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INFLUENCE OF BIOCHAR ON YIELD OF WHEAT (Triticum aestivum
L.) AND SOIL PROPERTIES

BY
MST ASIFA AFROZ
ABSTRACT

The present experiment was carried out in the research field of Sher-e-Bangla
Agricultural University (SAU), Dhaka, Bangladesh, during the period from
November, 2021 to March, 2022 in Rabi season. The objective was to observe
the effect of biochar on the yield of wheat and soil properties and to find out the
optimum dose of biochar along with inorganic fertilizer for achieving the
maximum Yyield of wheat. The experiment comprised of 8 treatments as Ty =
Control, T>= RFD (Recommended Fertilizer Dose); T3 = RFD + Biochar @ 1.0
t hal: T4 = RFD + Biochar @ 1.5t ha!; Ts= RFD + Biochar @ 2.0t hal; Te =
75% of RFD + Biochar @ 1.0 t ha'; T7 = 75% of RFD + Biochar @ 1.5 t ha’;
Ts = 75% of RFD + Biochar @ 2.0 t ha. The experiment was laid out in a
Randomized Complete Block Design (RCBD) with three replications. The
tested variety was BARI Gom-32. Data were recorded on different growth,
yield attributes of wheat and nutrient status of postharvest soil. The collected
data were statistically analyzed for evaluation of the treatment effect. Results
showed that a significant variation among the treatments in respect of majority
of the observed parameters. The maximum plant height was recorded from
RFD + Biochar @ 2.0 t ha! treated plot. The highest number of spike length,
number of spikelets spike™, number of grains spike was found in T4 treatment.
The maximum vyield of wheat (4.21 t ha') was produced from Ts (RFD +
Biochar @ 2.0 t hal) treatment which was 12% higher over T, (RFD) and
100% higher over T1 (control). The minimum yield of wheat (2.10 t ha') was
produced from control treatment. From postharvest soil analysis, the highest
organic carbon (0.76%), organic matter (1.31%) was recorded in Tg (75% of
RFD + Biochar @ 2.0 t ha') treatment. From this study, it might be concluded
that biochar had significant positive effect on the improvement of growth and
yield of wheat when it applied in combination with recommended dose of
chemical fertilizers. The fertility of the postharvest soil was also improved
apprehensively due to application of biochar along with inorganic fertilizers.
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CHAPTER |
INTRODUCTION

Wheat (Triticum aestivum L.) is one of the leading cereals in the world. It is the
essential food for over 35% of the global population (Campuzano et al., 2012;
Abedi et al., 2010 and Sary et al., 2009). It is the world’s most widely cultivated
cereal crop which ranks first followed by rice. It is more preferable to rice for its
higher seed protein content. It ranks first both in acreage and production among
the grain crops of the world (FAO, 2008). Wheat grain is rich in food value
containing 12% protein, 1.72% fat, 70% carbohydrate, 2% fiber, 2.7% minerals
and 12% moisture (Javid et al., 2022). Wheat is a major staple food for more
than 4.5 billion people (Grote, 2021). It is cultivated in almost every country of
the world contributing about 30% of total food grain production (Halecki and
Bedla, 2022). Around 780.59 million metric tons of wheat is produced globally
in more than 220 million ha, with an average productivity of 3.52 t ha* (USDA,
2022). Although, European Union has maximum production of wheat but among
various countries China is the largest producer which is followed by other Asian
countries (Statista, 2022).

Production of wheat in Bangladesh has increased many folds from the time of
independence. The annual production of wheat grain in Bangladesh in the year
2018-2019 was 10.16 lakh metric tons obtained from 3.30 lakh hectares of land
and in the year 20192020 it was 10.29 lakh metric tons obtained from 3.32 lakh
hectares of land (BBS, 2020). During the cropping season of Rabi 2021-22,
Bangladesh has produced 1.18 million metric tons of wheat from an area of 314
thousand hectares with an average productivity of 3.44 t ha! (BBS, 2022).
Dinajpur, Rajshahi and Rangpur are the major wheat producing districts in
Bangladesh (Rahman and Miah, 2017).

Bangladesh is not self-sufficient in wheat to feed her ever increasing population,
but there is a possible scope to pulled our food deficit by means of increasing

wheat production with adoption of modern varieties scientific technologies and



improved agronomic practices such as optimum seed rate, timely sowing and
judicious application of irrigation, organic manures, inorganic fertilizer and
other inputs. Increasing agricultural production per unit area of land is becoming
most important step to cope with the present population growth in Bangladesh.
Wheat can be a good supplement of rice and it can play a vital role to feed this
vast population. From nutritional point of view, wheat is superior to rice for its
higher protein content, which contains about 11% as against 6.4% in rice. The
wheat research Centre (WRC) of Bangladesh Agricultural Research Institute
(BARI) released 31 varieties of wheat for commercial cultivation. The average
yield of these varieties hardly approached to 3 tons per hectare in farmer field.
But in some of the developed countries yield is much higher which even recorded
about 8 tons per hectare (Islam, 2021). So, the production of wheat needs to be
increased annually in order to meet the over increasing demand of food grain for

the population of Bangladesh.

Ever increasing population of the world demands the increase in food production
which also depends upon improved agricultural practices. More recently a real
challenge is being faced by the workers in the agricultural research sector to stop
using high rates of agro-chemicals which ruin human health and environment.
Farmers use chemical fertilizers to increase production to meet their needs.
Excessive use of fertilizers leads to contamination of soil and ground water and
soil degradation such as acidification (Guo et al., 2010), soil organic matter
(SOM) and nutrient depletion and pollution (Huang et al., 2017) intensified and
appeared as a threaten for sustainable agricultural production. Annually more
than 200 million tons of chemical fertilizers are used worldwide to increase the
yield of crop plants (FAO, 2022). Despite their efficiency in promoting crop
yield, they have proved to be hazardous for both the soil health as well as for the

well-being of human and animal population.

The global spread of inflation, initiated by several fold rises in petroleum cost,
thereby, depicting its striking influence on the prices of chemical nitrogenous

fertilizers. Over the past 4-5 years, the prices of nitrogenous fertilizers have



nearly doubled. On the other hand, fertility of Bangladesh soils has been
declining due to extensive use of land and chemical fertilizers in quest of
producing more food for ever-increasing population. More than 60% of our
cultivated soil contains organic matter at a low level (<1.7%) (FRG, 2012)
mainly due to rapid decomposition under high temperature and high humidity
prevailed in Bangladesh. In addition, the use of urea accelerates further
decomposition of organic matter. As a result, yield stagnancy has arisen as a

national problem.

The utilization of biochar as an amendment to improve soil health and the
environment has been a catalyst for the recent global enthusiasm for advancing
biochar production technology and its management (Atkinson et al., 2010). The
rapid rise in understanding biochar technologies is a pro-active response to the
anticipated stresses in meeting future global nutrition demands while also
sustaining environmental quality. Biochar is carbonaceous material (Abbas et
al., 2020) produced by thermal pyrolysis of organic feed stocks under a very low
oxygen atmosphere (Nawaz et al., 2022; Coomes and Miltner, 2017) or through
hydrothermal carbonization of wet organic material by high pressure and mild
temperatures (Libra et al., 2011). The thermal and hydrothermal processes,
respectively, results in a product referred to as biochar. Both of these materials
are highly porous, carbon (C) rich solids that contain a myriad of organic
structures as well as inorganic elements. Biochar have been characterized using
13C nuclear magnetic resonance spectroscopy as having a high proportion of
highly-condensed aromatic graphene-like structures (Cao et al., 2011), which are
known to increase soil C sequestration because of their resistance to microbial
oxidation (Sigua et al., 2016).

The biochar is comprised of plant macro (N, Ca, K, P etc.) as well as micro-
nutrients (Cu Zn, B etc.) (Ippolito et al., 2015 and Qayyum et al., 2015). Besides
boosting soil fertility conditions, biochar application to soils can increase their
nutrient retention, improve water holding capacity (Ullah et al., 2023; Mukhtar

et al., 2020; Basso et al., 2013 and Kinney et al., 2012), promote plant growth



(Hossain et al., 2011), bind with pollutants and mitigate greenhouse gas
emissions (Kammann et al., 2011). So, the judicious application of biochar may
provide optimum yield of wheat by reducing the negative effect of water stress
along with supply essential plant nutrients and improve soil physical properties
such as reducing soil bulk density (Mukherjee and Lal, 2013, Busscher et al.,
2011 and Mankasingh et al., 2011), increases the water retention capacity (Li et
al., 2015; Karhu et al., 2011; Vaccari etal., 2011; Brockhoff et al., 2010; Dugan
etal., 2010; Laird et al., 2010 and Briggs et al., 2005) and increases soil pH, EC,
CEC of acidity soil (Abewa et al., 2014) and reduced fertilizers need for
sustainable crop production. Other it’s impacts such as soil’s aggregation or
porosity greatly depend on soil type, biochar’s rates and types (Busscher et al.,
2011 and Busscher et al., 2010). These changes will influence plant growth
because the depth of roots and the availability of air and water within the root
zone are largely determined by soil physical properties (Downie et al., 2009).
Considering the above perspective, the present study has been designed with the
following objectives:

a) To observe the effect of biochar on the yield and yield contributing characters
of wheat

b) To evaluate the role of biochar on the improvement of soil physio-chemical
properties for sustainable crop production

¢) To find out the suitable dose of biochar for wheat cultivation



CHAPTER 11

REVIEW OF LITERATURE

Wheat (Triticum aestivum L.) is one of the most important cereal crops in all
over the world as well as Bangladesh. A large number of research-works on
growth and yield of wheat and its response to biochar have been carried out in
different wheat growing countries of the world. Research activities on the effect
of biochar on growth and yield of wheat are few in Bangladesh. Brief reviews of
available literature relevant to the current study carried out in home and abroad

have been reviewed in this chapter.

