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ABSTRACT: Global warming, such as rising temperature and lack of water, has effects on agriculture. Climate change
can also reduce sunlight continuously for several months. This problem brings about this research to study the effect
of light on growth and allelopathic activity of rice aiming at exuding allelochemicals to suppress weed growth for rice
plants. Seven rice cultivars, i.e., Khao Dawk Mali 105, Phathum Thani 1, RD55, Chai Nat 1, Sang Yod Phatthalung, Leb
Nok Pattani, and Cho Lung, were grown for three weeks. Two light intensities were used: 300 and 200 pmol E/m?/s.
Results showed that rice cultivars had effect on growth and allelopathic potential when tested with lettuce seedlings.
Phathum Thani 1 rice cultivar had the lowest growth and the highest allelopathic potential when compared with other
cultivars. Interestingly, rice cultivars that grew well, e.g., Leb Nok Pattani and Chai Nat 1, showed a low allelopathic
potential. Rice plants receiving 200 pmol E/m? /s of light grew better but had less allelopathic potential compared with
those receiving 300 pmol E/m?/s of light. This study expands the knowledge of rice allelopathy including the effect of

physiological stress across rice cultivars and landraces.
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INTRODUCTION

Rice is an important crop with more than half of the
world’s population having rice as a staple food. At
present, cultivated rice (Oryza sativa L.) has evolved
from wild rice for more than 7,000 years into many
rice cultivars, a result from natural adaptation and se-
lection by farmers from past to present. Rice landraces
are resources for human. They are legacy coming along
with rice farming [1].

Rice has long been a staple food for Thai people.
People in different areas prefer rice of different cul-
tivars, but the generally popular one is Khao Dawk
Mali 105 (KDML 105). In Southern Thailand, people
prefer modern rice cultivars, such as Phathum Thani 1,
Chai Nat 1, RD29, RD49, RD55, and RD57. Moreover,
there are landraces favored by locals such as Sang Yod
Phatthalung, Cheang Phatthalung, Leb Nok Pattani,
and Hom Kradang Nga.

Climate change, either from natural variation or
human activity, causes changes of average weather
such as temperature, rain and wind. Global warming
is a phenomenon when the earth cannot dissipate heat
from sun rays as normal. This renders higher average
temperature affecting living things on the earth [2, 3].

Although earth’s average temperature doesn’t
much increase at present, it already has effects on
ecosystems and general climate change, for example,
melting of polar ice and glaciers, stronger storms and
drought affecting plant cultivation, animal farming

and fishery [3]. Moreover, global warming has affected
cultivation by rising temperature, drought, and re-
duced sunlight from reaching the ground by small dust
particles in the air. Higher number of pests, insects,
and pathogens are also caused by higher temperature
3]

Allelopathy, a natural phenomenon, is biochem-
ical reaction of plants and microbes. The product
of the reaction is allelochemical, which can inhibit
or stimulate chemical reactions affecting growth and
development of plants and microbes [4]. For exam-
ple, allelochemical exuded from a plant, a donor, can
inhibit germination and growth of another plant, a re-
cipient [5]. In general, allelopathy occurs when a plant
or plant variety exudes some allelochemicals causing
damages to other varieties nearby [6,7]. They can
be exuded from parts of plants (volatiles, roots, leaf
leachates, etc.) and from decayed materials to reduce
growth of other plants nearby [8]. Important rice
allelochemicals include momilactone B, 3-isopropyl-
5-acetoxycyclohexene-2-one-1, and 5,7,4’-trihydroxy-
3’,5'-dimethoxyflavone [9]. The release of allelochem-
ical is more or less dependable on many factors such as
quality and quantity of light, nutrient, drought, tem-
perature, chemicals, and age of plants [10]. UV and
visible light intensity can affect amounts of chlorogenic
acid and isochlorogenic acid. Red light can increase
levels of ferulic acid and p-coumaric acid amounts
compared with normal condition [11]. Relationship
among light stress, allelopathy, and growth can be
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shown by a study on Koeleria macrantha. Growth
of K. macrantha, a grass in Northern America, was
suppressed by Centaurea stoebe, an invasive plant, in
both high and low lights. However, adding activated
carbon, which can absorb allelochemicals, resulted in
higher growth of Koeleria for almost seven folds in high
light environment [12].

