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Foreword

Conventional farming often relies on intensive tillage and the burning of
crop residues, practices that significantly contribute to soil degradation, reduced
agricultural productivity, and increased greenhouse gas (GHG) emissions. Further,
land clearing, over-exploitation of natural resources, and biodiversity loss pose
major challenges to global food security and environmental sustainability.
Conservation agriculture (CA) is largely recognized as a potential strategy for
resolving these obstacles and promoting sustainable agriculture. Modern CA
enhances the natural resource base-soil, water, and air quality—while minimizing
production costs through three interrelated principles: minimal soil disturbance,
permanent residue cover, and crop diversification. In India, however, CA’s full
potential has not yet been realized, as it requires site-specific water, soil, and
nutrient management practices, alongside knowledge-intensive applications of
technologies. Over the past two decades, ICAR, SAUs, CIMMYT, and NGOs have
progressed in scaling CA, but further efforts are needed. In response, ICAR
launched the "Consortia Research Platform on Conservation Agriculture" in 2015—
2016. As part of this broader initiative, a project was implemented at the ICAR-
National Institute of Abiotic Stress Management (NIASM) in Baramati, Pune,
Maharashtra, primarily focusing on the sugarcane cropping systems.

As the predominant industrial crop, sugarcane faces major constraints in
India’s sugar economy due to high input requirements, trash burning, and stagnant
productivity. Excessive tillage, mono-cropping, and abiotic stresses further limit
sugarcane production in tropical-subtropical semiarid regions. To address these
issues, long-term CA experiments focusing on tillage, residue management, and
intercropping along with good agronomic and engineering practices such as
optimized planting geometry, micro-irrigation, and exogenous PGRs, were
conducted from 2015-2024. Key findings and recommendations from these 10
years of research are summarized in the present bulletin “Consortia Platform on
Conservation Agriculture: A Decade of Research in Sugarcane”, providing strategies
to improve soil health, resource-use efficiency, and profitability in sugarcane-based
cropping systems. The bulletin also highlights the benefits of SORF (Stubble
Saving, Off-Barring, Root Pruning, and Fertilizer Application) practice using a
multifunctional drill (MRD) to manage the water-energy-carbon nexus in sugarcane.
It is hoped that project outcomes, including HRD activities, linkages, infrastructure,
technologies, and publications, will help raise awareness of CA among researchers,
farmers, industrialists, and socio-economically disadvantaged groups. This bulletin
is expected to serve as a comprehensive guide on CA, supporting the development
of environmentally sustainable and profitable sugarcane production systems.

M

.o —‘—"’/
(S.K. Chaudhari)

Ph.: +91-11-25848364 Fax: +91-11-25848366 Email: ddg.nrm@icar.gov.in Website: www.icar.org.in






Agriculture is crucial to India’s economy, employing more than half of the population and
supporting agro-based industries that promote equitable growth, raise rural incomes, and ensure
food security. However, increasing urbanization and industrialization are forcing the conversion
of limited land resources to non-agricultural uses. At the same time, the impacts of global
warming and abiotic stresses pose serious threats to natural resources, agricultural productivity,
and food security. These challenges are further exacerbated by conventional farming practices,
such as intensive tillage, excessive use of agricultural inputs, crop residue burning, and mono-
cropping, which reduce resource-use efficiency, leave soil vulnerable to erosion, contribute to
biodiversity loss and cause environmental degradation through greenhouse gas (GHG) emissions.
This underscores the basis for conserving natural resources to achieve the long-term sustainability
of agricultural and natural ecosystems.

Conservation agriculture (CA) is an ecosystem approach to agricultural land management based
on three interlinked principles: minimum mechanical soil disturbance, permanent residue cover,
and crop diversification via rotation or intercropping. It comprises a set of farming practices
tailored to specific crops in localized environments, which enhance biodiversity and natural soil
biological processes, thereby improving soil health, water and nutrient use efficiency, and
supporting sustained crop production. It also aims to overcome the problems associated with
conventional farming practices by introducing resource-efficient, profitable, stress-tolerant, eco-
friendly, and climate-smart production techniques and methodologies.

This summary bulletin provides an overview of the research outcomes and the state of CA
practices standardized for the sugarcane cropping system, especially in the subtropical, semi-arid
drought-prone regions of Peninsular India during 2015-2024. It is part of the larger Consortia
Research Platform on Conservation Agriculture (CRPCA), launched by ICAR, New Delhi. The
results of the experiments conducted under this project at ICAR-NIASM are discussed as Phase—
I (2015-2020) and Phase—Il (2021-2026 ongoing), with the aim of improving overall system
productivity, managing water-carbon-energy footprints, and reducing greenhouse gas emissions
(GHGs) in sugarcane systems by interlinking three CA principles. The bulletin details various CA
practices such as reduced tillage, residue management, and intercropping alongside good
agronomic and engineering technologies developed to enhance resource-use efficiency,
environmental quality, and productivity of the sugarcane cropping system. The bulletin also
includes highlights of HRD and capacity-building programs, DAPSC activities, relevant
publications, and infrastructure developed under the research consortium.

We sincerely acknowledge the invaluable guidance and contributions of Dr. P.S. Minhas, Dr.
N.P. Singh, Dr. H. Pathak, Former Directors of ICAR-NIASM, for initiating and facilitating
research on CA in sugarcane. We extend our heartfelt thanks to the scientists, technical staff, and
farmers involved in the program, as well as those who supported us during the research work.
Our gratitude also goes to NRM Division of the Indian Council of Agricultural Research, New
Delhi, for their continuous support and encouragement. We hope the insights and
recommendations from the last 10 years of CA research in sugarcane presented in this bulletin,
will be valuable for the researchers, farmers, students, and other stakeholders.

Authors
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1. Introduction

Modern agriculture is grappling with series of interconnected challenges ranged from soil
degradation, biodiversity loss, water scarcity, low profitability and food insecurity
(Muluneh, 2021). These challenges are largely driven by unsustainable agricultural
practices such as intensive tillage, excessive use of chemical inputs and mono-cropping,
which pose serious threats to human wellbeing, ecosystem and environment.
Additionally, climate change-induced abiotic stresses have a severe impact on natural
resources, agricultural productivity, and food security globally. In this situation, feeding
the world without destroying more nature will become increasingly difficult and
eventually impossible under continuous population growth. Hence, a series of
transformative changes and holistic approaches are required for addressing these
multiple challenges simultaneously. The sustainable development goals (SDGs) adopted
by all United Nation members’ states provide a framework for integrative solutions,
particularly emphasizing sustainable agricultural practices as essential for achieving food
security and environmental sustainability (UN, 2015).

Conservation agriculture (CA) emerges as one of the viable solution and
sustainable alternative that addresses these widespread challenges by promoting
ecosystem health, enhancing resilience and supporting sustainable food production
system (Friedrich et al., 2012). Adopting CA practices can help in mitigating soil
erosion, enhancing nutrient availability and conservation of water resources, thereby
contributing to multiple SDGs, including zero hunger (SDG2), clean water and
sanitation (SDG6) and life on land (SDG15) (Farooq, 2023). According to the United
Nation’s Food and Agriculture Organization (FAQO), CA is a farming system that
promotes maintenance of a permanent soil cover, minimum soil disturbance, and
diversification of plant species. It enhances biodiversity and natural biological processes
both above and below the ground surface contributing to increased water and nutrient
use efficiency, as well as improved and sustained crop production. Hence, CA
technologies are crucial for the future of sustainable agriculture. The IPCC 2019 report
on ‘Climate Change and Land’ lists CA as a way to adapt climate risks. It’s three key
principles—-minimum soil disturbance (up to 20-25%), crop diversification (crop rotation
and intercropping), and permanent soil cover (over 30% crop residue retention) not only
protect the environment but also help lower greenhouse gas emissions (GHGs) and fight
climate change through sustainable land management (Fig.1).

