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Between 2002 and 2015, Ms. Irene Hoffmann was Chief of the Animal Genetic
Resources Branch and Chief of the Animal Production Service in FAO, and
acted as Secretary of the Intergovernmental Technical Working Group on
Animal Genetic Resources. Irene is an agricultural scientist with a Ph.D. from
Hohenheim University and an MSc from Goéttingen University. Between 1994
and 2002 she was assistant professor at the Institute of Livestock Ecology,
Giessen University, where she coordinated international and interdisciplinary
research programmes. Earlier in her career she worked in development (GIZ,
Africa), as scientific editor, and for development NGOs. She has organized
international policy and technical conferences and published extensively on
scientific and policy topics, and she has served in various advisory committees
and review panels.
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Sustainable Agriculture
— linkages with biodiversity and climate change

Abstract

An expanding world population, natural resource degradation from unsustainable
management practices, biodiversity loss and climate change give rise to fundamental
concerns: Are today’s food and agricultural systems capable of meeting the needs of
present and future generations? How can societies transition to more sustainable food
systems while addressing pressing global issues? The backbone of the world food systems
-biodiversity for food and agriculture- is under threat and eroding. Yet the thousands of
species and their genetic variability are indispensable to food security and to adapt to
new conditions, including climate change. The future of our agri-food systems will be
central to the achievement of several Sustainable Development Goals (SDGs), such as,
the elimination of hunger, responsible production and consumption, and the promotion
of environmental stewardship, including the conservation and sustainable use of our
terrestrial and aquatic ecosystems and biodiversity. The presentation sheds light on
current global challenges, and on approaches to sustainable agriculture, highlighting
that there is no one-size fits all solution. It provides illustrative examples of Japan and
emphasizes the need for international collaboration and joint policy responses. Dr. Irene
Hoffmann serves as the Secretary of the Commission on Genetic Resources for Food and
Agriculture (Commission) of the Food and Agriculture Organization of the United
Nations. The Commission is the only intergovernmental body that specifically addresses
biodiversity for food and agriculture. It offers countries a forum to agree on joint actions
and global policies to support the conservation and sustainable use of biodiversity for
food and agriculture.
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Sustainable agriculture — linkages with biodiversity and
climate change

Irene Hoffmann, Secretary, Commission on Genetic Resources for Food and Agriculture
Overseas Agricultural Science Seminar, February 22, 2022, Rakuno Gakuen University
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* Food & agriculture at the crossroads

» Approaches to sustainable agriculture

* Global responses & international cooperation
 Conclusion




Food & agriculture at the crossroads
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Planetary boundaries

World: Total Population
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Climate change

Change in global surface temperature (decadal average) as
reconstructed (1-1850) and observed (1850-2020)

1*c
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0.2
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Figures represent the central estimate for years 1-1850
Source: Infergovernmental Panel on Climate Change
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Climate change — Global trends in the occurrence of natural
disasters
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Source: EM-DAT, the OFDA/CRED International Disaster Database, www.emdat.be
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Example Japan: Effects of climate change & GRFA

Table 1: Main effects onpaddy-field rice (nationwide)

Main effects 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
-
Occurrence of white 33 21 46 28 29 27 17 20 27 Figure 2: Cross-section surface of white immature
immature grains grain (left) and normal gain (right)
Occurrence of cracked 7 7 e 10 10 8 5 3 5
grains
Insufficient growth in 8 5 B 12 10 10 8 8 6
grains
Frequent occurrence of | 14 8 an e 8 5 8 4 6 8
insect damage

Source: "Fact-Finding Survey Conceming the Effects of Global Warming on Agricultural Production” The same unless otherwise stated.
Note: As a different type of survey was conducted in 2010, only the estimated occurrence ofvhite immature grains is shown for the year.
As figures for other effects are unavailable, “...” is shown for them.

