Synergistic impact of biochar and organic amendments on field bean (Vicia faba) growth
and soil characteristics

Abstract

Many studies have explored the effects of various biochar types and their combinations with
inorganic fertilizers, but few have focused on identifying the most effective organic amendments
when used with biochar in sandy loam soil. This study aims to determine the.impact of different
biochar doses combined with organic amendments on plant growth and yield (Vicia faba) in
sandy loam soil. Biochar doses of 15, 20, and 25 t/ha were applied in combination with organic
amendments such as farmyard manure (FY M), vermicompost.(VC), Ghanajeevamruth (GA), and
their various combinations. The effectiveness of these treatments was compared to the use of
biochar alone. Results indicated that the combination of biochar and organic amendments
significantly increased average pod number (by 36.19% to 88.63%) and pod weight (by 24.11%
to 83.18%) compared to biochar alone. Higher-biochar doses consistently resulted in increased
pH levels in the soil, regardless of the organic amendment used. Additionally, biochar combined
with organic amendments led to higher nutrient levels, including nitrogen, phosphorus,
potassium, calcium, magnesium, and sulfur, compared to biochar alone. The study concluded
that biochar, particularly in:.combination with Ghanajeevamruth, had superior effects on plant
growth and yield. The choice of amendment and biochar dosage significantly influenced soil pH,
nutrient availability, bulk density, and water holding capacity. These findings underscore the
potential of combining biochar with organic amendments to enhance soil fertility and agricultural
productivity, offering valuable strategies for sustainable nutrient management in sandy loam

soils.
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Introduction

Growing population demands have resulted in unsustainable farming practises and a significant
reliance on chemical pesticides and fertilisers, which have degraded the soil quality (Vijay et al.
2021). Because of the fast decomposition of soil organic matter and ensuing decline in soil
carbon content, over use of chemical fertilisers can result in soil fertility loss, nutritional
imbalances, and global warming (Foley et al. 2005).This impact is particularly severe in tropical
areas as only a tiny amount of newly introduced organic materials settle in soil over time and the
rest of the carbon is released to the environment as carbon dioxide (Agegnehu et al. 2016). The
application of organic manures produced from biomass and. animals plays a significant role in
nutrient recycling through improving nutrient availability and soil physical properties (Hasler et
al. 2015).Apart from the conventionally used organic. manures like farmyard manure and
vermicomposting ,one of the key areas that captured global attention is the application of
recalcitrant biochar produced from agricultural biomass (Bruun et al. 2016; Speratti et al.
2018).There are numerous studies that reported the:role of biochar in enhancing soil
quality(Kammann et al. 2015;Spokas et al. 2012; Xu et al. 2014) boosted crop productivity, and
encouraged plant development (Major et al. 2010; Zhang et al. 2010). Addition of biochar
influences several mechanisms, ‘including initial addition of soluble nutrients contained in the
biochar (Sohi et al. 2010) ,mineralization of the labile fraction of biochar containing organically
bound nutrients (Lehmann et al. 2015), reduction of nutrient leaching due to biochar's
physicochemical properties (Liang et al. 2006), and retention of N, P, and S associated with
plants, have been proposed for increasing plant nutrient availability in nutrient-limited
agroecosystems(Pietikainen et al. 2000).

Nelissen et al. 2015 reported that the application of biochar improves the physical quality of the
soil to,.some extent by increasing porosity, reducing soil bulk density, and enhancing soil
aggregation especially one year after application. Additionally, an increase in the exchangeable
cations in the biochar amended soil attributed to the high specific area and carboxylic groups of
the biochar (Hammes et al. 2012). It also enhances the conductivity of soil by 124.6 %, reduce
soil acidity by 31.9 % (Oguntunde et al. 2008) and increases the extractable elements like Na, K,
Ca and Mg upto 60-670% Wang et al. (2014), which showed an overall improvement in the soil
fertility and nutrient retention.