Conservation agriculture (CA) is practiced globally on approximately 180 million
hectares (Mha) of cropland, constituting about 12.5% of global cropland area, evenly
distributed between the Global North and Global South. Over the last two decades, the
average annual rate of global expansion of CA cropland has been 10.5 Mha. The largest
extents of adoption are in South and North America, followed by Australia and New
Zealand, Asia, Russia and Ukraine, Europe and Africa. In particular, its adaptation in
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Asia is a more recent development, with larger farms in Kazakhstan and China, and

small farms in India and Pakistan. Specifically, wheat-rice cropping systems in the Indo-
Gangetic Plains are being transformed into CA systems, referred to as —‘double no-till’
rice-wheat systems, and in some areas it has been possible to add a short season-legume
crop such as mung bean in the cropping system (Kassam et al., 2020). CA offers
potential advantages across different agro-ecoregions and farmer groups, ranging from
the nano-level (improving soil properties) to the micro level (saving inputs, increasing
farm income, reducing production costs), and the macro level (improving food security,
reducing poverty and mitigating global warming). Despite its benefits, the adoption of
CA has been relatively slow on smallholder farms in India. Recognizing its potential
impact and importance, the Indian Council of Agricultural Research (ICAR) launched
the project entitled “Consortia Research Platform on Conservation Agriculture (CRP-
CA)” in 2015-16, with its headquarters at the ICAR-Indian Institute of Soil Science
(IISS), Bhopal. Nearly a decade ago, this initiative adopted a farmer-participatory
approach to refine and implement new CA-based crop production systems in India,
including sugarcane.

Conservation @ Improve soil health and fertility

Agriculture (CA)

@ Improve carbon sequestration
and reduce GHGs

@ Improve water use efficiency

Increases yield and productivity

Minimum soil disturbance (25%) Soil cover (over 30%) Crop diversification

+ Reduced tillage + Cover crop +  Crop rotation
* No tillage *  Crop residue + Mixed & intercropping

Fig.1. Three basic principles of conservation agriculture (CA).

2. Why CA in sugarcane cropping system?

Sugarcane is one of the most important perennial industrial crops, supplying about 80%
global sugar demand and 40% biofuel needs. It is cultivated on over 26.1 million hectares
(Mha), with an annual production of 1.9 billion tonnes (Bt), in tropical and subtropical
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climatic conditions of more than 115 countries located between latitudes of 36.7°N to
31.0°S (Wakchaure et al., 2022; FAO, 2023). In India, sugarcane is grown in diverse
agro-climatic and soil conditions between latitudes 8°N and 33°N, excluding cold-hilly

regions such as the Kashmir Valley, Himachal Pradesh, and Arunachal Pradesh. In
northern subtropical states, the crop typically matures in one year, known as ‘Eksali,’
while in southern tropical states it takes 18 months to mature, referred to as ‘Adsali.’
Sugarcane is planted year-round in different parts of the country; for example, it is sown
in September—October (autumn) and February—March (spring) in subtropical regions,
while in tropical regions, it is planted in June—August (Adsali) and January—February
and October—November (Eksali).

Fig.2. Excess use of water, high trash load and its burning causes loss of soil biology and

environmental pollution in sugarcane.

India ranks second globally in both sugarcane production (490.5 Mt) and acreage
(5.1 Mha) contributing 25% of the world production next to Brazil. It supporting over six
million cane farmers and their families, along with workforces and entrepreneurs of over
550 sugar mills, apart from a host of wholesalers and distributors spread across the
country (Solomon 2020). However, intensive tillage and mono-cropping have been
identified as major factors contributing to stagnating sugarcane productivity, posing
significant challenges to India’s sugar economy. In addition to high water-nutrient-
energy consumption, crop is experiencing vagaries of weather at critical growth stages.
Climate change, overexploitation of natural resources, and human activities exacerbate
the effects of abiotic stresses on the sugarcane cropping system. In particular, ratoon crop
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is grown on half the sugarcane area yields 20-25% less than the plant crop. Here, the

management of high load (10-15 t ha™) and tough nature of loose trash generated after
sugarcane is major challenge (Fig.2). Additionally, hindrances in field operations, lower
nutrient use efficiency (NUE), trash burning, and greenhouse gas (GHG) emissions,
which lead to the loss of soil biology and environmental pollution, are major constraints
to achieving higher cane yields (Choudhary et al., 2017). Overall, CA practices have the
potential to reduce basic inputs, improve soil health and cane productivity as well as
environmental pollution, and thus, it can be recommended for long-term sustainability of
the sugarcane-based cropping systems (Singh et al., 2021).

3. Rationale of the project

Agriculture is vital to Indian economy, providing livelihoods to most of its population.
Despite achieving food self-sufficiency, challenges like yield gaps, inefficient use of water
and nutrients, declining farm profits, soil degradation and climate risks persist. Feeding a
growing population with rising demand for resource-intensive foods is difficult,
especially with limited farmland. To address this, sustainable strategies are needed to
boost productivity, enhance farm income, protect natural resources, and reduce
environmental impacts. Conservation agriculture (CA) offers a promising solution,
especially in rainfed and fragile regions, by improving efficiency, reducing inputs like
water and labour, minimizing pollution, enhancing soil health, and increasing resilience
to climate risks. However, CA’s full potential has not been realized, as it requires site-
specific, knowledge-intensive applications of technologies like machinery, crop varieties,
and pest management. Over the past two decades, organizations like ICAR, SAUs,
CIMMYT, and NGOs have made progress in developing and scaling CA, but further
efforts are needed. Hence, ICAR launched the "Consortia Research Platform on
Conservation Agriculture" in 2015-2016, aiming to mainstream CA for the sustainable
use and management of natural resources to improve productivity and ensure food
security. As part of this initiative, a project was implemented at the ICAR—-National
Institute of Abiotic Stress Management (NIASM) in Baramati, Pune, Maharashtra,
focusing on the sugarcane cropping system with the following specific objectives for the
Phase-I (2015-2020).

1. Development and validation of location specific CA practices for enhancing
productivity, profitability and resource-use efficiency.

2. Quantification of the impact of CA practices on soil health and carbon
sequestration.

3. Development of suitable planting systems, micro-irrigation techniques and
residue management practices.

The conceptual framework for the rationale behind conservation agriculture in sugarcane

is summarized in Fig. 3.
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.
Drivers
Q.ow water availabilitylproductivity)
Residue management \
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Ratoon management
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Engineering
Approach

Trash

Soil degradation

(Low input-use efficiency

Soil biology _,Gonservation Agricultu@{

Rodent and snakes

Low pro ductmty under crop residues

Crop losses and
damage in drip

Cost of cultivation irrigation system
High energy and water

N,O emission (1000
tone C equivalent)

lower NUE)

Residue Total emission
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CH, emission
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equivalent)

Sugarcane 115:12 26.48 141.60

M t
A gr onomy anagemen

Fertiliser application under
CA based sugarcane
systems (compulsion to
apply through broadcasting:
poor nutrient supply &

Stubble shaving
Off barring

Root pruning

Fertilizer-band placement

Intercrop sowing

Technology Integratio

* Total system productivity & intercropping
*  GHG emission

*  Water-carbon-energy footprints
Machines, PGRs, trash decomposition,
alleviating abiotic stresses in CA-based
sugarcane system

T Outputs 2 and 3

Conventional tillage + Fertigation

Reduced tillage + Fertigation
Reduced tillage + 10% Basal 40% RDF-SORF + 50% Fertigation

Trash retention

Trash burning

®

Absolute control (Farmers' practice)

Parallel single row (150 cm)
Parallel paired row (90 X 210 cm)
(75X 225 cm)
(60 X 240 cm)
Zig-Zag pairedrow (90 X 210 cm)
Sub-surface Drip Zig-Zagraired row (75 X 225 cm)
{ Zig-Zag pairedrow (60 X 240 cm)
Flood Irrigation

. Farmers' practice (Absolute control)
-

Surface Drip Zig-Zag pairedrow

Zig-Zag paired row

Planting System

Fig.3. Conceptual framework for the rationale behind conservation agriculture in sugarcane cropping system.
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The key drivers of low water productivity, inefficient input use, challenges in residue

management and trash burning, environmental pollution, and higher cultivation costs
underscore the need for CA in the sugarcane system. Two approaches—Agricultural
Engineering and Agronomy—were employed to assess the long term effect of tillage,
residue retention and other management practices (planting geometry, nutrient-irrigation
management) and technologies such as SORF (Stubble Saving, Off-Barring, Root
Pruning, and Fertilizer Application) across various sugarcane cropping systems. The
results from the initial five-year (Phase—I, 2015-2020) experiment served as inputs for
further studies aimed at improving overall system productivity, promoting intercropping,
reducing greenhouse gases emissions (GHGs), managing water-carbon-energy footprints,
and application of plant growth regulators (PGRs) to alleviate abiotic stresses in CA-
based sugarcane systems during Phase II (2021-2026). Key findings from the past 10
years of experiments have been applied to improve soil health, enhance productivity and
profitability, and increase resource-use efficiency in sugarcane-based cropping systems,
especially in the context of a changing climate.

