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• Monotonous cropping systems 
(eg rice-wheat)

• Out of place cropping systems
• Intensive tillage 
• Residue burning
• Flood Irrigation
• Blanket nutrient use and 

broadcast application 

• Abiotic stresses- temperature 
(terminal heat, cold), monsoon 
variability, water stresses (dry 
spell, excess rains), salinity

• Biotic stresses- pest outbreak, 
Phalaris, diseases etc

• Climate change induced 
weather risks

• Continued depletion of water
• Soil health deterioration
• GHGs/Global Warming

• Yield gaps & Low farmer’s profit

+

Agricultural Issue, Concerns

Twin Challenge: Doubling Farmer’s income with sustaining natural resources 
under emerging climatic risks

Manmade Nature made



Part of Solutions: Conservation Agriculture

CA ++ (Adapted component technologies)
- Micro-irrigation/fertigation
- Precision nutrient management
- Weed management 
- Scale-appropriate mechanisation
- Solar energy
- GxExM



Source: Kassam et al (2017)
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Meta-data analysis of CA research in major cereal 
based systems in South Asia: 

Yield response to different elements

Source: Jat et al (Forthcoming) 
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Meta-data analysis of CA in South Asia: 
Yield Gain/Loss in different soil types 
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Meta-data analysis of CA in South Asia: 
Yield gain/loss in different crops 



Meta-Analysis of Alternate Rice Production Systems

Nature Scientific Reports 7: 9342 (2017)



CA based in Intensive Cereal Systems in NW India: 
Productivity, Profitability, Soil quality and Environmental 

footprints (8 yr average)

*In parenthesis= % change over conventional system

Scenario Productivity 

(Mg ha-1)

Irrigation 

water

(mm ha-1)

Energy 

requirement 

(MJ ha-1)

Net return 

(USD ha-1)

Organic 

carbon 

(%)

Total GWP 

(t CO2 eq

ha-1)

Convention
al RW

12.40 2557 75225 1361 0.45 6.3

CA based 
RW

13.17

(6)

1868

(-27)

57833

(-23)

1629

(20)

0.90

(100)

4.9 

(-22)

CA based 
MW

14.09

(14)

738

(-71)

39376

(-48)

2122

(56)

0.84

(87)

4.5 

(-29)

ICAR-CSSRI-CIMMYT Collaborative Research



Yield Trends-Maize-Wheat Rotation

ZT-Flat; y = 0.700x + 9.363; R² = 0.729

PB; y = 0.649x + 9.753; R² = 0.719

CT-Flat; y = 0.356x + 9.564; R² = 0.636
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Performance of Wheat Under Extreme Climate 
Risks (Excess Rains at Wheat Grain Filling in 2014-15)



Landscape Scale Evidence on How CA is Climate Smart : a case 
of climate risks in wheat during 2014-15 in Western IGP
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CA in Maize Systems: Adapting Climate Risks (200+ 
mm in 3 days in end of June 2017) in Haryana, India

5
.5

7
 t

/h
a

4
.3

7
 t

/h
a

Water, nitrogen



CA in Maize Systems: Adapting Climate Risks (200+ 
mm in 3 days in end of June 2017) in Haryana, India
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Source: Jat et al (2019)



Addressing Water-Energy-Food (FEW) Nexus in NW India 
(Layering CA with Fertigation, Solar energy)

System magt Irrigation 
method and 
energy source

System 
yield (t ha-

1 yr-1)

System 
net 
income 
(USD ha-

1 yr-1)

System 
water 
use 
(cm 
ha-1 yr-

1)

System 
energy 
use 
(kWh 
ha-1 yr-

1)
ZTDSR-ZTW SSD with solar 

power 12.33c 2094 96d 3663

ZTDSR-ZTW Flood 11.94c 2000 167e 6151

TPR-CTW Flood 12.18c 1909 181f 6686

PBM-PBW
SSD with solar 
power 13.67a 2357 29a 1249

PBM-PBW
Furrow 
irrigation

13.24ab 2318 49b 1714

CTM-CTW Flood 12.56bc 2087 59c 2027

• CA + micro-irrigation within 
RW system: same yields with 
85 cm /ha/yr less water, half 
energy use and USD 185/ha/yr
higher income

