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Abstract 

A field experiment was conducted at Instructional Farm, Department of soil science and agriculture 

chemistry, Post Graduate Institute, MPKV, Rahuri during kharif season of 2019-20 to find out effect of 

organic manure incubated biochar on soil carbon pools at harvest of maize grown on Inceptisol. The field 

experiment consist of nine treatments viz., Absolute control, GRDF (120:60:40 kg ha-1 N, P2O5 and K2O 

+ 10 t ha-1 Farm yard manure), GRDF (120:60:40 kg ha-1 N, P2O5 and K2O + 5 t ha-1 poultry litter), 

Biochar incubated with FYM in 1:1, 1:2 and 1:3 proportion and biochar incubated with poultry litter in 

1:1, 1:2 and 1:3 proportion. These treatments replicated thrice in randomized block design. The soil 

organic carbon fractions were significantly influenced by the biochar incubated with the FYM and 

poultry litter. The soil organic carbon significantly beneficial at tasseling stage in biochar incubated with 

FYM in 1:1 proportions (1.06%) and at harvest in 1:3 proportion (0.94%). The biochar incubated with 

FYM in 1:2 proportion recorded the significantly highest total organic carbon at tasseling (1.59%) and 

harvest in 1:3 proportion (1.40%). The soil microbial biomass carbon was significantly more in GRDF 

with 10 t ha-1 FYM at tasseling and harvest (238.79% and 114.52%). The water soluble carbon content at 

tasseling stage of maize was significant in biochar incubated with FYM in 1:3 proportions (38.0 g kg-1) 

and at harvest in biochar incubated with poultry litter in 1:3 proportions (34.0 g kg-1). The treatment 

biochar incubated with FYM in 1:2 proportions was significant at tasseling and harvest for particulate 

organic carbon (1.58 and 1.47 g kg-1) and potassium permanganate oxidizable organic carbon (1.86 and 

1.86 g kg-1). 

 

Keywords: Biochar, soil carbon pools, POXc, Pomc, SMBC, WSC 

 

Introduction 

In intensive agriculture, there is increasing demand of organic inputs with the objectives of 

increasing soil health and crop yields under climate change scenario. Conventionally, we have 

been using organic manure like farm yard manure (FYM), compost, vermicompost, green 

manure and crop residues for increasing carbon content and maintaining soil health. 

Unfortunately due to microbial attack and oxidation, stability of organic matter is decreasing 

day by day. Rather carbon sequestration for long time organic matter added to soil finds its 

way to atmosphere after decay and it lost as green house gases, such as carbon dioxide and 

methane. Despite of huge application of organic matter, the net change in soil carbon content 

is not increased significantly. For long duration carbon sequestration in soil, carbonaceous 

material like charcoal and biochar may be better option as its durability is long-lasting. As an 

evidence, historical use of biochar dates back at least 2000 years. In the Amazon Basin, 

extensive use of biochar can be found in the unusually fertile soil known as Terra Preta and 

Terra Mulata (O’Neill et al. 2009) [9]. Studies on Amazon soils have revealed that charcoal 

was used from ancient civilizations as soil amendment for agriculture purpose (Marris, 2006) 
[16]. Although several centuries have past, charcoal is still used in those areas for maintaining 

green and flourishing field. Due to such significant impact, biochar has become of great 

scientific interest and soil amendment with biochar is evaluated as means to improve soil 

fertility and crop yields. 

Biochar is a fine-grained, highly porous charcoal substance that is distinguished from other 

charcoals in its intended use as a soil amendment in agriculture.  

http://www.chemijournal.com/
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The carbon-rich residual solid by-product of thermo-chemical 

degradation of crop and agroforestry residues in an oxygen 

depleted environment (pyrolysis) is termed ‘biochar’ 

(Lehmann et al. 2011) [6]. Therefore biochar is capable to 

increase the rate of soil carbon sequestration through shift 

from short term bio atmospheric carbon cycle to the long term 

geological carbon cycle and improve fertility and crop yield. 

