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Modern agriculture emerged as an optimization
challenge of using external resources (“infinite inputs”)

to deliver outputs — products and waste.
I = Former to markets, latter into an “infinite waste sink”.

Unfortunately, we live in a finite world
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Unfortunately, we live in a finite world...

Where sources (e.g. water, fertilizer) and sinks
(e.qg. rivers, atmosphere) are depleting
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Epochal Patterns of All-India Summer Monsoon Rainfall
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Majority of the Rivers in India are highly polluted (CWC Study)

Number of rivers polluted with

unacceptable levels of heavy metals

e

No of rivers

Lead 10 pg/L 69
Nickel 20 pg/L 25
Iron 300 pg/L 137
Copper 50 pg/L 10
Chromium 50 pg/L 21
Cadmium 25

3 g/l
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The Central Water Commission (CWC) collected a total of
442 surface water samples from 62 rivers in India of
which 287 were polluted by heavy metals.

The most common heavy metal found was iron, and
above safe limits in 156 samples. Lead, nickel, chromium,
cadmium and copper were the other metals.

The Paddy and other vegetables grown in the catchment areas
are highly polluted (Kiran Pandel et al. (2018)

Ganga, the national river, was found to be polluted with five
heavy metals—chromium, copper, nickel, lead and iron—six
rivers—Arkavathi, Orsang, Rapti, Sabarmati, Saryu and
Vaitarna—had unacceptably high concentration of four
pollutants.
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Source of agricultural emissions in India

CROPS LIVESTOCK CROPS + LIVESTOCK

Total Emission from Crops Total Emission from Livestock Total Emission from Crops and Livestock
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Fertilizer Frenzy
U.S. Tampa ammonia prices surge to record

Ammonia prices

Fertilizer prices are rising +
synthetic fertilizers major source
of GHG emissions
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Figure 1: GDP per capita
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Natural farming is inspired by nature and seeks to optimize circular use
of materials and energy, minimizing external inputs and waste —
building on agroecological principles — to produce food, improve
farmer welfare and stewardship of nature, at multiple, nested scales.

Because we live in a finite world

Market
Circular economy /

' Limited waste
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Why we need to build resilience in India

FarmHH
welfare

Above ground
biomass
Plant
diversity ﬁﬁ_ Generally low
Soil organic levels across
carbon ¢ the country

@)

Adversely affecting
the resilience of the
ecosystems and the
wellbeing of the
people who depend
upon them

Soil must not be ignored!
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Biophysical constraints
for agricultural
systems and adversely
affecting productivity
and constraining
household decision
making

Key to increasing soil
carbon storage, will be
the implementation of
farming practices that

curb soil erosion and
increase carbon inputs,

across the landscape
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The Global Relevance of Soil

95%

of our food is directly or indirectly
produced on our soils

Sustainable soil management could
produce up to 58% more food

It is estimated that 40%.of the Earth’s soil is“' “
degraded

Soil erosion (Blue = high), and Soil Organic Carbon
(Red= Low) in various Indian states

Analysis: ICRAF/Tor Vagen

Source: Leigh Ann Winowiecki



Some key principles and ractlces to achieve a tranS|t|on to cllmate re5|I|ent agrlculture

High-external input.

Linear economy
‘Carbon emission
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Western Ghats

Watertower [ Rain-shadow region

rm

Sea Landscape

Region

Line drawing from: Gopakumar, Govind (2009) Investigating Degenerated Peripheralization in Urban India: The Case of Water
Supply Infrastructure and Urban Governance in Chennai. Public Works Management & Policy. DOI -
10.1177/1087724X09350629
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< > Addressing multiple, nested scales simultaneously

Indian farming
landscapes could be
managed as the land
between “water
towers” and the sea (or
ocean, river, ...)
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Table 2. Constraints faced by Respondents in adopting Climate Resilient
Technologies

Major constraints are data, information, knowledge and capacity to innovate! n=43

> Constraints Garret Mean Rank
No. Score

1 Limited knowledge on climate resilient adaptation measures 52.98 I

2 Inadequate number of extension functionaries at grass root level 47.68 II

3  Inadequate weather based farm advisories 44.68 [11

4 Lack of knowledge about climate change 42.21 1A%

5 Inadequate training regarding climate resilient practices 41.08 \Y

6 Lack of feedback/reporting system 38.54 VI
(between extension, research and clients/end-users)

7  Lack of access to timely information on climate vagaries 31.25 VII

8 Inadequate number of automatic weather stations 30.72 VIII

9 Lack of access to climate resilient crop varieties &other mputs 28.80 IX
(Drought / Heat resistance etc.)

10 Less expertise of field staff on climate change and its management 24 .88 X

practices

Adoption of Climate Resilient Agricultural Technologies by Farmers, Balasubramani Nanjappan

