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3-Isopropyl-5-acetoxycyclohexene-2-one-1 (1), momilactone B (2), and 5,7,4'-trihydroxy-3',5'-
dimethoxyflavone (3) were isolated and identified from an allelopathic rice accession PI312777. These
three compounds at low concentrations could inhibit the growth of weeds Echinochloa crusgalli and
Cyperus difformis associated with rice, especially mixtures of the compounds had stronger inhibitory
activity than did individual compounds. Studies with hydroponic culture, continuous root exudates
trapping system (CRETS), and direct resin adsorption methods showed that a total of 7.6 n moles 1,
2, and 3 were exuded from living roots of each seedling into the environment at 10 days after seedlings
were transplanted. Furthermore, 1, 2, and 3 were found in the soil growing PI312777 seedlings at
day 15 after seedlings emergence and reached a total of 39.5 ug/g soil at day 30. The results indicated
that PI 312777 seedlings could release sufficient quantities of 1, 2, and 3 into the environment to act
as allelochemicals inhibiting the growth of associated weeds. Investigations on the distribution of 1,
2,and 3in P1 312777 plant, and its root exudates showed that the levels of 1, 2, and 3 were significantly
higher in the shoots and root exudates than in the roots, and only trace 1 was observed in the roots.
The results suggest that the roots of rice seedlings are not major site of synthesis or accumulation
1, 2, and 3, but a pathway for their release into the environment. The levels of 1, 2, and 3 in the root
exudates were over 2-folds higher under direct resin adsorption than under hydroponic culture and
CRETS, and hence, it is the preferred method to collect and identify active allelochemicals in rice
exudates in future studies on rice allelopathy.
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INTRODUCTION Rice allelopathy occurs if the compounds are not only
. . . ) . biosynthesized in seedlings but are also released by the living

Weeds pose an important biological constraint to rice nanis into their surroundings at ecologically relevant concentra-
productivity, and rice production is characterized by heavy use {jons with inhibitory activity on associated weeds. Allelochemi-
of herbicides, which may cause environmental and health ¢qs in living rice plants can usually be released from their root
problems. Fortunately, rice allelopathy, which results from the tigges (9,10), but only a few studies have identified the
allelochemicals synthesized and released from rice itself, may gjje|ochemicals excreted by living rice root systems. Several
be an alternative to the chemical control of weeds in paddy ¢jasses of secondary metabolites including carbohydrates, amino
ecosystem (). Therefore, sea_rchlng for aIIeIochem|caIs_from acids (1), phenolic acids %, 12), cytokinins (L3, 14), alkyl
rice has been extensively studiezi-6). A range of phenolic  esorcinols (15), momilactone B (36), and flavones (5) have
acids, such ap-hydroxybenzoic, vanillic, ang-coumaric and = peen determined from rice root exudates, but it is not clear
ferulic acids, were identified as potent allelochemicals from rice \ynether these compounds possess allelopathic function and
tissues and the root exudates 4,6, 7). More recently, an  \yhich rice tissues synthesize and release them. Recent studies
increasing number of studies have shown that a few flavones, haye shown that phenolic acids are unlikely to account for the
diterpenoids, and other types of compounds are also the potentyje|opathy in rice because their concentrations in paddy never
allelochemicals from rice (3, 8). reach phytotoxic levels1@), and living rice seedlings may
release allelopathic momilactone B or several flavones into the

* To whom correspondence should be addressed. Tel.: (+86)(20)8528- €nvironment through their root tissues £,16).

38}%:-h'i5r']emsae”Agg'ggpng@;??g;‘i%gn- In our laboratory, many kinds of compounds were isolated
£ Nankai University)./ ' and identified from an allelopathic rice accession Pl 312777,
8 South China Agricultural University. which significantly suppressed the growth of various weeds in
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rice fields (L7). Among them, a cyclohexeneone, a diterpenoid, mass spectrum, and accurate mass was calculated based=on C
and a flavone could significantly inhibit the growth of weeds 12.000000, H=1.007825, and G- 15.994915 (found, 330.0724; calcd,
commonly found in paddies. However, the presence of these 330.0740). UVimax (EtOH) nm: 346, 269. IFmax (KBr) cnt™:
compounds in a rice plant does not necessarily mean that they3400 (ot')* 11650 (€0), 1610 (C.=C)* 1500 (G=C), 1569 (C=C),
can be released into the environment to demonstrate their-3C (€=C)"H NMR (d-DMSO): 12.95 (1Hs, exchangeable, OH

