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Abstract

Agricultural crop production is always under threat of different of environmental
challenges which leads to decline crop productivity to a significant extent , among
various factors weeds are the most notorious agent, that not only cause drastic decline
the crop production in major crops but also effect negatively on soil health too. Since,
there is a continuous pressure of growing population to cope with inflating need of food
demand. There is a constant need to identify the area to address the weed mediated
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decline in crop production. Allelopathy could be a most promising tool for sustainable Allelopathy
agricultural production, by suppressing the weed growth and prevention of weed ﬁ;‘;gig{gzs“c“o”

resistance to toxic chemical herbicides. Variety of different classes of allelochemicals
are identified and assayed for their allelopathic potential, either alone or as
combinations with chemical herbicides. Majority of allelochemicals are secondary
metabolites and belongs to different chemical families. Allelochemicals exhibit their
effect by targeting important physiological and biochemical processes of plants.
Identification of suitable allelochemicals will not only help to develop natural herbicide
but also reduce dependence on chemical herbicides. Allelopathic potential is identified
in various food as well forage crops like sorghum, oat, alfalfa, rye, rice sunflower,
wheat, beet, etc. that can be exploited for weed control in agricultural system very
effectively. Variety of different agricultural practices can be adopted for sustainable
weed management and agricultural crop production by using the allelopathic crops.
Agricultural practices like mulching, intercropping, crop rotation, smoother crops, crop
covers and green manures etc. proved to be the better practices towards better weed
managements and increased the crop production. Therefore, present review focus on
different dimensions of crop allelopathy and its potential as a most sought green
technology towards weed management and sustainable agriculture production.

Weed managements

Introduction

Weeds are among one of major threat for crop plants, as
they competes with crop plants for natural resources,
leading to suppress the plant growth as well as loss of
yield to substantial extent. As population is increasing,
there is a continuous pressure on food demand. Therefore
there is a major concern to address weed mediated

decline in crop production by adopting different weed
management strategies. Among these, allelopathy could
be a potential tool towards achieving sustainable and
integrated weed control management. Allelopathic crops
can provide alternative and cost effective method to
reduce weed pressure. Allelopathy is well known natural
ecological phenomenon and used in agriculture system
and usually mediated by release of certain chemical
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substances. These chemical substances are normally
secondary metabolites, produced during various
physiological and biochemical processes as by-product.
(Faroogq et al., 2011; Bhadoria, 2011). The active
biomolecules commonly referred as allelochemicals
released Dby allelopathic plants affects the basic
functioning of other organisms or plant present near the
releasing plant or organism (Bertin et al., 2003).
Allelopathy involves the release of allelochemicals and
diffuse into the soil from allelopathic plant and exhibits
its beneficial or adverse effect on target plant or
microorganisms. Therefore, allelopathic effect may be
growth promoting or inhibitory (Rice, 1984).

Molisch (1937), a plant physiologist introduced the term
allelopathy, which is a hybrid made from two greek
words,i.e, allelon = ‘mutual’ and pathos= ‘to suffer’
(Chon and Nelson, 2012). Mostly the secondary
metabolites like phenolics, alkaloids, flavonoids are
recognised as an allelochemicals. Studies on allelopathic
interaction on different organism indicated that the
allelopathy has immense potential to improve crop
production, through maintaining ecosystem stability as
well as nutrient conservation and weed management
(Kong et al., 2004). The role of allelopathy in weed
management provides valuable ecofriendly approach,
moreover the use of allelopathic potential of different
crops against various weed communities could be a
environmental friendly solution for reducing the
dependence on use of chemical herbicides (Inderjit et al.,
2005).

The allelochemicals release from donor plants
establish their chemical communication by interacting
at various levels i.e., between plant-herbivore, plant-
insect and within plant-plant in order to show their
effect (Weir et al., 2004) similarly, allelochemicals
derived from microbes play a vital role in colonization
process of microbes under new ambience by
interacting at microbe —microbe or microbe-plant level
(Singh et al., 2003). In the present worldwide scenario
and need to identify cost effective and ecofriendly
weed management system motivated the people
towards deciphering the role of allelopathic interaction
between crops and weeds (Dudai et al., 1999; Om et
al., 2002). There are several crops studied for their
allelopathic potential for example alfalfa (Xuan et al.,
2005), barley, black mustard, buckwheat, rice (Kirn
and Shin, 2005), sorghum, sunflower (Khanh et al.,
2005) and sesame (Kumar and Varshney, 2008), have
shown substantial allelopathic potential to suppress
weed growth.

