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ABSTRACT
Rice has been extensively studied with respect to its allelopathy as part of a strategy for
sustainable weed management options． All available information indicates that rice
plants possibly release unknown allelochemicals into the neighbouring environments. A
large number of compounds, such as phenolic acids, fatty acids, indoles and terpenes,
were identified in rice root exudates and decomposing rice residues as putative
allelochemicals. Among them, momilactone B may play an important role in rice defence
mechanism in the rhizosphere for the competition with invading root systems of
neighbouring plants.
Keywords: Allelopathy, Allelochemical, Momilactone, Root exudates, Sustainable weed
management.
INTRODUCTION
Weeds cause reductions in rice yield and quality and remain one of the biggest problems
in rice production. The negative impacts of commercial herbicide use on the environment
make it desirable to diversity weed management options. Allelopathy is one of the options
(Rimando and Duke 2003, Macías et al. 2007, Kong 2008, Tesio and Ferrero 2010).
Allelopathy is the direct influence of an organic chemical released from one living plant on
the growth and development of other plants (Inderjit and Duke 2003, Belz 2007, Macías et
al. 2007). Allelochemicals are such organic chemicals involved in the allelopathy (Rice
1984, Putnam and Tang 1986, Inderjit 1996). Allelochemicals can provide a competitive
advantage for host-plants through suppression of soil microorganism and inhibition of the
growth of competing plant species because of their antibacterial, antifungal, and growth
inhibitory activities (McCully 1999, Hawes et al. 2000, Bais et al. 2004).
Rice has also been extensively studied with respect to its allelopathy as part of a strategy
for sustainable weed management options. A large number of rice varieties were found to
inhibit the growth of several plant species when these rice varieties were grown together
with these plants under the field or/and laboratory conditions (Dilday et al. 1994, 1998, Kim
et al. 1999, Olofsdotter et al. 1999; Azmi et al. 2000, Gealy et al. 2003, Seal et al. 2004a,
Kim et al. 2005).
These findings suggest that rice may produce and release
allelochemicals into neighbouring environment, thus encouraging the exploration of
allelochemicals in rice.
Many secondary compounds, such as phenolic acids, fatty acids, indoles and terpenes,
were identified in rice root exudates and decomposing rice residues as putative
allelochemicals (Takeuchi et al. 2001, Rimando and Duke 2003, Khanh et al. 2007).
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However, these compounds are almost ubiquitous in plants and rice allelopathy can not be
explained by these compounds (Olofsdotter et al. 2002b, Seal et al. 2004b). Diterpen,
known as momilactone B, which are unique to rice, have been isolated (Kato-Noguchi et
al. 2002). Momilactone B inhibits the growth of typical rice weeds like Echinochloa crusgalli and E. colonum at concentrations greater than 1 μM (Kato-Noguchi et al. 2008a).
Rice plants secrete momilactone B from the roots into the rhizosphere over their entire life
cycle (Kato-Noguchi et al. 2003b). These observations suggest that rice plants may inhibit
the growth of the neighbouring plants through the secretion of momilactone B into their
rhizosphere.
Rediscovery of Momilactone
About 5,000 rice seedlings, cv. Koshihikari, were hydroponically grown for 14 days in order
to screen for any allelochemicals in rice root exudates. Keeping track of the biological
activity, the culture solution was purified by several chromatographic fractionations and
finally 2.1 mg of putative compound causing the inhibitory effect of the rice seedlings was
isolated (Kato-Noguchi et al. 2002, Kato-Noguchi and Ino 2003a). The chemical structure
of the inhibitor was determined from high-resolution MS, and 1H- and 13C-NMR spectral
data as momilactone B. Momilactone B was later found in root exudes of other
allelopathic rice cultivars, PI312777, with 5,7,4‘-trihydroxy-3‘,5‘-dimethoxyflavone and 3isopropyl-5-acetoxycyclohexene-2-one-1 (Kong et al. 2004). In addition, another potential
allelochemical momilactone A was found in rice root exudates of cv. Koshihikari (KatoNoguchi et al. 2008b).