In India, biochar from residues of maize, castor, cotton and 

pigeonpea can sequester about 4.6 Mt. of total carbon 

annually in soil, making it a carbon sequestering process 

(Venkatesh et al. 2015) [13]. All these benefits to provide the 

basis for up scaling of biochar use in agriculture. 

Maize is called queen of cereals as is grown throughout the 

year due to its photo thermo sensitive character and highest 

genetic yield potential among the cereals. Maize belongs to 

the tribe Maydeae of the grass family poaceae. Zea was 

derived from an old greek name for a food grass. The Zea 

mays L. is economically important. The centre of origin for 

Zea mays has been established as the Mesoamerican region, 

now mexico and central America. The number of 

chromosomes in Zea mays is 2n=20 (Murdia et al. 2016) [8]. It 

is nutritionally superior to most other cereals as it contains 

9.0% protein, 3.4% fat, 1.1% ash, 1.0% fibre, 0.30% 

thiamine, 0.08% riboflavin and 1.9% niacin (Paliwal, 2000) 
[10] In India maize is grown throughout the year. It is 

predominantly a kharif crop with 85 per cent of the area under 

cultivation in this season. Maize is the third most important 

cereal crop in India after rice and wheat. It accounts around 

10 per cent of total food grain production in the country. Total 

production of maize including kharif and rabi season was 

28752 thousand tonne in 9380 thousand hectare during 2017-

18. Average productivity of maize in India was 3065 kg ha-1 

during 2017-18 (Anonymous, 2019) [1]. In this context, the 

present investigation was conducted in order to know the 

“Effect of organic manure incubated biochar on soil carbon 

during maize grown on Inceptisols.’’ 

 

Material and Methods 

A field experiment was conducted at Instructional Farm, 

Department of soil science and agriculture chemistry, Post 

Graduate Institute, MPKV, Rahuri during kharif season of 

2019-20.Geographically the location of experimental site was 

190.34’ N latitude and 740.64’ E longitude The experimental 

soils was medium deep black, belonging to Inceptisol order 

and taxonomically classified as fine Montmorillonitic 

isohyperthermic family of Vertic Haplustept. The soils of 

experimental plot are dominant with smectite type of clay 

mineral having high swell-shrink property. Biochar was 

prepared at PGI Research Farm, Department of Soil Science 

and Agriculture Chemistry by pyrolysis Klin method with 

help of metallic drum and brick. Cotton stalk was filled in the 

metallic drum then it closed with lid and kept inside brick 

walled kiln and converted into biochar through pyrolysis. 

Biochar was mixed with FYM and poultry litter separately as 

per ratio given in treatment detailed for incubation for one 

month. The experiment was laid out in a randomized block 

design with 9 treatments and 3 replications. The gross plot 

size was 4.5 m x 3.00 m i.e. 13.5 m2 and net plot size was 

3.00 m x 2.60 m i.e. 7.8 m2. The recommended spacing of 75 

x 20 cm was adopted for dibbling of maize. The general 

recommended dose of nutrients (120:60:40 kg ha-1 N, P2O5 

and K2O, respectively) were given to maize as per treatment 

details except T1 at the time of dibbling of maize. Treatment 

consists of T1: Absolute control,T2: GRDF (120:60:40 kg ha-1 

+ 10 t ha-1 FYM), T3: GRDF (120:60:40 kg ha-1+ 5 t ha-1 

poultry litter),T4: Biochar incubated with FYM (1:1) (5+5= 10 

t ha-1),T5: Biochar incubated with FYM (1:2) (3.34+6.66= 10 t 

ha-1),T6: Biochar incubated with FYM (1:3) (2.5+7.5= 10 t ha-

1),T7: Biochar incubated with Poultry litter (1:1) (2.5+2.5= 5 t 

ha-1),T8: Biochar incubated with Poultry litter (1:2) 

(1.66+3.34= 5 t ha-1), T9: Biochar incubated with Poultry litter 

(1:3) (1.25+3.75= 5 t ha-1). 