2.1 Effect of biochar on plant growth and yield

Lietal. (2023) conducted a long-term field trial commenced during 2011 to 2016
at Northwest A & F University in Yangling, Shaanxi Province, China (10810’
E, 3421’ N). The field experiment employed a randomized complete block
design with three replicates where each plot had an area of 20 m?. The following
four treatments were tested in this study: no biochar (Bo), biochar applied at 5 t
ha™* (Bs), at 10 t ha™ (B1o) and 20 t ha™® (Bao). Urea (N, 46 %; @375 kg ha™)
and diammonium phosphate (N, 18 %; P2Os, 46 %; @300 kg ha~!) were applied
as fertilizers before sowing. All fertilizers were applied at once as a base fertilizer
in all treatments. The soil biota and crop productivity were clearly influenced by
the application of biochar as a soil supplement. However, it is unclear how
biochar application influenced the bacterial community in the rhizosphere,
especially when looking at long-term data with repeated biochar applications.
Hence, we assessed changes in winter wheat growth characteristics, rhizosphere
bacterial community structure, and soil environmental parameters after the
application of various biochar dosages. Twice, in October 2011 and October
2016, biochar was applied. The medium or high amount of biochar (10 t ha™ or

20 t ha™ 1) application increased the soil moisture, nutrient contents, and urease
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and catalase activities. With the maximum dose occurring in a medium amount
of biochar (10 t ha'), biochar addition significantly (P<0.05) improved crop
biomass, carbon and nitrogen uptake, and raised the relative crop nitrogen and

carbon uptake rates (RNU and RCU) in all growth phases.

Mollick et al. (2020) conducted an experiment in Sher-e-Bangla Agricultural
University (SAU), Dhaka, Bangladesh during the period from November, 2017
to March, 2018 during rabi season to observe the effect of biochar on the yield
and quality of potato tuber and to find out the optimum dose of biochar along
with inorganic fertilizer for achieving the maximum vyield of potato. The
experiment consists of 9 treatments as T1 = Control (no chemical fertilizer and
biochar), T>= RFD (Recommended Fertilizer Dose); Ts= RFD + Biochar @ 2.5
tonha: T4= RFD + Biochar @ 5.0t hal; Ts= RFD + Biochar @ 7.5tha™; Ts=
1/, of RFD + Biochar @ 2.5 t hal; T;=% of RFD + Biochar @ 5.0 t ha'l; Ts=
of RFD + Biochar @ 7.5 t hal; To = Biochar @ 10 t hal. The RFD
(Recommended Fertilizer Dose) for potato was Niso, Pso, K140, S15, Zns kg ha
(FRG, 2012). The experiment was laid out in a Randomized Complete Block
Design with three replications. The tested variety was BARI Alu-7 (Diamant).
The results indicated that biochar application significantly (p<0.05) increased
plant height, weight of tubers, yield of tubers, tuber dry matter content, tuber
specific gravity, soil organic carbon. Biochar application had significant positive

effect on plant growth and soil properties.

Xiu et al. (2019) reported that biochar addition significantly increased crop
production in Albic soil over two years. Shen et al. (2016) investigated that

application of biochar could enhance plant growth by 59%.

Lietal. (2019) reported that the aboveground biomass of wheat was significantly
influenced by the biochar, N fertilizer and their interactions. Biochar application
alone did not significantly increase the aboveground biomass but had a slightly
positive effect. However, compared with the Bo treatment and the B1 (20 t ha'')
treatment under N1 (120 kg N hat) and N2 (240 kg N ha'?) significantly increased
the aboveground biomass by 13.8% and 12.2% respectively.

6



Hari (2017) evaluated that Plant height influenced significantly by three different
doses of biochar. The tallest plant height (77.87 cm) was obtained from BC, (5t
biochar ha') and the shortest plant height (72.53 cm) recorded from control

treatment.

Akter (2017) conducted an experiment in Sher-e-Bangla Agricultural University
(SAU), Dhaka. He observed that addition of different level of biochar showed
significant variation on wheat plant height. It indicated that the highest plant
height (33.08 cm) was recorded in B3 (4 t ha?) treatment followed by B4 (6 t ha”
1) treatment (31.89 cm) and the lowest plant height in B1 (0 t ha) treatment
(28.17 cm) at 20 DAS. Results obtained in treatment Bz and B4 at 40 DAS, 60
DAS and 80 DAS were statistically similar. It was also observed that treatments
B1, B2 and Bs showed similar results regarding plant height at 20 DAS, 40 DAS,
80 DAS. At harvest, maximum plant height was obtained in treatment Bz (90.01

cm).

Al-Wabel et al. (2017) summarized the influences of pyrolysis conditions and
feedstock types on biochar properties and how biochar properties in turn affect
soil properties. Mechanistic evidence of biochar's potential for enhancing crop
productivity, carbon sequestration, and nutrient use efficiency are also described.
The review identifies the knowledge gaps, limitations, and future research
directions for large scale use of biochar. Both pyrolytic parameters and feedstock
types are the main factors controlling biochar properties such as nutrient content,
recalcitrance, and pH. Biochar produced at low temperatures may improve
nutrient availability and crop yield in acidic and alkaline soils, whereas high
temperature biochar may enhance long term soil carbon sequestration. Biochar
can also promote the efficiency of inorganic and organic fertilizers by enhancing
microbial functions and reducing nutrient loss, thereby making nutrients more
available to plants. Integration of biochar and chemical or organic fertilizers
generally provides for better nutrient management and crop yield in most types

of soils.



Qambrani et al. (2017) reported that application of biochar to agriculture may
have a significant effect on reducing global warming through the reduction of
greenhouse gas (GHG) emissions and the sequestering of atmospheric carbon
into soil. At the same time, biochar can help improve soil health and fertility and

enhance agricultural productivity.

A two-year field experiment (2012-13 and 2013-14) was conducted by Badr et
al. (2015) which was carried out at the Research and Production Station of the
National Research Centre, Al Nubaria district, EI-Behaira Governorate, Egypt
during winter seasons to study the effect of four levels of bio-char application
(control, 2, 4, and 6 tons feddan™) and two levels of water requirements (2000)
m? feddan? (80%) and 2500 m? feddan™ (100%) on growth, yield, and yield
components of wheat. The results showed that at 75 days from sowing, flag leaf
area (cm?) and proline content were significantly influenced by the two levels of
water requirements, however, plant fresh weight (g), number of leaves plants,
chlorophyll a, chlorophyll b, and carotenoids were not significantly affected. On
the other hand, the biochar application did not significantly affect flag leaf area
(cm?), number of leaves plants™ and carotenoids. However, it did significantly
affect plant fresh weight (g), chlorophyll a, chlorophyll b and proline content.
Biochar application did not significantly affect plant height (cm), spike length
(cm), number of spikelet’s spikes™ and harvest index and however, number of
grain spikes?, grain weight spike™, biological yield (tons feddan), grain yield
(tons feddan™?) and straw yield (tons feddan™) were significantly affected.
Finally, the addition of biochar at the rate of 4 tons feddan™ could produce

highest grain yield and save about 20% of water under sandy soil conditions of

Egypt.

Abrishamkesh et al. (2015) evaluated the effects of biochar application on some
properties of an alkaline soil and on wheat growth. Wheat was grown in the soil
amended with the rates of 0.4, 0.8, 1.6, 2.4 and 3.3 weight percent of two biochar
(B1 and By), produced from rice husk under several pyrolysis conditions. Wheat

was harvested after 100 days. Soil samples were also analysed for changes in



physio-chemical properties. The results indicated that biochar application
significantly increased soil organic carbon, cation exchange capacity, available
potassium and below ground biomass of Wheat, while it decreased soil bulk
density. The results suggested that biochar application to alkaline soils has
benefits to both soil quality and plant growth. Biochar- amended soils increased
crop growth and yield via several mechanisms: expanded plant nutrient and
water availability through increased use efficiencies, improved soil quality and
suppression of soil and plant diseases. Yield response to biochar has been shown
to be more evident in acidic and sandy soils than in alkaline and fine-textured
soils. Biochar composition and properties vary considerably with feedstock and
pyrolysis conditions so much concentrations of toxic compounds and heavy

metals present in them can negatively impact crop yield and soil health.

Dume et al. (2015) reported that physical and chemical properties of the biochar
varied as a function of feedstock selection and pyrolysis temperatures. Biochar
additions to acidic soils have the potential to improve soil fertility and crop yield.
Biochar materials were produced from coffee husk and corn cob at temperatures
of 350°C and 500°C and characterized by their physical and chemical properties.
These were mixed with acidic soil at the rates of 0, 5, 10 and 15 t ha! and were
incubated in laboratory for 2 months at ambient temperature to examine changes
in soil properties. Types of feed stock used at two different pyrolysis
temperatures and application rate had no significant effects on soil textural
classes but showed highly significant effects (p<0.01) on soil pH, Electrical
Conductivity (EC), Cation Exchange Capacity (CEC), Organic Carbon (OC),
Organic Matter (OM), Total Nitrogen (TN), exchangeable cations and available
phosphorous. At all application rates, use of coffee husk biochar showed
relatively better improvement in soil chemical properties (pH, EC, CEC, OC,
OM, TN, exchangeable cations and available phosphorous) than corn cob
biochar. The highest values of chemical properties were recorded when coffee
husk biochar produced at 500°C temperature applied at a rate of 15 t ha™.
Therefore, they generated evidence that application of biochar is very important

to improve physio-chemical properties of acidic soil.
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Ali et al. (2015) observed on wheat quality, nutrient uptake and nutrient use
efficiency were significantly influenced by nutrient sources and application rate
of biochar & FYM. To know the integrative effect of biochar, farmyard manure
(FYM) and nitrogen (organic and inorganic soil amendments) in a wheat-maize
cropping system, a two-year study was designed to assess the interactive
outcome of biochar, FYM and nitrogenous fertilizer on wheat yield parameters
and associated soil quality parameters. Three levels of biochar (0, 25 and 50 t ha"
1, two levels of FYM (5 and 10 t ha) and two levels of nitrogen fertilizer (60
and 120 kg ha') were used in the study. Biochar application displayed a
significantly increased in wheat leaf, stem, straw and grain N content; grain and
total N-uptake and grain protein content by 24, 20, 24, 56, 50, 17 and 20%
respectively. Similarly, biochar application significantly increased soil total N
(TN) and soil mineral N (SMN) by 63 and 40% respectively in the second year.
FYM application increased grain, leaf and straw N content by 20, 19.5 and 18%
respectively and increased total N-uptake and grain protein content by 49 and
19% respectively. FYM increased soil TN and SMN by 63 and 32% in both the
years of the experiment. Mineral N application increased soil TN by over a half
and SMN by a third, and grain protein content increase of 16%. In contrast,
nitrogen use efficiency (NUE) decreased for all amendments relative to the
control. However, biochar treated plots improved NUE by 38% compared to
plots without biochar. In conclusion, this field experiment has illustrated the
potential of biochar to bring about short-term benefits in wheat and soil quality
parameters in wheat-maize cropping systems. However, the long-term benefits

remain to be quantified.