Momilactone A and B were first isolated from rice husks as growth inhibitors (Kato et al.
1973, Takahashi et al. 1976). Momilactone A and B were later found in rice leaves and
straw as phytoalexins (Cartwright et al. 1977, 1981, Kodama et al. 1988, Lee et al. 1999).
Thereafter, the function of momilactone A as a phytoalexin has been extensively studied
and several lines of evidence indicate that momilactone A has an important role in rice
defense system against pathogen attacks (Nojiri et al. 1996, Araki and Kurahashi 1999,
Takahashi et al. 1999, Tamogami and Kodama 2000, Agrawal et al. 2002). Although the
growth inhibitory activity of momilactone B was much greater than that of momilactone A
(Takahashi et al. 1976, Kato et al. 1977), the efforts to find the function of momilactone B
were limited.
Biological Activity of Momilactone
Momilactone A and B, respectively, inhibited the growth of Amaranthus lividus, Digitaria
sanginalis and Poa annua at concentrations greater than 20 ppm (ca. 60 M) and 4 ppm
(ca. 12 M) (Chung et al. 2005). Momilactone A and B were also reported to inhibit the
growth of Echinochloa crus-galli and E. colonum, which are the most noxious weeds in rice
fields, at concentrations greater than 10 and 1 M, respectively. Thus, effectiveness of
momilatone B on growth inhibition is much greater than that of momilactone A. The
growth inhibitory activities of momilactome B are also greater than those of momilactone A
under other bioassay systems, (Takahashi et al. 1976, Kato et al. 1977, Fukuta et al. 2007,
Toyomasu et al. 2008).
Momilactone A and B, respectively, inhibited root and shoot growth of rice seedlings at
concentrations greater than 100 and 300 M. IC50 values of momilactone A and B on rice
root and shoot were not obtained because of their weak inhibitory activities against rice.
The inhibitory activities of momilactone A and B, respectively, on the root and shoot growth
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of rice seedlings were 1 - 2 % and 0.6 - 2 % of those on the root and shoot growth of E.
crus-galli and E. colonum. Thus, the effectiveness of momilactone A and B on the growth
of rice seedlings was much less than that on the growth of E. crus-galli and E. colonum.
These results suggest that the toxicities of momilactone A and B to rice seedlings are
much less than those to the two weed species (Kato-Noguchi et al. 2008a).
Momilactone in Rice Life Cycle
Momilactone A and B were secreted from rice plants into the rhizopsphere throughout all
life cycle stage of rice (Kato-Noguchi et al. 2003b, 2008a). The secretion level of
momilactone A and B increased until flowering initiation, and decreased thereafter. The
level of momilactone A and B at day 80 (around flowering) was 1.1 and 2.3 μg/plant/day,
which was 55- and 58-fold greater than that at day 30. Although concentration of
momilactone A in rice was greater than that of momilactone B, secretion level of
momilactone B was greater than that of momilactone A, which suggests that momilactone
B may be selectively secreted into the rhizophere than momilactone A.
Considering the growth inhibitory activity and concentrations found in the bioassay
medium, momilactone A may cause only 0.8 - 2.2% of the observed growth inhibition of E.
crus-galli roots and shoots by rice. However, momilactone B in the medium was estimated
to cause 59 - 82% of the observed growth inhibition of E. crus-galli roots and shoots by the
rice seedlings. In addition, the concentrations of momilactone B in the medium reflected
the observed differences in the growth inhibition of E. crus-galli by the eight rice cultivars
investigated (Kato-Noguchi et al. 2010). This suggests that the allelopathic activity of rice
may be primarily depend on the secretion level of momilactone B. Therefore, momilactone
B may play a very important role in rice allelopathy.
Rice Allelopathy and Allelochemicals
Since the first observation of allelopathy in rice by Dilday et al. (1989), more than 16,000
rice accessions from 99 countries in the USDA-ARS germplasm collection have been
screened. Of these, 412 accessions inhibited the growth of Heteranthera limosa and 145
accessions inhibited the growth of Ammannia coccinea (Dilday et al. 1994, 1998). Similar
attempts have been conducted in some other countries, and a large number of rice
