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Abstract

A large number of plant and weed species produce secondary metabolites known
as allelochemicals, and the process is known as allelopathy. Allelochemicals can
be used to control weeds in agricultural systems by using allelopathic crops for
intercropping, crop rotation, or mulching. A few important examples of crop spe-
cies with high allelopathic potential may include (but not limited to) wheat, rice,
sorghum, rye, barley, and sunflower. The naturally produced allelochemicals in
these crops could be manipulated to suppress weeds and witness an environ-
ment-friendly and sustainable agricultural production system. The objective of
this article is to review the opportunities for using allelopathy to enhance overall
potentiality of weeds and crops in natural weed management. Allelopathy is the
beneficial or adverse effect of one plant on another due to direct or indirect re-
lease of chemicals from live or dead plants (including microorganisms). Although
we cannot discard use of synthetic herbicides completely at the present situation
but their use can be reduced up to a specific extent by using allelopathic poten-

tiality as a preferred weed management strategy for crop production as well as
environmental benefits.
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1. Introduction

Weeds constantly compete with crop plants to cause a considerable loss in their productivity. Hence, weeds have
been documented as serious plant pests since the ancient [1]. Weeds have always played a role throughout the domesti-
cation of crop plants which necessitated practicing weed control measures [2]. Pulling by hand, cutting, and physically
smothering weeds were among the ancient methods of weed control [3]. Over time, hand tools were developed to till
soils in order to control weeds. During recent times, herbicides and other modern means of weed control have been used.
However, since the beginning of agriculture, hand weeding, mechanical weeding, and herbicide applications have been
the most relied upon weed control methods [4-7]. These weed control methods have served to keep weed infestations
low and improve the crop productivity throughout the world. Despite the significant contribution of these weed control
methods in improving crop productivity, certain challenges are also associated with them. Decreasing availability and
increasing cost of labour, and inconsistent weed control are among the major challenges in hand weeding [8, 9]. Simi-
larly, mechanical weed control requires extra soil turn-over, which can disturb soil structure and deplete soil fertility
[10]. Mechanical weed control is not always effective and can be expensive and lack durability [11]. Likewise, herbi-
cide-resistant weeds, health effects, and environmental concerns are the major constraints for repeatedly using herbi-
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cides for weed control [12, 13].

The challenges associated with conventional weed control methods (e.g., hand weeding, mechanical control, herbi-
cides, etc.) make it imperative to develop diversity in the current weed control methods. A variety of options would be
available for site specific weed control if diverse weed management methods are developed. The cost and ecological
concerns can be firmly addressed by using diversified weed management options. Suppressing weeds by harnessing the
allelopathic phenomenon is included among the important innovative weed control methods [14]. Plant hormones and
defence mechanisms are manipulated to control weeds in different agro-ecosystems [15]. This review article discusses
the practical application of allelopathy for weed control in agricultural systems. Further, we have focused on the impli-
cations of weeds in crop production, challenges in weed management, potential allelopathic crops, and the use of alle-
lopathy for managing weeds. Strategies, such as the use of allelopathic cultivars, intercropping with allelopathic weed
suppressive plants, the use of allelopathic cover crops and residues, and rotational sowing of allelopathic crops, have
been discussed for practical weed control in field crops.

2. Allelopathy and weed management

Weeds are the most stubborn competitors of crops causing substantial reduction in yield by sharing light, air, water,
nutrients and space. Allelopathic water extracts have been successfully used for organic weed management. Allelo-
chemicals are diverse in nature and structure and thus lack common mode of action. When applied at high concentra-
tions, these allelochemicals interfere with the cell division, hormone biosynthesis and mineral uptake and transport [16],
membrane permeability [17], stomatal oscillations, photosynthesis[18], respiration and protein metabolism and plant
water relations [19], which may cause substantial growth reduction. This phytotoxic activity of allelochemicals is re-
sponsible for growth suppression of weeds. Flavonoids and phenolics suppressed the germination and growth of several
plants [20]. Allelochemicals reduce water and nutrients uptake by roots and inhibit photosynthesis, respiration, protein
synthesis, cell division and thickness of seminal roots as well as cause slow maturation and delay or failure of reproduc-
tion [21].