Gebremedhin et al. (2015) stated that Biochar is a solid material obtained from
the carbonization of any biomass including weeds, crop residues and other
wastes of plant origin. A greenhouse pot experiment was conducted on biochar,
obtained from carbonization of Prosopis juliflora, to evaluate effects on wheat
productivity and post-harvest soil properties. There were four different
combinations of biochar and compost, besides chemical fertilizers. Biochar

significantly increased grain and straw yields of wheat by 15.7% and 16.5%
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respectively, over the NP application (control). Moreover, the root biomass was
significantly increased by 20%. This shows that biochar retained nutrients and
water to increase wheat productivity. Hence, the biochar produced from Prosopis

juliflora could be used for wheat productivity improvement.

Tammeorg et al. (2014) showed that 2-year field study under boreal conditions,
the application of spruce chip biochar to a nutrient-deficient loamy sand, either
alone or combined with inorganic fertilizer or MBM, had no negative impacts
on soil physicochemical properties or the yield and quality of spring wheat, apart
from short-term N immobilisation in the first year. On the contrary, in the second
year, the highest biochar application rate (30 t biochar ha™) reduced the bulk
density and increased both the porosity and the NO3-N content in soil over the
control. These effects, together with durably increased soil K and initially
increased SOC content, WRC and AWC were irrespective of the type of the
fertilizer, insufficient to influence the yield formation and the grain yield. This
was possibly due to low availability of biochar nutrients and the relatively high
underlying SOM content in soil reducing the effects of biochar on soil water
retention. Also observed that only 18% of the C added through the biochar could
be detected in the topsoil two years after its application. The reasons behind this,
as well as longer term changes in nutrient availability and plant growth, remain

to be studied in longer term experiments.

Crane-Droesch et al., (2013) reported that the positive crop yield response as a
result of biochar application over much of Sub-Saharan Africa, parts of South
America, Southeast Asia, and south eastern North America. The observation
stated that increase crop yields in these highly weathered and nutrient-poor soils
could be explained by biochar soil amendments promoting soil aggregation,

increasing nutrients retention, and enhancing soil water holding capacity.

Wang et al. (2012) reported that biochar amendment decreased nitrous oxide
(N20O) emissions up to 54 % and 53 % during rice and wheat seasons,
respectively, but had no effect on the ecosystem respiration in either cropping
season. In the aerobic incubation experiment, biochar addition significantly

11



decreased N.O emissions and increased carbon dioxide (CO2) emissions from
the paddy soil (P<0.01) without urea nitrogen. Biochar addition increased grain
yield and biomass if applied with nitrogen fertilizer. Averaged over the two soils,
biochar amendments increased the production of rice and wheat by 12 % and 17
%, respectively and these increases can be partly attributed to the increases in

soil nitrate retention.

Jeffery et al. (2011) found that the incorporation of biochar into soils improved
the crop productivity by 10%. Both pot and field experiments have also
demonstrated that the addition of biochar can improve the effectiveness of soil
nutrients and the effectiveness of plants in absorbing nutrients that increases the

crop biomass and grain yields.

Blackwell et al. (2010) investigated on the effects of banded biochar application
on dry land wheat production and fertilizer use in 4 experiments in Western
Australia and South Australia suggest that biochar has the potential to reduce
fertilizer requirement while crop productivity is maintained and biochar
additions can increase crop Yyields at lower rates of fertilizer use. Banding was
used to minimize wind erosion risk and place biochar close to crop roots. The
biochar/metallurgical chars used in this study were made at relatively high
temperatures from woody materials, forming stable, low-nutrient chars. The
results suggest that a low biochar application rate (~1 t ha') by banding may
provide significant positive effects on yield and fertilizer requirement. Benefits
are likely to result from improved crop nutrient and water uptake and crop water
supply from increased arbuscular mycorrhizal fungal colonization during dry
seasons and in low P soils, rather than through direct nutrient or water supply
from biochar. Financial analysis using farm cash flow over 12 years suggests
that a break-even total cost of initial biochar use can range from AU$40 to 190/ha
if the benefits decline linearly to nil over 12 years, considering a P fertilizer

saving of 50% and yield increase of 10%.
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2.2 Effect of Biochar on soil Properties

Ullah et al., (2023) observed that the application of biochar with various
compositions have been reported for their potential importance to promote plant
growth, enhance water-holding capacity of soil. Mukhtar et al., (2020) and Basso
et al., (2013) also agreed.

Jin et al. (2019) conducted a five-year field trial to investigate the effects of
biochar (rates of biochar application 0, 2.5, 5, 10, 20, 30, and 40 tha™*) on soil
physicochemical and microbial properties as well as rapeseed yield in upland red
soil in Jiangxi Province, China. Results showed that biochar can significantly
increase soil pH, available phosphorus, organic carbon, and water retention. The
concentration of total nitrogen in 40 t ha biochar treatment increased each year,
and soil total nitrogen increased significantly when the dose of biochar
approached 5 t ha*. For the first three years following the application of biochar,
the levels of NH4™-N, NOs-N and soil microbial and enzymatic activity steadily
increased, but by the end of the study, they had practically returned to their initial
values. In the first year, all biochar amendments greatly increased rapeseed yield
and its component yields compared to the control but after 2012, rapeseed yield
in all biochar treatments rapidly fell. Rapeseed output and soil fertility can both

be greatly increased by biochar, although the changes were temporary.

Berihun et al. (2017) conducted an experiment to know the effect of biochar on
physicochemical properties of soil. The aim of this research was to investigate
the effect of biochar amendment on soil acidity and other physicochemical
properties of soil in Southern Ethiopia using a field experiment of three
treatments: (1) biochar made of corn cobs, (2) biochar made of chopped Lantana
camara stem, and (3) biochar made of Eucalyptus globulus feedstock and a
control, in which neither of the biochar was used. Each treatment had three levels
of 6, 12 and 18 t ha™t. The experiment was setup with RCBD in a factorial
arrangement with three replications. In this regard, a total of 36 plots (each 2x2
m size) were applied with three replications to the depth of 0-15 cm. From these

36 plots, composite soil samples were collected to the depth of 0—30 cm and
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analyzed for bulk density, total porosity, pH, soil organic carbon, total nitrogen,
available phosphorus, potassium, and exchangeable acidity using standard
procedures before and after biochar application. A two ways ANOVA was also
used to analyze the impact of the biochar on soil acidity and other properties. For
the treatments that had significant effects, a mean separation was made using
Least Significance Difference (LSD) test. The results showed the application of
biochar significantly decreased soil bulk density and exchangeable acidity when
compared with a control (p < 0.05). Moreover, the total soil porosity, soil pH,
total nitrogen, soil organic carbon, available phosphorus, and potassium were
significantly increased in soil. From among applied biochar treatments @18 t
ha™* had a higher impact in changing soil physicochemical properties. In general,
the study suggests that the soil acidity can be reduced by applying biochar as it

can repair other soil physicochemical properties.

Tonutare et al. (2014) conducted an experiment to evaluate the effect of biochar
to soil pH buffering properties. The aim of their investigation was to investigate
the changes in soil pH buffer capacity in a result of addition of carbonated
material to temperate region soils. In this experiment, different kinds of softwood
biochars, activated carbon and different soil types with various organic matter
and pH were used. The study soils were Albeluvisols, Leptosols, Cambisols,
Regosols and Histosols. The times of equilibration between solid and liquid
phase were from 1 to 168 hours. The suspension of soil: biochar mixtures were
titrated with HCI solution. The titration curves were established, and pH buffer
capacities were calculated for the pH interval from 3.0 to 10. The results
demonstrate the dependence of pH buffer capacity from soil type, organic matter
and type of added carbonated material. The study showed that the biochar
content has significant role in total pH buffer capacity in soil: biochar system.
Biochar can retain elements in soil directly through the negative charge that

develops on its surfaces, and this negative charge can buffer acidity in soil.

Yoo et al. (2014) reported that enhanced nitrogen retention in the biochar-treated

soil was related to increased soil aggregation resulting in higher water holding
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capacity. Soil aggregation was dependent on the number of pores and pore size

distribution as well as the specific surface area of soil.

Dai et al. (2013) conducted a study to the effects of biochars derived from
different feed stocks on soil pH, N transformation, and pH buffering in three acid
soils and the mechanisms of changes. Soil pH had stabilized by Day 100, and
biochar addition increased soil pH by 0.5 to 1 unit at the 1% incorporation rate
and by 1 to 2 units at 3% respectively. The effects of biochar additions on pH
changes were determined both by the alkalinity (excess cations) of biochar and
N nitrification in soils. With the Psammaquent (loamy, mixed, super active,
thermic Typic Psammaquent) soil, the alkalinity of biochars was the main factor
affecting the soil pH increase, while with the Plinthudult (clayey loamy,
kaolinitic, thermic Typic Plinthudult) and Paleudalf (clayey loamy, illitic,
thermic Typic Paleudalf) soils, both the alkalinity of the biochars and
nitrification in the soils contributed to the soil pH changes. In addition, biochar
alkalinity made a large contribution to the pH increase while N nitrification made
a relatively small contribution to the pH decrease. A positive priming effect of
biochar on soil organic N probably occurred during the incubation. Generally,
the biochar increased soil pH buffering, and the changes in pH buffering differed
between soils and biochar. In conclusion, the incorporation of tested biochar in
this study can both increase and maintain soil pH for long periods and the swine
manure biochar had the greatest effect while the straw biochar had little effect.
The magnitude of the effects depends on soil type, biochar type, and

incorporation rate.