 

Result and Discussion 

The data pertaining to effect of biochar application on maize 

are presented in table1 and table 2. The organic carbon 

fractions at tasseling and harvest of maize was viz., soil 

organic carbon, total organic carbon, soil microbial biomass 

carbon, water soluble carbon, particulate organic matter 

(POMC) and particulate organic carbon (POXC) were 

significantly influenced by biochar incubated with FYM and 

poultry litter in the proportion of 1:1, 1:2 and 1:3, GRDF and 

absolute control.  

 

Soil organic carbon   

The soil organic carbon content at tasselling stage of maize 

was significantly higher in treatment (T5) biochar incubated 

with FYM in the proportion of 1:2 (1.06%) over rest of the 

treatments. The T6 treatment, biochar incubated with FYM in 

the proportion of 1:3 recorded 0.98% soil organic carbon and 

statistically on par with biochar incubated with FYM in the 

proportion of 1:1 (0.96%). The soil organic carbon content of 

biochar (T9) incubated with poultry litter was significantly 

higher (0.81%) over biochar incubated with poultry litter in 

the T7 and T8 proportion of 1:1 and 1:2 (0.61 and 0.67%). The 

latter two treatments were on par with each other for their soil 

organic carbon. The treatment GFDF + 10 t ha-1 FYM 

recorded significantly higher soil organic carbon (0.62%) than 

GRDF + 5 t ha-1 poultry litter and absolute control (0.52 and 

0.50%). 

The soil organic carbon fraction was significantly higher in 

biochar incubated with FYM in the proportion of 1:3 at 

harvest stage of maize (0.94%) and statistically on par with 

biochar incubated with FYM in the proportion of 1:1 (0.90%). 

The biochar incubated with the FYM in the proportion of 1:1 

and 1:2 was statistically on par with each other for soil 

organic carbon (0.90 and 0.85%). However, the organic 

carbon content in biochar incubated with FYM in the 

proportion of 1:1, 1:2 and 1:3 was significantly higher (0.90, 

0.85 and 0.94% respectively) than the organic carbon content 

in biochar incubated with poultry litter in the proportion of 

1:1, 1:2 and 1:3 (0.53, 0.63 and 0.66% respectively). The 

organic carbon content at tasseling stage in GRDF + 5 t ha-1 

poultry litter, GRDF + 10 t ha-1 FYM and absolute control 

recorded the least percentage and statistically on par with 

each other (0.51, 0.54 and 0.49% respectively). 

In general, soil organic carbon content at tasseling and at 

harvest stage of maize was significantly higher in biochar 

incubated with FYM than poultry litter. The carbon content in 

FYM might be easily oxidizable by soil microorganism and 

with held in porous structure of organic carbon. The organic 

carbon content in poultry litter depends on types of litter used 

in poultry yard, their composition, addition of poultry 

dropping including urine accelerates decomposition rate and 

release organic carbon in short span of time, which may 

subjected to oxidation process in soil in higher rate than their 

absorption in porous structure of biochar. In respect to 

proportion of biochar and poultry litter as 1:3 was suitable for 

increasing soil organic carbon in later growth stage of crop 

i.e. at harvest and early stage i.e. at taselling in 1:2 proportion 

http://www.chemijournal.com/
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was the best in respect to FYM and 1:3 for poultry litter. 

These observation are in accordance with the Yin et al. (2014) 
[15] they found that treatment of soil + biochar showed the 

highest soil organic carbon, Satriawan and Handayanto (2015) 
[12] reported that the application of 40 t ha-1 maize biochar 

without litter and application of 40 t ha-1 litter with 40 t ha-1 

maize biochar resulted in the highest soil organic carbon. 

Dume et al. (2016) [15] reported that the application of biochar 

@ 0, 2.5, 5.0, 7.5, 10.0, 12.5 and 15.0 t ha-1 improved the 

organic carbon and organic matter of the soil. 

 

Total organic carbon 

The total organic carbon content at tasseling and harvest of 

maize was significantly influenced by the biochar incubated 

with FYM. It was significantly higher at taselling stage in (T5) 

treatment, biochar incubated with FYM in the proportion 1:2 

(1.59%) and at harvest stage significantly higher observed in 

biochar incubated with FYM in the proportion 1:3 (1.40%). It 

was on par with (T6) biochar incubated with FYM in the 

proportion of 1:3 (1.47%) at taselling and statistically on par 

with biochar incubated with FYM in the proportion of 1:1 

(1.34%) at harvest stage. The rest of the treatments were 

statistically on par with each other except absolute control. 

