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ABSTRACT

Weeds have been recognized as a major biotic constraint towards achieving higher crop productivity as well as quality. With
the current crop protection measures, weeds cause nearly one-third of the crop losses among all the crop pests. The
effective approach to combat the weed menace is the need-based use of herbicides. Because of widespread growing concern
over the environmental aspects of commonly used herbicides as well as their untimely availability, development of weed
resistance, etc., the need for the use of conveniently available and biodegradable herbicides is very much imperative.
Researchers currently search for novel alternatives to the synthetic herbicides, which would be biodegradable and
environment-friendly. Common plants and their metabolites become a source of compounds that can be utilized directly as
natural herbicides or as lead structures for the herbicide discovery. These herbal herbicides in judicious combination with
other weed management methods would be a potential tool to combat weed menace, especially by the smallholder farmers
in rural areas in general, and organic or natural farming in particular.
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INTRODUCTION

Weeds have been one of the major
impediments to crop production since the dawn of
human civilization. A significant quantum of crop
harvest is lost each year due to inadequate, ineffective
and untimely weed management. Huge losses in crop
yields as well as crop quality take place due to weeds,
which have an impact on food security and safety.
The extent of crop yield losses varies due to weeds,
depending on the crop and related agro-ecological
conditions. In India, the average annual yield losses
due to various crop pests are projected to be
approximately ¥ 600 billion (Singh 2005), with weeds
alone responsible for the greatest losses. However,
weed damage to crops receives less attention than the
damage from other pests. Weeds have a direct impact
on crop productivity and quality, and they also
substantially reduce the input use efficiency. The
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uncontrolled weeds utilize most of the expensive
inputs like fertilizers and irrigation water that would
otherwise be used to maximize the potential yield
(YYaduraju and Mishra 2004 and 2005). Gharde et al.
(2018) estimated total actual economic loss of about
USD 11 billion due to weeds alone in 10 major crops
of India viz. groundnut (35.8%), soybean (31.4%),
greengram (30.8%), pearlmillet (27.6%), maize
(25.3%), sorghum (25.1%), sesame (23.7%),
mustard (21.4%), direct-seeded rice (21.4%), wheat
(18.6%) and transplanted rice (13.8%) using the data
from 1581 on-farm research trials conducted by
ICAR - All India Coordinated Research Project on
Weed Management between 2003 and 2014 in major
field crops in different districts of 18 states of India.
They found that potential yield losses were high in
case of soybean (50-76%) and groundnut (45-71%).
Greater variability in potential yield losses were
observed among the different locations (states of
India) in case of direct-seeded rice (15-66%) and
maize (18-65%).

A clear understanding and knowledge regarding
weeds and their management can be helpful in
addressing certain challenges related to food security
and safety. In India, various weed control methods
are in use, based on the socio-economic conditions of
farmers. Manual weeding is still the most common
way to manage weeds in the country although it is
tiresome, time-consuming, ineffective, and
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practically uneconomical. There is also a declining
trend on the use of draught animals for land
preparation and intercultural operations. Wage rates
have been increasing dramatically over the last two
decades. The reduced labour availability at the peak
time of agricultural operations compels the farmers to
look for alternative weed management options as the
farmers frequently fail to address the weed problems
with their current weed management techniques.
Significant crop losses occur due to either delayed
weeding or omitted weeding. As a result, there is a
greater need for low-cost, time-saving, and effective
weed management solutions under various agro-
ecological situations (Duary and Mukherjee 2013). To
deal with the weed problems, the intense use of
herbicides is being preferred by farmers during recent
years. But exclusive reliance on the use of synthetic
herbicides has resulted in emerging environmental
concerns, including herbicide residue in soil, water
and plants (especially fruits and vegetables); toxicity
to animals and humans; shift in weed flora; and
evolution of resistant weeds (Mukhopadhyay 1992
and 1993, Gautam and Mishra 1995, Duary 2010).

Innovations and interventions are imperative for
effective weed management so as to eliminate or
avert the environmental risks and health concerns.
Since the herbicides have the relatively higher
potential to cause unfavourable environmental
contaminants, there is a growing need for using the
environmentally safer herbicides which would be
either equally or even more effective and selective
than the currently available synthetic herbicides.
Researchers have been searching for novel, bio-
degradable and environment-friendly alternatives to
the synthetic herbicides. In this context, herbal
herbicides can play a greater role. There has been an
increasing interest in the use of allelopathic plants for
weed management at the national and international
levels. The compounds released by these allelopathic
plants (allelopathic chemicals/allelochemicals) can
either be directly utilized for weed management or
alternatively their chemical contents be utilized for
developing new herbicides with novel chemistries. As
an essential prerequisite of the sustainable agricultural
practices, the inputs currently provided by non-
renewable chemical resources should be replaced by
the biologically based renewable and naturally
available products. To make the weed management
solutions more sustainable and eco-friendlier, there is
a need to judiciously switch from using chemical
herbicides to that of the herbal herbicides or
phytochemicals with herbicidal properties.

