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Abstract 

The study was carried out to evaluate the effect of paddy straw biochar along with organic amendments 

on soil properties and nutrient uptake by field bean. The experiment comprised of 19 treatments with 5 

replications. Biochar doses of 8, 10, and 12 t/ha were applied in combination with organic amendments 

such as farmyard manure (FYM), vermicompost (VC), Ghanajeevamruth (GA) and their various 

combinations. The present investigation reveals that addition of biochar along with organic 

amendments led to a notable enhancement in the water holding capacity (43.26 %) and decreased bulk 

density of post-harvest soil (1.34 Mg m-3). Moreover, the soil pH (7.79), electrical conductivity (0.17 

dS m-1), organic carbon (0.57 %), primary nutrients (N, P2O5, K2O) and secondary nutrients (Ca, Mg, 

S) demonstrated a significant increase, although no much significant difference in the micronutrient 

status of the post-harvest soil was observed. There was a substantial rise in the uptake of major, 

secondary nutrients and micronutrients in treatment T17, which received 12 t ha-1 biochar + farmyard 

manure + vermicompost and exhibited an increase in plant nutrient concentration and total nutrient 

uptake compared to control (T19). This findings confirm that integrated use of biochar with organic 

manures (FYM + vermicompost) is an effective strategy for improving soil fertility and plant nutrition. 

 
Keywords: Biochar, organic amendments, FYM, ghanajeevamruth, vermicompost, field bean, soil 

properties and nutrient uptake 

 

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) [45]. 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) [17]. Apart from the traditionally 

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) [6, 40]. Application of biochar in soil not 

only remediate the pollutants from the soil but also improve the soil properties. Biochar 

improves physical (water holding capacity, O2 content and moisture level), chemical 

(pollutants immobilization and carbon sequestration), and biological (microbial abundance, 

diversity and activity) properties of the soils (Gul et al., 2015) [15]. These biochar 

characteristics eventually contribute to soil carbon sequestration (Windeatt et al., 2014) [48], 

greenhouse gases (GHGs) emission reduction (Stewart et al., 2013) [56] and therefore 

contribute to an overall improvement in soil health (Zhang et al., 2013) [53]. Biochar has 

unique property to bind polar compounds through charged surface functional groups, which 

helps to immobilize rhizospheric heavy metals and agrochemicals on its surface and restricts 

their mobility into the crops (Khan et al., 2014, Spokas et al., 2009) [20, 41].  

Combination of BC with organic amendments may be a promising strategy to promote plant 

growth and performance, having positive synergistic effects on soil properties and plant 

growth responses. Synergistic effects of a BC-organic amendments blend on plant growth 

and performance are thought to be mediated by sorption of nutrients by the porous BC 

matrix, stimulation of microbial colonization, degradation of possible noxious pyrogenic 

substances, improvement of the BC surface reactivity happens through accelerated oxidative 
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ageing and dissolved organic carbon sorption. 

When biochar and organic amendments were mixed, non-

additive interactions, either synergistic or antagonistic, were 

prevalent. Mixing biochar with fresh organic matter is a 

powerful factor to explicate the potential positive effects on 

higher plants by the application of such organic 

amendments. However, because of the limited and 

fragmented knowledge, reliable guidelines about the types 

and amount of organic materials that should be mixed with 

biochars is lacking to maximize plant growth. The chemical 

diversity of biochars, related to the quality of the initial 

organic feedstock and pyrolysis conditions, together with 

the large variety of organic matter types used in agriculture 

(composts, crop residues, humic substances, peat and 

organic wastes from agro-industry) define a great number of 

possible biochar-organic matter combinations.  

Effects of biochar application with organic inputs on soil 

properties or its potentiality as nutrient source deserve 

detailed investigation. Keeping this in view, the present 

research entitled “Synergistic effect of paddy straw biochar 

along with organic amendments on soil properties and 

nutrient uptake by field bean” was conducted. The main aim 

of this study is to evaluate the effect of paddy straw biochar 

along with organic amendments on soil properties and 

nutrient uptake by field bean. 

 

Material and Methods 
The research entitled “Synergistic effect of paddy straw 

biochar along with organic amendments on growth and yield 

of Field bean” was undertaken. In this study, a potted 

experiment was conducted at GKVK campus, Bangalore 

(13°08 'N and 77°57 'E). The region received an average 

rainfall of 412.4 mm during the cropping period (November 

to March).The maximum temperature ranged from 26.6°C 

to 33.3°C and minimum temperature ranged from 13.5°C to 

21.1°C. The soil used for the experiment was neutral to 

alkaline with a pH of 7.17 and was acquired from the 

Research Institute on Organic Farming, GKVK, Bangalore. 

Based on the textural categorization using the international 

pipette technique, the soil was identified as sandy loam 

(61.55 % sand, 21.50 % silt and 16.80 % clay). 

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 (8, 10 and 12 t/ha) were amended 

with organic amendments such as 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 nineteen treatments were repeated 

three times in the 18 ×18 inches pot for the experiment.  

The study involved different dosages of biochar along with 

various organic amendments including farmyard manure 

(FYM), vermicompost (VC), ganajeevamruth (GA) and 

their combinations. The preparation of ganajeevamruth 

(GA) included mixing 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. This mixture was then powdered and 

applied in the experiment. Each polybag is filled with 10 kg 

of soil. Initially, 6 kg of soil is added to the polybag, 

followed by the remaining 4 kg, where the required 

quantities of inputs are added according to the specified 

treatments. The organic inputs including farmyard manure, 

vermicompost, and ganajeevamruth, are calculated and 

applied based on the crop requirements, using a hectare 

basis for the application. The experiment was laid out in a 

complete randomized method (CRD) having 19 treatment 

combinations and replicated 5 times on a net packet as given 

in Table 1. 

 
Table 1: Treatment details 

 

Treatments Details 

T1 8 tons ha-1 of BC 

T2 10 tons ha-1 of BC 

T3 12 tons ha-1 of BC 

T4 8 tons ha-1 of BC+ FYM 

T5 8 tons ha-1 of BC+ VC 

T6 8 tons ha-1 of BC+ GJ 

T7 8 tons ha-1 of BC+ FYM+ VC 

T8 8 tons ha-1 of BC+ FYM+ GJ 

T9 10 tons ha-1 of BC+ FYM 

T10 10 tons ha-1 of BC+ VC 

T11 10 tons ha-1 of BC+ GJ 

T12 10 tons ha-1 of BC+ FYM+ VC 

T13 10 tons ha-1 of BC+ FYM+ GJ 

T14 12 tons ha-1 of BC+ FYM 

T15 12 tons ha-1 of BC+ VC 

T16 12 tons ha-1 of BC+ GJ 

T17 12 tons ha-1 of BC+ FYM+ VC 

T18 12 tons ha-1 of BC+ FYM+ GJ 

T19 Control 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure, GJ- Ghanajeevamrutha 

 

Collection of soil samples: Soil samples at a plough layer 

depth (0-15 cm depth) were obtained from each of the 

experimental nineteen treatment pots after the crop's harvest. 