Chintala et al. (2013) conducted by incubating acidic soil (clayey, acid, mesic,
shallow, Aridic Ustorthent) of pH < 4.80 with biochars for 165 days. The
biochars were produced from two biomass feed stocks such as corn stover (Zea
mays L.) and switch grass (Panicum virgatum L.) using microwave pyrolysis (at
650°C). Corn stover biochar, switch grass biochar, and lime (calcium carbonate)
were applied at four rates (0, 52, 104, and 156 mg ha™) to acidic soil.

Amendment type, application rate, and their interaction had significant effects (p

15



< 0.05) on soil pH, EC, and CEC of acidic soil. Exchangeable acidity was
significantly affected by amendment type soil. Application of corn stover
biochar had shown a relatively larger increase in soil pH than switch grass
biochar at all application rates. The raising effect of biochar on chemical

properties of acidic soil was consistent with their chemical composition.

Devereux et al. (2013) observed that the potential ability of biochar to improve
water retention and crop growth through a pot trial using biochar concentrations
of 0%, 1.5%, 2.5% and 5% w/w. Increasing biochar is associated with decreasing
average pore size. Average pore size had decreased from 0.07 mm? in the 0%
biochar soil to 0.46 mm? in the 5% biochar soil. Increased biochar concentration
also significantly decreases saturated hydraulic conductivity and soil bulk
density. The application of biochar had little effect on short-term wheat growth,
but did increase water retention through a change in soil porosity, pore size, bulk

density.

Liu et al. (2012) carried out an incubation experiment to determine the effects of
biochar on the pH of alkaline soils. Five types of alkaline soils collected at the
Loess Plateau and one type of biochar with a slightly lower pH than the soils
were used. After incubation for 4 months and 11 months, the control soil and
biochar-amended soils (8 & 16 g of biochar/kg of soil) were sampled and tested.
The application of alkaline biochar did not increase the soil pH but instead
produced a decreasing pH trend, especially with higher biochar application rates.
The decrease in soil pH was more significant at the 10 cm to 20 cm layer than in
the 0 cm to 10 cm layer. The soil type (Aeolian sandy soil), which have the
highest pH, showed the largest decrease in pH after 11 months of incubation.
Acidic materials produced by the oxidation of biochar and organic matters may
have caused the pH decrease. The high soil cation exchange capacity caused by

the biochar application might restrict the soil salinization process to some extent.

Lee et al. (2010) stated that when the preparation temperature was raised from
450 °C to 700 °C, the CEC of biochar decreased from 26.36 ¢ mol kg* to 10.28

¢ mol kgt. At 750 °C, the CECs of biochar made from sugarcane and straw were
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48 ¢ mol kg and 13 ¢ mol kg, respectively and the corresponding O/C ratios
were 0.1051 and 0.091 showing a relationship between the CEC of biochar and
the O/C ratio. Several oxygen-containing functional groups (-OH, -COOH, -C-
-O) are preserved due to the inefficient breakdown of cellulose in plants at low
temperatures, resulting in a high O/C ratio and CEC.

Sohi et al. (2010) also stated that addition of biochar changes soil characteristics

and availability of nutrients.

Baronti et al. (2010) reported that the pyrolysis conversion of agricultural
residues into biochar and its incorporation in agricultural soil, avoids CO;
emissions providing a safe long-term soil carbon sequestration. Furthermore,
biochar application to soil seems to improves nutrient stocks in the rooting zone,
to reduce nutrient leaching and to increase crop yields. This study reports some
preliminary results obtained using biochar in two typical Italian agricultural
crops. Two field experiments were made on durum wheat (Triticum durum L.)
in Central Italy and maize (Zea mays L.) in Northern Italy. In both the field
experiments, an increase in yields (+ 10% and + 6% in terms of grain production,
respectively) was observed after a biochar application of 10 t ha. A further
Increase in grain production (+24%) was observed when biochar was added with
maize residues. The biochar dose-effect curve was studied on perennial ryegrass
(Lolium perenne L.) in a pot experiment. The highest increase of dry matter
(+120%) was obtained at a biochar rate of 60 t ha! and above this threshold, a
general reduction of biomass was observed. Results demonstrate the potential of
biochar applications to improve in terms of dry matter production, while pointing
out the needs for long-term field studies to better understand the effects of

biochar in soil.

Chan et al. (2007) reported that the beneficial effects of biochar addition on crop
production may be determined by changes in soil characteristics and the

availability of nutrients.
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Lehmann (2007) reported that biochar can influence native soil organic carbon
(SOC) mineralisation through “priming effects”. However, the long-term
direction, persistence and extent of SOC priming by biochar remain uncertain.
Using natural 13C abundance and under controlled laboratory conditions, we
observed that biochar-stimulated SOC mineralisation (“positive priming”)
caused a loss of 4 to 44 mg C g* SOC over 2.3 years in a clayey, unplanted soil
(0.42% OC). Positive priming was greater for manure-based or 400°C biochar,
plant-based or 550°C biochar, but was trivial relative to recalcitrant C in biochar.
From 2.3 to 5.0 years, the amount of positively-primed soil CO2-C in the biochar
treatments decreased by 4 to 7 mg C g SOC. They concluded that biochar
stimulates native SOC mineralisation in the low-C clayey soil but that this effect
decreases with time, possibly due to depletion of labile SOC from initial positive
priming, and/or stabilisation of SOC caused by biochar-induced organo-mineral

interactions.
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CHAPTER 111

MATERIALS AND METHODS

The experiment was carried out at Sher-e-Bangla Agricultural University, Sher-
e-Bangla Nagar, Dhaka-1207, and Bangladesh during the period from November
2021 to March 2022 to study the influence of biochar on yield of wheat and soil
properties. This chapter includes a brief description of location of experimental
plot, characteristics of soil, climate, crop or planting materials, land preparation,
experimental design, cultural operations, data recording, collection of soil
samples etc. and statistical analysis. The details of the materials and methods

have been presented below:
3.1 Experimental site

The research work was conducted at the Sher-e-Bangla Agricultural University
farm, Dhaka-1207 during November 2021 to March 2022.

3.2 Location of the study
3.2.1 Geographical Location

The experimental area was located at 23°77" N latitude and 90°33" E longitude
at an altitude of 8.6 meter above the sea level (Anon, 2004). The field was located
at the southeast-west corner of main academic building of Sher-e-Bangla

Agricultural University.
3.2.2 Agro-Ecological Region

The experimental filed belongs to the Agro-Ecological Zone of The Madhupur
Tract, AEZ-28 (Anon, 2003a). Over the Modhupur Clay, this region of
complicated relief and soils that were produced with unconsolidated clay
forming nearly level like topography which dissected locally having red and grey
mottled compact Clay about 8m thick adjacent to Dhaka. The experimental site

was shown in the map of AEZ of Bangladesh in Appendix I.
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3.3 Climate

Experimental site was located in the sub-tropical climate zone, characterized by
the high temperature, high relative humidity and heavy rainfall with intermittent
gusty winds in Kharif season (April- September) and little rainfall with
moderately low temperature during the Rabi season (October-March). Weather
information regarding temperature (°C), relative humidity (%) and sunshine
hours prevailed at the experimental site during the study period was shown in

Appendix Il and rainfall (mm) showed in Appendix I1I.
3.4 Description of soil

The soil of the experiment belongs to the Tejgaon series under the Agro
ecological Zone, Madhupur Tract (AEZ 28) and the general soil type is “Shallow
Red Brown Terrace Soils”. The sample was made by collecting soil from several
spots of the field at a$ depth of 0-15 cm before the initiation of the experiment.
The collected soil was crushed, air-dried and put through 2mm sieve and
analyzed for some important physical and chemical parameters. Morphological

characteristics of the soil are shown in Appendix IVA.
3.4.1 Characteristics of soil

The soil of the experimental site belongs to the General Soil Type, “Shallow Red
Brown Terrace Soils” under Tejgaon Series. The experimental area was flat
having available irrigation and drainage system and above flood level.
Composite soil sample from 0-15 cm depths were collected from experimental
field. The analyses were done at Soil Science Laboratory, Sher-e-Bangla
Agricultural University, Dhaka-1207. The physicochemical properties of the
initial soil are presented in Appendix IVB. Top soils were clay loam in texture.
Soil pH 6.0 and had organic matter 1.18%.
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3.5 Experimental details

3.5.1 Treatments: There were 8 treatments in the experiment there were stated

below:

T1= Control (no chemical fertilizer & biochar)
T2 = RFD (Recommended Fertilizer Dose)
Ts= RFD + Biochar @ 1.0t ha'

T4 =RFD + Biochar @ 1.5t hat

Ts =RFD + Biochar @ 2.0t ha!

Te = 75% of RFD + Biochar @ 1.0t ha't

T7= 75% of RFD + Biochar @ 1.5t ha'*

Tgs = 75% of RFD + Biochar @ 2.0t ha!

RFD (Recommended Fertilizer Dose): for wheat Niso, P25, K100, S15, Zh2, B1 kg
ha! (FRG, 2012).

