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ABSTRACT

A field experiment was conducted during Rabi 2022-23 and 2023-24 at Instructional Farm (Agronomy),
Rajasthan College of Agriculture, Udaipur (Rajasthan) to study the “Effects of Biochar and Different Source
of Phosphorus on Productivity of Wheat (Triticum aestivum L.)”. Treatments comprised of four levels of
Biochar, i.e. control(B0), 1.0 t Biocharha-1(B1), 2.0t Biochar ha-1 (B2) and 4.0 t Biochar ha-1 (B3) and five Source
of phosphorus application i.e. control (P0), 100% phosphorus Through DAP  (P1), 100% phosphorus through
SSP (P2), and 100% phosphorus Through RP+ PSB(P3) and 100% phosphorus through RPT + PSB (P4) taken
in a factorial combination in randomized block design with three replication and were applied to the wheat
var. Raj-4238 as soil application with uniform application of nitrogen, phosphorus and potassium as per
recommended doses.
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Introduction

Wheat (Triticum aestivum L.) is the most widely cul-
tivated cereal grain worldwide and plays a vital role
in agricultural practices (Kumar et al., 2013). This
nutrient serves as a primary food source for 36% of
the global population and is cultivated in 70% of the
world’s agricultural areas (Khan et al., 2011; Riaz et
al., 2021). Wheat accounts for roughly 55% of the
carbohydrates and 21% of the food calories con-
sumed globally (Ali et al., 2012). Biochar is a black
carbon product created through the pyrolysis of bio-
mass. It consists of high carbon materials generated
from the slow pyrolysis process which involves

heating biomass in the absence of oxygen. The re-
sulting substance is fine-grained and porous resem-
bling charcoal that is produced either through natu-
ral burning or by the combustion of biomass under
oxygen-limited conditions (Lehmann et al., 2007). In
recent years, biochar has gained significance as an
effective source of amendment due to its role in sta-
bilizing photosynthetic carbon (Alkharabsheh et al.,
2021). Phosphorus is the second essential macronu-
trient necessary for plant growth and development
following nitrogen (Roch et al., 2019). The phospho-
rus molecules serve as the structural framework for
various biomolecules, including ATP, NADPH,
nucleic acids, phospholipids and sugar-phosphates
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which are essential for both primary and secondary
plant metabolic processes (Stigter and Plaxton, 2015;
Lambers and Plaxton, 2018). The total phosphorus
(P) content in various soils typically ranges from 400
to 1200 mg kg-1 primarily existing as apatite and
other primary minerals (Bindraban et al., 2020). Less
than 0.1% of the total phosphorus (P) is present in
inorganic (Pi) forms that are available for plant up-
take. This limited availability is attributed to the low
solubility of Pi, slow diffusion rates, and high reac-
tivity of soil components (Walpola, 2012; Menezes-
Blackburn et al., 2016).

Materials and Methods

The experimental design employed a two-factor fac-
torial randomized block approach. This design in-
cluded two factors: Biochar and Phosphorus
sources, each with four (0, 1, 2 and 4 ton ha-1) and
five levels (0, 100% Phosphorus through DAP, 100%
Phosphorus through SSP, 100% Phosphorus
through RP + PSB and 100% Phosphorus through
RPT + PSB), respectively. This resulted in a total of
twenty treatment combinations, each replicated
three times. Five plants were chosen to measure the
height from ground level to the apex of the main
shoot in each plot at the time of wheat crop harvest.
The average plant height was recorded for each
treatment. The count of effective tillers (ear-bearing
tillers) was measured non-destructively at physi-
ological maturity from two randomly selected one-
meter row lengths in each plot. The values were av-

eraged to determine the number of effective tillers
m-1 row length in each investigation unit. During
threshing, a composite sample of grain was collected
from the final yield of each individual plot, thereaf-
ter; 1000 grains were counted, weighed and re-
corded in grams.

Results and Discussion

Plant height

Effect of Biochar: The data on plant height at har-
vest of wheat (Table 4.1) was significantly influ-
enced by application of biochar, over the control and
single application during 2022-23, 2023-24 and in
pooled basis. The lowest plant height (83.25, 85.09
and 84.17 cm) was recorded in control (B0), which
were increased to 94.81 cm, 97.75 cm and 96.28 cm
with the application of B3 (4.0 ton ha-1) during both
years as well as in pooled basis, respectively. It was
also found that effect of B2 (2.0 ton ha-1) was found
to be statistically at par with B3 (4.0 ton ha-1). The
data further revealed that the per cent increase in
plant height were in order of 8.59, 11.85 and 14.38 in
pooled analysis due to application of biochar @ 1.0
ton ha-1, 2.0 ton ha-1and 4.0 ton ha-1as compared to
control (B0), respectively.