The samples obtained were dried in shade, ground with a 

pestle and mortar and passed through 2 mm sieve, and 

placed in polythene bags.  
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Table 2: Initial physico-chemical properties of the soil 
 

Parameters Values 

Sand % 61.55 

Silt % 21.50 

Clay % 16.80 

Textural class Sandy loam 

Bulk density (Mg m-3) 1.44 

Maximum water holding capacity (%) 34.26 

Soil pH 7.17 

Electrical conductivity (ds m-1) 0.10 

Organic carbon (%) 0.44 

Available Nitrogen (kg ha-1) 254.30 

Available Phosphorus (kg ha-1) 31.43 

Available Potassium (kg ha-1) 155.72 

Available Sulphur (mg kg-1) 14.55 

Exchangeable Calcium (c mol (p+) kg-1) 3.38 

Exchangeable Magnesium (c mol (p+) kg-1) 1.59 

DTPA Zn (mg kg-1) 0.48 

DTPA Fe (mg kg-1) 5.10 

Cu (mg kg-1) 0.14 

Mn (mg kg-1) 3.00 

 

The soil samples collected initially (Table 2) and after the 

harvest of field bean were analysed for physical and 

chemical characteristics employing standard methods of 

analysis. 

 

Methodology adopted to determine physical properties 

of soil after harvest of field bean 

Bulk density (Mg m-3) after the harvest: Bulk density 

(BD) was determined by using Keen's cup method with 

principle that the soil being saturated gives bulk density of 

soil given by Piper (1966) [35]. The inner diameter of Keen's 

cup was measured. At the bottom of Keen's cup filter paper 

was placed and weight of filter paper and Keen's cup was 

recorded. Soil was placed up to the brim of cup and weighed 

again. Later the cup was placed in a trough of water for 

saturation for about 24 hours. After saturation, excess water 

was drained out and weight of saturated soil was recorded. 

The saturated soil was kept in oven at 105°C for drying. The 

bulk density was calculated using the following formula. 

 

 
 

Maximum Water holding capacity (%) after the harvest 

Water holding capacity (WHC) Keen’s box method (Piper 

1966) [35] was followed for determination of Water holding 

capacity of soil samples. In this method weight of empty 

keen box and filter paper was taken by electronic balance 

and the weighted filter paper was kept in the keens box 

followed by filling of keens box tightly with the 2 mm 

sieved soil. Then the keen box was kept over water up to a 

mark of its soil level for overnight. In the next day the soil 

of keen box become saturated and the weight of keen box 

with saturated soil sample was noted and kept in hot air 

oven for 48 hours at constant temperature of 105°C. The 

water holding capacity of soil was determined by the 

following calculation method. 

 

 
 

Methodology adopted to determine chemical properties 

of soil after harvest of field bean 

pH and electrical conductivity (dS m-1): The soil pH was 

determined in soil: water (1: 2.5) suspensions using digital 

pH meter with glass electrode (Jackson, 1973) [19]. The 

electrical conductivity of soil was determined using clear 

extract of soil: water suspension using conductivity bridge 

(Jackson, 1973) [19]. 

 Organic carbon (%): The dry soil samples were 

powdered using pestle and mortar and passed through 

0.2 mm sieve. A known weight of finely powdered 

sample was treated with excess known volume of 

standard K2Cr2O7 and concentrated H2SO4.The 

unused K2Cr2O7 was quantified by back titration with 

standard ferrous ammonium sulphate using ferroin as an 

indicator (Jackson, 1973) [19].  

 Available nitrogen: Available nitrogen was determined 

by macro distillation of the sample following alkaline 

permanganate method as suggested by Subbiah and 

Asija (1956) [43].  

 Available phosphorus: Available phosphorus was 

extracted with Bray’s No.1 extractant (0.03 N NH4F + 

0.025 N HCl). The phosphorus in the extract was 

determined by chloro stannous reduced molybdo 

phosphoric blue colour method in HCl acid medium. 

The intensity of blue colour was read at 660 nm using a 

spectrophotometer (Bray and Kurtz, 1945) [5].  

 Available potassium: Available potassium was 

determined flame photometrically after extracting the 

soil with neutral normal ammonium acetate (Jackson, 

1973) [19] and calcium and magnesium in the digested 

plant materials were determined by versenate titration 

method as outlined by Piper (1966) [35].  

 Available sulphur: Sulphur in the digested plant 

materials was determined turbido metrically. The 

intensity of turbidity was measured using 

spectrophotometer at 420 nm of wavelength as outlined 

by Piper (1966) [35].  

 DTPA extractable micronutrients: The method 

developed by Lindsay and Norwell using DTPA 

extractant (Diethylene triamine penta acetic acid) was 

followed for the estimation of Zn, Cu, Mn and Fe. Ten 

grams of soil was shaken with 20 ml of DTPA 
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extractant for 2 hours for the extraction of micronutrient 

cations. Atomic absorption spectrophotometer with 

appropriate hallow cathode lamp was used for 

measuring the concentration. 3.6 Preparation of plant 

samples the plant samples obtained from the crop were 

dried powdered and examined for macronutrients (N, P, 

K, Ca, Mg, and S) and micronutrients (Fe, Zn, Mn and 

Cu).  

 

Methodology employed for plant sample analysis  

 Nitrogen (%): 0.5 grams of plant samples were 

digested with conc. sulphuric acid (H2SO4) and 

digestion mixture (K2SO4: CuSO4.5H2O: selenium in 

the ratio of 100:20:1) until green residue was collected. 

The digested content was distilled by the Micro 

Kjeldhal. The ammonia produced was trapped in boric 

acid (H3BO4) and was then measured by titrating 

against standardized sulphuric acid (Piper, 1966) [35]. 