3.5.2 Seed collection

The seeds of wheat variety of BARI Gom-32 for this experiment were collected

from Bangladesh Agricultural Research Institute (BARI), Joydevpur, Gazipur.
3.5.3 Land preparation and layout

The plot selected for the experiment was opened in the second week of
November, 2021. A tractor-drawn disc plough was used to plough the
experimental field on 15" November 2021.The soil in the field was repeatedly
ploughed to achieve the desired tilth using cross-ploughing, harrowing and
laddering. Weeds and stubbles were removed and finally a desirable tilth of soil
was obtained for sowing of seeds. The last land preparation took place on 20%
November 2021. According to the experimental design, experimental land was
divided into unit plots. On 22th November, 2021, the field layout was made in

accordance with the experimental needs.
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3.5.4 Experimental design

The experiment was laid out in Randomized Complete Block Design (RCBD)
with three replications. The ploughed land area as stated above was divided into
three equal blocks. The size of each unit plot was (2.5 m x 1.75 m) i.e. 4.38 m?,
The space between two blocks was 0.5m while two adjacent plots were also
separated by 0.5m distance. The layout of the experiment has been shown in

appendix V.
3.5.5 Fertilizer application

The fertilizers N, P, K, S, Zn and B in the form of Urea, Triple Super phosphate
(TSP), Murate of Potash (MoP), Gypsum, Zinc sulphate and Boric acid
respectively were applied. The entire amount of TSP, MoP, Gypsum, Zinc
sulphate, Boric acid and 2/3rd of urea was applied during the final preparation
of land. Rest of urea was top dressed after first irrigation. The doses and method

of application of fertilizers are shown in below:

Fertilizers Element Dose (kg ha') | Application (%)
Basal 1st instalment

Urea N 150 kg N 66.66 33.33

TSP P 25 kg P 100

MoP K 100Kg K 100

Gypsum S 15Kg S 100

Zinc Sulphate | Zn 2 kg Zn 100

Boric Acid B 1kgB 100

3.5.6 Preparation and application of biochar

Biochar was collected from Bangabandhu Sheikh Mujibur Rahman Agricultural
University (BSMRAU) & Bangladesh Agricultural Research Institute (BARI).
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Then biochar was added to the soil of each plot as per assigned treatments of the

time of final land preparation just before the application of chemical fertilizers.
3.6 Growing of crops
3.6.1 Sowing of seeds in the main field

The seeds of wheat (BARI Gom-32) were sown in rows made by hand plough
on 22th November, 2021 at the rate of 120 kg ha’. The seeds were sown in line
having a depth of 2-3 cm from the soil surface. Seeds were then covered properly

with loose soil. Row to row distance was 25 cm.
3.6.2 Fencing of Experimental field

The whole experimental area was covered with net in order to protect from birds

and other animals.
3.6.3 Intercultural operation

After the emergence of seedlings, various intercultural operations such as
weeding, irrigation, top dressing of fertilizer and plant protection measure were

accomplished for better growth and development.
3.6.3.1 Weeding

Weeding was done to keep the plots free from weeds which ultimately ensured
better growth and development of wheat seedlings. The crop field was weeded
twice, first weeding was done at 25 DAS (Days after sowing) and second
weeding at 40 DAS. Demarcation boundaries and drainage channels were also

kept weed free.
3.6.3.2 Irrigation

Total three irrigation was provided. a) first single irrigation during 17-21 DAS
at crown root initiation stage, b) the second one was at 55 DAS at flowering stage

and c) the third one was at 70 DAS at grain feeling stage.
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3.6.3.3 Plant protection measures

The crop was attacked by some insects during the ripening period. Ripcord 10
EC @ 1 ml L of water was applied on 25th February, 2022 as plant protection

measure.
3.7 Harvest and post-harvest operations

On 16th March, 2022, the crop was harvested at maturity when 90% of the plants
became brown in colour. Harvesting was done in the morning. The harvested
crop of each individual plot was bundled separately. After harvesting, the
samples were sun dried. Enough care was taken during threshing and cleaning
period of wheat grain. Fresh weight of wheat grain and straw were recorded in
m2 in plot wise. The grains were cleaned and weighed. The weight was adjusted
to a moisture content of 14%. The yields of wheat grain and straw m= were

recorded and converted to t ha™.
3.8 Crop sampling and data collection

The sampling of crop and soil was done at the time of harvest. Harvesting date
was 16th March, 2022. At harvest, five plants were selected randomly from each
plot. The selected plants of each plot were cut carefully at the soil surface level.

The following data were collected during the experimentation.
A. Crop growth characters
a. Plant height
B. Yield and yield components
a. Spike length
b. Number of spikelets spike™
c. Number of grains spike™
d. 1000-grain weight

e. Grain yield
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f. Straw yield
C. Postharvest soil analysis
a. Bulk Density (g cc™V
b. Particle Density (g ccl)
c. Porosity (%)
d. Soil pH
e. Organic carbon (%)
f. Organic matter (%)
g. Available P (ppm)

h. Available S (ppm)

3.9 Procedure of data collection
3.9.1 Crop growth characters
i. Plant height

A scale was used to measure plant height in centimeters (cm) at harvest. Data
were collected from five randomly selected plants from the inner rows of each
plot and plant average hight was recorded according to treatment. The plant

height from the ground up to the main shoot tip was measured in cm.

3.9.2 Yield and other crop characters
I. Spike length

The length of spike was measured from five randomly selected spikes with a
meter scale and the average value was recorded. This measurement was made

during harvest time and expressed in cm.
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ii. Number of spikelets spike™

The total number of spikelets spike? was counted as the number of spikelets
from five randomly selected plants from each plot and average value was

recorded.
iii. Number of grains spike

Total number of grains was counted by observing from each spikelets that was
obtained from selected five plants in each plot. After that it was averaged and

expressed as number of grains spike™.
iv. 1000-seed weight

One thousand cleaned dried seeds were counted randomly from harvested seeds
of each experimental plot and weighed by using a digital electric balance and

data were recorded in gram.
v. Grain yield

The crop from 1.25 m? harvested area (leaving the boarder lines and destructive
harvest line) was harvested as per experimental treatments and then threshed.
Seed were cleaned and properly dried under sun. Then seed yield in 1.25 m2 was

recorded and converted to t ha™.
vi. Straw yield

After separation of seeds from plant, the straw and chaff (separated from dried
seeds) of each plant from 1.25 m? harvested area (leaving the boarder lines and
destructive harvest line) were sun dried and the weight of total straw was taken

using a digital machine and converted to kg ha™.
3.9.3 Post harvest soil sampling

Soil samples were collected after harvest of crop from each plot at a depth of O -
15 cm. Soil samples of each plot were air-dried, crushed and passed through a
two mm (10 meshes) sieve. The soil samples were kept in plastic container to

determine the properties of soil.
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3.9.4 Post harvest soil analysis

Soil samples were analyzed for chemical characteristics viz. bulk density,
particle density, porosity, pH, organic carbon, organic matter, available P and
available S contents. The soil samples were analyzed by the following standard

methods as follows:

I. Bulk Density

Bulk density was determined by core sampler method.
Ii. Particle Density

Particle density was determined by Pycnometer method with the help of
volumetric flask.

Ii. Porosity

Porosity was calculated from bulk density and particle density that were obtained

from each experimental plot and expressed in percentage.

_ Bulk density
Porosity = (1- : —) x100
Particle density

iv. Soil pH

Soil pH was measured with the help of a glass electrode pH meter, the soil water

ratio being maintained at 1: 2.5 as described by Page et al. (1982).
v. Organic carbon

Organic carbon in soil sample was determined by wet oxidation method (Page et
al., 1982). The underlying principle was used to oxidize the organic matter with
an excess of 1N K>Cr207 in presence of conc. H.SO4 and conc. HsPO4 followed
by titration of the excess K>Cr,O7 solution was done with 1N FeSOs. Percentage

of organic carbon was determined by the following the formula is given below:

% Organic carbon = (B—T) X N x W x 0.003 x 1.3 x 100
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Where, B = FeS04.7H20 required volume in blank titration
T = FeS04.7H20 required volume in actual titration
N = Strength of FeSO4.7H-0 solution
W = Weight of soil taken
1.3 = Conventional recovery factor

vi. Organic matter

Organic matter was calculated by multiplying the percent organic carbon by

1.724 (Van Bemmelen factor) and the results were expressed in percentage.
vii. Available phosphorus

Available Phosphorus of soil was determined by ascorbic acid blue color
method. Available P was extracted from the soil with 0.5 M NaHCOs solutions,
pH 8.5 (Olsen et al., 1984). Phosphorus in the extract was then determined by
developing blue color with reduction of phospho-molybdate complex and the
color intensity were measured by a Spectrophotometer at 660 nm wavelength

and available P was calculated with the help of standard curve (Page et al., 1982).
viii. Available Sulphur

Available Sulphur in soil was determined by CaCl extraction method and by
using spectrophotometer at a wave length 420 nm and calibrated with a standard

curve (Page et al., 1982).
3.10 Statistical Analysis

The data obtained for different parameters were statistically analyzed to observe
the level of significance following Statistical tool Statistix-10 and mean
differences were determined using the Least Significant Difference (LSD) test at

the 5% level of significance (Gomes and Gomes,1984).

28



CHAPTER IV
RESULTS AND DISCUSSION

The experiment was conducted to find out the effect of biochar on growth, yield
of wheat. The results obtained from the study have been presented, discussed
and compared in this chapter using table (s) and figures. The results have been
presented and discussed with the help of table and graphs and the possible

interpretation of results are given under the following headings:

4.1 Crop growth characters
4.1.1. Plant height (cm)

Plant height was significantly influenced due to application of different levels of
biochar along with chemical fertilizers (Figure 1 and Appendix VI). The
maximum plant height 77 cm at harvesting was recorded from Ts treatment
whereas, the minimum plant height 60.04 cm was recorded from T: treatment.
Plant height was significantly increased due to application of different levels of
biochar in combination with RFD. Addition of biochar in soil significantly
increased plant growth (Schulz and Glaser, 2012). Li and Shangguan (2018), Zee
et al. (2017), Igbal (2017), Gebremedhin et al. (2015), Alburquerque et al.
(2013) found that plant height of wheat was increased with different level of
biochar application. Plant height was significantly increased due to application
of biochar found by Mollick et al. (2020) and Carter et al. (2013). Warnock et
al. (2007) observed that biochar improves soil physio-chemical and biological
properties such as structure, bulk density which also provides nutrients for plant

growth.
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RFD + Biochar @ 2.0t ha™.