llel thic effects at logicall | t trati d on C-5), 10.80 (1H,s, exchangeable, OH on C-7), 9.31 (1H,
allelopathic efrects at ecologically relevant concentrations un erexchangeable, OH on C)47.41 (2H,s, H-2', and H-6"), 7.06 (1H,
natural conditions. This study is a!med to approach whether H-3), 6.66 (1H,d, J = 1.6 Hz, H-8), 6.31 (1Hd, J = 1.7 Hz, H-6),
these compounds can be released into the environment through gg (6H,s, 2 x OCHg). 1°C NMR (de-DMSO): 181.7 (C-4), 163.9
living rice root tissues and to determine their inhibitory activity (c-2), 163.6 (C-7), 161.4 (C-5), 161.0 (C-9), 157.3 (2C,' @&l C-5),
on associated weeds at relevant concentrations. 148.1 (C-4"), 120.4 (C‘}, 104.6 (2C, C-2 and C-6), 103.7 (C-10),
103.3 (C-3), 98.7 (C-6), 94.2 (C-8), 56.4 (2C, G-dnd C-8').

Collection of Root Exudates.The collection of the root exudates
from living Pl 312777 seedlings was carried out with hydroponic
culture, continuous root exudates trapping system (CRETS) and direct
resin adsorption, respectively. Collection was conducted three times
under identical manipulations.

Hydroponic Culture(12, 16). Seedlings with uniform root length
and shoot height were selected from the experimental plot at the 3rd
leaf stage. Five seedlings were wrapped with foam, inserted into holes
in a Styrofoam float, and transplanted into Hoagland’s solution in a
plastic pot (5-x 5-cm). The pot was wrapped with aluminum foil to
restrict light and inhibit algae growth and placed in a sterile environment
growth chamber (1 A). Seedlings were grown at 25 1 °C with a 12
h photoperiod. The hydroponic solution in the pot was kept at the same
level by adding distilled water at 24 h intervals, and only the seedling
roots were immersed in the solution during the incubation. The
hydroponic solution in the pot was filtered after 10 days, and the filtrate
was loaded onto a column (2 20-cm) of XAD-8 resin (Aldrich Co.)
and eluted with methanol. The root exudates were obtained after

Isolation and Identification of Allelochemicals. The above-ground methanol was removed in a vacuum at %R
part of PI312777 plants was randomly collected from the experimental CRETS.After hand-watering, five seedlings at the 3rd leaf stage
plot at the 6th leaf stage, and foliage was freezing-dried and ground. were transplanted into the pot of the continuous root exudates trapping
The powder (50 g) was extracted with 70% methanol over 24 h. The system (CRETS) designed by Tang and Youb8)( The column was
filtrate was concentrated in vacuo, and the concentrated extract wasattached (2-x 20-cm) and packed with XAD-8 resin, the reservoir
partitioned three times with EtOAc. The EtOAc phase was subsequently was connected, the Hoagland’s solution was circulated, and chemical
evaporated under nitrogen gas, and then subjected to silica gel CC withtrapping was begun. All tubing, pots, and reservoirs were covered with

MATERIALS AND METHODS

Instruments. The NMR spectra were measured in deuterated
dimethyl sulfoxide or chloroform with a Briicker AC-P300Q spec-
trometer (400 MHz fofH, 100 MHz for*3C). All chemical shifts are
reported a® values relative to TMS. High-resolution mass experiments
were carried with a JEOL JMS-01SG-2 mass spectrometer (El, 70 eV).
Optical rotation was measured in chloroform with a Perkin-Elmer
Model-241 MC polarimeter.

Test of Allelopathic Rice SeedlingsThe rice variety Pl 312777
was selected as a model allelopathic rice accesdigy) and its seeds
were the gift from Dr. John D. Mattice (University of Arkansas, USA).
The seeds were sown on a rice field plot (36 Jrat South China
Agricultural University (Guangzhou, China), with 17470.5 g/kg soll
organic matter, 80.% 0.5 mg/kg soil available N, 80.% 0.9 g/kg
soil available P, and 1025 0.05 mg/kg available K. The experiments
were carried out from April to May in 2003, and no herbicides were
applied during experimental periods.

n-hexane/EtOAc (9:1 and then 4:6, v/v) mixture, affording seven
fractions.

3-Isopropyl-5-acetoxycyclohexene-2-onétl Removal of solvent
from fraction 2 afforded (247 mg) of white crystals, mp 387 °C.

