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Abstract: The intensive use of pesticides with low biodegradability and high persistence in soil, surface and ground waters, represents a considerable envi-
ronmental risk, especially under high weed pressure conditions. Furthermore, the number of herbicide-resistant weeds is increasing. Against this background, the 
investigation of alternative weed control strategies has taken on considerable importance. Among these, allelopathy as a negative effect of one plant on another 
due to the direct or indirect (including microorganisms) release of chemicals in the environment can be a useful tool for the integrated management of weeds 
in agroecosystems. In particular, the paddies have been considered in this work by reviewing the data both on rice allelopathy and rice weed agronomic control 
methods developed to improve the crop yield.
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Introduction

The agricultural use of pesticides as crop protec-
tion products against plant diseases, harmful insects or 
weeds is one of the main causes of water pollution and 
soil contamination. Over 95% of the herbicides reach 
a destination other than their target species, including 
non-target-species, air, water and soil with possible se-
rious human health consequences (1-3). 

At the same time, globally, 254 plant species have 
evolved resistance to 23 of the 26 known herbicide 
sites of action and to 163 different herbicides. Herbi-
cide resistant weeds have been reported in 92 crops in 
70 countries. In particular, herbicide resistance weeds 
in rice are 51 in 30 countries (http://www.weedscience.
org/Summary/Herbicide.aspx). 

On these grounds, several alternatives to pesticides 
have been proposed, some of which proved to be equal-
ly effective and without ecological impacts in countries 
of application (4). Among the integrated weed control 
practices, allelopathy could be a useful tool to deve-
lop new eco-friendly management approaches. It is a 
concept known since ancient times. Democritus (460-
370, BC), Theophrastus (371-287, BC) and Pliny (23-
79, AC) reported examples of plants producing phy-
totoxic substances able to prevent the growth of other 
plants in the same soil (5, 6). On the other hand, the alle-
lopathy term was introduced in 1937 by Hans Molisch 
to describe the influence of one plant on another through 
the delivery of chemicals into the environment (7). Af-
terwards, in 1984, Elroy Leon Rice enlarged the defini-
tion to include all direct positive or negative effects of a 
plant on another plant or on microorganisms by the libe-

ration of biochemicals into the natural environment (8). 
Currently, according to the International Allelopathy 
Society, allelopathy refers to the impact of plants upon 
neighbouring plants and/or their associated microflora 
and/or macrofauna by the production of allelochemicals 
which may have harmful effects (inhibition) or benefits 
(stimulation) on plant growth (http://allelopathy-society.
osupytheas.fr/). Anyway, it is an interference mecha-
nism playing an important role in natural and managed 
ecosystems through strategies based on the use both of 
phytotoxins released by living or dead plants and of crop 
phytotoxic residues or mulches (9, 10). For allelopathy 
to be an ecologically relevant mechanism in influencing 
the plant growth in field conditions, chemicals have to 
accumulate and persist in the soil at phytotoxic levels 
and reach the target plants (11). Allelopathic effects are 
largely determined by the amount of exuded chemicals; 
by the chemical, physical, and microbial components 
of soil; by the replenishment of allelochemicals and the 
responses of neighbouring species (12).

Reports on the allelopathy of crop species can be 
traced back to ancient times, while works on genetic 
variability of allelopathy in crop cultivars as an option 
for breeding weed suppressive cultivars with improved 
allelopathic traits have a short history (10). Starting 
with the evaluation of Cucumis sativus L. for varietal 
allelopathic activity (13), several other crops followed, 
e.g. Avena sativa L. (14), Triticum aestivum L. (15), 
Hordeum vulgare L. (16), Secale cereale L. (17, 18), 
Sorghum spp. (19, 20), and Oryza sativa L. (21).

Studies on rice allelopathy, started in the early 70s, 
have been widely conducted in the USA, Europe, Japan, 
Korea, India and China (22). Cultivars with elevated 
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allelopathic activity can be beneficial in reducing need 
for commercial herbicides at least at early season appli-
cation, because at late season weed control is provided 
by the competitiveness of crop itself (23).

Reducing weed infestation by exploiting the allelo-
pathic properties of rice may be the most important goal 
and has been a hope of many agronomists. The direct 
use of rice residues and genetic control of rice allelopa-
thy via breeding programmes to enhance weed suppres-
sion may be the most feasible strategy (22).

In this review, we document some weed manage-
ment approaches like the use of rice allelopathy and of 
other agronomic control methods employed to improve 
the yield of rice itself.

Rice allelopathy 

Rice allelopathy is a quantitative trait, which is me-
diated by both genetic background and environmental 
conditions (24, 25). Studies have shown that it is an in-
ducible trait influenced both by biotic and abiotic stress 
factors like nutrient starvation and higher accompanying 
weed densities (24, 26, 27). Suitable allelopathic traits 
include early seedling emergence and seedling vigour. 
In addition, fast growth rates producing a dense cano-
py, greater plant height, higher root volume and longer 
growth duration are characteristics known to increase 
the ability of rice cultivars to compete with weeds (28). 
Plant height is often described as one of the most impor-
tant factors in the competitive ability of a crop (29, 30).

For adaptation to both moderate and severe weed 
pressure, genotypes should have high-yielding abil-
ity and, at early growth stages, rapid increase in plant 
height, high number of tillers and higher leaf area in-
dex (LAI). Besides these, high nitrogen and chlorophyll 
content can be considered as an important trait for selec-
tion of competitive genotype (31). 

The use of rice residues in paddy fields themselves 
has long been recognised as an important source to 
improve the organic matter status of soil and was also 
reported to reduce the emergence of weeds. As an ex-
ample, it was shown that residues of rice (cv. Sarjoo 52) 
mixed with the soil (5-6 cm in depth, 5 tons ha-1) sup-
pressed Echinochloa colona (L.) Link, Ammania bac-
cifera L., Ammania multiflora Roxb., and Phyllanthus 
fraternus G.L.Webster (32). The only rice straw inhib-
ited Phalaris minor Retz. growth by influencing soil 
chemical and/or microbiological properties (33). Leaf 
plus straw and hulls of some rice cultivars with strong 
allelopathic property prevented weed interference by 
60–95% (34). Xuan et al. (35) noted that rice hulls and 
bran, each at 1 ton ha-1, reduced paddy weed biomass 
by about 25% and 50%, respectively. The combined 
application of rice by-products and Medicago sativa 
L. strengthened weed suppression by 70-80% and was 
more effective than either used singly. Other experi-
ments reported that rice straw and stubbles stopped the 
germination of A. sativa, T. aestivum, Convolvulus ar-
vensis L., Avena ludoviciana Durieu, P. minor and Lens 
spp. (36). The decomposition of the same rice residues 
has reduced the occurrence of both broad-leaved and 
grassy weeds (37). The application of rice straw waste 
simultaneously or 3 months before sowing of C. sativus 
gave promising results in suppressing growth and de-

velopment of a wide range of broad- and narrow-leaved 
weeds increasing, at the same time, the crop yield pro-
ductivity (38). 

