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ABSTRACT

Open-field burning of rice residues is a common practice in rice-growing regions of Telangana, resulting in nutrient losses,
deterioration of soil health and environmental pollution. Front Line Demonstrations (FLDs) were conducted during rabi 2024-25 in
farmers’ fields of Siddipet district, Telangana, to validate suitable rice residue management options for improving productivity and
profitability of rice-fallow sunflower. The demonstrations were laid out in a randomized block design with seven replications
(farmers’ fields) and comprised three treatments: T : residue burning followed by recommended fertilizer dose (farmers’ practice),
T, : zero tillage with residue retention, and Tf : residue incorporation with C:N:P adjustment (30:1:0.3) along with the recommended
fertilizer dose. Conservation-based residue management significantly improved sunflower productivity over residue burning.
Residue incorporation recorded the highest seed yield (1,656 kg ha?), followed by zero tillage with residue retention (1,611 kg
ha), compared with residue burning (1,498 kg ha), representing yield increases of 10.55% and 7.54%, respectively. Zero tillage
with residue retention proved to be the most profitable treatment, recording the highest net returns (Rs 77,904 ha) and benefit-
cost ratio (2.06),while residue incorporation recorded net returns of Rs 75,916 ha' with a benefit-cost ratio of 1.70. The extension
gap was 114 kg ha' under zero tillage and 158 kg ha under residue incorporation, indicates considerable scope for enhancing
sunflower productivity through wider adoption of improved residue management practices. The study demonstrates that conservation-
based residue management, particularly zero tillage with residue retention, is a technically feasible, economically viable, and

environmentally sustainable alternative to residue burning for rice-fallow sunflower cultivation in Telangana.
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Rice (Oryza sativa L.) is one of the major
cereal crops cultivated in India and generates
enormous quantities of crop residues after harvest. In
many rice-growing regions, particularly under
mechanized harvesting systems, rice straw is frequently
disposed off by open-field burning to facilitate timely
sowing of the succeeding crop. This practice causes
substantial losses of valuable plant nutrients, reduces
soil organic carbon, deteriorates soil biological activity,
and contributes to greenhouse gas emissions and air
pollution. Consequently, sustainable crop residue
management has become an important component of
conservation agriculture and climate-resilient crop
production (Bhuvaneshwari et al., 2019; Gupta et al.,
2015).

Conservation agriculture emphasizes minimum
soil disturbance, residue retention and crop
diversification to improve soil health and sustain crop
productivity. Retaining or incorporating crop residues

enhances soil moisture conservation, improves
aggregation, increases microbial activity and promotes
nutrient recycling, thereby improving crop growth and
yield (Hobbs et al., 2008; Lal, 2015; Fu et al., 2021).
Residue retention also reduces evaporation losses
and improves water-use efficiency, which is particularly
beneficial for rainfed and rice-fallow cropping systems
where the succeeding crop largely depends on residual
soil moisture (Zhao et al., 2019; Carceles Rodriguez
etal., 2022).

Sunflower (Helianthus annuus L.) is an
important oilseed crop cultivated extensively in the rice-
fallow ecosystems of Telangana. Productivity of
sunflower under these conditions is largely influenced
by soil moisture availability, soil physical condition and
nutrient dynamics immediately after rice harvest.
Adoption of suitable residue management practices
can therefore improve resource-use efficiency while
reducing the environmental impacts associated with
residue burning.
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Earlier studies conducted in Telangana demonstrated
that residue incorporation and residue retention
significantly improved sunflower productivity and
profitability compared with residue burning (Prasad et
al., 2024). Subsequent investigations also reported
enhanced soil microbial activity and enzyme dynamics
(Prasad et al., 2025a), improved soil moisture
conservation with reduced bulk density (Prasad et al.,
2025b), and greater aggregate stability and soil organic
matter accumulation under residue-retained systems
(Prasad et al., 2025c). More recently, Sridevi et al.
(2026) reported that conservation-based residue
management improved productivity, profitability and soil
fertility in a maize—sunflower cropping system under
semi-arid conditions.

Although the benefits of conservation-based
residue management have been demonstrated under
experimental conditions, validation under farmers’ field
conditions is essential before large-scale dissemination.
Front Line Demonstrations provide an effective platform
for assessing the technical feasibility, economic viability
and adoptability of improved technologies under real
farming situations. Therefore, the present study was
undertaken to evaluate the performance of rice residue
management options in rice-fallow sunflower through
Front Line Demonstrations conducted in Siddipet district
of Telangana and to identify a suitable residue
management practice for enhancing productivity and
profitability under farmers’ field conditions.