There are many formulations that blend biochar with various kinds of organic matter to create
"terra pretta” like planting substrates (Wolf and Wedig., 2007). Terra pretta also known as
Amazonian black soil was historically created by the charring of vegetation and the addition of



organic materials like leaf litter, kitchen waste, and faeces. The pre-Columbian inhabitants of the
amazon basin were aware of the advantages such soil amendments have on plant development
and growth (Kammann et al. 2016). Recent years have seen the development of scientific data to
support these traditional methods (Lehmann and Joseph, 2015). The vast majority of studies
revealed that applying biochar along with compost yielded superior results in terms of plant
development than doing it individually. This is because of the nutrient absorption, particularly
nitrate, and their subsequent gradual release into the soil (Joseph et al. 2013 ; Schulz et al. 2013
). Such co-composting data on biochar shows its positive effects on plant growth and soil
improvement. However, there aren't many researches that recognise the “direct interaction
between biochar and organic amendments (Rawat et al. 2019). But because:there is-a dearth of
knowledge, the amount and type of organic resources that should be combined with biochar are
insufficient. In this background our investigation mainly aimed to understand how different
organic fertiliser combinations with biochar affect plant performance and soil quality. This study
for the first time provides a better comparison of different organic fertilizer combination with
effective dosages of biochar to be used as soil supplement.

Materials and methods

The experiment was conducted at Advanced. Research Centre on Biofuels, University of
Agricultural Sciences (13°08 'N and 77°57 'E), Bangalore, India. The region received an average
rainfall of 358.2 mm during the cropping period (September to December).The maximum and
minimum temperature varied from 27.2 °C to 34.5 °C and 19.0 °C to 20.5 °C, respectively. The
soil used for the experiment was neutral to alkaline with a pH of 7.2 and was acquired from the
Research Institute on Organic Farming, GKVK, Bangalore. Based on the textural categorization
using the international. pipette technique(Jena etal 2013), the soil was identified as sandy loam
(62.73 % sand, 20.41.% silt, and 16.86 % clay).The soil organic carbon content is 0.72%(less
than 1%).

Field beans (Vicia faba) variety, Hebbal avare from the Research institute on organic
farming, University of Agricultural Sciences, Bangalore was used for this study. Three doses of
biochar (15,20 and 25 t/ha) were amended with organic amendments like FYM, Vermicompost
and ganajeevamruth. Apart from these soils with different doses of biochar without any organic
amendments were kept as control. Thus a total of eighteen treatments were replicated thrice in
the 18 x18 inches pot for the experiment. Following the harvest of the crop, soil samples were

taken from each of the experimental treatment pots at a plough layer depth (0-15 cm). The



collected samples were rendered with a pestle and mortar to grind them, and then passed through
a 2 mm sieve after drying in the shade.

Biochar preparation

The biochar was produced by pyrolysis from paddy straw in a pilot scale pyrolysis machine
with an average residence time of 4 hours and a fixed temperature of 500°C. . The paddy straw
was sun dried to an optimal moisture content of 10% and shredded into 8 to 12.mm pieces.
To produce biochar, these paddy straws were fed into a resistively:heated fixed-bed reactor
where sweeping gas descends through a bundle of resistively heated samples. The resulting
biochar was ground to pass through a 0.2 mm sieve for further analysis.

Characterization of soil, biochar and other organic amendments

The soil and biochar were characterised in accordance with accepted procedures. Potentiometry
was used to measure pH and electrical conductivity (Stitt 1999). The Keen's cup method was
used to calculate bulk density (g/cc).and MWHC (%) (Katkar et al. 2018). The Dry Combustion
technique (CHNS, LECO) was used to calculate the % of total carbon (Sparks et al. 2020). Other
elements are determined by standard approach given by (Stitt 1999). Total nitrogen % was
calculated using the Kjeldahl digestion and distillation method, phosphorus % and potassium %
by acid digestion. and the vanadomolybdate method, calcium (%) and magnesium (%) by
complexometric titration. Sulphur (ppm) was analysed by 0.15 % CaCl extraction and turbidity
analysis (Lucheta and Lambais 2012).Iron, copper, manganese, and zinc (ppm) were analysed by
diacid .digestion and atomic absorption spectroscopy (Anita et al. 2018), respectively. The
biochar was subjected to a proximate analysis using the guidelines outlined by ASTM, 2007.
Table 1 lists the characteristics of the rice straw biochar that were used in the study.