varieties were found to inhibit the growth of several plant species when these rice varieties
were grown together with these plants under field and/or laboratory conditions (Kim et al.
1999, Olofsdotter et al. 1999, Azmi et al. 2000, Gealy et al. 2003, Seal et al. 2004a, Kim et
al. 2005). These findings suggest that rice may produce and secrete allelochemicals into
its neighboring environments.
Although mechanisms of the exudation are not well understood, it is suggested that plants
are able to secrete a wide variety of compounds from root cells by plasmalemma-derived
exudation, endoplasmic-derived exudation, and proton-pumping mechanisms (Hawes et
al. 2000, Bais et al. 2004). Through the root exudation of compounds, plants are able to
regulate the soil microbial community in their immediate vicinity, change the chemical and
physical properties of the soil, and inhibit the growth of competing plant species (MuCully
1999, Hawes et al. 2000, Bais et al. 2004). Momilactone B was secreted from rice plants
into the rhizopsphere throughout all life cycle stage of rice (Kato-Noguchi et al. 2003b,
2008a). Considering the inhibitory activity and the secretion level, momilactone B may
play a very important role in rice defense mechanism in the rhizosphere as an
allelochemical．
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The use of allelopathic rice cultivars and allelochemicals can definitely reduce the
ecological impact, particularly by reducing the amount of herbicide used. Allelopathic rice
cultivars combined with cultural management options is, therefore, an interesting and
potential technique, contributing to alternative chemical control of weeds in paddy
ecosystems (Weston 1996, Olofsdotter 2001, Olofsdotter et al. 2002a). Such an
allelopathy-based technique for paddy weed control is the most easily transferable to the
low-input management systems prevailing in most Asian rice farming systems (Kong
2008). Therefore, the rice allelopathy may be one of the options in the sustainable weed
management strategies.
REFERENCES
Agrawal, G.K., Rakwal, R., Tamogami, S., Yonekura, M., Kubo, A. and Saji, H. (2002)
Chitosan activates defense/stress response(s) in the leaves of Oryza sativa seedlings.
Plant Physiology and Biochemistry 40: 1061-1069.
Araki, Y. and Kurahashi, Y. (1999) Enhancement of phytoalexin synthesis during rice blast
infection of leaves by pre-treatment with carpropamid. Journal of Pesticide Science 24;
369-374.
Azmi, M., Abdullah, M.Z. and Fujii, Y. (2000) Exploratory study on allelopathic effect of
selected Malaysian rice varieties and rice field weed species. Journal of Tropical
Agricultural Food Science 28; 39-54.
Bais, H.P., Park, S.-W., Weir, T.L., Callaway, R.M. and Vivanco, J.M. (2004) How plants
communicate using the underground information superhighway. Trends in Plant Science 9;
26-32.
Belz, R.G. (2007) Allelopathy in crop/weed interactions - an update. Pest Management
Science 63; 308-326.
Cartwright, D., Langcake, P., Pryce, R.J., Leworthy, D.P. and Ride, J.P. (1977) Chemical
activation of host defence mechanisms as a basis for crop protection. Nature 267; 511513.
Cartwright, D.W., Langcake, P., Pryce, R.J., Leworthy, D.P. and Ride, J.P. (1981) Isolation
and characterization of two phytoalexins from rice as momilactones A and B.
Phytochemistry 20; 535-537.
Chung, I.-M., Hahn, S.-J. and Ahmad, A. (2005) Confirmation of potential herbicidal agents
in hulls of rice, Oryza sativa. Journal of Chemical Ecology 31; 1339-1352.
Dilday, R.H., Nastasi, P. and Smith, R.J. Jr. (1989) Allelopathic observations in rice (Oryza
sativa L.) to ducksalad (Heteranthera limosa). Proceedings of Arkansas Academic Science
43; 21-22.
Dilday, R.H., Lin, J. and Yan, W. (1994) Identification of allelopathy in the USDA-ARS rice
germplasm collection. Australian Journal of Experimental Agriculture 34; 907-910.
Dilday, R.H., Yan, W.G., Moldenhauer, K.A.K. and Gravois, K.A. (1998) Allelopathic
activity in rice for controlling major aquatic weeds. In: Olofsdotter M. (Ed.) Allelopathy in
Rice, Manila, Philippines: International Rice Research Institute, pp 7-26.
Fukuta, M., Xuan, T.D., Deba, F., Tawata, S., Khanh, T.D., and Chung, I.M. (2007)
Comparative efficacies in vitro of antibacterial, fungicidal, antioxidant, and herbicidal
ISBN Number: 978-0-9871961-0-1

