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ABSTRACT
Charland is newly developed land in river beds which is poor in fertility. 
Sugarcane bagasse (SB) biochar was produced and characterized, and its 
performances were evaluated on carbon sequestration and yields of 
maize and groundnut in charland. The bagasse after pyrolysis ≈ at 600°C 
temperature produced 55% biochar. The pH value increased from 6.5 (SB) 
to 8.8 (biochar), C from 42% to 58%, P from 0.11% to 0.23%, K from 0.83% 
to 1.32% and the S content from 0.12% to 0.61%; whereas the N content 
decreased from 2.03% to 1.17%. Seven treatments were implemented in 
field trials of 2016–17 and 2017–18 in Brahmaputra charland consisting of 
control, 100% chemical fertilizers (CF), CF+ Cowdung (10 t ha−1), CF+ 
biochar (5 t ha−1 broadcast), CF + biochar (10 t ha−1 broadcast), CF+ 
biochar (5 t ha−1 furrow application) and CF+ biochar (10 t ha−1 furrow 
application). Amendment was done in the year one. Results reveal that the 
same dose of cowdung or biochar with CF produced higher grain yields of 
maize and groundnut with 40–60% increase over sole CF treatment. 
Integrated use of 10 t ha−1 biochar with CF can ensure higher crop yield 
and sustained soil fertility in charland ecosystem.
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Introduction

Bangladesh is a riverine country in South Asia situated in a delta plain of the Ganges (Padma), 
Brahmaputra (Jamuna), Meghna rivers and their tributaries. During monsoon season (June to 
October), about 844,000 million cubic water flows through the three main rivers which contain 
about 80% area of the floodplain and low-lying areas (Rakib et al. 2017). The low rate of river 
discharge causes river-bed siltation and piles up enormous volume of sediments in a specific point or 
along with the river channel and forms charland. It may again start to erode during flooding hazards 
or due to overflow of river water. Charlands are thus newly developed lands in different river beds. 
This land is estimated at about 5% of total land of the country and around 6.5 million individuals live 
in charland (EGIS 2000; Sarker et al. 2003). The livelihood of the charland people is mostly dependent 
on agriculture.

The crop productivity in charland is very low as the soils are inherently less fertile. Another 
constraint of crop cultivation is that soils have very low strength and bearing capacity (capacity to 
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support the loads applied to the ground) since soils are light textured, undeveloped soil poor 
structured and very low organic matter content. The farmers do not give adequate attention to 
fertilizer and other management practices because of low crop productivity. Nevertheless, scope 
exists to improve crop yield through introduction of modern varieties of crops with judicial soil 
fertility and fertilizer management.

The scientists of BARI (Bangladesh Agricultural Research Institute) in the recent years have 
performed a good number of field trials in the charland areas across the country, with a limited 
success. They have tested crops such as maize (Zea mays), groundnut (Arachis hypogaea), mustard 
(Brassica campestris), sesame (Sesamum indicum), mungbean (Vigna radiata), chickpea (Cicer arieti-
num), lentil (Lens culinaris), field pea (Pisum sativum) and potato (Solamun tuberosum) (Aziz et al. 
2016). Both researchers and farmers have paid minimum attention to use organic amendment (e.g. 
cattle manure, poultry manure). Besides this, there is a constraint that organic matter due to the 
country’s warm and humid climate decomposes rapidly. Hence, amendment of charland soils with 
pyrolyzed organic biomass, known as biochar which could be a novel option for carbon (C) 
sequestration in soil since the retention time has been estimated hundreds to thousands of years 
(Lehmann et al. 2009).

Biochar is a carbonized material produced from the pyrolysis of waste biomass under an oxygen- 
limited or oxygen-free condition at fairly high temperatures. Waste biomass includes sugarcane 
bagasse, sawdust, rice husk, rice straw, wheat straw, animal litters, etc. Biochar application has 
multiple benefits. It contributes to C sequestration (Cha et al. 2016; Ding et al. 2016; Ahmed et al. 
2017), improves soil properties such as water-holding capacity (Shafie et al. 2012), decreases soil 
acidity (Zhang et al. 2013; Obed et al. 2016), increases CEC, N, P and K content (Agegnehu et al. 2015; 
Wang et al. 2015a; Ding et al. 2016; Novak et al. 2016), removes pollutants, e.g., heavy metals (Ahmad 
et al. 2014; Tang et al. 2015; Wang et al. 2015b), increases mycorrhizal root colonisation (Solaiman 
et al. 2010, 2019), reduces CO2 and N2O emissions (Solaiman and Hossain 2015; Lone et al. 2015), 
increases enzymatic activities (Zhou et al. 2018) and improves crop yield (Khan et al. 2013; Butnan 
et al. 2015).

Responses of crop yield to biochar amendment depend on numerous factors which are soil 
texture, biochar type and rate and the type of crops (Solaiman et al. 2012; Lentz and Ippolito 2012; 
Jones et al. 2012; Butnan et al. 2015). Maize and groundnut are the two major crops that are an 
excellent fit to charland and biochar can play a decisive role in C sequestration, water-holding 
capacity and nutrient retention in this soil.