Effect of Different Source of Phosphorus: Different
source of phosphorus significantly influenced the
plant height at harvest of wheat over the control
during 2022-23, 2023-24 and pooled basis. The maxi-
mum plant height (96.61, 99.52 and 98.06 cm) was

Table 1. Effect of biochar and different source of phosphorus on plant height, effective tillers m-1 row length of wheat

Treatments Plant height (cm) Effective tillers m-1 row length
2022-23 2023-24 Pooled 2022-23 2023-24 Pooled

Biochar (B)
B0: Control 83.25 85.09 84.17 99.54 100.87 100.21
B1: 1.0 ton ha-1 90 92.81 91.4 103.98 105.73 104.86
B2: 2.0 ton ha-1 92.71 95.59 94.15 106.2 107.99 107.09
B3: 4.0 ton ha-1 94.81 97.75 96.28 108.42 110.24 109.33
S.E. (m) (±) 1.64 1.7 1.18 1.41 1.47 1.02
CD at 0.05 % 4.69 4.87 3.33 4.03 4.21 2.87
Phosphorus Source (P)
P0: Control 78.68 80.52 79.6 97.32 98.61 97.96
P1: 100% Phosphorous through DAP 96.61 99.52 98.06 108.85 110.66 109.76
P2: 100% Phosphorous through SSP 96 98.9 97.45 108.4 110.21 109.3
P3: 100% Phosphorous through RP +PSB 90.14 92.86 91.5 104.28 106.01 105.14
P4: 100% Phosphorous through RPT +PSB 89.53 92.24 90.89 103.83 105.55 104.69
S.E. (m) (±) 1.83 1.9 1.32 1.57 1.65 1.14
CD at 0.05 % 5.24 5.45 3.72 4.5 4.71 3.21
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found with treatment P1 (100% phosphorous
through DAP) which was significantly superior over
P3 (100% phosphorous through RP +PSB) (90.14,
92.86 and 91.50 cm), P4 (100% phosphorous through
RPT +PSB) (89.53, 92.24 and 90.89 cm) and control
(P0) (78.68,80.52 and 79.60 cm) while at par with P2
(100% phosphorous through SSP) (96.00, 98.90 and
97.45 cm) during 2022-23, 2023-24 and pooled basis,
respectively. The data further revealed that the per
cent increase in plant height were in order of 23.19,
22.42, 14.95 and 14.17 in pooled analysis due to ap-
plication of phosphorous through DAP, SSP, RP +
PSB and through RPT + PSB as compared to control
(P0), respectively.

Effective tillers m-1 row length

Effect of Biochar: Application of biochar signifi-
cantly influenced effective tillers m-1 row length dur-
ing 2022- 23, 2023-24 and pooled basis. The highest
total tillers (108.42, 110.24 and 109.33) were recorded
under the treatment B3 (4.0 ton ha-1) while the low-
est total tillers were recorded (99.54, 100.87 and
100.21) with B0 (control) during 2022-23, 2023-24
and in pooled basis, respectively. It was also found
that effect of B2 (2.0 ton ha-1) was found to be statis-
tically at par with B3 (4.0 ton ha-1). On the pooled
basis the per cent increase in effective tillers m-1 row
length were in order of 4.64, 6.87 and 9.10 due to
application of biochar @ 1.0 ton ha-1, 2.0 ton ha-1and
4.0 ton ha-1 as compared to control (B0), respectively.

Effect of Different Source of Phosphorus: Data
presented in Table 4.1 revealed that different
sources of phosphorus significantly affect the effec-

tive tillers m-1 row length. The significantly maxi-
mum effective tillers m-1 row length. (108.85, 110.66
and 109.76) were recorded under treatment P1
(100% phosphorous through DAP) during both
years as well as pooled basis while it was signifi-
cantly higher than P3 (100% Phosphorous through
RP +PSB) and P4 (100% phosphorous through RPT
+ PSB) during 2022-23 and also on the basis of
pooled data, P3 (100% phosphorous through RP +
PSB) was found to be at par with P1 (100% phospho-
rous through DAP) during 2023-24. The data further
revealed that the per cent increase in effective tillers
m-1 row length were in order of 12.04, 11.58, 7.33 and
6.87 in pooled analysis due to application of 100 %
phosphorus through DAP, SSP, RP +PSB and
through RPT + PSB compared to control (P0), re-
spectively.