MATERIAL AND METHODS
Description of the Study Area

The Front-Line Demonstrations (FLDs) were
conducted during the rabi season of 2024—25in farmers’
fields located inSiddipet district of Telangana, India, the
demonstrations were implemented jointly by the
Agricultural Research Station (ARS), Tornala, and
the Telanagana Rythu Vignana Kendra (TRVK),
Tornala.

The study was conducted in seven
representative villages covering different mandals of
Siddipet district, namely Ramancha (ChinnaKoduru),
Choutukunta Tanda (Akkannapet), Ghanapur
(Thoguta), Chittapur (Akberpet—Bhoompally) and
Mantoor (Raipole). The selected villages represent
major rice-growing areas where sunflower is commonly
cultivated as arice fallow crop after the harvest of kharif
rice. The geographical coordinates of all demonstration
fields were recorded using Global Positioning System

(GPS) to facilitate documentation and future monitoring
(Table 1).

The climate of the study area is semi-arid
tropical with hot summers and moderate winters. Rice
is cultivated during the southwest monsoon season
(kharif), whereas sunflower is grown during the post-
rainy (rabi) season utilizing residual soil moisture
supplemented by limited irrigations wherever available.
Farmers in the region generally adopt residue burning
to facilitate rapid field preparation before sowing
sunflower.

Selection of Farmers

Seven progressive farmers were selected in
consultation with the Department of Agriculture based
on their willingness to participate in the demonstrations,
availability of suitable land under rice—sunflower
cropping system, and their readiness to follow the
recommended management practices throughout the
cropping season. Each farmer’s field served as one
replication in the experiment. Prior to initiation of the
demonstrations, participating farmers received technical
guidance regarding residue management, nutrient
management and sunflower production practices.

Experimental Design and Treatments

The demonstrations were conducted following
a Randomized Block Design (RBD) with seven
replications, where each farmer’s field represented
one replication. The study evaluated three residue
management options after harvest of the preceding
rice crop.

T, —Farmers’ Practice (Residue Burning):

Rice residues were burned in situ approxi
1mately two weeks after rice harvesting. Thereafter,
sunflower was sown following the existing farmers’
practice with application of the recommended dose of
fertilizers (75:90:30 kg N:P, O... :K, O ha).

T, —Zero Tillage with Residue Retention

Rice residues were retained on the soil surface,
and sunflower was directly sown under zero tillage
without disturbing the soil. The recommended dose of
fertilizers was applied following the recommended
schedule.

Tf — Residue Incorporation with Nutrient
Adjustment

Rice residues were incorporated using a
shredder and rotavator into the soil after adjusting the
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C:N:P ratio to 30:1:0.3 by applying the portion of the
recommended dose of nitrogen and phosphorus
necessary for adjustment through urea and single
superphosphate (SSP) at the time of residue
incorporation. The remaining recommended nitrogen was
applied in two subsequent splits, while phosphorus
and potassium were applied as per recommendation.

Crop Management

Rice was cultivated during the kharif season
following the recommended agronomic practices of the
region. After harvesting the rice crop, the respective
residue management treatments were imposed before
sowing sunflower. Recommended sunflower hybrids
suitable for the locality, including NDSH-1012, Tilhan
Tech SunH-1, Advanta and Ajith, were used
depending on farmers’ preference and local availability.
Recommended package of practices regarding seed
rate, fertilizer application, irrigation, weed management
and plant protection measures were uniformly followed
across all treatments except for the residue
management interventions.

Yield in Demonstration — Yield in Farmers Practice

Data Collection

Observations were recorded from all
demonstration fields on the following parameters:
Quantity of rice residue generated after harvesting (t
ha'), Seed yield of sunflower (kg ha™) ,Percentage
increase in yield over farmers’ practice, Cost of
cultivation (Rs ha™), Gross returns (Rs ha™), Net returns
(Rs ha) and Benefit-cost ratio (B:C)

Economic analysis was carried out using the
prevailing market price of sunflower seed (Rs 72.80
kg™) during the study period. Gross returns were
computed based on seed yield and market price, while
net returns were obtained by deducting the total cost
of cultivation from the gross returns. The benefit-cost
ratio was calculated as the ratio of gross returns to the
total cost of cultivation.

