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PREFACE

In the eastern India, rice-green gram cropping system is considered as one
of the most profitable cropping systems. The CSA technologies such as
application of bio fertilizers in green gram (nutrient-smart), furrow irrigated
raised bed planting (water-smart), zero tillage (carbon- and energy-smart),
crop-intensification (knowledge-smart) are able to reduce the risk and vul-
nerability; financially rewarding for farmers who invest in these methods
over a short period of time. Intensifying the cultivation of green gram with
maize, cowpea, bhindi, and bitter gourd is a successful investment decision

for smallholder farmers in rural areas with limited financial resources.

The objective of this research bulletin is to assess the impact of
different climate-smart agricultural practices on the crop and water produc-
tivity and energy budget of the rice-green gram cropping system. This
research bulletin describes and applies a participatory assessment method
for farmers' preferences and their willingness to adopt for climate-smart
technologies. The study uses socioeconomic data and climate information
of the study areas to assess farmers' preferences for CSA technologies that

are highly vulnerable to climate change and climate variability.

The authors believe that the results will be of interest to scientists,
students, researchers, academics, donors, and funding agencies. The authors
gratefully acknowledge financial support from the National Innovations in
Climate Resilient Agriculture (NICRA) project funded by the Indian Coun-
cil of Agricultural Research (ICAR) for conducting experiments on climate-

smart agricultural practices in participatory mode.
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CSA in Rice-Green gram Cropping System

1. INTRODUCTION

The world's population is growing at a rapid pace, further agriculture is
threatened by the destruction of natural resources and climate change.
Climate change is adversely affecting agricultural production, production
stability, income, food security and the livelihoods of millions of people
around the world (Hossain and Majumder, 2018). Agriculture must adapt to
current conditions in order to meet future food security needs while coping
with seasonal climatic variability. According to projection estimates based
on food consumption pattern and population growth, agricultural
production would need to increase by 65% by 2050 to meet the needs of
growing population in India (Siegel et al., 2014). Agriculture contributes to
and is also impacted by climate change phenomenon. To address these is-
sues, climate smart agricultural (CSA) practises must be developed to ad-
dress the climate resilient productivity issue, adaptation as well as mitigation
goals. Consequently, the adoption of climate-smart agriculture (CSA) is crit-
ical to achieving agricultural sustainability and climate change goals.

Several studies have found that increase in temperature (Lobell et
al., 2012; Vermeulen et al., 2012), altered precipitation pattern (Prasanna,
2014; Mall et al., 2006) and differences in the frequency and severity of
extreme climatic conditions »7z. droughts and floods could have major
impacts on agricultural production (Brida and Owiyo, 2013; Singh et al,,
2013).CSA is a novel strategy for creating the technological, political,
and financial conditions for achieving long-term development goals
(FAO, 2015). CSA is a three-pillared approach to food and nutrition
security that focuses on (i) increasing farmer income and productivity,
(if) improving the adaptive capacity of communities, and (iii) reducing and
laminating  greenhouse gas emissions from the environment. Multiple
cropping, crop rotation and intercropping to address climate change as well
as system of rice intensification (SRI), conservation agriculture, integrated
nutrient management (INM), agroforestry, integrated pest management
(IPM), water management and harvesting, crop and post-harvest
management are some of the CSA techniques need to be adopted in
different agro-ecological zones. Technologies facilitating conjunctive use of
water (e.g., weather-prediction-based irrigation, direct-seeded rice, and
alternate wetting and drying), nutrients (e.g., slow-release nitrogen fertiliser
and  site-specific nutrient management), carbon neutral (e.g., residue
incorporation and retention), weather proof (e.g., index-based crop
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insurance), energy efficient (e.g., zero tillage or minimum tillage,
direct-seeded rice, and laser soil levelling), and information and knowledge
based precision farming practices are among the climate smart agriculture
practises (Fig. 1) (Ajani, 2014; Amin et al., 2016; 2010; Jat et al., 2016,
Nayak et al., 2020). In general, CSA decisions combine conventional and
advanced methods, technologies, and services appropriate for a particular
location to adapt to climate change and unpredictability (Barasa et al., 2021).

Fig.1. Different approaches of climate smart agriculture (CSA) (Nayak et
al.,, 2020)
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2. DRIVERS FOR ADOPTION OFCSA PRACTICES

e Drought, heavy rainfall, and floods are examples of extreme events that
are becoming more frequent and intense. Up to 84% of all economic
impacts of droughts are found on agriculture (Brida et al., 2013).

e Agriculture faced 22% of the economic impact of large or medium nat-
ural hazards and disasters in developing nations. It is critical to integrate
adaptation efforts and financing into these sectors (Reckien et al., 2017).

e Between 1990 and 2015, global emissions from deforestation decreased,
but emissions from forest degradation (cutting, burning, etc.) increased
from 0.4 to 1.0 Gt COz per year (Le Quéré et al., 2018).

e The global loss of soil carbon is due to the long-term conversion of
grassland and forest land to cropland and livestock grazing.

e Himalayan ice and snow, which provide huge amounts of water for
agriculture in Asia, are expected to decrease by 20% by 2030 (Wang et
al., 2017).

e Adaptation through changes in food production planning, particularly in
seeding, variety selection, and drainage, will improve yields by 7-15% on
average (Pathak et al.,, 2011).

3. KEY PILLARS OF CSA

Productivity: CSA seeks to increase agricultural production and yields
from crops, livestock, and fisheries while minimising environmental
impacts (Fig. 2) and improving result, food and nutritional security.

Adaptation: CSA practices reduce farmer's vulnerability to short-term
threats, while strengthening their resilience by enhancing their ability to
adapt and thrive well in short-term as well as long-term challenges. Addi-
tionally, this also protects the ecosystem services necessary to sustain crop
production and facilitate climate change adaptation.

Mitigation: CSA practices help to reduce and/or to restrict greenhouse gas
(GHG) emissions whenever and wherever possible. This means reducing
emissions for every calorie of food, fibre or fuel produced by agro ecosys-
tem. The mitigation can be achieved by employing suitable fertilizer and
manure management in agricultural systems.
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Fig.2.Activities that contribute to the adoption of CSA methods

4. RICE-GREEN GRAM CROPPING SYSTEM: CSA PRAC-
TICES

Cropping systems have gained importance in India's intensified agriculture
to address the inadequacies of monoculture farming and to use the land
more intensively for higher food production. Cropping system are the
essential of human nutritional security which will become increasingly
important alongside food security in near future. Incorporation of
leguminous-crops in the farming system is an input-saving resource-
conserving technology (fix atmospheric nitrogen), helps in the reduction of
nitrogenous-fertilizer use, reduces nitrous oxide (GHG) emission and also
inhibits harmful soil pathogen infestation is one of the best examples of
CSA (Nagargade et al. 2017).

Rice-based cropping systems are a combination of cropping
methods with rice as the primary crop, followed by the cultivation of other
crops. In many places, upland rice is also grown as a mixed crop with other
suitable crops. Rice-based cropping systems are widespread in India and
include alternate crops such as rice, pulses, oilseeds, cotton, sugarcane,
green vegetables after gbarif rice. Both lowland and upland crops can be
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used in rice-based cropping systems (Tiwari et al., 2013). Most farmers have
focused on single crops, ignoring the fact that a single crop is only one part
of a larger cropping system.

In eastern India, rice-pulse cropping systems are considered the
most profitable cropping system because legumes can both store atmos-
pheric nitrogen and consume mineral nitrogen (Magrini et al., 2016). In
addition to fixing atmospheric nitrogen through biological nitrogen fixation,
legumes in rotation with cereals improve soil fertility, recycle nutrients from
deeper layers, reduce soil compaction, increase organic matter, reduce and
disease and pest attack, focus on promoting mycorrhizal colonization, and
maintain the productivity of cereal-based cropping systems (Rani et al.,
2019). The addition of short-maturing and uniformly maturing summer
legumes (green gram and cowpea) to the rice-based cropping system has
increased production and farmers’ income that enabled the entire crop
production system to achieve food security.