Furthermore, weed-suppressive effects of rice vari-
eties have been studied. They improved with increase 
in planting density, flooding depth (3-12 cm), flooding 
duration (5-15 days) and supply of nitrogen (105-210 
and 315 kg ha−1) (39). Rice plant characteristics that im-
part weed competitiveness include plant height, quick 
canopy development, profuse tillering, horizontal-leaf 
configuration with higher LAI and specific leaf area, 
and greater dry matter production prior to reproductive 
phase (40, 41). Again, the option to use a single alle-
lopathic variety enhances weed suppression of around 
10-20% while integrated management options includ-
ing allelopathic rice varieties plus a low-dose herbicide 
application (bensulfuron-methyl, 25 g AI ha−1, a third 
of the recommended dose) completely controlled the 
emergence and growth of most paddy weeds (41).

Rice allelochemicals
The term “allelochemical” relates to the role that a 

compound plays, but not to the actual chemical identity 
(42). Allelochemicals become stressful only when are 
toxic or affect the growth and development of surround-
ing plants (phytotoxicity) (43). To have some effect on 
the target plant, they have to be released from the do-
nor plant. This can happen in different ways such as i) 
leaching from leaves and stem, ii) volatilization from 
the green parts, iii) release from degrading material or 
iv) from roots as exudates (44) (Figure 1).

In plants, the allelochemicals can be present in leaves, 
flowers, fruits, bark and roots. To reach the rhizosphere, 
these molecules have to be mobile or rather soluble in 
water (45). Their action in target plant is diverse and af-
fects a large number of biochemical reactions resulting 
in modifications of a variety of morpho-physiological 
processes (46). Indeed, the effects of allelochemicals 
are detected at biochemical, molecular, physiological 
and structural level of the plant organization (47) (Table 
1).

Accordingly, the activity of allelochemicals cannot 
been explained by just a single mode of action. The ma-
jority of effects, such as reduction in seed germinability 
and seedling growth, chlorosis, decreased ion uptake, 
other physiological, morphological and anatomical ab-
normalities are caused by a variety of specific interac-
tions between allelochemicals and cellular or molecular 
targets still not completely understood. Allelochemicals 

Figure 1. Possible ways of allelochemical release
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In phase III, conjugated forms of xenobiotics can 
then be recognized by specific membrane-associated 
transporters such as ABC transporters, resulting in their 
vacuolar sequestration or release into the apoplastic 
space via exocytosis.

Molecular approach
Allelopathy is one of the last areas of plant science 

to use molecular biology as a tool in understanding the 
phenomena. Allelopathic competition, defined as the 
unequal sharing of resources such as nutrients, light and 
water, is dependent on several physiological and phe-
nological traits (62, 63). For breeding crops with high 
allelopathic potential, it is crucial to know which genes 
are involved in crop competitiveness and phytotoxic-
ity. Molecular marker-aided genetics is presently an 
optimal tool for identifying quantitative traits, mapping 
the genes involved with a reasonable level of precision 
and analysing the relationship between traits of interest 
and other important agronomic traits (62). The selec-
tion of rice cultivars with high weed suppression ability 
through transgenic and breeding programmes can useful 
in weed biological control field.

The allelopathic activity of rice varies among culti-
vars. It was proposed that it is related to some growth 
characteristics, but also that may be a polygenic trait 
feebly correlated with yield or other agronomic features. 
Allelopathic potential in rice was demonstrated to be 
quantitatively inherited, but the allelopathic traits were 
not identified (63). Despite research on rice allelopathy 
dates back to the early 1970s, a genetic approach started 
only in 1996 (64). Dilday et al. (65) crossed the allelo-
pathic rice cultivar PI312777 with another non-allelo-
pathic rice cultivar Lemont and noted that the F2 was 
effective against Heteranthera limosa (Sw.) Willd. and 
was quantitatively inherited. Jensen et al. (66) studied 
quantitative trait loci (QTLs) mapping using a popu-
lation of 142 recombinant inbred lines (RILs) derived 
from a cross between IAC 165 (Japonica upland cul-
tivar) and CO 39 (Indica irrigated cultivar). Four main 
QTLs located on three chromosomes, 2, 3 and 8, were 
identified and claimed 35% of the total phenotypic vari-
ation of the allelopathic activity against Echinochloa 
crus-galli (L.) P.Beauv. Okuno & Ebana (67) identified 
seven QTLs controlling rice allelopathy on chromo-
somes 1, 3, 5, 6, 7, 11 and 12. Ebana et al. (68) also 
identified QTL genes associated with the effect by using 
restriction fragment length polymorphism markers. One 
of the QTLs on chromosome 6 had the largest effect, 
explaining 16.1% of the phenotypic variation. He et al. 
(23) employed proteomic methods to study the molecu-
lar mechanism of crop allelopathy and identified four 

are also involved in altering the micro- and ultrastruc-
ture of plant cell as well as of the nucleic acid and pro-
tein biosyntheses, cell redox homeostasis and levels of 
plant growth regulators. 

Not least, the effects of allochemicals on microbial 
community have to be taken into account (48).

The chemical structure of organic compounds that 
mediate these interactions is as diverse as their modes 
of action. Most plant chemicals involved in allelopathic 
activity are secondary metabolites from the shikimic 
acid or acetate pathways able to influence many primary 
metabolic processes and growth regulatory systems in 
higher plants (49, 50). Compounds of several chemi-
cal classes such as fatty acids, benzoxazinoids, indoles, 
phenolic acids, phenylalkanoic acids and terpenoids are 
considered allelochemicals (51).

Modern analytical instruments like GC-MS, LC-
MS, NMR and IR have helped to either identify or 
confirm various allelochemicals as cytokinins, phenols, 
indoles, terpenic acid, phenylalkanoic acids, sterols, 
benzaldehydes, benzene derivatives and long-chain fat-
ty acids and their esters and ketones (49, 52-55).

Among detected phenolic acids, p-hydroxybenzoic, 
vanillic, p-coumaric and ferulic acids are the most com-
mon rice allelochemicals (49, 52, 53, 56-58). Table 2 
shows some of the basic plant secondary metabolites 
identified as rice allelochemicals (59, 60).

Allelochemicals released by rice inhibit the weed 
species but they are not inhibitory to the rice itself. 
Olofsdotter et al. (61) compared rice cultivars with 
two Echinochloa species, and a significant difference 
in their tolerance of p-hydroxybenzoic acid was report-
ed. The weeds exhibited half ED50 values compared to 
those of the rice samples. These results showed that the 
considered allelochemical selectively controls the Echi-
nochloa species at a concentration not affecting the rice 
growth and suggested a possible evolutionary pressure 
in rice towards the tolerance of phenolic acids and the 
prevention of autotoxicity.

