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IRRI’s Role in Development 
Tropic Hybrid Rice

FANGMING XIE

International Rice Research Institute

Milestone of hybrid rice at IRRI

• 1972, IRRI started hybrid rice research
• 1979, IRRI revived hybrid rice research
• 1979, IRRI-China started collaboration on 

hybrid rice
• Since 1980’s, IRRI provided 90% of Chinese 

restorer lines directly or indirectly
• 1982, Yield advantage of rice hybrids in the 

tropics confirmed
• 1990s, India & Vietnam started hybrid rice 

programs with IRRI
• Since 1994, commercial hybrids released in 

India, Philippines, Vietnam with IRRI parents 

Hybrid Rice Area in Major Asia Rice Countries (2007)
(000 ha)

6.2

2,521

40,667

78,920

Total

70.416.612.21.84.97.0HR % of Irrigated Rice

19,0006503411301,100300Hybrid Rice **

27,0043,9042,8017,03722,6654,263Irrigated Rice *

29,2307,3054,25012,16544,00011,200Total Rice

ChinaVietnamPhilippinesIndonesiaIndiaBangladeshCountry

*   http://www.irri.org/science/ricestat/data/may2008/WRS2008-Table30.pdf
** Estimated area

Mission of IRRI Hybrid Rice Program

• Development of germplasm, parents and hybrids as 
internationally public goods

• Research on technology for breeding and seed production

• Collaboration with NARES and private sector in hybrid rice 
research and production

• Promotion of exchange of information, technology, 
scientists and germplasm

• Training and Capacity building

Strategy of IRRI Hybrid Rice Program

• Focusing on conventional tools and integrate them with 
proven non-conventional methods to develop the 
technology

• Developing parental lines, especially female parents with  
high outcrossing to promote hybrid rice production

• Facilitating development of close partnership with public 
and private sectors

• Intensifying agronomic research to get maximized 
manifestation of heterosis in hybrids

Hybrid rice research priorities at IRRI

• Increase and stabilize yields of seed production
• Enhance yield heterosis in both dry and wet 

seasons to >20%
• Improve hybrid rice grain quality

– Reduce chalk
– Increase head rice recovery

• Improve resistance to biotic stresses
• Develop hybrids for unfavorable environments
• Improve breeding efficiency (biotech)
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Utilization of IRRI hybrid rice germplasm

1994-2005
• 12 IRRI hybrids released  in India, Indonesia, 

Philippines, Vietnam, and Bangladesh
• IRRI-bred CMS lines were used as hybrid 

parents and released by NARES (12) and 
the private sector (6)

IRRI hybrid rice germplasm was shared freely with NARES and private sectors 
for developing rice hybrids and commercialization (1.4 samples/day). The 
countries used most of the IRRI germplasm are India, Philippines, and China

IRRI started to test Chinese rice hybrids in YIELD TRIALS in 1980WS and 
IRRI-bred hybrids in 1985 WS. During 1985 to 2002, ~ 20 hybrids/year were 
tested. Since 2003, about 100 hybrids / year were evaluated in AYT

Number of Hybrids Tested in AYT at IRRI
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Yield Performance (kg/ha) IRRI Inbreds and Hybrids in AYT
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Yield potential of IRRI breeding products (inbred and hybrid) has 
been keeping improved over years. Hybrid generally yields more 
than inbred, including the average and Top 20% yielding hybrids.

* Data source, IRRI Advanced Yield Trial (AYT), 1985-2005

Yield Performance (kg/ha) IRRI Inbreds and Hybrids in AYT
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0.45202.0792.4All Hybrids

0.38481.2877.0All Hybrids

0.45941.5580.3Top 20% Hybrids

0.57781.4177.0Top 20% Inbreds

0.59272.2096.7All Inbreds

WET

0.16330.7856.4Top 20% Hybrids

0.13100.5336.6Top 20% Inbreds

0.11670.5432.4All Inbreds

DRY

R2

Growth Rate
(%)

Growth Amount 
(kg/ha/yr)EntrySeason

Yield Growth Rate of IRRI Inbred and Hybrid by Season

More progress was made in WET season than in DRY season

Data source:1985-2006 hybrid rice AYT at IRRI

Hybrid Rice Yield Performance at AYT
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The hybrid yield heterosis over inbred was not significant in AYT,  
generally < 15%. Specifically, the hybrid yield heterosis has been 
declining since the late 1990’s.