1t
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APCNF - an approach based on
agroecological principles

Minimise the
use of synthetic
fertilizers and
pesticides

Building on biological nitrogen
fixation coupled with nutrient and
biomass recycling from livestock
and biodiverse plant associations in
and around farmers’ fields, with
lower input costs as a whole

Farmer welfare
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maintain )

Soil unic Functional Balanced est-

Water holding

capacity carbon microbial diversity  predator populations




YIELD HYPOTHESIS:

APCNF > | = CONVENTIONAL

No yield penalty, lower GHG emissions!

Area - adjusted yield (t acre")
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Management (125)

No yield penalty for ZBNF based on

l conv farmer recall
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(156)
(189)

{1-;5}

bengélg rarm chilies cotton grour'idn Lt maize pac'ldy

Crop

4 crops significantly higher
average vyield (Bengal gram,
chilies, groundnut, paddy rice)

2 crops no difference in yield
on average (maize, cotton)

Generally greater variability
among reported yields under
ZBNF, higher CV (data not
shown)

Resilient
Landscapes
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APCNF:

Net income appears to improve

Bharucha et al. 2020 CEEW et al. 2020 Gupta et al. 2020
Crop Conv  ZBNF % A Conv  ZBNF % A Conv ZBNF %A
Bengal gram 10,851 6693 -38.3
Chilies
Cotton 23,532 15,849 -32.7
Groundnut 15386 11,406 -25.8 15,564 15,023 -3.5 12,759 16,637 30.4
Maize 10,565 9,124 -13.6 20,581 14,835 -27.9 23,534 16,672 -24.9
Paddy 17,529 12,486 -28.8 19,597 13,962 -28.8 18060 1,426/ -21
" Rainfed.
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L__________________________________________________________________________________________________________
We will study this further in 3 exemplar landscapes in AP

LDSF sites

Project districts
1.7 Anantapur

-7 Vishakhapatnam N

200 km

020 West Godavari

Background map:
OpenStreetMap
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Bangalore
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Warangal

'.'_rir'up_ati

_Brahmapur

55818 wizianagaram

Khammarm

Chirala

Ongole

Chennai

Kanchipuram

Farmers are willing to take up natural
farming in AP

APCNF Practice Indicators

80%

70%

60%

50%

40%

H~

HH

30%

20%

X

10%

- 1

| or more ZBNF 2 or more ZBNF 3 or more ZBNF 4 or more ZBNF
compatible practice  compatible practice compatible practice compatible practice

No chemical
application

% farming families practicing various levels of APCNF/ZBNF compatible practices (n=3,634)
*sample weights used to adjust for differences in GP cluster population size and sample size variation

*standard errors clustered at village/habitation level, given cluster sampling design

* denotes error bars, indicating 95% confidence that the true population figure falls within this range
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Agroforestry, water, landscape approach to nutrition & income in Odisha

m*’ Approx. 1.5 Km road _
A — . - Benefit to approx. 200 acre
varY
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A ‘portfolio’ of trees, shrubs and

annuals can change the ‘nutrition i
profile’ of the landscape, adding key
vitamins and micronutrients to
diets. l I
:aiﬂ Ig Br:?}) thagr:h pa:p;nl May June JUIZ tAzg}j‘sEIHSehp)t
This is based on knowledge of fruiting B oo e
i - all arities (Solanum melongena B Ladies finger (Abelmoschus esculentus
and flowerlng Of key tree’ WOOdy and .E)Ei:;lojiz,ssmall(Allium{cgpgj ( _ J | T_omato, ripe,(hybrid[Lycopersicon escijlentum)
M Pigeon !Pger: TFr;e_dag r:?r:zec: :ﬁ (g?apr? Lllcsucr:j: r? }n} o glrcaesg E::E{ata n

annual species and working with farmers
to find the best choices.
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“Odisha: Initial impacts of landscape agroforestry approach...

Income has improved significantly

Fruits (per plant estimated income): Rs1450 from third year (Total plants : 186, 000)
From backyard horticulture: Rs. 11,820 per HH ( Total Households: 7691)

Nutritional Profile has improved

Biofortified rice: increased per hectare availability of protein (500 kg), zinc (150 g), iron (150 g)
Diversified cropping systems with high-Fe, high-Zn rice & pulses are expected to lower malnutrition by at least 8-10%

Agroforestry suitability

categories
° | B
Extra Crop in Fallow —
Introduced Grasspea, covering 1200 ha, providing 600-700 kg per ha yield , income of Rs 17,500 per ha in rabi season L\ g =::.;m%:‘ '
I'w_-\y . Sr : a “‘

Water use is more efficient WP .