Considering the above-stated perspectives, the current study was carried out to evaluate the 
influence of biochar on soil C sequestration and yields of maize and groundnut in charland ecosystem.

Materials and methods

Biochar production and its characteristics

Sugarcane bagasse (SB) collected from Zeal Bangla Sugar Mills Ltd., Jamalpur was used in producing 
biochar. Bagasse is a by-product of sugar mills which is very cheap, costs only US dollars 5 t−1.

An earthen kiln was made with clayey soil and brick to reduce the heat loss at the time of 
pyrolysis; the kiln size was 2.5 m long and 2 m diameter. The kiln was covered with coarse iron sheet 
along with a chimney, having 20 holes in the kiln for aeration. An iron drum (100 cm long, 60 cm 
diameter) with almost airtight cover was placed into the kiln to which feedstock was filled for 
pyrolysis. The pyrolysis temperature (≈ 600°C) was recorded at 30-minute intervals by a digital 
temperature recorder (XMTA, China) by placing the sensor into the kiln through an aeration hole. 
Feedstocks were sun-dried and weighed before pyrolysis, and its (biochar) weight after pyrolysis was 
recorded at ambient temperature. Biochar yield was calculated by using this formula: % Biochar 
yield = (weight of biochar/weight of feedstock) ×100.
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Biochar and feedstock (sugarcane bagasse) were analyzed for pH (H2O), organic carbon (OC), N, P, 
K, S, Ca, Mg, Fe, Zn, Cu and Mn contents. Biochar was also analyzed for CEC, maximum water-holding 
capacity and chemical stability. The OC was determined by dry combustion using a vario MACRO 
Elementar (Elementar Analysensysteme GmbH, Hanau, Germany), N by H2SO4 digestion (Micro- 
Kjeldahl method), all other nutrients by HNO3-HClO4 (1:4) digestion and CEC (biochar) by sodium 
acetate (1 M) saturation method, as outlined by Page et al. (1982). Maximum water-holding capacity 
was measured as the amount of water retained by biochar at saturation. Chemical stability of biochar 
was measured by H2O2 (30%) oxidation method. About 1 g biochar mixed with 400 ml H2O2 in 
a conical flask was heated on a water bath at 60°C temperature for 24 hours. The material that did not 
oxidize was collected by filtration with a 0.45 µm membrane filter, washing with water and drying at 
80°C. Chemical stability of biochar was estimated by the following formula: Chemical stability 
(%) = (weight of filtrate/weight of biochar) × 100.

Field experiment

Location and site
Field trials with maize and groundnut were conducted at Jotherthopur charland of Jamalpur district 
(24°56.11ʹ N, 89°55.54′ E) for two consecutive years (2016–2017). It was a Brahmaputra river-borne 
deposit (shallow land, the soil can be classified as Non-calcareous Dark Grey Floodplain soil under the 
agroecological zone, namely Young Brahmaputra and Jamuna Floodplain (FAO/UNDP 1988). 
According to US soil taxonomy, the soil belongs to Aeric Haplaquept under the Order Inceptisols. 
The location has a humid subtropical climate and is characterized by hot and humid summer and 
cold winter.

Soil characteristics

Soil samples at 0–15 cm depth were collected by auger before set up of the experiments and also 
after two years of cropping (maize and groundnut). The initial soil was sandy loam (85% sand, 4% silt 
& 11% clay), pH (water) 6.9, Walkley & Black OC 0.406 g kg−1, total N (Kjeldahl N) 40 mg kg−1, Olsen 
P 10.0 mg kg−1, NH4OAC extractable K 0.044 cmol (+) kg−1, Mg 1.6 cmol (+) kg−1, CaCl2 extractable 
S 3.2 mg kg−1, DTPA extractable Zn 0.61 mg kg−1 and CaHPO4 extractable B 0.10 mg kg−1.

Treatments and design

There were seven treatments – control (no fertilizer or manure), 100% fertilizers, and the rest five 
organic (cowdung or biochar) amendments on IPNS (integrated plant nutrition system) basis. The 
rate of cowdung was 10 t ha−1 and that for biochar was 5 and 10 t ha−1 applied as broadcast and 
furrow application. The rates for 100% chemical fertilizers (T1) were fixed based on soil test basis 
(STB) (FRG 2012). For the IPNS plots, the remaining amount of nutrients was supplemented from 
chemical fertilizers. In each crop, amendment was done only in the year 2016–17 and in the year 
2017–18 only fertilizers (not cowdung or biochar) at 100% rate were applied as broadcast to all plots 
except control plot. Nutrients (N, P, K, S, Zn and B) addition from fertilizer (urea, triple superpho-
sphate, muriate of potash, gypsum, magnesium sulphate, zinc sulphate and borax) and manure 
(cowdung and biochar) sources for maize and groundnut are shown in Table 1. The composition of 
cowdung was 19.5% C, 1.2%N, 0.51% P and 0.56% K, and that for biochar was 58.0% C, 1.05%N, 
0.23% P and 1.32% K. The experiment was placed in a complete randomized block design with three 
replications of each treatment, the plot size being 5 m × 4 m.
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Crop management

Maize (cv. BARI hybrid maize 7) was planted during first week of December at a 20 kg ha−1 seed rate 
with 60 × 25 cm plant spacing in both years. For groundnut (cv. BARI chinabadam 8), the crop was 
planted in the second week of November at a 100 kg ha−1 seed rate with 30 × 15 cm plant spacing.