A conserved mechanism to prevent autotoxicity in-
volves the induction of detoxifying enzymes and trans-
porters of recognition of xenobiotic compounds, thereby 
facilitating their inactivation and elimination. Classical-
ly, this process is divided into three phases as follows.

In phase I, compounds are typically modified such 
that a functional group such as the hydroxyl moiety is 
added or exposed through the action of hydrolases, cy-
tochrome P450s, or peroxidases. In phase II, the avail-
ability of functional groups facilitates the formation of 
glucosyl, glutathione and malonyl conjugates through 
the action of specific glucosyltransferases, glutathione 
S-transferases and, less frequently, malonyltransferases.

Table 1. Multilevel action of allelochemicals (47).
Action level in plant Effects

Biochemical and molecular Decreased synthesis of DNA, RNA and housekeeping proteins
Increased synthesis of stress proteins and metabolites

Physiological

Alterations in photosynthesis
Mitochondrial respiration
Ion uptake
Growth 
Development

Structural Alteration of cell ultrastructure 
Mitosis inhibition
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proteins involved in the production of allelochemicals: 
peroxidase precursor, thioredoxin M-type, 3-hydroxy-
3-methylglutaryl-coenzyme-A reductase 3, and phe-
nylalanine ammonia-lyase (PAL). The genes encoding 
these four allelopathy-related proteins are located on 

chromosomes 4, 7, 8, and 12. 
In order to regulate gene expression, the first require-

ment is to identify the target allelochemical(s), to de-
termine enzymes and the genes encoding them in order 
to insert a specific promoter in crop plants to enhance 

Chemical class Constituents Representative structure Occurrence
Cytokinins Cytokinins Root exudates

Fatty acids Stearic acid 
Azelaic acid

O

OH Soil

Indoles

1H-indole-3-carboxaldehyde
1H-indole-3-carboxylic acid
1H-indole-5-carboxylic acid
Indole-5-carboxylic acid

O

H

N
Root exudates

Momilactones Momilactone A and B

O

O

O

H H
Hulls, leaves and straw; root 

exudates

Phenolic acids

Benzoic acid
Caffeic acid
Ferulic acid
m-Coumaric acid
o-Coumaric acid
p-Coumaric acid
t-Coumaric acid
Gallic acid 
Gentisic acid
p-Hydroxybenzoic acid
Salicylic acid
Protocatechuic acid
Mandellic acid
Synapic acid
Vanillic acid
Syringic acid

OH

O

OH

Straw, decomposed straw, root 
exudates, leaves and stem, 

soil, hulls

Steroids
Stigmastanol
Ergosterol peroxide
7-Oxo-stigmasterol

OH

H

HH

H

H

Hulls, fresh roots and aerial 
parts

Other 
constituents

1,2-Benzenedicarboxylic acid bis (2-ethylhexyl)ester
2-Methyl-1,4-benzenedio
1-Phenyl-2-hydroxy-3,7-dimethyl-
11-aldehydic-tetradecane-2-b-D-glucopyranoside
3-Hydroxy-4-methoxybenzoic acid
3-Isopropyl-5-acetoxycyclohexene-2-one-1
4-Ethylbenzaldehyde
2- and 4-Hydroxyphenylacetic acid
5-Hydroxyindole-3-acetic acid
4-Phenylbutyric acid
Abietic acid
Lanast-7,9(11)-dien3a,15a-diol-3a-D-glucofuranoside
Resorcinols

Root exudates, hulls, hull 
extracts, soil, straw

Stearic acid

1H-Indole-3-carboxaldehyde

Momilactone A

Benzoic acid

OH

O

o-Coumaric acid

Stigmastanol

Table 2. Main allelochemicals identified from rice (22).
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allelochemical production. 
The highest content of p-coumaric acid (among oth-

er intermediates of the phenylpropanoid pathway) was 
found in several allelopathic rice cultivars. Cinnamic 
acid 4-hydroxylase (CA4H) is the enzyme catalyzing 
the conversion of cinnamic acid to p-coumaric acid, a 
key reaction in the biosynthesis of a large number of 
phenolic compounds in higher plants. Thus, modulating 
the activity of CA4H could enhance the production of 
allelochemicals (69). Studies have also been conducted 
to investigate specific promoters that can confer respon-
siveness on environmental stresses and plant-plant in-
teraction. If a promoter is specifically responsive to an 
elicitor, it can be used to regulate genes involved in al-
lelopathy.

Saito et al. (70) identified plant characteristics like 
grain yield, plant height at maturity and visual growth 
vigour at 42-63 days after sowing (DAS) that can be 
used as selection criteria for developing superior weed 
competitive rice genotype. Plant height, tiller number 
and LAI at 43 DAS were also identified as potential 
traits for selection of weed competitive rice genotypes 
(71). 

Allelopathy limitations

Although allelopathy obtained promising results as a 
weed control tool in many situations, it has some limita-
tions. 

Plant age, nutritional status, temperature, light and 
herbicide treatments affect the production and release 
of allelochemicals. In addition, some abiotic and biot-
ic soil factors may change the phytotoxic levels of al-
lelochemicals. The activity of these compounds can be 
modified by physical, chemical and biological proper-
ties of soil, where processes such as retention (sorption), 
transport and microbial degradation/transformation (72) 
determine their persistence and fate. The microorgan-
isms metabolize allelochemicals and their metabolites 
can be more or less phytotoxic than starting compounds 
(72). For example, the degraded products are often more 
phytotoxic. The fate of benzoxazinones from microbial 
degradation was investigated (10, 73). T. aestivum and S. 
cereale synthesize and exude at least two bioactive ben-
zoxazinoids (DIBOA and DIMBOA). Both compounds 
are directly active on target species but are also rapidly 
degraded once released into soil due to both chemical 
and biological conditions, especially initial concentra-
tion, soil type and rhizosphere microorganisms. The 
corresponding obtained metabolites spontaneously pro-
duced in aqueous solution or by biological processes 
are the corresponding benzoxazolinones (BOA and 
MBOA), less phytotoxic than their precursors but still 
effective. Their microbial transformation leads to the 
formation of two persistent and bioactive aminophenox-
azinones (APO and AMPO), further acetylated to form 
a fourth group of other active metabolites (AAPO and 
AAMPO). APO proved to be the most phytotoxic and 
persistent compound in the DIBOA degradation path-
way, while the degradation of DIMBOA immediately 
results in a gradual loss of phytotoxicity. The formation 
of further metabolites with low or no phytotoxicity oc-
curs in both degradation pathways (73).

Actinetobacter calcoaceticus, a gram-negative bac-

terium, was isolated from S. cereale crop soil and re-
ported to convert 2(3H)-benzoxazolinone (BOA) to 
2,2-oxo-l,l-azobenzene (AZOB) (74). Compared to 
BOA, AZOB was more effective in inhibiting Lepidi-
um sativum L. and E. crus-galli (73). Gagliardo et al. 
(75) observed 50% inhibition in the radicle growth of 
E. crus-galli by 0.7 and 0.1 mM of BOA and amino-
phenoxazinone, respectively, showing the higher phy-
totoxicity of degraded product than its precursor BOA. 