Allelochemicals can affect growth, physiology and
biochemicals of recipient plants by damaging cell
membrane. There are changes in free radicals leading
to damages of plant tissue, movement of compounds
out of cells, and leaf tissue wilts [13]. They can also
affect cell division and expansion, nutrient absorption,
photosynthesis, respiration, protein synthesis, and hor-
monal function [14] rendering reduced function of
plants.

Generally, climate change leads to global warming,
which affects agriculture including rice cultivation.
However, studies on the effect of light stress on rice
cultivars, especially landraces which have high genetic
variation and can adapt to local environment, are
still lacking. This study aimed to assess physiological
relationship among light stress, rice growth, and allelo-
pathic activity across several rice cultivars including
landraces. The results would be beneficial to enhance
the knowledge of rice allelopathy and physiological
stress studies.

MATERIALS AND METHODS
Plant materials

The effect of light stress on allelopathic activity was
studied with seven Thai rice cultivars: Khao Dawk
Mali 105, Phathum Thani 1, RD55, Chai Nat 1, Sang
Yod Phatthalung, Leb Nok Pattani, and Cho Lung.
Khao Dawk Mali 105 (KD), an improved cultivar is
generally consumed all over the country. Rice cultivars
favourable in Southern Thailand are divided into mod-
ern cultivars, i.e., Phathum Thani 1 (PT), RD55 (RD),
and Chai Nat 1 (CN), and popular landraces, i.e., Sang
Yod Phatthalung (SY) registered as a Geographical
Indication (GI) in Thailand and Malaysia, and Leb Nok
Pattani (LN). These rice cultivars were compared with
Cho Lung (CL), a high allelopathic cultivar [15]. Rice
seeds were obtained from Phatthalung Rice Research
Center, Phatthalung Province, Southern Thailand.

Rice growth

Seven rice cultivars were grown in 10 cm diameter pots
filled with TIPP’s All Natural Garden Soil (Songkhla,
Thailand). The physico-chemical properties of the
soil are 347.96 ppm total nitrogen, 72.52 ppm total
B 37.38 ppm available B 479.34 ppm total K, and
28.48 g/kg organic matter. The soil pH and electrical
conductivity were 7.08 and 0.24 ds/m, respectively
[16]. The plants were grown in a plant growth cabinet
(model GS-1000CH, Kinetics Corporation Ltd., Thai-
land) for three weeks, the age of high allelopathic
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activity at seedling stage. Light intensities were set at
300 or 200 pmol E/m?/s for 12 h per day to study the
effect of low light stress. Day/night temperatures were
set at 28°C/23°C at 60% constant humidity. Water
was applied every 2-3 days. Completely randomized
experimental design with 7 rice cultivars and 2 light
intensities was done with ten replicates. At the end
of the experiment, rice growth was measured using
lengths and dry weights of shoot and root after drying
at 80°C for 48 h.

Allelopathic activity assessment

Allelopathic activity assessment was modified from a
previous experiment [17]. Water extraction method
from rice shoot was used at 5% (w/v) concentration
testing on lettuce seeds. Rice plants were air-dried
for 24 h. A total of 0.075 g rice shoot material, from
2-3 rice plants, was cut into approximately 0.5 cm
pieces and submerged in 1.5 ml type III deionized
water in a microcentrifuge tube and left for 24 h at
room temperature to make rice water extract. Ten
lettuce seeds were placed in a 3.5 cm diameter Petri
dish supplied with 0.7 ml extract. The Petri dish was
covered, wrapped with parafilm, and left for three days
at room temperature. This is the time that seedling
growth difference can be clearly distinguished among
treatments. Type III deionized water was used as con-
trol. After that, germination percentage was measured.
Five germinated lettuce seedlings per Petri dish were
randomly selected, to measure lengths of shoot and
root, and dried at 80 °C for 24 h to measure dry weight.
Ten replicates were used, each one from each pot of
rice plants. Inhibition percentages of germination,
shoot length, root length, and dry weight of lettuce
seedlings were calculated from values of (control —
treatment) x 100/control.

