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Abstract

Aim: The present investigation was carried out to study the effect of fertility levels and biochar on yield
of wheat (Triticum aestivum L.).

Methodology: The experiment was undertaken during Rabi 2017 and 2018 at Instructional Farm
(Agronomy), Rajasthan College of agriculture, Udaipur (Rajasthan). The treatments comprised of four
levels of fertility i.e. control, 75% RDF, 100% RDF, 125% RDF and Biochar (BC) i.e. control, BC @
4.0, 8.0 and 12.0 t ha* and. The experiment was laid out in a factorial randomized block design with
three replications.

Results: The increasing levels of 125% RDF and Biochar 12 t ha' and, respectively increased
significantly the grain yield, straw yield and biological yield of wheat. However, the combined
application of 125% RDF and Biochar @ 12 t ha* was found to record significantly grain yield, straw
yield and biological yield.

Interpretation: The application of application of 125% RDF and Biochar @ 12 t ha! along with the
recommended dose of fertilizer results in grain yield, straw yield and biological yield of wheat.

Keywords: Fertility, biochar, wheat, fertility, Triticum aestivum L.

Introduction
Wheat (Triticum Aestivum L.) is the most important stable food grain crop of the region. It has
immense importance in Indian diet and major portion of the grains produced is used for
“chapatti” making. It is the main source of protein and calories for a large section of Indian
population. At present the per capita availability of food grains is around 170kg per year (156
kg cereals + 14kg pulses). During 2016-17 in India, wheat occupied over 30.42 million hectare
area with a production level of about 92.29 million tonnes of grain with a productivity of 30.34
g hal. In the state of Rajasthan, wheat occupied an area of 3.10 million hectare and production
9.87 million tonnes of grain with a productivity of 31.75q ha' (FAI, 2020-21). Soil fertility
degradation, caused by erosion and depletion or imbalance of organic matter/nutrients, is
affecting world agricultural productivity. Inorganic fertilizers have played a significant role in
increasing crop production since the “green revolution” (Lui et al., 2010); however, they are
not a sustainable solution for maintenance of crop yields. Organic amendments, such as
compost and biochar, could therefore be useful tools to sustainably maintain or increase soil
organic matter, preserving and improving soil fertility and crop yield. Nitrogen (N) is a vital
plant nutrient and a major determining factor required for wheat production. It is very essential
for plant growth and makes up 1-4% of dry matter of the plants. Its availability in sufficient
quantity throughout the growing season is essential for optimum wheat growth. It also
mediates the utilization of phosphorus, potassium, and other elements in plants (Brady, 1984)
41, Phosphorus is another essential nutrient required to increase wheat yield. Consequently, the
lack of phosphorus is as important as the lack of nitrogen limiting wheat performance.
Phosphorus plays an important part in many physiological processes that occur within a
developing and maturing plant. Phosphorus is an essential factor for cell division because it is
a constituent element of nucleoproteins which are involved in the cell reproduction processes
(Bashir, 2012) [, Potassium is an essential nutrient and is also the most abundant cation in
plants. It plays essential roles in enzyme activation, protein synthesis, photosynthesis, osmo-
regulation, stomatal movement, energy transfer, phloem transport, cation-anion balance, and
stress resistance.
Biochar is a black carbon manufactured through pyrolysis of biomass (Lehmann et al., 2006)
[41; “the high carbon materials produced from the slow pyrolysis (heating in the absence of
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oxygen) of biomass’ (Chan et al., 2007); and a fine grained
and porous substance, similar in its appearance to charcoal
produced by natural burning or by the combustion of biomass
under oxygen-limited conditions (Sohi et al., 2009) 23, In
fact, it is a product of biomass obtained from heating in a
suitable temperature regime in the absence of oxygen (the
process of fast or slow pyrolysis) or from a gasification
system. Biochar is a solid by product resulting from partial
pyrolysis, where biomass is heated with a minimum or
absence of oxygen, the chemical composition of biochar is
Carbon (98.58%), Hydrogen (0.4%), Nitrogen (1%), Sulphur
(0.02%). Biochar addition to soils significantly decreases soil
bulk density, increased microbial respiration as well CO, and
CH, emissions (Wang et al., 2012). They also found that a
decreased N,O emissions and increase organic C by addition
of biochar. The term ‘biochar’ was invented by the late Peter
Read, a New Zealander, by describing it as a soil amendment
for agricultural purpose but it was called ‘agrichar’ until an
Australian Company trademarked it and it was the first
ingredient in the Terra Preta recipe (Bates, 2010). Lehmann
and Joseph (2012) [ have distinguished the term biochar
from charcoal in that it is charred organic matter that is
applied to soil not only to improve soil properties but also to
promote soil remediation or other environmental services
while the charcoal is used as fuel or source of heat, as a filter,
as a reluctant in iron-making or as a colouring agent in
industry or art. Biochar is a carbon-rich solid material which
is produced during pyrolysis, by thermal degradation of
biomass under limited supply of oxygen and at relatively low
temperature. It can be used as a soil amendment for increasing
the agronomic productivity in the low potential soils.
Furthermore it is identified as a soil conditioner, as biochar
does not contain high levels of nutrients (Glaser et al., 2002)
%1, Biochar can be produced using a wide range of biomass
sources including woody materials, agricultural wastes such
as coconut husks, green waste, and animal manure.
Application of biochar to soil improves soil quality
parameters such as soil pH, CEC, total C, total N, available P,
water holding capacity, exchangeable captions, nutrient
cycling and attract more beneficial fungi and microbes (Laird
et al., 2010). Furthermore, biochar is beneficial in decreasing
available soil Al and soil bulk density as well. These
beneficial effects of biochar are important in agricultural
practices in order to increase biomass yield and crops yield
under variable soil and fertile conditions. According to
Ippolito et al. (2012) 12 application of biochar into degraded
or sandy soils where low nutrient or water holding capacity
seems to be more beneficial compared to addition of biochar
into highly productive soils. The efficiency of native nutrients
is further improved when these are used in conjunction with
organic manures especially when the soils are belonging to
arid and semi-arid areas having coarse texture, low in organic
carbon, low moisture retention and microbial activity.
Improvement in available nutrient status of the soil with the
incorporation of biochar alone or integration with chemical
fertilizers could be attributed to the slow decomposition of
organic manure and enhancing soil biological activity. These
in turn provides congenial physical condition, conserves soil
nitrogen and increases the availability of other nutrients. The
mineralization of nutrients in the rhizosphere improves crop
growth and provides a better source-sink relationship by
enhancing synthesis and allocation of metabolites to
reproductive organs.
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Materials and Methods