Figure 1. Effect of biochar on plant height of wheat

4.2 Yield and other crop characters
4.2.1 Spike length (cm)

Spike length of wheat plant showed significant variation due to the application
of different doses of biochar (Table 1 and Appendix VI). Among the different
treatments T4 (RFD + biochar @ 1.5 t ha') showed the highest spike length
(10.37 cm) which was statistically similar to Ts (RFD + biochar @ 2.0 t ha'l)
treatment. On the other hand, lowest spike length (6.6 cm) was observed in the
treatment T1 (control). Li and Shangguan (2018), Zee et al. (2017), Igbal (2017),
Gebremedhin et al. (2015), Alburquerque et al. (2013) investigated that spike

length was influenced significantly by biochar application.
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4.2.2 Spikelets spike™

Spikelets spike was significantly influenced due to application of different
levels of biochar (Table 1 and Appendix VI). The maximum spikelets 18.2 at
harvesting stage was recorded from T4 (RFD + biochar @ 1.5 t ha) treatment
whereas, the minimum spikelets 13.06 was recorded from T (control) treatment.
Spikelets spike* was significantly increased due to application of different level
of biochar. Biochar application with chemical fertilizers was able to increase
spikelets per spike (Sadaf et al. 2017).

4.2.3 Number of grains spike

Number of grains spike of wheat plant showed significant variation due to
application of different doses of biochar (Table 1 and Appendix VI). Among the
different biochar doses, T4 (RFD + biochar @ 1.5 t ha'') treatment showed the
maximum number of grains spike* (47.08) which is statistically similar to Ts
(RFD + biochar @ 2.0 t ha!) treatment having of grains spike™ (46.33). On the
other hand, minimum number of grains spike? (28.33) was observed in T:
(control) treatment. Application of biochar in soil significantly increased the

number of grains spike™ over control treatment (Sadaf et al. 2017).
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Table 1. Effect of biochar on Spike length (cm), Spikelet spike™ and Grains

spike
Treatment Spike length (cm)  Spikelet spike? Grains spike*

T1 6.60 c 13.06 c 28.33 e
T2 9.30 ab 16.73 ab 42.38 abcd
T3 9.33ab 17.13 ab 44.86 abc
Ty 10.36 a 18.20 a 47.08 a
Ts 9.80 ab 17.96 a 46.33 ab
Te 8.70 ab 1556 b 37.80d
T7 8.40b 15.60 b 38.86 cd
Ts 8.90 ab 15.93 ab 40.60 bcd

LSD (0.05) 1.6915 2.3593 6.2667

CV (%) 10.82 8.28 8.77

In a column means having similar letter (s) are statistically similar and those having dissimilar
letter (s) differ significantly by LSD at 0.05 level of probability.

T1 = Control (no chemical and biochar); T, = RFD (Recommended Fertilizer Dose); T; = RFD
+ Biochar @ 1.0t ha*; T4 = RFD + Biochar @ 1.5t ha; Ts= RFD + Biochar @ 2.0 t ha; Ts
= 75% of RFD + Biochar @ 1.0 t ha:; T; = 75% of RFD + Biochar @ 1.5t ha™; Ts = 75% of
RFD + Biochar @ 2.0t ha™.

4.2.4 1000-seed weight (g plot?)

1000-seed weight of wheat showed non-significant variation due to the
application of different doses of biochar (Figure 2 and Appendix VII). Among
different treatments Ts (RFD + biochar @ 2.0 t ha*) showed the maximum 1000-
seed weight (50.4g) whereas the minimum 1000-seed weight (48.2g) was
recorded in Ti (control) treatment but such variation was statistically non-
significant. The rest of the treatments also showed non-significant effect on the
1000-seed weight. Zaheer et al. (2019) reported that a higher 1000-grain weight
results in a larger grain production per plant. Gebremedhin et al. (2015) observed

that there is no significant effect on 1000-seed weight of wheat due to different
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doses of biochar application. On the other hand, Akter (2017) found that 1000-

seed weight of wheat significantly influenced due to different doses of biochar.
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= 75% of RFD + Biochar @ 1.0t hat; T; = 75% of RFD + Biochar @ 1.5t ha; Ts = 75% of
RFD + Biochar @ 2.0t ha™.

Figure 2: Effect of biochar on 1000-grain weight of wheat

4.2.5 Grain yield of wheat

Grain yield of wheat (t ha) showed significant variation due to different doses
of biochar application in combination with chemical fertilizers (Figure 3 and
Appendix VII). Among the different treatments Ts (RFD + biochar @ 2.0 t ha?)
treatment showed the highest grain yield (4.21 t ha'). On the other hand,
minimum grain yield (2.10 t ha!) was observed in the T1 (control) treatment. The
second highest grain yield (4.02 t ha*) was recorded in T4 (RFD + biochar @ 1.5
t ha't), which was statistically at par with rest of the treatments except control
(T1). The treatment T> (RFD), where only chemical fertilizers were used also
produced identical yield (3.77 t hat) with biochar recommended treatments (Ts-
Tsg). This result revealed that integrated use of biochar and chemical fertilizers

did not bring significant yield variation over chemical fertilizers alone although
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biochar recommended treatments produced 4-12% higher yield over sole
application of chemical fertilizer (T2). Again, sole use of chemical fertilizers (T>)
gave 80% higher yield over control (T1), while the integrated dose (Ts)
contributed up to 100% increased yield (Table 2). Similar results were also found
in Jeffery et al. (2022), Mollick et al. (2020), Gebremedhin et al. (2015), Nair et
al. 2014, Cartar et al. (2013), Zhang et al. (2012), Van-Zwieten et al. (2010).
Some studies have found that adding biochar to nutrient-rich soils only
marginally increases or even decreases grain yield (Deenik et al. 2010). But
Gaskin et al. (2010) reported that grain yield decreased when biochar treatment
rates increased. Due to the crop's excess nutrient uptake from the biochar,
biochar increased the amounts of nutrient ions in soil, which may have improved
crop yield and production (Sigua et al., 2016). Integrated application of biochars
and chemical fertilizer resulted in higher grain yield, nitrogen uptake and soil

carbon content than control or from the sole application of biochar (Sadaf et al.,

2017).
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T1 = Control (no chemical and biochar); T, = RFD (Recommended Fertilizer Dose); Ts = RFD
+ Biochar @ 1.0t ha; T, = RFD + Biochar @ 1.5t ha'; Ts= RFD + Biochar @ 2.0 t ha’; Ts
= 75% of RFD + Biochar @ 1.0 t ha:; T; = 75% of RFD + Biochar @ 1.5t ha™; Ts = 75% of
RFD + Biochar @ 2.0t ha.

Figure 3: Effect of biochar on grain yield of wheat
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4.2.6 Straw yield of wheat

Biochar in combination with chemical fertilizers also produced significantly
higher straw yield over control (Figure 4 and Appendix VII). The highest straw
yield (3.45 t ha) was observed in both Tz (RFD + biochar @ 1.0 t ha') and T4
(RFD + biochar @ 1.5 t ha') and they were significantly higher over T1, Tz and
Tg but significantly identical to rest of the treatments. The combination of
biochar over sole application of RDF (T2) was 3 to 12% only (Table 2).
According to Biederman and Harpole, (2013) and Liu et al. (2013) application
of biochar in soil has been reported to increase by 10% plant productivity and
25% for aboveground biomass.

Straw yield (t hal)

S P N W b

ab 2 2 ab ab
bc b
| l
T1 T2 T3 T4 T5 T6 T7 T8

Treatment

T1 = Control (no chemical and biochar); T, = RFD (Recommended Fertilizer Dose); T; = RFD
+ Biochar @ 1.0t ha*; T4 = RFD + Biochar @ 1.5t ha; Ts= RFD + Biochar @ 2.0 t ha’; Ts
= 75% of RFD + Biochar @ 1.0 t hat; T; = 75% of RFD + Biochar @ 1.5t ha; Ts = 75% of
RFD + Biochar @ 2.0t ha.

Figure 4: Effect of biochar on straw yield of wheat
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Table 2. Yield benefit due to integrated use of biochar and chemical
fertilizer over sole use of chemical fertilizer (RDF) and control

(Ta)
Yield increase (%0)
Treatment Grain Straw
Over T» Over Ty Over T» Over Ty
T: -44.30 - -36.57 -
T - 79.52 - 57.65
T3 5.04 88.57 11.65 76.02
Ta 6.63 91.43 11.65 76.02
Ts 11.67 100.48 4.21 66.29
Te 0.53 80.48 2.91 62.24
T7 1.06 81.43 -15.53 33.16
Ts 3.71 86.19 -12.30 38.27

T1 = Control (no chemical and biochar); T, = RFD (Recommended Fertilizer Dose); T; = RFD
+ Biochar @ 1.0t ha*; T, = RFD + Biochar @ 1.5t ha'; Ts= RFD + Biochar @ 2.0 t ha’; Ts
= 75% of RFD + Biochar @ 1.0 t hat; T; = 75% of RFD + Biochar @ 1.5t ha; Ts = 75% of
RFD + Biochar @ 2.0t ha™

4.3 Postharvest soil properties
4.3.1 Bulk density

There was a decreasing trend of soil bulk density due to application of different
levels of biochar in combination with chemical fertilizers (Table 3). The highest
bulk density (1.40 g/cc) was recorded in T1 (control) and T2 (100% RFD) which
was exactly similar to that of initial soil. However due to application of biochar
the bulk density of soil slightly reduced to (1.30 g/cc) at the best Tg (75% of RFD
+ biochar @ 2.0 t hal) treatment. Bulk density decreased with the biochar
concentration increased. Chen et al. (2010), Laird et al. (2010) investigated that
biochar applications significantly decreased SBD compared to the control group.
Low SBD can enhance soil structure, aid in nutrient release and retention and
significantly lessen soil compaction. With a density of 0.05-0.57 kg/m?, biochar

Is porous and has a less density than mineral soil. This effect is seen at a wide
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range of biochar concentrations, as evidenced by reductions in soil bulk density
following biochar addition found for 9 t ha* (Karhu et al. 2011), 30 and 60 t ha-
1 (Vaccari et al. 2011) and 116.6 t ha* (Major et al. 2010). This is due to the fact
that biochar typically has a lower bulk density than soil, which lowers the bulk
density of the soil (Verheijen et al. 2009). After the addition of biochar, the soil
influence soil fungal growth and microbial activity and enhances soil
agglomeration besides SBD also affects the development of roots and hyphae
(Steiner et al. 2007). Adding biochar to soil has been recorded to greatly reduce
SBD and raise total porosity (Oguntunde et al. 2008, Qin et al. 2016). Blanco-
Canqui (2017) stated that biochar application may reduce BD and its ability to

improve soil aggregation and stability, which in turn improves soil porosity.