Autotoxicity is another dimension of allelopathy, and
most prevalent in many crops. Where, allelochemicals
released from one plant species suppress or inhibit the
growth and germination of the same plant species.
Autotoxicity is well observed in legume crops, leading to
reduction in crop yield, this could be attributed to auto
toxicity, because most of the legume crops are cultivated
as monocropping system (Millar, 1996; Singh et al.,
1999).

Although the efficiency and specificity of
allelochemicals are limited yet there are big advantages
of applications of allelochemicals like no residual toxic
effect left behind beside inhibiting the germination and
growth of weeds. Therefore, allelochemicals are suitable
candidate as herbicide and can be replaced with chemical
herbicides (Bhadoria, 2011).

Allelochemicals

Allelochemicals are active biomolecules (chemicals)
released by plants or microbes into the surrounding
environment. Allelochemicals gets accumulated in the
soil and display a massive negative impact on the growth
and yield on other crop plants of upcoming season (Rice
1984). Allelochemicals are released from plant parts,
residues or disintegrated plant or microbes. Plants or
microbes produce allelochemicals as by products of
various metabolic activities and released as secondary
metabolite by living plant parts or disintegrated product
of plants or microbes. Biologically derived
allelochemicals are the key component of allelopathy and
are classified into 14 broad categories (Rice, 1974). Such
cateogarization of allelochemicals were on the bases of
their chemical similarity belonging to different chemical
families i.e., water-soluble organic acids, straight long
chain alcohols, aliphatic aldehydes, and ketones; simple
Unsaturated lactones; long-chain fatty acid sand
polyacetylenes;  benzoguinone, anthraquinone and
complex quinones; simple phenols, benzoic acid and its
derivatives; cinnamic acid and its derivatives; coumarin;
flavonoids; tannins; terpenoids and steroids; amino acids
and peptides; alkaloids and cyanohydrins; sulfide and
glucosinolates; and purines and nucleosides.

Beside these chemicals, phytoharmones and plant growth
regulator compounds like gibberellic acid, ethylene and
salicylic acid are also considered as allelochemicals in
one or other way. Although there are thousands of
secondary compounds are identified but not all exhibit
the allelopathic properties rather only few are considered
as allelochemicals (Rice, 1984).
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Kruse et al. (2000) and Jabran and Farooq (2012) have
identified, some of the basic secondary metabolites like
phenolics, alkaloids, flavonoids, terpenoids,
momilactone, hydroxamic acids, brassinosteroids,
jasmonates, salicylates, glucosinolates, carbohydrates
and amino acids as allelochemicals. Further, mode of
action of such allelochemicals is strictly concentration
dependent and their effect on germination or plant
growth may be inhibitory or promotive is determined by
high or low concentration of allelochemicals (Einhellig,
1986). It was also observed that, usually allelochemicals
exhibit inhibitory role on plant growth when present in
high concentration, where as induce plant growth at low
concentrations  (Narwal, 1994). Therefore, using
allelochemicals in high concentration can potentially be
exploited as natural pesticides (Farooq et al., 2009c).
Putnam (1988) has suggested 6 broad classes of
allelochemicals which can be potentially used as
herbicides, such allelochemicals were isolated from
aquatic and terrestrial plants belonging to various
families. These allelochemicals such as, alkaloids,
benzoxazinones, cinnamic acid derivatives, cyanogenic
compounds, ethylene and other seed germination
stimulants, and flavonoids possess properties of potential
phytotoxicity.

Moreover, various studies suggested that allelochemicals
can only impart their effect on target plants, if released
into surrounding environment by allelopathic plant.
Therefore to achieve allelopathic effect, allelochemical
must release into the surrounding environment. The
allelochemicals, released into the environment by
adopting various methods like root exudation, decay of
plant parts, residues, volatilization and leaching from
disintegrated plant parts following the rain in to the soil.
(Mann, 1987). The leaves of black walnut, Juglans nigra,
suppress the growth of vegetation near or under the
walnut plant because of the release of phytotoxins
leading to runoff by rain. (Bode, 1958).

The application of dead and decomposed plant material
which release allelochemicals (phytotoxins), such
materials can be applied as mulching agents to suppress
the weed, for example rye, which inhibits seed
germination as well as growth by releasing phytotoxic
compounds (Barnes and Putnam, 1986). Further,
studies indicated that green parts of the plants can also
release of volatile phytotoxic compounds for example
Salvia leucophylla and Artemisia californica (Halligan,
1973) and roots of rice plants release allelochemicals
which selectively inhibit weed growth (Olofsdotter
etal., 1997).