Assessment of Extension Parameters

The effectiveness of the demonstrated
technologies was evaluated using extension
parameters commonly employed in Front Line
Demonstration studies.

Percentage yield increase over farmers’ practice (%)

Yield increase (%) = (

Using the average yield data obtained during
the demonstrations, the extension gap was estimated
separately for zero tillage and residue incorporation
treatments. Technology gap and technology index
were not computed because the potential yield of the
demonstrated technologies under research conditions
was not available.

Yield in Farmers Practice

) x 100 Extension gap (kg ha ')

Extension Gap = Demonstration Yield

Farmers’ Practice Yield

The relative production and economic
efficiencies of residue management practices over
residue burning were worked out using the following
formulae.

Relative Productive Use Efficiency (%)

Productivity of Residue

Productivity in Residue

Management Practice Burning
X100
Productivity in Residue Burning
Relative Economic Efficiency (%)
Net Returns in Residue Net Returns in Residue
Management Practice Burning
X100

Net Returns in Residue Burning
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Statistical Analysis

The demonstrations were laid out in a
Randomized Block Design with seven farmer fields
serving as replications. Treatment-wise mean values
of yield and economic parameters were computed.
Percentage yield increase, extension gap, gross
returns, net returns and benefit-cost ratio were calculated
using standard procedures. If the original field
observations for individual plots are available, analysis
of variance (ANOVA) can be performed following the
procedure described by Gomez and Gomez (1984) to
test treatment differences at the 5% level of significance.

RESULTS AND DISCUSSION

Effect of Rice Residue Management on Sunflower
Productivity

The Front-Line Demonstrations conducted
across seven farmers’ fields in Siddipet district
demonstrated the superiority of conservation-based
residue management over the conventional practice of
residue burning for sunflower cultivation in rice fallows.
Mean sunflower seed yield ranged from 1,498 kg ha™
under residue burning (farmers’ practice) to 1,611 kg
ha™ under zero tillage with residue retention and 1,656
kg ha under residue incorporation. Consequently, zero
tillage and residue incorporation increased seed yield
by 7.61% and 10.51%, respectively, over residue
burning, indicating the adaptability of these technologies
under farmers’ field conditions (Table 1).

The higher yield under residue incorporation
may be attributed to improved nutrient recycling through
gradual decomposition of rice straw, enhanced
microbial activity and increased nutrient availability
during crop growth. Adjustment of the C:N:P ratio at
the time of residue incorporation minimized nutrient
immobilization and promoted better crop establishment.
In contrast, residue retention under zero tillage
conserved soil moisture, reduced evaporation losses
and maintained favourable soil physical conditions,
resulting in improved crop growth despite minimal soil
disturbance.

The present findings corroborate the research
station results of Prasad et al. (2024), who reported
significantly higher sunflower yield and profitability under
residue incorporation compared with residue burning
and residue removal. Similarly, Prasad et al. (2025b)
observed higher soil moisture and lower bulk density
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under residue-retained treatments, while Prasad et al.
(2025c) reported improvements in aggregate stability
and soil organic matter following residue incorporation.
Enhanced soil microbial activity and enzyme dynamics
under residue incorporation and residue retention, as
reported by Prasad et al. (2025a), further explain the
higher productivity observed under conservation residue
management.

The results also agree with the findings of
Sridevi et al. (2026), who reported that residue mulch
under zero tillage produced the highest sunflower yield
and system productivity, while residue incorporation
improved post-harvest soil fertility through increased
availability of nitrogen, phosphorus and potassium.
These studies collectively confirm that residue recycling
improves soil quality and crop productivity under semi-
arid conditions.

The present observations are consistent with
earlier reports indicating that residue incorporation
enhances soil aggregation, nutrient mineralization and
water-holding capacity (Fu et al., 2021), while residue
retention improves soil moisture availability and crop
productivity (Zhao et al., 2019). Likewise, Carceles
Rodriguez et al. (2022) and Sarkar et al. (2020)
concluded that conservation agriculture enhances soil
health, nutrient-use efficiency and long-term
sustainability of intensive cropping systems.

