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Abstract Momilactones A and B are allopathic phyto-
alexins that are involved in weed resistance of rice.
There is little knowledge on the roles of momilactones
A and B on drought and salinity tolerance. Here we ana-
lyzed the contents of momilactones A and B in 30 rice
cultivars of various origins including hybrid, foreign,
sticky, local, upland sticky, and upland rice of the two
subtypes Indica and Japonica. Momilactone contents were
compared with salinity tolerance, drought tolerance, weed
resistance, total flavonoids, total phenols, and antioxidant
capacity. Results show that, contrary to the current knowl-
edge, momilactones A and B have very low correlation
with weed resistance, with r coefficients of 0.001 and
0.09, respectively. Correlation was higher with drought
tolerance, of 0.65 for momilactones A and 0.27 for
momilactones B. Overall we conclude that the develop-
ment of bioactive reagents derived from momilactones A
and B is more potent to reduce salinity and drought stress-
es than weed tolerance in rice.
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1 Introduction

Rice is a staple food crop for more than 50 % of the world
population and about 90 % of the world’s rice is produced in
Asia (Nachimuth et al. 2015). World rice production has to
increase by at least 70 % by 2050 in order to meet the demand
of the population. However, rice production has been serious-
ly threatened by abiotic stresses such as drought, salinity,
subemergence, weeds, and pest and disease infestation. Of
them, salinity and drought are among major problems to re-
duce rice yield and quality. Drought stress is the most impor-
tant constraint to rice production, affecting 10 million ha of
upland rice and over 13 million ha of rainfed lowland rice in
Asia alone (Pandey et al. 2007). The increasing threat of sa-
linity has become an essential concern linked to the conse-
quences of climate change. Sea-level rise will increase salinity
encroachment in coastal and delta areas that have previously
been favorable for rice production.

Momilactones A and B were first isolated from rice husks
as plant growth inhibitors (Kato et al. 1973), and reported as
phytoalexins (Fig. 1) against the fungal rice blast disease path-
ogen Magnaporthe oryzae in rice leaves and straw
(Cartwright et al. 1977, 1981). The function of momilactone
A as a phytoalenxin was extensively studied against fungal
pathogens (Fukuta et al. 2007; Okada et al. 2007; Hasegawa
et al. 2010), whereas momilactone B was much less described
(Fukuta et al. 2007). Among potential growth inhibitors de-
tected in rice including phenolic acids, fatty acids,
phenylalkanoic acids, hydroxyamic acids, terpenes, and in-
doles, momilactones A and B particularly play a critical role
(Kato-Noguchi and Peters 2013). Extensive trials in fields
(Chung et al. 2006) and laboratories have been conducted to
verify the roles of momilactones A and B toward weed resis-
tance (Kato-Noguchi et al. 2008a, b; Chung et al. 2006,
Fukuta et al. 2007; Toyomasu et al. 2008).
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Contents of momilactones A and B in rice plants have
been known to be varietal dependent (Chung et al. 2006;
Kato-Noguchi and Ino 2005). However, the identification
and quantification of momilactones A and B were often
conducted in rice with strong weed suppressing ability
such as PI312777 (Kong et al. 2006; Kong et al. 2004).
Only a few commercial rice have been analyzed, such as
momilactone B in eight common Japanese cultivars was
quantified (Kato-Noguchi and Ino 2005), however, the
morphological and agronomic characteristics correlated
to momilactone B were not described. Chung et al.
(2006) quantified momilactones A and B in 99 rice, and
found that rice varieties with awns, and later maturing
times contained higher levels of momilactones A and B,
but most of the studied cultivars were not commercial
rice. Therefore, the actual weed resistant strength of
momilactones A and B in commercial rice should be elab-
orated. In addition, influences of momilactones A and B
to drought and salinity tolerance of rice have never been
demonstrated.