Mode of action of allelochemicals

Allelochemicals are very strong chemicals agents which
target crucial processes in plants to alter various
physiological and biochemical processes in order to
exhibit their allelopathic effect. Such allelochemicals
target important physiological processes like respiration,
transpiration, mineral uptakes, photosynthesis, etc. that
results into plant growth inhibition, stomatal closure,
alteration of mineral uptake, alteration in enzyme
activities, induction of moisture stress and hormonal
imbalance. (Zeng et al., 2001; Gniazdowska and
Bogatek, 2005). Further, allelochemicals also involved in
altering the micro and ultra structure of cells, altering
protein and nucleic acid biosynthesis, imbalance of
antioxidant enzymes and influence on plant growth
regulators. Moreover, the effect of allochemicals on
microbial community and ecological environment is
equally effective. (Cheng and Cheng, 2015). Various
studies conducted on allelochemicals to determine their
role in different crop plants. The effect of
allelochemicals on roots of P. vulgaris indicated the
disordered cell organization and ill defines differentiated
root tip cells, where root tip cells were extruded together
(Cruz et al., 1998).

It was observed that allelochemicals like benzoic acid
and trans-cinnamic acid displayed the inhibitory effect
on growth of Glycine max (soyabean). The growth
inhibition could be due to alteration of ion uptake and
transport, decrese of chlorophyll content. Further, there
were reduction in phosphorous, poatssium, magnesium
and magnese contents in shoots and roots of soyabean
observed (Baziramakenga et al., 1994). It also revealed
that compound like benzoic, cinnamic, vanillic and
ferulic acids inhibit the growth of soybean plant by
interfering with phosphorous uptake, nucleic acid and
protein metabolism (Baziramakenga et al., 1997). Studies
indicated that sorgoleone an effective allelochemical of
Sorghum (Sorghum bicolor L.) effects on photosynthesis
system and act as a strong inhibitor of electron transport
in photo system Il (PSIl) in crop plants leading to
inhibition of oxygen evolution in plants (Nimbal et al.,
1996; Einhellig and Souza, 1992).

Allelopathic crops

Allelopathic potential have been explored in many
different food and fodder crops belonging to various
families. Some of the crops like wheat (Triticum
aestivum L.), maize (Zea mays L.), oats (Avena sativa L.)
and barley (Hordeum vulgare L.), beet (Beta vulgaris L.)
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and lupin (Lupinus lutens L.) have shown allelopathic
effect on other crops (Rice, 1984b). Weston 1996,
indicated the allelopathic potential by releasing of
allelochemicals in other crops like Black mustard
(Brassica nigra L.), Buck wheat (Fagopyrium
esculentum L.) Clovers (Trifolium spp.) and  sweet
clover (Melilotus spp.). Rye (Secale cereale L.), the
most important crop plants belonging wheat tribe is
cultivated mainly for a grain and as forage crop. It
showed immense allelopathic potential and capable to
inhibit the growth of weeds ((Miller, 1996). Its
allelopathic activity is due to root exudates containing
allelochemicals, that effectively suppress weed growth,
therefore can be used as natural herbicide and as cover
crop for weed management as well (Kruse et al., 2000;
Pérez and Ormeno-Nunez, 1993). The shoot and root
residues of rye plants can effectively suppress weed
growth as study conducted on barnyard grass observed
that root residues are more effective than shoot (Kohli
et al., 2001). Varity of natural allelochemicals were
identified in rye crop, such chemicals contributed to its
allelopathic potential and shows herbicidal activities.
Some of most effective allelochemicals include,
phenolic acids,  hydroxamic acids [2,4-dihydroxy-
1,4(2H)- benzoxazin-3-one (DIBOA), 2(3H)-
benzoxazolinone (BOA) and 2,2’-0x0-1,1’-azobenzene |,
(AZOB) is a compound formed by the microbial
transformation of rye residues (Kruse et al., 2000;
Reberg-Horton et al., 2005).

Allelopathic potential and weed suppressive ability were
reported in various Brassica spp, which are cultivated or
wildly grown. Some of these crops have shown
inhibitory effect leading to poor seed germination,
reduced growth and emergence of small grain in next
crops, when grown in rotation (Bialy et al., 1990).