 Digestion of plant samples for nutrients estimation One 

gram of the dried and ground samples was pre-digested 

with 10 ml HNO3 (62%) for 24 hours, then digested in 

a vacuumed chamber at 85°C on sand bath with the 

following steps: the pre-digested samples were treated 

with 10 ml di-acid mixture reagent (HNO3 + HClO4 at 

a ratio of 10:4) and held on sand bath until white 

precipitate was left in the bottom. After filtration, the 

digested samples were diluted with distilled water and 

volume formed to a defined concentration. Using 

normal techniques this extract was used to estimate P, 

K, Ca, Mg and micronutrients (Fe, Cu, Mn, and Zn).  

 Phosphorus (%): The measurement of phosphorus 

content in plant by vanodo molybdo phosphoric yellow 

colour method (Piper, 1966) [35] was rendered using a 

suitable aliquot of the extracted sample.  

 Potassium (%): The plant samples were tested for 

potassium content by feeding the diacid digested 

samples to the flame photometer (Piper, 1966) [35] after 

diluting it to appropriate concentration. 3.6.1.5 Calcium 

and magnesium (%) As described by Piper (1966)  [35], 

the di-acid digested plant samples were tested for 

calcium and magnesium using versenate titration 

process.  

 Sulphur (%): In di-acid digested plant sample, sulphur 

was measured by using the process called turbidometry. 

The turbidity intensity produced in the sample was 

calculated at 420 nm wavelength using a 

spectrophotometer, as outlined by Piper (1966) [35]. 

 Micronutrients (mg kg-1) content: 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-1 in plant and 

seed samples (Jackson 1973) [19].  

 Uptake of Nutrients (kg ha-1) by field bean: The 

uptake of macronutrients (N, P, K, Ca, Mg and S) and 

micronutrients (Fe, Mn, Zn and Cu) by field bean was

calculated after the analysis of nutrients concentrations 

in plant. For the calculation of the uptake the 

concentration of each nutrient in plant are multiplied 

with their respective dry biomass. The formula below is 

used to measure the nutrient uptake for macro and 

micro nutrients 

 Functional parameter of photosynthetic apparatus: 

The parameters were measured at different stages of 

plant growth of field bean.  

 SPAD chlorophyll meter reading (SCMR): A non-

destructive method of estimation of chlorophyll content 

was carried out using SPAD-502 (Konica Minolta). The 

values obtained from the difference in the transmission 

of red light (650nm) and far-red light (940 nm) through 

the plant leaf transmission is proportional to the 

chlorophyll content in the leaf. Red light is absorbed by 

the chlorophyll. The measurement was done during 

vegetative stage at 45 DAS and reproductive stage at 85 

DAS on the midrib’s alternate sides on the fully 

expanded leaf. While taking the observations midrib 

was avoided.  

 

Statistical analysis of data 
The comparative study of experimentally collected results 

was carried out by implementing Fisher's system of 

measurement of variance. The significance level used in the' 

F' evaluation was offered at 5 per cent. Critical difference 

(CD) values are presented at a significance level of 5 per 

cent in the table, wherever the ‘F’ measure was found to be 

relevant at 5 per cent. 

 

Results and Discussion 
The study highlights the significant impact of biochar-

amendment combinations on soil properties after field bean 

harvest and nutrient uptake of field bean. 

 

Effect of paddy straw biochar on physical properties of 

soil after harvest 

Soil porosity was found highest in T16 (61.53%), which 

received 12 t ha-1 BC + FYM + VC, and was on par with 

T18, receiving 12 t ha-1 BC + FY+ GJ (61.06%) and lowest 

value of 45.83% was observed in control treatment. The 

application of biochar has significantly influenced the soil's 

bulk density, maximum water holding capacity and porosity. 

Among all the experimental treatments T17, receiving 12 t 

ha-1 of biochar + FYM + VC exhibited the lowest bulk 

density and the highest water holding capacity and porosity 

(Table 3). This may be due to the reason that the porous 

nature of biochar plays a crucial role in influencing both soil 

water retention and adsorption capabilities, as noted by 

previous studies (Day et al., 2005; Ogawa et al., 2006; Yu et 

al., 2006). Nelissen et al. (2015) [10, 32, 52] similarly observed 

this trend in their research, with bulk density decreasing 

from 1.47 to 1.44 Mg m-3 and porosity increasing from 0.43 

to 0.44 m-3. Adekiya et al. (2018) [2] also obtained 

comparable results, showing a decrease in bulk density 

following the addition of biochar along with organic 

manure. 
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Table 3: Effect of paddy straw biochar on physical properties of soil after harvest  
 

Treatment details   MWH (%)  
 BD  

(Mg m-3)  

 Porosity  

(%)  

 T1: 8 tons ha-1 of BC  36.74 1.39 55.73 

 T2: 10 tons ha-1 of BC  36.61 1.40 60.56 

 T3: 12 tons ha-1 of BC  36.56 1.36 57.85 

 T4: 8 tons ha-1 of BC+ FYM  37.87 1.40 51.54 

 T5: 8 tons ha-1 of BC+ VC  37.04 1.39 47.84 

 T6: 8 tons ha-1 of BC+ GJ  36.38 1.39 52.49 

 T7: 8 tons ha-1 of BC+ FYM+ VC  40.05 1.38 51.25 

 T8: 8 tons ha-1 of BC+ FYM+ GJ  38.67 1.38 53.77 

 T9: 10 tons ha-1 of BC+ FYM  40.18 1.37 52.31 

 T10:10 tons ha-1 of BC+ VC  39.12 1.38 60.73 

 T11: 10 tons ha-1 of BC+ GJ  36.08 1.39 60.84 

 T12: 10 tons ha-1 of BC+ FYM+ VC  40.88 1.36 54.36 

 T13: 10 tons ha−1 of BC+ FYM+ GJ  39.20 1.39 58.02 

 T14: 12 tons ha-1 of BC+ FYM  40.02 1.36 57.99 

 T15: 12 tons ha-1 of BC+ VC  39.36 1.37 55.05 

 T16: 12 tons ha-1 of BC+ GJ  38.20 1.37 54.80 

 T17: 12 tons ha-1 of BC+ FYM+ VC  43.26 1.34 61.53 

 T18: 12 tons ha-1 of BC+ FYM+ GJ  41.21 1.36 61.06 

T19: Control  34.89 1.43 45.83 

S. Em±  0.29 0.01 0.53 

C.D@5%  0.81 0.03 1.51 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure, GJ- Ghanajeevamrutha, MWHC- Maximum water holding capacity and 

BD- Bulk density 

 

Effect of paddy straw biochar on chemical properties of 

soil after harvest 
The application of varying levels of biochar did not result in 

significant differences in the soil pH and EC but, there will 

be a significant difference in Organic carbon of soil after the 

field bean harvest. The highest concentrations of organic 

carbon in the soil were observed in T17 (0.57%), where a 

dose of 12 t ha-1 of biochar was applied in combination with 

FYM and VC and the lowest organic carbon level of 0.46% 

was found in control treatment (T19) (Table 4). 