Fertilizers such as urea, triple superphosphate, muriate of potash, gypsum and zinc sulphate were 
used as sources of N, P, K, S and Zn, respectively. The full amount of cowdung, biochar and other 
fertilizers except urea were applied to each plot during final land preparation. For urea application, 
there were three equal splits – final land preparation, 25–30 days after germination and 45–50 days 
after germination for maize. In case of groundnut, half amount of urea and a full dose of other 
fertilizers were added during final land preparation and the remaining amount of urea was supplied 
as a top dressing at flowering stage 45–50 days of germination. Manure (cowdung and biochar) was 
applied and mixed with soil for four days before planting of seeds.

At first week of May, maize was harvested and groundnut in the first week of April for both 2017 
and 2018. The yield and yield components were recorded.

Statistical analysis

The yield and yield components were statistically analyzed by ‘R’, version 3.4.3 software. The analysis 
of variance for every parameter was performed by F-test and mean comparisons of the treatments 
were made by Duncan’s Multiple Range Test (DMRT), where P ≤ 0.05 was considered as the threshold 
value for significance (Gomez and Gomez 1984). The significant Pearson’s correlation between the 
yield and yield components of maize or groundnut plants were calculated.

Results

Properties of biochar

Chemical and elemental properties of sugarcane bagasse feedstock and its biochar are summarized 
in Table 2 which shows a significant difference between the biochar and feedstock. All the para-
meters except N content had increased after pyrolysis of bagasse. The pH value of bagasse increased 
from 6.5 (feedstock) to 8.8 (biochar), the C content from 42% to 58%, the P from 0.11% to 0.23%, the 
S from 0.12% to 0.61%, the K from 0.83% to 1.32%, Ca from 0.20% to 1.11% and Mg from 0.46% to 
0.56%. Micronutrient concentrations were also increased due to pyrolysis – for Zn 56 to 106 mg kg−1, 
Cu 15 to 74 mg kg−1, Fe 550 to 754 mg kg−1 and Mn 88 to 91 mg kg−1. The N content was decreased 
from 2.03% (bagasse) to 1.17% (biochar). The biochar had CEC of 19.8 cmol kg−1, maximum water- 
holding capacity of 367% and chemical stability of 65% (H2O2 oxidation method).

Table 1. Nutrient addition through fertilizers and manure (kg ha−1) in crop fields.

Maize Groundnut

Treatments Cowdung/Biochar (t ha−1) N P K S Zn B N P K S Zn B

T0: Control 0 0 0 0 0 0 0 0 0 0 0 0 0
T1: 100% CF 0 340 100 160 72 6.0 2.1 65 50 82 50 3.0 2.0
T2: CF + CD10 10 CD 294 82 120 72 6.0 2.1 56 41 62 50 3.0 2.0
T3: CF+BC5 (broadcast) 5 BC 319 82 118 72 6.0 2.1 60 41 60 50 3.0 2.0
T4: CF+BC10 (broadcast) 10 BC 299 74 78 72 6.0 2.1 57 37 39 50 3.0 2.0
T5: CF+BC5 (furrow) 5 BC 319 82 118 72 6.0 2.1 60 41 60 50 3.0 2.0
T6: CF+BC10 (furrow) 10 BC 299 74 78 72 6.0 2.1 57 37 39 50 3.0 2.0

CF = Chemical fertilizer, CD = Cowdung, BC = Biochar 
Subscripts of CD and BC represent dose in t ha−1.
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Effects of biochar on maize

Grain yield
The grain yield of maize (cv. BARI hybrid maize 7) increased significantly due to cowdung/biochar 
over most fertilizer treatments in both years. The yield ranged between 2.32 and 8.76 t ha−1 in 
2016–17 and 1.86–9.71 t ha−1 in 2017–18 (Table 3). The mean grain yield (average of 2 years) 
depending on the treatments varied from 2.09 to 9.23 t ha−1. The T2 treatment containing cowdung 
at 10 t ha−1 plus a reduced amount of chemical fertilizers demonstrated the best yield. This yield was 
statistically at par with the yield obtained with the T4 treatment followed by T6, both contained 
biochar at 10 t ha−1 applied as broadcast or side-dressing (furrow). Treatments T3 (biochar broadcast) 
and T5 (biochar side-dressing), each containing 5 t ha−1 biochar gave statistically at par yield. 
Similarly, T4 and T6 treatments with 10 t ha−1 biochar applied as either of the methods showed 
statistically alike result indicating no different effects between the two application methods. 
Compared to sole chemical fertilizers (mean of two years), use of cowdung or biochar combined 
with fertilizers (T2-T6) treatments resulted in a 16–59% higher grain yield. The yield benefits due to 
fertilizer and cowdung or biochar treatments (T1-T6) were recorded as 178–341% over control 
(Figure 1).