Data analysis

Data were analyzed using two-way analysis of variance
(two-way ANOVA) at p = 0.05 significance level using
rice cultivars and light intensities as factors. Mean
differences were calculated by Tukey’s test using SPSS
for Windows version 29.

RESULTS
Rice growth

Two-way ANOVA results showed that rice cultivar had
significant effects on shoot length, root length, shoot
dry weight, and root dry weight of rice (p < 0.001 for
all traits; Table 1).

Rice cultivars Leb Nok Pattani, Cho Lung, and
Khao Dawk Mali 105 had high shoot lengths. Sang
Yod Phatthalung, Leb Nok Pattani, and Chai Nat 1 had
high root lengths. Chai Nat 1 had high shoot and root
dry weights, while Phathum Thani 1 had the lowest
shoot length, root length, shoot dry weight, and root
dry weight (Fig. 1).
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Fig. 1 Box plots showing rice growth when receiving different light intensities: (a), shoot length; (b), root length; (c), shoot
dry weight; (d), root dry weight. Rice cultivars used were KD, Khao Dawk Mali 105; PT, Pathum Thani 1; CN, Chai Nat 1; RD,
RDS55; SY, Sang Yod Phatthalung; LN, Leb Nok Pattani; and CL, Cho Lung. Light intensities used were 200 (red bars) and 300
(green bars) pmol E/m?/s. Different letters indicate significant differences among rice cultivars at p < 0.05.

Table 1 Two-way ANOVA analysis of the effect of light stress
on growth of rice.

Source Dependent variable df F p-value
Cultivar Shoot length 6 21.808 < 0.001
Root length 6 4.902 < 0.001
Shoot DW 6 8.241 < 0.001
Root DW 6 4.441 < 0.001
Light Shoot length 1 294.486 < 0.001
Root length 1 33.882 < 0.001
Shoot DW 1 0.988 0.322
Root DW 1 98.071 < 0.001
Cultivar x light Shoot length 6 7.789 < 0.001
Root length 6 1.459 0.197
Shoot DW 6 2.978 0.009
Root DW 6 3.109 0.007

Light intensity had significant effects on shoot

length, root length, and root dry weight of rice (p <
0.001 for all traits; Table 1). Light at 200 pmol
E/m?/s resulted in higher shoot length, root length,

and root dry weight of rice than those at 300 pmol
E/m?/s (Fig. 1). However, light intensity did not have
significant effect on the shoot dry weight. Interaction
between rice cultivar and light intensity had significant
effects on shoot length, shoot dry weight, and root dry
weight of rice (Table 1).

Allelopathic activity

Rice cultivar had significant effects on inhibition per-
centages of germination (p = 0.021), shoot length (p =
0.019), and dry weight (p = 0.030) of lettuce seedlings
(Table 2).

Rice cultivar Phathum Thani 1 showed the highest
inhibition percentages of germination, shoot length,
and dry weight compared with other cultivars. Leb
Nok Pattani had the lowest inhibition percentages of
germination and shoot length, while Chai Nat 1 had the
lowest inhibition percentage of dry weight compared
with other cultivars. However, inhibition percentage of
root length did not show significant difference among
cultivars (Fig. 2).
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Fig. 2 Box plots showing inhibition percentages of lettuce seedlings applied with extracts from rice receiving different
light intensities: (a), germination inhibition percentage; (b), shoot length inhibition percentage; (c), root length inhibition
percentage; and (d), dry weight inhibition percentage. Rice cultivars used were KD, Khao Dawk Mali 105; PT, Pathum Thani
1; CN, Chai Nat 1; RD, RD55; SY, Sang Yod Phatthalung; LN, Leb Nok Pattani; and CL, Cho Lung. Light intensities used were
200 (red bars) and 300 (green bars) pmol E/m?/s. Different letters indicate significant differences among rice cultivars at

p < 0.05. N.S. = non-significant.

Table 2 Two-way ANOVA analysis of the effect of light stress
on allelopathic activity of rice.