Its molecular formula was determined to bghf;Os by high-resolution
mass spectrum, and accurate mass was calculated based=en C
12.000000, H= 1.007825, and G- 15.994915 (found, 196.1108; calcd,
196.1099). [} —55.6 (CHCls, ¢ 0.009 ). UVimax (EtOH) nm:
246. IRvmax (KBr) cnT®: 1735 (C=0), 1685 (C=0), 1613 (C=C).
14 NMR (CDCly): 5.69 (1H,brs, H-2), 4.33 (1Hm, H-5), 2.46 (1H,
ddd, H-6a), 1.98 (1Hddd, H-4a), 1.79 (1Hddd, H-6b), 1.78 (3Hs,
H-11), 1.60 (1H,m, H-7), 1.55 (1Hddd, H-4b), 1.46, 1.27 (6H, J

= 14 Hz, H-8, H-9).2*C NMR (CDCk): 182.6 (C-1), 172.1 (C-10),
113.1 (C-2), 86.9 (C-3), 67.0 (C-5), 47.5 (C-6), 45.8 (C-4), 36.1 (C-
7), 30.8 (C-11), 27.1 (C-9), 26.7 (C-8).

Momilactone B(2). Removal of solvent from fraction 3 gave (101
mg) of white amorphous solids, mp 24C (decom). Its molecular
formula was determined to bexl60, by high-resolution mass
spectrum, and accurate mass was calculated based=of©22000000,

H = 1.007825, and G- 15.994915 (found, 330.1823; calcd, 330.1830).
[]3° —184.5° (CHCL, ¢ 0.023 ). UVAmax (EtOH) nm: 215. IR
vmax (KBr) cnT®: 3505 (OH), 1745 (€0), 1658 (G=C), 1623 (C=
C).H NMR (CDCly): 5.85 (1H,dd, 17.6 an10.5 Hz), 5.68 (1id, 4.5
Hz), 4.96 (1H,dd, 17.5 and 1.2 Hz), 4.94 (1Hd, 7.1 and 4.5 Hz),
4.91 (1H,dd, 10.5 and 1.2 Hz), 4.08 (1Hd, 9.0 Hz), 3,56 (1Hdd,

9.1 and 2.1 Hz), 2.21 (1Hid, 7.1 and 2.1 Hz), 1.40 (3K, CH;), 0.88
(3H, s, CHy). 13C NMR (CDCh): 180.6 (C-19), 148.7 (C-15), 146.7
(C-8), 114.0 (C-7), 110.2 (C-16), 96.5 (C-3), 73.8 (C-6), 72.7 (C-20),
50.4 (C-4), 47.4 (C-14), 44.7 (C-9), 43.1 (C-5), 40.1 (C-13), 37.3 (C-
12), 30.8 (C-10), 28.8 (C-1), 26.5 (C-2), 24.8 (C-11), 21.8 (C-17), 19.1
(C-18).

5,7,4'-Trihydroxy-3',5'-dimethoxyflavon@). Solvent removal of
fraction 6, followed by re-crystallization from-hexane/acetone (4:6,
v/v) afforded (353 mg) of yellow crystals, mp 27280 °C. lIts
molecular formula was determined to be/d:,0; by high-resolution

aluminum foil to restrict light and deter algae growth. After 10 days,
the column was detached, washed with distilled water, and then eluted
with methanol. Finally, methanol was removed and the root exudates
were obtained.

Direct Resin AdsorptionFive seedlings at the 3rd leaf stage were
transplanted into a previously autoclaved pot £97-cm) containing
XAD-8 resin and 500 mL 1 mM Mes-Tris buffer (pH 5.5) 0.5 mM
CaSQ solution, and the pot was placed in a sterile environment growth
chamber (1 ). The seedlings were grown at 251 °C with a 12 h
photoperiod, and the pot was watered once a day to maintain the volume
of the solution. After 10 days, the seedlings were carefully separated
from the resin, and then the resin and solution were subjected to a
column (5-x 20-cm). The column was first removed solution, washed
with distilled water, and then eluted with methanol. Removed methanol,
and gave the root exudates.

The root exudates collected with hydroponic culture, CRETS, and
direct resin adsorption were subjected to quantification analysis of
allelochemicals as described the following section.