4. Experimental location, soil and climatic conditions

Fig.4. illustrates the major sugarcane growing states and experimental site, located at the
research farm of ICAR—-National Institute of Abiotic Stress Management (NIASM) in
Malegaon Kh Village, Baramati Tehsil, Pune District, Maharashtra, India (18°09'N,
74°30'E and 560 MAMSL).

Fig.4. Location map of the experimental site under sugarcane system (ICAR-NIASM).
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The black soil (< 40—60 cm depth) of the study site was sandy clay in texture, comprising
56.1% sand, 8.0% silt and 35.9% clay. The soil pH (1: 2.5 soil-to-water suspension) was
8.2; with an EC 0.26 dS m™! and organic matter of 6.6 g kg™'. The available N, P and K
levels were 176, 25 and 148 kg ha™!, respectively. The site was characterized by low,

erratic rainfall and is susceptible to drought (Wakchaure et al., 2021). A major portion of
the agricultural area is rainfed, except for about one-third of the Baramati region, which
1s irrigated by the Nira canal and supports sugarcane cultivation. The weather data from
1986-2019 show that the annual mean maximum temperature ranged from 27.8 °C-34.4
°C, with a long-term average of 33.0°C, while the annual mean minimum temperature
fluctuated between 17.3 °C and 22.3 °C, with a mean of around 19.5 °C. The long-term
average annual rainfall is only 576 mm, mainly distrusted across the monsoon (69%),
pre-monsoon (10%) and post-monsoon (21%) seasons (Singh et al., 2020).The annual
open-pan evaporation, as reported by the USWB, is 1965 mm (Minhas et al., 2015).

5. Phase-I: Salient achievements (2015-2020)

The key achievements of each experiment conducted during Phase-I (2015-2020) are
briefly discussed in a pointwise manner.

5.1. Optimizing effect of planting geometry, micro-irrigation and residue
management practices on sugarcane-mung bean cropping system

@ Sub-surface drip irrigation (SSDI) with live or trash mulch significantly increased
cane yields (Var. MS—10001) in both plant and ratoon cane. The highest cane yield
(150.3 t ha ') was recorded with zigzag paired row planting (ZPR-225 cm X 75 cm)
combined with SSDI and mulch, followed by ZPR-240 cm X 60 cm + SSDI (142.0
t ha™'). In contrast, the lowest yields were observed in the farmer practice plots
(125.3 t ha! with trash retention and 106.3 t ha! with burning). Mung bean live
mulch and residue retention improved yields by 10.6%. Furthermore, mung bean as
an intercrop produced seed yields of 3.8-7.9 q ha!, with parallel single-row
planting at 150 cm spacing and surface drip irrigation (PSR-150 cm + SDI)
yielding 39-84% more than other treatments (Fig.5).

N -t A
(¥ ’ R

Zigzag paired row planting Mung bean as live mulch + SSDI ZPR + Trash mulch + SSDI

Fig.5. Performance of zigzag paired row planting on mung bean-sugarcane system.
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@ Maximum water productivity (WP) of 0.90 Mg ha™! cm™! was achieved with ZPR—

5.2.

225 cm X 75 cm + SSDI with mulch, followed by 0.80 Mg ha! cm™ in ZPR-240
cm X 60 cm + SSDI. The lowest WP was observed in farmer practice plots. Trash
management and subsurface irrigation reduced water loss and improved WP by
8.9% over non—mulched SSDI, 10% over surface drip irrigation (SDI) and 31.03%
over surface irrigation (SI).

The treatment combining ZPR-225 cm X 75 cm planting geometry with subsurface
drip irrigation (SSDI) and surface residues retention (mung bean live mulch and
trash) showed the highest dehydrogenase activity (260.00 ug TPE g soil 'day ') and
soil biomass carbon (385 pg g soil™!). This result is likely due to improved soil
moisture availability, which enhanced microbial activity compared to other
treatments.

ZPR-225 cm X 75 cm planting geometry along with SSDI and surface residues
retention exhibited maximum organic carbon, OC (0.75%), available N (180 kg
ha™'), P (18.46 kg ha!) and K (530 kg ha!) status of soil after harvest of crop. It
may be happened due to continuous mulching of crop residue with minimum
volatilization losses.

Effect of tillage, crop residues and nutrient management practices in

sugarcane cropping system

The plant crop (Var. MS—10001) results (2016-2017) revealed that reduced tillage
(RT) excluding deep tillage and applying 10% of RDF (300: 115: 115; N: P: K; kg
ha) as basal and 90% through fertigation (M,), can be adopted without
compromising cane yields (162.2 t ha™) compared to conventional tillage (CT,
157.1 t ha™'), which follows the same fertilizer application method (M,) in laser
land levelled (LLL) field plots. Furthermore, RT with the application of 40% of
RDF through band placement using SORF and 50% of RDF through fertigation
(M;) improved the cane yield (170.0 t ha™) over the application of 10% RDF
basal+90% RDF through fertigation.

Laser land levelling (LLL) Live mulch of mung bean Fertiliser placement—-SORF

Fig.6. Plant sugarcane crop with mung bean live mulching and fertiliser placement.
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@ The yields improvement with M; over M;, M, and conventional farmers’ practices
(M,) treatments were 5.7, 10.5 and 26.4%, respectively. Further, LLL and drip
irrigation practices not only saved the irrigation water (48%) but also improved the

cane yield up to the tune of 10-15%. The residue management practices also
significantly affected cane yield and recorded 5.3-12.7% yield improvement over
trash burning (Fig.6).

@ Pooled results from a two-year ratoon sugarcane field trail (2018-2020) indicated
that the highest ratoon yield (153.5 t ha!) was achieved with reduced tillage (M),
trash retention (S;) and placement of 50% of RDF as basal by using SORF, with the
remaining 50% applied through fertigation (N,). This was followed by a yield of
149.8 t ha” with 75% of RDF as basal using SORF and remaining 25% by
fertigation (M3S;N3). The N, reported 10% yield improvement over N; where 25%
of RDF was applied as basal by using SORF and remaining 75% through
fertigation. Trash residue management improved cane yield by 13.4% compared to
trash burning (S,) treatments.

@ Reduced tillage with trash-retention and nutrient management (M;S;N;) practices
exhibited in the highest levels of available nitrogen (180.7 kg ha™!), phosphorus
(18.6 kg ha™') and potassium (530.1 kg ha™') in the soil after crop harvest. In this
treatment, soil organic carbon (SOC) reported as 9.7, 7.9 and 4.8 Mg ha! year! at
soil depth of 0-5, 5-15 and 15-30 cm soil depth, respectively (Fig.7).

: : k . = 5 B e AT ;

Trash treatments Initial fertiliser placement Grand growth stage
Fig.7. Optimising tillage, trash management and nutrient management practices in
ratoon sugarcane.

5.3. Engineering interventions for CA in sugarcane system

@ Two prototypes of the SORF drill were developed to perform various intercultural
operations, intercropping, and in-situ trash retention by integrating the three
principles of conservation agriculture (CA). These innovations aim to enhance the
productivity, resource-use efficiency, and environmental quality of the ratoon
sugarcane system (Fig.8).

@ Both Prototype-I (NIASM) and Prototype—II (developed in collaboration with
IISR, Lucknow) are tractor-operated (approximately 65 hp) with PTO-driven three-
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point hitch linkages. They consist of three main components: (i) a power
transmission unit, (ii) a central horizontal rotating disc attachment with fixed
peripheral blades for stubble shaving, and (iii) two vertical discs/shovels for oft-
barring, equipped with root pruning and fertilizer placement mechanisms.

@ The spacing between the two high-carbon steel root pruners mounted on the main
frame is adjustable to accommodate different row spacing’s used in sugarcane
planting. The adjustable vertical off-bar discs/shovels cut the raised bed (0.10-0.20
m soil depth) from the outer sides and spread the lifted soil over the chopped trash.
These discs also act as root pruners, trimming older roots. Fertilizer can be placed
simultaneously through a fertilizer box using a fluted roller-star wheel metering
drill mechanism, depending on the adjusted fertilizer rate, beneath the surface.

@ In addition to drilling fertilizers (0.10-0.20 m) soil depth, depending on raised bed
height, these machines are suitable for a variety of operations in a single pass, such
as trash chopping, stubble shaving, covering trash with loose soil, off-barring, and
root pruning for ratoon sugarcane crops.