4.3.2 Particle density

soil particle density was significantly influenced due to application of different
levels of biochar (Table 3 and Appendix VIII). Among the different biochar
doses T (control) treatment showed the highest particle density (2.62 g/cc). On
the other hand, lowest particle density (2.35 g/cc) was observed in Tg (75% of
RFD + biochar @ 2.0 t hal) treatment. Particle density decreased with the
biochar concentration increased. Githinji (2014) found that particle density
decreased linearly (r2 = 0.915) with biochar application at rates of 0, 25, 50, 75,
and 100% by volume. The particle density values were 2.62 g cm for 0%, 2.43
g cm for 25%, 2.37 g cm™ for 50%, 2.09 g cm for 75%, and 1.60 g cm™ for
100% application rate of biochar, indicating that application of biochar at 100%
by volume can reduce particle density by 64%. In a field study, Usowicz et al.,
(2016) reported that application of 30 Mg ha* of wood biochar reduced soil
particle density from 2.55 to 2.20 g cm= (14% decrease).
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4.3.3 Porosity

soil porosity was significantly influenced due to application of different levels
of biochar (Table 3 and Appendix VIII). From figure 10, it was found that Tg
(75% of RFD + biochar @ 2.0 t ha') treatment showed the highest (46.56%)
porosity and lowest porosity (43.88%) was observed in T, (RFD) treatment.
Porosity increased with the biochar concentration increased. Devereux et al.
(2013) investigate that compared to the control soil, when the 1.5% biochar soils
had lower porosities and the 5% biochar soils had higher porosities, with the
2.5% biochar decreasing porosity in the first scan and increasing in the second
scan. The variable effect of biochar on soil total porosity. Jones et al. (2010)
found that the percentage of total porosity decreased with increasing biochar.
Oguntunde et al. (2008) identified a significant increase in total porosity in
charcoal soil compared to adjacent soil. The application of biochar causes the
soil pore size distribution to change to smaller pore size and positively effects
crop growth (Dokoohaki et al. 2017). The change in soil porosity was detected
in the range of 5-10 and 25 um after adding biochar (Rasa et al. 2018). Studies
have confirmed that the addition of biochar to frozen soil increases the total
porosity, and the content of pores >0.25 mm in diameter and exhibits the best
structural stability index (Wang and Zhang, 2019). Sun and Lu (2014) observed
that the addition straw biochar increases the number of macropores and
mesopores in clay soils. The addition of biochar not only changes soil porosity
but also causes the reorganization of soil pores, which subsequently alters soil
pore distribution. The use of biochar not only changes soil porosity but also
promotes pore reorganization, which alters soil pore distribution. In addition to
modifying soil porosity and pore distribution and enhancing soil pore
connectivity, biochar can also boost air and water circulation, reduce soil

compaction, and enhance soil fertility (Zhang et al. 2021).
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4.3.4 Soil pH

soil pH was non-significantly influenced due to application of different levels of
biochar (Table 3 and Appendix VII1). From figure 11, it was found that almost
all the treatment brought approximately same value, but among them Ts slightly
better. Though all the treatment resulted in statistically similar pH value, yet
numerically the maximum soil pH (6.17) was recorded in Ts (RFD + Biochar @
2.0 t ha't) while the lowest soil pH was found in T1 when the plot treated with no
biochar. Alburquerque et al. (2013) disagreed with present investigation, they
investigated that implementation of the wheat crop, biochar significantly
increased soil pH from 6.5 in the control soil to 8.2 and 7.6 in the soil treated
with the highest biochar application rate. Indawan et al. (2018), Yang et al.
(2015), Collins et al. (2013), Dou et al. (2012) and Moses (2011) reported that
Biochar had the potentiality to increase soil pH. The agricultural soil pH

increased by almost 1 pH unit for biochar treatment (Laird et al. 2010).
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Table 3. Effect of biochar on bulk density, particle density, porosity and soil

pH
Treatment Bulk density Particle density Porosity (%) pH
(g/cc) (g/cc)
T1 1.40a 2.62 a 44.68d 6.0
T2 140a 2.54 ab 43.88 h 6.0
T3 1.38 ab 2.47 ab 4413 ¢ 6.07
Ts 1.35cd 2.42 ab 44.21 f 6.15
Ts 1.32 ef 2.39b 44,77 c 6.17
Tse 1.36 bc 244 ab 44.26 e 6.09
T7 1.33 de 2.37b 44.88 b 6.10
Ts 1.30f 2.35b 46.56 a 6.13
LSD (0.05) 0.022 0.2313 0.0351 NS
CV% 3.93 5.39 4.04 1.85

In a column means having similar letter (s) are statistically similar and those having dissimilar
letter (s) differ significantly by LSD at 0.05 level of probability.

T1 = Control (no chemical and biochar); T, = RFD (Recommended Fertilizer Dose); T; = RFD
+ Biochar @ 1.0t ha*; T, = RFD + Biochar @ 1.5t ha’; Ts= RFD + Biochar @ 2.0 t ha’; Ts
= 75% of RFD + Biochar @ 1.0 t ha:; T; = 75% of RFD + Biochar @ 1.5t ha™; Ts = 75% of
RFD + Biochar @ 2.0t ha™.

4.3.5 Organic carbon

Significant different in soil organic carbon was found due to application of
different level of biochar (Table 4 and Appendix IX). From figure 12, it was
found that the highest organic carbon (0.76%) was recorded in Tg (75% of RFD
+ Biochar @ 2.0 t ha'l) treatment while the lowest organic carbon (0.67%) was
recorded from T3 (control) treatment. The increase in soil organic matter was due
to increase in organic carbon as the rate of biochar application increased. The
results of our findings were in line with the findings of Indawan et al. (2018),
Yang et al. (2015), Borchard et al. (2014), Zheng et al. (2013) and Baronti et al.

(2010) who found that soil amended with biochar increased the soil organic
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carbon. Increase in organic C (up to 69%) due to biochar application was found
by Laird et al. (2010). Haque et al. (2021) investigate that carbon contents were
increased by 25-33% from the initial levels. Biochar application improved the
SOC and increased the P and K concentrations (Sial et al. 2019, Oladele et al.
2019, Zhang et al. 2017). Diatta (2016) stated that biochar application to soils
significantly increased total soil C compared to un-amended soils. Xu et al.
(2015) reported that addition of biochar improves total soil C. Wang et al. (2016)
observed similar results after application of biochar. Lehmann (2007) and Van-

Zwieten et al. (2010) investigate high organic carbon in soil treated with biochar.

4.3.6 Organic matter

A significant variation in soil organic matter was found due to application
different doses of biochar (Table 4 and Appendix IX). The highest organic matter
(1.31%) was recorded in Ts (75% of RFD + biochar @ 2.0 t ha*) treatment while
the lowest organic matter (1.16%) was recorded in T1 (Control) treatment (Figure
13 and Table 4). Biochar application increase soil organic matter and increase
soil microbial biomass carbon (MBC) (Cooper et al. 2020, Xiu et al. 2019,
Zygourakis 2017, Glaser et al. 2001). Crop yields are also impacted by higher
soil organic matter concentration (Liang et al. 2014). Zhao et al. (2006) reported
that biochar application as soil amendments enhance the soil organic matter
contents that are helpful in the soil health and quality. Timilsina et al. (2017)
found that the maximum (2.915%) soil organic matter was obtained from 20 Mg
ha biochar application which was significantly higher than other treatments,

and it was the lowest (1.165%) from no biochar application
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4.3.7 Available phosphorus

Available phosphorus in soil significantly influenced due to application of
different levels of biochar (Table 4 and Appendix IX). From figure 14, it was
found that the maximum available phosphorus (27.2 ppm) was recorded in Ta
(RFD + biochar @ 1.5 t ha') which was statistically similar with Ts (RFD +
biochar @ 2.0 t ha') (26.67 ppm), Ts (RFD + biochar @ 1.5 t ha') (25.5 ppm)
while the lowest available phosphorus (16.5 ppm) was recorded in T (control)
treatment. Xu et al. (2014) showed that biochar affects P availability by
interaction with other organic and inorganic components in the soil, including
organic matter or other base cations in the soil. Atkinson et al. (2010) reviewed
that biochar can enhance availability and plant uptake of P and It acts as source
of soluble P salts and exchangeable P forms. Biochar as a soil amendment is a
good way to enhance plant growth and nitrogen (N) availability as well as
reduces the losses by leaching (Pokharel et al. 2018) and having positive effects
on soil phosphorus (P) availability (Sial et al. 2019, Mia et al. 2018, Yao et al.
2017).

4.3.8 Available Sulphur

The available Sulphur (ppm) in soil significantly influenced due to the
application of different level of biochar (Table 4 and Appendix IX). From figure
15, it was found that the maximum available Sulphur (21.33 ppm) was recorded
in Ts (RFD + biochar @ 2.0 t hat) treatment while the minimum (12.25 ppm)
was recorded in T1 (control) treatment. But Liard et al. (2010) found that

extractable S decreased with increasing levels of biochar.
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Table 4: Effect of biochar on Organic C, Organic M, Available P and

Available S
Treatment OrganicC  Organic M Available P Available S
(%) (%) (ppm) (ppm)
T 0.67 h 1.16 h 16.5¢e 12.25¢
T2 0.69¢g 1.19¢ 20.66d 15.75 bc
T3 0.70 f 1.21f 22.2cd 16.25b
Ts 0.72¢ 124 e 27.2 a 19.25 ab
Ts 0.74c 1.28 ¢ 26.67 ab 21.33a
Te 0.73d 1.26d 25.5 abc 20.5a
T7 0.75b 1.29b 23.25cd 16.0 bc
Ts 0.76 a 131a 23.5 bed 19.25 ab
LSD (0.0s) 8.10 6.75 3.34 3.98
CV% 3.64 4.31 6.09 9.58

In a column means having similar letter (s) are statistically similar and those having dissimilar
letter (s) differ significantly by LSD at 0.05 level of probability.