Rice-green gram is the predominant cropping system of major rice
growing areas of Odisha (Swain et al., 2020).Paddy is the most important
cereal crop in Odisha in terms of area under cultivation, production
and yield with 39.41 lakh ha, 14.78 lakh MT and 37.51 q ha! (Kumar et al.,
2020). Paddy is predominantly grown in wetland areas during the &harif
season using the traditional manual random planting method. Green gram
(V'igna radiata 1..) is the most important pulse crop in Odisha with an area
under cultivation of 8.26 lakh ha and an average production of 495 kg ha-l,
which accounts for nearly 40% of the total area under pulses in the state
(Kumar et al., 2020). The cropping sequence of rice-green gram is practical-
ly feasible, effective, affordable, eco-friendly, water saving technology
for sustaining soil fertility and rice yield. (Alagappan and Venkitaswamy,
20106).

A climate-smart rice-green gram cropping system is ecologically
sound and economically viable for this region. Rice-green gram cropping
system acts as nutrient smart, as green gram fixes atmospheric nitrogen and
improves soil health by adding residues through root exudation. In addition,
green gram acts as a cover crop, reduces weed population and ensures effi-
cient utilization of soil moisture. Therefore, cropping systems with rice-
green gram sequence are very suitable for irrigated or rainfed rice-growing
areas with limited water supply, where they prove to be particularly water
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In addition, rice-green gram cropping under zero tillage saves energy
(energy smart), conserves water (water smart) as it preferentially flows
through soil cracks, mitigates seasonal abrupt soil temperature fluctuations,
reduces weed emergence, and adds organic matter and nutrients to the soil.
In addition, the maturity of green gram is 20 days earlier with zero tillage
saves it from terminal heat stress exposure (Nayak et al., 2020). Intensifica-
tion of green gram with other crops in the rice-green gram system aims to
achieve better system productivity through efficient use of available
resources and beneficial interactions among different components with
reduced environmental impact. Incorporation of cereals (maize) and vegeta-
bles (okra, cowpea, and bitter gourd) can increase the net system productivi-
ty. Care must be taken when selecting vegetables, as they are susceptible to
watetlogging. Therefore, a furrow-irrigated raised bed is sometimes recom-
mended. This system increases water use efficiency and saves up to 25-30%
of irrigation water. It saves 70-80% in time, labour, cost, diesel and energy,
gives higher yield (4-5%) and energy efficiency (20-25%) compared to con-
ventional sowing (Nayak et al., 2020). The use of biofertilizer to increase the
productivity of green gram is a nutrient smart technology. Rhizobinm is a
symbiotic nitrogen fixer that fixes about 100-300 kg N ha'l. Green gram
seeds are treated with Rhizobium at a rate of 20-50 g kg-'. It can also be
added to the soil. Sometimes a 10% solution of jaggery (Gur) is used for
better binding. The application of Rhzizobium increased the yield of green
gram by 5-14% (Hettiarachchi et al. 2021). Similarly, phosphorus solubiliz-
ing bacteria (PSB) at a rate of 5 kg ha' is also recommended to improve
phosphorus availability to green gram plants.

5. EXPERIMENTAL SITE

The climate-smart technologies are tested and validated in farmers'
fields. A participatory research experiment was conducted in two consecu-
tive cropping seasons (2018-19 and 2019-20) at Bateswar village in Salipur
Block, Cuttack, to assess the impact of different climate-smart agricultural
practices on the productivity and energy budget of the rice-green gram
cropping system (Fig. 3). The experiment was conducted in a randomized
block design in the fields of four farmers, with each farmer serving as a rep-
lication. The climate at the sites is characterized by hot and humid summers
and cold winters with 1686 mm average annual rainfall. The average annual
maximum and minimum temperatures are 32.8°C and 26.8°C, respectively,
with relative humidity of 60-95% throughout the year (Fig. 4a and 4b).
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The cultivated area is a riverine area where rice is grown in the &harif
season. The village is located in the flood-prone zones of the state, being
part of the agro-climatic zone of the eastern coastal plain. During the rainy
season, most low-lying regions of the region remain flooded. The climate
smart rice-green gram agriculture was compared with farmers' practices that
include traditional transplanting of rice in &barif, tillage after rice harvest,
and traditional broadcasting of green gram. Farmers' comments on the tech-
nology were recorded and it was found that  farmers considered the tech-
nology suitable for them and that it improved production. To get the
most out of the technology, it must be applied and operated in a timely
manner.

Fig.3. Experimental site: Bateswar village in Salipur Block, Cuttack

Fig.4a. Weather data of nearby IMD station during 2019
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Fig.4b. Weather data of nearby IMD station during 2020

6. DESCRIPTION OF CSA TECHNOLOGY FOR RICE-
GREEN GRAM CROPPING SYSTEM

In the present context of climate change, agricultural production is going to
decrease due to various vagaries of adverse weather aberrations. The major
objectives of this study are:(i) reducing vulnerabilities and increasing
productivity of rice-green gram cropping system, (ii) identification of the
drivers controlling the adoption of CSA technologies in climate vulnerable
area. A climate smart agriculture technology was developed by ICAR-NRRI
involving rice-green gram cropping system and was also validated in
farmer’s field.

6.1 Kharif season

As an intervention, the rice variety Pradhan Dhan (submergence tolerant)
was grown by the farmers during £harif season with the recommended
packages of practices (Table 1). This area experiences flooding in the initial
phase and drought in the later phase (terminal drought). To tackle both
flood and drought, a rice variety CR Dhan 801 (both drought and submerge
tolerant) was grown with an additional application of 20% phosphate
fertilizer for better root development to overcome the effect of flooding
over the recommended packages of practices (Fig. 5).
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Pradhan Dhan with RFD

CR Dhan 801 with RFD+20% additional P

Fig.5. Treatments demonstration during £harif season

Table 1. Intervention of technology over farmers’ practice during &barif

Treatment Typeof tech-  Description of technology
nology
T1 Farmers’ practice Pradhan Dhan with recommended
dose of fertilizer (RDF)
T2 Improved practice ~ CR Dhan 801 (Flood + Drought

tolerant) with recommended dose of
fertilizer with 20% additional P

6.2 Rabi season Climate-smart technologies for better nutrient, carbon
and energy management in green gram were applied during the 7abi season.
The treatments are mentioned in Table 2:
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Table 2. Intervention of CSA technologies over farmers’ practice during

rabi

Treat-
ment

T1

T2

T3

T4

T5

Type of tech-
nology

Farmert’s prac-
tice

Zero tillage
1)

Nutrient
management

(NM)

Agro-
intensification
I

Agro-
intensification
1T

Description of technology

Local variety of green gram was sown

broadcasting after conventional tillage of the
land

Improved variety of green gram (IPM 2-3,
tolerant to yellow mosaic virus) was line sown
under conservation agriculture (30% of the
rice residue retention, zero tillage)
Recommended dose of fertilizer for green
gram was applied (20:40:20kgha!)

Improved variety of green gram (IPM 2-3, tol-
erant to yellow mosaic virus) was line sown
after seed treatment with Rhizobium at the
rate of 20-50 gkg-'seed and phosphorus solu-
bilizing bacteria (PSB) at the rate of5 kgha!
(OUAT). Recommended dose of fertilizer for
green gram was applied (20:40:20kgha-1)

Improved variety of green gram (IPM 2-3,
tolerant to yellow mosaic virus) was line sown
on furrow irrigated raised bed along with
maize and cowpea. Recommended dose of
fertilizer for maize was applied(120:60:40 kgha
_])

Improved variety of green gram (IPM 2-3, tol-
erant to yellow mosaic virus) was intercropped
with Okra in line and bitter gourd was sown
on border. Recommended dose of fertilizer
for bitter gourd was applied(100:60:60 kgha-!)

The details of each treatment along with schematic diagram (Fig. 6-10) and
photographs (Fig. 11-13) are explained hereunder.

a. Farmers' practice
e The broadcasting of the local variety of green gram (desi-mung) seed was
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carried out with conventional tillage.
e The RDF of 20:40:20 kg ha! was applied as a basal dose at the time of
sowing.