The lowest total carbon fraction was observed in absolute 

control at tasseling and harvest stage (0.75% and 0.73%) 

followed by GRDF inclusion of poultry litter @ 5 t ha-1 

(0.78% and 0.76%) and biochar incubated with poultry litter 

in proportion of 1:1 (0.91% and 0.80%). The increased total 

carbon in soil might be because of biochar, FYM and poultry 

litter are the sources of carbon in soil. This is mainly because 

of substrate/ type of litter used for poultry yard, their C:N 

ratio, application period of litter in poultry yard in which 

poultry dropping was added. Similarly, in case of FYM, the 

C:N ratio, content of FYM and their age. These results are in 

accordance with the results of Bera et al. (2016) [2]. They 

reported that mix biochar of oak and maple with RDF and 

dairy manure @ 22 t ha-1 in alkaline soil increase the total 

organic carbon of soil. 

 

Soil microbial biomass carbon 

The microbial biomass carbon content in soil at tasseling and 

harvest of maize was numerically higher in GRDF includes 

10 t ha-1 FYM (238.79 and 114.52 mg kg-1 soil). However, at 

tasseling stage it was statically on par with biochar incubated 

with poultry litter 1:1 proportion(227.42 mg kg-1).It was 

followed by biochar incubation with FYM in 1:1 proportion 

and biochar incubated with poultry litter in 1:3 proportion at 

tasselling stage of maize (222.95 and 211.67 mg kg-1 soil). At 

harvest it was statistically on par with all treatments except 

absolute control and biochar incubated with poultry litter with 

1:1 proportion (74.83 and 87.79 mg kg-1 soil). Bera et al. 

(2016) [2] reported that mixed biochar of oak and maple with 

dairy manure @ 22 t ha-1 increased the soil microbial biomass 

carbon in soil. Bera et al. (2016) [2] reported that the SMBC in 

alkaline soil increased by the addition of mixed biochar of oak 

and maple with RDF and diary manure @ 22 t ha-1. Gao et al. 

(2017) [5] reported that application of rice husk biochar @ 4.5 

t ha-1 increases total organic carbon by 38.19%. 

 

Water soluble carbon  

The water soluble carbon content in soil at tasseling stage of 

maize was significantly higher in biochar incubated with 

poultry litter in the proportion of 1:3 (38.0 mg kg-1). It was 

statistically on par with biochar incubated with FYM in the 

proportion of 1:1 (35 mg kg-1) and biochar incubated with 

poultry litter in 1:1, 1:2 and 1:3 proportion (36, 35 and 34 mg 

kg-1 respectively). The water soluble carbon was increased 

with increased proportion of biochar with FYM/ poultry litter 

at harvest stage. The water soluble carbon content at harvest 

of maize was significantly more in biochar incubated with 

poultry litter in the proportion of 1:3 (34.0 mg kg-1 soil) and 

statistically on par with biochar incubated with poultry litter 

in proportion 1:1 and 1:2 (33 and 32 mg kg-1). The biochar 

incubated with FYM in the proportion of 1:1, 1:2 and 1:3 

were statistically on par with each other for water soluble 

carbon (21.0, 25.0 and 23.0 mg kg-1 soil respectively) at 

harvest stage of maize. The water soluble carbon content was 

more at taselling over at harvest stage. The rate of decrease in 

water soluble carbon from tasseling to harvest was more in 

biochar incubated with FYM than incubated with poultry 

litter. Similarly, it was increased with the increased proportion 

of biochar incubated with FYM and poultry litter in the 

proportion of 1:1, 1:2 and 1:3 respectively. This might be 

because of the addition of either FYM or poultry litter for 

incubating the biochar subjected to add the more carbon into 

the soil and over a period there was transformation of organic 

carbon from one form to another form by decomposition, 

microbial transformation or enzymatic transformation. These 

observations are confirmation of observations recorded by 

Sandhu et al. (2017) [11] that water soluble carbon increased 

with the application of biochar of corn stover @ 10 Mg ha-1. 

