


Content







 Food security is facing severe challenges
lProduction efficiency is low, and farmers' enthusiasm generally declines
lRelatively small amount of investment
lUnbalanced regional funding
lWeakening of social services in agriculture







q In 1964, Prof.  L.P. Yuan initiated HR 
research in China.

q In November 1970, a pollen abortive wild 
rice (WA) discovered.

q In 1972, Prof. Yuan developed the first 
CMS line: Erjiunan 1A .

.

q In 1980, Shanyou 63 developed by Prof. 
Xie, the largest one of growth area in 1980's 

Completion of the three-line hybrid rice system within 10 years



q In 1973, the first natural male 
sterile rice plant d

approach

qBw 1987 to 1995, as the principal 
scientist, Prof. Yuan developed a 
comprehensive array of theories of 
“two-line system hybrid rice”



The fertility conversion theory and mode of 
PTSG lines established by Prof. Yuan
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The fertility conversion mode of PTSG sterile lines 



Area of two-line HR:   3 million ha in 
recent years



 uBefore 1964 – T.V. stage: about 2 t/ha
u1965 ~ 1976  - SSD stage: ≈about 3.5  t/ha
u1976 to now - HR stage:   ≈ 5~6.3 t/ha
The average yield of HR in 1990s:7.5 t/ha



Yield standard of the Super Rice in China

       Phase
                       Hybrid Rice       Yield

    increase(%) First  cropping Second cropping Single   cropping

  1996   level       7.50       8.25        7.50          0
      Phase Ⅰ
    1996-2000 

      9.75      10.50        9.75  More than 20%

      Phase Ⅱ
    2001-2005 

     11.25      12.00       11.25  More than 40%

     Phase Ⅲ 
    2010-2015

        /           /       13.50 More than 60%

     Phase Ⅳ
   2015-2020

        /           /       15.00 More than 100%

*  Tons/ha at 2 sites with 6.7 hectares in each site in 2 consecutive years.

Super rice program launched by MOA of Chinese in 1996
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The real ideal model of  plant morphology of 
hybrid (Pei’ai 64S/E32)

p Morphological Improvement

Super HR Program proposed by Prof. Yuan



Indica (I) / japonica (JP) / Javanica (JV)

I/JP
I/JV

JP/JV
I/I

JP/JP

Heterosis in Different kind of Rice Hybrids

p Raising Heterosis Level

Dry matter weight per 
plant (g)

Spikelets /p

Seed-setting rate(%)

        The heterosis utilization theory of indica-
japonica subspecies proposed by Prof. Yuan



Super hybrid rice breeding theory and strategy

Ø To be the higher plant based on drawf gene
Ø To develop the nearer parent from far genetic distance relationship
Ø Use of dominance combines with  super-dominance
Ø Panicle to be between moderate and large
Ø Higher ratio of grain to leaf
Ø Grain plumpness based on well grain filling parents
Ø Achieve good grain quality based on Javanica 
Ø To be well ecological adaptation.



I: Utilization of 
favorable genes from 
wild rice  

II. Using Genomic DNA 
From Barnyard Grass 
to Create New Source of 
Rice

p Utilize the Biotechnology



A draft sequence of super hybrid rice 
parents  completed  firstly in the world

It promotes the understanding of rice heterosis at the 
genomics level and molecular breeding applications in HR



Major breakthroughs were made in molecular mechanism 
research of rice heterosis in 2009

The authoritative life science publication Cell introduced 
and highly praised in its "Leading Edge" column

Using gene chip technology to carry out the super 
hybrid rice LYP9 and its parent transcriptome 
studies, identify potential associated with super 
hybrid rice heterosis functional genes.

“Cell” commented: a new starting line to elucidate the 
molecular mechanisms of rice heterosis



Identified and mapping genes of QTL (yld1.1 and yld2.1) from wild 
rice (O.r ufipogon) and published in “Nature”; 
Developed an elite restorer lines and hybrid rice combinations 
with yield increase of 20%, such as Y  liang-you 7

Nature 384:223-224

Molecular marker assisted selection (MAS) 



Favorable genes from barnyard grass transferred and 
developed  specific parents for  super hybrid rice

Zi100B Oryza minuta V20B

J. Proteome Res., 2007, 6:1354–1363 RB207  R207barnyard 
grass 



C4 rice: get transgenic lines to be used to HR breeding

Line Transfrom genes
Compared with 
CK production 

increase(%)

Fengyou299 CK -

FengA/09T005 PEPC+PPDK 8.60%

FengA/09T009 MDH+ME 1.86%

FengA/09T015 PEPC+PPDKM+D
H+ME 3.78%

The production of transgenic lines

PEPC PPDK

NADP-MEMDH

Transform hybrid 
rice parents



★ Its difficult to utilize heterosis in rice 
      Dr. J.N.Rutger －Earlirose male-sterile plants   
      averaged 2.4% open-pollinated seed-set    
      From《Innovative approaches to rice breeding》

★ The key problem for the HR commercialization 
       ● lower pollen load
       ● Panicle is not exerted out easily
       ● Out-crossing rate is very low 



Commercial hybrid rice yield and hybrid rice 
seed yield in China (1976-2008)