Stover yield
The stover yield of maize significantly increased due to different manure-fertilizer treatments in both 
years, showing a yield variation from 2.54 to 9.79 t ha−1 and 2.03–10.40 t ha−1 in 2016–17 and 
2017–18, respectively (Table 3). The stover yield (mean of 2 years) ranged from 2.28 to 10.10 t ha−1. 
The T2 treatment (CF + cowdung 10 t ha−1) demonstrated the highest stover yield, the next highest 
yield was observed with T4 treatment (CF+ biochar at 10 t ha−1 broadcast) followed by T6 (CF+ 
biochar at 10 t ha−1 furrow application). Like grain yield, treatment T2 was statistically alike with T4 

Table 3. Grain and stover yields of maize as influenced by integrated use of cowdung or biochar with fertilizers.

Treatments

Grain yield (t ha−1) Stover yield (t ha−1)

2016–17 2017–18 Mean 2016–17 2017–18 Mean

T0: Control 2.32 d 1.86 c 2.09 e 2.54 d 2.03 c 2.28 c
T1: 100% CF 5.40 c 6.22 b 5.81 d 5.63 c 6.64 b 6.13 b
T2: CF + CD10 8.76 a 9.71 a 9.23 a 9.79 a 10.40 a 10.10 a
T3: CF+BC5 (broadcast) 6.30 bc 7.20 ab 6.75 c 6.66 bc 7.22 b 6.94 b
T4: CF+BC10 (broadcast) 8.65 a 9.54 a 9.10 a 9.25 ab 10.20 a 9.73 a
T5: CF+BC5 (furrow) 6.45 bc 7.22 ab 6.84 c 6.81 bc 6.84 b 6.83 b
T6: CF+BC10 (furrow) 7.32 ab 8.79 a 8.05 ab 8.13 abc 11.01 a 9.57 a
CV (%) 8.52 9.00 5.23 10.46 4.45 6.23
Significance level ** ** ** ** ** **
S.E. (±) 0.765 1.170 0.523 1.150 0.177 0.869

**, P < 0.01, SE (±) = Standard error of means, CV = Coefficient of variation 
In a column, values having common letter are not significantly different at 5% level by DMRT. 
CF = Chemical fertilizer, CD = Cowdung, BC = Biochar 
Subscripts of CD and BC represent dose in t ha−1.

Table 2. General characteristics of feedstock (sugarcane bagasse) and biochar.

Characteristics Feedstock Biochar Characteristics Feedstock Biochar

pH 6.5 8.8 Mg (%) 0.46 0.56
Organic C (%) 42.0 58 Zn (mg kg−1) 56 106
Total N (%) 2.03 1.05 Cu (mg kg−1) 15 74
C:N ratio 21.0 49.0 Fe (mg kg−1) 550 754
P (%) 0.11 0.23 Mn (mg kg−1) 88 91
K (%) 0.83 1.32 CEC (cmol kg−1) - 19.8
S (%) 0.12 0.61 Max. water holding capacity - 367
Ca (%) 0.2 1.11 Chem. stability (% oxidation) - 65
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and T6 treatments, similarly statistically at par stover yield was observed with T3 and T5 treatments. 
The stover yields due to the different treatments increased by 172–341% over control. The result 
indicates that organic amendment plus chemical fertilizer use markedly contributed to the stover 
yield with no effects of biochar application methods.

Yield contributing components
The yield contributing components include cob length, cob diameter, number of grains cob−1 and 
1000-grain weight. Generally, treatments T2 and T4 performed the highest results and treatment T0 

(control) did the lowest (Table 4). The same trend was noticed for grain yield. All the treatments 
except control (T0) had similar effects. Comparing between the organic amendments, treatments T2 

(CF+CD 10 t ha−1), T4 (CF + biochar 10 t ha−1 broadcast) and T6 (CF + biochar 10 t ha−1 furrow 
application) had similar effects. The treatments T3 and T5 receiving the same rate of biochar (5 t ha−1) 
with broadcast and furrow application methods were statistically identical. The cob length across the 
treatments varied from 11.8 to 18.2 cm and 10.7–17.6 cm in 2016–17 and 2017–18, respectively. The 
cob diameter as recorded in year 1 and year 2 was 3.83–4.98 cm and 3.89–4.92 cm, respectively. The 

Figure 1. Percent yield increase over control for grain yield of maize and nuts yield of groundnut. T1: 100% CF; T2: CF+CD10; T3: 
CF+BC5 (broadcast); T4: CF+BC10 (broadcast); T5: CF+BC5 (furrow); T6: CF+BC10; CF = Chemical fertilizer, 
CD = Cowdung, BC = Biochar.

Table 4. Yield contributing characters of maize as influenced by integrated use of cowdung or biochar with fertilizers.