Figure 3: Cracked grains

Source: MAFF, 2018
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Example Japan: Effects of climate change & GRFA
Table 5: Effects on unshu mikan Table 6: Effects on apples
T Citrus fruits %) | Unshu mikan Main effects 2008 | 2009 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
ain elfects
2008 2009 | 2011 | 2012 |2013 | 2014 | 2015 | 2016 Defective coloring or  delayed 6 i A 11 s / 2 8

colorin,
Occurrence of peel puffing 7 9 12 6 5 8 1 14 L

Occurrence of tanning a 1 3 7 6 6 6 6
Defective coloring or delayed coloring | 10 7 L) 4 7 1 2 6

Occurrence of freeze or frost 2 1 L 2 2
Occurrence of tanning 9 6 5 5 6 4 2 5 damage

Frequent occurrence of insect
Note: Figures for 2008 and 2009 are reference data on the number of prefectures where effects on citrus fruits (including unshu mikan) damage (by spider mites, etc.) 2 1 2 1 1 1 2
occursed, 5 4

Reference: Fact-Finding Survey Concerning the Effects of Global Warming on Agricultural Production

Source: MAFF, 2018
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Biodiversity crisis

EXAMPLES OF DECLINES IN NATURE

ECOSYSTEM EXTENT AND CONDITION

47% 1) Natural ecosystems have declined by
47 per cent on average, relative to their
earliest estimated states.

SPECIES EXTINCTION RISK

Approximately 26 per cent of species are
already threatened with extinction in
most animal and plant groups studied.

25%

Lf

23%

72% '

ECOLOGICAL COMMUNITIES

Biotic integrity—the abundance of naturally-
present species—has declined by 23 per

cent on average in terrestrial communities.*

BIOMASS AND SPECIES ABUNDANCE
The global biomass of wild mammals has
fallen by 82 per cent.* Indicators of
vertebrate abundance have declined
rapidly since 1970

NATURE FOR INDIGENOUS PEOPLES
AND LOCAL COMMUNITIES

72 per cent of indicators developed by
indigenous peoples and local communities
show ongoing deterioration of elements
of nature important to them

* Since prehistory

Commission on Genetic Resources

for Food and Agriculture

* Direct and indirect drivers of change have
accelerated during the past 50 years

Biodiversity and ecosystem functions and
services are deteriorating worldwide

Biodiversity can be conserved, restored and
used sustainably while simultaneously
meeting other global societal goals through
urgent and concerted efforts fostering
transformative change.

Source, IPBES, 2019
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Change in land-use intensity

Smaller

UNDEGRADED STATE

Climate

Water
retention L

Fibre
Undegraded state

Greater

EXTENSIVE LAND USE INTENSIVE LAND USE ABANDONED

LOSSES

Smaller

Trade-offs among ecosystem services and biodiversity

— Greater

Source: [PBES, 2018
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Biodiversity and healthy ecosystem are key to.food security

and nutrition Biodiversity for food and agriculture is the
variety of life at genetic, species and
G noors o ecosystem levels that contributes to
' agriculture and food production.

o : * Genetic resources for food and agriculture
e and |- PR *  Wild foods from non-domesticated species

’ * Associated biodiversity

* Micro-organisms, fungi, invertebrates
* Vertebrates, including wild relatives
s e Wild and cultivated terrestrial and
production aquatic plants other than crops and
crop wild relatives

Biodiversity
for food and
agriculture

Resilience

(@77 Food and Agriculture COMMISSION OR

:/ Orqanization of the GENETIC RESOURCES ‘

Un?ted Nations 'Kc)zréz)(z;)ult;z‘n Commission on Genetic Resources
for Food and Agriculture

ma-mname ; .
nrunlmlnudh .
Uaited tistons e

THE STATE OF
& THE WORLD's
BIODIVERSITY

FOR FOOD AND AGRICULTURE

AHERANT29 D

FAO, 2019 SOW-BFA
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Multiple interacting drivers of change

Drivers of change Reported effect on
biodiversity for food

Population growth and urbanization

Economic and social Markets and trade
Changing economic, sociopolitical and cultural factors
Climate change