Average Hybrid Top 20% Yielding Hybrids
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Possible cause for declining heterosis

Narrow genetic diversity in hybrid rice parents
• All hybrid rice germplasm were directly derived from 

inbred breeding
• Less understanding of heterotic pools for tropic rice 

germaplsm
• Are there any heterotic gene/gene blocks?

Strategies to enhance heterosis

• Increase genetic diversity in hybrid germplasm (heterotic pools)
– Molecular markers
– Traditional grouping methods

• Biotechnology application
– Parental selection
– Heterotic gene/gene block

• Exploiting sub-species heterosis
– Among indicas
– Indica x New Plant Type

• Application of 2-line hybrids to expand germplasm pools

IRRI Hybrid Rice Parents (278) genotyped with 21 SSRs using LiCor 4300
Dendrogram by DARwin 5 using Simple Matching dissimilarity and unweighted Neighbor Joining

Genotyping and scoring by M. Baraoidan, S. Quilloy, J. Ferrater Phylogenetic analysis by K. McNally

0 0.5

49 R (100%) 53 R (100%)

23 B (66%)
12 R (34%)34 R (100%)

73 B (100%)
7 B (30%)
16 R (70%)

V20 B

ZS97 B

5 R (100%)

IR58025 B

IR9761 R
(Ce 64R)

New high-yielding hybrids were identified in the last two years

> IR75217H> PSB Rc 82

Data source: IRRI hybrid rice AYT

Yield Advantage (%)
Yield

(kg/ha)HybridSeasonYear

6.723.28895IR82386HDS2006

7.920.99101IR84711HDS2007

8.121.19119IR82372HDS2007

6.525.86478IR85466HWS2007

5.424.56413IR82363HWS2007

5.724.86429IR81950HWS2007

IRRI Hybrids also performed well in Hainan, China *

Data source: a collaborative study with Hainan University, 2008, DS

> II You 128> PSB Rc 82

Yield Advantage (%)

Yield
(kg/ha)Hybrid

-20.17928 IIYou128

7.3 28.88505 IR80228H

7.9 29.68556 IR75217H

8.2 29.98578 IR82363H

Hybrid Seed Yield (t/ha) in Major Asia Hybrid Rice 
Cointries (2006)
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Increase and stabilize yields of seed production
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Data Source: 05WS, 06DS, 92 CMS lines

Trait of Outcrossing Rate of IRRI CMS Lines
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Low cost of hybrid seeds is the key for commercial success of hybrid rice
• Outcrossing of IRRI CMS lines were evaluated
• Most of these CMS line showed low outcrossing

Develop CMS lines with high outcrossing
• Introduce new germplasm with high outcrossing
• Exploit new germplasm, breeding lines developed in other  breeding 

programs at IRRI, such as inbreds & wide-cross
• Integrated new germplasm into tropic hybrid rice parents

High stigma exsertion in wild rice

New CMS Breeding lines

Progress made for new CMS breeding

IR58025 A

Rainfed Rice Area in the Major Asia Hybrid Rice Countries (000 ha)

33.6

25,476

Total

5.039.029.225.332.442.0% of Total Rice Area

1,4522,8731,2032,96313,9614,476Area

ChinaVietnamPhilippinesIndonesiaIndiaBangladeshCountry

Develop hybrids for unfavorable environments

Develop Rice Hybrids Tolerant to Drought Stress

• Is hybrid rice more tolerant to drought stress and how much of yield reduction would 
be in drought stressed environment?