Treatments

Cob length (cm) Cob diameter (cm) Grains cob−1 (no.) 1000-grain weight (g)

2016–17 2017–18 2016–17 2017–18 2016–17 2017–18 2016–17 2017–18

T0:Control 11.8 b 10.7 c 3.83 b 3.89 c 279 c 286 b 263 d 254 e
T1:100% CF 17.4 a 15.6 b 4.64 a 4.48 b 462 b 468 a 295 c 299 d
T2: CF + CD10 18.2 a 17.6 a 4.98 a 4.92 a 508 a 522 a 354 a 359 a
T3:CF+BC5 (broadcast) 17.5 a 16.4 ab 4.77 a 4.62 ab 477 ab 483 a 333 b 322 c
T4:CF+BC10 (broadcast) 18.0 a 17.5 a 4.98 a 4.89 a 506 a 519 a 352 ab 353 ab
T5: CF+BC5 (furrow) 17.5 a 16.4 ab 4.69 a 4.64 ab 478 ab 485 a 333 b 322 c
T6:CF+BC10 (furrow) 18.0 a 17.2 a 4.80 a 4.86 a 502 a 519 a 335 ab 334 bc
CV (%) 4.54 4.71 3.69 3.84 7.00 6.44 3.50 4.01
Significance level ** ** ** ** ** ** ** **
S.E. (±) 0.418 0.613 0.364 0.344 4.131 3.025 0.285 0.347

**, P < 0.01, SE (±) = Standard error of means, CV = Coefficient of variation 
In a column, values having common letter are not significantly different at 5% level by DMRT. 
CF = Chemical fertilizer, CD = Cowdung, BC = Biochar 
Subscripts of CD and BC represent dose in t ha−1.
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number of grains cob−1 showed a range of 279.1–507.7 and 285.8–521.5 in two years, respectively. 
The 1000-grain weight due to different treatments varied from 263.3 to 353.6 g and 254.0–359.3 g in 
two consecutive years. The significant correlation between mean grain yield and cob length was 
r = 0.946 (p < 0.01), and between mean grain yield and cob diameter was r = 0.988 (p < 0.01). 
Whereas the correlation between mean grain yield and grains cob−1 was r = 0.950 (p < 0.01), and 
between mean grain yield and 1000-grain weight was r = 0.984 (p < 0.01).

Effects of biochar on groundnut

Nut yield
The nut yield of groundnut significantly varied between the treatments, showing a range of 0.78–-
2.34 t ha−1 in 2016–17 and 0.68–2.27 t ha−1 in 2017–18 (Table 5). On the average of two years, the nut 
yield varied between 0.73 and 2.31 t ha−1 across the treatments. Among the treatments, the cow-
dung + CF (T2) treatment performed the best nut yield and similar yield was recorded in biochar 
treatments having 10 t ha−1 rate (T4 and T6) and they all produced better nut yield compared to 100% 
chemical fertilizer treatment. Whereas, compared to 100% chemical fertilizer, the addition of cow-
dung or biochar plus chemical fertilizer resulted in a 2–44% increased nut yield, and compared to the 
control yield, the yield benefits due to different treatments were 119–216% (Figure 1). The nut yield 
did not vary between furrow and broadcast applications of biochar irrespective of biochar rates (5 
and 10 t ha−1).

Haulm yield
The haulm yield due to different treatments ranged between 0.80 and 3.24 t ha−1 and 0.94–3.14 t 
ha−1 in year-1 and year-2, respectively (Table 5). The two years’ mean yield varied from 0.87 to 3.18 t 
ha−1, the highest yield recorded for T2 treatment and the lowest yield for T0 (control) treatment. 
Statistically at par haulm yield was observed with the treatments T4 (3.14 t ha−1), T6 (3.11), T3 (2.08 t 
ha−1) and T5 (2.19 t ha−1) treatments. The organic amendment (CF with cowdung and CF with 
biochar) treatments (T2 – T6) showed a 6–55% and 108–222% increased haulm yield over sole 
chemical fertilizer (T1) and control treatment (T0), respectively. As like as nut yield, in both years the 
T4 (broadcast application) and T6 (furrow application) treatments having the same dose of biochar 
(10 t ha−1) demonstrated statistically identical stover yield. Similarly, there was no significant yield 
difference between T3 (broadcast) and T5 (furrow) treatments, both received biochar at 5 t ha−1. 
Therefore, the two application methods of biochar on haulm yield of groundnut did not differ 
significantly.

Table 5. Nut and haulm yields of groundnut as influenced by integrated use of cowdung or biochar with fertilizers.