Environmental drivers Natural disasters

Pests, diseases, invasive alien species

and agriculture

Changes in land and water use and management —

Drivers at production system level  Pollution and external inputs
Overexploitation and overharvesting
Advances and innovations in science and technology

Other
Policies

++

S ‘,ﬁ./r/-/‘

2 Tl
,:‘,;‘.‘;'A‘ﬂ" Iv
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Key entry points in agri-food systems
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/ \ BIODIVERSITY
{ Promate wild and locad cultivars, and
\\ /, neglectod and undenutiltzed spocies

COMMISSION ON
GENETIC RESOURCES
FORFOOD AND
AGRICULTURE

MARKET
strengthen rural-urban linkages and short
supply chains while arsuring that trade

INSI'IN!IO!M; :o’cgntuag r
ierprove deman: supply of nulitious,

perishabile loods and agrobodhversily along
vnm salely and quality standards

FOOD WASTE

nuiton outtomes with more sralale food

p(;zunlnsppmaqzﬁuusﬂkzlmm
Increase crop yields and nutriant guality

and

So1L
trhance sol health lor bodversily
dirale thange ad

avatabiity in dials

N it knowladge-basad bicecornon
Tty o
adnlew m nutsitional needs without

the Earth's natural

FOOD CHOICES
Engage with and laarn from focd Wfestylas
sustzinable corsumption pattarms

! il | CROP IMPROVEMINT
[ = | (mummdmmmmmnwmn
'

| 4 | :n;::rmmmm content, high yielding and
\'w /- dimate smartvesfient

| AGROECOLOGY REGENERATIVE

| opl and species
{e.g.rice fish duck Integrated system)

‘J“ P ol nmmssu:nbkmmmnlmlm
A | n:;ymsm mmmmmmm

/[ Promole animal production
| | praclices by tmpeoving animal haalth and
| - / culing unproductive anlm;

g :pd ng geneles Lo icrease elfivency
and reduce emtronmental mpacts

| FOOD LOSSES
Increase emuauy of post-harest systarms 1o
| avuid Tood lusses and Improve nutriticn, leod
- salety and lood seurity

Source: FAO, 2021
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Example Japan
~ MeaDRIs Conceptual Approach

‘ behavloral changes of stak hold

|\ o

Reduce

Commission on Genetic Resources.

for Food and Agﬂcuitme

Following viewpoints are required to transform our food systems. Awareness, efforts and
a well as promising technologies are the keys to success. |

‘\‘f

Production

environmental load

(1) Sustainable sourcing of materials/energy

Innovation makes them happen

| (1) Sustainable production with high productivity
' (2) Greener production materials/machineries

(3) Development of “Super” plant varieties with

less environmental impact

(2) Effective use of local and/or
unused materials

|

(3) R&Ds for reuse /recycle
of resources

-Smart food value chains
+Human development *R&Ds|
+Rural generated innovation

(4)Long-term, massive carbon seq
‘into farmlands, forests and oceans

tration

(5) safer working environment,

~For more

more new entrants

v Decent works

v Improved livelihood
v Balanced diet

(6) Responsible fisheries resource
|4 management

Education can be

an effective channel

(1) Sustainable consumption with less
food loss and waste

(2) Bridging c

(3) Jap diet as a bal

(4) “Woodening” the life

(5) Sustainable marine products and their
dissemination

s and prod S
d model

ut-off wunr bl
and wasteful practices

(1) Switching to sustainable import materials,

encourage private initiatives
(2) Efficiency based on data science and Al
(3) Packaging materials for longer haul/long-term
preservation
(4) C itive food ind

y with decarbonized,

environmentally friendly, health conscious pmducts2

Source: MAFF, 2021
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Example Japan

Measures for achievement of Decarbonization and [ Aostact |
Resilience with Innovation (MeaDRI)
~ Innovation will enhance potentials and ensure sustainability in a compatible manner™ MAFF Japan
“MeaDRI,” the medium-long term strategy will pave the way for the future.

