Figure 3. Viable count of Bradyrhizobium at different incubation periods.
Treatments and Notations: C = Control, M1 = Soil + Rice husk biomass, M2 =
Soil + Straw biomass, M3 = Soil + Saw dust biomass, C1 = Soil + Rice husk
biochar, C2 = Soil + Straw biochar, C3 = Soil+ Saw dust biochar.
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3.3.3. Iron Oxidizing Bacteria

After incubation periods, all biomass treated soils showed higher viable count than that of the biochar treated
soils. No trend was followed between the char treated soils and untreated soils. The count declined in soils with
chars up to 60 days but it gradually increased at 90 days. According to Zackrisson et al. [19] and Yu [20], Iron
oxidizing bacteria thrive at low oxygen level, near neutral pH, and high Fe** levels. Due to biochar addition,
these growth factors might be disturbed. However, weak evidence was found that certain iron-oxidizing bacteria
are negatively affected by biochar [1].

AVOVA test indicated that both the effects of treatments and incubation period were significant as indicated
by P = 0.001 and P = 0.015 respectively. Except for the M2 and C2 as well as M3 and C3 at 60 days of incuba-
tion (P = 0.04), the biomasses and biochars had no significant differential effect on the viable count.

Viable count of Iron Oxidizing Bacteria was 20 x 10?2 CFU/gm in soil though no colony appeared in biomass
and biochar samples. Counts at different incubation periods are presented in Figure 5.

4. Conclusion

The present study suggests that biomass serves as the source of energy and nutrition for the soil microbes which
provide the substratum for soil health. Though, nowadays, biochar is gaining widespread credibility to address
soil quality, it is not as much beneficiary as the biomass. Though produced from biomass, it exerted a negative
effect on the abundance and proliferation of soil microorganisms. It might be for relative stability, pH and phys-
ical 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 in agricultural soils.

&~ 250
o

—

S 200

~

]

a 150 30 days
O

& 100 60days
c

3 50

© 790 days
£ o

o

|_

Treatments

Figure 4. Total viable count (CFU/g) of Sulphate reducing bacteria at different
incubation periods. Treatments and Notations: C = Control, M1 = Soil + Rice husk
biomass, M2 = Soil + Straw biomass, M3 = Soil + Saw dust biomass, C1 = Soil +
Rice husk biochar, C2 = Soil + Straw biochar, C3 = Soil + Saw dust biochar.
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Figure 5. Total viable count (CFU/g) of Iron oxidizing bacteria at different incubation
periods. Treatments and Notations: C = Control, M1 = Soil + Rice husk biomass, M2
= Soil + Straw biomass, M3 = Soil + Saw dust biomass, C1 = Soil + Rice husk bio-
char, C2 = Soil + Straw biochar, C3 = Soil + Saw dust biochar.
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