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| . Africa and Food Security

|| . Green Revolution in Korea

lll. Rice Breeding Project for Africa

V. R&D Activity during 2013-2015




Low income food deficit countries in the world

World: 33 countries

! Country reqQuenng

external assstance - 1t -

for food

FAQO, 2014: 805 million hungry people in the world and 98 percent of them are
in developing countries. 227 million are in Africa.
— Korea FAQO association —
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Causes of food insecurity in Africa R,‘j’.\

RURAL DEVELOPMENT

and fOOd Shorta ADMINISTRATION

poverty = low agricultural productivity = food shortage
=> malnutrition, disease etc
> 121million sub—Saharan Africans lived on less than US$1.0 a day

» Poverty constrains farming households to invest in agriculture: fertilizers,
agro—machines etc

» Climatic fluctuations, especially droughts followed by floods, which reduce the
amount of food produced locally
= Only 4% of cropland is SSA is irrigated, compared with a global level of 20%

> Population growth: 1.1 billion (2013) = 2.4 billion (2050)
*In SSA, 926 million is to grow to 2.2 billion in 2050

» Corruption, Conflict, civil war and ethnic unrest aggravates poverty

» Mismanagement in handling food supplies, and trade policies

» Food insecurity and malnutrition are linked to disease in a vicious cycle

: malaria, measles, persistent diarrhoea, and pneumonia, HIV&AIDS



# Crop yields measured as weighted averages of yields for
wheat, rice, and coarse crops by world regions, 1961-2010 —
World Development Report (2013)°

tons per hectare

China, Republic of Korea, and Japan

Latin America and the Caribbean

Southeast Asia and South Asia

S

W ~ Sub-Saharan Africa
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Africa and Rice: Constraints and opportunities
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RURAL DEYELOPMENT
ADMINISTRATION

> Rice is a major staple food in Africa
: 39 countries (72%) with about 800 million
people produce and consume rice among 54

countries

> Rice production depends primarily on the small-

scale farmers, particularly women

> Rice is highly versatile and cultivated in different
ecosystems

< In 10 million ha of rice land of SSA,
upland(40%), rainfed lowland(37%)
Irrigated (14%), Mangrove and deep-water (9%)

“ Lowland rice offers great prospects for expansion
and intensification for future rice production

: Available rainfed low land: 138 - 238 million ha



Africa and Rice: Rice is the strategic crop for food sec

30 -
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Million tonnes

> Rice demand increased at faster rate (4.0%) than rice production (3.3%)
> Nearly 37% of rice consumed in SSA is imported

; 9.68 million tons of milled rice at a cost of US$ 5 billion in 2009
% Rice is the most important strategic food for food security and political

stability on the continent



Calorie intake (%)

Calorie intake (%)
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-
Brief History of Green Revolution in Korea "\

ADMINISTRATION

“After Korean war, Korea suffered chronic shortage of rice until
the early 1970s when rice yields were only 2.0 ~ 3.0 ton/h.”

“However, rice production has nearly doubled through
development of high-yielding rice cultivars, “Tongil-type’,
leading to rice self-sufficiency in Korea since 1977.”

“‘Rice self-sufficiency laid the foundation of economic growth and
social stabilization in Korea.”

“ Now Tongil-type cultivars with 7~8 t/ha in milled rice yield
are developed for the processed and functional rice .”




The first high-yielding variety in Korea, ‘Tongil’ RI?)"\

ADMINISTRATION

Three way cross of indica //japonica/indica

Pedigree ~ Remark
1965 . Yukara )X TN1 ) Cross

Japonica, Cold T. l Indica, Short ht.

| Yield trials
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Release
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Japonica rice in 1960s
- Tall, susceptible to biotic
& abiotic stresses

Tongil-type rice in 1970s —early90s
- 40 varieties bred
- Semi-dwarf(sd-1),

resistance to diseases etc



Productivity of “Tongil-type’ rice

Tong-il type

Hi 5
O / 4 milled
60 S —— —O——1 rice
_ 3 yield
a0 Iaponica type (t’ha)
2
Tong-i type
20 cultivated area I 1
I 1 I ;

TEH’