Farmyard manure (FY M), vermicompost (VC), ganajeevamruth (GA), and combinations of these
were used in conjunction with biochar dosages. The organic amendment, ganajeevamruth,

include 10 kg of desi cow dung, 500 g of pulse flour, 500 ml of desi cow urine, 100 g of jaggery,



and a handful of soil, which was then powdered and utilised in the experiment. A detailed
characterization of the organic amendments utilised in the study are given in Table 2.

Determination of plant growth and nutrient uptake

Average plant height, number of leaves and branches were measured at 30, 60 days after
sowing and at harvest. Similarly, yield related parameters such as number of pods per plant
and pod weight were determined after harvest. Dried, ground-up plant samples from the crop
were tested for macronutrients (N, P, K, Ca, Mg, and S) and micronutrients (Fe, Zn, Mn and
Cu). A vacuumed chamber at 85 ° C on a sand bath was used to digest one gram of the dried
and ground samples after predigesting them for 24 hours with 10 ml HNO3 (62 %). The pre-
digested samples were treated with 10 ml of a di-acid mixture reagent (10:4 HNO3; + HCIO,)
and held on a sand bath until white precipitate was left at the bottom. After filtration, the
digested samples were diluted with distilled water and volume formed to a defined
concentrations. This extract was used to assess P;:K, Ca, Mg, and micronutrients (Fe, Cu,
Mn, and Zn) using conventional methods.. The amount of nitrogen, potassium, phosphorus,
calcium, and magnesium was determined from the diacid digested content using the Micro
Kjeldhal digestion and titration, flame. photometric method, vanodomolybdo phosphoric
yellow colour method, and versenate titration process, respectively (Pipper 1966).
Micronutrients (Zn, Cu, Mn and Fe) in plants were measured by feeding the digested extract
samples after being diluted to -an appropriate concentration of the Perkin Elmer atomic
absorption spectrophotometer using correct hallow cathode lamps and presented as mg kg™
in plant and seed sample samples (Jackson 1973).

Statistical analysis

Statistical analysis and graphs were plotted by R version 4.0.2 each data point was
summarized. by calculating the average value and standard deviation (S.D.) ( Team R).
Additional packages ‘ggplot2’ was used for plotting the graphs (Wickham 2016) One-way
analysis of variance (ANOVA) at the significance level of 0.05 was used to test the
differences between the control and biochar in combination with organic amendments
separately for each soil property. Multiwvay ANOVA was used to understand the effects of
biochar combinations with organic amendments (A), biochar dosages (B) and the interaction



of AxB on plant growth parameters and soil physicochemical properties.To detect the
difference among the treatments after ANOVA, Tukey’s honestly significant difference at
0.05 confidence level was used (Mendiburu 2019). Pearson correlation analysis was applied
for measuring the linear dependence among soil properties. The five-point scale was used
for interpreting the size of the correlation coefficient (Hinkle et al. 2003).

Results and Discussion

The study demonstrates the synergistic effects of combining biochar and organic amendments on
soil properties, crop growth, and yield. The characterization of paddy straw.biochar reveals its
highly carbonized nature, with significant fixed carbon content (6.1%) and alkaline pH (10.29).
This biochar, when combined with organic amendments like Ghanajeevamruth (GA),
Vermicompost (VC), and Farmyard manure (FY M), significantly improves the soil's nutrient
profile, pH, and other essential physical properties. The study shows that the combination of
biochar with organic inputs resulted in higher soil pH, improved organic carbon levels, and better
plant growth parameters like height, pod number, and pod weight in field bean (Vicia faba).

