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Improving Hybrid Rice Seed Production by Better Understanding of 
Diversity in the Breeding System and Boron Nutrition 

Executive summary 

Hybrid seed technology has been successfully deployed to increase rice yield in 
many Asian countries e.g. China, India and Vietnam. The primary target in the 
development of hybrid seed technology is high yield of the F1 hybrid seed.  The higher 
yield will translate into lower cost per kg of the seed, which will in turn help to lower 
farmers’ input cost.  However, the key process in hybrid seed production in self pollinated 
crop such as rice is the pollination, fertilization and environmental factors.  Common wild 
rice, the progenitor of cultivated rice is predominately outcrossing.  In addition, a major 
constraint to successful pollination and seed set in cereals is boron deficiency.  This project 
has contributed to knowledge in genotypic variation in breeding system and boron 
response to improve outcrossing in hybrid seed production, in four sets of objectives as 
follows. 

1. To identify genotypic variation in traits promote outcrossing in cultivated rice 
Rice is a self-pollinated crop.  Up to 7% of outcrossing has been reported in 

specific varieties or conditions.  Genotypic variation for floral morphology relation to 
outcrossing was evaluated in modern, popular, high yielding rice varieties released in 
Thailand.  For traits require for the female parents, Pathumtani 1 (PTT1) and Neaw Phrae 
1 (NP1) were the varieties with the longest stigma.  Extents of stigma exertion were 
between 49-100%, with RD10, RD7 and Sakonakorn 1 (SKN1) showed 100% stigma 
exertion.  NP1 and PTT1 exhibited the longest stigma among all varieties but turn out to 
possessed the lowest rate of stigma exertion.  Among the modern varieties, RD7 and 
SKN1 had higher potential of outcrossing than the others.  For traits require for male 
parents, R258 and PTT1 exhibited the largest anthers.  Number of pollen grains per anther 
was highest in PTT1.  Fertilization was depended on number of pollen deposited on 
stigma.  Most of varieties deposited more than 40 pollen grains per stigma and ensured 
fertilization.  The highest pollen grain per stigma (79) was found in SKN1.  For flowering 
behavior, opening of the spikelet or blooming duration, the period from opening to closing 
of floret, was varied with genotypes and within the range of 35-50 min.  For the long 
duration genotypes, RD10, R258 and PTT1 lasted for 50 min.  Pollen viability test by agar 
method was developed and can be used to screen for pollen viability in breeding program 
or other physiological and biological studies in rice.

2. To identify genotypic variation in B response rice 
Three rice genotypes, KDML 105, Suphanburi 1 (SPR1) and Chianat 1 (CNT1), 

were evaluated for response to B in sand culture for two seasons.  Genotypic variation in 
response to B was found.  B deficiency depressed pollen viability and grain set in rice but 
no effect on any vegetative part was observed.  Concentrations of B in anther and flag leaf 
can be used to indicate B status that affected grain set in rice.  Between the three 
genotypes, SPR1 was the most efficient and CNT1 was the most inefficient and KDML 
105 was intermediate between the former two genotypes.  For response of hybrid rice to B 
levels, four varieties were tested at two B treatments (with and without B) in sand culture.
Genotypic variation in hybrid rice was found in B requirement for pollen germination in 
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agar media.  Low germination of pollen in media without added B indicated external B 
was required for pollen germination. B deficiency reduced average grain set at about 12%.

3.  To identify genotypic variation in grain set under high temperature 
Variation in grain set was evaluated in 12 rice varieties at three planting dates in dry 

season (mid-January, late January and mid- February 2009) at two locations, Chiang Mai 
and Suphanburi.  There were genotypic differences in response to high temperature.
Differential genotype response to high temperature was attributed to grain set failure and 
unfilled grain.  At mid-February planting date, grain set of the sensitive genotypes, SPT1, 
RD4, RD10 and RD21 were reduced to 75-78% at The smallest decrease in grain set with 
planting dates in both locations were found in RD29, SPR1 and PTT1 suggested that they 
were tolerant to high temperature in this study. 

4. To evaluate and select for traits promote outcrossing 
Evaluation and selection for traits promote outcrossing, by the method developed 

from objective 1, were conducted in two sets of crosses: (1) F4 generation from common 
wild rice x SPR1 (2) Backcross populations derived from common wild rice (Oryza
rufipogon Griff.) x local rice and then backcrossed to Suphanburi 1 (O. sativa L., cv SPR 
1).  For the first set, selection and evaluation were carried on until F6, selected lines 
showed desirable recombination of many traits, e.g. photoperiod insensitivity, semi-dwarf 
plant type, large panicle, high number of spikelets/panicle and high seed fertility.
However, seed shattering were found in all lines when compared with SPR1 parent.  For 
the second set, backcrossing, evaluation and selection were practiced until BC2F4.  Sixteen 
lines with non-seed shattering type, large anther/stigma and desirable agronomic traits 
were selected.  These lines can be used as parents in breeding for male or female parents in 
hybrid seed production.

Implication of main research findings 

1. From variation in floral characteristics in rice the project has contribute to the extent 
of variation found in rice varieties commonly grown in Thailand.  This will help to set 
the goal of improvement, source of variation and correlation of traits, to be used in 
breeding program. 

2. Selection and screening method for pollen viability has been developed.
3. B deficiency affected rice yield via pollen germination and grain set.  Pollen 

germination of sensitive genotypes were affected by both internal B in pollen and 
external B in stigma.  Applying B in soil has a potential to improve rice yield in areas 
with low B soil.  The results have led to the foliar B application study in hybrid rice 
evaluation at Bayer research station. 

4. Critical value for B established for reproductive development and can be used to 
diagnose for B status and possibility of B deficiency in rice. 

5. Grain set, number of filled grain can be used as screening tools for heat tolerance 
during reproductive phase.  Results on genotypic variation in response to high 
temperature have led to further research on response to high temperature in rice.  This 
was part of the project funded by TRF and a PhD scholarship funded by The Office of 
the Higher Education Commission. 

6. Advanced lines with large anther and/or large pistil, transferred from common wild 
rice to cultivated, high yielding rice variety, were developed.  They can be used as 
parents in breeding for large anther or large stigma in hybrid seed production.
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