Source Dependent variable df F p-value
Cultivar Germination inhibition 6 2.596 0.021
Shoot length inhibition 6  2.641 0.019
Root length inhibition 6  2.182 0.049
Dry weight inhibition 6  2.417 0.030
Light Germination inhibition 1 173.029 < 0.001
Shoot length inhibition 1 75.618 < 0.001
Root length inhibition 1  89.335 < 0.001
Dry weight inhibition 1  90.077 < 0.001
Cultivar x light Germination inhibition 6  0.602 0.728
Shoot length inhibition 6 2.177 0.049
Root length inhibition 6 2.886 0.011
Dry weight inhibition 6  1.047 0.398

www.scienceasia.org

Light intensity had significant effects on all traits of
rice allelopathy (p < 0.001 for all traits; Table 2). Light
at 300 pmol E/m? /s resulted in higher inhibition of rice
extracts on lettuce seedlings than 200 pmol E/m?/s
(Fig. 2). Interaction between rice cultivar and light
intensity had significant effects on rice allelopathy for
the inhibition percentages of shoot length (p = 0.049)
and root length (p = 0.011; Table 2).

DISCUSSION

Different rice cultivars have different growth rates
which affect allelopathic activity. ~ For example,
Phathum Thani 1 had the lowest growth compared
with other cultivars with the lowest shoot length,
root length, shoot dry weight, and root dry weight
(Fig. 1a-d) but had the highest allelopathic activity
with the highest inhibition percentages of germina-
tion, shoot length, and dry weight of lettuce seedlings
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(Fig. 2a,b,d). This is an addition to our previous
knowledge of high allelopathic Thai rice cultivars, such
as Cho Lung. In contrast, rice cultivars that grew well
such as Leb Nok Pattani that had high shoot length
(Fig. 1a) and Chai Nat 1 that had high root length,
shoot dry weight, and root dry weight (Fig. 1b,c,d) had
low allelopathic activity. Leb Nok Pattani had signifi-
cantly lower inhibition percentages of germination and
shoot length of lettuce seedlings compared with other
rice cultivars, and Chai Nat 1 had significantly lower
inhibition percentage of lettuce seedlings dry weight
compared with other cultivars (Fig. 2a,b,d). High al-
lelopathic rice cultivars have advantage in rice cultiva-
tion as these cultivars can suppress the growth of weed
in the rice field, rendering less use of herbicide which
is harmful to both farmers and environment. Different
rice cultivars behave differently in their growth poten-
tial due to their different genetic potential and parental
background. This also influences their response to
light stress. A study on nutrient stress of 3 rice cul-
tivars showed that when nutrient concentrations were
changed from high to low, rice growth decreased while
allelopathic potential increased with different rates of
the 3 cultivars [18]. This is in accordance with a the-
ory that plants allocate nutrients to balance between
growth and pathogen defense which is a type of stress
following the growth-differentiation balance theory
(GDB) [19]. Plants use primary metabolites such as
proteins, lipids, nucleic acids, and carbohydrates for
growth while secondary metabolites are not directly
related to plant growth but help in other functions
such as defense against pathogens. Allelochemicals
released from plants are secondary metabolites [4].
Therefore, rice cultivars that allocate high amount of
resources such as nutrients and energy for growth, e.g.
Leb Nok Pattani and Chai Nat 1 may allocate lower
amount of resources for defense including allelochem-
ical production. In contrast, rice cultivars that grew
slowly such as Phathum Thani 1 might allocate high
amount of resources for secondary metabolite produc-
tion including allelochemicals rendering high allelo-
pathic activity. Growth-defense trade-off also depends
on biotic and abiotic factors such as light, circadian
clock, carbon dioxide, temperature, humidity, water,
nutrient, and soil microbes. Activation of defense
network has a substantial demand for resources, and
an inverse relationship between defense and growth
indicates resource redistribution under a fixed total
resource budget [20].