CONCEPT OF HERBAL HERBICIDE

There exist many plant species in and around
our surroundings. Some of these have allelopathic
potentials. There is a range of plants that herbivores
do not graze, browse, nibble or relish in other ways,
and these plants are also not afflicted with insects and
pathogens. These plants include those with the
aromatic, cosmetic, antibiotic, empirical remedial,
medicinal, preservative, repellent, and other
properties. These plants, in whole or in part, have
herbicidal and other properties. These plants exude
attractants (water/alcohol soluble products) or
release some active chemicals into the environment
through exudation, leaching or decomposition
(Kumar and Varshney 2009), which inhibit the
germination and growth of nearly all types of annual
weeds both in transplanted and direct-sown crops in
both aerobic and anaerobic soils. The bioactive
compounds or phytochemicals or plant extracts with
herbicidal properties are called herbal herbicides, also
known as phytoherbicides (Bhowmick et al. 2016).
Moreover, the herbal herbicides will act as natural
herbicides for combating the weed problems in
organic and sustainable agricultural systems. Table 1
lists some examples of such plants although it is not
the exhaustive one.

TYPES OF HERBAL HERBICIDES

Herbal herbicides from plant extracts

Plant extracts are excellent candidates to replace
synthetic compounds that render toxic and
carcinogenic effects. Hence, plants extracts can be
used in various ways, including food industries
(Balasubramaniam et al. 2022; Ramakrishnan et al.
2022), human health benefits and medicines
(Abubakar and Haque 2020; Proestos 2020),
antimicrobial purposes (Alzoreky and Nakahara 2003,;
Gonelimali et al. 2018; Palombo 2011), and also as
herbal herbicides (Hasan et al. 2021). Aqueous plant
extracts of several plant species have shown good
potency against many weed species as herbal
herbicides (Carrubba et al. 2020, Caser et al. 2020,
Elisante et al. 2013, Hasan et al. 2021, Perveen et al.
2019, Wang et al. 2019). Such water-based extracts
are considered easy to prepare and less damaging to
the environment as compared to the chemical
herbicides.

Herbal herbicides from plant allelochemicals

Plants often produce a class of semiochemicals
called allelochemicals or phytotoxins which inhibit the
growth of nearby plants while allelopathy refers to the
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Table 1. Common plant sources having herbicidal properties

Scientific name

Common name

Family

Salient features

References

Ailanthus altissima
Acacia auriculiformis
Adhatoda vasica

Ailanthus altissima

Andrographis
paniculata

Annona squamosa

Antigonon leptopus

Azadirachta indica
Centaurea diffusa

Calotropis gigantean

Chromolaena odorata
Cymbopogon nardus
Cymbopogon citratus

Drimys winterii

Eucalyptus sp.

Holarrhena
antidysenterica

Ipomoea batatus

l. carnea

Lantana camara

Leucas aspera

Mikania micrantha

Nigella sativa
Peumus boldus
Senna (Cassia) tora

Tabarnaemontana
coronaria
Tagetes erecta

T. patula
Vitex negundo

Tree of heaven
Sonajhuri
Vasaka

Tree of heaven
Kalmagha

Ata

Sandwich island
climber /
Anantalata

Neem

Diffuse knapweed

Akand

Bitter bush
Citronella grass
Lemon grass

Winter's bark or

canelo
Eucalyptus
Kurchi

Sweet potato
Ban kalmi
Lantana

Set drone
Bitter vine

Black caraway
Chilean plant
Sickle pod
Siulicop

Mexican marigold

French marigold
Nisinda

Simaroubaceae
Fabaceae
Acanthaceae

Simaroubaceae
Acanthaceae

Annonaceae
Polygonaceae
Meliaceae
Asteraceae
Apocynaceae
Compositae
Cardiopteridaceae
Poaceae