..T—-._'-*_’
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Prototype—II: SORF(Stubble shaving, off baring, root pruning and fert

Fig.8. Prototypes of SORF for implementing CA in ratoon sugarcane cropping system.
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6. Phase-II: Salient achievements (2021-2026 ongoing)

As discussed in Section 3, the initial outputs from Phase—I (2015-2020) were utilized to

design the objectives and establish new conservation agriculture (CA) experiments for
Phase—II (2021-2026). The objectives of Phase-II are as follows:

1.

To quantify the impact of conservation agriculture on GHGs emission in
sugarcane-based cropping system

To improve the water productivity through restructured planting technique, sub-
surface drip irrigation systems and CA practices

. To develop intercropping systems for sustainable soil and environmental health
through conservation agriculture

To develop suitable machine and microbial technology for sugarcane trash
decomposition and nutrient management

The key achievements of the long-term CA experiments, (i) initiated during Phase I and

concluded in Phase—II, and (ii) initiated in Phase—II, are briefly presented below.

6.1.

Qo

Effect of residue retention and nutrient management on carbon
sequestration, soil biology and yield in multi-ratoon sugarcane

The field experiment was conducted in the split-plot design, with residue burning
(RB) and residue retention (RR) as the main plot treatments, and three nutrient
management practices as subplot treatments: 25% of the recommended dose of
fertilizers (RDF, i.e., 300: 150: 150 kg of N, P,0Os, and K,O kg ha™, respectively)
applied as basal + 75% through fertigation (N;); 50% of RDF as basal + 50%
through fertigation (N,); and 75% of RDF as basal + 25% through fertigation (IN3).
These treatments were applied to four ratoon sugarcane crops (2018-2022) grown
after the plant crop (2016-2018).

Residue retention (RR) resulted 21% increase in total soil organic carbon (SOC),
with 42%, 47%, 17%, and 13% higher very labile, labile, less labile, and non-labile
C pools, respectively, than residue burn (RB) plots. RR plots also showed
significantly higher dehydrogenase activity (DHA) (86%), alkaline phosphatase
activity (APA) (16%), and f3-glucosidase activity (BGA) (22%) than RB. Among
nutrient management practices, the order of effectiveness was N, > N; > Nj.

Residue retention practices also demonstrated higher carbon sequestration (0.68
Mg C ha™ yr'), carbon retention efficiency (37%), and yield improvement (38%),
with the potential to reduce GHG emissions by 2.72 Mg CO, ha™ yr' compared to
traditional practices. Residue retention practices reported higher C sequestration
(0.68 Mg C ha™ yr'), carbon retention efficiency (37%), and yield (38%) with a
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6.2.

potential to reduce GHG emissions by 2.72 Mg CO, ha™ yr! as compared to
traditional practices.

Residue retention combined with 50-75% RDF as basal is recommended for
enhanced soil carbon retention and soil biology, promoting sustained sugarcane
productivity.

Reduced tillage, surface trash retention and fertigation strategies for

managing water-energy-carbon nexus in drip irrigated sugarcane

A six-year field experiment (2016-2022) was conducted to evaluate the impact of
tillage, surface trash retention, and nutrient management combined with the SORF
(stubble saving, off-baring, root pruning, and fertilizer band placement) practice,
using a multifunctional ratoon drill (MRD) in a drip-irrigated sugarcane system.
The initial experiment for the plant crop included six treatment combinations: main
plots consisted of three tillage practices (CT: conventional tillage + 10% RDF basal
and 90% fertigation; RT;: reduced tillage (RT) + 10% RDF basal and 90%
fertigation; and RT,: RT+10% RDF basal, 40% band placement, and 50%
fertigation), and subplots included soil surface trash retention practices (M:
mulching; NM: non-mulching). Additionally, three nutrient levels (N;: 25% RDF
basal without SORF and 75% fertigation; N,: SORF with 50% RDF basal and 50%
fertigation; N3;: SORF with 75% RDF basal and 25% fertigation were applied in
sub-subplots to subsequent ratoon crops.

Fig.9. Performance of reduced tillage (RT,) and surface trash retention (M) with 50%

RDF basal using SORF and remaining (50%) through fertigation over farmers practice.

@ Integrating reduced tillage, trash retention, and optimal nutrient management with

SORF (RT,+M+N,) in CA systems effectively managed the water-energy-carbon
nexus in sugarcane, improving soil health, cane growth, and ratoon yield by 45.4%,
while reducing the yield gap between plant and ratoon crops by 8% over farmers
(CT+NM+N,) practice (Fig.9). This system also demonstrated efficient water
savings (11.5-24.8%) and reduced the water footprint by 60%. Energy use
efficiency was enhanced (38.7-56.3%), while energy consumption and GHG
emissions were reduced by 20% and up to 12.9%, respectively. Additionally,
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6.3.

carbon sequestration increased by 65.5-73.1%, lowering the carbon footprint by
72-88% in semi-arid regions.

Optimizing planting geometry and residue management in sugarcane-
groundnut intercropping under subsurface drip irrigation practices

The experiment, initiated in 2021, aimed to optimize the effects of zigzag paired
row planting, subsurface drip irrigation (SSDI), and intercropping with groundnut
to enhance the productivity of the sugarcane (Co-86032) cropping system. The
main plot treatments included; M;: Zigzag paired row (ZPR) with 60 cm plant
spacing and 150 cm row spacing + SSDI; M,: ZPR (75 cm, 150 cm) + SSDI; M;:
ZPR (60 cm, 210 cm) + SSDI; M,: ZPR (75 cm, 210 cm) + SSDI; Ms: ZPR (60 cm,
225 cm) + SSDI; Mg: ZPR (75 cm, 225 cm) + SSDI; M;: ZPR (60 cm, 180 cm) +
SSDI; and Mjs: ZPR (75 cm, 180 cm) + SSDI. Two soil surface retention
treatments, S;: groundnut residue + sugarcane trash, and S,: without residue, were
applied in sub-plots. Additionally, a control treatment with surface irrigation
management practices was maintained for comparison.

In the plant crop (2021-2022), the MS, treatment, i.e., ZPR 75 cm X 225 cm +
SSDI with residue retention, resulted in the highest cane yields (154.7 t ha™), which
was 37% higher than the M;S, 1.e. commonly recommended for farmers' practices.
A similar trend was observed for groundnut pod yield, where M4S; (ZPR 75 cm X
225 cm + SSDI) recorded the highest yield of 24.1 q ha™, followed by MsS; (ZPR
60 cm x 225 cm + SSDI) with 23.3 q ha™. Furthermore, residue retention improved

ratoon cane yield by 13.7-29.9% compared to residue-burning practices (Fig.10).
‘ N

Fig.10. Effect of zigzag planting geometry and residue management in plant sugarcane-

groundnut intercropping system under subsurface drip irrigation practice.
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@ In the ratoon crop, a two-year pooled analysis (2022-23 and 2023-24) revealed that

the highest cane yield was reported for M4S, (135.2 t ha™), followed by MsS; (131.8
t ha™). M,S; also recorded the maximum groundnut pod yield (9.8 q ha™), while
M,S, had the lowest yield (3.9 q ha™). Surface trash retention and groundnut
residues improved ratoon cane yield by 17.9-40.9% over the farmers' standard
practices (Fig.11).

Fig.11. Effect of zigzag planting geometry and residue management in ratoon sugarcane-

groundnut growth under a subsurface drip irrigation system.

@ It can be concluded that groundnut—sugarcane intercropping is successful in the

6.4.

plant crop. However, a significant reduction groundnut pod yield in the ratoon crop
(up to 83.8%) suggests that it may not be economically viable. Overall, the synergy
of planting geometry, intercropping, and surface residue retention demonstrates the
potential to boost the productivity of the sugarcane cropping system.