Fig.6. Schematic diagram of planting pattern of farmers' practice

b Zero tillage (ZT)

Zero Tillage (ZT) is a component of conservation agriculture in which
soil organic carbon content is maintained under the ZT. The residue is
also utilized in the process.

e In this treatment, seeds ofa high-yielding variety (HYV) of green gram
(IPM 2-3) were planted by line sowing in zero tillage, leaving 30% of
rice residues from the previous kbarif season on the soil, along with
RDF (20:40:20 kg ha1).

Fig.7. Schematic diagram of planting pattern of zero tillage
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c. Nutrient management (NM)

e Treating the seed with a suitable Rhizobium culture before sowing
helps in better germination, emergence and nodulation, thus increas-
ing the availability of more biologically fixed nitrogen.

e Line sowing of HYV (IPM 2-3) with RDF (20:40:20 kg ha'!) along
with Rbzzobinum seed treatment and PSB application to soil before
sowing for better plant growth.

Fig.8. Schematic diagram of planting pattern of nutrient management

d. Agro-intensification I

e In the furrow-irrigated raised bed system, plants are planted on the
raised beds.

e This system is often considered more suitable for growing high-value
crops that are more sensitive to temporary waterlogging stress.

e Intercropping of maize with green gram and cowpea was done with
1:1:2:1:1 (maize: cow pea: green gram: cow pea: maize) ratio in a 120
cm wide furrow-irrigated raised bed, leaving 30 cm for the furrow,
which served as an irrigation channel.

e The recommended fertiliser dose for maize of 120:60:40 kg ha'! NPK
was applied in the field which was the recommended dose for maize
as it is the largest fertiliser consumer in this system.

e. Agro-intensification 1I
o Intercropping of green gram in okra with 2:1 (green gram: okra)
ratio was adapted with bitter gourd as a border crop.
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o Since bitter gourd is a heavy consumer of nutrient, the fertiliser dose
of 100:60:60 kg ha' NPK recommended for bitter gourd was
applied in the system.

Fig.9. Schematic diagram of planting pattern of agro-intensification I

Fig.10. Schematic diagram of planting pattern of agro-intensification II
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The spacing, seeding rate and variety of these crops were maintained
according to the recommendations in Table 3.

Table 3. Spacing, seed rate, variety and plant population of different
treatments during rabi

Crops Spacing Seed rate  Variety Population
(kg ha') (plants ha')

Farmers' practice

Green Broadcasting 40 Local 333300

gram variety

Zero tillage

Green 40cm X 10cm  25-30 IPM 2-3 266640

gram

Nutrient management

Green 40cm X 10cm  25-30 IPM 2-3 266640

gram

Agro-intensification I

Green 30cm X 10cm 10 IPM 2-3 133320

gram

Maize 60cm X 20cm 14 Asha- 55000
3501

Cowpea 45cm X 15em 16 YB-7 97777

Agro-intensification IT

Green 30cm X 10cm 16 IPM 2-3 219978
gram

Okra 30cm X 15cm 5 NS-862 48888
Bitter 2m X 1.5m 0.18 DEB-510 6666
gourd
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Demonstration of CSA technologies in rice-green gram cropping

Fig. 11. CSA implemented at Bateswar village in Salipur Block, Cuttack
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Local variety (desi mung) with conven-
tional tillage with RDF

Line sowing of IPM 2-3 with RFD to-
gether with Rhizobium seed treatment
and soil application of PSB

Intercropping of green gram in okra
with bitter gourd as border crop

Local variety (desi mung) with conven-
tional tillage with RDF

Intercropping of maize with green
gram and cowpea in furrow irrigated
raised bed

Demonstration of climate-smart tech-
nologies in rice-green gram cropping
system in farmer’s field

Fig.12. Field view of rabi crop under different intervention
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7. COMPLETE PACKAGE OF PRACTICES FORRICE UNDER
RICE-GREEN GRAM CROPPING SYSTEM

I. FARMER’S PRACTICE
Seeds and varietal selection

e Pradhan Dhan suitable for shallow lowland ecology was grown by

farmers with recommended package of practices.
Seed treatment

e Seeds were treated with Bavistin @ 2 g kg'! seed to control fungal

diseases before sowing in the nursery.
Nursery management

e Nursery was raised during first week of June with water from
canals/river for planting during eatly July.

e Raising of seedlings with sufficient farm yard manure@ 1 t ha'l.

Land preparation

e Land was cultivated after harvest of the previous crop preferably
with a power tiller.

e Summer ploughing was done after summer showers.

e Tinal land preparation was done with pre-monsoon showers for
sowing. Adequate amount of compost or FYM was applied at the
rate of 5 tha'l during final land preparation for improving soil
structure and water holding capacity.

e The soil was ploughed at about 20-25 cm deep. Ploughing was done
by rotavator initially followed by the standard ploughs.

e DPloughing was followed by harrowing and land was levelled
properly so as to avoid water stagnation.

e Field was submerged in water at 3-5 cm and land was puddled well.

Time of Transplanting:

e Transplanting should be completed soon after receipt of monsoon
showers during the third-fourth week of June.

e Broadcasting of seeds were carried out under suitable field
condition in nursery bed.

e In case of early flood, the aged seedlings (45-60 days) can be
transplanted up to third week of July. In case of already transplanted
condition, after receding of flood water the plant population can be
maintained by transplanting clonal tillers.

Nutrient management

e Well decomposed FYM was applied @ 5thalalong with chemical

fertilizers.
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The N: P20s: K20 @ 80:40:40 kgha'was applied depending upon
the initial fertility of soil and yield potential of variety.

Full P & K was applied as basal by broadcasting during final land
preparation. For nitrogen management, 50% of N was applied as
basal for eatly vigour of seedlings, 25% N during tillering stage
(third week after sowing) and rest 25% at panicle initiation (PI)
stage (18-20 days before panicle emergence).

Weed management

Timely weed control is very important. Pre-plant weedicide glypho-
sate was applied @ 1 kg a.z ha'lduring 6-7 days before planting to
eliminate weeds.

Pulling by hand or using tools like hoe, spade or sickle, take up two
hand weeding's at 20 and 40 days after transplanting was carried out.

Water management

The crop was most sensitive to water deficit stress in the reproduc-
tive stage.

Wherever water was available, irrigate the crop at tillering, panicle
initiation (PI), flowering, milking and dough stage.

Maximum rain water was collected by strengthening field bunds.
Maintained saturation to 5-7 cm standing water till 25-30 days after
transplanting and thereafter low depth of 3-5 cm water till 15 days
after flowering.

Drained out water at yellow ripe stage (10-15 days before
harvesting) for uniform maturity.

Harvesting

Harvesting was done when the grains in the panicle were yellowing
colour.

II. IMPROVED PRACTICE

Selection of variety:

A rice variety CR Dhan 801 which was both flood and drought tol-
erant was grown during &barif.

Seed treatment:

Seeds were treated with Bavistin @ 2 g kg'! seed to control fungal
diseases and Imidacloprid @ 5 g kg! seed to control sucking pests
and mites before sowing in the nursery.
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Nursery raising and its management:

A nursery was selected location that was adequately irrigated and
drained.

The nursery field was prepared one month before transplanting.
The field for the nursery was prepared by ploughing it two-three
times.

For transplanting to 1 hectare of land, a nursery area of 800-1000
square metres was sufficient.

The germinated seeds were sown at the rate of 15-20 kg per acre in
the nursery bed, which was enough for one hectare of main field.
The seedlings were line sowed evenly in the seedbeds with a thin
film of water and removed the water the next morning to ensure
proper aeration.

Field preparation:

Puddling is the realignment of soil particles due to cultivation at
high moisture content. This causes soil particles to become compact
and oriented to each other resulted in an increase in bulk density
and a significant decrease in non-capillary porosity.

The soil was ploughed once or twice in July before beginning prima-
ry field preparation; this helps control weeds by exposing weed root
systems.

The field was bunded properly to conserve and retain 5 cm water
depth.

The field was watered at least a week before transplanting to give
the weeds a chance to thrive and then ploughed before transplant-
ing by filling it with water stagnation and puddling.