249

23rd Asian-Pacific Weed Science Society Conference
The Sebel Cairns, 26-29 September 2011

activities of momilatones A and B. Journal of Plant Interaction 2; 245-251.
Gealy, D.R., Wailes, E.J., Estorninos, L.E. and Chavez, R.S.C. (2003) Rice cultivar
differences in suppression of barnyardgrass (Echinochloa crus-galli) and economics of
reduced propanil rates. Weed Science 51; 601-609.
Hawes, M.C., Gunawardena, U., Miyasaka, S. and Zhao, X. (2000) The role of root border
cells in plant defense. Trends in Plant Science 5; 128-133.
Inderjit (1996) Plant phenolics in allelopathy. Botanical Review 62; 186-202.
Inderjit, and Duke, S.O. (2003) Ecophysiological aspects of allelopathy. Planta 217; 529539.
Kato, T., Kabuto, C., Sasaki, N., Tsunagawa, M., Aizawa, H., Fujita, K., Kato, Y. and
Kitahara, Y. (1973) Momilactones, growth inhibitors from rice, Oryza sativa L. Tetrahedron
Letters 39; 3861-3864
Kato, T., Tsunakawa, M., Sasaki, N., Aizawa, H., Fujita, K., Kitahara, Y. and Takahashi, N.
(1977) Growth and germination inhibitors in rice husks. Phytochemistry 16; 45-48.
Kato-Noguchi, H., Ino, T., Sata, N. and Yamamura, S. (2002) Isolation and identification of
a potent allelopathic substance in rice root exudates. Physiologia Plantrum 115; 401-405.
Kato-Noguchi, H. and Ino, T. (2003a) Rice seedlings release momilactone B into the
environment. Phytochemistry 63; 551-554.
Kato-Noguchi, H., Ino, T. and Ichii, M. (2003b) Changes in release level of momilactone B
into the environment from rice throughout its life cycle. Functional Plant Biology 30; 995 997.
Kato-Noguchi, H., Ota, K. and Ino, T. (2008a) Release of momilactone A and B from rice
plants into the rhizosphere and its bioactivities. Allelopathy Journal 22; 321-328.
Kato-Noguchi, H., Ino, T. and Ota, K. (2008b) Secretion of momilactone A from rice roots
to the rhizosphere. Journal of Plant Physiology 165; 691-696.
Kato-Noguchi, H,, Hasegawa, M., Ino, T., Ota, K. and Kujime, H. (2010) Contribution of
momilactone A and B to rice allelopathy. Journal of Plant Physiology 167; 787-791.
Khanh, T.D., Xuan, T.D., and Chung, I.M. (2007) Rice alleloapthy and the possibility for
weeds management. Annals of Applied Biology 151; 325-339.
Kim, K.U., Shin, D.H., Kim, H.Y., Lee, Z.L. and Olofsdotter, M. (1999) Evaluation of
allelopathic potential in rice germplasm. Korean Journal of Weed Science 19; 1-9.
Kim, S.Y., Madrid, A.V., Park, S.T., Yang, S.J. and Olofsdotter, M. (2005) Evaluation of
rice allelopathy in hydroponics. Weed Research 45; 74-79.
Kodama, O., Suzuki, T., Miyakawa, J. and Akatsuka, T. (1988) Ultraviolet-induced
accumulation of phytoalexins in rice leaves. Agricultural and Biological Chemistry 52;
2469-2473.
Kong, C., Liang, W., Xu, X. and Hu, F. (2004) Release and activity of allelochemicals from
allelopathic rice seedlings. Journal of Agricultural and Food Chemistry 52; 2861-2865.
ISBN Number: 978-0-9871961-0-1

250

23rd Asian-Pacific Weed Science Society Conference
The Sebel Cairns, 26-29 September 2011