Light at 200 pmol E/m? /s resulted in higher rice
shoot length, root length, and root dry weight than
300 pmol E/m?/s (Fig. 1). It could be that 300 pmol
E/m?/s light is too high for rice growth in this ex-
periment rendering stress and less growth with yellow
leaves. Light at 200 pmol E/m?/s could be suitable
for rice growth. Light intensity in the field of Thai-
land ranges approximately between 200-1,000 pmol

E/m?/s. Light intensities used to grow rice in growth
chamber are between 70-700 pmol E/m?/s [21-23].
Light at 300 pmol E/m?/s resulted in higher inhibi-
tion of rice extract on lettuce seedlings growth than
200 pmol E/m?/s for all traits (Fig. 2). This suggested
that stress from too high light intensity could result
in higher allelochemical production thus higher allelo-
pathic activity. Plants receiving stress allocate more
resources for growth to produce defense compounds
[24]. Some rice cultivars are sensitive to photoperiod,
i.e., Khao Dawk Mali 105, Sang Yod Phatthalung, Leb
Nok Pattani and Cho Lung. They flower in winter when
the photoperiod is less than 12 h per day. Other rice
cultivars, i.e., Phathum Thani 1, RD55 and Chai Nat 1
are non-photosensitive to photoperiod. However, this
might not affect their response to light intensity stress
as the results did not form 2 distinct groups of rice to
growth and allelopathic activity responses.

Many enzymes and metabolites are involved in
rice allelochemical production under stress. Flavones,
phenolic acids, fatty acids, terpenoids, and steroids
are rice allelochemicals [22,25,26]. Some enzymes
such as cytochrome P450 (P450s) are involved in
diverse biochemical pathway to produce primary
and secondary metabolites such as phenylpropanoids,
lipids, alkaloids, and terpenoids [27]. Glutathione
S-transferase (GST) is essential in protecting cells
from abiotic and biotic stresses, including oxidative
stress, xenobiotic stress, and pathogen stress in plants
[28, 29]. Rice allelopathy is connected with molecular
mediation of secondary metabolic pathways [30,31].
Genes involved in various secondary metabolic path-
ways, including phenylpropanoids, terpenoids, lignin
and lignans, simple phenols, and different flavonoid
pathways, are up-regulated when rice is stressed in
interaction with barnyardgrass [32]. There have been
several other reports concerning the effect of light on
allelopathy. Increasing temperature and day length
resulted in higher allelopathic effects of allelopathic
rice accessions initially, decreasing at 2-3 leaf stage
and continuously increasing again at 4-5 and 7-8 leaf
stages. Factor affecting allelopathic potential the most
is temperature, followed by growth stage and light
[33]. The effect of light on growth, allelochemical pro-
duction, and native plants of garlic mustard (Alliaria
petiolata) under extended shade, natural shade, and
no-shade was studied. Garlic mustard biomass was the
highest under natural shade and the lowest under no-
shade. Garlic mustard reduced growth of native plants
(Blephilia hirsuta and Ageratina altissima) the highest
under natural shade. Considering whole community,
the invasion reduced growth of native species the
most under no-shade, having the least invasive species
biomass with highest allelochemical production [34].
Moreover, Guinea grass reduced invasion and growth
in height and weight of four other plant species in the
same area under shade better than full sunlight [35].
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CONCLUSION

Rice cultivars had effects on growth and allelopathic
activity of rice. Rice cultivar Phathum Thani 1 had the
lowest growth but highest allelopathic activity com-
pared with other cultivars. In contrast, rice cultivars
that grew well such as Leb Nok Pattani and Chai Nat 1
had low allelopathic activity. This could be because
plants allocate nutrients to balance between growth
and defense following growth-differentiation balance
theory. Light at 200 pmol E/m?2/s resulted in higher
rice growth than 300 pmol E/m?/s. Light intensity at
300 pmol E/m? /s might be too high for rice growth in
this experiment rendering stress and less growth. Light
at 300 pmol E/m?/s resulted in higher inhibition of
rice extract on lettuce seedlings growth than 200 pmol
E/m?/s. Rice plants receiving too high light intensity,
which is 300 pmol E/m? /s in this experiment, might be
stressed resulting in higher allelochemical production
and higher allelopathic activity. Results from this study
could be used to estimate the effects of light stress
on growth and allelopathic activity of rice cultivation
as climate change also affects growth of plants and
rice cultivation worldwide. Low light intensity from
reduced sunlight could prevail occasionally for several
months affecting photosynthesis and growth of rice
including its allelopathic activity to weed in the rice
field.
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