" Proportion of Tongil-typerice: ('71) 0.02% — ('78) 78.2 — (‘81) 27
* Average yield in rice : 5.53 t/ha (1977) — Self-sufficiency of rice (109%)



Super-yielding rice in KOREA RA

® 7.01 ~ 7.57 ton/ha in milled rice

Yield in
o Year
Varieties milled rice Genotype
developed

(ton/ha)
Keunseom 2006 7.19 | Japonica/lndica
Dasan 1 2006 7.18 | Japonica/lndica
Hanmaum 2004 6.43 | Japonica
Hanareum 2002 7.53 | Japonica/lndica
Areum 1999 7.41 Japonica/Indica
Deraechan 2008 6.52 | Japonica
Boramchan 2009 7.33 | Japonica
Palbangmi 2012 7.57 Ogabenima /Miyang23




RURAL DEYELOPMENT
ADMINISTRATION

Major factors in Green Revolution
> Development of ‘Tongil-type’ rice varieties with

high yielding potential
> Agricultural Research & Extension
4 PR ey
s

> Agricultural Polic
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Experience of international support A

RURAL DEVELOPMENT
ADMINISTRATION

* Rice self-sufficiency and international support

— 1,000 researchers were trained by International Rice
Research Institute since 1962

— IRRI provided breeding materials

— Establishment of R&D system by USA

— Establishment of seed multiplication system by IRRI
IBRD

» Korea’s Experience on the Green Revolution means

- Korea started the national development from green revolution after the
colonial age and Korean War (as many other developing countries have experienced )

- Experience and materials on high-yielding rice development would be
a good base for R&D cooperation between Korea and Africa



\ Directions of Africa Cooperation Project)

*» To transfer agricultural technology to developing countries
¢ To increase productivity by using existing abundant labor force

* To improve its own competence in agricultural sector



ﬂ KOPIA Centers (Korea Project on International Agriculture)
2 AFACI ( Asian Food & Agriculture Cooperation Initiative)

r4 Training Program & RDA Alumni

- -
.WUR(The Netherlands)
ARS(U.S.A) &
- Uzlgkistan Mongol / ( )
; X ® CAAS(Ching)
Morocce Tunisia
o ™ - “NAROUaPa") CIMMYT(Mexic
. NepabMyanmar )
Algeria . . o)
o) f QVietnanAVRDC(Taiwan)
S Bangladesh, -
Senegal®  \jgeria Ugan . L 4 ai
Cote ® o *Cameroone ®Ethiopia Sri Lanka La0sg 4 IRRI(The Philippines)
divore Ghana L ILRI(Kenya) ambodi Ecuador.
. )
BI(Mala . CIP(P
Anﬁfﬁ? T)R.Corlm(;oya ( ) Indonesia (Perl  EMBRAPA(Brazil)
\ Bolivia® .
.oMaIaW| Y ° razil

Zimbabwe | Paraguay

@ KOPIA (20) * KAFACI (18) ° AFACI (12) & Seconded Scientists (10)



KAFACI Members

18 Members of KAFACI in 2014

North Africa
Morocco, Tunisia (2)
West Africa
Ghana, Cote d’lvoire, Nigeria, Senegal (4)
East Africa
Ethiopia, Kenya, Uganda, Zimbabwe, Comoros(5)

Middle Africa
Cameroon, Gabon, DR Congo (3)

South Africa
Angola, Malawi, Zimbabwe (3)

Republic of Korea

Currently, KAFACI has 18 member countries

Candidate countries of KAFACI

Rwanda, Mozambique, Zambia, Tanzania, etc.

Pl | “.‘O_zTunisia
{ @ Morocco .
i Y
( @ Senegal
o, o . ~ ®Sudan
<\;' i 2 ‘v y \| .. 3 2y o ]
‘@ Cote dvoire g Njgeria  ® Ethiopia |
~ . @Ghana @ Cameroon o A
i - @ Uganda’
. ® Gabon = enya