Winteraceae

Myrtaceae
Apocynaceae

Convolvulaceae
Convolvulaceae
Verbinaceae
Lamiaceae
Asteraceae

Ranunculaceae
Monimiaceae
Caesalpinaceae
Apocynaceae

Asteraceae

Asteraceae
Lamiaceae

Deciduous tree
Evergreen tree

Small evergreen, sub-

herbaceous bush
Deciduous tree

Annual herbaceous plant

Small, well-branched tree

or shrub
Flowering plant

Tree

Herbaceous, perennial

weed

Large shrub or small tree

Weed
Herb

Fast growing, perennial

aromatic grass
Slender tree

Large tree
Medicinal herb

Dicotyledonous plant

Vine

Perennial herb

Annual herb

Perennial herbaceous
vine

Annual herb

Evergreen tree

Annual leguminous weed

Medicinal plant
Annual plant

Annual plant
Large aromatic shrub

Kozuharova et al. (2022)
Bhowmick et al. (2016)
De and De (2000)

Heisey (1997)
Nagaraja and Deshmukh (2009)

De and De (2000)

De and De (2000); Mandal and De
(2005)

De and De (2000)
Quintana et al. (2009)

De and De (2000); Bhowmick et al.
(2014), Bhowmick et al. (2016)

Nornasuha and Ismail (2013)

Somala et al. (2022)

De and De (2000)

Verdeguer et al. (2011)

Bhowmick et al. (2016)

De and De (2000); Mandal and De
(2005)

De and De (2000)

De and De (2000)

Darana (2013)

Islam and Kato-Noguchi (2013)

Nornasuha and Ismail (2013)

Zribi et al. (2018)

Verdeguer et al. (2011)

Dolai et al. (2015); Bhowmick et al.
(2016)

Mandal and De (2005)

Dolai et al. (2015); Wichittrakarn et
al. (2013)

Ramachandra Prasad et al. (2010)

De and De (2000)

direct or indirect chemical effect of one plant on the
germination, growth or development of neighboring
plants (Cheng and Cheng 2015). Some of the
important chemically diverse plant allelochemicals
include alkaloids, phenols, terpenoids, glucosinolates,
isothiocyanates, steroids, proteins, purine-based
compounds, macrocyclic polyethers, etc. (Table 2).
There are several crop varieties like rice, wheat,
sorghum which have the ability to suppress weed by
allelopathy (Jabran 2017; Masum et al. 2018;
Shamsur et al. 2019). The phenomenon of allelopathy
can be practically utilized for weed control in the
form of crop rotations, intercropping, allelopathic
mulches, and a spray of allelopathic plant water
extracts. Sorghum (Sorghum bicolor) and sunflower
(Helianthus annuus) are well known allelopathic
crops, which contain a number of allelochemicals

that are toxic to weeds (Bajwa et al. 2015; Cheng and
Cheng 2015; Jabran et al. 2015; Shamsur et al. 2019;
Sathishkumar et al. 2020).

The majority of past allelopathic research has
focused on the detrimental effects of living plants or
their residues on plant growth. Recent research on
identifying novel secondary products isolated from
plants, as phytochemicals with allelopathic potential
(Cragg and Newman 2013; Ndam et al. 2014), offer
promising scope for the biological control of weeds
as well. The synthetic herbicide ‘mesotrione’
(callisto®), is derived from leptospermone, a
compound isolated from the bottle brush plant
(Callistemon citrinus) (Araniti et al. 2015). The
ability to develop more herbicides from allelopathic
compounds is limited by several factors. Allelopathic
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Table 2. Allelochemicals for inhibiting weed seed germination and weed seedling growth

Allelochemicals

Allelopathic plants

Target weeds

References

Ailanthone
Alkaloids
Artemisinin
Catechin

1, 8- cineole

Glucosinolates®,
Isothiocyanates™

Juglone

Leptospermone

Momilactone

Pelargonic acid

Polyacetylenes

Quinones
Sarmentine

Sorgoleone

Tree-of-heaven (Ailanthus
altissima)

Jimson weed (Datura stramonium)

Sweet wormwood (Artemisia
annua)

Spotted knapweed (Centaurea
stoebe)

Purple sage (Salvia

leucophylla),

Eucalyptus (Eucalyptus sp.)