Interactive effect of chickpea genotypes, deficit irrigation and plant
growth regulators in CA based sugarcane cropping system

Initiatives have been taken to study the interaction between genotypes (G),
management (M), and environmental factors (E) under a reduced-tillage practice in
sugarcane cropping system. Accordingly, a field experiment was initiated to
examine the interaction effects of chickpea genotypes (G), plant growth regulators
(M), and water stress environments (E) in sugarcane (Variety: Co—86032) during
2022. The main treatments included three deficit irrigation levels, viz., I;: 50% ETc;
I: 75% ETc; and I;: 100% ETc (full irrigation), which were maintained using as
subsurface drip irrigation system. Two soil surface residue management practices,
S;: intercrop (with eight chickpea cultivars: Pusa—1003, BG-276, Pusa Green—112,
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ICCV-92944, IPC-06-11, JG-16, Vijay, and Phule Vikram) residue cover, and S,:
no residue cover, were used in the subplots. Four plant growth regulators (PGRs),

namely thiourea (TU, 1800 ppm), irradiated chitosan (IC, 5 ml L™), nano-urea
(NU, 4 ml L), and salicylic acid (SA, 25 uM), along with a control (no PGRs),
were applied exogenously at two-month intervals after crop establishment (60
DAT) as sub-subplot treatments. Preliminary results showed that in the plant crop,
the highest cane yield of 157.1 t ha™ was obtained with I,+S,+IC, i.e., 75% ETc
with intercrop residues and the exogenous application of irradiated chitosan (5 ml
L™). Crop residue retention (S,) increased plant cane yields by 8.1%, 17.2%, and
23.1% under full (100% ETc), 75% ETc, and 50% ETc, respectively, over the
control (S;). PGRs improved plant crop cane yields by 4.0-7.2%, 8.3-18.7%, and
11.7-22.4% under full (100% ETc), 75% ETc, and 50% ETc water deficit
conditions, respectively. Overall, PGRs like IC and the chickpea cultivar Phule
Vikram appear promising for enhancing the growth and productivity of the
sugarcane system (Fig.12). However, due to the severity of rust infection in
chickpea and the complexity of the experiment, genotype interaction factor was
eliminated from the ratoon crop trial.

...\\

, /77*' 12+‘s'\+\,‘1_c (5ml ixtl)

A -

Sugarcane-chickpea intercropping DI (75% ETc) +crop residue + IC (5 ml L)

Fig.12. Effect of deficit irrigation, crop residue surface mulch and irradiated chitosan on
plant sugarcane.

@ The highest ratoon cane yield of 140 t ha™! was obtained with I,+IC+S,, i.e., when
irrigated at 75% ETc with irradiated chitosan (5 ml L™) in trash-retained (S;) plots
under reduced tillage practices (Fig.13). Surface trash retention (S;) increased
ratoon cane yields by 9.4%, 21.0%, and 36.4% under full (100% ETc), 75% ETc,
and 50% ETc irrigation levels, respectively, compared to the control (S,). PGRs
improved ratoon cane yields by 5.0-12.0%, 9.9-25.4%, and 15.9-35.4% under full
(100% ETc), 75% ETc, and 50% ETc water deficit conditions, respectively.

@ Compared to results from the plant crop (2022-23), the combined practice of 75%
ETc, IC (5 ml L), and surface trash retention reduced the yield gap between plant
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and ratoon crops by up to 10.9%, along with 25% water saving over traditional

farmer practices.
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Fig.13. Ratoon crop responses to deficit irrigation, irradiated chitosan and surface trash.

6.5. Design and development of multi-functional ratoon drill (MRD) for
enhancing productivity and resource conservation in sugarcane

Background: Ratoon crop cultivated on half of the sugarcane area (2.5 Mha) yields 20—
25% less than the plant crop. The challenge lies in the high load (10-15 t ha™) and tough
nature of loose trash after harvest, posing obstacles to conservation agriculture (CA)
practices and intercropping. Additionally, lower nutrients use efficiency and burning
(GHGs) are the major constraints. Therefore, two prototypes of SORF (Prototype-I and
Prototype—II) were developed during Phase—I, though they require further refinement,
including the additional mechanism for sowing intercrop seeds in trash retained field.
Consequently, two additional prototypes (Prototype—IIl and Prototype—IV) of a multi-
functional ratoon drill (MRD) were developed to enhance productivity and resource
conservation in ratoon sugarcane cropping systems on shallow basaltic soils (Fig.14).

Key operations: Recently developed prototype MRD performs following five operations
in single go in a trash retained fields.
1. Stubble shaving: Uniform stubbles cutting left after harvest with stubble shaver

2. Off-baring: Adjustable off-baring shovels partially cut and spread soil over
chopped trash to expedite decomposition

3. Root pruning: Pruning older lateral roots in ratoon sugarcane and stimulates
fresh root growth

4. Placement of fertilisers: Placing fertilisers in bands in trash retained ratoon field

Sowing: Simultaneous sowing of intercrop (chickpea, sesbania and summer

maize) in ratoon sugarcane Crop
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Demonstration of MRD drill Sowing of summer maize

Fig.14. Field testing and demonstration of multifunctional ratoon drill (MRD).

Benefits and salient features: MRD is beneficial for timely ratoon management

operations, offering the following key benefits and features

Ratoon cane yield improved by 10-38%
Healthier with more number of malleable canes and least tiller mortality rate
Saving 6-21% irrigation water and 20-25% fertilizers

Band placement of fertilisers and sowing of green manuring and intercrops
(chickpea, maize, sesbania) with ease

Significant improvement in NUE (13%)

Field capacity of 0.60 ha h™using 35-50 hp tractor at 3.2 km h™' operational speed
with 95% efficiency

B: C ratio for MRD in ratoon sugarcane is 1.5-1.8, surpassing conventional
practices

Net profit increased up to INR 50000 per hectare

17
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Guidelines for use of MRD:

1.

Checking field conditions: Stubble shaving, off -barring/pruning, fertiliser cum
seed application operations with MRD are best accomplished in well chopped
trash retained fields with medium soil moisture. It does not work well in fields
where moisture levels are too high. In this such situations care must be taken to
prevent blockage of seed and fertilizer tube under black soil conditions.

Removal of drip system: Removal of the drip lateral pipes before performing
MRD operation from trash retained ratoon cane fields is essential.

Calibration: Calibrate the fertiliser/seed rate of MRD machine depending upon
recommended basal dose of fertilisers to be applied and quantity seeds of selected
intercrop in ratoon sugarcane.

Spacing and depth control: Adjust the spacing between off-bar cum root pruners
and depth of shovel/ tines for seeding cum fertiliser application with help of
adjustment screw before performing operation using tractor.

Irrigation: Apply the drip/furrow irrigation immediately after completion of
MRD machine operations.

Precautions: The MRD requires skilled tractor operator during transportation and field

operations for obtaining high field efficiency in trash retained ratoon sugar cane fields.

The machine has to be operating in well trash chopped fields only.

Cost and spread of MRD: The maximum cost of MRD machine is up to X 85 thousands

with all accessories. Net profit increased up to % 50 thousand per hectare. The keeping in

mind 2.5 million ha area of sugarcane under ratoon crop, it is estimated that

approximately  6.75-12.50 thousand crores per annum could be earned as an additional

net profit by the farmers. The MRD is disseminating through field demonstrations,

KVKs, state departments and institute visits to more 3000 sugarcane farmers, sugarcane

factories employees and entrepreneurs engaged in manufacturing of farm equipment.

7. Recommendations

@ The planting geometry of zigzag paired rows (ZPR-225 cm X 75 c¢cm) combined

with subsurface drip irrigation (SSDI) and surface residue retention (using mung
bean live mulch and trash) demonstrated significant improvements in cane yield
(16.3%), water productivity (0.90 Mg ha™ cm™), and soil health (including enzyme
activity, SOC, and NPK levels) compared to conventional farming practices.
Additionally, sugarcane-mung bean intercropping has proven to be economical for
both plant and ratoon crop. Therefore, this approach can be recommended as a
potential substitute for conventional practices in canal-based shallow basaltic soils
of the Deccan Plateau.
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@ In plant crop, Laser Land Leveller (LLL)+ Reduced tillage (RT) + Application of
40% RDF as band placement in standing crop and remaining 50% RDF through
fertigation improved the cane yields by 5.7, 10.5 and 26.4% over LLL +
conventional tillage (CT) + 90% fertigation, LLL+RT+90% fertigation and farmer
practices, respectively. LLL and drip irrigation practices saved the irrigation water

up to 48%. In ratoon crop, the same treatment reported significant improvement in
cane yield, SOC and NPK levels. The synergies of micro-irrigation and mulching
(trash/ live mulch) enhanced the cane yield by around 5.3-13.4% compared to
trash burned treatments.