85 ha bunding; Rainwater harvesting = 85,000 cum Agroforestry potential areas within croplands, South Asia

Water harvesting from ponds : 70,500 cubic meters; 21,000 cum water used for rabi irrigation
\ 25 Lakh Cum water infiltrated into ground
\ 8.4 ton/ha soil was saved from erosion; total soil saved: 714 ton

Establishing sustainable seed chain

5 FPOs involving 53 farmers registered for production of certified seeds of Paddy.
Resulted in production of 64.3 tons certified paddy seeds of var. CR Dhan 310, which were procured by OSSC (Odisha State Seeds Corporation)

Y | ;//’-\ Global .
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A phased shift to more climate resilient forms of agriculture like natural

farming, agroforestry, regenerative agriculture, organic agriculture etc. will
lead to a productive and sustainable transformation of agriculture

Focus on agroecological principles, let practices evolve & emerge

Build knowledge and capacity to innovate, harness technology at multiple
scales (don’t put all the burden on farmers!). Social capital!

Think of this transformation as a journey rather than a destination:

An innovative journey to adaptive and productive resilience of agriculture!

Y | e, M%< Global L Feten
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If rivers can fly, we can definitely transform Indian agriculture!

e B0 FIYIOG rivers > s

impact on water cycles: A set of mimetrics
Meine van Noordwijk, et al, 2021... Sage .l'-n-.

SCIENCE DIVISION
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Working with plants, soils and water to cool the climate and rehydrate Earth's landscapes
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GHG balance, ZBNF production (t CO,eq acre™)

[

GHG EMISSIONS HYPOTHESIS:
APCNF < CONVENTIONAL
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After: van Noordwijk et al. 2022. Carbon

footprints, informed consumer decisions — (ya¢a Functional feedbacks Rules&roles

and shifts towards responsible agriculture,
forestry, and other land uses?

. . o 3V _"\"
SDG targets & indi-cators, IPCC, IPBES, Tipping points, Tele-connections, Scenario WTO, UNFCCC, CBD, REDD+, zero-defores-tation SDGs f{z‘: o
FAO, e modeling trade, C-tax... J“ 5 “‘

Natic.)naI.GHG COM- Adjusted GDP, National Parliaments, Laws,
munications, NDC Adaptation Plans, Ministries, NITI Aayog,

National i i
reporting, Equity Disaster resp. Tax/subsidies, Invest

Sub-national/ Emission intensity Value addition, em- States, Departments, Green growth, Social-
TG LENTE LTS COS/GD PO COSE, ployment, equity, Land use plans & rights, economic development,
tower to sea) C-credits, Votes conflict, investment permits, tax, rates, RySS Land Use synergy

Emission factors of
land uses, Mimetrics,
Risk estimates, LER,,

Community/
Landscape

Sustainable Landscape Management

Individual/ Footprints, Health, Responsible con- Human rights, education,
ZHLRRiELE  Awareness, Lifestyle  sumption, certified resource use, tenure,

choices, Wellbeing products, coinvest jobs, health care, tax




Agronomy for Sustainable Development (2020) 40:40
hittps i doiorgy' 10, 1007 51 3593-020-00646-2

Principles and transition levels S
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Lever ©

Build a new global food
system based on
participation, localness,
fairness and justice

Lever @

Reconnect consumers
and producers through
the development of
alternative food networks

wajsAs poo4

LeveL ©

Substitute conventional
inputs and practices
with agrocecological
aliernatives

Lever @

Increase efficiency of
input use and reduce
use of costly, scarce or
environmentally

damaging inputs
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Agroecological principles and elements and their implications
for transitioning to sustainable food systems. A review

Alexander Wezel ' (5 - Barbara Gemmill Herren? - Rachel Bezner Kerr? - Edmundo Barrios® -
PARTICIPATION André Luiz Rodrigues Gongalves® « Fergus Sinclair®”

FAIRNESS LAND AND
NATURAL Accepted: 8 October 2020
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e HLPE Principles — characterisation
REDUCTION and analysis

Wezel A, Gemmill Herren B, Bezner Kerr R, Barrios E, Gongalves ALR and Sinclair F (2020). Agroecological principles and elements and their
implications for transitioning to sustainahle food svstems. A review. Agronomyv for Sustainable Development 40: 40 12pp.  Source: Fergus Sinclair
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