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Abstract

A field experiment was conducted during the rabi season 2025-26 at Research Farm, School of
Agricultural Sciences, Malla Reddy University, Hyderabad, to study the influence of tillage and nutrient
management practices on chickpea (cicer arietinum L.) productivity and soil health. The texture of soil at
the experimental site was sandy loam, moderately alkaline in reaction, non-saline in electrical conductivity,
low in organic carbon and available phosphorus medium in available nitrogen and potassium. The field
experiment was laid out in a split plot design with three replications, comprising combinations with three
tillage practices (permanent bed + residue management, zero tillage + residue management, and
conventional tillage) in main plots and four nutrient treatments (100% RDF, biochar @ 2 t ha™!, 100% RDF
+ biochar @ 2 t ha™!, and 75% RDF + biochar @ 2 t ha™") in sub-plots. The results revealed that permanent
bed with residue management combined with 100% RDF + biochar @ 2 t ha™' recorded superior soil
properties, growth and yield of chickpea. A recommended fertilizer dose of 20:50:20 kg N:P20s:K20 ha
was applied as basal and the chickpea variety JG-11 was sown in November at a spacing of 30 cm x 10 cm.
Tillage practices carried out before sowing and nutrient scheduling for all treatments was done using the
graduated bucket method. The data generated were analyzed using standard statistical procedures. The
results revealed that TiN3 recorded the highest seed yield (1719.4 kg ha®) and TsN2: Conventional
Tillage+Biochar 2 t ha™ recorded the lowest seed yield (1446 kg hal). In terms of nutrient managment
practices 100% RDF + Biochar 2 t ha recorded the highest seed yield (1758 kg ha™) and lowest was
Biochar 2 t ha(1395 kg ha') Hence, integration of conservation tillage with biochar and balanced
fertilization can be recommended as an efficient and sustainable strategy for improving productivity under
semi-arid tropical conditions.
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important pulse crops globally, ranking third
among food legumes after beans and peas. Chickpea can meet up to 80% of its nitrogen (N)
requirement via biological nitrogen fixation (BNF), thereby reducing dependence on synthetic
nitrogen fertilizers and contributing to sustainable soil fertility management (Jukanti et al.,
2012) [, Conservation agriculture (CA) has emerged as a promising and sustainable soil and
crop management system designed to mitigate the adverse effects of conventional tillage. CA is
founded on three core principles: (i) minimal or zero soil disturbance, (ii) permanent soil cover
through crop residues or cover crops, and (iii) diversified crop rotations (Corbeels et al., 2020)
I3, Collectively, these practices promote ecological balance, resource use efficiency and long-
term productivity. Additionally, diversified crop rotations disrupt pest and disease cycles,
improve nutrient cycling, and reduce reliance on chemical inputs (Giller et al., 2015) . Biochar
application has been shown to improve soil physical, chemical, and biological properties by
enhancing water-holding capacity, cation exchange capacity, and microbial habitat (Lehmann
and Joseph, 2015) 81, Its high stability enables long term carbon sequestration, contributing to
climate change mitigation. In addition, the pyrolysis process generates bioenergy co-products,
making biochar a potentially sustainable tool in circular bioeconomy systems (Cely et al., 2015)
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(21, Biochar, a carbon rich material produced through pyrolysis of
organic biomass under limited oxygen conditions, has gained
considerable attention as a soil amendment with multiple
agronomic and environmental benefits. Improper application can
lead to challenges such as temporary nitrogen immobilization,
changes in soil pH and electrical conductivity, release of heavy
metals, or phytotoxic effects (Singh et al., 2010; Kookana et al.,
2011; Rogovska et al., 2012) [13 7. 12 However, the effectiveness
of biochar in agricultural systems depends on feedstock type,
pyrolysis temperature, application rate, and soil characteristics.
Furthermore, large-scale adoption of biochar remains
constrained by economic and logistical challenges related to
production, transport, and uniform field application (Spokas et
al., 2012 and Lehmann et al., 2011) 4 9. The aim to evaluate
the influence of different tillage regimes conventional tillage
(CT), permanent bed (PB), and zero tillage (ZT) and nutrient
input strategies recommended fertilizer dose (RDF), biochar,
and their combinations on soil fertility, nutrient uptake,
productivity, and environmental sustainability indicators in
chickpea cultivation.