In the current study, it was noted that the use of increased 

biochar dosages resulted in increased pH levels, consistent 

with the findings of Masud et al. in 2014 [26]. Their study 

similarly reported that when biochar was applied at a lower 

rate (20 g/L), it had no significant impact on soil pH. 

Furthermore, increasing the application rate to 80 g/L 

resulted in the biochar-treated soils maintaining a higher pH 

compared to the control soils, indicating that biochar could 

potentially act as a pH buffer for the soil. Nigussie et al. 

(2012) [31] noted that the incorporation of biochar into soil 

resulted in increased soil pH due to the accumulation of ash. 

They elaborated that the ash residues primarily consisted of 

carbonates of alkali and alkali earth metals. Additionally, 

Zwieten et al. (2010) [55] emphasized that the introduction of 

biochar into the soil could raise its pH levels, attributing this 

phenomenon to the liming effect of biochar.  

It is noteworthy that the application of biochar resulted in a 

slight increase in soil EC. This observation aligns with 

previous studies, such as Raison (1979) [36], who also reporte 

d similar increases in soil EC following biochar application. 

These increases are generally attributed to factors such as 

alkali carbonates, silica content, phosphates, and minor 

quantities of both organic and inorganic nitrogen, as 

elucidated by Raison (1979) [36]. Similar results were also 

reported by Khanna et al. (1994) [21]. 

The significant increase in Soil Organic Carbon (SOC), a 

crucial indicator of soil fertility, observed in our analysis 

can be primarily attributed to the rich carbon content present 

in the organic inputs (Dai et al., 2017) [9]. The inherent 

biochemical stability of biochar likely plays a role in 

stabilizing the SOC pool. Biochar is often regarded as an 

exceptionally stable component within SOC, exerting direct 

and indirect influences on SOC dynamics. Numerous studies 

have demonstrated that, in the short term (less than 3 years), 

the application of biochar to soil leads to a rise in total soil 

carbon (Yilmaz et al., 2020) [51]. 

 
Table 4: Effect of paddy straw biochar on pH, EC and OC of soil after harvest 

 

Treatment details pH EC (dS m-1) OC(%) 

T1: 8 tons ha-1 of BC 7.34 0.14 0.49 

T2: 10 tons ha-1 of BC 7.37 0.14 0.51 

T3: 12 tons ha-1 of BC 7.46 0.15 0.48 

T4: 8 tons ha-1 of BC+ FYM 7.42 0.15 0.50 

T5: 8 tons ha-1 of BC+ VC 7.41 0.14 0.49 

T6: 8 tons ha-1 of BC+ GJ 7.29 0.14 0.47 

T7: 8 tons ha-1 of BC+ FYM+ VC 7.39 0.16 0.51 

T8: 8 tons ha-1 of BC+ FYM+ GJ 7.46 0.13 0.52 

T9: 10 tons ha-1 of BC+ FYM 7.44 0.15 0.50 

T10:10 tons ha-1 of BC+ VC 7.39 0.13 0.47 

T11: 10 tons ha-1 of BC+ GJ 7.36 0.15 0.49 

T12: 10 tons ha-1 of BC+ FYM+ VC 7.49 0.16 0.52 

T13: 10 tons ha−1 of BC+ FYM+ GJ 7.43 0.13 0.48 
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T14: 12 tons ha-1 of BC+ FYM 7.69 0.15 0.49 

T15: 12 tons ha-1 of BC+ VC 7.71 0.15 0.48 

T16: 12 tons ha-1 of BC+ GJ 7.62 0.14 0.51 

T17: 12 tons ha-1 of BC+ FYM+ VC 7.79 0.17 0.57 

T18: 12 tons ha-1 of BC+ FYM+ GJ 7.72 0.15 0.55 

T19: Control 7.20 0.12 0.46 

S. Em± 0.57 0.01 0.02 

C.D@5% NS NS 0.04 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure, GJ- Ghanajeevamrutha, EC-Electrical conductivity and OC- Organic 

carbon 

 

Effect of paddy straw biochar on soil nitrogen, 

phosphorus and potassium after harvest 
Available nitrogen, phosphorus and potassium content in 

soil varied significantly due to the influence of combination 

of biochar and organic amendments. The highest nitrogen 

(274.50 kg ha-1), phosphorus (43.62 kg ha-1) and potassium 

(175.06 kg ha-1) availability was observed when biochar was 

applied at a higher dose along with organic inputs, in T17, 

receiving 12 t ha-1 biochar in combination with FYM and 

VC. The lowest available nitrogen (245.21 kg ha-1) 

phosphorus (27.70 kg ha-1) and potassium (144.66 kg ha-1) 

was observed in absolute control treatment (Table 5) 

The increase in available nitrogen can be attributed to the 

incorporation of biochar into the soil, which has been shown 

to enhance the presence of major cations and phosphorus. 

Furthermore, organic manure decomposition contributes to 

nutrient release into the soil. Biochar, known for its high 

adsorption capacity, plays a crucial role in altering nitrogen 

dynamics in the soil, as reported by Lehmann in 2007 [23]. It 

can sequester nitrogen through ion exchange, adsorb 

ammonia (NH3) and promote immobilization, thereby 

affecting the leaching of nitrate (NO3-). During composting, 

biochar's adsorption of ammonia helps reduce losses of both 

NH3 and NO3-. When combined with manure application, 

biochar acts as a nutrient adsorbent, offering a mechanism 

for gradual nutrient release to benefit plant growth. 

Additionally, research by Doan also demonstrates an 

increase in nitrogen content following the combined 

application of biochar and vermicompost. 

The increase in available phosphorus was due to the high 

concentrations of available P found in the biochar. Vassilev 

et al. (2013) [44] proposed that the nutrients present in 

biochar ash could stimulate the secretion of P-solubilizing 

acids by microorganisms. The elevation in soil-available 

phosphorus following the incorporation of organic manures 

may be attributed to various mechanisms, including the 

mineralization of organic phosphorus, the generation of 

organic acids with soil phosphorus-solubilizing properties, 

and the presence of organic amines that inhibit the fixation 

of phosphorus in the soil, as indicated in studies by Gupta et 

al. (1992) [16] and Narwal et al. (2005) [28].  