@ A field experiment on residue retention and nutrient management in multi-ratoon
sugarcane (1 plant crop + 4 ratoons) demonstrated that residue retention (RR)
significantly improved SOC (21%), carbon sequestration (0.68 Mg C ha™ yr),
ratoon cane yields (38%), and potentially reduced GHG emissions (2.72 Mg CO,
ha™ yr') compared to residue burning (RB) over six years. Overall, RR combined
with 50-75% RDF (300:150:150 kg of N, P>Os, and K>O ha™) as a basal application
1s recommended for enhancing soil biology and promoting sustained sugarcane
productivity.

@ CA by integrating reduced tillage (RT) + trash retention (M) and optimal nutrients
(N,) i.e. 50% RDF basal with SORF practice and 50% fertigation sustainably
manages water-energy-carbon nexus in sugarcane cropping system. This practice
improved soil health, cane growth and ratoon yield productivity by 45.4% and
narrated yield gap between plant and ratoon crop by 8%. RT,+ M+ N, efficiently
saved irrigation water by 11.5-24.8%, enhanced energy use efficiency by 38.7—
56.3%, and reduced GHGs emission by up to 12.9%.

@ In sugarcane-groundnut intercropping, the planting geometry of ZPR (75 cm X 225
cm) combined with subsurface drip irrigation (SSDI) and residue retention
recorded the highest cane yield in the plant crop (154.7 t ha™) and groundnut pod
yield (24.1 g ha™), compared to farmers' practices (60 cm X 150 cm). In ratoons, the
corresponding yields were lower for both sugarcane (135.2 t ha™) and groundnut
(3.9-9.8 g ha™). It can be concluded that while groundnut-sugarcane intercropping
is successful in the plant crop, the significant reduction in groundnut pod yield in
the ratoon crop (up to 83.8%) suggests that it may not be economically viable for
ratooning.

@ Sugarcane responses to deficit irrigation, exogenous plant growth regulators
(PGRs) and surface trash retention were studied. The highest plant (157.1 t ha™)
and ratoon (140 t ha™) cane yields were obtained with irrigation at 75% ETc,
combined with irradiated chitosan (5 ml L™) in trash-retained plots under reduced
tillage practices. In both crops, surface trash retention improved average cane yields
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by 8.1-9.4%, 17.2-21.0% and 23.1-36.4% in full (100% ETc), 75% ETc and 50%
ETc irrigation levels compared to the control. Similarly, PGRs increased cane
yields by 4.0-12.0%, 8.3-25.4% and 11.7-35.4% under full (100% ETc), 75% ETc
and 50% ETc, water deficit levels, respectively. Overall, the combined practice of
75% ETc, IC (5 ml L™), and surface trash retention reduced the yield gap between
plant and ratoon crops by up to 10.9%, while achieving a 25% water savings
compared to traditional farmer practices.

The development of a multi-functional ratoon drill (MRD) for stubble shaving, oft-
barring, root pruning, band placement of fertilizers, and intercropping under soil-
surface retained trash/residue conditions has opened new avenues for successfully
integrating the three principles of conservation agriculture (CA) to enhance
productivity and resource conservation in sugarcane-based cropping systems.

Overall, shifting from conventional farmers' practices to an integrated approach of
reduced tillage with in-situ trash and nutrient management via SORF practice using
an MRD drill could help in improving soil health, resource-use efficiency, crop
productivity, and environmental quality in the sugarcane cropping system.

8. Human resource development and capacity building activities

Some of the major human resource development and capacity-building programs

organized during the years 2015-2024 are listed below:

8.1. Workshops organized

1. Two-day Workshop on “Challenges and Opportunities in Sugarcane
Cultivation under Changing Climatic Scenario” held during July 10-11, 2017,
at ICAR-NIASM, Baramati, Pune, Maharashtra. More than 350 progressive
farmers from Maharashtra were participated.

2. One-day Awareness Workshop on “Scope and Prospects of Organic Farming
in Sugarcane Cultivation” held on June 26, 2018 at ICAR-NIASM, Baramati,
Pune, Maharashtra. More than 150 progressive farmers were participated.

3. One-day Workshop on “Climate Smart Technology for Cultivation of
Sugarcane” held on July 27, 2019 at ICAR-NIASM, Baramati, Pune,
Maharashtra. More than 320 progressive farmers were participated.

4. One-day Workshop on “Conservation Agriculture and Farmers’ Awareness
Campaign on Efficient and Balanced Use of Fertilizers (including Nano-
fertilizers)” held on June 21, 2022 at ICAR-NIASM, Baramati, Pune,
Maharashtra: More than 200 farmers, women, youths and SCSP beneficiaries
were benefited.
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8.2. Trainings organized

1.

Model Training Course (MTC) on “Climate Smart Agriculture for Enhancing
Crop and Water Productivity under Abiotic Stress Conditions" held during
December 16-23, 2017 at ICAR-NIASM, Baramati, Pune, Maharashtra. More
than 20 extension functionaries of state development departments/
KVK/ICAR/SAUs across India were participated.

Collaborative Training on “Climate Smart Agriculture and Abiotic Stress
Management Technologies for Enhancing Farmers Income” with MANAGE
(Hyderabad) held during December 1620, 2019 at ICAR-NIASM, Baramati,
Pune, Maharashtra. Total 26 extension functionaries of state development
departments/KVK/ICAR/ SAUs across India were participated.

Model Training Course (MTC) on “Climate Change and Abiotic Stress
Management Strategies for Enhancing Crop Productivity and Farmers
Income” held during January 4-11, 2020 at ICAR-NIASM, Baramati, Pune,
Maharashtra. Total 23 extension functionaries of state development
departments/KVK/ICAR/SAUs from India were participated.

Short Term Course on "Abiotic Stresses in Agriculture: An introduction and
Hands-on Training for Skill Development” held during June 01 to July 10,
2022, at ICAR-NIASM, Baramati, Pune, Maharashtra. Total 52 Graduate,
Masters and PhD students and young researchers from SAUs and ICAR were
participated.
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5.

Short Term Training Course on “Conservation Agriculture for Improving
Water Productivity and Post-Harvest Quality of Field Crops under Abiotic
Stress Conditions” held during September 12 to October 3, 2022, at ICAR-
NIASM, Baramati, Pune, Maharashtra. Total 22 Masters and PhD Students
from SAUs were participated.

Inplant Training Course on “An Overview and Hands-on Instrumentation for
Abiotic Stresses in Agriculture” held during November 1-30, 2023 at ICAR-
NIASM, Baramati, Pune, Maharashtra. Total 20 B. Tech (Agricultural
Engineering) students from private colleges and SAUs were participated.

Winter School on “Climate Change and Abiotic Stresses Management
Solutions for Enhancing Water Productivity, Production Quality and Doubling
Farmers Income in Scarcity Zones” held during January 5-25, 2023 at ICAR-
NIASM, Baramati, Pune, Maharashtra. More than 28 Scientists/Professors/
SMS/Teaching faculties from SAUs/ICAR/KVKSs were participated.

Inplant Training Course on “Abiotic Stresses in Agriculture, Mitigation
Strategies and Engineering Interventions” held during September 04 to October
3, 2023 at ICAR-NIASM, Baramati, Pune, Maharashtra. Total 22 B. Tech
(Agricultural Engineering)/Masters Students from SAUs/private colleges were
participated.

8.3. Demonstrations, VIP visits and linkages with SAUs/media groups for

organizing extension and research activities

1.

Conducted more than 300 field trials/frontline demonstrations of SORF and
MRD drill during 2015-2024 at Institute, farmers’ fields, exhibitions by
KVK/SAUs and Kishan Melas etc. More than 3000 farmers, SMS/state
government officials, entrepreneurs and students were benefited.

Organized field visits and demonstrations of conservation agriculture
experiments for QRT, RAC, IRC, CRPCA-LP, SAUs, NABARD and ICAR
officials during 2015-2024.

Established linkages with SAUs, KVKs and Vasantdada Sugar Institute
conducting research and training to faculty and students in association with
ICAR-NIASM, Baramati.

Developed linkages with Sakal media groups (Pune) for creating publicity of
conservation awareness programme.
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9. DAPSC (SCSP) activities

1. In 2022 and 2023, two awareness training programs on conservation agriculture
(CA) and the efficient and balanced use of fertilizers (including nano-fertilizers)
were organized for SCSP beneficiaries, particularly those engaged in sugarcane
farming. The farmers were informed about the judicious use of fertilizers, crop
residue management, and machinery for in-situ trash conservation in ratoon
sugarcane cropping systems. About 172 SCSP beneficiary farmers participated.