Quantification Analysis of Allelochemicals.Five rice seedlings with
uniform root length and shoot height at the 3rd leaf stage were
transplanted into the pot of the direct resin adsorption described above.
After 10 days, 416t 31 mg (fr wt) of shoots and 32% 19 mg (fr wt)
of roots were harvested, and 149 15 mg of root exudates were
collected. The fresh shoots and roots were each homogenized with 300
mL of methanol, and the homogenate was filtered. The filtrate was
concentrated in a vacuum at 4Q to give an agueous residue.

The shoots and roots residues and root exudates were dissolved in
50% aqueous methanol (v/v, 2 mL) and loaded onto reversed phase
Cis Sep-Pak cartridges (Waters, Co.). The cartridge was eluted with
50% aqueous methanol (% 3-mL) and then methanol (3« 3-mL),
and the methanol fraction was concentrated with nitrogen gas to obtain
the concentrate (100L) for quantification analysis.

Quantification analysis of allelochemicals in the shoots, roots, and
root exudates of rice seedlings was carried out with an HPLC Hitachii
L 7100 equipped with a £ reversed column (Hypersil 125¢ 4.0-
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mm, 5-um). HPLC determination conditions: mobile phase was the 1€
mixture of 75% methanol and 25% water, eluted at a flow rate of 2.0
mL/min, and detected at 265 nm. The injection volume of samples
was 10uL. All samples were filtered through a 0.28n nylon syringe
prefilter before analysisl, 2, and3 in the root exudates, shoots and
roots, were each quantified by interpolating the peak height on the
chromatograms of HPLC to a standard curve constructed by the peak
height of purel, 2, and3 isolated from PI1312777 plants described
above.

Determination of Allelochemicals in Soil. To a total of 21 pots
(5- x 5-cm), containing 100 g of soils collected from a rice field, were
each sown five pre-germinated P1312777 seeds. All pots were placed
in a greenhouse where night and daytime temperatures ranged roughly
from 20 to 30°C. Pots were watered once a day. Three of the pots
were randomly taken out from the greenhouse at various time intervals,
and then their soils were each extracted with 100 mL of methanol
(agitated for 48 h at 25C, then centrifuged at 12@Gor 30 min). The
extraction was performed from the fifth day after rice emergence and
continued once every 5 days (a total of 35 days). All extracts were
concentrated and treated for quantification analysis as described above
guantification analysis of allelochemicals in the shoots, roots, and root
exudates. The average recoveries of known amounts @f and3
added into soil were 87.9, 91.3, and 82.9%, respectively, which were
used to correct the concentrations determined.

Bioassays Echinochloa crusgalland Cyperus difformisare major
weeds associated with rice in south China. Inhibitory activityl 02,

15
1

3-isopropyl-5-acetoxycyclohexene-2-one-1 (1)

OH O

5,7,4"-trihydroxy-3',5'-dimethoxyflavone (3)

Figure 1. Structures of three allelochemicals from allelopathic rice
accession PI312777.

at the concentrations over inhibition threshold into the environ-

and 3 on their growth were evaluated using the potilture method
(19). At least 50 of their seeds were sown on eachx55-cm pot

ment through living root tissues. Determination1gf2, and3
in root exudates showed that they occurred under all collections,

containing 150 g of soils. After emergence, the seedlings were thinned and there was more & than of1 or 2 (Figure 4), indicating

to 10 plants per pot, and theh 2, and 3 at various concentrations

that these compounds could be excreted into the environment

were added to each the treated pots, respectively. The control potsby the living root tissues of PI1312777 seedlings in quantitative

received water only. All pots were placed in a controlled environmental
chamber (3 1¥) with a 12-h day length and approximately 3&ol/
m?/s light intensity, 25-28 °C daytime temperature, and 70% relative

humidity. Pots were watered and randomized once a week. The

amounts. It is noteworthy that the levels bf2, and3 in the
root exudates were almost 2-fold higher under direct resin
adsorption than under hydroponic culture and CRETS conditions

seedlings were harvested after four weeks. Shoots were clipped at the(Figure 4), which suggests that direct resin adsorption is much

point of first root, dried for at least 48 h at 8C, and dry weights

better than hydroponic culture and CRETS for collecting rice

were determined. Percentage of inhibition at different concentrations root exudates.

was obtained from the comparison of weed dry weights between the

treated and control pots. The same manipulation was conducted thre
times for each determination under identical conditions.