The available K content of soil increased significantly with 

application of biochar and organic amendments.This 

increase was due to the high concentration of K found in the 

biochar (Chan et al., 2007; Abrol et al., 2016) [7, 1]. The 

immediate beneficial effects of biochar additions on nutrient 

availability are largely due to higher potassium content 

(Lehmann et al., 2003) [22]. 

 
Table 5: Effect of paddy straw biochar on soil nitrogen, phosphorus and potassium after harvest  

 

Treatment details N (kg ha-1) P(kg ha-1) K (kg ha-1) 

T1: 8 tons ha-1 of BC 258.96 35.18 161.82 

T2: 10 tons ha-1 of BC 260.55 37.52 166.15 

T3: 12 tons ha-1 of BC 261.49 36.07 164.23 

T4: 8 tons ha-1 of BC+ FYM 260.92 35.64 164.92 

T5: 8 tons ha-1 of BC+ VC 262.49 35.02 163.30 

T6: 8 tons ha-1 of BC+ GJ 260.32 34.22 161.97 

T7: 8 tons ha-1 of BC+ FYM+ VC 266.67 37.24 166.93 

T8: 8 tons ha-1 of BC+ FYM+ GJ 263.55 35.22 164.88 

T9: 10 tons ha-1 of BC+ FYM 261.78 37.90 166.98 

T10:10 tons ha-1 of BC+ VC 259.09 34.23 165.40 

T11: 10 tons ha-1 of BC+ GJ 259.01 36.17 164.59 

T12: 10 tons ha-1 of BC+ FYM+ VC 265.01 39.10 171.10 

T13: 10 tons ha−1 of BC+ FYM+ GJ 263.59 37.38 167.18 

T14: 12 tons ha-1 of BC+ FYM 262.17 41.36 170.21 

T15: 12 tons ha-1 of BC+ VC 263.93 39.02 168.71 

T16: 12 tons ha-1 of BC+ GJ 257.58 37.35 165.41 

T17: 12 tons ha-1 of BC+ FYM+ VC 274.50 43.62 175.06 

T18: 12 tons ha-1 of BC+ FYM+ GJ 270.88 40.90 172.44 

T19: Control 245.21 27.70 144.66 

S. Em± 2.17 0.81 1.11 

C.D@5% 6.21 2.30 3.18 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure and GJ- Ghanajeevamrutha 

 

Effect of paddy straw biochar on Ca, Mg and S of soil 

after harvest 
The exchangeable calcium content and exchangeable 

magnesium content in the soil differs non-significantly 

between treatments while, available sulphur content in soil 

varied significantly due to the influence of combination of 

biochar and organic amendments, ranges from 13.82 to 

18.34 mg kg-1. Among all treatments, significantly highest 

available sulphur (18.34 mg kg-1) noticed in treatment T17 

(12 t ha-1 biochar + FYM + VC) and it was on par with 
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treatment T18 (18.07 mg kg-1) receiving 12 t ha-1 biochar + 

FYM + GJ, whereas the lowest available sulphur (13.82 mg 

kg-1) was observed in control treatment as shown in Table 6. 

Sulphur content in soil varied significantly with application 

of different levels of biochar and organic inputs. This may 

be due the contribution of available sulphur to soil after the 

mineralization of organic sulphur in biochar. The results 

suggest that biochar also improves the bioavailability of 

sulphur; which mainly depends on mineralization of organic 

forms of sulphur (De Luca et al., 2009) [11]. 
 

Table 6: Effect of paddy straw biochar on Ca, Mg and S of soil after harvest  
 

Treatment details  
Ca 

(c mol(p+) kg-1) 

Mg 

(c mol(p+) kg-1) 

S 

(mg kg-1) 

 T1: 8 tons ha-1 of BC  3.64 1.64 15.57 

 T2: 10 tons ha-1 of BC  3.57 1.67 16.81 

 T3: 12 tons ha-1 of BC  3.69 1.67 17.10 

 T4: 8 tons ha-1 of BC+ FYM  3.60 1.66 16.01 

 T5: 8 tons ha-1 of BC+ VC  3.66 1.65 16.07 

 T6: 8 tons ha-1 of BC+ GJ  3.64 1.63 15.61 

 T7: 8 tons ha-1 of BC+ FYM+ VC  3.69 1.67 16.24 

 T8: 8 tons ha-1 of BC+ FYM+ GJ  3.67 1.65 16.12 

 T9: 10 tons ha-1 of BC+ FYM  3.70 1.68 17.00 

 T10:10 tons ha-1 of BC+ VC  3.70 1.67 16.91 

 T11: 10 tons ha-1 of BC+ GJ  3.68 1.65 16.85 

 T12: 10 tons ha-1 of BC+ FYM+ VC  3.74 1.69 17.07 

 T13: 10 tons ha−1 of BC+ FYM+ GJ  3.71 1.66 17.03 

 T14: 12 tons ha-1 of BC+ FYM  3.73 1.69 17.32 

 T15: 12 tons ha-1 of BC+ VC  3.72 1.67 17.29 

 T16: 12 tons ha-1 of BC+ GJ  3.69 1.66 17.17 

 T17: 12 tons ha-1 of BC+ FYM+ VC  3.81 1.71 18.34 

 T18: 12 tons ha-1 of BC+ FYM+ GJ  3.79 1.70 18.07 

T19: Control  3.22 1.48 13.82 

S. Em±  0.14 0.13 0.54 

C.D@5%  NS NS 1.53 

 

Effect of paddy straw biochar on DTPA extractable 

micronutrients of soil. 
The application of varying levels of biochar did not result in 

significant differences in the manganese and copper content 

but, there will be a significant differences in DTPA 

extractable zinc and iron content of the soil after the field 

bean harvest (Table 7).  

The study observed an increase in soil zinc content 

following biochar application, however, no distinct trend 

was observed with varying application rates. This lack of a 

clear pattern could be attributed to the mineralization of zinc 

from organic matter and its release during the 

decomposition of organic manures. The rise in zinc content 

may be attributed to enhanced nutrient availability from the 

soil nutrient reservoir and the supplementary nutrient input 

provided by farmyard manure (Sharma and Dixit, 1987) [39].  

The variation in micronutrient content in soil with the 

application of biochar can be attributed to their physical and 

chemical properties. Biochars by virtue of its high surface 

area, high metal affinity, higher nutrient retention capacity, 

presence of acidic and basic functional groups and ability to 

alkalize soil might result in immobilization of 

micronutrients in soil. Such of these mechanisms of metal 

immobilization due to biochar application were also 

reported by Park et al. (2011) [33], Vithanage et al. (2014) [46] 

and Paz Ferreiro.  