Kong, C. (2008). Rice allelopathy. Allelopathy Journal 22, 267-273.
Lee, C.W., Yoneyama, K., Takeuchi, Y., Konnai, M., Tamogami, S. and Kodama, O.
(1999) Momilactones A and B in rice straw harvested at different growth stages.
Bioscience, Biotechnology and Biochemistry 63; 1318-1320.
Macías, F.A., Molinillo, J.M.G., Varela, R.M. and Galindo, J.G.G. (2007). Allelopathy –a
natural alternative for weed control. Pest Management Science 63; 327-348.
McCully, E. (1999) Roots in soil: unearthing the complexities of roots and their
rhizospheres. Annual Review of Plant Physiology and Plant Molecular Biology 50; 695718.
Nojiri, H., Sugimori, M., Yamane, H., Nishimura, Y., Yamada, A., Shibuya, N., Kodama, O.,
Murofushi, N. and Omori, T. (1996) Involvement of jasmonic acid in elicitor-induced
phytoalexin production in suspension-cultured rice cells. Plant Physiology 110; 387-392.
Olofsdotter, M., Navarez, D., Rebulanan, M. and Streibig, J.C. (1999) Weed-suppressing
rice cultivars: Does allelopathy play a role? Weed Research 39; 441-454.
Olofsdotter, M. (2001) Rice: A step toward use of allelopathy. Agronomy Journal 93; 3-8.
Olofsdotter, M., Jensen, L.B. and Courtois, B. (2002a) Improving crop competitive ability
using allelopathy: An example from rice. Plant Breeding 121; 1-9.
Olofsdotter, M., Rebulanan, M., Madrid, A., Dali, W., Navarez, D. and Olk, D.C. (2002b)
Why phenolic acids are unlikely primary allelochemicals in rice. Journal of Chemical
Ecology 28; 229-242.
Putnam, A.R. and Tang, C.-S. (1986) Allelopathy: State of the science. In: Putnam A.R. &
Tang C.-S. (Eds.) The Science of Allelopathy, New York: John Wiley & Sons, pp 1-19.
Rice, E.L. (1984) Allelopathy, Ed. 2. Orlando: Academic Press:
Rimando, A.M. and Duke, S.O. (2003) Studies on rice allelochemicals. In: Smith C.W. &
Dilday, R.H. (Eds.) Rice; Origin, History, Technology and Production, Hoboken, New
Jersey: John Wiley & Sons, pp 221-244.
Seal, A.N., Pratley, J.E., Haig, T. and An, M. (2004a) Identification and quantitation of
compounds in a series of allelopathic and non-allelopathic rice root exudates. Journal of
Chemical Ecology 30; 1647-1662.
Seal, A.N., Haig, T. and Pratley, J.E. (2004b) Evaluation of putative allelochemicals in rice
roots exudates for their role in the suppression of arrowhead root growth. Journal of
Chemical Ecology 30; 1663-1678.
Takahashi, N., Kato, T., Tsunagawa, M., Sasaki, N. and Kitahara, Y. (1976) Mechanisms
of dormancy in rice seeds. II. New growth inhibitors, momilactone-A and -B isolated from
the hulls of rice seeds. Japanese Journal of Breeding 26; 91-98.
Takahashi, A., Kawasaki, T., Henmi, K., Shii, K., Kodama, O., Satoh, H. and Shimamoto,
K. (1999) Lesion mimic mutants of rice with alterations in early signaling events of
defense. Plant Journal 17; 535-545.
Takeuchi, Y., Kawaguchi, S. and Yoneyama, K. (2001) Inhibitory and promotive
allelopathy in rice (Oryza sativa L.). Weed Biology and Management 1; 147-156.
ISBN Number: 978-0-9871961-0-1

251

23rd Asian-Pacific Weed Science Society Conference
The Sebel Cairns, 26-29 September 2011

Tamogami, S. and Kodama, O. (2000) Coronatine elicits phytoalexin production in rice
leaves (Oryza sativa L.) in the same manner as jasmonic acid. Phytochemistry 54; 689694.
Tesio, F. and Ferrero, A. (2010) Allelopthy, a chance for sustainable weed management.
International Journal of Sustainable Development & World Ecology 17; 377-389.
Toyomasu, T., Kagahara, T., Okada, K., Koga, J., Hasegawa, M., Mitsuhashi, W., Sassa,
T. and Yamane, H. (2008) Diterpene phytoalexins are biosynthesized in and exuded from
the roots of rice seedlings. Bioscience, Biotechnology and Biochemistry 72; 562-567.
Weston, L.A. (1996) Utilization of allelopathy for weed management in agroecosystems.
Agronomy Journal 88; 860-866.

ISBN Number: 978-0-9871961-0-1

252