• CA + micro irrigation in MW 
system: 1.5 t/ha/yr more 
yield, 152 cm water saving 
with one quarter energy use 
and USD 450 /ha/yr more 
profit compared to 
conventional RW system in 
NW India

Collaborative research of CIMMYT-BISA-PAU, Ludhiana, Punjab



Some Examples for Ecosystem 

Services 



Improved soil health
(SOC 0.5 t/ha/yr)

Reduced weather risks
(High adaptability and Low CV 
in crop yield)

Reduce Chemical load
(20-25 kg N/ha, Less herbicide)

Lower GHGs emission 
(~1 t CO2-eq/ha/yr)

More profit: Lower costs and higher yields
(Profit 12000-15000/ha/yr)

More crop per drop: Save irrigation water 
Rice-wheat-mungbean: 40-50 ha-cm/yr

Evidence of Ecosystem Services from CA in 
Irrigated Rice-Wheat System

ICAR-CSSRI-CIMMYT Collaborative research



Residue Management

Source: Lal (2014)

Total Cost= US$ 3384

Monetary gains= US$2057

Net cost= US$ 1327 (US$ 0.13/kg)

C Sequestration per ha = 300 kg

Cost of C per ha = ~ US$ 40/ha 

Cost calculations for 10 t C



Laser Levelling

Flood Irrigation

Function

Reduced topographic 
variability, increased 

yields & input 
efficiency 

Service
Water saving/low 

energy use for 
pumping

(~20 cm/yr)

Benefits

Increased WP
Increased yield
Reduce GHGs

Value
Reduced energy for 

water pumping/ 
irrigation cost
(US$ 20/ha)

Service

Benefit

Value

Save Fert
Nitrogen 
(20kg/ha)

Increase NUE, 
Reduced GHGs
Increased yield

N cost
(US$ 15/ha)

Service

Precision spread of 
water across field

Benefits

Adapting to excess 
water/flooding

Better establishment 
& yields

Value

Higher yields
(US$ 50/ha/yr)

Laser leveling 

US$ 85/ha/yr

~5 mha

Conceptualized by ML Jat (CIMMYT)



No-till farming

No-till

Intensive 
tillage

Function

Direct drilling, 
reduced soil 
movement

Service
Low soil respiration 

Fuel saving
(~100 l ha/yr)

Benefits

Increased SOM 
Reduced GHGs (2-4 

t/ha/yr)

Value

(US$ 50/ha/yr)

Service

Benefit

Value

Save Fert
Nitrogen 
(40kg/ha)

Increase NUE, 
Reduced GHGs
Increased yield

N cost
(US$ 30/ha)

Service

Implemet
manufacturing/wear

/teat

Benefits

Reduced GHGs

Value

(US$ 20/ha/yr) US$ 
100/ha/yr

~2 mha

Conceptualized by ML Jat (CIMMYT)



Nitrogen and Sustainable Development Goals

Source: Stirling et al (2018), CIMMYT



Evidence on Cost-effective opportunities for 
climate change mitigation in India

• All options are climate smart
• Technical Mitigation potential = 86 MtCO2e/year
• 80% of mitigation potential achieved via cost saving options

Sapkota, Vetter, Jat et al: Science of the Total Environment (2019)



Right Policies Are Critical 



Human demography
 Age and sex structure, health, life-styles
 Diets, urbanization and digitization, 

energy use 

Values and representation

Technologies, Public Policies, 
Markets regulation

AGRI-FOOD SYSTEM

Demand and supply for different products  (essential and discretionary 
food, feed, biofuels, bio products ), prices, social and environmental 
externalities, modes of food distribution; Taxes and subsidies; 
Property regimes for land and technologies ,labour regulation…

Ecosystem servicesRelative prices of 
inputs and outputs

AGRO-ECOSYSTEMS
Cultivated and wild biodiversity
Landscape heterogeneity
Field and farm characteristics

Global Change & Societies Dynamics

Integrating with Socio-ecological system is a Must
Interaction between Agro-ecosystems, Agri-food systems and Socio-Ecosystems (Hubeau et al. 2016) 

• Beyond public policies, social processes having major environmental effects 
• These processes determine the relationship between supply and demand, through the agri-food system, affecting the 

dynamics of local, regional and global agroecosystems
• understanding and integration of environmental impacts of diets by consumers is a major mechanism determining the 

relationship between societies and agro-ecosystems, promoting some types of agricultural production



Thank you 

for your 

interest!
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