• To develop drought-tolerant hybrids, does it need to drought-tolerant parents? If yes, 
one parent or both parents?

• How to develop hybrids specifically for drought stress (QTL in parents?)
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Lowland inbreds

Lowland hybrids

Aerobic inbreds

AWD IrrigatedDRT

Response of cultivar types to trial mean yield differences 
due to irrigation regime (2-year means, Gary Atlin, IRRI, 2005)

Rice hybrids were tested under drought stress, showing yielding 
superiority of ~1 t/ha than inbred CKs
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• More hybrids were screened under both irrigated and rainfed lowland
• Some hybrids yielded high under both environments
• Yielding correlation was low
• Environment-specific genotype has to be selected

Hybrid Rice Yield (kg/ha) under Irrigated and Rainfed
(2008 DS)
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Hybrid Yield (kg/ha) under Irrigated and Rainfed
(2007 DS)
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• Requirements for grain quality varies with rice markets
• Components of grain quality

– Grain size, shape and appearance
o Length, Width, L/W, Chalk

– Milling recovery
o Total milling yield
o Whole milling yield

– Cooking & eating quality (local preference)
o Amylose content
o Gelatinization Temperature (GT-ASV)
o Gel Consistency (GC)

– Others
o Protein, Aroma

• Nutritional Quality: Iron, Zinc, Vitamin A etc

Improve hybrid rice grain quality

Low head rice yield and high chalk are the two most important 
quality traits needed to be improved in hybrid rice

Average head rice yield and chalk performance of hybrid rice

Data Source: National Cooperative Testing, Philippines, 1997 - 2007

4.9- 5.0Hybrid vs Inbred

5.8- 6.7Hybrid vs Inbred

Hybrid

Inbred

Hybrid

Inbred

19.9

15.0

16.8

10.9

Chalk (%)

46.7

51.7

41.1

47.9

Head Rice (%)

223

33

240

39

n

Wet

Dry
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Grain Quality of Rice Hybrids

Amylose Chalk Head Rice Total Rice GEL TEMP GEL CON YIELD Remarks

PSBRc 64 24 5 56.4 69.0 HI/L soft 6771 inbred check
PSBRC 82 25 5 60.8 70.0 HI/I soft 7226 inbred check
IR68284H (Mestizo) 21 9 61.7 69.3 L soft 5435 hybrid check
IR73834S/IR69726-29-1-2-2-2 24 1 56.2 69.9 I/L soft 7842 two-line
IR73328A/PR26208-17-1-1R 23 1 62.5 71.0 HI/I/L soft 7391 three-line
IR68897A/IR69712-154-2-3-1-3R 27 5 54.8 69.8 I/L soft 7546 three-line
IR70369A/PR25458-8-1-3-1R 27 5 60.6 69.8 I/L soft 7978 three-line

Hybrid Rice Research & Development Consortium
(HRDC)

• Inaugurated in 2008 at IRRI
• 38 members (2008)

– 22 Private
– 16 Public
– Bangladesh, Belgium, Bolivia, China, India, Indonesia, 

Iran, Malaysia, Pakistan, Philippines, Singapore, Sri 
Lanka, Thailand, USA, Vietnam

• Objectives:
– Develop effective collaborations between public and the private

sectors;

– Strengthen the partnership between IRRI, NARES and private 
sector to accelerate the adoption of the technology 

– Combines the advantages for mutual benefits

• Private sector: Commercial seed production, Infrastructure of 
seed process, Marketing

• IRRI and NARES: Research & Innovation, Product 
development & Testing, Collaboration, Training & Capacity 
building

• Principles of operation
– A membership association to provide products and services to the 

private sector and public institutes

– Mutual, transparent benefits to IRRI, NARES and the private sector

Hybrid Rice Research & Development Consortium
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HRDC Hybrid Rice MRYT Testing Location in 08WS
(39 entries, 7 / 12 locations planted / planned      )

7th International Symposium on Rice Functional Genomics