 
Table 7: Effect of paddy straw biochar on DTPA extractable micronutrients of soil.  

 

Treatment details 
Zn 

(mg kg-1) 

Fe 

(mg kg-1) 

Mn 

(mg kg-1) 
Cu (mg kg-1) 

T1: 8 tons ha-1 of BC 0.52 5.37 3.06 0.15 

T2: 10 tons ha-1 of BC 0.51 5.40 3.09 0.17 

T3: 12 tons ha-1 of BC 0.55 5.46 3.10 0.15 

T4: 8 tons ha-1 of BC+ FYM 0.53 5.43 3.04 0.16 

T5: 8 tons ha-1 of BC+ VC 0.52 5.41 3.01 0.15 

T6: 8 tons ha-1 of BC+ GJ 0.51 5.38 3.06 0.19 

T7: 8 tons ha-1 of BC+ FYM+ VC 0.53 5.46 3.09 0.17 

T8: 8 tons ha-1 of BC+ FYM+ GJ 0.50 5.44 3.07 0.18 

T9: 10 tons ha-1 of BC+ FYM 0.55 5.45 3.10 0.18 

T10:10 tons ha-1 of BC+ VC 0.53 5.43 3.12 0.17 

T11: 10 tons ha-1 of BC+ GJ 0.54 5.41 3.01 0.15 

T12: 10 tons ha-1 of BC+ FYM+ VC 0.62 5.63 3.11 0.18 

T13: 10 tons ha−1 of BC+ FYM+ GJ 0.57 5.59 3.02 0.17 

T14: 12 tons ha-1 of BC+ FYM 0.58 5.78 3.12 0.17 

T15: 12 tons ha-1 of BC+ VC 0.63 5.73 3.11 0.14 

T16: 12 tons ha-1 of BC+ GJ 0.60 5.66 3.09 0.17 

T17: 12 tons ha-1 of BC+ FYM+ VC 0.69 5.97 3.15 0.22 

T18: 12 tons ha-1 of BC+ FYM+ GJ 0.67 5.92 3.13 0.20 
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T19: Control 0.37 4.68 2.95 0.11 

S. Em± 0.02 0.03 0.04 0.02 

C.D@5% 0.06 0.09 NS NS 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure and GJ- Ghanajeevamrutha 

 

Effect of paddy straw biochar on macro nutrients uptake 

by field bean  
The uptake of nitrigen, phosphorus and potassium by field 

bean showed significant difference among the treatments 

due to different levels of biochar application along with 

organic amendments. The highest recorded of nitrogen 

(44.33 kg ha-1), phosphorus (7.94 kg ha-1) and potassium 

(9.04 kg ha-1) uptake was notably significant in T17, which 

received 12 t ha-1 of biochar + FYM +VC (Table 8).  

Increased biochar application rates have consistently been 

associated with enhanced biomass production, leading to 

increaesed nutrient uptake. Chan et al. (2007) [7] and Zhao et 

al. (2014) [54] observed that higher levels of biochar led to 

increased nitrogen (N) uptake. Likewise, Angst and Sohi 

(2013) [3] and Yao et al. (2013) [50] found that primary 

nutrient bioavailability and plant uptake were augmented 

with biochar application, particularly when combined with 

added fertilizer. De Luca et al. (2009) [11] noted that when 

biochar was introduced to soil along with an organic 

nitrogen source, it not only boosted net nitrification but also 

improved nitrogen availability for plants. The addition of 

nutrient-enriched biochar resulted in a notable increase in 

soil pH, thereby enhancing the availability of phosphorus. 

These findings align with the research conducted by Milla et 

al. in 2013. It's important to note that nutrient uptake is 

influenced by both nutrient content and biomass production. 

The increased application rate of biochar led to a 

corresponding boost in biomass production, consequently 

augmenting nutrient uptake. This phenomenon has been 

corroborated by studies conducted by Angst and Sohi in 

2013 [3], Yao et al. in 2013 [50], Eazhilkrishna et al. in 2017 
[14], and Xu et al. in 2014 [49], all of which reported enhanced 

bioavailability and plant uptake of primary nutrients, 

especially when biochar was applied in combination with 

added fertilizers. Biochar contains soluble forms of 

potassium that are released shortly after being applied to 

soil, providing plants with readily available nutrients. When 

added to sandy loam soil, biochar not only boosts plant 

growth but also increases soil organic matter, cation 

exchange capacity (CEC), available phosphorus (P) and the 

levels of exchangeable magnesium (Mg), calcium (Ca) and 

potassium (K). Additionally, it enhances the uptake of 

potassium by plants, as demonstrated in the study by Saxena 

et al. in 2013 [38].  

 
Table 8: Effect of paddy straw biochar on uptake of macro nutrients by field bean 

 

Treatment details 
N 

(kg ha-1) 

P 

(kg ha-1) 

K 

(kg ha-1) 

T1: 8 tons ha-1 of BC 33.23 3.11 4.00 

T2: 10 tons ha-1 of BC 31.89 2.66 5.06 

T3: 12 tons ha-1 of BC 29.59 2.39 3.80 

T4: 8 tons ha-1 of BC+ FYM 26.00 4.12 3.75 

T5: 8 tons ha-1 of BC+ VC 31.79 3.67 5.15 

T6: 8 tons ha-1 of BC+ GJ 25.43 2.33 3.34 

T7: 8 tons ha-1 of BC+ FYM+ VC 35.27 5.17 4.58 

T8: 8 tons ha-1 of BC+ FYM+ GJ 29.97 4.15 4.12 

T9: 10 tons ha-1 of BC+ FYM 37.14 2.67 5.47 

T10:10 tons ha-1 of BC+ VC 29.29 4.06 4.49 

T11: 10 tons ha-1 of BC+ GJ 31.19 3.42 4.17 

T12: 10 tons ha-1 of BC+ FYM+ VC 40.85 3.65 6.42 

T13: 10 tons ha−1 of BC+ FYM+ GJ 32.23 3.79 5.25 

T14: 12 tons ha-1 of BC+ FYM 34.44 2.79 5.65 

T15: 12 tons ha-1 of BC+ VC 34.78 4.32 8.51 

T16: 12 tons ha-1 of BC+ GJ 29.51 3.41 5.20 

T17: 12 tons ha-1 of BC+ FYM+ VC 44.33 7.94 9.04 

T18: 12 tons ha-1 of BC+ FYM+ GJ 41.26 6.69 6.39 

T19: Control 22.13 1.81 3.00 

S. Em± 1.19 0.19 0.17 

C.D@5% 3.40 0.53 0.47 

Note: BC-Biochar, VC-Vermicompost, FYM-Farm yard manure and GJ- Ghanajeevamrutha 

 

The uptake of calcium, magnesium and sulphur by field 

bean showed significant difference among the treatments 

due to different levels of biochar application along with 

organic amendments. The highest recorded of calcium (7.95 

kg ha-1), magnesium (5.43 kg ha-1) and sulphur (7.39 kg ha-

1) uptake was notably significant in T17, which received 12 t 

ha-1 of biochar + FYM +VC. However, the lowest calcium, 

magnesium and sulphur uptake was recorded in control 

treatment T19 (Table 9).  