Effect on Plant Growth and Yield

The combination of biochar with organic amendments consistently enhanced plant growth across
different growth stages. Higher plant heights, greater pod numbers, and increased pod weights
were observed with biochar-amendment combinations compared to biochar alone. Specifically,
the combination of 25 t/ha biochar with GA showed the highest plant height across all stages (30,
60 days after sowing, and harvest), and biochar combined with FYM and GA resulted in the
most significant.improvements in pod number and weight. This can be attributed to the nutrient
release dynamics: facilitated by biochar's porous structure and organic amendments, which
promote better nutrient availability and microbial activity. The addition of organic fertilizers in
combination with biochar likely facilitated enhanced microbial mineralization, increasing the

availability of essential nutrients such as nitrogen, phosphorus, and potassium (Dai et al., 2017).

Soil Properties

The study highlights the significant impact of biochar-amendment combinations on soil
properties. Soil pH increased by 0.60 to 13.84% across all treatments, with the maximum pH of



8.19 observed in the combination of 25 t/ha biochar with FYM and VC. The alkaline nature of
biochar contributed to this rise in pH. This increase in pH could reduce soil acidity, improving
nutrient availability and microbial activity (Haseena et al., 2022). Additionally, biochar
application, especially at higher doses (25 t/ha), decreased soil bulk density (BD) and increased
the maximum water holding capacity (MWHC), which are beneficial for plant growth. The
decrease in BD and increase in MWHC indicate improved soil structure and porosity, leading to
better root development and water retention, essential for optimal plant growth (Blanco-Canqui,
2017). Biochar combined with organic amendments such as GA and FY M also resulted in higher
soil organic carbon (SOC), nitrogen, phosphorus, potassium, calcium, magnesium;.and sulphur.
This enhancement in nutrient availability can be attributed to the combined. effect of biochar's
capacity to adsorb and retain nutrients and the nutrient-rich nature of organic amendments.
Biochar's porous structure supports the formation of organo-mineral complexes, stabilizing
organic carbon and reducing nutrient leaching (Ngo et al., 2013). These improvements in soil
fertility contribute to better plant growth and yield:

Characterization of Paddy Bio oil.

Bio oil was separated from the liquid mixture using 4 ml toluene and the bio oil was analyzed

using GCMS and the result is represented in the Table 3

The components identified were phenol with the ketone and aldehyde groups attached, and
almost all of the functional groups showed the widespread presence of oxygen. On the other
hand, the analysis showed that the abundant aldehydes and ketones make the substance
particularly hydrophilic, which makes it difficult to remove water. Luo et al. (2004) showed that
the relevant information on rice straw bio oil was not available, the bio-oil from Prunus indicus
comprised of laevoglucose, furfural, phenols (with methyl, methoxy and/or propenyl groups),
aldehydes (including benzaldehyde with methyl and/or hydroxyl) and vanillin according to the
GC-MS analysis. The bio oil indicates that the bio-oil is a complicated organic compound that
mainly consists of water, acids and heterocyclic substances and found to be rich in phenol with
27.23% by weight followed by p-cresol 16.95% on par with 4-ethyl- Phenol having 8.99%, and
the lowest amount of L-.alpha.-Terpineol (1.52%) was recorded. Bio-oils have received

extensive recognition from international energy organizations around the world for their



characteristics as fuels used in combustors, engines or gas turbines and resources in chemical
industries. Many substances can be extracted from biooil, such as phenol used in the plastics
industry, volatile organic acid to form a film forming agent, laevoglucose, hydroxyl acetaldehyde
and some additives are applications in the pharmaceutical industry, synthetic fibres or fertilizers
and flavouring agents in food products. Yan et al., (2001) The 99.7% of bio-oil, a complex
mixture containing carbon, hydrogen and oxygen, is composed of acids, alcohols, aldehydes,
esters, ketones, sugars, phenols, guaiacols, syringols, furans, lignin derived phenols and

extractible terpene with multi-functional groups.

The findings from this study align with the growing body of research highlighting the benefits of
biochar and organic amendments for improving soil health and promoting sustainable
agricultural practices. Biochar's role in enhancing soil structure, increasing nutrient retention, and
raising pH is well-documented (Steiner et al., 2007; Lehmann et al., 2011). When combined with
organic amendments like GA, VC, and FYM, biochar helps improve soil fertility by increasing
nutrient availability and promoting microbial activity, which further supports plant growth and
yields. These interactions likely occur due to the high surface area and porous structure of

biochar, which supports nutrient adsorption and microbial colonization.