DR Congo

| @ Comoros
8, Malawi

® Zimbs

e An?éla




KAFACI Rice Projects as of 2014

A

RURAL DEVELOPMENT

ADMINISTRATION
Country KAFACI Project Title RDA
Project institution
Cameroon Country Development of High-Yielding Rice Cultivar Adaptable to Cameroon NICS
DR Congo Country Development of High-Yielding Rice Cultivar for Democratique Republique of Congo NICS
Gabon Counrty Application of Rice mechanization Technologies in Irrigated Rice Field in Gabon NAAS
Ghana KAFACI-AGRA Enhancement of High-yielding Rice Germplasm in African countries NICS
Kenya Country Rice Post-Harvest Support for Food Security and Economic Growth in Kenya NAAS
KAFACI-AGRA Enhancement of High-yielding Rice Germplasm in African countries NICS
Malawi KAFACI-AGRA Enhancement of High-yielding Rice Germplasm in African countries NICS
Mali KAFACI-AGRA  Enhancement of High-yielding Rice Germplasm in African countries NICS
Nigeria Country Rice Productivity Enhancement Research and Development(Post harvest) NAAS
KAFACI-AGRA Enhancement of High-yielding Rice Germplasm in African countries NICS
Senegal Country Participative Varietal Selection (PVS) Assisted by markers of Some South Korean NICS
rice Varieties in the Senegal River Valley
Sudan KAFACI-AGRA  Enhancement of High-yielding Rice Germplasm in African countries NICS
Tanzania KAFACI-AGRA  Enhancement of High-yielding Rice Germplasm in African countries NICS
Uganda KAFACI-AGRA Enhancement of High-yielding Rice Germplasm in African countries NICS

12country 8 KAFACI-

AGRA
6 Country

11 countries: rice breeding
1 country: rice Mechanization (Gabon)
2 countries:  rice Post havest (Kenya, Nigeria)

Note: NICS(National Institute of Crop Science), NAAS(National Academy of Agricultural Science)



Proposal of KAFACI rice project, 2016 - 2C Rl—j"\

Korea-AFRICA rice development network for enhancement of high-yielding
rice germplasm and breeding capacity of rice producing countries in Africa

Project title

To improve competence in the public rice breeding program

Rrolectgog by enhancement of high-yielding rice germplasm and breeding capacity

1st stage : 2016 ~2018 for ‘Establishment of high-yielding germplasm’

Project period
(20%6 ; 2024) 2" stage : 2019 ~ 2021 for ‘Development of high-yielding cultivars’

3rd stage : 2022 ~ 2024 for ‘Release of varieties and extension’

1. To broaden rice gene pools with high yield potential through crosses
with Korean and African germplasm for use in African breeding programs

Objective of
1st stage
(2016 - 2018)

2. To speed up the generation of high-yield elite germplasm in Africa
by anther culture technology

3. To promote partnerships and networking between African countries
and Korea

Member countries )
Research Fund To be determined




=
Breeding Strategy RDI'\

To broaden and accelerate development of high-yielding germplasm in Africa

© Inter-varietal crosses between African and Korean germplasm

African germplasm Korean germplasm

Indicas Japonica adapted to tropics

Nericas & Aricas Tongil type cultivars

Indigenous landrace Wide-cross progenies :
O.glaberrima, O.longistaminata
O.barthii

¢ Anther culture

- Anther culture is the fastest way to provide large-scale genetically-fixed
population with a wide range of genetic variation for the diverse
environments in Africa



Breeding Strategy Dp¥

® Sha_"ng | KAFACI
breeding materials ~ AFRIRERN - 40T
and informations Partner10 Partner 2

Partner 9 .~§ Partner 3
oe DH from -

100

KAFACI
Partner 8 / Nt Partner 4

KAFACI
Partner 7 Partner 5

Partner 6



Breeding Pipeline

= A
RURAL DEYELOPMENT
ADMINISTRATION

Germplasm

(Gaberrima, NERICA, Indica, Temperate japonica,

High Yielding Germplasm

F, Single Crosses
T

Tropical japonica, Tongi-type, widrice)
.. /

) 4
| 4

_ -

Back-,Three-way

D le-Cr F1
X

F, population

Anther culture

T

Dihaploid & conventional

breeding nursery
DS g

OYT
O~
PYT
-
RYT

~ >

Multi-location
Adaptive test

-

Varieties

Demonstration plot &
Seed Increase

’..*:’f"
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Breeding target '.