RESULTS AND DISCUSSION

Investigations on the distribution of, 2, and 3 in rice

eedlings and their root exudates collected by direct resin

adsorption showed that they had higher levels in shoots and
root exudates but decreased greatly in roots where the levels of
2 and 3 decreased more than over 70%, and only trheeas

On the basis of the data of HR-MS and various spectra, three determined. In additiort,, 2, and3 always had higher levels in
compounds isolated from P1312777 seedlings were identified both shoots and root exudates than in the rdagyre 5),

as 3-isopropyl-5-acetoxycyclohexene-2-ondjl inomilactone
B (2), and 5,7,4trihydroxy-3,5'-dimethoxyflavone §), respec-
tively (Figure 1). Compound® and3 were originally isolated
from rice husks and later found in rice leaf and straw as a

showing thatl, 2, and3 were primarily synthesized in the shoots
of rice seedlings and released into the environment through their
root tissues. Generally, allelochemicals were distributed differ-
entially in rice seedlings with root tissues normally containing

phytoalexin to participate in defense of rice against pathogenshigher levels of phenolic acids than shoot tissuesi(&, 7).

(3, 8, 20, 21), while1, to the best of our knowledge, has never
been reported in rice plants. Coumpourig®?, and3 could
significantly inhibit the growth of weedg. crusgalliand C.
difformis associated with rice (Figure 2). Their inhibition
threshold, lowest concentration required to initiate inhibition
(22), are 11.3 and 6.%g/g soil (L on E. crusgalli and C.
difformis), 8.4 and 5.4ug/g soil 2 on E. crusgalliand C.
difformis), 3.6 and 2.7ug/g soil 3 on E. crusgalliand C.
difformis), respectively. Interestingly, the mixtures with2,
and3 had much stronger inhibitory activity than when applied
alone, especially a total of 38y /g soil mixture withl, 2, and
3 initiating inhibition on the growth ofE. crusgalliand C.
difformis (Figure 3). The results agree with some previous
studies that the concentration of a single allelochemical is
generally below its inhibition threshold, and the mixture of
allelochemicals may synergistically inhibit weed gron2h43,
24).

It is possible that compounds$, 2, and 3 in PI312777

However, the levels ofl, 2, and 3 in rice shoots and root
exudates were significantly greater than those in the root tissues;
in particular, only tracd was determined in rice roots (Figure

5). Recent studies showed that rice seedlings could rease
through their roots into the environment, and the leveRof
accumulated in the culture was much higher than those in their
shoots and roots during days-125 (16). The root extracts of
P1312777 seedlings was less allelopathic than the leaf extracts
(25), and it was postulated that the allelochemicals in rice
seedlings were released immediately after translocation from
the leaves to the roots, or that they were not released from roots
but leached directly from leave&R). Our results show thdt,

2, and3 had much lower levels in rice roots than in their shoots,
and root exudates agree with less allelopathic effects of the root
extracts of PI312777 seedlings, which indicated that the roots
of rice seedlings were not major site of synthesis or accumula-
tion 1, 2, and 3, but a pathway for their release into the
environment. However, it is still unclear holy 2, and3 were

seedlings may demonstrate allelopathic effect if they are releasedreleased after translocation from rice shoots to root exudates.
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c . o soil Figure 3. Inhibition of 1, 2, and 3 and their mixtures on the growth of E.
oncentration (ug/g soil) crusgalli and C. difformis. (A) 30 xg/g soil of 1; (B) 30 ug/g soil of 2; (C)
30 uglg soil of 3; (D) mixture of 10 ug/g soil of 1, 2, and 3, a total of 30
uglg soil; (E) mixture of 1 uglg soil of 1, 2, and 3, a total of 3 ug/g soil.
All'1, 2, and 3 had no inhibitory activities on the growth of E. crusgalli
£ and C. difformis at 1 ug/g soil (data not shown). Means + SE from three
E independent experiments with 10 weed seedlings for each determination
= are shown.
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Figure 4. Levels of 1, 2, and 3 in the root exudates under different
collection conditions. (A) hydroponic culture; (B) CRETS; (C) direct resin
08 . . . . . adsorption. Means + SE from three independent experiments with 5 rice
0 100 200 300 400 500 seedlings for each of the collection methods are shown.
Concentration (pg/g soil) 5 -
Figure 2. Inhibition of 1, 2, and 3 on the growth of E. crusgalli and C. OShoot MRoot M Root exudate

&
1

difformis at different concentrations. Means + SE from three independent
experiments with 10 weed seedlings for each determination are shown.