The field after final puddling was levelled and let it rest for 2-3 days
before transplanting in heavy soils for better water and weed con-
trol.

Fertilizer management:

Adequate amount of compost was applied at the rate of 5 tha! dur-
ing final land preparation.

N, P2Os, and KoO at a ratio of 80:40:40 kgha'! during &harif was
applied with additional application of 20% (8 kgP2>Os ha') of phos-
phorus to ensure better root development during the eatly season
flood.

The field was allowed to drain before N fertilisation and did not
irrigate the field until two days later.

Apply half of the nitrogen and full doses of phosphate and
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potassium as a basal fertiliser dose before transplanting. The
remaining nitrogen was applied in two stages, the first during tillage
and the second at ear emergence as top dressing in equal split.

Time of Transplanting:

e It was transplanted from the third week of June to mid-July, while
long-lasting duration and aromatic varieties can be transplanted until
the last week of July.

e During the £harif period, 30-day-old rice seedlings were generally
considered to be most suitable for transplanting.

e In case of early flood, the aged seedlings (45-60 days) can be trans-

planted up to third week of July. In case of already transplanted
condition, after receding of flood water the plant population can be
maintained by transplanting clonal tillers.

Weed Management:
e The field should be kept weed-free until 45 days after transplanting
to avoid critical crop weed competition.
e Hand weeding were carried out at 20 and 40 days after transplant-
ing.
e Pre-plant weedicide glyphosate was applied at the rate of 1 kg
a. i. ha'lat 6-7 days before planting to eliminate weeds.
e If the weed infestation is severe, it can be applied two or three
times.
e The soil should be saturated each time before spraying the herbicide
to effectively kill the weeds.
Water Management:
e Maintained submergence to 5-7 cm standing water till 25-30 days
after transplanting and thereafter low depth of 3-5 cm water till
15 days after flowering.
e Drained out water at yellow ripe stage (10-15 days before harvest-
ing) for uniform maturity.
o Irrigate crops at ear emergence and flowering stages when there is
no rain.
e When the plant was reached physiological maturity, which was
usually 7-10 days before harvest, water must be removed.
Harvesting:
e The most important sign of maturity was the change in the colour
of the grain from green to yellow. At this time, the grain was began
to ripen from the top to the bottom of the panicle.
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e Harvesting was begun when grain attains physiological maturity.
e The crop should be dried in the field for 2-3 days.

Crop

Type of tech-
nology

Cultivars

Seed treat-
ment

Weed man-
agement

Planting
method

Nutrient man-
agement

Water man-
agement

Rice

Farmers’ practice

Pradhan Dhan
(submergence toler-
ant)

Bavistin @ 2 g kg'!
seed

One applications of
Glyphosate @ 1 kg
a.Z. ha'! (6-7 days
before transplanting)

Transplanted

Farmert’s fertilizer
practice (RDF 80-40
-40 kg ha')

Fully depends on
kharif rain

Table.4. Package of practices of rice under rice-green gram cropping
system

Improved practice

CR Dhan 801 (both
drought and flood tolerant)

Bavistin @ 2 g kg'! seed

One applications of
Glyphosate @ 1 kg a.i. ha'!
(6-7 days before transplant-
ing)

Transplanted

RDF (80-40-40 kg ha'!) +
20% additional P (8 kg ha)

One irrigation was provid-
ed before transplanting and
tully depends on &harif rain
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Fig.13. Demonstration of CSA technologies in rice-green gram cropping
system during kbarif
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8. PACKAGE OF PRACTICES FOR GREEN GRAM UNDER
RICE-GREEN GRAM CROPPING SYSTEM

I. FARMER’S PRACTICE
Selection of variety:

o Green gram (local/ desi-mung) was grown duting rabi season after
kharif rice harvest.

e This crop can also be grown on heavy textured soil if the initial
soil moisture was sufficient for the plant development and adequate
drainage facility is available.

Field preparation:

e Soon after soil preparation, seeds were broadcasted.

e Seeds could be soaked for 1 hour in water if the soil had low mois-
ture content to speed germination.

Fertilizer Management:

e No fertilizer was applied as the soil is from a river command area

enriched with plant available nutrients.
Weed Management:

e Depending upon the weed infestation, one manual weeding was
done during the cropping period.

e Weeding within 2 to 3 weeks not only prevented weeds from using
up nutrients in the soil, but also conserved moisture and promotes
plant growth and development.

Water Management:
e Only one irrigation was given before flowering.

Harvesting:
e The green gram was harvested when at least 85% of the pods are
fully grown.

e Harvesting should be avoided during inclement weather, such as
rain showers and cloudy skies. This type of weather favours the
spread of fungal infection.

e The harvested stacks were cubed for drying on the threshing floor
in a dry, clean room to allow air circulation.

II. ZERO TILLAGE

Selection of variety
e A high yielding improved variety of green gram (IPM 2-3) was
selected for the planting.
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Field preparation
e The land was left with 30% of rice residue from previous barif
season and sowing was done in presence of adequate moisture.
e IPM 2-3 seeds were planted in between two rows of rice
stubbles with the help of a tyne in untilled soil.
Fertilizer Management
e RFD was applied at the rate of 20:40:40 kg ha-'N: P>Os: KoO and
applied as basal dose at the time of sowing.
Water Management
e Two irrigations were applied depending on the soil moisture for
better crop development.
o Tirst irrigation was given after 20-25 days after sowing (DAS) and
repeated after 10-15 days.
Weed management
e Pre-planting herbicide Glyphosate was applied at the rate of 6 ml 1,
about 7 days before planting for controlling escaped weed popula-
tion under zero tillage.
o Although pre-planting herbicide was applied, weeds were hand-
picked after 20-25 days after sowing (DAS).
Cropping system
e Green gram was cultivated solely with the help of residue manage-
ment.
Harvesting
e The green gram pods were harvested at least 85% maturity
consisting of two to five handpicks at weekly interval.

III. NUTRIENT MANAGEMENT
Selection of variety
e A high yielding improved variety of green gram (IPM 2-3) was
selected for the planting.
Seed treatment
o Rhizobinm inoculations considerably minimize the need for nitrogen

fertilizer application and also improve yield of green gram.

o Rhizobinm culture at the rate of 20-50 g kg-lof seed was applied and
mixed thoroughly and left for overnight after treatment.
e Phosphobacteria at the rate of 5 kg ha-lof soil were applied.

Field preparation
e There was no additional field preparation effort for growing green
gram.
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e One ploughing followed harrowing was enough for crop establish-
ment.
e Seeds were planted by line sowing with the help of tyne.
Fertilizer Management
e Recommended chemical fertiliser was applied at the rate of 20:40:40
kg ha-IN: P>Os: K>O as basal dose at the time of sowing.
Water Management
e One irrigation was applied after 35-40 DAS for healthy and better
seedling growth.
Weed management
e DPre-planting herbicide was not applied; weeds were handpicked
20-25 days after sowing (DAS) and 40-45 DAS as per need.
Cropping system
e Green gram was solely cultivated with RDF along with Rhbizobium
seed treatment and soil application of PSB for better nutrient man-
agement.
Harvesting
e The green gram was harvested at least 85% pod maturity, consisting
of two to five handpicks at weekly intervals.

IV. AGRO-INTENSIFICATION I
Selection of variety

e A high-yielding improved variety of green gram (IPM 2-3), maize

(Asha-3501), and cowpea (YB-7) were selected for cultivation.
Field preparation

e Ploughed the field twice or more with country plough followed by
harrowing to obtain good tilth.

e The seeds were planted on raised bed by line sowing with the help
of tyne.

Fertilizer Management

e 'The recommended chemical fertiliser for maize was applied @
120:40:60 kg ha''N: P,Os: KO.

e Half dose of N and full dose of P and K were applied as basal
dose at the time of sowing and remaining amount of N was applied
into two split doses.

e Maize was the highest fertilizer consumer so that recommend
dose of maize was applied in this system.
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Water Management

e (-7 irrigations (10-15 days interval) was applied for healthy and
better seedling growth.

e Irrigation was applied immediately after sowing and a light irrigation
was applied on the 3rd day. Thereafter, depending on the climate
and soil type, irrigated at intervals of 10-15 days.