The autotoxic effect is another limitation in the 
mechanism of allelopathy. For instance, different identi-
fied autotoxins, including some derivatives of benzoic 
and cinnamic acids from the C. sativus root exudates, 
were investigated. The exudates and aqueous extracts 
exhibited inhibitory effects on root antioxidant enzymes 
and leaf photosynthesis, transpiration and stomatal con-
ductance in C. sativus itself (76). 

Therefore, when studying the allelopathic potential 
of a plant, the role of soil should not be ignored, though 
many studies on allelopathy were carried out on artifi-
cial substrate rather than soil. 

Agronomic practices for rice weed management

O. sativa serves as basis of life for half of the world’s 
population. About 90% of the world’s rice grows and is 
consumed in Asia, with consumption as high as 990 g 
per person per day in some areas (77). Considering its 
importance as human food, it is one of the most impor-
tant crop plant on earth (78). Rice is cultivated under 
many different environments, conditions and production 
systems, including 57% on irrigated land, 25% on rain-
fed low lands, 10% on uplands, 6% in deep water, and 
2% in tidal wet lands (79). Rice production worldwide 
suffers from severe weed infestations causing serious 
yield losses, from 30 to about 100%, besides increasing 
production costs and deteriorating quality (67). 

Dominating weed species include both annual and 
perennial grasses, broad-leaved plants and sedges. In 
upland rice ecosystem, hand weeding is the most com-
mon practice to control them. However, it requires more 
than 100-person per day ha−1, is extremely laborious 
and time-consuming thus resulting very expensive (80). 
Therefore, despite its effectiveness, the manual weeding 
has been replaced by chemical control methods. Cur-
rently, in the rice production, herbicides account for the 
highest agricultural chemical input. According to Ste-
phenson (81), most agricultural systems collectively use 
three million tons of herbicides per year. Their accumu-
lation in soil and water is a threat to environment and 
may also lead to adverse effects on human health after 
entering the food chain. 

Moreover, the development of herbicide resistance 
in weeds can endanger the ecosystem. The main her-
bicide resistant weeds worldwide include propanil-re-
sistant E. colona in central and South America and E. 
crus-galli populations in the USA. In Malaysian agri-
culture, 18 herbicide-resistant weed species have been 
recognized since 1980. For example, Eleusine indica 
(L.) Gaertn. has developed resistance to the inhibitors 
of acetyl CoA carboxylase, while Monochoria vagina-
lis (Burm.f.) C.Presl to ALS inhibitors (82). Other weed 
species may also develop resistance in the future mak-
ing the improvement of weed control more difficult. 
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Rice weeds
In field conditions, weeds compete with rice for 

light, nutrients, water and other growth requirements. 
They pose an important biological constraint to rice pro-
ductivity (83). The dimension of weed infestation var-
ies, depending on the predominant weed flora and on 
the control methods practiced by farmers. In China, 10 
million tons of rice are lost annually due to weed com-
petition, a quantity sufficient to feed at least 56 million 
people for 1 year (84). In Sri Lanka, a country consid-
ered self-sufficient in rice, the weeds are the main bi-
otic stress in its production by causing yield losses from 
30 to 40 %. The dominant weed species in paddy fields 
worldwide are shown in Table 3. Weeds infesting low-
land rice system include annual grasses (E. crus-galli, 
E. colona), annual broad-leaved plants (M. vaginalis, 
Ludwigia parviflora Roxb., Marsilea quadriflora L.), 
annual sedges (Cyperus difformis L., Cyperus iria L., 
Fimbristylis milacea (L.) Vahl), perennial grasses (Pan-
icum repens L., Paspalum conjugatum P.J.Bergius) and 
perennial sedges (Scirpus martimus L.). Weeds infest-

ing upland rice system include annual grasses (E. colo-
na, Digitaria sanguinalis (L.) Scop., E. indica, Dacty-
loctenium aegyptium (L.) Willd.), annual broad-leaved 
plants (Amaranthus spinosus L., Ageratum conyzoides 
(L.) L., Celosia argentea L., Commelina benghalensis 
L., Eclipta alba (L.) Hassk., Portulaca oleracea L., Tri-
anthema portulacastrum L.), annual sedges (C. iria), 
perennial grasses (Imperata cylindrica (L.) Raeusch., 
Cynodon dactylon (L.) Pers.) and perennial sedges (Cy-
perus rotundus L.).

Damasonium minus (R.Br.) Buchenau is, economi-
cally, one of the most important rice weeds in Austra-
lia. It belongs to the family Alismataceae, which also 
encompasses several other important rice weeds such 
as C. difformis, Sagittaria montevidensis Cham. & Schl-
tdl., Stellaria graminea L., Alisma plantago-aquatica 
L. and Alisma lanceolatum With. (85). Besides these, 
several other weed species have also been reported in 
paddy, namely Heteranthera limosa (Sw.) Willd., Am-
mannia coccinea Rottb., Brachiaria platyphylla (Munro 
ex C.Wright) Nash, C. iria, E. crus-galli, Chenopodium 

Family Species
Herbicide resistance

Detection's first year Country Site of action
Monocots Cyperaceae
Cyperus difformis L. 1993 USA (California) ALS inhibitors (B/2)
Cyperus iria L. 2010 USA (Arkansas) ALS inhibitors (B/2)
Cyperus rotundus L.
Fimbrystilis littoralis Gaudich.
Scirpus juncoides Roxb.
Scirpus planiculmis F.Schmidt
Poaceae
Cynodon dactylon (L.) Pers.
Echinochloa colona (L.) Link 1987 Costa Rica PSII inhibitor (ureas and amides) (C2/7)
Echinochloa crus-galli var. crus-
galli (L.) P.Beauv. 1986 Greece PSII inhibitor (ureas and amides) (C2/7)

Echinochloa glabrescens Munro 
ex Hook.f.
Eleusine indica (L.) Gaertn.
Ischaemum rugosum Salisb. 2000 Colombia ACCase inhibitors (A/1)
Leptochloa chinensis (Roth) Nees 2002 Thailand ACCase inhibitors (A/1)
Oryza sativa var. sylvatica 2002 USA (Arkansas) ALS inhibitors (B/2)
Paspalum distichum L.
Rottboellia cochinchinensis 
(Lour.) Clayton
Dicots 
Alismataceae
Sagittaria pygmaea Miq. 2004 South Korea ALS inhibitors (B/2)
Asteraceae
Eclipta prostrata L.
Onagraceae
Ludwigia prostrata Roxb. 2011 South Korea ALS inhibitors (B/2)
Pontederiaceae 
Monochoria vaginalis C.Presl 1998 Japan ALS inhibitors (B/2)
Potamogetonaceae
Potamogeton distinctus A. Benn.