In this study, contents of momilactones A and B in
different origins and subtypes of commercial rice includ-
ing hybrid, foreign [from IRRI (International Rice
Research Institute)], local, sticky, upland, and upland
sticky, and subtypes Indica and Japonica were quantified.
The abiotic stresses including drought and salinity toler-
ance and weed resistance in correlation with chemical
components consisting of momilactones A and B, total
phenols, and flavonoids were analyzed. The present re-
search also examined whether momilactones A and B
can be used as bioactive reagents to reduce abiotic stress-
es in rice production.

2 Materials and methods

2.1 Chemicals

The analytical grade chemicals including acetone, ethyl ace-
tate, Folin-Ciocalteu’s reagent, aluminum chloride, 1,1-
diphenyl-2-picrylhydrazyl (DPPH), and sodium carbonate,
were purchased from KANTO Chemical, Tokyo, Japan.

2.2 Isolation of momilactones A and B

Momilactones A and B from rice husks were isolated
according to the method described by Chung et al.
(2006) with some modifications. Amounts of 150 mg for
momilactone A and 100 mg momilactone B were obtained
from 10 kg rice husks. The structures of momilactones A
and B were confirmed by a 500 MHz nuclear magnetic
resonance (NMR) using a JEOL JNM-ECA400 applied
with 1D and 2D spectral methods, aided by electron ion-
ization mass spectrometry (EI-MS) using a Hitachi
M-2500, and compared with those in literature.

2.3 Rice cultivars

Thirty rice cultivars from different origins including (i) hybrid
rice (cultivar names: AI1, AI5, AII3, AIII4, and AIV4; sub-
type: Indica; country: China), (ii) foreign (cultivar names: BI5,
BII1, BII3, BII4, and BIII3; subtype: Indica; country: the
Philippines, IRRI), (iii) sticky (cultivar names; BIII4, BIII5,
BI1, BIV3, and BV1; subtype: Japonica; country: Vietnam),
(iv) local (cultivar names: CI1, CI2, CI3, CII5, CII4, and CII5;
subtype: Indica; country: Vietnam), (v) upland sticky (cultivar
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Fig. 1 Chemical structures of momilactones A and B derived from rice plants
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names: CII3, CII4, CIV1, CIV2, and CIV3; subtype:
Japonica; country; Vietnam), and (vi) upland (cultivar names:
BV2, BV4, BV5, CV3, and BV3; subtype: Japonica; country:
Vietnam). The germination rate of rice seeds was checked in
random and >95 %.

2.4 Salinity tolerance

Seeds were surface-sterilized by soaking in 0.1 % NaOCl for
30min, washed in distilled water, and then germinated in Petri
dishes for 5 days. The germinated seeds were placed in screen-
ing trays (ten holes in a row with one healthy seeding in each
hole for one test entry), filled with nutrient water for one week.
The genotypes were screened for salt tolerance at seedling
stage in hydroponic scheme using IRRI standard protocol
(Gregorio et al. 1997). Salinized and nonsalinized setups
with three replications were maintained. The evaluation was
carried out using Yoshida et al. (1976) nutrient solution at the
greenhouse. The nutrient solution was changed every 8 days.
NaCl was added into these trays to obtain desired EC at 5 dS
m−1 and 10 dS m−1. Trays without salt considered as the con-
trol (0 dS m−1). The EC of the water were checked using an
EC meter (Hanna HI 4321, USA). The survival plants were
selected randomly in all treatments to record shoot height, root
length, and fresh and dry weight after 30 days after treatment.
Salinity tolerance as the inhibition (% of controls) of each
concentrations on shoot height, root length, and fresh and
dry weight were calculated.

2.5 Drought tolerance

Similar rice seeds as mentioned above were used. The
sterilized seeds were soaked in distilled water, and germi-
nated in plastic trays in an incubator. After 15 days, they
were transplanted into plastic pots (20 cm in diameter,
15 cm height) filled with sterilized soil. The pots were
placed in a greenhouse affiliated to the University of the
Ryukyus, Okinawa, Japan, in July-August 2010–2011
(temperature was 30 °C in average). Two weeks of after
transplanting, water was not provided until measurements
were conducted. Controls received water daily. Drought
tolerance as the inhibition (% of controls) of each concen-
trations on shoot height, root length, and fresh and dry
weight were calculated.