- Enhancing engagement of stakeholders at each stage of food supply chains
- Promoting innovation to reduce environmental load

By 2050, MAFF aims to achieve;

! Challenges > Zero CO2 emission from the agriculture, forestry and
2 X g s
fisheries sectors . ;;; ” ; , ,
¢ Depopulation and > 50% reduction in risk-weighted use of chemical ]
aging of producers pesticides by dissemination of the Integrated Pest 4 Dissemination of
@ Stagnant rural Management and newly-developed alternatives ™.

Innovations f

30% reduction in chemical fertilizer use

communities » ! . /b deveioind |

@ Climate change and » Increase in organic farming to 1Mha PR zi ]
& f (equivalent to 25% of farmland) tachnowies B l!‘ |
increasing natural currently ungge | B
disasters > At least 30% enhancement in productivity of dovelontent @

|
food manufacturers (by 2030) (=] : 1 ] F
Sustainable sourcing for import materials (by2030) 2020% 2030% 20108 2050%
90% and more superior varieties and F1 plus trees in forestry seedling
100% of artificial seedling rates in aquaculture of Japanese eel, Pacific

bluefin tuna, etc. which will be enabled through:
- develop and di of i i Qech- log
- greening of MAFF’s policy tools
MAFF endeavors to accomplish the triple win of; i
Economic sustainability Social sustainability Environmental sustainability

Ensure robust and Improve livelihood, A Save global environment  Fee
resilient food industry promote balanced diet w for the future generation 4

4 Disrupted supply chains
due to the COVID-19
4 Achievement of SDGs

vvYy

Source: MAFF, 2021

‘ ainable agriculture

,}(

App rga,_c‘h,._é:'s‘ to sus
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The use of many biodiversity-friendly practices is reported to be increasing ot

Management
ractices and

approaches

Landscape managsment

Ceusystem appioach o
fishorios

Kestoration
Diversificatinn

Home qardens
Aqratarestry
palyeultureraquaponics
rganic agriculiure

Lowv external input
agriculture

Sustainable soil
managenient

Managemant ¢l micto
organkms

¢.onservation agricufture

Integrated plant nutrient
managomant

Integrated pest
managemant

Fallnation menagement
Errichment planting
Reduced impact lugging
Damasticatian

fiasn broadaning

Livestod: grasdland-based
systems

N Y Y bl

RS R N

N

b

N Livestock fandless systems

<>

Naturally regenerated
forests

Bl N Ny N

N

N

N Planted forests

N

¥

IR W - R

Y

N YNy

Production systems (PS)

Y

N

Self-recruiting capture
fisheries

Culture-based fisheries

Fed aquaculture

Non-fed aquaculture

¥ Imigated crop systems frice}

SRS SUNNEN

v

RN N N

Nates: Analysis hasad an 91 country roports. 5oa maln repart tar detalls of the mathadology.

o Imigated crop systems
(other)

Y SR N

T Y BV

N Ny Ny N Rainfed rop systems

N

¥

usysuyysyls N ixed systems

Y

Proportion
of countries
reporting the PS
that report any
trends (%)

0-9
10-19

2029 [ i

s

FAO, 2019 SOW-BFA
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The Landscape approach

PJ‘aunMeﬂﬁWi

" 7. X “ '
/" Geology |nstitytions People
Land farms
A,l_i. cd LC

‘Landscaped  Spac
Vegetation - 48

Flora&fauna
Hydrology Land use Functions,

\ systems .__.Services
Value :ﬂalns Llandscape

Multifunctionali

Source: Scherr, 2013

Landscape as interaction between human actions, ecosystems and the abiotic factors
that shape the physical environment (Minang et al., 2015; Scherr, 2013)
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Globally Important Agricultural Heritage Systems (GIAHS)

Combining agrlct.ll'.[ural dlver.5|ty, reS|I|.ent Revitalization of Reglonal Communities
ecosystems, traditional farming practices Utilizing Globally Important Agricultural
and cultural identity Heritage Systems (GIAHS)

GIAHS Is an initiative under which the Food and Agriculture
Organization of the United Nations (FAO) designates remarkable
land use sy (i g forestry and fisheries) and

landscapes which are rich in globally significant blological diversity

ving trom the ion of the ity with its environ-
ment and its needs and for sustainabl
They have an intricate refationship with their territory, cultural or

or ical and wider social environment.