3. Crops with allelopathic potential for weed control

Several plants express the allelopathic phenomenon through exudation of allelochemicals. For example, rye is among
the most important allelopathic crops. Although benzoxazinones [2,4-dihydroxy-1,4(2H)-benzoxazin-3-one (DIBOA)
and 2(3H)-benzoxazolinone (BOA)] are the most important allelochemicals responsible for the allelopathic potential of
rye, several of other important allelochemicals are also present in rye. Recently, Schulz, Marocco [22] reviewed the
allelopathic potential of rye and listed 16 allelochemicals present in this plant. These allelochemicals included
B-phenyllactic acid, protocatechuic acid, DIBOA (glucoside), vanillic acid, apigenin-glycosides, syringic acid, luteolin-
glucuronides, p-hydroxybenzoic acid, p-coumaric acid, benzoxazolinones BOA, cyanidin glycosides, p-hydroxybutric
acid, isovitexinglucosides, DIMBOA (glucoside), gallic acid, and ferulic acid/conjugates. Further, a number of studies
reported the allelopathic inhibition of other crops and weeds by rye [23-25]. Although rye can be manipulated to sup-
press weeds in a cropping system as a rotational crop, cover crop, or mulch, using it as a cover crop is the most common
method for weed control.

Sorghum is another important allelopathic crop. Extensive literature explains the allelopathic potential of sorghum
and its implications in different cropping systems. The allelopathic activity of sorghum varies across cultivars, envi-
ronmental conditions, and plant growth stages. Sorghum expresses its allelopathic activity through the production of
several allelochemicals. Most important among these allelochemicals are hydrophobic p-benzoquinone (sorgoleone),
phenolics, and acyanogenic glycoside (dhurrin) [26]. Sorgoleone is the most potent allelochemical of sorghum exuded
by its roots. Root hair cells are responsible for the production of sogoleone in sorghum plants [27]. The allelopathic
activity of sorghum can be manipulated for weed control by planting allelopathic cultivars, applying sorghum residues
as mulch, using sorghum as cover crop and intercrop, or including sorghum cultivars in a crop rotation.

The Brassicaceae family has a strong allelopathic potential against other crop and weed plants [28]. Brassicas pro-
duce the allelopathic compound glucosinolate throughout their plant parts [29]. However, the concentration of this alle-
lochemical varies in different parts of the plant. Glucosinolate is released into the environment through either volatiliza-
tion or decomposition. After the release, glucosinolate is decomposed into several biologically active compounds, such
as isothiocyanate [30]. Further, these allelochemicals (isothiocyanates) suppress the growth and development of
plants/weeds which take them up [31]. The allelopathic potential of brassica plants can be used to suppress weeds by
using the brassica plants as cover crops, intercropping brassica crops with the main crop, crop rotation, or the use of
brassica litter as mulch [32].

Sunflower is considered the most important allelopathic crop. Sunflowers can be phytotoxic to the following crop in
a cropping rotation. Several weed species have also been reported to be suppressed by sunflower allelopathy. Recently,
researchers evaluated the allelopathic potential of eight sunflower cultivars against problem weed species in wheat.
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They either grew the allelopathic sunflower cultivars in a mixture with weeds, or applied the residues (600 or 1,400 g
m?) of sunflower cultivars to the wheat crop and its weeds. The sunflower cultivars in the study varied in their allelo-
pathic potential and suppressed total weed density by 10-87% and total weed biomass by 34-81%. Sunflower residues
also expressed their allelopathic potential to suppress total weed density (24-75%) and total weed biomass (12-67%),
and increased wheat grain yield and yield components over the non-treated control. Further, 16 allelochemicals (phe-
nolic acids) were found across the tested sunflower cultivars. The cultivars which suppressed weeds possessed higher
concentrations of allelochemicals [33].