Treatments

Nut yield (t ha−1) Haulm yield (t ha−1)

2016–17 2017–18 Mean 2016–17 2017–18 Mean

T0: Control 0.78 d 0.68 c 0.73 f 0.80 c 0.94 c 0.87 c
T1: 100% CF 1.61 c 1.59 b 1.60 e 2.13 ab 1.97 b 2.05 b
T2: CF + CD10 2.34 a 2.27 a 2.31 a 3.24 a 3.14 a 3.18 a
T3: CF+BC5 (broadcast) 1.72 abc 1.66 b 1.69 d 2.14 ab 2.02 b 2.08 b
T4: CF+BC10 (broadcast) 2.25 ab 2.21 a 2.23 b 3.12 a 3.16 a 3.14 a
T5: CF+BC5 (furrow) 1.65 bc 1.62 b 1.64 e 2.28 ab 2.11 b 2.19 b
T6: CF+BC10 (furrow) 2.18 abc 2.19 a 2.19 c 3.10 a 3.11 a 3.11 a
CV (%) 9.79 10.53 5.26 8.63 9.00 7.65
Significance level ** ** ** ** ** **
S.E. (±) 0.287 0.165 0.527 0.081 0.113 0.094

**, P < 0.01, SE (±) = Standard error of means, CV = Coefficient of variation 
In a column, values having common letter are not significantly different at 5% level by DMRT. 
CF = Chemical fertilizer, CD = Cowdung, BC = Biochar 
Subscripts of CD and BC represent dose in t ha−1.
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Yield contributing components
These characters under study were mature nuts plant−1, immature nuts plant−1 and 100-kernel 
weight. For mature nuts plant−1 and 100-kernel weight, T2 treatment (CF + cowdung 10 t ha−1) 
performed the best result and next to it was T4 (CF + biochar 10 t ha−1 broadcast), the control 
treatment (T0) did the lowest result (Table 6). Treatments T4 and T6 containing biochar at 10 t ha−1 

demonstrated similar effects. Likewise, treatments T3 and T5 with 5 t ha−1 biochar had an identical 
influence which indicates no significant variation between the two application methods (broadcast 
and furrow). The number of mature nuts across the treatments ranged from 9.35 to 27.5 and 
6.81–26.4, and the number of immature nuts plant−1 from 5.52 to 2.01 and 6.01–2.37 in two 
consecutive years (Table 6). The 100-kernel weight of groundnut was 38.1–46.5 g and 37.8–45.6 g 
over the treatments, as recorded in year 1 and year 2, respectively. The significant correlation 
between mean nuts yield and nuts plant−1 was r = 0.979 (p < 0.01) whereas between nuts yield 
and 100 kernel weight was r = 0.955 (p < 0.01).

Changes in soil properties

The results of soil pH, OC and total N in maize and groundnut fields due to different treatments after 
two years are displayed in Table 7. All treatments had a significant effect on C and N contents while 

Table 6. Yield contributing characters of groundnut as influenced by integrated use of cowdung or biochar with fertilizers.

Treatments

Mature nuts plant−1 

(no.)
Immature nuts plant−1 

(no.)
100-kernel weight 

(g)

2016–17 2017–18 2016–17 2017–18 2016–17 2017–18

T0:Control 9.35 d 6.81 c 5.52 a 6.01 a 38.1 b 37.8 b
T1:100% CF 14.1 c 15.9 b 3.72 b 3.46 b 43.6 a 44.0 a
T2: CF + CD10 27.5 a 26.4 a 2.39 bc 2.58 b 46.5 a 45.1 a
T3:CF+BC5 (broadcast) 18.6 b 16.2 b 3.35 bc 3.42 b 44.1 a 44.4 a
T4:CF+BC10 (broadcast) 26.5 a 26.5 a 2.01 c 2.37 b 45.7 a 45.7 a
T5: CF+BC5 (furrow) 18.3 b 16.1 b 3.23 bc 3.40 b 44.1 a 44.3 a
T6:CF+BC10 (furrow) 25.3 a 25.60 a 2.31 bc 2.43 b 45.1 a 45.6 a
CV (%) 8.06 8.23 9.64 8.57 2.64 3.94
Significance level ** ** ** ** ** **
S.E. (±) 2.930 3.091 0.892 1.114 0.205 0.325

**, P < 0.01, SE (±) = Standard error of means, CV = Coefficient of variation 
In a column, values having common letter are not significantly different at 5% level by DMRT. 
CF = Chemical fertilizer, CD = Cowdung, BC = Biochar 
Subscripts of CD and BC represent dose in t ha−1.

Table 7. Changes in soil properties as influenced by integrated use of cowdung or biochar with fertilizers (after 2 years).

Treatment

Maize Groundnut

pH % OC % Total N pH % OC % Total N

T0: Control 7.0 a 0.032 d 0.0034 c 6.7 a 0.038 e 0.0053 c
T1: 100% CF 7.1 a 0.034 d 0.0034 c 6.7 a 0.040 de 0.0055 c
T2: CF + CD10 7.1 a 0.051 b 0.0037 b 6.7 a 0.063 abc 0.0058 b
T3: CF+BC5 (broadcast) 7.2 a 0.042 c 0.0037 b 6.8 a 0.053 cde 0.0058 b
T4: CF+BC10 (broadcast) 7.3 a 0.062 a 0.0040 a 6.9 a 0.073 a 0.0063 a
T5: CF+BC5 (furrow) 7.2 a 0.043 c 0.0037 b 6.8 a 0.055 bcd 0.0058 b
T6: CF+BC10 (furrow) 7.3 a 0.061 a 0.0040 a 6.9 a 0.070 ab 0.0063 a
Significance level NS ** ** NS ** **
S.E. (±) 0.402 0.062 0.006 0.302 0.072 0.076
Initial soil value 6.9 0.041 0.004 6.9 0.041 0.004

