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Agricultural Issue, Concerns

Manmade Nature made

Monotonous cropping systems\
(eg rice-wheat)

e Out of place cropping systems

* Intensive tillage

* Residue burning +

* Flood Irrigation

e Blanket nutrient use and
broadcast application

J

e Continued depletion of water
* Soil health deterioration
* GHGs/Global Warming

* Yield gaps & Low farmer’s profit

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




’ Part of Solutions: Conservation Agriculture

Conservation Agriculture Basic Principles

Residue retention Zero tillage Crop rotation
[ne burningl

CA ++ (Adapted component technologies)
- Micro-irrigation/fertigation

- Precision nutrient management

- Weed management

- Scale-appropriate mechanisation

- Solar energy

- GxExM
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Area of cropland under CA by continent — 2015/16

69.9 (49.6)* 39.0 (40.9)#
63.2 (40.0) 35.2 (58.0)
22.7 (12.2) 12.7 (86.1)

13.2 (2.6) 7.4 (408)
5.2 (0.1) 2.9(5000)
2.7 (0.5) 1.5 (447)
2.5 (1.6) 1.4 (56.3)

~50% in developing regions, ~50 % in industrialized regions
Source: Kassam et al (2017)




Asia --13.2+ Mha in 2015/16
(2008/09 - 2.6 Mha, 408% increase)

Countries now reporting CA area:

South Asia: India, Pakistan, Bangladesh,

Southeast & East Asia: Laos, Cambodia, Vietham,
China, North Korea

Central Asia: Kazakhstan, Uzbekistan, Kyrgyzstan,
Tajikistan

West Asia: /ran, Turkey, Azerbaijan, Lebanon, Syria,
lrag

Source: Kassam et al (2017)



’ Meta-data analysis of CA research in major cereal
based systems in South Asia:
Yield response to different elements
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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
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' Meta-Analysis of Alternate Rice Production Systems

www.nature.com/scientificreports

SCIENTIFIC REPQRTS ul

OPEN : A global analy5|s of alternatlve
tillage and crop establishment
practices for economically and

Effect on water input (26)
5

oo environmentally efficient rice 5 {
Published online: 24 August 2017 = _40 ) i
- production
Debashis Chakraborty?, Jagdish Kumar Ladha?, Dharamvir Singh Rana?, Mangi Lal Jat®, -45
¢ Mahesh Kumar Gathala®, SudhirYadav?, AdusumilliNarayana Rao®, Mugadoli 5. Ramesha?® &
- Anitha Ramant CT-DSR(wet)  CT-DSR(dry) RT-UPTPR(wet) RT-DSR(dry) ZT-DSR(dry)
8 0
6 - (a) g 10 (a)
4 4 - c
— L 220 4
& 27 | I 2
2 0 X ] € .30 4
& | T ¢
> 2 - .‘ § 401
= =
- - 1}
g - \ 5
v -6 - . 5
= ~ 2 60 ¢
(17} o . 1
8 ° 3
| o -70 ¢
'10 A 4
-12 -80

Clayey(Fine)  Loamy(Moderately Loamy(Medium) Loamy(Moderately CT-DSR wet) CT-DSR (dry) RT-UPTPR (wet)  ZT-DSR (dry)

Fine) Coarse)

Nature Scientific Reports 7: 9342 (2017) HCIMMYT.



' CA based in Intensive Cereal Systems in NW India:
Productivity, Profitability, Soil quality and Environmental
footprints (8 yr average)

Scenario  Productivity Irrigation Energy Net return Organic Total GWP
(Mg hal) water requirement (USD ha') carbon (tCO,eq

(mm ha') (MJ ha™) (%) hal)

Convention 12 .40 2557 75225 1361 0.45 6.3

al RW

CAbased 13,17 1868 57833 1629 0.90 4.9
(6) (-27)  (-23)  (20) (100) (-22)

CMA\A'?aSEd 14.09 738 39376 2122 0.84 45
(14) (-71) (-48) (56) (87) (-29)
*In parenthesis= % change over conventional system

ICAR-CSSRI-CIMMYT Collaborative Research o
WcIMMYT.



' Yield Trends-Maize-Wheat Rotation

ZT-Flat = PB CT-Flat

----Linear (ZT-Flat) - Linear (PB) — Linear (CT-Flat)
= 18 -
<
> 16 -
p
>_" 14 7
S 12 -
> 10 -
= 8 ZT-Flat; y = 0.700x + 9.363; R2 = 0.729
O
3 6 PB: y = 0.649x + 9.753; R2 = 0.719
o 4 CT-Flat; y = 0.356x + 9.564: R2 = 0.636
s 2
c(/n>')\ O [ [ [ [ [ [ [ [ 1
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Sourcve: Parihar et al ICAR-IARI, New Delhi |
ciIMMYT.