The rise in calcium uptake could potentially be attributed to 

heightened biomass production. Likewise, it is evident that 

the application of calcium-rich biochar played a vital role in 

increasing calcium absorption. An increase in soil pH within 

acidic conditions may reduce aluminum's reactivity, 

subsequently promoting improved root growth and nutrient 

assimilation. Nutrient uptake is inherently influenced by 

both nutrient content and biomass production. The escalated 

biochar application rate directly contributed to an 

augmented biomass production, consequently leading to a 

notable enhancement in nutrient uptake. These findings 

align with those reported by Dagnija et al. (2018) [8] and Xu 

et al. (2014) [49].  

The rise in magnesium uptake may be attributed to 

enhanced biomass production. Similarly, this increase could 
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also be attributed to the utilization of biochar, which boasts 

a high magnesium content, thereby aiding in the 

augmentation of magnesium absorption. Increased pH levels 

in acidic soil may reduce aluminum activity, consequently 

promoting improved root growth and enhanced nutrient 

uptake. Nutrient absorption is contingent upon both nutrient 

levels and biomass production. These findings align with the 

research of Dagnija et al. (2018) [8] and Xu et al. (2014) [49].  

Li demonstrated that chemolithotrophic bacteria are capable 

of thriving on the surfaces of small clusters of clay and iron 

nanoparticles. In this context, these microbes play a crucial 

role in enhancing the accessibility of sulphur and iron to 

plants. Furthermore, microorganisms have the ability to 

create biofilms on biochar surfaces, leading to the formation 

of corrosion cells, which subsequently boost the solubility 

of metal sulphate species.  

 
Table 9: Effect of paddy straw biochar on uptake of secondary nutrients by field bean  

 

Treatment details  Ca (kg ha-1) Mg kg ha-1) S (kg ha-1) 

 T1: 8 tons ha-1 of BC  3.16 1.34 2.69 

 T2: 10 tons ha-1 of BC  3.11 1.85 3.19 

 T3: 12 tons ha-1 of BC  4.13 2.12 3.71 

 T4: 8 tons ha-1 of BC+ FYM  2.99 2.35 3.50 

 T5: 8 tons ha-1 of BC+ VC  3.39 2.60 3.05 

 T6: 8 tons ha-1 of BC+ GJ  2.76 1.86 2.85 

 T7: 8 tons ha-1 of BC+ FYM+ VC  4.13 3.96 3.76 

 T8: 8 tons ha-1 of BC+ FYM+ GJ  3.58 2.54 3.09 

 T9: 10 tons ha-1 of BC+ FYM  3.42 2.72 3.51 

 T10:10 tons ha-1 of BC+ VC  5.41 3.35 4.07 

 T11: 10 tons ha-1 of BC+ GJ  3.53 2.78 3.49 

 T12: 10 tons ha-1 of BC+ FYM+ VC  5.59 3.46 5.20 

 T13: 10 tons ha−1 of BC+ FYM+ GJ  4.43 3.00 4.59 

 T14: 12 tons ha-1 of BC+ FYM  5.28 4.18 5.40 

 T15: 12 tons ha-1 of BC+ VC  7.41 4.75 5.41 

 T16: 12 tons ha-1 of BC+ GJ  5.24 3.57 4.82 

 T17: 12 tons ha-1 of BC+ FYM+ VC  7.95 5.43 7.39 

 T18: 12 tons ha-1 of BC+ FYM+ GJ  6.72 5.06 6.97 

T19: Control  2.67 1.16 2.10 

S. Em±  0.15 0.10 0.08 

C.D@5%  0.43 0.27 0.22 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure and GJ- Ghanajeevamrutha 

 

Effect of paddy straw biochar on uptake of micronutrients 

by field bean: Demonstrates a significant increase in zinc 

and iron uptake by field bean, whereas the co-application of 

biochar along with organic amendments did not show 

statistically significant variance in manganese and copper 

uptake among the various treatments. Specifically, treatment 

T17 which received 12 t ha-1 biochar along with FYM 

exhibited the highest zinc (21.86 g ha-1) and iron (91.26 g 

ha-1), whereas lowest uptake was noticed in control 

treatment T19 (Table 10). The total uptake of micronutrients 

viz., Fe, Mn, Zn and Cu by field bean varied significantly 

due to different levels of biochar application. Higher uptake 

of these micronutrients might be due to higher biomass 

production which was recorded due to higher doses of 

biochar. Lehmann et al. (2003) [22] noticed higher uptake of 

Zn and Cu by the plants with increased levels of biochar due 

to reduced leaching losses and increased fertilizer use 

efficiency. Similar findings were also reported by Antonio 

et al. (2013) [4] and Willis et al. (2016) [47]. 

 
Table 10: Effect of paddy straw biochar on uptake of micronutrients by field bean 

 

Treatment details Zn (g ha-1) 
Fe  

(g ha-1) 
Mn (g ha-1) Cu (g ha-1) 