Brassicaceous plants (Brassica
sp.)”, Radish (Raphanus
sativus)™

Black Walnut (Juglans nigra)

Lemon bottlebrush (Callistemon
citrinus), Broom tea-tree or
manuka tree (Leptospermum
scoparium)

Rice (O. sativa), Moss (Hypnum
plumaeform)

Rose Geranium (Pelargonium
roseum)

Russian knapweed (Centaurea
repens)

Black cumin (Nigella sativa)

Long pepper (Piper longum)

Sorghum (Sorghum bicolor)

Lepidium sativum, Raphanus sativus, S.
officinalis, S. rosmarinus

Cenchrus ciliaris, Notonia wightii

A. retroflexus, I. lacunose, P. oleracea, A.
annua, Lemna minor, Pseudokirchneriella
subcapitata

Arabidopsis thaliana, Festuca idahoensis

E. crus-galli, Cassia occidentals, Lolium
rigidum

S. aspera, M. inodora, A. hybridus, E. crus-

galli, A. myosuroides, C. bursapastoris, C.

arvensis, Cuscuta spp., D. carota, H.
incana, S. polyceratium

S. arvensis, C. arvense, Papaver rhoeas,
Lamium amplexicaule, Triticum vulgare,
Hordeum vulgare

E. crus-galli, D. sanguinalis, Setaria glauca,
Avena sativa, Brassica juncea, Rumex
crispus

E. colona, A. lividus, D. sanguinalis, P.
annua

Digitaria ischaemum, Physalis angulata,
Amaranthus spinosus, Cyperus esculentus

T. aestivum, Glycine max, L. minor

S. lycopersicum

E. crus-galli, A. retroflexus, D. sanguinalis,
Leptochloa filiformis, Taraxacum sp. C.
album, P. annua, I. purpurea, S. arvensis,
R. crispus

P. minor, C. didymus, C. rotundus, S.
nigrum, A. retroflexus, A. atrtemisifolia,
C. obtusifolia

Caser et al. (2020)
Lovett and Potts (1987)
El Bazaoui et al. (2011)
Bais and Kaushik (2010)
Topal et al. (2007);
Subramanyam et al.

(2013)
Soltys et al. (2013)

Julien and Griffiths (1998)

Dayan et al. (2011); Soltys
et al. (2013)

Motmainna et al. (2021)

Webber et al. (2014)

Minto and Blacklock
(2008)

El-Najjar et al. (2011)
Dayan et al. (2011)

Subramanyam et al. (2013);
Thi et al. (2015)

compounds tend to be short-lived in the environment,
complex and unpredictable (Schandry and Becker
2020; Zhang et al. 2021). Additionally, they are often
non-selective in their control, expensive to
synthesize, and in some cases, present potential
mammalian toxicity with carcinogenic and allergenic
concerns (Clemensen et al. 2020; Wink 2018).
Despite these limitations, the herbicides based on
allelopathic compounds often represent novel target
sites in managing pesticide resistance, and they are
water soluble and are perceived as more
environmentally benign as compared to the chemical
herbicides (Clemensen et al. 2020; Macias et al.
2003; Nishida 2014).

Several plant-based compounds possess a
specific inhibiting activity against weed growth
without causing any detrimental impact on crops due
to differences in sensitivity to a specific receptor in

different plant species or families (Hasan et al. 2021).
The target-oriented phytotoxic compounds may lead
to chlorosis or burning of leaves, reduction in
chlorophyll content, cellular respiration, oxidative
damage, plant growth reduction, mitotic inhibition,
etc. (Hasan et al. 2021; Mufioz et al. 2020).
However, hardly any systematic study has been
conducted to elucidate the biochemical or
physiological pathway followed by a range of plant
extracts used as herbicidal agents.

EVIDENCE-BASED BIO-EFFICACY STUDIES
FOR WEED MANAGEMENT USING HERBAL
HERBICIDES

In a study on the wet season rice, Calotropis
was found to be more effective than mechanical
weeding at 30 days after transplanting (DAT).
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Ipomoea and Antigonon also reduced weed growth,
whereas higher grain yields were achieved with the
use of Annona, followed by Vitex and Holarrhena,
which were significantly superior to Azadirachta,
pretilachlor and Adhatoda. The usage of Adhatoda
was found to be as good as mechanical weeding
(MW) and weed-free treatments. Calotropis,
Ipomoea and Antigonon were found to be less
effective in producing higher grain yield of rice (De
and De 2000), whereas the use of Ipomoea, Vitex,
MW (30 DAT) and Cymbopogon was equally
effective as the weed-free check with minimal weed
density at 42 DAT (Mandal and De 2001; Mandal et
al. 2002). Next best treatments were the usage of
Calotropis and Annona, which remained significantly
superior to butachlor. Use of Vitex registered
minimum weed biomass and remained at par with
weed-free check and MW, and it was superior to
butachlor. Ipomoea and Calotropis lowered the weed
biomass in an equally manner as butachlor, and were
followed by Cymbopogon and Annona. Similar
results of Annona were also reported earlier (De and
De 2000).