Weed management

e Pre-planting herbicide was not applied, the first weeding was done
when the crop was 20-25cm height and a second weeding was
carried out at 60cm crop height.

Cropping system

o Intensification of maize with green gram and cowpea was carried
out in a 120 cm wide furrow irrigated raised bed, leaving 30 cm for
the furrow which served as an irrigation channel.

e In this system, 2 rows of maize, 2 rows of green gram and 2 rows of
cowpea were planted per unit area.

Harvesting

e The maize was harvested without leaving residues in the field.
Green gram was harvested at least 85% crop maturity with two to
five handpicks at weekly intervals and cowpea was harvested in
60-75 DAS or at 50% flowering to pod formation.

V. AGRO-INTENSIFICATION II
Selection of variety

e A high-yielding improved variety of green gram (IPM 2-3), okra (NS

-862), and bitter gourd (DEB-510) were selected for cultivation.
Field preparation

e Ploughed the field twice or more with the country plough followed
harrowing was enough to obtain good tilth.

e The seeds were planted on the field by line sowing with tyne.

Fertilizer Management

e The recommended chemical fertiliser for bitter gourd was applied
@ 120:60:60 kg ha-1N: P,Os: K:O.

e Half dose of N and full dose of P and K were applied as basal
dose at the time of sowing and the remaining amount of N was ap-
plied into two equal split doses.

e Bitter gourd is heavy feeder so that recommend dose of bitter gourd
was applied in this system.
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Water Management

e 4-5irrigations (15-20 days interval) was applied for healthy and bet-
ter seedling growth.

o Irrigation was applied immediately after sowing thereafter, depend-
ing on the weather and soil type, irrigation was applied at 15-20
days interval.

Weed management

e Pre-planting weedicide was not applied, the first weeding was given
when the crop was 20-25 cm height and a second weeding was
carried out when it was about 60 cm high.

Cropping system

e Intensification of green gram in okra was planted in combination
with bitter gourd as border crop.

e In this system, 2 rows of green gram, 2 rows of okra and 2 row of
bitter gourd were planted per unit area.

Harvesting

e The green gram was harvested at 85% maturity and fully grown
consisting of two to five handpicks at weekly intervals. Bitter gourd
was handpicked at an interval of 2-3 days as bitter gourd fruits
mature very fast and turn red and okra harvesting was carried out by
simple handpicking above their caps.

Table.5.Package of practices of green gram under rice-green gram cropping
system

Crop Green Gram

Type of  Farmers’  Zerotill-  Nutrient  Agro- Agro-
technol-  practice age (ZT)  manage-  intensifi-  intensifi-
ogy ment cation I cation 11

(NM)
Cultivars Local va- IPM 2-3 IPM 2-3 IPM 2-3 IPM 2-3

riety
Inter- Sole green  Sole green  Sole green  Green Inter-
cropping gram gram gram gram + cropping

Maize + of green
Cowpea gram with
intercrop-  Okra +
ping bitter
gourd on

border
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Seed
treat-
ment

Pre-
planting
Weed
manage-
ment

Planting
method

Nutrient
manage-
ment

Water
manage-
ment

Tillage

No

No

Broad-
casting

One irri-
gation
(Just be-
fore flow-
ering)

Conven-
tional
Tillage
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No

Glypho-
sate @ 6

ml [

Line sow-
ing

RDF (20-
40-40 kg
ha!)

2 irriga-
tions (first
irrigation
after 20-
25 DAS
and repeat
after 10-
15 days)

Zero Till-
age

Rhizobi-
um @ 20-
50 g kg!
seed +
PSB @ 5
kg ha!

No

Line sow-
ing

RDF (20-
40-40 kg
hat)

One irri-
gation
(Just be-
fore flow-
ering)

Conven-
tional Till-
age

No

Furrow
irrigated
raised
bed with
line sow-

1ng

RDF
(120-60-
40 kg ha-
1) (Maize)

6-7 irri-
gations
(10-15
days in-
terval)

Conven-
tional
Tillage
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9. IMPACT OF CLIMATE SMART AGRICULTURAL
PRACTICES IN RICE-GREEN GRAM CROPPING SYSTEM

9.1 YIELD

Yield is the result of coordinated interplay of growth characters and yield
attributes. Grain yield of paddy were influenced significantly by different
planting methods during 2019 and 2020 (Table-2). In two consecutive
seasons, the yield of rice in farmers' fields were recorded under two differ-
ent vatieties (Fig.14), whereas the yield of green gram in farmers' fields
during rabi season were recorded under five climate smart technologies
(Table 6). Although there were no significant differences in rice yields in
the &barif season. The different CSA management approaches resulted in
significant differences in grain yields in the two successive cropping seasons
during the rabi season. The experimental studies revealed that CR Dhan 801
gave higher grain yield (4.95-4.96 t ha'), followed by Pradhan Dhan (4.88-
4.9 t ha'). In both years, there was a flash flood in the early season before
transplanting of rice and the crop received normal monsoon rains through-
out the growing season. In two consecutive 7rabi seasons, Agro-
intensification I had the highest system yield, while ZT had the lowest
system yield. System yield with CSA practices was higher (2-year average) in
2019 than in 2020. Overall, climate smart agriculture practices improved
productivity compared to farmer practices.

Table 6. Yield of the various treatments grown in both season

Yield

Eatneass 2019 2020 Average
Rice  FP 4.87 491 4.89
(tha®) 4.95 4.97 496
Green FEP 422 3.98 410
*‘(gg‘;g{) ZT 278 2.81 2.80
(@has NM  5.00 4.87 4.93
) AT 18.06 18.01 18.03

ATl 13.19 12.67 12.93
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Fig.14. Yield comparison between two different varieties in both season

9.2 YIELD ATTRIBUTES:

The dry matter accumulation and its conversion into yield components lead
to yield-determining characteristics. These yield parameters are directly
related to the physiological grain yield of the plant. In both years of the
study, the alternative cropping methods had a significant effect on yield
variables such as number of effective shoots m2, panicle length (cm),
number of grains per panicle, and 1000-grain weight. At maturity, plants
were harvested from each plot and the number of effective shoots and
panicles, as well as panicle weight and length, were recorded; all grains were
then threshed or separated from the panicles.

In the 2019 and 2020 crop years, plant height varied significantly
(Table 7). The tallest rice plant was found in improved practice and
CR Dhan 801 wvariety in 2020, while the shortest was found in farmer
practice and Pradhan Dhan variety in 2019. In 2019, the maximum number
of panicles m2 was counted under the farmers’ practice, while the minimum
number was in the improved practice. However, the different treatments
did not show significant differences. The highest test weight was recorded
in the improved practice in both the years of study.

During rabi, plant height did not change significantly in the 2019
and 2020 crop years (Table 8). However, the average height of green gram
plant was better in nutrient management followed by agro-intensification I.
The reason could be due to genetic variability and varietal differences and
environmental adaptability. The number of nodules varies significantly.
The highest number of nodules per plant was observed in nutrient
management with 50.33 in 2019 and 48.67 in 2020. The nodule count was
better under nutrient management, probably due to the application of
Rhizobium. The different treatments did not show significant differences in
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numbers of pods. Nutrient management had the highest number of seeds
per pod in both years, which is 17.9% better than farmers' practice. Genetic
diversity, large grain size, and seed treatment with Rhizobium and application
of phosphate solubilizing bacteria could all be contributing factors.