T1 = Control (no chemical and biochar); T, = RFD (Recommended Fertilizer Dose); T; = RFD
+ Biochar @ 1.0t ha*; T4 = RFD + Biochar @ 1.5t ha; Ts= RFD + Biochar @ 2.0 t ha’; Ts
= 75% of RFD + Biochar @ 1.0 t hat; T; = 75% of RFD + Biochar @ 1.5t ha; Ts = 75% of
RFD + Biochar @ 2.0t ha™.
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CHAPTER V

SUMMARY AND CONCLUSION

A field experiment was conducted at the research field of Sher-e-Bangla
Agricultural University, Sher-e-Bangla Nagar, Dhaka-1207 during the period
from November 2021 to March 2022.The objectives where to find out influence
of biochar on yield of wheat and to know the changes in soil properties. In this
experiment test crop variety is BARI Gom-32. The experiment comprised of the
following 8 treatments as T1 = Control (No Chemical Fertilizer and Biochar), T»
= RFD (Recommended Fertilizer Dose); Ts = RFD + Biochar @ 1.0t hat; T4 =
RFD + Biochar @ 1.5t ha'; Ts =RFD + Biochar @ 2.0 t ha; Ts = 75% of RFD
+ Biochar @ 1.0 t hal; T7 = 75% of RFD + Biochar @ 1.5 t ha; Ts = 75% of
RFD + Biochar @ 2.0 t hal. The experiment was laid out in a Randomized
Complete Block Design (RCBD) with three replications. The final land
preparation was done on 20 November, 2021 and layout was made on 22
November, 2021 according to the experimental design. TSP, MoP, Gypsum,
Zinc sulphate, Biochar and two third of Urea were applied during the final land
preparation. Rest of the urea was applied as top dressing after first irrigation. The
sowing date was on 22th November 2021 and seed were sown by line sowing
method. Data were observed for different growth, yield contributing parameters,
yield and nutrient status of postharvest soil and significant variation was
recorded for different treatment. Five wheat plants from each treatment were
randomly selected from each plot (excluding boarder lines) for the purpose of
data collection. The data on plant hight (cm) at harvest was recorded. Again data
were recorded for crop yield, yield contributing parameters viz. spike length
(cm), spikelets spike™, grains spike, 1000-seed weight (g), grain yield (t hal)
and straw yield (t ha?l) treatment wise and postharvest soil samples were
collected and analyzed for bulk density (g/cc), particle density (g/cc), porosity
(%), pH, organic carbon (%), organic matter (%), available P (ppm), available S

(ppm) in the soil laboratory, SAU. The collected data were analyzed statistically
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using Statistix-10 software. The mean differences among the treatments were

evaluated by least significant difference test (LSD) at 5% level of significance.

Plant height was significantly influenced due to application of different levels of
biochar in combination with chemical fertilizers. The maximum plant height 77
cm was recorded from Ts (RFD + Biochar @ 2.0 t ha!) treatment whereas, the
minimum plant height 60.23 cm was recorded from T:1 (Control) treatment.
Again, the maximum spike length (10.36 cm), maximum spikelets spike™ (18.2),
maximum number of grains per spike (47.08) were recorded in T4 (RFD +
Biochar @ 1.5 t ha't), which was at par with Ts. The highest 1000 seed weight
(50.4 g plot') and highest grain yield (4.21 t ha') was produced from Ts
treatment where RFD in combination with 2.0 t ha! biochar was applied. The
highest straw yield (3.45 t ha'!) was observed from T3 (RFD + Biochar @ 1.0 t
ha') and T4 (RFD + Biochar @ 1.5 t hal) treatment. On the other hand, the

lowest values of these parameters were obtained in T1 (Control) treatment.

Application of biochar in presence of chemical fertilizers resulted in
improvement of postharvest soil fertility like bulk density, particle density,
porosity, organic matter, available P and S. The soil pH was not changed
significantly due to biochar amendment. Biochar had somewhat appreciable
effect on soil properties. The maximum bulk density (1.40 g/cc) was recorded in
T1 (control) and T» (Recommended Fertilizer Dose) treatment, the highest
particle density (2.62 g/cc) was recorded in T (control) treatment on the other
hand, lowest bulk density and particle density was observed in Tg (75% of RFD
+ Biochar @ 2.0 t hal) treatment. The highest porosity (46.56%) was also
recorded in Tg treatment. The highest organic carbon (0.76%) was recorded in
Ts (75% of RFD + Biochar @ 2.0 t ha'l) treatment. The highest organic matter
(1.31%) was recorded in Tg (75% of RFD + Biochar @ 2.0 t hat) treatment. The
maximum available phosphorus (27.2 ppm) was recorded in T4 (RFD + Biochar
@ 1.5 t hal) treatment. The maximum available sulphur (21.33 ppm) was
recorded from Ts (RFD + Biochar @ 2.0 t hat) treatment which was statically
similar with Ts (75% of RFD + Biochar @ 1.0 t ha') treatment.
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Biochar is great source of carbon and it has several properties by which biochar
can promote the soil health and also increase the production of wheat. It is a
potential source of organic amendment. Wheat yields significantly increased
when biochar was applied in combination with inorganic fertilizers. The fertility
of soil also improved to a great extent. Thus, biochar could be an alternate source
of organic manure in Bangladesh agriculture. As our land decreasing and
population increasing, we need to produce more food with keeping the soil
health in a good condition. In this research biochar can play a vital role

sustaining crop yield and soil fertility in Bangladesh for agriculture.

In conclusion it could be suggested that the application of recommended dose of
fertilizer along with Biochar @ 2.0 t ha* can be a promising soil management
technology for achieving higher yield of wheat (BARI Gom-32) in Tejgaon

series soil of AEZ-28 at SAU farm, Dhaka and similar elsewhere in the country.

Considering the situation of the present experiment, further studies in the

following areas may be suggested:

1. Biochar produced from different sources of organic materials (plant
residues/bi-products) should be characterized conducting lab and field
trails.

2. The residual effect of biochar should be studied conducting cropping
pattern base experiments under different agro-ecological zones (AEZ) of

Bangladesh.
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APPENDICES

Appendix I. Map showing the experimental sites under study
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Appendix I1. Monthly average relative humidity, maximum and minimum
temperature of the experimental site during the period from
November to March, 2021-2022 [Source: Bangladesh
Meteorological Department, Agargoan, Dhaka-1212]
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Appendix Ill. Monthly average rainfall (mm) of the experimental site

during the period from November to March, 2021-2022
[Source:  Bangladesh  Meteorological  Department,
Agargoan, Dhaka-1212]
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Appendix IV. Characteristics of the experimental soil

A. Morphological characteristics of the experimental field

Morphological features

Characteristics

Location

Experimental Filed, SAU, Dhaka

AEZ

Modhupur tract (28)

General Soil type

Shallow Red Brown Terrace Soil

Land type High land

Soil series Tejgaon
Topography Fairly leveled
Flood level Above flood level
Drainage Well drained

Source: Soil Resource Development Institute (SRDI)

B. Physical and chemical characteristics of initial soil

Soil parameter Value
A. Physical properties

1. Particle size analysis of soil

% Sand 27
%Silt 43
%Clay 30

2. Soil texture clay Loam
3. Bulk Density (g/cc) 1.40
4. Particle Density (g/cc) 2.55
B. Chemical properties

Soil pH 6.0
Organic carbon (%) 0.69
Organic matter (%) 1.18
Available P (ppm) 18
Available S (ppm) 15

Source: Analyzed in the Soil Lab of SAU
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Appendix V. Layout of the experimental field
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Appendix VI. Mean square values for number of Plant height at harvesting,
Spike length (cm), Spikelet spike™ and Grains spike™

Source of Degrees Mean squares
variation of - - -
freedom | Plant Spike Spikelet Grains

height length spike™ spike™
(cm) (cm)

Replication |2 0.9817 1.916 5.49500 32.807

Treatment |7 77.023* 3.807* 8.09214* | 110.287*

Error 14 8.854 0.933 1.81500 12.805

* Significant at 5% level

Appendix VII. Mean square values 0f1000-seed weight, straw yield (t hal),
seed yield (t ha?), biological yield (t ha) and harvest index (%)

of wheat at harvest

Source of Degrees of | Mean squares
variation freedom

1000-seed seed yield | straw yield (t
weight (g) | (tha) ha)

Replication 2 9.866 0.81549 0.533
Treatment 7 2.202NS 1.32762* | 0.771*
Error 14 5.699 0.21078 0.169

* Significant at 5% level

NS = Non-significant
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Appendix VIII. Mean square values of soil pH, Balk density, Particle density

porosity of postharvest soil properties

Source of | Degrees Mean squares
variation of - - -
freedom | Balk Particle porosity | soil pH
density density
Replication | 2 5.292 0.01340 0.00292 0.07125
Treatment |7 4.218* 0.02565* | 2.09425* | 0.0732\S
Error 14 1.577 0.01744 0.00040 0.04649

* Significant at 5% level

NS = Non-significant

Appendix IX. Mean square values of Organic C, Organic M, Available P,

Available S of postharvest soil properties

Source of Degrees Mean squares
variation of : _ _ .
o Organic | Organic | Available | Available
C M P S
Replication |2 1.250 1.129 2.3639 372.104
Treatment |7 2.914* 8.018* 24.5110* | 18.340*
Error 14 2.143 1.488 1.9953 2.834

* Significant at 5% level
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DEPARTMENT OF SOIL SCIENCE
. SHER-E-BANGLA ARICULTURAL UNIVERSITY

Title: INFLUENCE OF BIOCHAR ON YIELD OF WHEAT (Triticum aestivum L.) AND SOIL
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Plate 1. Experimental details

Plate 2. Layout of experimental plots
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Plate 4. Two days young wheat seedlings
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days young wheat seedlings

Plate 5. Five

Plate 6. One-month old wheat plants
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Plate 8. After weeding the wheat experimental plots
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Plate 10. Two months old wheat plants
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Plate 12. Experimental plot (control)
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Plate 13. Covering the whole wheat field with net to protect from birds

Plate 14. Three months old wheat plants
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Plate 16. Harvesting of wheat
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Platel7. Post harvest laboratory work for soil analysis purpose
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