2.6 Weed resistance

The mentioned above rice seedlings were transplanted in
2 × 3 m concreted blocks in a greenhouse affiliated to the
University of the Ryukyus, Okinawa, Japan in July-
August, 2010–2011. At 1 month after transplanting, pad-
dy weed biomass at 20 × 20 cm areas were taken, cleaned
by tap water, and dried at 35 °C for a week. Controls

were the blocks that received no rice transplanting. Weed
resistance as the inhibition (% of controls) of each treat-
ments on weed biomass were determined.

2.7 Quantification of momilactones A and B

Content of momilactones A and B in rice plants were
quantified using a gas chromatography–mass spectrome-
try (GC-MS). Upland parts of rice plants were harvested
from a greenhouse, kept in sealed plastic bags, and
transferred immediately to laboratory. The rice plants
were dried in an oven in the dark at 35 °C for a week
and ground into powder. An amount of 5 g plant power
was immersed in methanol (MeOH) and shaken (80
rmp) for 2 days at room temperature and filtered
through Whatman No.1 filter paper. After removal of
methanol by a rotary evaporator, the residues was
suspended in water and extracted successively with eth-
yl acetate (EtOAc), and filtered. The supernatant was
evaporated until dryness and dilluted in acetone to yield
a 1000 ppm solvent. It was filtered through a 20μl
filter and injected into GC-MS for quantification of
momilactones A and B.

Momilactones A and B were identified and quantified
by GC-MS (QP-2010, Shimazu Co., Kyoto, Japan). The
DB-5MS column was 30 m in length, 0.25 mm id, and
0.25 μm in thickness (Agilent Technologies, J&W
Scientific Products, Folsom, CA, USA). The carrier gas
was helium. The GC oven temperature program was as
follows: 50 °C hold for 6 min, raised at 5 °C/min to
280 °C, and hold for 5 min. The injector and detector
temperatures were set at 250 °C and 280 °C, respectively.
The mass range was scanned from 20 to 900 amu. The
control of the GC-MS system and the data peak process-
ing were carried out by means of Shimazu’s GC-MS so-
lution software, version 2.4. Momilactones A and B were
identified by comparing their retention times, molecular
weight, and fragment similarities, with the standard
momilactones A and B in the GC-MS. Chemical struc-
tures of momilactone A and B were confirmed as
C20H26O3 and C20H26O4, respectively. Contents of
momilactones A and B were quantified according to a
curve established from different concentrations 1, 10, 50,
and 100 ppm of the standard momilactones A and B.

2.8 Total phenols

Phenolic contents prepared from upland parts of rice
cultivars were measured using Folin-Ciocalteu method
described by Elzaawely et al. (2005). An amount of
200 μL of each sample (0.5 mg/L) was mixed with
1.0 mL of Folin-Ciocalteu’s reagent (10 %) and
0.8 mL of sodium carbonate (7.5 %) was then added.

Agron. Sustain. Dev. (2016) 36: 52 Page 3 of 8 52



The solutions were mixed and allowed to stand for
30 min. The absorbance was measured at 765 nm using
a HACH DR/4000U spectrophotometer. The total phe-
nolic content was reported as mg gallic acid equivalents
(GAE) per gram dry weight (DW).

2.9 Total flavonoids

The amount of total flavonoids was determined according to
the method described by Djeridane et al. (2006). One mL of
extract (0.5 mg/mL) was mixed with 1 mL aluminum chloride
2 %. The mixture was stirred and kept at room temperature for
15 min. The absorbance was measured at 430 nm using a
HACH DR/4000U spectrophotometer. Total flavonoids was
reported as mg rutin equivalents (RE) per gram dry weight
(DW).