2. During 2021-2024, seven frontline demonstrations on basic conservation
agriculture (CA) principles, MRD drills, and drip irrigation systems for efficient
nutrient and water use, as well as in situ trash management in ratoon sugarcane,
were conducted. A total of 168 SCSP farmers, including women and youth
beneficiaries, participated.

3. Basic agricultural inputs such as drip irrigation systems, milk cans, and storage
tanks were provided to SCSP beneficiaries involved in agricultural activities.

Sieving machines, flour mills, and household items such as utensil kits were
distributed to landless and farm labourer SCSP beneficiaries. A total of 106
SCSP beneficiaries from more than 10 villages in the Ahmednagar and Pune
districts benefited from the scheme under CRPCA, ICAR-NIASM.
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10. Infrastructure, equipment & facilities procured/developed

The following infrastructure, equipment, and other facilities have been developed at the
ICAR-NIASM Centre to support scheduled CA research activities.

1.

A

Developed three prototypes of multifunctional ratoon drills for ratoon
sugarcane management and a prototype of bud detectors with cutters for
preparing nursery seedlings.

Established drip irrigation facilities for CA research (over 1 hectare).

Procured a precision laboratory and field weighing balances

Procured a plant canopy analyzer cum canopy interception meter

Procured a green-seeker (portable NDVI meter)

Procured portable refractometer

Procured computer, accessories, and other misc. equipment

Field weighing balances Bud detector  Refractometer Green-seeker (NDVI)
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11. Technologies, publications and conference abstracts

11.1. Technologies developed (Approved by ICAR, New Delhi)

1.

Multi—Functional
Ratoon Drill (MRD)
for Enhancing
Productivity and
Resource Conservation
in Ratoon Sugarcane
Cropping System.

Trash and Fertiliser
Management in

Ratoon Sugarcane.

11.2. Research papers

1.

Choudhary RL, Wakchaure GC, Minhas PS and Singh AK (2017). Response
of ratoon sugarcane to stubble shaving, off-barring, root pruning and band
placement of basal fertilisers with a multi—purpose drill machine. Sugar Tech
19(1), 33—40. https://doi.org/10.1007/s12355-016-0438-x.

Pradhan A, Wakchaure GC, Shid D, Minhas PS, Biswas AK and Reddy KS
(2023). Impact of residue retention and nutrient management on carbon
sequestration, soil biological properties, and yield in multi-ratoon sugarcane.
Frontiers in Sustainable Food Systems 7, 1288569. https://doi.org/10.3389/
fsufs.2023. 1288569.

Wakchaure GC, Minhas PS, Biswas AK, Meena KK, Pradhan A, Gawhale
BJ, Choudhary RL, Kumar S, Fagodiya RK, Reddy KS and Pathak H (2024).
Assessment of gains in productivity and water-energy-carbon nexus with
tillage, trash retention, and fertigation practices in drip irrigated sugarcane
(Under communication).

11.3. Proceedings, bulletins and book chapter published

1.

Choudhary RL, Kumar M, Kumar S, Ram H and Kumari A (2017). Potential
of conservation agriculture in drought stress management in crop plants. In:
Kumar PS, Kanwat M, Meena PD et al. (Eds). Climate Change and
Sustainable Agriculture. New India Publishing Agency, New Delhi, pp. 103—

142.


https://doi.org/10.1007/s12355-016-0438-x.
https://doi.org/10.3389/%20fsufs.2023.%201288569
https://doi.org/10.3389/%20fsufs.2023.%201288569
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2.

Singh NP, Choudhary RL, Singh Y, Rane J, Krishnani KK, Wakchaure GC,
Nangare DD, Singh AK, Meena KK and Kumar M (2017). Proceedings of
Workshop on Challenges and Opportunities in Sugarcane Cultivation under
Changing Climatic Scenario (July, 10-11, 2017). Publication No. 17. ICAR-
National Institute of Abiotic Stress Management, Baramati (M.S.), pp. 28.

Singh Y, Choudhary RL, Chaudhary A, More NS and Singh NP (2021).
Impact of Conservation Agriculture and Residue Management on Soil
Properties under Sugarcane-Based Cropping Systems. In book: Conservation
Agriculture: A Sustainable Approach for Soil Health and Food Security.
Springer Singapore,p.239-266.https://doi.org/10.1007/978-981-16-08278 11.

Wakchaure GC, Pradhan A, Choudhary RL, Meena KK, Singh Y, Biswas
AK, Rane J and Pathak H (2021). Conservation Agriculture for Enhancing
Productivity, Resource Use Efficiency and Environmental Quality of
Sugarcane Cropping System. Technical Bulletin No.33. ICAR-National
Institute of Abiotic Stress Management, Baramati, Pune, Maharashtra, India,
p. 40. (ISBN No.: 978-81-949091-7-0)

Wakchaure GC, Kumar S, Khapte PS, More N, Pradhan A, Biswas AK and
Rane J (2022). Abiotic Stresses in Sugarcane: Impacts and Management. In:
Pathak et al. (Eds.) Abiotic Stress Impacts and Management. ICAR—National
Institute of Abiotic Stress Management, Baramati, Pune, India, pp.272-299.
(eISBN-978-81-949091-0-1)

11.4. Technical folders

1.

Choudhary RL, Singh AK, Wakchaure GC, Minhas PS, Meena KK, Singh
NP (2017). SORF: A Multipurpose Machine for Ratoon Sugarcane. Technical
Folder No. 11, Consortia Research Platform on Conservation Agriculture,
ICAR-National Institute of Abiotic Stress Management, Malegaon,
Baramati—413115, Pune, Maharashtra, India. pp.6.

et SR U, Rig T H,arwdik St 9, g 0 T, O & &, ed of O 38R
R T Ut (2017). TF: TSI T3 & A€ Te T3 A=A ddh-ah! HieR e
12, TREUT B STHYH T, HIPHSAHIIXIPII oifdeh T Tt JRIH, HIGHT,
SR, gU-413115, HERTY, HRd | G8: 6|

et 3R Tw, Rig T &, arpaR off W, M & w0, FoIH & &, IR St 8,

Fd 0t T 3R Rig T Ut (2017). b ST TSI HATRITANG! THh
g3 IR, THh-d! hics? HHID 14, TRE0T HY TR Td, HIH3HU-



https://doi.org/10.1007/978-981-16-08278_11.
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RIS Sroifdd W Yae I, HIQTE, SR, Go-413115, HERIY, YR, UH
=T 6.

Choudhary RL, Singh AK, Wakchaure GC, Minhas PS, Krishnani KK and
Singh NP (2018). SORF: A multi-purpose machine for ratoon sugarcane.
Boon for farmers and environmental protection. Technology Folder No. 25,

ICAR-National Institute of Abiotic Stress Management, Baramati, Pune,
Maharashtra, India.

Wakchaure GC, Choudhary RL, Minhas PS, Biswas AK, Rane J, Singh NP
and Pathak (2022). Multifunctional ratoon drill (MRD) machine improving
yield, juice quality and productivity of ratoon sugarcane. Technical Folder No.
49, ICAR-NIASM, Baramati-413115, pp.6.

aTHaR St H, AeRt 3R Ta, frerg it vy, foarg, T o, Higa i @, Yg1 & ©y
(2023). ¥ Wreal YagTd! dg-FHAia-id @edl f§a@ (MRD) I d= 1.
qiA® BIeex WA 55, UIHSU-TPR Sifdd LW Jud IRIM, A,
IRTH, YUI-413115, HERTY, HRd, U ST 6.

11.5. Popular articles

1.

e R T, e ff vy, aremak St I, AR TH 3R Hion & & (2015) T A
TREU WlT: S Tofarg uRkadd & GR H UM S MaIdHdl, 3R U9
| R Rt 2(1), U8 TET: 43-48 |

ARt 3R T, Rig T &, ardpan off W, 7 FUR, HTd U T, T & & 3R
Rig T dt (2018) T F 3R G F ferw sgse R a=i 1\, SR Fuw s
faRiwien | gy we: 59571

et SR T, Rig T o, g ot Ty, araaR St ¥, $AR w0 iR Rig w di
(2018) TSt T Pt 3fdep TeTaR quT Tafarvl JRem & o sgsasia 7=l iy
WY UBdI| Sid 01, HIPSIUIP SRifddh € Yaed SRIM, IR, Y-
413115, HERTY, HIRd, J§ AT 13151

Choudhary RL, Singh AK, Wakchaure GC, Minhas PS, Krishnani KK and
Singh NP (2019). SORF: A Multi-purpose Machine for Ratoon Sugarcane. In:
Nangare et al., (Eds). Technology Bulletin. ICAR—National Institute of
Abiotic Stress Management, Baramati— 413115, Pune, Maharashtra, India. pp.
13-15.

e R T, TR a1, FHR TH, AF 0, H1a it T 3R Rig Tt 2019) f3u

RS goTelt T T3 I | Wt (T faRwi), 71(11), 30-33 |
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6. TRe qIHAR I UM IR (2021). Fafdfd et 3. WA, feder 21, 2021 UH
9.