◎　The average yield in China
        274.5kg/ha in 1975 
        1.66 t/ha in 1985
        2.25 t/ha in 1990
◎　Yield on a large scale
        3~4.5 t/ha in 1990s
◎　The highest record yield
        7.39 t/ha  (0.113 ha) ,Hunan 
China in 1993



The pollination, GA spraying and the ration of A:R 
lines by the unmanned aerial vehicle (UAV)

A new way for hybrid rice seed 
production: mechanized techniques

Pollination by UAV New Model of R:A

Ratio of R:A    6~8:40~80 hillsoutcrossing rate: 45%

Yield of seed production of HR:2.7-3.0t/hm2



Chinese hybrid rice agronomists developed the systematic 
methods for high-yielding field management:

Ø"3-ding”Cultivation Technology for Super Hybrid Rice   

ØRice Precise and Quantitative Cultivation Technique for 

High Yield 

ØThe Improved System of Rice Intensification (MSRI) 

ØNitrogen-efficiency and lodging resistance cultivation 

technique



Ø  The Area  of HR at a Standstill for Years (17.6 million ha 
in 1991)

Ø   Lack of japonica hybrid rice with strong heterosis (0.1 
mil ha, only 1%-2% in China)

Ø   Great yield gap for super hybrid rice (about 5.16 t/ha)

breakthrough combinations but HR varieties 
released yearly with about 400

Ø   Need of the breakthrough for the mechanized technology 
of HR seed production







Grain yield = Harvest Index X Biomass
Nowadays the harvest index (HI) is much higher (above 0.5). 
Further lifting of rice yield ceiling should rely on increasing 
biomass because further improvement of HI is quite limited. 
From view point of morphology, 

ØFurther raising rice yield ceiling should rely on 
increasing biomass.

Ø Increasing plant height is an effective and feasible way 
to increase biomass



13.5t/ha

15t/ha

13.5t/ha

12t/ha

10.5t/ha

Phase 4
Phase 3

Phase 2 
Phase1

In 2013

In 2005

In 2000

In 1996

Achieved in 2011 (926.6 kg, Longhui)

Achieved in 2004

Achieved in 2000

Achieved in 2014 (1026.7kg,Longhui)

1046.3kg in 2019, Hengnan, Hunan，
double-cropping, late rice

Liangyou peijiu
Longshan, Hunan

Y-Liangyou No.1
Longhui, Hunan

Y-Liangyou No.2
Longhui, Hunan

Y-Liangyou 900
Xupu, Hunan

18t/ha

1) Develop super hybrid rice to achieve higher yield



 from 2014 to 2016: 12 single-season 100-mu demonstration plots 
reached 1,000 kg, 4 of the 1,000-mu plots reached 900 kg, and 5 of the 
10,000-mu plots reached 800 kg.

Results show that the super hybrid rice can achieve the goal of high yield 
in large area.

From 100 mu to large-scale super high-yield development



Chinese rice yield has been greatly improved since 
the Super Rice Project



1st generation 
HR

Using cytoplasmic 
male sterile lines

Ø        The genetically engineered male sterile line bred through genetic 
engineering of ordinary genic male sterile rice not only has the advantages of 
stable fertility of three-line sterile line and free combination of two-line sterile 
line, but also overcomes the limitation of combination of three-line sterile lines 
and the shortcomings of two-line sterile lines and the low reproductive yield. 
(Yuan Longping, Science Bulletin, 2016)

2nd generation 
HR

Using PTGMS lines

1st generation 
HR

Using common nuclear 
male sterile lines

2) Development of 3rd generation HR



Stronger heterosis and higher yield

Experts including Academician 
Wan, Xie Hua'an,& Qian Qian 
measured the Yield with 1046.3 
kg/mu(2020.10.21).
Yield:  119.8 Kg/d/h

Academician Xie Hua'an e again 
measured the yield of the third-
generation hybrid rice to 911.7 
kg/mu, and the double-season 
yield per mu reached 1530.67 kg 
(2021.11.1).



The theoretical yield 
of Qingdao rice is 
620.95kg (2017)

Super 1000 yielded 
802.9kg per mu in 
Nantong, Jiangsu (2020)

Academician Yuan specifically proposed that in 5 to 8 years, saline-alkali-
tolerant rice should strive to develop to 100 million mu, with a yield of more 
than 300 kg per mu, and achieve the goal of increasing grain output by 30 
billion kg per year, which is equivalent to the total annual grain output of 
Hunan Province, and can feed an additional 100 million people.

Academician Yuan proposed 
to use heterosis to cultivate 
salinity-tolerant rice, and he 
has two trump cards

L.P.Yuan : The combination of heterosis and saline-alkali-tolerant gene has 
great potential

3) Develop Saline-alkali-tolerant rice to ensure food security



best variety with the package cultivating method 
can achieve the goal of 30 billion kilograms

Comprehensive supporting technologies for saline-alkali-tolerant rice: 
microbial fertilizer adjusts acidity, reduces alkalinity, and dissolves salt to 
improve soil + plant induces resistance to increase salinity tolerance + high-
yield cultivation solutions to increase yield



For the benefit of the people in the whole world, our Center and 
I are well prepared to help other countries to  develop hybrid rice
                                              ------ L.P. Yuan