2.10 Antioxidant activity

The DPPH free radical scavenging assay described by
Elzaawely et al. (2005) was used to determine the antiox-
idant capacity of each rice cultivars. The mixture consisted
of 0.5 mL sample extracts and 0.25 mL 0.5 mM DPPH and
0.5 mL of 0.1 M acetate buffer (pH 5.5). The mixture was
kept in the dark at room temperature for 30 min. Methanol
was used as a control. Radical scavenging activity was
expressed as the inhibition percentage and was calculated
using the formula:

% radical scavenging activity ¼ Acontrol−Atestð Þ=Acontrol½ �
� 100

Acontrol corresponds to the absorbance of the control and
Atest corresponds to the absorbance of the test extract.

2.11 Statistical analysis

All trials of this study were repeated twice and conducted in a
completely randomized block design with three replications.
Data were analyzed using a two way ANOVA (analysis of
variance) with significant difference determined at a confi-
dence level of P<0.05. Means of drought tolerance, salinity
tolerance, and weed resistance were expressed as inhibition
percentage against the respective controls and calculated by
the following equation:

Iμ ¼ μC−μT

μC
� 100

Where Iμ is the percentage inhibition in average over con-
trols, μC is the mean value for average specific growth rate (μ)
in the controls, μT is the average specific growth rate for the
treatment replicates.

Rice cultivars showed maximum (five cultivars) and min-
imum (five cultivars) properties of each drought tolerance,
salinity tolerance, and weed resistance were selected to ana-
lyze the correlation coefficients with respective contents of
momilactones A and B, and capacities of antioxidant, total
flavonoids, and phenols.

3 Results and discussion

3.1 Salinity tolerance, drought tolerance, and weed
resistance

The salinity tolerance capacity of the studied rice was present-
ed in Table 1 and found that it was varied among rice origins
and subtypes (10.6–35.5 % inhibition against controls). Of
them, upland rice recorded the strongest salinity tolerance val-
ue (35.5 %), followed by upland sticky (31.1 %), and sticky
rice (30.9 %), whereas hybrids were the minimum (10.6 %).

For drought tolerance, Table 1 shows that in comparison
among rice origins, sticky rice was the maximum (35.2 %),
followed by upland sticky (30.4 %) and upland rice (24.8 %).
Foreign rice was the lowest (19.0 %), but it was not signifi-
cantly different as compared with the drought tolerance values
of local and foreign rice (Table 1).

In weed tolerance, the minus weed resistance values indi-
cated promotion against controls, that the quantities of weed
biomass in foreign rice were greater than that in the control
plots (Table 1). There was a great variation of the weed resis-
tance capacity among rice cultivars (−26.5–56.3 %). For rice
origins, foreign rice showed the lowest weed resistance values
(−26.5 %), whereas sticky rice was the maximum (56.3 %),
followed by upland sticky (42.4 %) and local rice (38.8 %).

3.2 Total flavonoids, total phenols, and antioxidant activity

Values of total flavonoids fluctuated from 53.3–76.2mg g−1 rutin
(RT) equivalent among rice origins and subtypes (Table 1).
Upland rice recorded the maximum value of total flavonoid,
whereas the lowest value was upland sticky rice. In total phenols,
among rice origins, hybrid rice was the highest (17.2 mg g−1

GAE), whereas upland sticky rice was the minimum
(4.8 mg g−1 GAE) (Table 1). In general, total phenols fluctuated
in smaller magnitude as compared to total flavonoids and anti-
oxidant activities. There was also a strong variation of DPPH
scavenging activity among studied rice (Table 1). Among rice
origins, hybrid rice was the maximum (46.7 mg ml−1), whereas
local rice was the minimum (6.9 mg ml−1) (Table 1).

3.3 Contents of momilactones A and B

Amounts of momilactones A and B were strongly varied
among rice cultivars (69.9–99.3 and 64.4–114.1μg g−1 dried
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weight, respectively) (Table 1). Contents of momilactone B
were in a greater amount than momilactone A in all rice ori-
gins and subtypes. Upland rice showed maximum amounts of
both momilactones A and B, as compared to other rice origins.
Momilactone A in Japonica was greater in quantity than
Indica, but in contrast, a greater quantity of momilactone B
was observed in Indica than Japonica. However, statistically,
the quantities of momilactones A and B in the two subtypes
were not significantly different (Table 1).