Table 7.Yield attributes of the green gram under various treatments

Type  Plant height No. of nodules No. of pods No. of seeds
of tech- (cm) plant? plant-! pod-
nology 2019 2020 2019 2020 2019 2020 2019 2020

Farm- 3095 30.42 35338 36.33€D  37.00¢ 36.678 940  9.17

ers
ZT 31.85 30.18 38.00B 38.67°  41.00B 38.008  10.84 10.25
NM 31.93  30.22 50.33A 48.67A  44.67A  43.000  11.17 10.75

Agro- 31.23 30.15 42.67AB  41.678 40.00A 39.338  10.86 10.42
intensi-
fication

Agro- 3097  30.05 42.67AB  41.00BC  43.004 41.6740 1034 9.50
intensi-
fication

General 31.39 30.20 41.80 41.27 41.13 39.73 10.52 10.02
Mean

p-Value 0.121 0.051 0.027 0.025 0.0002 0.0071  0.398 0.184

CV (%) 201 050  10.48 8.64 2.57 4.43 12,50  9.69
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9.3 ENERGETICS:

Agriculture consumes a lot of energy, both directly and indirectly,
due to its many economic activities, inputs, and demands, such as tillage,
ploughing, inorganic fertilisers, herbicides and pesticides, irrigation,
harvesting, etc., especially since the green revolution and the development
of highly mechanised, irrigated, high-input cropping systems. As a result,
increasing energy efficiency is a top priority for farmers and policymakers
alike. Nevertheless, current initiatives are not sufficient to realise the full
economic potential of agricultural energy use.

Energy input-output budgeting in the farmer's field and improved
practices were carried out. The different energy sources in crop production
were calculated based on the input demand and the corresponding energy
coefficients. From the Aharif energy calculation, the total input energy
(MJ ha'l), total output energy (M] ha''), net energy gain (MJ ha!) and energy
ratio were highest in the improved method due to higher yield of CR Dhan
801 and additional 20% phosphate fertilizer applied compared to the
recommended packages and practices (Table 9). However, there were no
significant difference in the energy productivity of the two systems.

Table 9.Energetics of the various treatments grown in &barif crop

Energy FP P

Total input energy (MJha1) 17539.33 17688.13
Total output energy (M] ha) 137147.00 139174.00
Net energy gain (M] ha) 119607.68 121485.88
Energy ratio 7.82 7.87
Energy productivity (KgMJ-1) 0.28 0.28

Energy calculations in rabi showed total input energy (MJ ha'!), total
output energy (MJ ha'), net energy gain (MJ ha') and energy ratio were
highest in Al I (Table 10). Maize requires higher amount of fertilizers
(120-60-40 kg ha') and water (6-7 irrigations) which resulted in higher input
energy. The yield (GEY) was also higher in this system. However, energy
productivity was highest in farmers’ practice (FP) as it used less input
energy (no fertilizer, one pre-sowing irrigation) per unit of produce
compared to other treatments.
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Table 10.Energetics of the various treatments grown in rabi

Energy FP T NM All AlIl
Total input energy 3062.3 4034.8 5101.0 227744 18607.
(M] ha-) 0 6 0 6 54
Total output energy 13331, 9093.8  15779. 184612. 76985.
(M] ha-) 17 0 20 12 44
Net energy gain (MJ]  10268. 5058.9 10678. 161837. 58377.
ha-1) 87 4 20 66 90
Energy ratio 4.35 2.25 3.09 3.11 4.14

Energy productivity ~ 0.51 027 037 030 0.27
(Kg MJ)

9.4 ECONOMICS:

Any technique in agriculture today must be economically viable before
it can be accepted and adopted by farmers. Economic viability is a function
of profit and loss, such as gross return, net return, and benefit-cost ratio
(B:C), which are necessary to evaluate the effects of various treatments
during the trial. Improved practice with additional phosphorus treatment
had the highest cost of cultivation (78152 ha') and gross return (397870
ha) followed by farmers’ practice with RFD due to better grain and straw
production of CR Dhan 801, whereas farmers’ practice had the highest net
return (321250 ha!) and best B:C ratio (Table 11).

The economics of the whole system of rice-green gram was
calculated for two consecutive years with different climate smart
technologies. For two consecutive cropping years, Agro-Intensification I
proved to be economically advantageous over alternative treatments. The
AI-I had a gross return of 142947 ha'!, which was more than 400% higher
than the farmer’s practice (Table 11). AI-I has a higher cost of cultivation
per hectare than other methods. The cost of the improved cropping pattern
was higher due to the intercropping of maize, the labour-intensive cultural
practises, and the cost of fertiliser and other inputs. Based on the
calculation, the benefits of the technology were evaluated and it was found
that the CSA technology leads to an increase in net return compared to the
farmers' practices. The benefit-cost ratio of the cropping system based
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green gram under CSA practices varied from 1.13 to 1.57 averaged over
two years.

Table 11.Effect of rice-green gram cropping system on economics

Cost of Gross te-
. . Net return  B:C ra-
Treatments cultivation turn Rha- .
(Rha') tio
(Rha') 1)

Kharif

Farmers’ practice 75102.40 96352.71 21250.31 1.28
Improved practice  78152.40 97870.00 19717.60 1.25
Rabi

Farmer’s practice 19693.58 30581.20 10887.62 1.55
Zero tillage 20598.24 27661.58 7063.34 1.34
Nutrient manage-  23597.58 36004.27 12406.69 1.53
ment

Agro intensifica- 90884.36 14294715  52062.79 1.57
tion I

Agro intensifica- 83824.98 94396.95 10571.97 1.13
tion 1T

9.5 WATER PRODUCTIVITY:

The relationship between the volume of product (i.e., crop grain yield) and
the amount of water consumed, transferred, or lost is called crop water
productivity. From a farmer's perspective, this translates into higher
productivity per unit of irrigation. The water requirement of the rice and
green gram cropping system was estimated by adding the effective rainfall
during the entire cropping season to the amount of irrigation water used.
The increase in water productivity of rice is highest in the studied area
under improved practice with 20% additional phosphorus application,
followed by farmers’ practice with RDF (Table 12). This is due to higher
grain production and lower water consumption of CR Dhan 801 compared
to Pradhan Dhan averaged over two years.

During the rabi season, water productivity of the different treat-
ments varied from 0.088 to 0.324 kg m-3. Intercropping with maize was
critical for increasing water productivity during the 7rabi season. Agro-
intensification 1 had the highest water productivity, followed by
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agro-intensification II. Compared to the other farming practises, zero tillage
had slightly lower water productivity.

Table 12.Effect of rice-green gram cropping system on water productivity

Treatments S:i;n yleld (¢ Water use (mm) g/v?:;r(llz;ii():-
Kharif

Farmers’ practice 4.89 1168.5 0.418
Improved practice 4.96 1092.2 0.454
Rapi

Farmet’s practice 0.41 464.09 0.088
Zero tillage 0.28 464.09 0.060
Nutrient manage- 0.49 464.09 0.106
ment

Agro intensification  1.80 555.72 0.324
1

Agro intensification ~ 1.29 531.27 0.243
11

10. OTHER ADVANTAGES

e Climate-smart agricultural strategies such as conservation agriculture
seek to conserve soil moisture, preserve crop residues for soil
fertility, minimum soil disturbance, and crop diversification through
intercropping or crop rotation.

e Climate smart agriculture (CSA) technologies are able to reduce vul-
nerabilities, increase system productivity, and enhance production
sustainability.

e The technology provides a better knowledge of the drivers of CSA
technologies in climatically vulnerable areas and should enable poli-
cy makers to plan more competent development-oriented interven-
tions.

e The technology increases production and profitability while reduc-
ing greenhouse gas emissions and improving soil health.

e Facilitates timely establishment of rice and subsequent rabi crop
cultivation.

e CSA helps improve food security for the poor and marginalised
while reducing global food waste (CCAFS 2013).

ICAR- NATIONAL RICE RESEARCH INSTITUTE




CSA in Rice-Green gram Cropping System

11. TARGET AREA FOR THE TECHNOLOGY

The technology is suitable for the eastern coastal plains and hills (Agro cli-
matic zone planning commission). The eastern and south-eastern coastal
zone and climatically vulnerable areas (especially flood-prone areas) are suit-

able for the technology. The technology was validated in Bateswar village in
Salipur Block, Cuttack.

12. UPSCALING OF THE TECHNOLOGY

By changing the intensive traditional farming methods, the technology-
based farming methods of climate smart agriculture (CSA) are becoming
more and more prevalent. The whole package as well as the techniques need
to be disseminated to popularise this CSA-based technology. The
implementation of CSA also provides opportunities for much needed
intensification and diversification of agriculture. Efforts should be made to
disseminate CSA-based technologies by combining the efforts of state
ICAR institutes and state agricultural universities.