Xing et al. (2015) [14] showed that application of coarse 

biochar of bamboo and rice at 50% of amendment increase 

the water soluble carbon in soil. 

 

Particulate organic matter carbon 

Particulate organic matter carbon content at tasseling and 

harvest stage of maize was significantly influenced by the 

biochar incubated with FYM and poultry litter in the 

proportion of 1:1, 1:2 and 1:3 as well as GRDF with 10 t ha-1 

FYM and GRDF + 5 t ha-1 poultry litter. The particulate 

organic carbon content in soil was found significantly the 

highest in biochar incubated with FYM in 1:1 proportion 

(1.58 and 1.47 mg kg-1 soil) at tasselling and at harvest stage 

respectively. It was followed by biochar incubated with FYM 

in 1:1 proportion (1.35 and 1.33 mg kg-1) at tasselling and at 

harvest stage respectively. The particulate organic matter 

carbon was numerically higher in biochar incubated with 

FYM than biochar incubated with poultry manure. The 

increased proportion of biochar incubation with FYM and 

poultry litter increased the particulate organic matter carbon 

in soil except 1:3 proportion of biochar incubated with FYM. 

GRDF inclusive of 10 t ha-1 FYM and GRDF inclusive of 5 t 

ha-1 poultry litter record the least amount of particulate 

organic matter carbon at tasseling (1.07 and 1.08 mg kg-1) and 

at harvest of maize (1.02 and 1.10 mg kg-1). 

 

Potassium permanganate oxidizable organic carbon  

The application of biochar incubated with FYM and poultry 

litter in the proportion of 1:1, 1:2 and 1:3 and also GRDF 

inclusive of 10 t ha-1 FYM and 5 t ha-1 poultry manure 

significantly influenced the potassium permanganate 

oxidizable organic carbon in soil at tasseling and harvest stage 

of maize. It was significantly the highest in biochar incubated 

with FYM in the 1:2 proportion at tasseling and harvest stage 

(1.86 and 1.86 mg kg-1) and statistically on par with biochar 

incubated with FYM in 1:1 proportion (1.83 and 1.83 mg kg-

1). The rest of treatments were statistically on par with each 

other for potassium permanganate oxidizable organic carbon 

at tasseling and harvest stage of maize. These results are 
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corroborated with the results of Demisie et al. (2014) [4], they 

observed that the degraded soils amended with oak and 

bamboo biochar in three different rates as of 0.5, 1.0 and 

2.0% recorded the highest potassium permanganate 

oxidizable organic carbon in soil. 

 
Table 1: Effect of organic manure incubated biochar on SOC, TOC and SMBC during maize grown on Inceptisol 

 

Tr. No. Treatment 

Soil organic carbon 

(%) 

Total organic 

carbon (%) 

Soil microbial biomass 

carbon (mg kg-1) 

Tasseling At harvest Tasseling At harvest Tasseling At harvest 

T1 Absolute control 0.50 0.49 0.75 0.73 137.48 74.83 

T2 GRDF (120:60:40 kg ha-1 + 10 t ha-1 FYM) 0.62 0.54 0.92 0.80 238.79 114.52 

T3 GRDF (120:60:40 kg ha-1 + 5 t ha-1 poultry litter) 0.52 0.51 0.78 0.76 177.34 107.19 

T4 Biochar incubated with FYM (1:1) (5+5=10 t ha-1) 0.96 0.90 1.44 1.34 222.95 94.92 

T5 Biochar incubated with FYM (1:2) (3.34+6.66=10 t ha-1) 1.06 0.85 1.59 1.27 141.29 105.93 

T6 Biochar incubated with FYM (1:3) (2.5+7.5=10 t ha-1) 0.98 0.94 1.47 1.40 205.17 107.03 

T7 Biochar incubated with poultry litter (1:1) (2.5+2.5=5 t ha-1) 0.61 0.53 0.91 0.80 227.42 107.65 