**, P < 0.01, NS = Not significant, SE (±) = Standard error of means 
In a column, values having common letter are not significantly different at 5% level by DMRT. 
CF = Chemical fertilizer, CD = Cowdung, BC = Biochar 
Subscripts of CD and BC represent dose in t ha−1.
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soil pH remained unchanged. There was no significant effect of the two application methods of 
biochar on soil properties irrespective of biochar doses (5 and 10 t ha−1). The highest value for all soil 
parameters was recorded with T4 treatment (10 t ha−1 biochar broadcast) and the lowest value was 
noted with control treatment (T0). Compared to initial soil status, the pH although not significant had 
increased and the OC and N contents markedly increased notably in cowdung and biochar treated 
plots.

In maize field, the soil pH ranged from 7.0 to 7.3, with no significant difference between the 
treatments (Table 7). The SOC content varied from 0.032% to 0.062% across the treatments, showing 
a 5–95% increased OC due to fertilizer and cowdung or biochar treatments over control. The total 
N over the treatments was 0.0034% and 0.0040%, with a 1–18% increased value for different 
treatments over control. As seen in groundnut field soil, there were no significant treatment effects 
on soil pH, the pH range being 6.7–6.9 (Table 7). The SOC content as an effect of different treatments 
increased over control by 6–93%, the values being 0.038–0.073% across the treatments. The total 
N values were recorded as 0.0053–0.0063% over the treatments, showing an increment of 3–19% 
over control. The highest N content was observed with T4 (CF + biochar 10 t ha−1 broadcast) 
treatment.

Discussion

Comparisons between biochar and feedstock characteristics

The sugarcane bagasse after pyrolysis at 600°C produced 55% biochar due to breakdown of volatiles 
compounds into low molecular weight organics and gases as heat permits through the biomass 
(Thangalazhy et al. 2010; Lehmann et al. 2011). The pH value of biochar increased due to the 
presence of ash, basic functional groups, carbonates or oxides or through a negative charge on its 
surface (Novak et al. 2009; Gaskin et al. 2010). After pyrolysis of feedstock C content in biochar had 
increased, the value closely accords with the findings of Nwajiaku et al. (2018) who reported 
C content of 693.4 to 729.5 g kg−1 sugarcane bagasse biochar produced at 500°C pyrolysis tempera-
ture. Thus, pyrolysis process promotes carbonization (Chun et al. 2004; Chen et al. 2012) which is due 
to high grade of polymerization leading to more condensed C structure in biochar (Lehmann and 
Joseph 2009); and this might also be related with H and O loss from biochar as the pyrolysis 
temperature surges (Antal and Grønli 2003).

The N content of biochar decreased to 1.05% based on its feedstock-N content (2.03%) because 
the N containing compounds (amino sugars, amino acids and amines) are transformed into hetero-
cyclic N aromatic structures (Koutcheiko et al. 2006; Cao and Harris 2010), that N would be unavail-
able to plants immediately. The C:N ratio had increased due to decreased N and increased 
C contents.

The pyrolysis process increased P, K, S, Ca, Mg, Zn, Fe, Cu and Mn concentrations in biochar 
compared to the bagasse feedstock. Kameyama et al. (2017) observed that feedstock and 
pyrolysis temperature greatly influenced the P and K contents of biochar. The increase in the 
base element contents (Ca, Mg, K) after pyrolysis of original biomass indicates that those chemical 
components were concentrated in biochar as heat conceded through the crop residues (Yuan 
et al. 2011).

Most researchers have reported that total mineral nutrients content in biochar products was 
higher than in the respective feedstock used to produce biochar products (Judd 2016). This has been 
explained that the process of making biochar reduced the product weight and thus, the remaining 
mineral elements made a higher proportion by weight of the resulting biochar products.
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Effects of biochar on maize yield

Some studies reported that use of biochar as a soil amendment could possibly increase crop yield on 
weathered tropical soils (Lehmann et al. 2003; Steiner et al. 2007; Major et al. 2010). This is supported 
by a meta-regression analysis by Crane et al. (2013). They reported that soil CEC and organic C were 
solid predictors of yield response in the presence of biochar. The meta-analysis showed a positive 
effect with 10% increase on crop yields with diverse biochar amendment types (Jeffery et al. 2011; 
Biederman and Harpole 2013; Liu et al. 2013).

In two years’ study, the effect of cowdung or biochar along with fertilizers on growth and yield of 
maize crop (BARI hybrid maize-7) was significant. Application of cowdung or biochar at 10 t ha−1 

produced higher grain yield. There was no significant effect between the two application methods 
(broadcast and furrow) of biochar on maize yield irrespective of biochar doses (5 or 10 t ha−1). Similar 
effects of biochar and cowdung were noted for stover yield of the crop.