' CA in Wheat Systems Adapting to Terminal Heat
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Performance of Wheat Under Extreme Climate
Risks (Excess Rains at Wheat Grain Filling in 2014-15)
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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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Contents lists available at ScienceDirect

Agriculture, Ecosystems and Environment

journal homepage: www.elsevier.com/locate/agee

Conservation agriculture-based wheat production better copes with @Cmsmk
extreme climate events than conventional tillage-based systems: A
case of untimely excess rainfall in Haryana, India

Jeetendra Prakash Aryal, Climate Economist™”,

Tek Bahadur Sapkota, Mitigation Agronomist?®, Clare Maeve Stirling, Senior Agronomist”,
M.L. Jat, Senior Cropping Systems Agronomist®, Hanuman S. Jat, Senior Agronomist®,
Munmun Rai, Senior Agronomist®, Surabhi Mittal, Senior Agricultural Economist?,

Jhabar Mal Sutaliya, Senior Agronomist*
2 International Maize and Wheat Improvement Center (CIMMYT), CG Block, National Agricultural Science Center (NASC) Complex, DPS Marg, Pusa Campus,
New Delhi 110012, India

® International Maize and Wheat Improvement Center (CIMMYT), Texcoco, Mexico
€ International Maize and Wheat Improvement Center (CIMMYT), CIMMYT, Karnal, Haryana, India

IcIMMYT.



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

Water, nitrogen




CA in Maize Systems: Adapting Climate Risks (200+
mm in 3 days in end of June 2017) in Haryna, India
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. Long-term Trials on CA in Eastern IGP: Yield changes with different
management scenarios at varying probability (11 years)

Rice-Wheat System Rice-Maize System
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* In long-run, CA (no-till + residues) provides more stable yvields at
higher probability levels
« Partial CA [no-till without residue as well as no-till-conventional till

cycle) are prone to lower yield stability at high probability even

compared to conventional till based management
Source: Jat et al (2019) WcIiMMYT



Addressing Water-Energy-Food (FEW) Nexus in NW India

(Layering CA with Fertigation, Solar

System System

Collaborative research of CIMMYT-BISA-PAU, Ludhiana, Punjab
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System magt Irrigation System System
method and yield (t ha- net water energy
energy source !yr?) income use use
(USD ha- (cm (kwh
lyri) halyr halyr @&
1) 1) J3
ZTDSR-ZTW  SSD with solar
CA + micro-irrigation within
ZTDSR-ZTW  Flood 11.94c 2000 167e 6151
TPR-CTW Flood 12.18c 1909 181f 6686
SSD with solar
PBM-PBW power 13.67a 2357 29a 1249
pBM-PBW | IO 13.24ab 2318  49b 1714
irrigation
CTM-CTW Flood 12.56bc 2087 59c¢ 2027

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

WCIMMYT.






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

&
Improved soil health More crop per drop: Save irrigation water
(SOC 0.5 t/halyr) Rice-wheat-mungbean: 40-50 ha-cm/yr

Xy
44 ﬁ Pl
Reduced weather risks

(High adaptability and Low CV
in crop yield)

/‘
S

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

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

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

iy AN

ICAR-CSSRI-CIMMYT Collaborative research CIMMYT.



Residue Management

Monetary cost of converting biomass into soil organic matter/soil organic carbon (C).

Ingredients Amount (kg) Price (USS kg-) Total price (USS)
Residues 62 000* 0.038 2,390
Nitrogen 833 067 008
Phosphorus 200 194 368
Sulfur 143 0.57 82

Total 3,364

*Assuming conversions of biomass C at 35%, and C combustion in residues of 42% = (10¢kg =
0.33) = 0.45=62,000 kg cost calculations for 10 t C

Total Cost= US$ 3384

Monetary gains= US$2057

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

C Sequestration per ha = 300 kg Source: Lal (2014)
Cost of C per ha =~ US$ 40/ha

IcIMMYT.



' Laser leveling

Laser Levelling

Flood Irrigation

Function

Reduced topographic
variability, increased
yields & input
efficiency

Value
Reduced energy for
water pumping/
irrigation cost

=

Conceptualized by ML Jat (CIMMYT)

Benefits (US$ 20/ha)
Increased WP
Increased yield
Reduce GHGs
Service
Water saving/low
energy use for
pumping
(~20 cm/yr)
Service Benefits Value
Precisi d of Adapting to excess Higher yields
recision spre: I: water/flooding (Us$ 50/ha/yr)
water across fie Better establishment
& yields
Service
Save Fert
Nitrogen
(20kg/ha)
Benefit
Increase NUE,
Reduced GHGs
Increased yield
Value
N cost
(US$ 15/ha)

WCIMMYT.



' No-till farming

No-till

Intensive
tillage

Service

Low soil respiration
Fuel saving
(~100 | ha/yr)

Function

Direct drilling,
reduced soil
movement

=

Service

Implemet
manufacturing/wear
[teat

. Reduced GHGs

Service

Save Fert
Nitrogen
(40kg/ha)

Value
(US$ 50/ha/yr)
Benefits
Increased SOM
Reduced GHGs (2-4
t/ha/yr)
Benefits Value

Conceptualized by ML Jat (CIMMYT)

Benefit

Increase NUE,
Reduced GHGs
Increased yield

* (US$ 20/ha/yr)

2

-

Value

N cost
(Us$ 30/ha)

WCIMMYT.