Table 3. Prevalent weeds in paddy fields and detected herbicide resistance.

Data retrieved on May 4, 2018 from International Survey of Herbicides Resistant Weeds available at http://www.weedscience.org. ALS inhibitors 
(B/2): Group B/2 herbicides inhibiting acetolactate synthase; ACCase inhibitors (A/1): Group A/1 herbicides inhibiting acetyl CoA carboxylase; 
PSII inhibitor (ureas and amides) (C2/7): Group C2/7 herbicides inhibiting photosynthesis at photosystem II.
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album L. and Leptochloa spp. (67). 
E. colona and E. crus-galli C4 plants are among the 

world’s most serious rice grass weeds. Both species re-
semble rice at the seedling stage, but, by the time, weeds 
can be easily recognized and removed by farmers, even 
if the crop yield loss may already be unavoidable (86). 
Rabbani et al. (87) reported E. colona to be the most 
damaging weed in rice, causing a yield loss of 56% in 
Basmati-385 and 42% in Super Basmati.

To solve problems related to weed abundance in rice, 
it is necessary to develop sustainable weed management 
systems that may reduce both herbicide dependency and 
the burden of manual weeding.

It has been demonstrated that application of several 
plants (e.g., Fabaceae and Passifloraceae) with strong 
allelopathic ability to paddy soils at 1–2 tons ha-1, 
immediately after transplanting, can reduce the initial 
growth of weeds by up to 80% (35, 88-90). In addition 
to this, cultural management practices also influence 
the weed control in rice cultivation. A method followed 
to reduce the effects of weeds on the crop, is either by 
making weeds less competitive or by making the crop 
more competitive (91). Johnson et al. (92) reported 40-
48% reduction in rice grain yield when weeds emerged 
with the crop, as compared to when weeds were control-
led until 42 day after sowing. These results concur with 
those of other authors (93-95) which also suggested that 
narrowing of row spacing can reduces the weed seed 
production. Late-emerging weed seedlings are general-
ly less competitive and produce less biomass and fewer 
seeds than early-emerging seedlings (96). The delay in 
weed emergence by only 15 days compared to the crop 
led to at least 15% greater rice grain yield. It was further 
improved (30-40%) when weed emergence was delayed 
until 45 days after that of rice.

Late-emerging weed seedlings would be expected to 
suffer more from shading than early-emerging weeds, 
and this differential effect may help explain differences 
in seed production (95). These reductions in growth and 
seed number due to competition for light have also been 
reported for other weed species (97, 98). A change in 
light quality due to the presence of canopy cover can 
affect the development of shaded plants through phy-
tochrome-mediated processes. Some authors suggested 
that, for weed growth reduction, shading by the crop 
would have to occur early in the season (98, 99). 

The seedling density is another important factor in 
rice management practices. The yield losses are expec-
ted to be very high with seeding rates of 15-20 kg ha-1 
generally prescribed for growing dry seeded rice in In-
dia, if weed control measures are not adopted. With a 
seed rate of 50 kg ha-1, the weed competition reduced 
the yield by about 50% (100, 101). It has been demons-
trated that, at the same seeding rate, the weed count and 
biomass of E. crus-galli and Cyperus rotundus L. were 
minimum while at lower seeding rate of 20-30 kg ha-1 
were maximum (102). In Philippines, increasing seed 
rate from 25 to 100 kg ha-1 diminished the average weed 
biomass at crop harvest by 53%, while, in India, the re-
duction was 49% at 4 weeks after planting (103). 

Future scope of research

Although several aspects of allelopathy have already 

been investigated and some studies are still in progress, 
some other areas need to be explored extensively to cla-
rify its complex mechanisms.

For optimal use of allelopathy under field condi-
tions, the influence of environmental factors needs to be 
considered. In this concern, soil environment is the most 
important factor. The interaction of allelochemicals 
with different soil properties is pivotal. From agrono-
mic point of view, allelopathy deserves much attention. 
Several agronomic practices, such as method of sowing 
or transplanting (for rice wet-seeded or dry-seeded), 
spacing of crop, seed rate, timing and source (organic, 
inorganic or integrated) of nutrient application, method, 
time and frequency of irrigation create different situa-
tions for establishment and growth both of crop plants 
and weeds, thereby influencing allelopathy efficacy. 

In case of use of allelochemicals as natural herbi-
cides, their correct identification and possible residual 
effects, on both crops and weeds, have to be explored 
to avoid agronomic problems and to select suitable crop 
management practices such as crop rotation and crop-
ping system. In addition, their movement, transporta-
tion, half-life, biodegradability, interaction with other 
chemicals in soil should be taken under consideration as 
well as their uptake by target plant and mode of action. 
Finally, identification of genes encoding for allelopathy 
in different plants is required.

Acknowledgements
Authors have appreciated the support received from the 
Council of Scientific and Industrial Research (CSIR), 
High Altitude Plant Physiology Research Centre, G.B. 
Pant University of Agriculture and Technology.

Disclosure statement
No potential conflict of interest was reported by the au-
thors.

References 

1. Papadakis EN, Vryzas Z, Kotopoulou A, Kintzikoglou K, Makris 
KC, Papadopoulou-Mourkidou E. A pesticide monitoring survey in 
rivers and lakes of northern Greece
and its human and ecotoxicological risk assessment. Ecotoxicol 
Environ Saf 2015; 116:1-9.
2. Sun JT, Pan LL, Tsang DCW, Zhan Y, Zhu LZ, Li XD. Organic 
contamination and remediation in the agricultural soils of China: A 
critical review. Sci Tot Environ 2018; 615:724-740.
3. Vivekanandhan N, Duraisamy A. Ecological impact of pesticides 
principally organochlorine insecticide endosulfan: a review. Univ J 
Environ Res Technol 2012; 2:369-376.
4. Mohammadi GR. Alternative weed control methods: a review. 
Department of crop production and breeding. Faculty of Agriculture 
and Natural Resources, Razi University, Kermanshah
5. Latto J, Wright H. Allelopathy in seeds. J Biol Educ 1995; 2:123-
8.
6. Chang-Hung Chou. Introduction to allelopathy. Reigosa MJ, 
Pedrol N and González L. (eds.), Chapter 1 of Allelopathy: A Phy-
siological Process with Ecological Implications, Springer. Nether-
lands, 2006, pp. 1-9.
7. Molisch H. Der Einfluss einer Pflanze auf die andere-Allelopa-
thie; Fischer: Jena, Austria, 1937.
8. Rice EL. Allelopathy. Physiological Ecology. Academic Press, 
Orlando, FL, 1984



91

Rice and allelopathy.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 8 

Babita Patni et al.