€ HIGH YIELD : 5 ton/ha in milled rice
& GOOD PLANT TYPE
- BIG LONG PANICLE
- MANY PRODUCTIVE TILLERS ’
- STURDY STEM
€ EARLYNESS: 100 ~ 130days
¢ HIGH MILLING RECOVERY
- MEDIUM LONG GRAIN
& GRAIN QUALITY
- MEDIUM-HIGH AMYLOSE
- SOFT, CLEAR ENDOSPERM
¢ DISEASE AND INSECT RESISTANCE

Improved Tongil type



Breeding Activities in 2013-2015 RA .

ADMINISTRATION

In Korea

1. Shipping 400 Korean germplasm to AGRA for testing
in KAFACI members
- High-yielding japonica DHs adapted to tropics
- Tongil-type lines from crosses with O.glaberrima etc
* For 2015, 197 eltie lines were sent on 27t April to AGRA
2. KAFACI-nurseries in Korea

- DH nursery: More than 10,000 DH lines established from
the inter-varietal crosses between tropical japonicas and
indicas and African varieties

- Wide cross nursery: Advanced introgression lines
established from crosses with wild rices (O.glaberrima,
O.longistaminata, and O.rufipogon)




Breeding Activities in 2013-2014 RA .

3. Production of DH plants by anther culture

- Anther culture was carried out for F, — F; progenies
from the inter-varietal crosses made in DR Congo and
wide-cross progenies from O./ongistaminala etc

4. On-the-job training at NICS : Aug. 13 ~ Sep. 11, 2013
- 10 KAFACI members participated
- Knowledge and information sharing
- Promising line selection



[ ] [ ] Vﬂﬁ
on-the-JOb Tralnlng RD RURAL DEVELOPMENT
ADMINISTRATION

On-the-Job Training on Enhancement of High-Yielding Rice Germplasm

in African Countries through Anther Culture Breeding
13 Aug. - 11 Sep. 2013 Suwon, Korea NICS, KAFACI & AGRA

x
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Knowledge sharing on rice breeding

- In Mali, rice is the third cereal in
terms of production and cultivated o

rea

after the millet/sorghum and maize
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Development of Mechanized Rice Complex and
Korean japonica cultivation, Avangan, Cameroon

<> COFRTIONCANERODY HOREA
= The project for mechanized complex development for I
: irrigated rice cultivation of centre region

“Beautiful Sharing, Wonderful Growing” -
ki~ Korea Rural Community Corporation




RURAL DEVELOPMENT
ADMINISTRATION

Present Challenges in Africa Cooperation/ A7)~

“+ Exchange of breeding materials between Korea and Africa
“* Enhancement of rice breeding system in Africa

— people and infrastructure

— rice breeding expertise

— small machinery

s Establishment of optimized cultivation and management
practices in breeding field under irrigated conditions in Africa

s Strengthening anther culture team and research fund (Korea)
* Development of breeding lines suited to upland conditions
and direct seeding

= Needs of on-site experiment in Africa
to raise efficiency of R&D activities



Negotiation with AfricaRice for conducting prc RE‘A

ADMINISTRATION

Korea-AFRICA rice development network for enhancement of high-yielding

Project title rice germplasm and breeding capacity of rice producing countries in Africa

To improve competence in the public rice breeding sector

Riglectges by enhancement of high-yielding rice germplasm and breeding team

1st stage : 2016 ~2018 for ‘Establishment of high-yielding germplasm’
2nd stage : 2019 ~ 2021 for ‘Development of high-yielding cultivars’

3rd stage : 2022 ~ 2024 for ‘Release of varieties and extension’

Project period
(2016 - 2024)

1. To broaden rice gene pools with high yield potential through crosses

with Korean and African germplasm for use in African breeding programs
2. To speed up the generation of high-yield elite germplasm in Africa

by anther culture technology
3. To promote partnerships and networking between African countries

and Korea

Objective of
1st stage
(2016 - 2018)

Member countries .
Rsearch Fund To be determined




! Agreement on International Cooperative

Project for 2015 Rice Breeding &Training ¥ (x2)a

1\

28 May 2015, NICS/RDA Wanju Korea



Thank you