Fenwick et al. (1983) identified presence of high
amounts of glucosinolates in (Brassica nigra L.)
Brassica spp. Moreover, some studies indicated that
different plant parts (like, stem, leaf, flower and root) of
black mustard exihibit allelopathic effect on various
crops like alfalfa, lentil, wild oat and radish and
effectively suppress the seed germination and seedling
growth when used their water extract (Turk et al., 2005;
Muahammad et al., 2013).

Alfalfa, (Medicago sativa L.) is among one of the
important forage crop. Which cultivated worldwide as
fodder for cattle and reportedly produces number of
allelochemicals, leading to cause autotoxicity to the this
crop. These water soluble autotoxic chemical compounds

are usually found in root and shoot, althought such
chemicals are more concentrated in root than shoot.
However, there are indications that certain chemicals like
chlorogenic acid, saponin, medicarpin and other phenol
like substances may be involved in alfa alfa autoxicity
(Hall and Henderlong, 1989; Dornbos et al., 1990).
Although it is not very clear that which chemical
compound is mainly responsible for autotoxicity in
alfalfa but having grown new crop on old alfalfa stand is
severely experience autotoxic effects which includes
reduced seed germination, less growth of root and shoot
and poor productivity (Seguin et al., 2002).

Sorghum (Sorghum bicolor L.) is widely cultivated
fodder crop possess allelopathic potential, its root hairs
contains high concentration of main allelochemical,
sorgoleone (2- hydroxy- 5- methoxy- 3- [(8'Z, II'Z)- &'
,11' 14" - pentadecatriene]- p- benzoquinon) and released
in surrounding environment . it was isolated and
identified from hydrophobic oil like root exudates.
(Netzley and Butler 1986). Sorgoleon, the major p-
benzoquinones along with other three minor p-
benzoquinones together contribute more than 90% of the
root exudates in sorghum (Dayan et al., 2007). Since
sorgleon mimic the effect of diurontype herbicides, for
example s-triazines, triazinones, biscarbamates, ureas,
phenylureas and uracils it can be used as a natural
herbicides(Streibig et al,. 1999). It was estimated that
concentrated sorghum water extract sufficiently inhibit
weed density (15-47% ) and dry weight (19-49% ) in
different weeds like Chenopodium album, Phalaris
minor, Fumaria indica and Rumex dentatus in wheat
crop (Cheema and Khalig, 2000).

Rice (Oryza sativa L.) is an important staple food crop
for humans consumption worldwide. It allelopathic
activity was studied against Echinochloa crusgalli P.
Beauv. var. oryzi-cola Ohwi (barnyard grass), commonly
associated weeds of rice (Chung et al., 2003). Large
number of allelochemicals were identified and screened
in rice extract and exudates for their allelopathic
potential. Such chemicals were belonging to different
chemical classes, namely, fatty acids, indoles,
benzoxazinoids, phenylalkanoic acids, phenolic acids
and terpenoids. Belz , 2007; Kato-Noguchi et al., 2008).
An important allelochemical from rice, momilactone B
diterpenoid has been suggested as an effective
allelochemical for weed suppression (Kato-Noguchi and
Ino, 2005).

The allelopathic potential of sunflower (Helianthus
annuus L.) can be used as natural herbicide against
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weeds especially against broad leaf weeds (Bogatek et
al., 2006; Anjum and Bajwa, 2007). According to Om et
al. (2002) application of sunflower as green manure can
significantly inhibit (42-100%) of the population of
Phalaris minor Retz., under both feld and laboratory
conditions, respectively. Certain phenolic compounds
like , diterpens and triterpense were isolated from
sunflower (Helianthus annuus L.) which has shown
promising alleopatic activity (Macias et al., 2004b).

Allelopathy and sustainable crop production

Weeds are major bottle neck in agricultural crop
production systems, weeds not only share the space but
also capture the essential nutrient resources required
for the growth of crop plant (Smith et al., 2010).
Therefore causes a considerable decrease in crop
production as well as soil health (Sharma, 2014).
Therefore, such allelopathic crop can be potentially
exploited as proper weed management tool. Biosynthesis
of allelochemicals in microorganisms and higher plants,
proves to be useful as natural herbicides, in recent years
many experts are working on the these crops due to the
direct effect of allelopathic weed plants to use as a
method of weed management (Rahimiyan et al., 1994).
These allelopathic crops can use in multiple ways to
reduce weed pressure for example, as a smother crop,
crop rotation in sequence, as residue or mulch. Crop
rotation in sequence is also proved to be effective
practice to substantially reduce weed density, as evident
from the study on rice- wheat cropping system. When
changed, there is reduction in weed density and weed dry
matter production. Rice-wheat-green gram sequence was
most effective in suppressing weeds growth followed by
rice-wheat, rice-chickpea and rice-pea sequence (Singh et
al., 2012).

