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Abstract 

 

Using the bioassay to assess the allelopathic effect of rice, we analyzed QTL conferring 

allelopathic effect of rice using F2 plants of the cross between PI312777 (allelopathic) and 

Rexmont (non-allelopathic) and RFLP markers mapped on 12 rice chromosomes. Seven QTLs 

for allelopathic effect were identified on chromosomes 1, 3, 5, 6, 7, 11 and 12. Major QTLs are 

on the chromosome 5, 6 and 7, explaining 13-16% of total phenotypic variation. A single QTL 

on chromosome 7 showed a positive effect on allelopathic effect without QTLs on 

chromosomes 5 and 6. We concluded that the QTL on chromosome 7 is responsible for 

inhibition of root growth and necrosis on root tips of lettuce. Among 20 phenolic compounds 

identified in rice, at least 7 phenolic compounds might act as key compounds for allelopathic 

effect, camphor, pyrogallic acid, protocatechuic acid, p-hydroxybenzoic acid, syringic acid, 

m-hydroxybenzoic acid and salicyclic acid.   

 

Media summary 

 

Identification of QTL and chemical compounds associated with allelopathy of rice may result in 

future development of biological weed control in paddy field. 

 

Key Words 

 

Oryza sativa L., allelopathy, QTL mapping, genetic dissection, allelochemicals 

 

Introduction 

 

Allelopathy in rice can be used as a method for biological control of weeds in the rice 

ecosystems. Previous studies on rice allelopathy screened allelopathic cultivars and identified 

allelochemicals. The allelopathic cultivars from rice germplasm collections were selected for the 

suppression of the growth of a weed species, ducksalad (Heteranthera limosa (Sw.) Willd.) 

(Dilday et al. 1994)
 
and barnyardgrass (Echinochloa cruz-galli P. Beauv.). The identification of 

allelopathic rice has stimulated the genetic improvement of the weed-suppressing activity and 

breeding efforts are being made to incorporate the activity into elite rice cultivars (Courtois and 

Olofsdotter 1998). Four main QTL underlying the allelopathic activity of rice against barnyard 

grass were found to be located on three rice chromosomes and they explained 35% of the total 

phenotypic variation of the allelopathic effect (Jensen et al. 2001).   

To identify the QTL controlling rice allelopathy, we attempted to develop the bioassay to assess 

the allelopathic activity of rice on the weed ducksalad and on lettuce (Ebana et al. 2001a). The 

bioassay for the QTL analysis consisted of using water-soluble extracts from rice seedlings at 

the six-leaf growth stage and lettuce, the most sensitive plant to allelopathic compounds, as the 

test plant. Lettuce was selected as the test plant based on the highly positive correlation between 

the allelopathic activity of rice extracts on ducksalad and lettuce, and because lettuce reacted to 

the chemical compounds present in the extracts in a more stable way than ducksalad. In this 



  

paper we discuss the analysis of the QTL controlling the allelopathic activity of rice on lettuce 

using DNA markers (Ebana et al. 2001b) and the identification of chemical compounds, 

especially phenolic compounds, associated with allelopathic activity in rice. 

 

Mapping and analysis of allelopathic QTL  

 

The allelopathic effects of each F3 line were determined based on the suppression of the root 

length of the lettuce plants treated with water-soluble leaf extracts from rice plants at the 

six-leaf growth stage. The frequency distribution of the allelopathic effects in the F3 lines was 

continuous, ranging from 3.3 to 39.5% of the control with the mean value of 15.4 + 5.02%.  

The root length of the lettuce seedlings treated with the extract from PI312777 and Rexmont 

was 5.8 + 1.42% and 28.7 + 4.14% of the control, respectively. The values of the allelopathic 

effects in most of the F3 lines were distributed between the parental cultivars except for a small 

number of lines.  

                 
           Figure 1. Allelopathic rice, PI312777, and non-allelopathic rice, Rexmont  

 

Out of 215 RFLP probes surveyed, 125 probes which generated polymorphic bands between 

PI312777 and Rexmont, were used for QTL analysis. A map of 12 linkage groups constructed in 

this study covered a genetic distance of 1336.2 cM. The percentage of polymorphic probes 

between PI312777 and Rexmont to the total number of probes surveyed ranged from 12.7 to 

76.4% among the 12 chromosomes. The gaps which corresponded to the chromosomal regions 

without RFLP markers were found on chromosomes 1, 3 and 10. The analysis with 

MAPMAKER/QTL revealed the presence of 7 QTL controlling the allelopathic effects of rice 

with LOD scores higher than 2.0 located on chromosomes 1, 3, 5, 6, 7, 11 and 12. Each of the 7 

QTL explained 9.4 to 16.1% of the total phenotypic variation. The closest RFLP markers to 

each quantitative trait locus for the allelopathic effects were R2159 on chromosome 1, R1925 on 

chromosome 3, R830 on chromosome 5, R1167 on chromosome 6, R2401 on chromosome 7, 