Although residue incorporation recorded the
highest seed yield, the difference between residue
incorporation and zero tillage was relatively small (45
kg ha), suggesting that both technologies are effective
alternatives to residue burning. Residue incorporation
may be preferred where appropriate machinery is
available, whereas zero tillage offers a simpler and
more economical option with comparable productivity.
The consistent yield advantage observed across all
demonstration locations highlights the technical feasibility
and wide adaptability of conservation-based residue
management practices for sunflower cultivation in the
rice fallows of Telangana.

Economics and Profitability

Conservation-based residue management
practices markedly improved the economic returns from
sunflower cultivation compared with the conventional
practice of residue burning. Although residue
incorporation recorded the highest seed yield (1,656 kg
ha ), zero tillage with residue retention proved to be
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the most profitable treatment (Table 2) by recording
the highest net returns (Rs 77,904 ha ') and benefit—
cost ratio (2.06), followed by residue incorporation (Rs
75,916 ha 1; B:C ratio 1.70). The conventional practice
of residue burning resulted in the lowest net returns
(Rs 65,382 ha - ') and benefit—cost ratio (1.49).

The superior profitability of zero tillage was
primarily due to lower cultivation costs achieved by
eliminating tillage operations and reducing labour and
fuel requirements, while maintaining a yield comparable
to residue incorporation. Although residue incorporation
involved additional expenditure for residue shredding,
incorporation and nutrient supplementation, the higher
seed yield partially compensated for these costs.
These results indicate that both conservation-based
practices are economically superior to residue burning,
with zero tillage providing the greatest financial
advantage under farmers’field conditions, as evidenced
by higher relative production and efficiencies (Table 3).

The present findings are in close agreement
with Sridevi et al. (2026), who reported that residue
mulch under zero tillage produced the highest system
productivity, net returns and benefit—cost ratio in a
maize—sunflower cropping system due to lower
production costs and efficient utilization of crop residues.
Likewise, Prasad et al. (2024) observed significantly
higher profitability under residue incorporation compared
with residue burning, emphasizing that residue recycling
not only improves crop productivity but also enhances
farm income through efficient nutrient utilization.

Several studies have similarly demonstrated
the economic benefits of conservation agriculture.
Hobbs et al. (2008) and Gathala et al. (2015) reported
that reduced tillage and residue retention substantially
decrease production costs while maintaining or
increasing crop yields, resulting in improved profitability.
These findings reinforce the suitability of conservation
residue management as an economically viable option
for sustainable sunflower cultivation in rice-fallow
ecosystems.

Extension Gap and Technology Validation

The extension gap, which represents the
difference in productivity between the demonstrated
technology and farmers’ practice, was 114 kg ha' under
zero tillage and 158 kg ha' under residue incorporation.
The higher extension gap observed under residue
incorporation indicates substantial scope for increasing
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sunflower productivity through adoption of improved
residue management practices.

The observed extension gap reflects the
continued adoption of residue burning by many farmers
despite its adverse effects on soil health and crop
productivity. Burning of rice residues results in
considerable losses of plant nutrients and soil organic
carbon, while conservation-based residue
management enhances nutrient recycling, moisture
conservation and biological activity. The yield
advantage achieved in the present demonstrations
therefore highlights the importance of effective extension
programmes for promoting residue recycling
technologies among farming communities.

The consistency of yield improvement across
all demonstration locations validates the technical
feasibility and adaptability of the demonstrated
technologies under real farming situations. The close
agreement between the present FLD results and earlier
experimental findings of Prasad et al. (2024) and
Sridevi et al. (2026) further confirms that the benefits of
conservation residue management observed under
research station conditions can be successfully
translated to farmers’ fields.

CONCLUSION

The Front-Line Demonstrations confirmed that
conservation-based rice residue management is a
viable alternative to residue burning in rice-fallow
sunflower. Residue incorporation recorded the highest
seedyield (1,656 kg ha), while zero tillage with residue
retention proved to be the most profitable, with the
highest net returns (Rs 77,904 ha'') and benefit—cost
ratio (2.06). Wider adoption of these practices can
enhance productivity, profitability and sustainability
while reducing the environmental impacts of residue
burning.

These findings provide strong scientific
evidence for promoting zero tillage and residue
incorporation through extension programmes and
government-supported conservation agriculture
initiatives. The choice of technology may depend on
the availability of machinery, labour, and farmers’
investment capacity. Where residue incorporation
equipment is available, maximum productivity can be
achieved, whereas zero tillage offers a practical and
cost-effective alternative for large-scale adoption.
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