Experimental site and soil: The experiment was conducted
during Rabi 2017 and 2018 at the Instructional Farm
(Agronomy), Rajasthan College of agriculture, Udaipur
situated at an altitude of 579.5 meters above mean sea level
and at 24°34° latitude and 73%°2’ longitude. The region falls
under agro-climatic zone-I1Va (Sub- humid Southern Plain and
Aravalli Hills) of Rajasthan. The wheat crop experienced
maximum and minimum temperature ranged between 23.47 to
37.85 °C and 5.21 to 19.83 °C during Rabi 2017-18,
respectively. Soil of the experiment was clay loam in texture,
saline in reaction, medium in organic matter; low in available
N, P, high in available K and low in available zinc (Table 1).

Table 1: Fertility status of the soil of experimental site

Properties Value

pH 8.22+0.16

Electrical conductivity (DS m™) 0.56+0.01
Organic carbon (%) 6.18+0.01
Auvailable N (kg ha?) 273.43+5.45
Available P20Os (kg ha't) 17.25+0.32
Available K20 (kg ha't) 354.32+7.12
Available Zn (mg kg1 0.569+0.012

Preparation of BC: In the present experimental field legume
biochar was wused through slow pyrolysis in biochar
production system (Pratap Kiln) which was prepared in the
CTAE, Udaipur. Biochar was being made by the partial
oxidation of the biomass at high temperature to convert into a
carbon - rich porous substance. Haulms of legume were fed to
the pyrolysis reactor in oxygen limiting condition where the
temperature goes up to 450 °C for the period of 4 minutes.
The process occurs in 3 stages, first where the moisture
content of the biomass was reduce to <10 percent at the
temperature of 180 °C, second where the biochar production
starts with the breakdown of hemicellulose and cellulose at
the temperature range of 180-360 °C and last stage where
lignin breaks down at the temperature of 450 °C. In slow
pyrolysis the final yield of the converted biochar goes up to
35 per cent which was more in comparison to the fast

pyrolysis.