9. Kong CH, Hu F, Wang P, Wu JL. Effect of allelopathic rice va-
rieties combined with cultural management options on paddy field 
weeds. Pest Manag Sci 2008; 64:276-82.
10. Belz RG. Allelopathy in crop/weed interactions—an update. Pest 
Manag Sci 2007; 63:308-26.
11. Inderjit S. Soil microorganisms: An important determinant of 
allelopathic activity. Plant Soil 2005; 274:227-36.
12. Inderjit, Weiner J. Plant allelochemical interference or soil che-
mical ecology? Perspect Plant Ecol Evol Syst 2001; 4:3-12.
13. Putnam AR, Duke WB. Biological suppression of weeds: evi-
dence for allelopathy in accessions of cucumber. Science 1974; 
185:370-2.
14. Fay PK, Duke WB. An assessment of allelopathic potential in 
Avena germplasm. Weed Sci 1977; 25: 224–8.
15. Spruell JA. Allelopathic potential of wheat accessions. Disserta-
tions Abstracts International, B Sciences and Engineering. Disserta-
tion, University of Oklahoma, USA, 45, 1102B, 1984
16. Liu De Li, Lovett JV. Allelopathy in barley: potential for biolo-
gical suppression of weeds. In: Alternative to the chemical control 
of weeds. Bassett CJ, Whitehouse LJ. and Zabiewicz JA. (eds), Pro-
ceedings of an International Conference, Ministry of Forestry, FRI 
Bulletin 155, Rotorua, New Zeland, July 1989, pp. 85-92.
17. Perez FJ, Ormeno-Nunez J. Difference in hydroxamic acid con-
tent in roots and root exudates of wheat (Triticum aestivum L.) and 
rye (Secale cereale L.): possible role in allelopathy. J Chem Ecol 
1991; 17:1037-43.
18. Perez FJ, Ormeno-Nunez J. Weed growth interference from tem-
perate cereals: the effect of a hydroxamic-acid-exuding rye (Secale 
cereale L.) cultivar. Weed Res 1993; 33:115-9.
19. Nimbal CI, Pedersen JF, Yerkes CN, Weston LA, Weller SC. 
Phytotoxicity and distribution of sorgoleone in grain sorghum germ-
plasm. J Agric Food Chem 1996; 44:1343-7.
20. Czarnota MA, Rimando AM, Weston LA. Evaluation of root 
exudates of seven sorghum accessions. J Chem Ecol 2003; 29:2073-
83.
21. Dilday RH, Nastasi P, Lin J, Smith RJ. Allelopathic activity in 
rice (Oryza sativa L.) against ducksalad (Heteranthera limosa (Sw.) 
Willd. In: Proceedings of ‘Sustainable Agriculture for the Great 
Plains’ Symposium. Hansen JD, Shaffer MJ, Ball DA. and Cole CV 
(eds.), USDA, Agricultural Research Services, ARS- 1991, 89:193-
201
22. Khanh TD, Xuan TD, Chung IM. Rice allelopathy and the pos-
sibility for weed management. Ann Appl Biol 2007; 151:325-39.
23. He HQ, Lin WX, Liang YY, Song BQ, Ke YQ, Guo YCH, et al. 
Analyzing the molecular mechanism of crop allelopathy by using 
differential proteomics. Acta Ecol Sin 2005; 25:3141-45.
24. Lin WX, He HQ, Kim KU. The performance of allelopathic het-
erosis in rice (Oryza sativa L.). Allelopathy J 2003; 2:179-88.
25. Xiong J, Wang HB, Fang CX, Qiu L, Wu WX, He HB. The dif-
ferential expression of the genes of the key enzymes involved in 
phenolic compound metabolism in rice (Oryza sativa L.) under dif-
ferent nitrogen supply. J Plant Physiol Mol Biol 2007; 33:387-94.
26. He HQ, Shen LH, Xiong J, Jia XL, Lin XW, Wu H. Conditional 
genetic effect of allelopathy in rice (Oryza sativa L.) under different 
environmental conditions. Plant Growth Regul 2004; 44:211-8.
27. Shen LH, Lin WX. Effects of phosphorus levels on allelopathic 
potential of rice co-cultured with barnyardgrass. Allelopath J 2007; 
19:23-32.
28. Minotti PL, Sweet RD. Role of crop competition in limiting loss-
es from weeds. In: Handbook of pest management in agriculture. 
Vol. II. Pimental D. (ed.), CRC Press, Boca Raton Florida, USA, 
1981, pp. 351-367
29. Gaudet CL, Keddy PA. A comparative approach to predicting 
competitive ability from plant traits. Nature 1988; 334:242-3.

30. Garrity DP, Movillon M, Moody K. Differential weed suppres-
sion ability in upland rice cultivars. Agron J 1992; 84:586-91.
31. Patni B, Guru SK. Morphophysiological and biochemical param-
eters associated with competitive ability of rice genotypes against 
weeds. Indian J Plant Physiol 2012; 17:215-23.
32. Khan AH, Vaishya RD. Allelopathic effects of different crop 
residues on germination and growth of weeds. In: Proceedings of 
National Symposium on Allelopathy in Agroecosystem, CCS Hary-
ana Agricultural University. Tauro P. and Narwal SS. (eds.) Indian 
Society of Allelopathy, Hisar, India, 1992, pp. 59-60.
33. Kaushik S, Inderjit. Oryza sativa restricts Phalaris minor 
growth: allelochemicals or soil resource manipulation? Biol Fert 
Soils 2007; 43:557-63.
34. Jung W S, Kim KH, Ahn JK, Hahn SJ, Chung IM. Allelopathic 
potential of rice (Oryza sativa L.) residues against Echinochloa 
crus-galli. Crop Prot 2004; 23:211-8.
35. Xuan TD, Tsuzuki E, Terao H, Matsuo M, Khanh TD. Alfalfa, 
rice by-products, and their incorporation for weed control in rice. 
Weed Biol Manage 2003; 3:137-44.
36. Tamak JC, Narwal SS, Singh L, Singh I. Effect of aqueous extract 
of rice stubbles and straw stubbles on the germination and seedling 
growth of wheat, oat, berseem, and lentil. Crop Res 1994; 8:180-6. 
37. Narwal SS. Weed management in rice: wheat rotation by alle-
lopathy. Crit Rev Plant Sci 2000; 19:249-66.
38. El-Shahawy TA, Zydenbos S. Rice straw as an allelopathic agent 
for controlling weeds. In: Proceedings of 17th Australasian Weeds 
Conference. New frontiers in New Zealand: together we can beat the 
weeds. Christchurch, New Zealand, 26-30 September, 2010, pp.143-
46.
39. Kong CH, Hu F, Wang P, Wu JL. Effect of allelopathic rice va-
rieties combined with cultural management options on paddy field 
weeds. Pest Manag Sci 2008; 64:276-82.
40. Choudhary AK, Thakur RC, Kumar N. Effect of integrated nutri-
ent management
on growth, development and biomass production in wheat-rice crop 
sequence in north-western Himalayas. Himachal J Agric Res 2006; 
32:6-14.
41. Sarker BC, Meshkat Z, Majumder UK, Islam A, Roy B. Growth 
and yield potential of some local and high yielding boro rice culti-
vars seedling vigor under submergence and submergence-induced 
SUB1A gene expression in Indica and Japonica rice (Oryza sativa 
L.). Aust J Crop Sci 2013; 4: 264-72.
42. Gniazdowska A, Bogatek R. Allelopathic interaction between 
plants: multi site action of allelochemicals. Acta Physiol Plant 2005; 
27:395-408.
43. Ortega RC, Nunez AR, Anaya AL. Allelochemical stress can 
trigger oxidative damage in receptor plants-mode of action of phyto-
toxicity. Plant Signal Behav 2007; 2:269-70.
44. Weston LA, Duke SO. Weed and crop allelopathy. Critical Rev 
Plant Sci 2003; 22:67-89.
45. Birkett MA, Chamberlain K, Hooper AM, Pickett JA. Does al-
lelopathy offer real promise for practical weed management and for 
explaining rhizosphere interactions involving higher plants? Plant 
Soil 2001; 232:31-9.
46. Bogatek R, Gniazdowska A. ROS and phytohormones in plant-
plant allelopathic interaction. Plant Signal Behavior 2007; 2:317-8.
47. Gniazdowska A, Bogatek R. Allelophatic interactions between 
plants. Multi site action of allelochemicals. Acta Physiol Plant 2005; 
27:395-407.
48. Cheng F, Cheng Z. Research progress on the use of plant allelop-
athy in agriculture and the physiological and ecological mechanisms 
of allelopathy. Front Plant Sci 2015; 6:1020. 
49. Rice EL. 1995. Biological control of weeds and plant diseases. 
Univ. Oklahoma