In Japan's designated regions, efforts are being made to
rural areas by pi g the ing of that Setmi 3t Yetoyeny
utilize regh and p green tourism,

Designated Reglons In Japan (As of October 2015)

Qind 0 eang B poddy et
a2 Aoy

Sa0%

Noto's Satoyama and Satourl
@ ratod Sy=iom n Shizuoka foc name: Chagusatxy)

Kunisad Poninouta Usa nfogratod forosry, Agrcuture and §ishonos Syslom

source: https.//Www.mart.go.{p/e/data/publish/attach/pdf/maff 2016-2.pd
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Kunisaki Peninsula Usa - Integrated Forestry, Agrlculture and
Fisheries Systems

> — <y
* 4 \ Biodiversity g Culture, Values,
’, - ’.J_v" ’ ecesystem function M 3 B - Social structure

thtm samander !
| threatened secies

Knewledge systen J i Water retention and
sduptive techaique irrigation function

Rosugomanzan
cultute, Experanos
basad toursm

Dobareke Festival of Shirablaviabucs
Shrine (Festival for 7ick barvest!)

Paddy Agriculture Log wood
W rice cultivated Food and livelihood

security
Shijtake

Conservation of besutiful
landscape, land and water
resources

Sstanlard Ses Natlona!
Pk,

&
Muttplergation Ponds
Taeracwdriom pocdde

Conservation and Management as Traditional Cultural Resources
i Promoting interaction between urban and rural areas.
4 : i Strengthening of local branding

Tashibanesha middle age maner!

Foad and Agriculture é‘?;ﬂg\;lllésﬂigsr:)?r'vcﬁ
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The Area of Organic Farmland in JAPAN
25 (thousand ha) 23 thousand ha
(0 5%)*~_ The ratio of total organic

20 thousand ha farmland to all cultivated land

(0.4%)

20

16 thousand ha

(0.4% Not-certificated

organic farmland

J \

10

JAS certificated
organic

2009—2017

farmland
> + 19%

Source; MAFF, Japan

Tr 3 0 IS comocaen ergung Aumand wes ressared 8 T beod Kanacty

e Tre A1A IAS ERPLITEE £43aNE BT RS WS BELmIE By 1N
oA (Tra area of pen 143 < rpma;
on mezroa setwesn 3339, 3210-2014, 3019-2017. The
a%4rs B pratecsue.)

fEreces 31 e Surarase Areutos Suaen) e Source: MAFF

2009 2010 2011 2012 2013 2014 2015 2016 2017 g}.‘i"‘:‘?&';;"&unm’.::;?x o0 Sk maaras b4 e
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Sustainable use of biodiversity / genetic resources for food
and agriculture

Breeding of GRFA for multiple objectives

Maintain local genetic diversity on farm / in situ

Promote sustainable use of BFA / GRFA and integrated approaches to its
management at production system, ecosystem, landscape and seascape levels

Improve landscape structure and connectivity to provide habitats for
associated biodiversity and wild food species

Reduce impacts on BFA from the inappropriate use of chemical pesticides,
veterinary medicines and fertilizers

Manage soil biodiversity to ensure soil health and soil fertility

COMMISSION ON
GENETIC RESOURCES
FORFOOD AND
AGRICULTURE

Food and Agriculture
7 Organization of the
United Nations

Example Japan: Adaptation

Table 8: Adaptation measures for unshu mikan

Table 9: Adaptation measures for apples

purpose [Measures taken b2 o1z poia ows o6 Purpose W" : 2012 PO13 L014 12015 12016
Address defective coloring Shift to breeds of excellent coloring or | n " n i
ICurb peel puffing Use of plant growth regulators 2 3 1 3 5 yellow breeds
ICurb peel puffing Address defective coloring T gh technological m t \ X A A
Inddress defactive| Use of multi-sheets 3 7 4 O 10 Curb tanning such as brine water and multi-sheet
lcoloring
lcurb tanning Thinning (thlflmng of tree crowns and), i N 4 A Curb leaf thinning L b 4 "
focused thinning at late stage) Curb tanning