Materials and Methods

The Field experiment was carried out during Rabi 2025-26 in a
Field No. A-2 of the Experimental Farm, Department of
Agronomy, School of Agricultural Sciences (SoAS), Malla
Reddy University, Maisammaguda, Hyderabad, Telangana. The
experimental site is situated at 17°33” N latitude and 78°27" E
longitude at an altitude of 583 meters above mean sea level. The
weather of Maisammaguda is moderately warm with cool and
dry winter. The mean maximum temperature is 31.3°C while the
mean minimum temperature is 17.9°C, and the mean relative
humidity is 60%. The soil of the experimental field is alkaline in
nature with a pH of 8.03.

The field experiment was laid out adopting a split plot with 12
treatments and 3 replications the gross plot size is 5.4x4.0m and
net plot size is 4.2x3.6m. The treatments are (T1N:) Permanent
bed + crop residue + 100% RDF, (T1N2) Permanent bed + crop
residue + Biochar (2.0 t ha?), (T:Ns) Permanent bed + crop
residue + 100% RDF +Biochar (2 t hat), (T:N4) Permanent bed
+ crop residue + 75% RDF + Biochar (2.0 t ha), (T.N;) Zero
tillage + crop residue + 100% RDF, (T2N,) Zero tillage + crop
residue + Biochar (2.0 t ha), (T2Ns) Zero tillage + crop residue
+ 100% RDF + Biochar (2.0 t ha'l), (T2N4) Zero tillage + crop
residue + 75% RDF + Biochar (2.0 t hal), (T3N;) Conventional
tillage + 100% RDF, (T3N2) Conventional tillage + Biochar (2.0
t ha'?), (TsN3s) Conventional tillage + 100% RDF + Biochar (2.0
t ha't), (TaN4) Conventional tillage + 75% RDF + Biochar (2.0 t
ha'l).

The chickpea JG-11 is employed as a test crop and experimented
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with using a recommended seed rate of 80 kg ha! and a row
spacing of 30 x 10 cm. N, P,Os and K,O were distributed evenly
among all treatment plots, the recommended dose of fertilizers
(RDF) comprising 20 kg N, 50 kg P-0s, and 20 kg K-O ha™! was
applied through urea (46% N), diammonium phosphate (DAP;
18% N and 46% P-0s), and muriate of potash (MOP; 60% K20),
respectively.The effect of biochar on biomass was expected due
to its ability to retain nutrients and improve water holding
capacity of sandy textured soils (Biederman and Harpole 2013)
(1, Measurements related to growth, yield, and yield attributes
were recorded from five randomly chosen plants, and the mean
values for each treatment were computed and recorded.
Following the harvest and threshing of the crop, the yield was
measured for each net plot and converted to kg ha.

The experimental data collected on plant growth parameters,
yield components, and yield were subjected to Fisher’s method
of “Analysis of Variance” (ANOVA) as outlined by Panse and
Sukhatme (1954) [0 Wherever F- test was significant, for
comparison between the treatment means, an appropriate value
of critical difference (C.D.) was worked out. All the data were
analysed and the results are presented and discussed at a
probability level of 5%

Results and Discussion

Effect of tillage and nutrient management on growth
parameters of rabi chickpea

Growth Parameters the growth characteristics of chickpea, such
as plant height (cm), number of branches plants, number of
nodules and dry matter accumulation (g plant?), were
significantly affected by the various treatments, as shown in
Table 1. The treatment T1Ns led to greater plant height (41.44
cm), no.of branches(7.12), nodule count (22.39) and dry matter
production (12.21 g plant ') followed by (Permanent bed + crop
residue 2.0 Mg ha! + 100% RDF + Biochar 2 t ha” and the
lowest plant height (36.82 cm), no. of branches(5.48), nodule
count (15.60) and dry matter production (9.93 g plant?) was
observed under conventional tillage without residue and biochar
(2.0 t ha!) T3N.. The increased plant height under TiNs may be
attributed to improved soil structure, better moisture retention
and enhanced nutrient availability due to residue retention and
biochar application. Biochar improves soil aeration, microbial
activity and nutrient holding capacity, which ultimately
enhances crop growth. Permanent bed planting further
contributes by reducing soil disturbance and improving root
proliferation. These findings are in accordance with Shadman et
al., (2020) % who reported higher number of nodules, fresh
weight in chickpea under biochar application treatments. Similar
results were also reported by Elamin et al., (2015) ™ with
highest number of plant height and number of pods™.