92

Rice and allelopathy.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 8 

Babita Patni et al.

Press, Norman.
50. Rizvi SJH, Rizvi V. Allelopathy-Basis and Applied Aspects, 
Chapman and Hall (ed.), London, UK, 1992, p. 480
51. Kato-Noguchi H, Ino T. Possible involvement of momilactone B 
in rice allelopathy. J Plant Physiol 2005; 162:718-21.
52. Seal AN, Haig T, Pratley JE. Evaluation of putative allelochemi-
cals in rice root exudates for their role in the suppression of arrow-
head root growth. J Chem Ecol 2004a; 30:1663-78.
53. Seal AN, Pratley JE, Haig T, An M. Identification and quantita-
tion of compounds in a series of allelopathic and non-allelopathic 
rice root exudates. J Chem Ecol 2004b; 30:1647-62.
54. Macias FA, Varela R, Torres MA, Molinillo JMG. Potential alle-
lopathic guaianolides from cultivar sunflower leaves var. SH-222. 
Phytochem 1993; 34:669-74.
55. Macias FA. Allelopathy in the search for natural herbicide mod-
els. In: Allelopathy: Organism, Processes and Applications. Inderjit, 
Dakshini KMM. and Einhellig FA. (eds.), American Chemical Soci-
ety, Washington, DC, US, 1995, pp. 310-30
56. Mattice JD, Lavy T, Skulman B, Dilday RH. Searching for al-
lelochemicals in rice that control ducksalad. In: Proceedings of 
Workshop on Allelopathy in Rice, Olofsdotter M. (ed.), International 
Rice Research Institute, Manila, The Philippines, 1998, pp. 81-98
57. Chung IM, Ahn JK, Yun SJ. Assessment of allelopathic com-
pounds from rice (Oryza sativa L.) straw and their biological activ-
ity. Can J Pl Sci 2001; 81:815-9.
58. Rimando A, Olofsdotter M, Duke SO. Searching for rice allelo-
chemicals an example of bioassay-guide isolation. Agron J 2001; 
93:16-20.
59. Kruse M, Strandberg M, Strandberg B. Ecological effects of 
allelopathic plants - A Review. Department of Terrestrial Ecology, 
Silkeborg, Denmark, Rep. No. 315, 2000
60. Jabran K, Farooq M. Implications of potential allelopathic crops 
in agricultural systems. In: Allelopathy: Current Trends and Future 
Applications. Cheema ZA, Farooq M. and Wahid A. (eds.). Springer, 
Verlag Berlin Heidelberg, Germany, 2012
61. Olofsdotter M, Rebulanan M, Madrid A, Dali W, Navarez D, 
Olk DC. Why phenolic acids are unlikely primary allelochemicals in 
rice. J Chem Ecol 2002b; 28: 229-42.
62. Olofsdotter M. Gtting closer to breeding for competitive ability 
and the role of allelopathy: an example from rice (Oryza sativa). 
Weed Technol 2001a; 15:798-806.
63. Olofsdotter M. Rice: a step toward use of allelopathy. Agron J 
2001b; 93:3-8.
64. Courtois B, Olofsdotter M. 1998. Incorporating the allelopathy 
trait in upland rice breeding program. In: Proceedings of Workshop 
on Allelopathy in Rice. Olofsdotter M. (ed.), International Rice Re-
search Institute, Makati City, Manila, The Philippines, 25-27 No-
vember 1996, pp. 57–67
65. Dilday RH, Yan WG, Moldenhauer KAK, Gravois KA. Allelo-
pathic activity in rice for controlling major aquatic weeds. In: Al-
lelopathy in rice. Olofsdotter M. (ed.), International Rice Research 
Institute, Makati City, Manila, The Philippines, 1998, pp. 7-26 
66. Jensen LB, Courtois B, Shen L, Li Z, Olofsdotter M, Mauleon 
RP. Locating genes controlling allelopathic effects against barnyard-
grass in upland rice. Agron J 2001; 93: 21-6.
67. Okuno K, Ebana K. Identification of QTL controlling allelopath-
ic effects in rice: genetic approaches to biological control of weeds. 
Jpn Agric Res Q 2003; 37:77-81.
68. Ebana K, Yan WG, Dilday RH, Namai H, Okuno K. Analysis 
of QTL associated with the allelopathic effect of rice using water 
soluble extracts. Breed Sci 2001; 51:47-51.
69. Kim HY, Shin HY, Sohn DS, Lee IJ, Kim KU, Lee SC, et al. 
Enzyme activities and compounds related to self-defense in UV-
challenged leaves of rice. Korean J Crop Sci 2000; 46:22-8.