IAddress defective| Cooling (facilities and greenhouse-raised| 1 Use light-shielding materials 1 1 i 1 1
coloring mikan)

Table 3: Ratlo of planted area of rice breeds resistant to high temperature to planted area Table 4: Number of prefectures where planting of rice breeds resistant to high temperature

of paddy-field rice for staple diet was reported and the number of breeds
[Cropped in 2010 [Cropped in 2016 | Difference
Planted area of rice breeds
: 37,700ha 91,400ha -
esistintfo Ligh femperaties 2010 | 2011|2012 [2013 |2014 |2015 | 2016
| breeds fog staple dict
- Reported number of breeds 13 16 20 24 26 27 27
Ratio of planting 2.4% 6.6% Up 4.2 points
Source: “2010 Pady Field Rize Yields™ and "2016 Paddy Fleld Rice Yislds,” Statistics Departmant, Reported number of prefectures 19 20 25 30 33 33 33
Mirlstry of Agriculture, Horestry and Fishenes

Source: MAFF, 2018
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Conservation of GRFA .

In Situ Conservation

» wild species/relatives in natural habitats and ecosystems

> on-farm conservation of domesticated GRFA in traditional farming
systems

» Supporting on-farm management and improvement

Ex Situ Conservation A.Huth

> Maintenance of genetic material outside of the natural environment
where the species have evolved

» Gene banks, botanical gardens, zoos etc
* Supporting targeted collecting of genetic resources for food and agriculture

* Sustaining and expanding ex situ conservation of germplasm

* Regenerating and multiplying ex situ accessions

Crop Trust FAO
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@ oeverorment GELIALS

sustamasieeveLopMENTGOAL2  End hunger, achieve food security and improved nutrition and promote sustainable agriculture
Zero Hunger

L0G6IN &

INFORMATION  ABOUT THE SECRETARIAT

[¥ ti
tg Blolagcal Diversty BIODIVERSITY CONVENTION  CARTAGENA PROTOCOL  NAGOYA PROTOCOL  COUNTRIES  PRO

Preparations for the Post-2020 Biodiversity Framework

Third meeting of the Open-ended Working Group on the Post-2020 Global Biodiversity Framework Tweets o uissaver

UN Blodiversity &
Q@UNBiodiversity
0 g'obal bicdivarsity framework during the second phase of the B STARTING SOON. Join a discussion on a new
- : = study analysing the need for transformative action for
biodiversity

ancing preparations for the development of the post-2020

2020 Biod versity Framew
cted 1o lead to the 2

The Ogen-Ended '

UN Ziodiversity Conference in May 2022, in Kunming, China.
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Key messages

The global food system is under pressure, e.g. population growth, biodiversity loss and
climate change negatively impact food security

Good governance, enabling frameworks, and integrated system approaches are needed
to facilitate sustainable agriculture

Enhanced efforts to sustainably use and conserve BFA and to transform to more
resilient and sustainable agriculture

International policy responses and collaboration are essential

There is no one-size fits all solution! Local-regional

More data are needed on impacts of practices on biodiversity
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For more information:

Commission on Genetic Resources for Food
and Agriculture: http://www.fao.org/cgrfa/

FAO Office of Climate Change, Biodiversity
and Environment:
https://www.fao.org/about/office-of-climate-
change-biodiversity-environment/en/

COMMISSION ON
GENETIC RESOURCES

FORFOOD AND Commission on Genetic Resources
for Food and Agriculture

w Foad and Agriculture
Qfﬁ Organization of the

United Nations
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