In conclusion, several crops have strong allelopathic potential, which is expressed through the exudation of a diversi-
ty of allelochemicals. The allelopathic potential of these crops can be manipulated to suppress weeds [34].

4. Intercropping

Growing of crops together (Figure 1) at the same time in the same field is an important strategy to increase input
(land, fertilizer, and water) use efficiency and to enhance crop yield and economic returns [35]. In addition, intercrop-
ping especially with allelopathic crops can provide eco-friendly alternative to chemical weed control [36]. Recent stu-
dies have explored the effectiveness of intercropping with allelopathic crops as a good alternative to chemical weed
control [37]. Intercropping of fodder legumes in maize helped to control the giant witchweed (Striga hermonthica [Del.]
invasion than the sole maize crop [38]. Intercropping of various allelopathic crop species in maize was effective to con-
trol different narrow and broad leaved weed species [39]. Infestation of purple nutsedge (Cyperus rotundus L.) in cotton
crop was significantly reduced with intercropping of sesame (Sesamum indicum L.), soybean, and sorghumon alternate
rows [40]. In another field trail, the intercropping of white clover (Trifolium repens L.), black medic (Medicago lupuli-
na L.), alfalfa, and red clover (Trifolium pratense L.) in wheat crop was effective to control various weed species and to
enhance wheat yield [41]. Similarly, intercropping of pea (Pisum sativum L.) with barley (Hordeum vulgare L.) [42],
sorghum with cowpea (Vignha unguiculata (L.) Walp.) [43], wheat with canola [44], and wheat with chickpea (Cicer
arietinum L.) [45], reduced the weed infestation as compared to sole crop and enhanced farm income. Therefore, inter-
cropping of allelopathic crops with the main crop has potential to control weeds through release of allelochemicals.

E a A4V

Figure 1. Intercropping of mung bean and maize.

5. Cover Crops

Cover crops with allelopathic properties can provide effective weed control in addition to their other benefits includ-
ing protection from soil erosion, snow trapping, nitrogen fixations, and improvement of soil structure and fertility [46].
The weed suppression potentials of cover crops including physical suppression, shade effect, decrease in temperature,
and competition with weeds for inputs can be further increased through selection of strong allelopathic crops as cover
crops. Furthermore, the release of allelochemicals from cover crops through root exudates, leaf shading, and washing by
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rain will help to decay the weed seed bank. The weed control efficiency of cover crops depends on its allelopathic po-
tential and duration in the field; strong allelopathic crop for long duration in the field will provide more efficient weed
control [47]. The weed control efficiency of cover crops also depends on weed species, e.g., sorghum as cover crop
provides effective control of broad-leaved weeds; however narrow-leaved weeds were not controlled [48]. Environ-
mental factors also influence weed control potential of cover crops by changing allelopathic potential, e.g., rye grown
under nutrient stress conditions was more phytotoxic as compared to rye grown under high fertility [49]. Herbi-
cide-resistant weeds, which are a major problem for sustainable weed management, maybe controlled with allelopathic
cover crops. The allelopathic crops that can be used as cover crops include rye, barley, sorghum, oat, wheat, canola,
black mustard, buckwheat, clover species, and hairy vetch [50, 51]. In a recent study, allelopathic cover crops such as
buckwheat and hairy vetch were effective in controlling apricot weeds [52].

6. Crop Rotation

Crop rotation is system in which different plants are grown in a sequence in a specific field for definite time period. It
is important to reduce pest (weeds, pathogens, and insects) pressure, to overcome autotoxicity, and to sustain soil fertil-
ity [53]. Diversified rotation is key for sustainable weed control as it creates unstable conditions for weeds and helps to
reduce weed seedbank [54]. Allelopathic crop in a rotation can potentially suppress its associated weeds and reduce
weed infestation in the crop following in the rotation [55]. Both root exudates and decomposing crop residues an alle-
lopathic crop in the rotation add allelochemicals to the soil that help to reduce weed pressure [56]. For example, weed
infestation is reduced in wheat crop if grown following the sorghum crop due to release of allelochemicals from sorg-
hum [57]. For instance, in sunflower-wheat rotation, the weed infestation in wheat crop grown after sunflower was con-
siderably reduced [58]. Inclusion of rapeseed in rotation caused about 40% reduction in weed density in the subsequent
crop in rotation [59]. Weed seed germination inhibition potential of allelopathic crop in rotation can also negatively
affect the seed germination of subsequent crop in rotation. For example, wheat germination was delayed when it was
grown in rotation with sorghum [60]. However, wise use of allelopathic crops in rotation and tillage timing can help to
reduce the inhibitory effect on crop [61]. Therefore, good crop rotation with inclusion of allelopathic crop can help to
avoid autotoxicity and to reduce weed problem with minimum dependence on chemical weed control method.