In previous research, the quantification of momilactones A
and B was reported using HPLC (Lee et al. 1999; Shimura
et al. 2007; Lee et al. 2002; Kong et al. 2004; Kim et al. 2007;
Kato-Noguchi and Ota 2013). However, their contents can
also be determined by GC-MS, which have been noted in in
several reports (Matsuyama 1983; Fukuta et al. 2007; Kodama
et al. 1988), as well as in this study, using standard
momilactones A and B to compare their retention times, mass
spectra, and fragments.

3.4 Comparison between two subtypes Indica
and Japonica

Results in Table 1 showed that Japonica rice obtain greater
capacities of salinity tolerance, drought tolerance, and weed
resistance than Indica, however total flavonoids and phenols,
and antioxidant activity of Indica subtype were in great quan-
tities and stronger than Japonica. Momilactone B in both
Japonica and Indica rice were greater in quantity than
momilactone A, although the amount of momilactone B was
not significantly different thanmomilactone B in Japonica rice
(Table 1).

3.5 Correlation coefficients

Table 2 presented the correlation coefficients of momilactones
A and B among values of drought tolerance, salinity tolerance,

Table 1 Comparison of agronomic and chemical properties among rice origins and subtypes

Origins and
subtypes

Salinity
tolerance
(% inhibition
against control)

Drought
tolerance
(% inhibition
against control)

Weed resistance
(% inhibition
against control)

Total
flavonoids
(mg/g RE)

Total
phenols
(mg/g GAE)

Antioxidant
(DPPH
scavenging
activity) (mg/ml)

MA content
(μg/g)

MB content
(μg/g)

Hybrid 10.6 ± 1.8c 23.1 ± 4.2bc 9.8 ± 28.9 cd 66.9 ± 3.3b 17.2 ± 2.1a 46.7 ± 4.1a 98.2 ± 30.2a 88.2 ± 84.9

Foreign 12.5 ± 1.2c 19.0 ± 3.7c −26.5 ± 24.2e 59.5 ± 4.3 cd 13.9 ± 1.2b 27.6 ± 4.6bc 69.9 ± 15.7b 84.6 ± 9.6ab

Sticky 30.9 ± 1.3a 35.2 ± 4.6a 56.3 ± 16.4a 59.1 ± 3.7c 8.8 ± 1.5c 25.1 ± 3.9bc 81.1 ± 5.3ab 90.7 ± 21.3ab

Local 20.6 ± 6.1b 21.7 ± 4.8bc 38.8 ± 26.7abc 74.3 ± 2.7a 8.8 ± 1.4c 6.9 ± 4.5d 86.3 ± 9.4ab 94.8 ± 4.6ab

Upland sticky 31.1 ± 1.5a 30.4 ± 2.8a 42.4 ± 25.7ab 53.3 ± 3.9d 4.8 ± 3.3d 19.5 ± 4.2c 76.2 ± 18.8ab 64.4 ± 22.1b

Upland 35.5 ± 10.3a 24.8 ± 7.4bc 14.1 ± 18.1 cd 76.2 ± 5.2a 14.8 ± 3.1ab 20.9 ± 1.2c 99.3 ± 6.1a 114.1 ± 9.5a

Indica 14.6 ± 2.3bc 21.3 ± 2.3b 7.4 ± 2.5d 66.9 ± 2.5b 13.3 ± 1.3b 27.1 ± 5.0b 81.8 ± 10.3ab 108.1 ± 24.7a

Japonica 32.5 ± 3.3a 30.1 ± 3.0ab 37.6 ± 11.9b 63.0 ± 3.5c 9.5 ± 1.8c 21.8 ± 1.9c 85.5 ± 6.9ab 89.7 ± 11.3ab