G257 on chromosome 11 and R1709 on chromosome 12, respectively. The RFLP markers were 

significant at the 5% level based on the analysis using SAS/GLM. A multiple QTL model 

estimated that 5 QTL with LOD scores higher than 3.0 explained 36.6% of the phenotypic 

variation. The F3 lines with the PI312777 allele at all the closest RFLP marker loci to each 

quantitative trait locus exerted a more suppressive effect on the growth of lettuce roots than the 

F3 lines with the Rexmont allele. Dominance effect which was found in the QTL linked to the 

RFLP markers R2159 (chr.1), R830 (chr.3), R1167 (chr.6) and R1709 (chr.12), suggested that the 

PI312777 allele was dominant over the Rexmont allele at these QTL. The analysis with 

SAS/GLM PROC showed that the closest RFLP markers to each quantitative trait locus 

interacted with one another.  Interactions in 5 combinations between R1167 (chr.6) and R2401 

(chr.7), between R2401 and R830 (chr. 5), between R830 and R1925 (chr.3), between R1925 and 



  

R1709 (chr.12) and between R1925 and G257 (chr.11) were significant at the 1% level of 

probability. The other 4 combinations between R2401 and G257, R1709 and R2159, R1925 and 

R2159, and R1709 and G257 were significant at the 5% level of probability. 

 
   Figure 2. Genetic linkage map and positions of QTL for allelopathic activity of rice 

 

Identification of phenolic compounds associated with rice allelopathy 

 

Among 25 standard phenolic compounds, 20 compounds were separated from rice seedlings 

using HPLC. Allelopathic PI312777 contained 20 detectable phenolic compounds, while 

less-allelopathic Rexmont contained only 10 compounds. Based on the association between 

allelopathic activity and the amount of phenolic compounds using 183 representative rice 

cultivars, we identified 7 key phenolic compounds associated with allelopathic activity such as 

pyrogallic acid, protocatechuic acid, p-hydroxybenzoic acid, syringic acid, m-hydroxybenzoic 

acid, salicylic acid and (+)camphor. We selected 16 inidica and japonica rice cultivars as 

allelopathic rice with the same activity as PI312777 and 7 key phenolic compound 

(unpublished). Allelopathic rice cultivars are Deng Pa Zhai, Keiboba, Dianyu 1, Bingala, 

Basilanon, Ma Sho, Bandari Dham, Tupa 121-3, Jhona 2, Bei Kho, Co.13, Tupa 729, Chinsurah 

BoroII, Owari Hatamochi, Koshihikari, Taichung 65, Jyukkoku. 

 

Discussion   
 

Weed control is one of the major constraints in most of the rice-growing areas worldwide. For 

instance, ducksalad, which is one of the main weeds in the southern part of USA, caused a 21% 

yield reduction in direct-seeded rice (Smith 1988). Although various kinds of chemical 

herbicides are applied to control weeds, recent efforts aim at decreasing the amount of 

herbicides applied to the rice ecosystems because of their cost and adverse effects on the 

environment. However, rice growers can not apply useful methods for biological weed control 

in contrast to the success in the genetic improvement of the resistance to pests and diseases.  

Allelopathy in rice could become a biological method for weed control. In the 1990s, 

allelopathy research in rice focused on the screening of weed-suppressing rice cultivars in the 

field or laboratory and also on the identification of chemical compounds. Some rice cultivars 

induced a weed-free area within a radius of 10 to 15 cm around individual plants and suppressed 

the growth of an aquatic weed, ducksalad, in field experiments (Dilday et al. 1994). Other rice 

cultivars also suppressed the growth of barnyard grass in field experiments and laboratory 

bioassays (Jensen et al. 2001). Research on rice allelopathy will be mainly focused on the 



  

identification allelochemicals and isolation of genes controlling allelopathic activity from the 

viewpoint of practical utilization of allelopathy under field conditions (Olofsdotter 2001).   

QTL analysis is the first step in the genetic analysis of rice allelopathy and in the setup of 

genetic improvement strategies, with emphasis placed on biological weed control under rice 

field conditions. Closely linked DNA markers to the QTL identified here will be further used for 

producing near-isogenic lines with each quantitative trait locus. The use of these lines may 

enable to promote genetic analysis of rice allelopathy, DNA marker-assisted selection for 

allelopathic activity and map-based cloning of allelopathic QTL. Differentially expressed genes 

were identified in a rice variety with high allelopathic potential against barnyardgrass but their 

individual functions involved in alloloathic potential have not clarified (Junaedi et al. 2008).  

Phenolic compounds are one of the most important secondary metabolites associated with 

allelopathic activity in higher plants. Many phenolic compounds showed a highly inhibitory 

effect on germination and growth of other plant species. The most common putative allelopathic 

substances detected in rice are phenolic compounds (Rice 1995, Mattice et al. 1999). A part of 

the objectives in this study is to identify candidate phenolic compounds associated with 

allelopathic activity of rice. 
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