I
1

When 1.8 nmol o are released from a rice seedling to the
culture solution, it may act as an allelochemical that inhibits
the growth of neighboring plants (16). In this study, 1.1 nmol

of 1, 2.9 nmol of2, and 3.6 nmol of3, a total of 7.6 nmol,
were exuded from per rice seedlings (Figure 5). Furthermore,
the amounts ofl, 2, and 3 in the soil growing PI312777
0 I T T
1 2 3

Level (nmol/plant)
38

seedlings were examined by HPLC at various intervals. It was

found thatl, 2, and 3 occurred in the soil at day 15 after

seedlings emergence, and reachedu/@ soil of1, 11.9u9/g Figure 5. Levels of 1, 2, and 3 in rice seedlings and their root exudates
soil of 2, and 19.8:g/g soil of 3, a total of 39.5ug/g soil at under direct resin adsorption at day 10 after being transplanted. Means
day 30 Figure 6). The amounts of, 2, and3 released into the + SE from three independent experiments with five rice seedlings for
soil were over inhibition threshold enough to initiate inhibition each determination are shown.

on associated weeds at day 30 after rice emergence. All results
showed thatl, 2, and 3 actually were released into the Actually, rice can release many kinds of secondary metabo-

environment in sufficient quantities with inhibitory activities, lites through its root tissues. These metabolites in rice exudates
and could act as the allelochemicals to inhibit the growth of possess multiple functions on the chemical interactions among
weeds associated with rice, which agrees with an increasingorganisms in the environment), and allelopathy is one of
number of recent studies that other type of compounds in rice multiple functions among metabolitekdj. Unfortunately, active
seedlings are allelochemicals 88, 16), and common phenolic  allelochemicals in rice root exudates were often performed under
acids were unlikely primary allelochemicals in rick2j. arbitrary conditions, rather than collecting from the intact and
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20

Amount (pg/g soil)

Days

Figure 6. Amounts of 1, 2, and 3 released into the soil growing PI 312777
seedlings at different time intervals. Means + SE from three independent
experiments with five rice seedlings growing in 100 g of soils for each
determination are shown.

living rice seedlings (18). Our research showed that the levels

of 1, 2, and 3 in rice root exudates were correlated with

collection conditions, suggesting that it is a priority to determine

how to trap and identify the active allelochemicals in rice

J. Agric. Food Chem., Vol. 52, No. 10, 2004 2865

(8) Lee, C. W.; Yoneyama, K.; Takeuchi, Y.; Konnai, M.; Ta-
mogami, S.; Kodama, O. Momilactones A and B in rice straw
harvested at different growth stagBsosci. Biotechnol. Biochem
1999,63, 1318—1320.

(9) Olofsdotter, M.; Jensen, L. B.; Courtois, B. Improving crop
competitive ability using allelopathy-an example from rie&ant
Breed.2002,121, 1-9.

(10) Kato-Noguchi, H.; Ino, K. Assessment of allelopathic potential
of root exudates of rice seedling3iol. Planta.2001,44, 635—
638.

(11) Bacilio-Jimenez, M.; Aguilar-Flores, S.; Ventura-Zapata, E.;
Perez-Campos, E.; Bouquelet, S.; Zenteno, E. Chemical char-
acterization of root exudates from ric@rfyza sativa) and their
effects on the chemotactic response of endophytic bacRieat
Soil 2003,249, 271-277.

(12) Olofsdotter, M.; Rebulanan, M.; Madrid, A.; Wand, D. L.;
Navarez, D.; Olk, D. C. Why phenolic acids are unlikely primary
allelochemicals in riceJ. Chem. Ecol2002,28, 229—241.

(13) Murofushi, N.; Inoue, A.; Watanabe, N.; Ota, Y.; Takahashi, N.
Identification of cytokinins in root exudates of the rice plant.
Plant Cell Physiol.1983,24, 87-92.

(14) Yoshida, R.; Oritant, T.; Nishi, A. Kinetin-like factors in the
root exudates of rice plantBlant Cell Physiol 1971,12, 89—

94.

exudates in the future research on rice allelopathy. So far, there (15) Bouillant, M. L.; Jacoud, C.; Zanella, |.; Favre-Bonvin, J.; Bally,

has been limited success in finding allelochemicals that can

really explain the allelopathic action in the fiel@)( Further

clarification of the chemical basis and release mechanism on

rice allelopathy is warranted.

ABBREVIATION USED
CRETS, continuous root exudates trapping system.
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