7. Mulching and Residue Incorporation

In allelopathic mulching (Figure 2), the crop or weed residues are applied on soil surface or incorporated in the soil.
Mulching with allelopathic crop/weed residues inhibits weed germination and growth due to release of allelochemicals
in the rhizosphere, physical suppressing and depriving weed seeds from light [62]. In addition to weed control, mulch-
ing increases water holding capacity, increases soil fertility, enhances organic matter, and works as buffer to maintain
soil temperature [62]. Commonly, farmers use economic parts of the crop while incorporating the remaining crop parts
in the field as organic matter. The allelopathic plant parts left in the field inhibit the weeds. Recently, many studies have
been done to explore the weed control potential of allelopathic mulches and residue incorporation in fieldcrops. For
instance, application of sorghum crop straw as surface mulch in maize provided up to 37% weed control [63], while in
cotton and rice, about 60% and 50% weed control, respectively, was achieved with sorghum surface mulch [64, 65].
Sorghum residue incorporation or surface mulches provided effective control of various noxious weed species including
C. rotundus, broad leaved dock (Rumex obtusifolius L.), P. minor, C. arvensis, C. album, and scarlet pimpernel (Ana-
gallis arvensis L.) [66]. In another field study, it was observed that maize residues added in the field after maize harvest
caused significant reduction in weed infestation in the succeeding 510 N. Broccoli (Brassica oleracea L.) crop [67].
Similarly, sunflower residues and surface mulches have potential to control various weed species in the field crops. In
another study, application of barely mulch in maize provided up to 80% weed control and 45% increase in maize grain
yield over control [68]. The mulches of allelopathic crops including rice, maize, sorghum, and sunflower at 12 t ha™
provided effective control of herbicide-resistant P. minor in wheat. Mulches and residues of various crops including rye,
clover, rice, maize, and canola have been reported for their potential as weed control [69].

Combined use of different allelopathic mulches can enhance their weed control potential due to the availability of
diverse allelochemicals. Furthermore, allelochemicals have been known for their synergistic effect [70]. For example,
combined use of canola, sunflower, and sorghum mulches provided more efficient weed control in maize as compared
to the sole use of individual mulch material. Therefore, residues of allelopathic crops can be used either as surface
mulch or soil residue incorporation to control weeds in different crops [71].

8. Conclusion

So it is clear from the above discussion that there is massive prospect of allelopathic mechanism as a weed manage-
ment tool. Allelochemicals from several plants have been identified and their activities have also been well-known. Al-
lelopathic weed control can provide environmentally friendly tool to control weeds in cropping systems without depen-
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dence on chemical herbicides, as chemical weed control causes various hazards to environment, biodiversity, and hu-
man health. The use of allelopathic weed control through intercropping, crop rotation, cover cropping, mulches, resi-
dues, and water extract alone or in combination with synthetic herbicides will not only provide sustainable weed control
but also sustainable crop production due to positive effects of these strategies on soil fertility, organic matter contents,
and ecosystem biodiversity. Furthermore, efforts to motivate industries to produce allelochemical-based herbicides,
breeding of more weed suppressive crop cultivars, exploring the allelopathy of unexplored fields, the use of allelo-
chemical hormesis, and understanding about mode of action of allelochemicals will enhance the efficacy of allelopathic
weed control.

Figure 2. Mung bean mulch with sunflower residues.
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