7. TIRE THAR 9 Y=IT U (2021). Hafd el Tred 4 HaRITIH. TUE.
fedsR 22, 2021, U 12.

8. TR TIHdAR g U=Nid U (2022). Gafdd A<aret sgwmifad 9 Wsar fga
9. ¥ 18, 2022. UM 10.

9. Wakchaure GC, Minhas PS, Chaudhary RL, Biswas AK and Rane J (2022).
Multi-functional ratoon drill machine: sugarcane cropping system. ICAR
News 28(2), 4-5 (ISSN 2394-3289).

10. Wakchaure GC (2024). Multifunctional ratoon drill (MRD) for improving
productivity of conservation agriculture in sugarcane system. In Mitigating
Abiotic Stress in Agriculture: Promising Technologies. ICAR-—National
Institute of Abiotic Stress Management, Baramati, Pune, pp.17-18.

11. Pradhan A, Wakchaure GC, Shid D, Minhas PS, Biswas AK and Reddy KS
(2024). Residue and nutrient management strategies for improved yield, soil
organic carbon and soil biology in multi-ratoon sugarcane ICAR-National
Institute of Abiotic Stress Management, Baramati, Pune, pp.19.

11.6. Extended summaries/ Abstracts

1. Choudhary RL, Wakchaure GC and Minhas PS (2015). New prototype of off-
bar, root pruner-cum fertilizer drill machine for improving nitrogen-use
efficiency and productivity of sugarcane ratoon crop. In: Abstracts,
International Conference on Natural Resource Management for Food Security
and Rural Livelihoods, February 10-13, 2015. NASC Complex, New Delhi,
India. pp. 312.

2. Choudhary RL, Minhas PS, Pondkule RG, Kale PA, Wakchaure GC, Kumar
M, Saha S and Singh NP (2016). Root growth and cane yield of ratoon
sugarcane under the combined effect of stubble shaving, off-barring, root
pruning and placement of basal dose of fertilisers with surface retention
oftrash. In: Extended Summaries, 4™ International Agronomy Congress on
Agronomy for Sustainable Management of Natural Resources, Environment,
Energy and Livelihood Security to Achieve Zero Hunger Challenge,
November 22-26, 2016, New Delhi, India. Vol 3, pp. 209-210.

3. Choudhary RL, Kale PA, Pondkule RG, Kumar M, Wakchaure GC, Meena
KK, Krishnani KK and Singh NP (2017). Innovation and scope in summer
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mungbean cultivation for sustainable diversification of sugarcane cropping
system in peninsular India. In: Souvenir and Abstracts, National symposium
on Advances in Agriculture through Sustainable Technologies and Holistic
Approaches, February15-17, 2017, Panjim, Goa. pp. 62.

. Choudhary RL, Kale PA, Kumar M, Wakchaure GC, Krishnani KK and
Singh NP (2017). Innovation in sugarcane ratoon management to improve
cane productivity and environmental quality. In: Proceedings, International
Symposium on Sugarcane Research Since Co 205: 100 Years and Beyond,
September 18-21, 2017, ICAR-Sugarcane Breeding Institute, Coimbatore,
India. pp. 620-621.

. Choudhary RL, Kumar M, Wakchaure GC, Singh Y, Krishnani KK and
Singh NP (2018). In-situ trash and nutrient management for improving
resource-use efficiency, productivity and soil health in sugarcane cropping
system. In: Abstracts, National Conference on Organic Waste Management
for Food and Environmental Security, February 8-10, 2018, ICAR-Indian
Institute of Soil Science, Bhopal, India. pp. 66—67.

. Choudhary RL, Kale PA, Kumar M, Wakchaure GC, Singh Y, Krishnani KK
and Singh NP (2018). Advances in summer mungbean cultivation for
sustainable diversification of sugarcane cropping system. In: Abstracts, DAE-
BRNS Life Sciences Symposium on “Frontiers in Sustainable Agriculture”
organized by Bio-Science Group, Bhabha Atomic Research Centre Trombay,
Mumbai at DAE Convention Centre, Mumbai, Maharashtra, India during
April 26-28, 2018. pp. 21 & 76.

. Choudhary RL, Singh Y, Kumar M, Krishnani KK and Singh NP (2018).
Conservation agriculture for enhancing resource-use efficiency, cane
productivity and soil health in sugarcane cropping system. In: Extended
Summaries, XXI Biennial National Symposium on “Doubling Farmers’
Income through Agronomic Interventions under Changing Scenario”
organized by the Indian Society of Agronomy, New Delhi at RCA, MPUAT,
Udaipur during October 24-26, 2018. pp. 471-472.

. Choudhary RL, Singh Y, Krishnani KK and Singh NP (2019). Effect of
tillage, crop residue and nutrient management practices on sugarcane
productivity. In: Abstracts, XIV Agricultural Science Congress on
“Innovations for Agricultural Transformation” organized by NAAS at NASC
complex, New Delhi during February 20-23, 2019. pp. 192-193.

. Wakchaure GC, Nangare DD, Kumar S and Rane J (2020). Development and
performance evaluation of multipurpose ratoon manager for sugarcane grown




- Consortia Research Platform on Conservation Agriculture: Decade Service in Sugarcane (2015-2024)

in basaltic soils of Deccan plateau of India. In: Souvenir, 54"™ Annual

Convention of Indian Society of Agricultural Engineering Technologies for

start-ups and International symposium on “Artificial Intelligence Based Future
Technologies in Agriculture” organised by ISAE, New Delhi and Dr AS
College of Agricultural Engineering and Technology, MPKV, Rahuri during

January 07-09, 2020, ISAE-2020/FMP/MTS-43. pp.120.

10. Wakchaure GC, Chaudhary RL, Biswas AK, Rane J and Pathak H (2021).

Multifunctional ratoon manager drill machine for

enhancing yield,

productivity and environmental quality of sugarcane cropping system. In:

Proceedings of International Conference on Sugarcane Research: Sugarcane
for Sugar and Beyond, June 19-22, 2021, ICAR-Sugarcane Breeding Institute,

India. pp. 667-672.

11. Pradhan A., Wakchaure GC, Shid D and Jane J (2022). Tillage, residue and
nutrient management practices influence soil biology and organic carbon pools

of sugarcane cropping system in semi-arid tropics. In: Rao R, Srinivas R,

Shanker SS et al., 2022. First International Conference in “Reimagining

Rainfed Agro-ecosystems: Challenges and Opportunities (December 22-24,

2022)”. Extended Summaries. Indian Society of Dryland Agriculture,

Hyderabad, India. pp. 591-595.

12. Pradhan A, Wakchaure GC, Shid D and Reddy KS (2023). Residue and
nutrient management practices improve soil organic carbon, nutrient pool and

yield in multi—ratoons of sugarcane. XXII National Symposium of the Indian

Society of Agronomy on “Climate-smart agronomy for resilient production
systems and livelthood security” organized by ICAR-CCARI, during

November 22-24, 2023, Goa, India.

13. Reddy KS (2023). Effect of tillage, residue and nutrient management on soil

organic carbon, biology and yield under multi-ratooning sugarcane system in

basaltic soils of semi-arid tropics. In 3™ International Conference and

Exhibition on Sustainability: Challenges and Opportunities in Global Sugar
Industry (January 12-14, 2024), Vasantdada Sugar Institute, Manjari BK,

Pune, Maharashtra (India). Souvenir, pp.93.

14. Wakchaure GC, Biswas AK, Gawhale BJ, Pradhan A and Reddy KS (2024).
Long-term effects of tillage, surface trash retention and fertigation strategies on

water-energy-carbon nexus in sugarcane system. In: Souvenir and Book of

Abstract of 58" ISAE Convention and International Symposium (12-14
November 2024), Vasantrao Naik Marathwada Krish Vidapeeth, Parbhani,

Maharashtra (India). pp.346-347.
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