T8 Biochar incubated with poultry litter (1:2) (1.66+3.34=5 t ha-1) 0.67 0.63 1.00 0.94 144.89 87.79 

T9 Biochar incubated with poultry litter (1:3) (1.25+3.75=5 t ha-1) 0.81 0.66 1.21 0.99 211.67 110.99 

 S.E. + 0.02 0.02 0.04 0.03 4.28 5.55 

 C.D. at 5% 0.06 0.06 0.12 0.09 12.84 16.65 

 Initial 0.46 - 0.69 - 73 - 

 
Table 2: Effect of organic manure incubated biochar on WSC, POMC and POXC during maize grown on Inceptisol 

 

Tr. 

No. 
Treatment 

Water soluble 

carbon (mg kg-1) 

Particulate organic 

matter carbon (g kg-1) 

Potassium permanganate 

oxidizable organic 

carbon (mg kg-1) 

Tasseling At harvest Tasseling At harvest Tasseling At harvest 

T1 Absolute control 17.33 12.00 0.98 0.95 1.76 1.74 

T2 GRDF (120:60:40 kg ha-1 + 10 t ha-1 FYM) 27.00 17.33 1.07 1.02 1.80 1.76 

T3 GRDF (120:60:40 kg ha-1 + 5 t ha-1 poultry litter) 22.00 16.33 1.08 1.10 1.77 1.77 

T4 Biochar incubated with FYM (1:1) (5+5=10 t ha-1) 35.00 21.00 1.35 1.33 1.83 1.83 

T5 Biochar incubated with FYM (1:2) (3.34+6.66=10 t ha-1) 30.00 25.00 1.58 1.47 1.86 1.86 

T6 Biochar incubated with FYM (1:3) (2.5+7.5=10 t ha-1) 38.00 23.00 1.30 1.23 1.78 1.86 

T7 Biochar incubated with poultry litter (1:1) (2.5+2.5=5 t ha-1) 36.00 33.00 1.17 1.11 1.77 1.76 

T8 Biochar incubated with poultry litter (1:2) (1.66+3.34=5 t ha-1) 35.00 32.00 1.22 1.18 1.79 1.75 

T9 Biochar incubated with poultry litter (1:3) (1.25+3.75=5 t ha-1) 34.00 34.00 1.26 1.28 1.75 1.77 

 S.E. + 1.64 1.69 0.03 0.04 0.02 0.029 

 C.D. at 5% 4.92 5.05 0.09 0.13 0.06 0.088 

 Initial 9 - 0.89 - 1.37 - 

 

 
 

Fig 1: Effect of biochar incubated FYM and poultry litter on SOC and TOC during maize grown on inceptisol 
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Fig 2: Effect of biochar incubated FYM and poultry litter on POMC and POXC during maize grown on inceptisol 

 

Conclusion 

The soil organic carbon fractions were significantly 

influenced by the biochar incubated with FYM and poultry 

litter in various proportions and GRDF with inclusion of 10 t 

ha-1 FYM and 5 t ha-1 poultry litter. The soil organic carbon 

significantly higher at tasseling stage in biochar incubated 

with FYM in 1:1 proportions (1.06%) and at harvest in 1:3 

proportion (0.94%). The biochar incubated with FYM in 1:2 

proportion recorded significantly highest total organic carbon 

at tasseling (1.59%) and harvest in 1:3 proportion (1.40%). 

The soil microbial biomass carbon was significantly more in 

GRDF with 10 t ha-1 FYM at tasseling and harvest (238.79% 

and 114.52%).  

The water soluble carbon content at tasseling stage of maize 

was significant in biochar incubated with FYM in 1:3 

proportions (38.0 g kg-1) and at harvest in biochar incubated 

with poultry litter in 1:3 proportions (34.0 g kg-1). The 

treatment biochar incubated with FYM in 1:2 proportions was 

significant at tasseling and harvest for particulate organic 

carbon (1.58 and 1.47 g kg-1) and potassium permanganate 

oxidizable organic carbon (1.86 and 1.86 g kg-1). 
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