The study also highlights the long-term benefits of biochar in combination with organic
amendments, such as improved soil organic carbon content and nutrient stability, which can
contribute to carbon.sequestration and sustainable soil management practices. These effects are
crucial for addressing the challenges of soil degradation and nutrient depletion in agriculture, as
seen in the decreasing Soil Organic Carbon (SOC) content in India (National Rain-fed Area
Authority, 2022).

Correlation Analysis

The correlation analysis reinforced the positive relationship between soil organic matter and
nutrient content, showing that higher organic matter increases the availability of key nutrients
like nitrogen, phosphorus, potassium, calcium, magnesium, and sulphur. A negative correlation
between bulk density (BD) and electrical conductivity (EC) was also observed, with lower BD
enhancing nutrient availability and improving soil structure. Furthermore, the study showed that



MWHC negatively correlated with BD, suggesting that as bulk density decreases, soil's capacity
to retain water improves, enhancing plant growth conditions (Singh et al., 2020).

Conclusion

The combination of biochar with organic amendments significantly enhances soil fertility,
improves physical properties of the soil, and supports better plant growth and yield. This
approach offers a promising strategy for sustainable agriculture, addressing issues such as soil
degradation, nutrient depletion, and low crop productivity. Future studies should. focus on the
long-term impacts of these combinations, particularly in terms of soil carbon sequestration,
microbial diversity, and nutrient cycling, to further optimize agricultural ~practices for

environmental sustainability.

Data availability: The datasets used or analysed during the current study are available from the
corresponding author on reasonable request.



Proximate analysis of biochar (%o)

Ash 13
Fixed carbon 6.1
Moisture content 9.5
\olatile matter 71.4

Ultimate analysis of biochar (%)

Carbon 35.15 %
Nitrogen 0.41 %
Phosphorous 0.04 %
Potassium 3.83 %
Oxygen 46.21 %
Calcium 2.39 %
Magnesium 0.24 %
Sulphur 0.07 %
Hydrogen 4.16 %
C:N 85.7
0:C 1.31
H:C 0.12

Other properties

pH 10.29
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Table 2. Characterization of Organic amendments used in the study.



Electrical conductivity (dS m™) 7.03 3.26 3.17
Organic carbon (%) 14.2 13.6 11.8
Available Nitrogen (%) 3.81 2.63 1.03
Available Phosphorus (%) 10.7 0.17 6.59
Available Potassium (%) 3.48 2.95 1.55
Exchangeable Calcium (ppm) 55 49 38.6
Exchangeable Magnesium (ppm) 21.8 14.5 11.6
Available Sulphur (ppm) 0.18 0.13 0.11

Table 3. Relative content of main compounds in organic composition of bio-oil
produced from Paddy straw by GC-MS.

Wt
PeakNo. Name
%
1 2.24 2-Cyclopenten-1-one,2-methyl-




2 2.85 Butanoicacid,4-hydroxy-

3 4.50 2-Cyclopenten-1-one,3-methyl-

4 27.23 Phenol

5 1.77 2-Furanone,2,5-dihydro-3,5-dimethyl-
6 4.76 2-Cyclopenten-1-one,2,3-dimethyl-
7 6.50 2-methyl-Phenol

8 16.95 p-Cresol

9 8.41 Phenol, 2-methoxy-

10 1.93 4-Hexen-3-one,4,5-dimethyl-

11 1.64 2,3-dimethyl-Phenol

12 8.99 4-ethyl-Phenol

13 212 Phenol,3,5-dimethyl-

14 1.79 2-Methoxy-5-methylphenol

15 1.52 L-.alpha.-Terpineol

16 59/ 4-ethyl-2-methoxy-Phenol

17 3.25 2,6-dimethoxy-Phenol

18 1.59 Apiol
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Fig 3: A bar graph demonstrating the percentage rise in pH of soil amended with biochar
both on its own and in conjunction with other organic amendments
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