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ABSTRACT

Weedy rice (Oryza sativa f. spontanea) is one of the most serious weed in
direct-seeded rice production, adversely affecting rice areas and yield in Thailand.
Weedy rice in Thailand originates from interspecific hybridization between common
wild rice (Oryza rufipogon Griff.) and cultivated rice (Oryza sativa L.). Gene flow
among wild relatives, companion crop and weedy rice when co-existed in the
sympatric habitats is an ongoing process. The resulting hybrids are especially
aggressive weedy rice which continues to hybridize with crop rice, resulting in
offspring that are well adapted to farmers’ management and are particularly difficult
to control. The objectives of this study were (1) to evaluate genetic variation of
morphological, physiological characters and microsatellite loci of weedy rice
populations in Thailand, (2) to determine population genetic structure and dynamics

of weedy rice populations in spatial and temporal terms at the regional scale, (3) to
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evaluate the patterns of population genetic structure and dynamics in spatial and
temporal terms of weedy rice that coexisted with their companion crop rice and native
common wild rice in sympatric rice fields, and (4) to demonstrate the affect of gene
flow and other ecological conditions influence population genetic structure and
evaluate the patterns of population genetic structure and dynamics in spatial and
temporal terms of weedy rice that coexisted with their companion crop rice and native
dynamics of weedy rice coexisting with their companion crop rice and native common
wild rice in sympatric rice fields in Thailand at the rice field scale. This thesis is in
two main sets of studies.

The first set of studies involved characterization of sixty-three weedy rice
populations collected from three rice production areas; Lower North, Northeast and
Central Plain of Thailand, the area of most widespread weedy rice infestation in wet
seasons of 2005, 2008 and 2009 and dry season of 2009/10. In each season, fields
with heavy infestation by weedy rice were selected. Leaves of 10 weedy rice plants in
the same field were collected for DNA analyzed individually. Seed of each
population were collected and bulked for the pot experiment. Seeds if each weedy
rice population were grown in pot, 10 plants per pot, after year following the sample
taking from fields. Ten to 20 plants of each weedy rice populations were grown for
investigated in morphological and physiological characteristics. Most weedy rice and
pure line cultivated rice varieties were planted from seed, but common wild rice
populations were planted by vegetative propagation. Dried leaves samples were kept
and analyzed separately for each of the 10 plants per population of weedy rice
populations collected from the surveys were used to evaluate DNA analysis. Genetic

diversity and population structure of weedy rice populations from three regions was



vii

analyzed separately each growing season and then the four rice growing seasons were
analyzed together by using 12 microsatellite markers. Population structure was
analyzed by using STRUCTURE program. Cluster analysis was performed by using
principal component analysis (PCA) and Neighbor-joining clustering method (NJ
method). All analyses were compared with seven cultivated rice varieties popular in
each region and seven native common wild rice populations.

The results showed that weedy rice populations in Thailand showed high level
of both phenotypic and genotypic variations. In phenotypic variation, weedy rice
plants were varied in the range between common wild rice and pure line rice varieties
checks in morphological and physiological traits. Grown together in the wet season at
Chiang Mai, most weedy rice plants in this study were earlier flowering than both
common wild rice and pure line rice varieties, and high degree of seed shattering
when matured, in common wild rice traits. Weedy rice in the present study set
showed high genetic diversity both within and between populations. The results
demonstrated by high levels of genetic diversity (h = 0.827 in wet 2005, h = 0.734 in
wet 2008, h = 0.720 in wet 2009 and h= 0.714 in dry 2009/10) and genetic
differentiation (Fst = 0.428 in wet 2005, Fst = 0.499 in wet 2008, Fst = 0.515 in wet
2009 and Fst = 0.528 in dry 2009/10).

The weedy rice populations in the present study were highly structured by its
companion crop rice varieties popular in each region with high genetic differentiation.
This is clearly reflected by the results from the genetic assignments from the
STRUCTURE model, the distribution of weedy rice plants on PCA graph and the
grouped weedy rice from the cluster analysis. The results from STRUCTURE model,

PCA graph and the cluster analysis showed a relatively close genetic relationship of
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weedy rice populations from the Lower North and the Central Plain of Thailand with
modern rice varieties (CNT1, SPR1, PTT1 and PSL2) while weedy rice populations
from the Northeast showed a relatively close genetic relationship with improved
traditional rice varieties (KDML105, RD6 and RD15). The results based on
morphological relationship, genetic diversity and population structure among seasons
demonstrated that weedy rice populations temporally changed trend toward crop rice
over the years. Increasing morphological relationship, increasing population structure
based on crop rice with high genetic differentiation and decreasing genetic diversity
were found in weedy rice over the years. These dynamics of weedy rice has
differentiated among populations and tended to parallel with cultivated rice for high
adaptation to the agronomic practices by mimicry to cultivated rice led to the
convergence of homogeneity of weedy population toward the crop rice.

The second set of studies, each six weedy rice, companion crop rice and native
common wild rice populations were used to evaluate the patterns of population
genetic structure and demonstrate gene flow and other ecological conditions influence
the population genetic structure and dynamics of weedy rice when coexisted with
their companion crop rice and native common wild rice in sympatric rice fields in
Thailand at the rice field scale. Weedy-wild-crop rice populations in this study were
collected from three rice production areas; Lower North, Northeast and Central Plain
of Thailand in growing seasons in wet 2005, 2008 and 2009. Morphological,
physiological characteristics, genetic diversity and population structure were carried
out as described in previous study.

In all studied fields, the flowering periods of weedy rice and their companion

crop rice largely overlapped, providing the opportunity for hybridization. The results



of allele frequency and STRUCTURE demonstrated that allele specific to crop and
wild types were found but crop alleles were increased over the years. Crop alleles in
weedy rice from each location were different with the varieties of companion crop
rice in each region. Interesting, in 2008 and 2009, some alleles of alien crop rice were
introduced into weedy rice populations such as in the Northeast found allele specific
to SPR1/CNT1 (7-10% in wet seasons of 2008 and 2009) and PTT1/PSL2 (1-3% in
wet seasons of 2008 and 2009). This evidence of transfer of weedy rice across
regions is probably caused by the modern rice varieties were introduced to plant in the
Northeast and/or weedy rice seed were introduced by the combined harvesters and/or
moment of rice seed were contaminated by weedy rice seed. Though native common
wild rice detected in the sympatric habitat of both weedy rice and crop rice, all native
common wild rice plants were mainly late flowering than weedy rice and crop rice.
Thus, crop genetic materials were not found in common native wild rice populations
in all seasons. Therefore, weedy rice spreading across regions in Thailand is probably
caused by the combination of weedy rice seed flow and gene flow between weedy rice
and companion of crop rice variety.

This study has shown how morphological and physiological characters and
genetics of weedy rice closely resembled the crop rice grown in each region. Gene
flow between weedy rice and the associated crop rice is indicated by changes over
time of genetic variation and population structure, and made possible by the overlap
of flowering time. An adaptive evolution under farmer’s management that enhances
weediness is suggested by changes in the weedy rice over time, to be ever closer to
the local crop rice. This mixing of wild and domesticated rice genes now spreading

throughout Thailand’s main rice growing regions will have serious implication to both



(a) the country’s rice gene pool which is one of the world’s most important rice
genetic resource in situ, and (b) potential treats from introduced genes in the crop rice,

including trans-genes.
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