 T1: 8 tons ha-1 of BC  17.35 85.95 32.98 14.75 

 T2: 10 tons ha-1 of BC  18.21 85.55 31.54 13.30 

 T3: 12 tons ha-1 of BC  17.58 88.20 29.61 15.01 

 T4: 8 tons ha-1 of BC+ FYM  16.86 85.85 32.12 15.08 

 T5: 8 tons ha-1 of BC+ VC  18.13 86.72 33.22 13.40 

 T6: 8 tons ha-1 of BC+ GJ  16.69 85.22 30.15 14.09 

 T7: 8 tons ha-1 of BC+ FYM+ VC  18.83 87.23 32.92 15.85 

 T8: 8 tons ha-1 of BC+ FYM+ GJ  17.51 85.17 31.38 13.12 

 T9: 10 tons ha-1 of BC+ FYM  18.32 85.69 30.72 15.39 

 T10:10 tons ha-1 of BC+ VC  20.87 87.60 31.82 14.00 

 T11: 10 tons ha-1 of BC+ GJ  17.22 83.69 30.06 13.48 

 T12: 10 tons ha-1 of BC+ FYM+ VC  21.20 87.15 28.07 14.66 

 T13: 10 tons ha−1 of BC+ FYM+ GJ  18.44 84.86 29.13 14.32 

 T14: 12 tons ha-1 of BC+ FYM  21.12 86.98 33.45 15.70 

 T15: 12 tons ha-1 of BC+ VC  20.53 83.71 31.37 15.77 

 T16: 12 tons ha-1 of BC+ GJ  18.27 83.70 30.87 13.74 

 T17: 12 tons ha-1 of BC+ FYM+ VC  21.86 91.26 36.16 17.62 

 T18: 12 tons ha-1 of BC+ FYM+ GJ  20.59 89.70 32.81 16.00 
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T19: Control  15.20 81.20 25.53 12.43 

S. Em±  0.31 0.44 1.72 1.34 

C.D@5%  0.90 1.25 NS NS 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure and GJ- Ghanajeevamrutha 

 

The application of varying dosages of biochar has a 

significant impact on the physiological parameters of field 

beans. The SPAD (Soil Plant Analysis Development) index 

serves as an indicator of the plant's relative chlorophyll 

content. The results revealed that during the vegetative 

stages, there is no statistically significant effect observed in 

any of the treatments on the leaf SPAD value. However, this 

effect showed a positively significant one during the 

reproductive stages, as illustrated in Table 11. 

 
Table 11: Effect of paddy straw biochar on SPAD Values at different growth intervals. 

 

Treatment details 
SPAD values at 

vegetative stage 
SPAD values at reproductive stage 

T1: 8 tons ha-1 of BC 33.21 30.09 

T2: 10 tons ha-1 of BC 38.85 33.60 

T3: 12 tons ha-1 of BC 35.81 29.01 

T4: 8 tons ha-1 of BC+ FYM 37.65 33.36 

T5: 8 tons ha-1 of BC+ VC 36.63 29.32 

T6: 8 tons ha-1 of BC+ GJ 37.62 33.22 

T7: 8 tons ha-1 of BC+ FYM+ VC 39.36 36.06 

T8: 8 tons ha-1 of BC+ FYM+ GJ 39.09 36.43 

T9: 10 tons ha-1 of BC+ FYM 39.26 36.04 

T10:10 tons ha-1 of BC+ VC 38.11 31.45 

T11: 10 tons ha-1 of BC+ GJ 37.62 29.36 

T12: 10 tons ha-1 of BC+ FYM+ VC 40.21 36.94 

T13: 10 tons ha−1 of BC+ FYM+ GJ 37.23 35.92 

T14: 12 tons ha-1 of BC+ FYM 41.45 33.20 

T15: 12 tons ha-1 of BC+ VC 38.90 30.87 

T16: 12 tons ha-1 of BC+ GJ 34.70 31.35 

T17: 12 tons ha-1 of BC+ FYM+ VC 39.30 37.44 

T18: 12 tons ha-1 of BC+ FYM+ GJ 38.00 36.40 

T19: Control 28.14 26.09 

S. Em± 4.85 4.36 

C.D@5% NS 12.26 

Note: BC-Biochar, VC-Vermicompost, FYM- Farm yard manure and GJ- Ghanajeevamrutha 

 

During the vegetative growth stage, there was relatively no 

significant difference in SPAD values. However, the highest 

value of 41.45 was observed in T14, which received 12 t ha-1 

of biochar + FYM, and was on par with T12 (40.21), 

receiving 10 t ha-1 BC + FYM + VC. During the 

reproductive growth stage, there was a gradual increase in 

SPAD values in higher application rates of biochar, along 

with other organic amendments. The highest recorded value 

was observed in treatment T17 (37.44), where biochar was 

applied at a rate of 12 t ha-1 in combination with FYM and 

VC, followed by T12 (36.94), receiving 10 t ha-1 BC + FYM 

+ VC. The lowest SPAD value of 26.09 was observed in 

absolute control treatment. SPAD values 

reduced from the vegetative phase to reproductive phase of 

Field bean which may be attributed to the diminished 

chlorophyll content in aging leaves that occurs during the 

reproductive phase. 

The findings indicated that the presence of both biochar and 

organic amendments led to higher chlorophyll content in 

field bean as compared to control. This improvement in 

chlorophyll content was attributed to the organic inputs, 

which enhanced nitrogen availability for plants during the 

late growth stage (Salehi et al., 2016) [37]. The increased leaf 

SPAD value observed during pod-filling likely contributed 

to sustained photosynthetic activity, thereby favourably 

promoting higher field bean yield. 
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Correlation between SPAD value and Nitrogen content of plant 

 

  
 

Fig 1: Correlation with SPAD and N % uptake by field bean 

 

In Figure 4, a positive correlation between SPAD values and 

nitrogen content is observed (R 2=0.578). According to 

Dudeja and Chaudhary (2005) [13], changes in chlorophyll 

content can be attributed to variations in soil nutrients. The 

presence of organic fertilizers has been shown to enhance 

soil nutrient levels, thereby impacting chlorophyll content. 

Chlorophyll plays a vital role in photosynthesis, facilitating 

the absorption of energy from light (Hikosaka et al., 2021) 

[18]. Interestingly, it was discovered that when biochar 

treatments were combined with organic inputs, the nitrogen 

content was notably higher compared to control. This 

showed that the co-application of biochar and organic inputs 

can effectively enhance soil nutrient availability, ultimately 

leading to increased chlorophyll content in plants. 

 

Conclusion 

The integration of paddy straw biochar at 12 t ha⁻¹ with 

farmyard manure (FYM) and vermicompost (T17) 

demonstrated a substantial enhancement in soil chemical 

characteristics and nutrient uptake by field bean compared 

to the control. Notably, soil pH and electrical conductivity 

remained stable, indicating that this organic amendment 

strategy does not adversely affect these parameters. 

Integrated use of biochar with organic manures (FYM + 

vermicompost) is an effective strategy for improving soil 

fertility and plant nutrition. Enhancements in soil organic 

matter and nutrient availability directly translate into 

improved nutrient uptake by field bean. This sustainable 

management practice holds potential for boosting crop 

productivity and soil health in low-input agricultural 

systems. 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. 
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