Up scaling CSA will undoubtedly require millions of agricultural
producers to change their behaviour, approach, and farming practises to
better understand the impacts of climate change and find more
climate-friendly solutions. Extension and advisory services (EAS) can help
significantly improve CSA. To facilitate outreach and promote the transfer
of ideas across a broader range of stakeholders than is currently the case,
EAS needs to be supported by extensive expertise and capabilities
(Cornell et al., 2013). Eligible stakeholders include those involved in policy
development as well as those involved in agriculture. EAS help achieve all
three CSA goals (food security, adaptation, and mitigation), although they
currently focus on the first, food security through increased production.
Climate smart technologies are becoming increasingly popular. This tech-
nology can also help prevent floods and droughts in climatically vulnerable
areas.

Climate change will negatively impact agricultural productivity in
developing countries, especially for smallholder farmers. Many government
programmes encourage farmers to use climate-smart agriculture (CSA)
strategies to increase their climate resilience and reduce the negative impacts
of climate change on agricultural productivity.
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13. SUCCESS STORY

1) Before Intervention
Component Description

Compo-
nents

Names

Field Crop  Rice (local)
1

Hort. Rabi vegetable
Crop2 (local var.)
Hort. Back yard fruit
Crop3 crops (local ba-

nana, guava,
custard apple)
Livestock Cattle
1

Livestock Goat
2
Total

CSA in Rice-Green gram Cropping System

Name of farmer: Abhiram Kandi

Address: Village: Bateswar,

Block: Salipur, District: Cuttack, Odisha

Mobile Number: 9090815146
Age: 55

Education: High School
Land holding : 2.5 Acre

Benchmark (Baseline period 2018-19)

Area Produc- ﬁ::(s)s-
(Acte)/ tion(Q
Number litre! no.?) me
(Rs.)
1.5Acte  28q 30800
1.8 - 55000
15 Nos - 3000
2 Nos 4 litday 54850
1+ cow
dung

2 Nos 25 kgmeat 11250

ICAR- NATIONAL RICE RESEARCH INSTITUTE

Net-
Incom
e(Rs.)

20800
40000

2200

36600

9250

108,850
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CSA in Rice-Green gram Cropping System

The farmer was drawing an average monthly income of Rs 9,071/- in
2018-19. He faced problems like non-availability of improved varieties,
quality seeds, pest and disease problems, stray cattle, early floods, terminal
drought etc. Through measures such as planting both flood and drought
tolerant high yielding rice varieties (CR Dhan 801), YMV resistant
varieties (IPM 2-3), seed treatment with Rhizobium and PSB, better
irrigation, weed control, intensification of cultivation, etc., he was able to
significantly increase his earnings. The increase in vegetable acreage and
the use of livestock manure in crop production, as well as the balanced
feeding of cattle and goats helped to increase the system productivity of
the different components of his farm. The multimodal approach has
helped the farm family find employment for most of the year. The
average monthly net income is Rs 19,120/~ per month in 2021-22.

Name of farmer: Tukuna Bhoi

Address: Village: Bateswar, Block: Salipur,
District: Cuttack, Odisha

Mobile Number: 8337934434

Age: 52
Education: High School (9" Std.)
Land holding : 2 Acre
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1) Before Intervention

Component Benchmark (Baseline period 2018-19)
Description
Compo- Names Area (Acre)/ Production(QQ Gross In-  Net-
nents Number litre! no.’)  come (Rs.) Incom
e(Rs.)

Field Crop Rice (local) 1 Acre 18q 19800 13200
1
Hort. Rabivegeta- 0.9 Acre - 35000 27500
Crop2 ble (local

var.)
Hort. Back yard 30 Nos - 9000 5000
Crop3 fruit crops

(local banana,

guava, cus-

tard apple)
Livestock Cattle 2 Nos cow dung + 2 35688 23438
1 lit day!
Livestock Goat 3 Nos 45 kg meat 20250 17250
2
Total 86,388

The farmer was drawing an average monthly income of Rs 7,199/- in
2018-19. He faced problems like non-availability of improved varieties,
quality seeds, pest and disease problems, stray cattle, early floods, terminal
drought etc. Through measures such as planting both flood and drought
tolerant high yielding rice varieties (CR Dhan 801), YMV resistant
varieties (IPM 2-3), seed treatment with Rhizobium and PSB, better
irrigation, weed control, intensification of cultivation, etc., he was able to
significantly increase his income. The increase in vegetable acreage and
the use of livestock manure in crop production, as well as the balanced
feeding of cattle and goats, help to increase the productivity of the
different components of his farm. The multimodal approach has helped
the farm family find employment for most of the year. The average
monthly net income is Rs 12,997/~ per month in 2021-22.
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2) Status in 2020-21

% In-
Component Period 2021-22 crease
Description over base
year
Compo- Names Area  Production Gross ~ Net In-
nents (Acre)/ (Qlitre! Income come (Rs.)
No no. ") (Rs.)
Field Rice (HYV 1.6 Acre35q 54250 41450
Crop1  with im-
proved cul-
tivation
practice)
Field Maize 0.5 Acre7.1q 12070 6870
Crop2  (hybrids)
Field Moog 0.2 Acre2.4q 15600 8800
Crop3 (YVM)
Hort. Rabi vegeta- 1.2 Acre - 60000 40000
Crop2  bles (HYV
and Hybrids
with IPM
Hort. Improved 40 Nos - 8000 6300
Crop 4  varieties of
fruit crops
in backyard
garden
Livestock Cattle 05 Nos cow dung 71040 34540
1 (balanced + 4litday-!
feeding)
Livestock Goat 02 Nos 30kg meat 19500 18000
2 (balanced
feeding)
Total 2,40,460 1,55,960 80.5%
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14. CONCLUSION:

When implemented in combination and on a larger scale, CSAs have the
capacity to alleviate food insecurity among smallholder farmers. To increase
adoption, land fragmentation should be discouraged through civic
education and the availability of alternative income-generating activities that
can benefit farmers when implemented on comparatively larger areas.
Farmers should be educated on the need to invest in agricultural inputs to
mitigate the effects of climate change while increasing the adoption of CSA
practises. Research showed that CSA methods such as crop rotation and
intercropping green gram with maize and cowpea, are financially rewarding
for farmers who invest in these methods over a short period of time. Agro-
intensification of green gram with maize, cowpea, bhindi and bitter gourd is
a successful investment decision for smallholder farmers in rural areas with
limited financial resources, as these investments pay for themselves more
quickly.

REFERENCE:

Ajani EN. Promoting the use of information and communication technolo-
gies (ICTs) for agricultural transformation in Sub-Saharan Africa:
Implications for policy. Journal of Agricultural & Food Information.
2014 Jan 1;15(1):42-53.

Alagappan S, Venkitaswamy R. Physiological parameters, leaf nitrogen con-
tent, nitrogen use efficiencies and grain yield of rice (oryza sativa l.)
As affected by different sources organic manures in comparison
with RDF and INM under site-specific organic farming condition.
American-Eurasian Journal of Sustainable Agriculture. 2016 Jan 1;10
(1):38-47.

Amin, A., Mubeen, M., Hammad, H.M., Nasim, W. 2016. Climate smart
agriculture: an approach for sustainable food security. Agricultural
Research Communication 3: 13-21.

Barasa PM, Botai CM, Botai JO, Mabhaudhi T. A Review of Climate-Smart
Agriculture Research and Applications in Africa. Agronomy. 2021
Jun;11(6):1255.

Brida AB, Owiyo T, Sokona Y. Loss and damage from the double blow of
flood and drought in Mozambique. International Journal of Global
Warming. 2013 Jan 1;5(4):514-31.

Brida AB, Owiyo T, Sokona Y. Loss and damage from the double blow of
flood and drought in Mozambique. International Journal of Global
Warming. 2013 Jan 1;5(4):514-31.

ICAR- NATIONAL RICE RESEARCH INSTITUTE




CSA in Rice-Green gram Cropping System

CCAFS, FAO. Climate-smart Agriculture: What is it? Why is it needed?
Rome, Italy: Food and Agriculture Organisation of the United Na-
tions. 2014.