' Nitrogen and Sustainable Development Goals

Nutrient Managerfor Wheat - Start

Nutrient Expert for Wheat

Version 1.0

First time user? Working in a new location? Make sure to have the 'Settings' right!

Nutrient Expert for wheat helps you to:

« evaluate current nutrient management practices

« determine ameaningful yield goal based on attainable yield

» estimate fertilizer NPK rates required for the selected yield goal

« translate fertilizer NPK rates into fertilizer sources

= developan application strategy for fertilizers (right rate, right source, rightlocation, righttime),and
« compare the expected or actual benefit of current and improved practices.

To start, dick a button

Current SSNM Sources & Profit
FFP & Yield . » Splitting -

GOOD HEALTH
AND WELL-BEING

6 A%mu%?ﬁu 13 E};m:df 14 BELOW WATER 15 g[uuo

-v
~

Source: Stirling et al (2018), CIMMYT

WCIMMYT.



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

Laser land levelling
Biogass

Zero Tillage
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" Green fodder supplement (ruminants)

Molasses Urea Products (ruminants)

Incressed concentrate feeding (ruminants)

" Rice water management
¥ Eliminate residue burning

" Improved diet mgmt of small ruminants (small ruminants) sprinkler/micro-sprinkler irrigation

Fertigation

" Restorstion of wind/water eroded land
® Reclaimation of salinity/Alkslinity

® Monensin pre-mix (ruminants)

® Reclaminstion of water logged soil

" improved diet {high fibre diet) - pigs
B

Controlling wind/water erosion through contour fs fwin
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* All options are clima
* Technical Mitigation

| | l | | |
20 30 40 50 60 70

te smart
potential = 86 MtCO,e/year

|
80

* 80% of mitigation potential achieved via cost saving options

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

IcIMMYT.



Right Policies Are Critical
V 4

National Academy of Agrig

Innovative Viablé
Residue Burning
Cropping Syste
Concurrent Use

New Delhi
October 2017

Policy Brief
Scaling Conservation

Agriculture for

Sustainable

Intensification in
NcIMMYT South Asia

Dhaka, Bangladesh; 89 September, 2017

Trust for Advancement of Agricultural Scionces (TAAS)

Australian Centre for Infernational Agricuktural Rm-mh (ACIAR)
Australian AID

International Maize and Wheat Improvement Center (CIMMYT)

¥ | The Evergreen
=250 | Revolution

Six ways to empower India’s no-bum
agricultural future

f{:\‘.l\\l\l g»%éz

Lz o Coan

6 @ WORLD BANKGROUP

cears

Policy Brief 2018/1
Policies and
Investment Priorities for

Trust for Advancement of Agricultural Sciences (TAAS)
International Maize and Wheat Impraovement Center (CIMMYT)
Indian Gouncil of Agricultural Researeh (ICAR)
CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS)
World Bank Group

Stakeholders' Dialogue
on
Sustainable and Scalable Solutions
for Rice Residue Management
March 15,2018
ICAR-ATARI, Ludhiana

Proceedings and Recommendations

T @@ tomae L
Sbobie Soastme

WCIMMYT

ICAR-Agricultural Technology Application Research lnstitute (ATARI), Ludhiana, Punjab
Punjab Agricultural University (PAU), Ludhisaa, Punjab
Taternational Maise and Wheat Improvement Ceater (CIMMYT), New Delhi
Borlaug Institute for South Asia (BISA), Ludhiana, Punjab

'THE TIMES OF INDIA
Centre okays Rs 115%-crore plan to

tackle stubble buming

Union Budget 2018: To end stubble-hurning
and ﬁght pollutlon a scheme for farmers

' WCcIMMYT.



Integrating with Socio-ecological system is a Must

Interaction between Agro-ecosystems, Agri-food systems and Socio-Ecosystems (Hubeau et al. 2016)

(. §Global Change & Societies Dynamics _ _ %

—
-_

Human demography

> Age and sex structure, health, life-styles
> Diets, urbanization and digitization,
energy use

Values and representation

Relative prices of Ecosystem services

inputs and outputs
\ AGRO-ECOSYSTEMS /

Cultivated and wild biodiversity
> Landscape heterogeneity
Field and farm characteristics

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 me Tﬁm%he
y ¢l i MR

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




Thank you
for your
Interest!
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Photo Credits (top left to bottom right): Julia Cumes/CIMMYT, Awais
Yaqub/CIMMYT, CIMMYT archives, Marcelo Ortiz/CIMMYT, David
Hansen/University of Minnesota, CIMMYT archives, CIMMYT archives
(maize), Ranak Martin/CIMMYT, CIMMYT archives.