Test weight (g)

Effect of Biochar: Test weight of wheat was signifi-
cantly affected due to application of biochar during
2022-23, 2023-24 and in pooled analysis. The highest
test weight (43.49, 44.32 and 43.91g) was observed in
the treatment B3 (4.0 ton ha-1) which was found sig-
nificantly different over control (B0) with test weight
of (38.95, 39.54 and 39.25 g) during both the years of
study as well as pooled data. Treatment B3 (4.0 ton
ha-1) also remained at par with B2 (2.0 ton ha-1) dur-
ing both years as well as pooled basis. The treatment
B1 and B2 were also found statistically at par in both
the years and pooled basis. The data further con-
cluded that the per cent increase in test weight were
in tone of 7.07, 10.35 and 11.87 in pooled analysis

Table 2. Effect of biochar and different source of phosphorus on test weight of wheat

Treatments Test weight (g)

2022-23 2023-24 Pooled

B0: Control 38.95 39.54 39.25
B1: 1.0 ton ha-1 41.63 42.42 42.02
B2: 2.0 ton ha-1 42.9 43.72 43.31
B3: 4.0 ton ha-1 43.49 44.32 43.91
S.E. (m) (±) 0.63 0.66 0.51
CD at 0.05 % 1.82 1.88 1.44
P0: Control 37.51 38.07 37.79
P1: 100% Phosphorous through DAP 44.16 45 44.58
P2: 100% Phosphorous through SSP 43.85 44.68 44.26
P3: 100% Phosphorous through RP +PSB 41.75 42.54 42.15
P4: 100% Phosphorous through RPT +PSB 41.43 42.21 41.82
S.E. (m) (±) 0.71 0.74 0.65
CD at 0.05 % 2.03 2.11 1.82
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due to application of biochar @1.0 ton ha-1, 2.0 ton
ha-1 and 4.0 ton ha-1 as compared to control (B0), re-
spectively.
Effect of Different Source of Phosphorus: Test
weight of wheat was significantly affected with the
application of different source of phosphorus. The
highest test weight (44.16, 45.00 and 44.58 g) was
recorded under P1 (100% phosphorous through
DAP) as compared to control (P0) with lowest test
weight (37.51, 38.07 and 37.79 g) during both the
years of study as well as pooled data. However, P2
(100% phosphorous through SSP) treatment was sta-
tistically at par with P1 during both the years and
pooled basis. On the pooled basis the per cent in-
crease in test weight were in order of 17.98, 17.13,
11.53 and 10.68 in pooled analysis due to application
of 100 % phosphorus through DAP, SSP, RP +PSB
and through RPT + PSB compared to control (P0),
respectively.

The application of biochar has been shown to sig-
nificantly influence plant height, effective tillers m-

1 row length and test weight (g) in wheat (Triticum
aestivum L.), primarily through its effects on soil
properties, nutrient availability and plant physi-
ological responses. Biochar enhances soil nutrient
status, which is critical for plant growth.  Zulfiqar et
al. (2022) observed that the use of biochar resulted in
enhanced soil structure, which subsequently pro-
moted plant growth and development. The applica-
tion of diammonium phosphate (DAP) has been
shown to significantly enhance plant height, effec-
tive tillers and test weight in wheat compared to the
use of rock phosphate and phosphate solubilizing
bacteria (PSB) in various combinations as well as use
of SSP. This is because DAP is a highly soluble fer-
tilizer that supplies essential nitrogen and phospho-
rus, vital elements for plant development. Research
demonstrates that the prompt use of DAP may re-
sult in a substantial enhancement in phosphorus
content and absorption in wheat plants, with docu-
mented increases ranging from 50% to 75% relative
to unfertilised controls.

Conclusion

The application of biochar @ (4.0 ton ha-1) (B3) and
100% phosphorous through DAP (P1) significantly
enhancement in various growth attributes, includ-
ing plant height at harvest, effective tillers per metre
of row length, as well as yield attribute such as a test
weight.
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