Values are means ± SE (standard errors) Means with same letters are not significantly different (P< 0.05)

MAMomilactone A, MBMomilactone B, GAE Gallic acid equivalent, RE Rutin equivalent

Value with (−) indicates promotion over controls

Table 2 Correlation coefficients
among abiotic stress tolerance
and chemical components in rice

Abiotic stresses Correlation coefficients (r values)

Salinity tolerance ST×MA : 0.16 ST×MB : 0.27

ST×DT : 0.26 ST×WR : 0.48

ST× antioxidant activity : 0.0004 ST× total flavonoids: 0.36

ST× total phenols : 0.29 MA×MB : 0.11

Drought tolerance DT×MA : 0.65 DT×MB : 0.11

DT×WR : 0.003 DT×ST : 0.01

DT× antioxidant activity : 0.08 DT× total flavonoids : 0.25

DT× total phenols : 0.04 MA×MB : 0.53

Weed resistance WR×MA : 0.09 WR×MB : 0.001

WR×ST : 0.19 WR×DT : 0.26

WR× antioxidant activity : 0.04 WR× total flavonoids : 0.18

WR× total phenols : 0.003 MA×MB : 0.53

MAMomilactone A, MBMomilactone B, ST Salinity tolerance, DT Drought tolerance, WRWeed resistance
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weed resistance, total phenols, total flavonoids, and
antioxidantactivities.

It was found that values of weed resistance that
corresponded to contents of momilactones A and B were ex-
tremely low (r=0.09 and 0.001, respectively). However, both
drought and salinity tolerance revealed much stronger corre-
lation coefficients (r = 0.16 and 0.27 and 0.65 and 0.11 for
momilactones A and B, respectively) (Table 2) than those of
weed resistance values. It also found that the antioxidant ac-
tivity did not correlate to any capacity of drought and salinity
tolerance and weed resistance in rice. Total phenols responded
to salinity tolerance in a much stronger level (r= 0.29), than
drought tolerance and weed resistance (r = 0.04 and 0.003,
respectively) (Table 2). Momilactones A and B correlated in
a similar level (r= 0.53) in drought tolerance and weed resis-
tance, but their correlation coefficient was much lower against
salinity tolerance (r = 0.11). Total flavonoids correlated in
much stronger magnitudes against salinity tolerance, drought
tolerance, and weed resistance (r = 0.36, 0.25 and 0.18,
respectively).

A number of secondary metabolites from rice plant ex-
tracts, root exudates and decomposing rice residues, have
been reported as potent allelochemicals, including phenolic
acids, phenyl-alkanoic acids, hydroxamic acids, fatty acids,
terpenes, and indoles (Kato-Noguchi and Peters 2013).
Momilactones A and B have been demonstrated as plant
growth inhibitors, but the inhibitory of momilactone B was
stronger than momilactone A (Kato-Noguchi et al. 2008a;
Kato et al. 1977; Fukuta et al. 2007; Toyomasu et al. 2008).
In quantity, the endogenous concentrations of momilactone A
was greater than momilactone B (Lee et al. 1999; Chung et al.
2006; Kato-Noguchi et al. 2008a), but the secretion rates of
momilactone A >momilactone B (Kato-Noguchi et al.
2008a). However, most of these experiments were conducted
on several rice cultivars with similar origins. Therefore, the
actual response ofmomilactones A and B onweed tolerance is
differed among rice with different origins and sub-types, as
found in this study.

Since momilactones A and B were first discovered by Kato
et al. (1973), major research has been conducted on the two
compounds concentrated on plant growth and pathogen
(Fukuta et al. 2007; Okada et al. 2007; Hasegawa et al.
2010), and antioxidant capacity (Fukuta et al. 2007), cytotoxic
and antitumor activity (Kim et al. 2007), whereas other bio-
logical activities of momilactones A and B have remained
unknown. This study is the first to demonstrate that
momilactones A and B correlated to the tolerance of drought
and salinity in much stronger levels than the weed tolerance in
rice. Molecular breeding may be much more useful than tra-
ditional breeding (Kong et al. 2011), but the location of
QTLs/genes involved in plant growth inhibitors has met lim-
ited success (Jensen et al. 2001). Many QTLs involved in the
drought and salinity have been detected, but these traits often

do not comply with rice quality such as amylose and protein
content, that is the major constraint in breeding rice tolerance
to drought and salinity.