Higher yield increase was related to higher cob length, cob diameter, grains cob−1 and 1000-grain 
weight influenced by cowdung or biochar application. Application of biochar to charland soil 
provides resilient and fertile cropping systems by enhancement and preservation of SOC, soil pH 
and capacity to exchange ions and retain water (Steiner et al. 2007).

The results were in accordance with the results of Yeboah et al. (2016), who reported that the 
increasing quantity of biochar application had a pronounced effect on maize yield where higher rate 
(5 t ha−1) showed better performance over 2.5 t ha−1. Gaskin et al. (2010) stated that biochar 
amendment to a sandy loam soil under temperate climatic condition induced encouraging effects 
on the crop yield. In most cases, biochar adding in tropical soils had a considerable yield increase of 
20–200% (Yamato et al. 2006; Martinsen et al. 2014). Zhu et al. (2015) also reported that biochar+NPK 
amendment of a red soil increased biomass of maize by 2.7–3.5 and 1.5–1.6 times, compared to the 
performances of NPK or sole biochar amendments.

Biochar effects on groundnut yield

It is reported that black C can produce significant benefits when applied to agricultural soils in 
combination with some fertilizers (Steiner et al. 2008). Among the treatments, cowdung with 
fertilizers performed the highest nut yield and similar yield was observed in biochar treatments at 
a higher rate and produced better nut yield compared to exclusive fertilizer treatment. Biochar 
applied as either broadcast or in furrow showed a statistically similar result. Due to higher nuts 
plant−1 and higher 100-kernel weight, the nut yield was found higher. It is assumed that biochar 
acted as a soil amendment, increasing groundnut growth by providing and retaining nutrients and 
water, thus improving physical, chemical and biological properties of soil, which impacted on nut 
yield. Yang et al. (2015) found that corn stalk-derived biochar enhanced the peanut yield to 4.68 t 
ha−1 and 5.1 t ha−1 applied at 2 and 4 t ha−1, respectively.

Biochar effects on soil properties

Cowdung or biochar-fertilizer treatments increased soil pH although not significant by the maximum 
0.3 units over control, the pH range being 7.0–7.3. Several experiments conducted under greenhouse 
and field conditions observed an increase in soil pH with biochar amendment (Yuan and Xu 2011; 
Yuan et al. 2011; Deal et al. 2012; Yousaf et al. 2017). The highest value of SOC was obtained from the 
treatments containing higher dose (10 t ha−1) of biochar application primarily increased due to 
addition of biochar containing 58% OC.

Yousaf et al. (2017) reported the highest OC content of 1.2% when biochar was applied to a 2% 
OC basis followed by other bio-waste amendments and the minimum OC content (0.39%) was 
observed with the non-amended soil. The N content of soil followed the same pattern of result as OC 
content. Like SOC, there was no significant effect of biochar application methods on N content of 
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soil. These results are comparable with the study of Jones et al. (2012) who concluded that biochar 
treatment increased organic C from 2.27 to 2.78% and total N from 0.24 to 0.25% and available 
P from 15.7 to15.8 mg kg−1.

The main reason against the above-stated result is that biochar had improved physical properties 
of soil such as porosity and water-holding capacity. Many researchers reported that biochar improves 
soil properties based on the physical and chemical properties of biochar as well as the dose of 
biochar applied to the soil (Novak et al. 2009; Van Zwieten et al. 2010; Uzoma et al. 2011; Kammann 
et al. 2011).

Residual effects of biochar on soils and crops

Biochar and cowdung were used only in the first-year field trial for both crops. In the second year, all 
the plots except control (T0) received an equal amount of exclusively chemical fertilizers so that 
residual effect of manure, if any, can be noticed in the second year crops. Indeed, positive residual 
effect of cowdung and biochar was obtained on the yield of maize and groundnut crops and such 
effect was significant over that of sole chemical fertilizers. It was noted that the yield difference 
between cowdung and biochar, and between two rates of 5 and 10 t ha−1 of biochar application was 
not significant.

The results of soil analysis for OC and N after two years of cropping showed an appreciable 
improvement in comparison with initial soil value. Nevertheless, the experiments were set up in 
unsettled charland; thus, new sands deposited on the top soil due to monsoon flood and over- 
flowing of river water in the second year. Still, biochar and cowdung showed noticeable effect on soil 
properties and crop yield. Hence, it is likely that biochar effect on soil properties would be highly 
distinct and visible in charland after several years of biochar application.

Conclusions

Sugarcane bagasse after pyrolysis at 600°C temperature produced 55% biochar. The level of all 
nutrients except N in biochar increased due to pyrolysis. Sugarcane bagasse biochar appears to be 
a promising option to sustain soil organic matter, soil fertility and crop yield in charland ecosystem. 
Application of 10 t ha−1 sugarcane bagasse biochar along with an adjusted dose of chemical 
fertilizers on IPNS basis produced a 40–60% yield benefit for both maize and groundnut over sole 
fertilizer application. The effect of broadcast and furrow biochar application on crop yield was 
identical. The residual effect of biochar amendment on soil fertility was better than that of cowdung.
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