70. Saito K, Azoma K, Sie M. Grain yield performance of selected 
lowland NERICA and modern Asian rice genotypes under non-fer-
tilized and fertilized conditions in the lowlands of West Africa. Crop 
Sci 2010; 50:281-91.
71. Rauber F. Weed suppression ability of upland rice under low-
input conditions in West Africa. Weed Res 2000; 40:271-81.
72. Inderjit. Soil: environmental effects on allelochemical activity. 
Agron J 2001; 93:79-84.
73. Nair M, Whitenack CJ, Putnam AR. 2,2’-Oxo-1,1’-azobenzene: 
a microbially transformed allelochemical from 2,3- b e n -
zoxazolinone. J Chem Ecol 1990; 16:353-64.
74. Chase WR, Nair MG, Putnam AR, Mishra SK. 2, 2’- Oxo-1,1’-
azobenzene: microbial transformation of rye (Secale cereale L.) 
allelochemicals in field soils by Acinetobacter calcoaceticus: III. J 
Chem. Ecol 1991; 17:1575-84.
75.Gagliardo RW, Chilton WS. Soil transformation of 2(3H) ben-
zoxazalone of rye into phytotoxic 2-amino-3Hphenoxazin-3-one. J 
Chem Ecol 1992; 18:1683-91.
76. Yu JQ, Ye SF, Zhang MF, Hu WH. Effects of root exudates and 
aqueous root extracts of cucumber (Cucumis sativus) and allelo-
chemicals, on photosynthesis and antioxidant enzymes in cucumber. 
Biochem Syst Ecol 2003; 31:129-39.
77. Rabbani N, Bajwa R, Javaid A. Interference of five problem-
atic weed species with rice growth and yield. Afr J Biotechnol 2011; 
10:1854-62.
78. Lucca P, Hurrell R, Potrykus I. Fighting iron deficiency anemia 
with iron-rich rice. J Am Coll Nutr 2002; 21:184-190.
79. Chopra VL, Prakash S. Evolution and adaptation of cereal crops 
(v. 1). Chopra VL. and Prakash S. (eds.), Enfield (NH), Science Pub-
lishers, Inc., 2002
80. Rodenburg J, Johnson DE. Weed management in rice-based 
cropping systems in Africa. Adv Agron 2009; 103:149-218.
81. Stephenson GR. Herbicide use and world food production: risk 
and benefits. In: Proceedings of 3rd International Weed Science Con-
gress. Foz Do Iguassu, Brasil, 2000, p. 240
82. Azmi M, Baki BB. Impact of continuous direct seeding rice cul-
ture on weed species diversity in the Malaysian rice ecosystem. In: 
Proceedings of the regional symposium on environment and natural 
resources. Omar R, Ali RZ, Latif MT, Lihan T, Adam JH (eds.), Kua-
la Lumpur, 10-11 April 2002, 1:61-7
83. Kong CH, Li HB, Hu F, Xu XH, Wang P. Allelochemicals rele-
ased by rice roots and residues in soil. Plant Soil 2006; 288:47-56.
84. Zhang X, Zhang L, Dong F, Gallo J, Galbraith DW, Song CP. 
Hydrogen peroxide is involved in abscisic acid-induced stomatal 
closure in Vicia faba. Plant Physiol 2001; 126:1438-48.
85. Seal AN, James B, Pratley E, Haig T. Can results from a la-
boratory bioassay be used as an indicator of field performance of 
rice cultivars with allelopathic potential against Damasonium minus 
(starfruit)? Aust J Agric Res 2008; 59:183-8.
86. Saito K, Azoma K, Rodenburg J. Plant characteristics associated 
with weed competitiveness of rice under upland and lowland condi-
tions in West Africa. Field Crops Res 2010; 116:308-17. 
87. Rabbani N, Bajwa R, Javaid A. Interference of five problem-
atic weed species with rice growth and yield. Afr J Biotechnol 
2001; 10:1854-62.
88. Hong NH, Xuan TD, Tsuzuki E, Khanh TD. Paddy weed control 
by higher plants from Southeast Asia. Crop Prot 2004; 23:255-61.
89. Khanh TD, Hong NH, Xuan TD, Chung IM. Paddy weed control 
by medicinal and leguminous plants from Southeast Asia. Crop Prot 
2005; 24:421-31.
90. Khanh TD, Chung IM, Tawata S, Xuan TD. Weed suppression 
by Passiflora edulis and its potential allelochemicals. Weed Res 
2006; 46:296-303.
91. Gibson KD, Fischer AJ, Foin TC, Hill JE. Implications of de-



93

Rice and allelopathy.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 8 

Babita Patni et al.

layed Echinochloa spp. germination and duration of competition for 
integrated weed management in water-seeded rice. Weed Res 2002; 
42:351-8.
92. Johnson DE, Wopereis MCS, Mbodj D, Diallo S, Powers S, Hae-
fele SM. Timing of weed management and yield losses due to weeds 
in irrigated rice in the Sahel. Field Crops Res 2004; 85:31–42.
93. Mortimer AM. Population ecology and weed science. In: Per-
spectives on Plant Population Ecology. Dirzo R. and Sarukhan J. 
(eds.), Sinauer Press, Sunderland, Massachusetts, USA, 1984, pp. 
363-88
94. Steckel LE, Sprague CL. Common waterhemp (Amaranthus ru-
dis) interference in corn. Weed Sci 2004; 52:359-64.
95. Uscanga-Mortera E, Clay SA, Forcella F, Gunsolus J. Common 
waterhemp growth and fecundity as influenced by emerging date 
and competing Crop Agron J 2007; 99:1265-70.
96. Gopal R, Malik RA, Kumar RK, Alam V, Jat ML, Mazid MA et 
al. Direct dry seeded rice production technology and weed manage-
ment in rice based systems. Technical bulletin, International Maize 
and Wheat Improvement Center, New Delhi, India, 2010, p. 28
97. Caton BP, Foin TC, Hill JE. 1997. Phenotypic plasticity of Am-
mannia spp. In competition with rice. Weed Res 1997; 37:33-8.

98. Gibson KD, Fischer AJ. Competitiveness of rice cultivars as a 
tool for crop-based weed management. In: Weed Biology and Man-
agement. Inderjit (ed.), Kulwer Academic Pulishers, The Nether-
lands, 2004, pp. 517-37.
99. Ballaré CL, Scopel AL, Sánchez RA. Far-red radiation reflected 
from adjacent leaves: an early signal of competition in plant cano-
pies. Science 1990; 247:329-32.
100. Rao AN, Nagamani A. Available technologies and future re-
search challenges for managing weeds in dry-seeded rice in India. 
In: Proceedings 21st Asian- Pacific Weed Science Society Confer-
ence, Colombo, Sri Lanka, 2007
101. Rao AN, Wani SP, Ladha JK. Weed management research in 
India – an analysis of the past and outlook for future. In: Souvenir 
(1989-2014). DWR Publication No. 18, Directorate of Weed Re-
search, Jabalpur, India, 2014, pp. 1-26.
102. Kaur S, Surjit S. Influence of crop density on weeds, growth 
and yield of direct-seeded rice. Indian J. Weed Sci 2014; 46:318-21.
103. Chauhan BS, Singh VP, Kumar A, Jhonson DE. Relations of 
rice seeding rates to crop and weed growth in aerobic rice. Field 
Crops Res 2011; 121:105-15.