Treatments of several plant regulators such as 2,4-D IAA,
and NAA, methyl jasmonate and jasmonic acid, polyamines,
and brassino steroids are known to increase secondary metab-
olites in plants and therefore the tolerance against abiotic
stresses including drought and salinity was strengthened
(Ramakrishna and Ravishankar 2011). In addition, the appli-
cation of exogenous abscisic acid induced drought tolerance
and salinity tolerance (Lee and Luan 2012). Allantoin in
grains was reported to provide rice resistant to low tempera-
ture or drought at early growth stage (Wang et al. 2012). The
accumulation of osmoprotectants like proline, sugars, poly-
amines, and antioxidants in rice helps to reduce the drought
stress (Pandey and Shukla 2015). The treatment of exogenous
proline and glycinebetaine has been known to increase the
salinity tolerance in rice (Sobahan et al. 2012). Contents of
proline and anthocyanin were increased in salinity sensitive
rice cultivar in salinity stress (Chutipaijit et al. 2011).
However, this research is the first to report the involvement
of momilactones A and B to the tolerance characteristics
against drought and salinity in rice.

It has been observed that the momilactone biosynthetic genes
are a dehydrogenase gene (AK103462) and two P-450 genes
(CYP99A2 and CYP99A3) form a chitin oligosaccharide elici-
tor and UV-inducible gene cluster, together with OsKS4 and
OsCyc1, the diterpene cyclase genes, on chromosome 4
(Shimura et al. 2007). The activation of these genes may vary
among rice cultivars, origins, and subtypes Indica and Japonica
that may attribute to different amounts ofmomilactones A and B
in the studied rice cultivars. In this study, total flavonoids, total
phenols, and antioxidant activity did not show correlations with
drought and salinity tolerance and weed resistance in rice.
Several phytochemicals were found to respond to the abiotic
stresses in rice such as proline, allantoin, and abscisic acid, but
they do not belong to these chemical groups. The increase of
antioxidant activity in the abiotic stresses was found in several
individual cultivars such as in salinity sensitive cultivars
(Chutipaijit et al. 2011), but it was not examined in many rice
cultivars with different origins and subtypes as in this study.

4 Conclusion

Although momilactones A and B were found to correlate to the
drought and salinity tolerance capacities in much stronger levels
than theweed resistance in rice, it needs to be verified howmuch
momilactones A and B contribute to the tolerance of rice against
drought and salinity stresses. Since momilactones A and B can
be easily isolated from rice husks, the treatment ofmomilactones
A and B to clarify the changes in drought and salinity tolerance
in rice is required. In addition, momilactones A and B and their
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derivatives can be synthesized following methods described in
Germain and Deslongchamps (2002) using a highly
diastereoselective transanular Diels-Alder reaction on a trans-
trans-cis macrocylic triene. Therefore, the examination of dif-
ferent functional groups in chemical structures of momilactones
A and B against drought tolerance and salinity tolerance capac-
ities is also needed. Previous research investigating the role of
momilactones A and B on weed tolerance was generally con-
ducted in several rice cultivars with similar origins, therefore the
actual response of momilactones A and B to these abiotic stress-
es on rice was not fully understood. Results of this research are
helpful to the development of bioactive reagents for reducing
drought and salinity stresses in rice production. It concluded that
momilactones A and B play a more critical role in drought and
salinity tolerance in rice than weed tolerance, as described in
literature. The use of molecular markers relevant to these genes
in rice breeding may also be promising to increase the drought
and salinity tolerance properties in targeted commercial rice, but
it needs elaboration.
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