Allelopathy provides an effective and natural mean to
control over weeds, beside effective weed management
allelochemicals have shown promising potential over
insect-pests and diseases management. Most of the
allelochemicals are secondary metabolites therefore their
role in abiotic stress tolerance in crop plants cannot be
ignored since secondary metabolites as stress signal
molecules play a key role in defense against abiotic
stresses (Magbool et al., 2013).

Various studies indicated that, not only the application
of water extract of allelopathic crops, allelopathy can
also play effective role in controlling weeds growth
through allelochemicals incorporated into soil due to
disintegration or decay of allelopathic crop residues or

leaching. Mulching of allelopathic crop residues also
provide one of the effective mean to suppress weeds
with no use of chemical herbicides (Jabran,K et al.,
2015; Awasthy et al., 2014). Allelopathy provides
immense opportunity towards weed management and
sustainable crop production, there are various approaches
can be exploited for harnessing maximum potential of
allelopathy under weed management. Approaches like
intercropping and crop rotation of certain allelopathic
crops to kill weeds by inducing allelopathic effect in soil
(Igbal et al., 2007).

Beside weed suppression intercropping also reduces the
cost of weed eradication and increase crop Yyield.
Intercropping of sugarcane with greengram was more
effective and recorded less weed dry weight and more
sugarcane productivity as compared to cropping of 0s
sugarcane alone (Bhullar et al., 2006). There are studies
that indicated that weed suppression is very effective
when inercropping ehihibit strong  competitive
environment against weeds under specific conditions i.e,
time or space (Dwivedi et al., 2012).

Moreover, the effectiveness of allelopathic application
approaches depends on environmental factors and proper
weed management strategies, such applications are not
only capable of reducing weeds significantly but also
have natural potential to reduce weed growth. Further,
dependence on chemical herbicides also reduces when
used as mixture of water extract of allelopathic potential
with less dose of chemical herbicide (Cheema et al.,
2012).

The studies on allelopathic effect of wheat on weeds
have shown a significant effect (Bertholdsson, 2011; Wu
et al., 2007). Study on allelopathic potential of different
wheat cultivars (Modern Wheat, Triticale, Rye and
Wheat Breeding Lines) exhibited that cultivar triticale
Dinaro has shown maximum allelopathic inhibition of
black-grass biomass and the new wheat cultivar Nimbus
was next to it, therefore can potentially used in weed
management, further, study on wheat-rye translocation
lines also exhibited as good activity as of triticale and
the best wheat cultivars (Bertholdsson, 2012). Study on
rye indicated that aqueous extracts of rye residues can
suppress horseweed (Conyza canadensis L.) and
willowherb (Epilobium ciliatum Rafin) (Wu, H. Pratley,
2003).

Application of different green agricultural practices may
help in sustainable crop production, such practices
creates conditions that do not support weed germination
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and their growth. Such practices also helps to maintain
soil fertility, preserving organic matter and reduce soil
loss (Norris and Kogan, 2000).Thus there is a major
thrust on adoption of the sustainable agriculture
approaches exploiting allelopathic potential of crops, that
could help to sustain agricultural production through
proper weed management.

Conclusion

Allelopathy is a ntural ecological phenomenon and is
know in agriculture system since encient time.
allelopathy offers an immense potential in the field of
sustainable agriculture system and ecofriendly weed
management exploiting plant allelochemicals, moreover,
deciphering the allelopathic potential of diverse crop
plants and adoption of suitable green agricultural
practices will help effective weed management and
sustainable crop production. However, for successful
implimentation of allelopathic potential, it needs the deep
understanding of plant physiology and ecology of crop
plants. Allelochemicals released into the environment
and impart their allelopathic effects on weeds.
Allelochemicals are as effective as chemical herbicides,
therefore they are suitable candidate to be replaced with
chemical herbicides and may provide an alternative
green weed management tool. Several allelochemicals
are isolated and identified so far, However, their
applications are still very limited and restricted.
Moreover, the broad spectrum application of
allelochemicals requires more understanding of
mechanism of release of allelochemicals, mode of action,
interaction with soil and other chemicals, along with
various environmental factors to harness their maximum
potential in agricultural system.
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