Table 2: Nutrient contents of Biochar at the final stage of
decomposition

Nutrient content Value
N (%) 2.7
P (%) 0.26
K (%) 1.26
Zn (ppm) 35.2

Experimental design and treatments: The experiment was
laid out in factorial randomized block and replicated thrice in
the plot size of 2.25 m x 3.0 m (6.75 m?). The treatments
comprised of four levels of fertility viz., control, 75% RDF,
100% RDF and 125% RDF and Biochar level viz., control,
4.0, 8.0 and 12.0 t ha and The wheat var. Raj-4037 was sown
in lines 22.5 cm apart. As per the treatments, whole quantity
of Biochar was broadcasted and incorporated in to the soil at
the time of sowing. The recommended dose of nitrogen (120
kg ha?) was applied in three equal splits, the half as basal and
the remaining half was top dressed at the time of first
irrigation. The basal dose was applied through urea after
adjusting the quantity supplied through diammonium

~3591 7


https://www.thepharmajournal.com/

The Pharma Innovation Journal

phosphate. The whole quantity of phosphorus (60kgha™)
through diammonium phosphate and potassium (40 kg ha™)
through muriate of potash. The test crop was sown on 26"
Nov 2017 (I% crop), 27" Dec, 2018 (11" crop) and harvested
on 8" April, 2017 (It crop) and 10" April, 2018 (11" crop),
respectively. The seeds obtained from the produce of
individual plot were recorded as seed yield kg plot? and later
it was converted into kg ha™.

Observations recorded: The observations on growth
parameter (number of tillers per meters length) and vyield
attributes (test weight) were recorded as per the standard
method. The data obtained from various characters under
study were analyzed by the method of analysis of variance as
described by (Panse and Sukhatme, 1985) [*9],

Statistical analysis: The data recorded for different
parameters were analyzed with the help of analysis of
variance (ANOVA) technique for a factorial randomized
block design. The results are presented at 5% level of
significance (P = 0.05).

Results and Discussion

Yield

The significantly maximum seed yield (5195.42 kg hal),
straw yield (6339.63 kg ha*) and biological yield (11535.05
kg ha') was recorded under F; (125% RDF) followed by F,
(100% RDF) and F1 (75% RDF) treatments as compared to
control (Fo) during in pooled basis, respectively. The per cent
increase in seed, straw and biological yield of wheat were in
order of 36.00, 32.54 and 34.08 in pooled analysis due to
application of 100% RDF((Fs), 100% RDF (F,) and 75% RDF
(F1) as compared to control (Fo), respectively (Table 3). The
improvement in both growth and yield attributes which in turn
might be increased the yield of wheat. The increase in seed,
Stover and biological yield might be due to better nutritional
status of the crop in the soil as evidenced by their uptake in
the plant. The increased supply of nitrogen, phosphorus and
potassium their higher uptake by plants might have stimulated
the rate of various physiological processes in plant and led to
increased growth and vyield parameters and resulted in
increased yields (Harender et al., 2018 [*% and Reddy et al.,
2018) 24, The significant improvement in seed, Stover and
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biological yield under the influence of application of fertilizer
was largely a function of improved growth and the
consequent increase in different yield and yield attributes
(Abrol et al., 2007) ™, Similar results were also reported by
Jha et al. (2015) ¥l and Belay and Adare (2020) Bl The
significant increase in straw yield due to application of 125%
RDF could be ascribed to their direct influence on straw
production by virtue of increased photosynthetic efficiency
(Kumar et al., 2015). The profound influence of nutrient
application on biological yield seems to be on account of its
influence on vegetative (Stover) and reproductive growth
(seed) (Kumar et al., 2017). Similar results were also reported
by Vimalan et al. (2019) 281 and Belay and Adare (2020) [,
The application of fertility levels and biochar enhanced the
seed, straw and biological yield of maize significantly during
both the years as well as in pooled analysis. The significantly
maximum seed yield (5147.98kg ha'l), straw yield (6322.89kg
hal) and biological yield (11470.88kg ha?) ware observed
under the treatment BC@ 12t ha? during pooled analysis
(Table 3). The increase in seed, straw and biological yield was
the extent of 16.28, 28.47 and 33.49 per cent, 15.60, 28.16
and 31.21 per cent and 15.90, 28.29 and 32.22 per cent in
pooled analysis with the application of BC@ 4, 8 and 12 t ha
1 respectively as compared to control. The significant
increase in seed, straw and biological yield under the
influence This might be due to the vigorous vegetative growth
resulting in higher photosynthates production and
translocation from source to the sink which is apparent on
reproductive growth viz. number of pods plant?, seed weight
plant? and 1000 seed weight which were the important yield
attributes having significant positive effect on seed vyield.
Rondon et al. (2007) 22 got the similar results where bean
yield was increased by 46% and biological yield by 39% over
the control. The similar results were found by Hiama et al.
(2019) 13 who observed that soil application of 2.5 and 5t ha-
! biochar enhanced the nutrient levels of the soil accounting
for the increase in yield attributes viz. the above ground
biomass, pod weight and grain yield over the control. A recent
meta-analysis by Ye et al. (2020) also observed that biochar
application along with organic and inorganic fertilizers led to
higher crop yields. In a similar study there was significant
increase in yield of maize in biochar amended plots (Arif et
al. 2021) 12,