Cornell S, Berkhout F, Tuinstra W, Tabara JD, Jager ], Chabay I, de Wit B,
Langlais R, Mills D, Moll P, Otto IM. Opening up knowledge sys-
tems for better responses to global environmental change. Environ-
mental science & policy. 2013 Apr 1; 28:60-70.

FAO. Climate-smart Agriculture: Sourcebook. Rome, Italy: Food and Agri-
culture Organisation of the United Nations. 2013a.

Food and Agriculture Organization (FAO) of the United Nations (2015)
AQUASTATDFO. AQUASTAT, (Database). https://data.fac.org/
ref/75f7d9¢5-57ab-4262-88d3-1e47fb50c45

Hettiarachchi CS, Abayasekara CL, Kumar PS, Rajapakse S, Kulasooriya
SA, Ekanayake EM, Kumara RK, Gunaratne HM. Nitrogen fertilis-
er replacement by single and multi-strain rhizobial inoculants for
black gram, green gram and soybean cultivation in Sri Lanka. Jour-
nal of the National Science Foundation of Sri Lanka. 2021 Sep
30;49(3).

Hossain MS, Majumder AK. Impact of climate change on agricultural pro-
duction and food security: a review on coastal regions of Bangla-
desh. International Journal of Agricultural Research, Innovation and
Technology. 2018 Sep 14;8(1):62-9.

Jat ML, Dagar JC, Sapkota TB, Govaerts B, Ridaura SL, Saharawat YS,
Sharma RK| Tetarwal JP, Jat RK, Hobbs H, Stitling C. Climate
change and agriculture: adaptation strategies and mitigation oppor-
tunities for food security in South Asia and Latin America. InAd-
vances in agronomy 2016 Jan 1 (Vol. 137, pp. 127-235). Academic
Press.

Kerr RB, Nyantakyi-Frimpong H, Lupafya E, Dakishoni I, Shumba L,
Luginaah I. Building resilience in African smallholder farming com-
munities through farmer-led agroecological methods. Climate
change and agricultural development: Improving resilience through
climate smart agriculture, agroecology and conservation. 2016 Jul
15;109.

Khatri-Chhetri A, Regmi PP, Chanana N, Aggarwal PK. Potential of cli-
mate-smart agriculture in reducing women farmers’ drudgery in high
climatic risk areas. Climatic Change. 2020 Jan;158(1):29-42.

Kumar A, Jeeva J, Sarangi D, Panda A, Srivastava S. Analysis of socio-
economic status of people in aspirational districts of Odisha for in-

ICAR- NATIONAL RICE RESEARCH INSTITUTE



https://data.fao.org/ref/75f7d9c5-57ab-4a62-88d3-1e47fb50c45
https://data.fao.org/ref/75f7d9c5-57ab-4a62-88d3-1e47fb50c45

CSA in Rice-Green gram Cropping System

clusive growth: Socioeconomic status of aspirational districts of Od-
isha. Journal of AgriSearch. 2020 Sep 1;7(3):158-62.

Le Quéré C, Andrew RM, Friedlingstein P, Sitch S, Pongratz ], Manning
AC, Korsbakken JI, Peters GP, Canadell JG, Jackson RB, Boden
TA. Global carbon budget 2017. Earth System Science Data. 2018
Mar 12;10(1):405-48.

Lipper L, Thornton P, Campbell BM, Baedeker T, Braimoh A, Bwalya M,
Caron P, Cattaneo A, Garrity D, Henry K, Hottle R. Climate-smart
agriculture for food security. Nature climate change. 2014 Dec;4
(12):1068-72.

Lobell DB, Gourdji SM. The influence of climate change on global crop
productivity. Plant physiology. 2012 Dec;160(4):1686-97.

Magrini MB, Anton M, Cholez C, Corre-Hellou G, Duc G, Jeuffroy MH,
Meynard JM, Pelzer E, Voisin AS, Walrand S. Why are grain-
legumes rarely present in cropping systems despite their environ-
mental and nutritional benefits? Analyzing lock-in in the French
agrifood system. Ecological Economics. 2016 Jun 1; 126:152-62.

Nagargade M, Tyagi V, Kumar M. Climate smart agriculture: an option for
changing climatic situation. Plant Engineering by Snjezana Jurié,
IntechOpen. 2017 Nov 17:143-65.

Nayak AK, Chatterjee D, Tripathi R, Shahid M, Vijayakumar S, Satapathy
BS, Kumar A, Mohanty S, Bhattacharyya P, Mishra P, Kumar U,
Mohapatra SD, Panda BB, Rajak M, Bhaduri D, Munda S,
Chakraborty K, Priyadarsani S, Swain CK, Moharana KC, Nayak
PK, Kumar GAK, Swain P, Tesfai M, Nagaothu US, Pathak H. Cli-
mate Smart Agricultural Technologies for Rice Production System
in Odisha. ICAR-National Rice Research Institute, Cuttack, Odisha,
7530006, India. 2020 ISBN 81-88409-14-6, p. 366

Pathak H, Tewari AN, Sankhyan S, Dubey DS, Mina U, Singh VK, Jain N.
Direct-seeded rice: potential, performance and problems-Areview.
Current Advances in Agricultural Sciences (An International Jour-
nal). 2011;3(2):77-88.

Prasanna V. Impact of monsoon rainfall on the total foodgrain yield over
India. Journal of earth system science. 2014 Jun;123(5):1129-45.

Rani K, Sharma P, Kumar S, Wati L, Kumar R, Gurjar DS, Kumar D. Leg-
umes for sustainable soil and crop management. InSustainable man-
agement of soil and environment 2019 (pp. 193-215). Springer, Sin-
gapore.

Reckien D, Creutzig F, Fernandez B, Lwasa S, Tovar-Restrepo M, McEvoy

ICAR- NATIONAL RICE RESEARCH INSTITUTE




CSA in Rice-Green gram Cropping System

D, Satterthwaite D. Climate change, equity and the Sustainable De-
velopment Goals: an urban perspective. Environment and Urbani-
zation. 2017 Apr;29(1):159-82.

Siegel KR, Ali MK, Srinivasiah A, Nugent RA, Narayan KV. Do we pro-
duce enough fruits and vegetables to meet global health need? PloS
one. 2014 Aug 6;9(8): ¢104059.

Singh I, Grover J. Role of extension agencies in climate change related ad-
aptation strategies. International Journal of Farm Sciences. 2013;3
(1):143-55.

Soto Golcher C, Visseren-Hamakers 1IJ. Framing and integration in the
global forest, agriculture and climate change nexus. Environment
and Planning C: Politics and Space. 2018 Dec;36(8):1415-36.

Swain SK, Das DM, Dash AK, Mohapatra AK, Behera D, Nayak BR, Mo-
hapatra M. A study on mechanization of rice-green gram cropping
system using animal power on small farms in Odisha following con-
servation farming with cost-economics. IJCS. 2020;8(4):3108-11.

Tiwari RK, Jha A, Tripathi SK, Khan IM, Rao SK. Rice based cropping sys-
tem and climate change. JNKVV Res |. 2013; 47:239-47.

Vermeulen SJ, Aggarwal PK, Ainslie A, Angelone C, Campbell BM, Chal-
linor AJ, Hansen JW, Ingram ]S, Jarvis A, Kristjanson P, Lau C.
Options for support to agriculture and food security under climate
change. Environmental Science & Policy. 2012 Jan 1;15(1):136-44.

Wang SW, Lee WK, Son Y. An assessment of climate change impacts and
adaptation in South Asian agriculture. International Journal of Cli-
mate Change Strategies and Management. 2017 Aug 21.

ICAR- NATIONAL RICE RESEARCH INSTITUTE




ICAR-NATIONAL RICE RESEARCH
INSTITUTE
Cuttack-753006, Odisha, India

Phone: +91-671-2367757/67

EPBX: +91-671-2367768-783; FAX: +91-671-
2367663

Email: director.nrri@jicar.gov.in; https:/ /icar-nrri.in



mailto:director.nrri@icar.gov.in