Table 1: Effect of tillage and nutrient management practices on plant height, no. of branches, Nodule count and dry matter production of kharif

maize
Treatments | Plant height at harvest (cm) | No. of branches | Nodule count | Dry matter production (gplant™)
Main plots- Tillage practices
PB+ Crop residue 41.44 7.12 22.39 12.21
ZT+ Crop residue 40.44 6.78 20.16 11.47
CT 36.82 5.48 15.60 9.93
SEd+ 1.25 0.16 1.074 0.49
LSD (p=0.05) 3.47 0.44 2.982 1.36
Sub Plot- Nutrient management
100% RDF 38.76 6.28 17.66 10.73
Biochar @ 2 t ha! 34.53 4.94 14.43 9.46
100% RDF + Biochar @ 2 t hat 43.39 7.76 24.30 13.13
75% RDF + Biochar @ 2t ha! 41.59 6.85 21.15 11.49
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SEd+ 1.68 0.31 2.562 0.56

LSD (p=0.05) 3.53 0.66 5.382 1.18
Interaction

SEd+ 2.91 0.54 4.437 0.97

LSD (p=0.05) NS NS NS NS

Effect of tillage and nutrient management on grain and
halum yield of rabi chickpea.

The yield characteristics of chickpea, including seed and halum
yield are presented in Table 2. Different tillage practices had a
significant impact that Ts: Conventional Tillage+ Biochar 2 t ha”
1 exhibited the lowest values for the seed yield (1446 kg ha?)
and halum yield (2856 kg ha™). Conversely, the highest values
for these attributes were observed under TiN3 (Permanent bed +
crop residue 2 t ha? + 100% RDF + Biochar 2 t ha?) with seed
yield (1719 kg ha?) and halum yield (3230 kg hal).These
findings are in accordance with pradhan et al., (2022) ™% that the
growth of chickpeas in biochar amended soil was faster than the
control and even early on showed a slightly greater number of
germinated plants.

For the yield of chickpea seed were significantly influenced by
the different treatments. Nutrient management treatments also
exerted a significant influence on yield among the treatments,

the highest seed yield (1758 kg ha™) and halum yield (3314 kg
ha') were recorded under 100% RDF + Biochar 2 t ha? as the
next most productive 75% RDF + biochar @ 2 t ha (1669 and
3129 kg ha! respectively). The Biochar 2 t ha-! yielded the
lowest seed yield (1395 kg ha*) and halum yield (2711 kg ha™)
while biochar alone resulted in the lowest yields and 100% RDF
alone showed intermediate performance that seed and halum
yield (1589 and 3058 kg ha™'). One possible explanation for this
is the combined effect of permanent bed planting, residue
retention, and biochar application resulted in enhanced soil
fertility and nutrient use efficiency, leading to higher yield. The
increased seed yield under T1N3 may be attributed to improved
growth parameters, efficient nutrient utilization, and better soil
moisture availability. The combined effect of permanent bed
planting, residue retention, and biochar application resulted in
enhanced soil fertility and nutrient use efficiency, leading to
higher yield.

Table 2: Effect of tillage and nutrient management practices on seed yield and halum yield of rabi chickpea (kg ha™)

Treatments |

Seed yield (kg ha™) |

Halum yield (kg ha™)

Main plots- Tillage practices

PB+ Crop residue 1719.4 3230.75
ZT+ Crop residue 1644.4 3073.3
CT 1446.5 2856.43
SEd+ 62.5 313.41
LSD (p=0.05) 1735 NS
Sub Plot- Nutrient management
100% RDF 1589.4 3058.42
Biochar @ 2 t ha! 1395.8 2711.83
100% RDF + Biochar @ 2t hat 1758.6 3314.11
75% RDF + Biochar @ 2t ha! 1669.9 3129.23
SEd+ 82.5 145.97
LSD (p=0.05) 173.4 306.68
Interaction
SEd+ 143 252.83
LSD (p=0.05) NS NS

Conclusion

The findings of the present investigation revealed that both
tillage and nutrient management practices had a significant
effect on the growth and productivity of chickpea under semi-
arid conditions. Among the different tillage methods, permanent
bed planting resulted in superior growth parameters, seed yield,
and haulm yield compared to zero tillage and conventional
tillage. Likewise, nutrient management treatments involving the
combined use of fertilizers and biochar proved more effective,
with the application of 100% RDF along with biochar @ 2 t ha™
recording the highest growth and vyield performance. The
treatment receiving 75% RDF + biochar also performed on par
with 100% RDF, suggesting the possibility of reducing fertilizer
application without causing a substantial reduction in yield.
Overall, the study indicates that the adoption of conservation
tillage practices, especially permanent bed planting, together
with biochar-based nutrient management, can be considered a
sustainable and efficient strategy for enhancing chickpea
productivity under semi-arid agro-climatic conditions.
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