Table 3: Effect of fertility levels and biochar on seed, straw and biological yield of wheat

Treatment Seed yield (kg ha) Straw yield (kg ha') Biological yield (kg ha)
2017 | 2018 [ Pooled 2017 2018 | Pooled 2017 | 2018 Pooled
Fertility levels ((kg ha')
Control (Fo) 3773.47 3866.97 3820.22 4776.98 4789.48 4783.23 8550.45 8656.45 8603.45
75% RDF(F1) 4401.16 4495.92 4448.54 5514.35 5528.33 5521.34 9915.51 10024.24 9969.88
100% RDF (F2) 4931.21 5027.02 4979.11 6236.43 6251.85 6244.14 11167.63 11278.87 11223.25
125% RDF (F3) 5147.30 5243.54 5195.42 6331.82 6347.43 6339.63 11479.12 11590.97 11535.05
S.Em+ 76.79 76.94 39.03 74.88 75.02 38.06 128.43 128.68 65.28
CD (P=0.05) 221.79 222.23 110.42 216.26 216.69 107.66 370.93 371.67 184.67
Biochar (t ha?)
Control (BCo) 3809.83 3903.40 3856.62 4812.71 4825.28 4818.99 8622.54 8728.68 8675.61
4 (BCy) 4436.90 4531.73 4484.31 5563.60 5577.68 5570.64 10000.50 10109.40 10054.95
8 (BCy) 4906.49 5002.26 4954.38 6168.17 6183.45 6175.81 11074.66 11185.71 11130.18
12 (BC3) 5099.91 5196.06 5147.98 6315.10 6330.68 6322.89 11415.01 11526.74 11470.88
S.Em+ 76.79 76.94 39.03 74.88 75.02 38.06 128.43 128.68 65.28
CD (P=0.05) 221.79 222.23 110.42 216.26 216.69 107.66 370.93 371.67 184.67
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Interaction effect of PEC and fertility on seed, Stover and
biological yield

The combined effect of fertility levels and biochar showed
positive interaction on seed yield of wheat in both the years
and in pooled analysis (Table 4, 5, 6). Application of fertility
on each levels of fertility resulted in significant increase in
seed yield (5646.22kg ha™), straw yield (6860.20 kg ha) and
biological yield (12506.42kg ha') of wheat with maximum
was found under 125% RDF + 12 t biochar ha?! (Fs BCs)
while the minimum under control (FoBCo) during in pooled
analysis, respectively. The increase in yield is associated with
the release of macro-micronutrients during the course of
microbial decomposition. The biochar also act as source of
energy for soil micro flora, which bring about transformation
of inorganic nutrients held in the form of fertilizers in a form
that is readily utilized by growing plants. The beneficial effect
of biochar addition is also related to improvement in soil
physical properties (Devi et al., 2018 [l and Patil et al., 2018)
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1201, The beneficial response of biochar to yield might also be
attributed to the better availability of plant nutrients in
sufficient amounts throughout the growth period and
especially at critical crop growth stage, which resulted in
better plant vigor and superior yield attributes. Combined use
of biochar and fertilizer has been found to be promising not
only in maintaining higher productivity but also in stable crop
yields (Verma et al., 2018 and Pandiyana et al., 2020) [,
The interaction effect on the seed yield could be explained by
the positive coupling action of fertility on below ground
modifications to increase the nutrient availability and biochar
on the above ground control on the stomatal activities and
enhanced photosynthesis through higher light use efficiency
(Maghsoudi et al. 2016) 1 increasing the seed production of
fenugreek. The higher growth and development due to the
synergistic effect of biochar and silicon (Sattar et al. 2020) 2]
led to higher seed vyield. Similar results were found by
Seleiman et al. (2019) 24,

Table 4: Interaction effect of fertility levels and biochar on seed yield of wheat

2017 | 2018 | Pooled
Treatments Seed yield (kg ha?)
Fo F1 F2 Fs3 Fo F1 F2 Fs3 Fo F1 F2 F3
BCo 2228.42 | 3013.02 | 3609.22 | 3958.74 | 2246.12 | 3043.97 | 3669.66 | 4037.04 | 2237.27 | 3028.49 | 3639.44 | 3997.89
BC: 3122.18 | 3579.06 | 3701.81 | 4052.69 | 3173.76 | 3637.33 | 3780.10 | 4140.02 | 3147.97 | 3608.20 | 3740.96 | 4096.36
BC: 3638.02 | 3757.65 | 4253.55 | 4553.95 | 3699.91 | 3819.50 | 4342.88 | 4647.26 | 3668.97 | 3788.58 | 4298.22 | 4600.61
BCs 3816.78 | 4147.50 | 4661.96 | 4939.43 | 3882.25 | 4217.14 | 4759.45 | 5037.76 | 3849.52 | 4182.32 | 4710.71 | 4988.59
S.Em+ 153.58 153.89 78.07
CD (P =0.05) 443.58 444,48 220.84
Table 5: Interaction effect of fertility levels and biochar on straw yield of wheat
2017 | 2018 | Pooled
Treatments Straw yield (kg ha!
Fo F1 F2 Fs Fo F1 F2 Fs Fo F1 F2 Fs3
BCo 3370.87 | 4610.94 | 5582.89 | 5686.12 | 3380.57 | 4623.11 | 5597.00 | 5700.44 | 3375.72 | 4617.02 | 5589.95 | 5693.28
BC: 4779.01 | 5360.17 | 6006.10 | 6109.12 | 4791.52 | 5373.84 | 6021.06 | 6124.29 | 4785.26 | 5367.00 | 6013.58 | 6116.70
BC: 5406.40 | 5975.14 | 6610.96 | 6680.16 | 5420.17 | 5990.04 | 6627.13 | 6696.47 | 5413.28 | 5982.59 | 6619.04 | 6688.32
BCs 5551.64 | 6111.14 | 6745.76 | 6851.87 | 5565.69 | 6126.32 | 6762.20 | 6868.52 | 5558.66 | 6118.73 | 6753.98 | 6860.20
S.Em+ 149.51 150.05 76.12
CD (P =0.05) 432.51 433.38 215.33
Table 6: Interaction effect of fertility levels and biochar on biological yield of wheat
2017 | 2018 | Pooled
Treatments Biological yield (kg hat)
Fo F1 F2 F3 Fo F1 F2 F3 Fo F1 F> F3
BCo 5889.63 | 8259.48 110011.25|10329.79| 5990.31 | 8364.90 |10120.17|10439.35| 5939.97 | 8312.19 | 10065.71 | 10384.57
BCi 8581.31 | 9634.16 |10734.02|11052.52 | 8687.37 | 9742.33 |10844.38|11163.53| 8634.34 | 9688.25 | 10789.20 | 11108.02
BC2 9692.80 {10720.79/11800.43|{12084.63| 9801.08 {10831.13|11912.93|12197.70| 9746.94 | 10775.96 | 11856.68 | 12141.17
BCs 10038.07|11047.61|12124.84|12449.52|10147.05]11158.61|12237.99|12563.32| 10092.56 | 11103.11 | 12181.41 | 12506.42
S.Em+ 256.86 257.37 130.56
CD (P =0.05), 741.85 743.34 369.33
Conclusion 2007;22:15-21.
On the basis of experimental finding, it can be concluded that 2. Arif M, Ali S, llyas M. Enhancing phosphorus
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