In a study, green leaves of the selected plants
(150-200 kg/ha) were chopped, macerated and
incorporated into the soil at the time of final puddling
in transplanted rice or land preparation in other crops
(Mandal and De 2005; Mandal et al. 2002). It was
observed that incorporation of chopped and
macerated leaves of Tabernaemontana caused 34%
yield advantages and ranked second best in terms of
net returns, whereas Holarrhena and Antigonon had
fetched net returns exceeding those attained with
MW (Mandal and De 2005). Hence, Antigonon,
Holarrhena and Tabernaemontana may replace the
traditional MW methods in rapeseed.

One hand weeding (HW) at 15 DAT in
combination with two rounds of cono weeding (CW)
at 25 and 35 DAT was found comparable with the
pre-emergence (PE) application of pretilachlor 500 g/
ha at 1 DAT followed by (fb) CW twice at 25 and 35
DAT, and use of herbal extract (water extract of
Calotropis stem and leaf at 50 ml/l) at 1 DAT (PE) fb
CW twice at 25 and 35 DAT, in the system of rice
intensification (SRI). An integrated approach
involving MW (CW), manual weeding (HW), and/or
herbicide (pretilachlor) in judicious combination with
the herbal herbicide (Calotropis) would be effective
for sustainable weed management to improve rice
productivity (Bhowmick et al. 2014).

Nagaraja and Deshmukh (2009) studied the
phytotoxic effect of Andrographis paniculata (king
of bitter / kirata / kalmagha) on growth and

metabolism of Parthenium hysterophous. They
reported that the powdered leaves, stems and roots of
Andrographis could adversely affect the growth and
physiology of Parthenium up to 60 days after sowing
(DAS). Hence, Andrographis may be a suitable herbal
herbicide against Parthenium.

Field experiment was conducted to find out a
suitable solution for managing Parthenium with the
use of different bio-agents including Mexican beetle
(Zygogramma bicolorata) at 35 nos./plant, sowing of
Mexican marigold (Tagetes erecta) along with
Parthenium in 50 : 50 proportion, sowing of sickle
pod (Cassia tora) in 50 : 50 proportion, and
inoculation of Brinjal Mosaic Virus (BMV). The beetle
insect and BMV did not exhibit satisfactory
performance whereas C. tora and T. erecta
significantly minimized weed growth possibly due to
the release of allelochemicals. Because of widespread
availability of sicklepod and marigold, common
people can easily use these plants for controlling the
obnoxious weed Parthenium (Dolai et al. 2015).
Parthenium intensity was reduced in association with
the plant species C. tora and T. erecta (Pawar et al.
2010). French marigold (T. patula) did not allow
Parthenium to grow with it (Ramachandra Prasad et
al. 2010). T. erecta displays strong allelopathic and
herbicidal potential on seed germination and seedling
growth of wild peas (Phaseolus lathyroides) as
reported by Wichittrakarn et al. (2013). Furthermore,
aqueous extracts from leaf may have a greater
inhibitory effect on seed germination and seedling
growth, fb those of root, flower and stem extracts.

Essential oil of Peumus boldus at all
concentrations of 0.125-1.000 pl/ml is highly
phytotoxic against annual weeds such as Amaranthus
hybridus and Portulaca oleracea by inhibiting their
seed germination and seedling growth whereas that of
Drimys winterii only affects germination of Portulaca
at the highest concentration (0.5-1.0 pl/ml). This
suggests the possible use of essential oil from P.
boldus as a natural herbicide for weed management in
tropical and subtropical crops (Verdeguer et al.
2011).

Since aqueous methanol extract of Leucas
aspera can significantly inhibit the seedling growth of
timothy, jungle rice and barnyard grass, Leucas plant
extract may have allelopathic properties (Islam and
Kato-Noguchi 2013). Leaf extract of Lantana
camara inhibits the germination per cent of Bidens
pilosa, and leaf extracts at 1, 5 and 10%
concentrations are comparable with MW and
synthetic herbicide oxyfluorfen, but higher and
significantly different as compared to lantana leaf
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extracts at 20% concentration (Darana 2013).
Aqueous leaf extract and leaf debris of Chromolaena
odorata and Mikania micrantha incorporated into the
soil shows significant effect on total germination,
germination indices and seedling growth of Ageratum
conyzoides both in the laboratory and greenhouse
conditions (Nornasuha and Ismail 2013).

According to Sondhia and Varshney (2009),
significant inhibition of growth of major world’s
worst weeds (P. hysterophorus, Vicia sativa,
Ischaemum rugosum, Convolvulus arvensis,
Echinochloa colona, Lathyrus sativa, Phalaris
minor, Cyperus rotundus, Avena ludoviciana, etc.) is
possible with the use of phytochemicals / extracts
isolated from different plants / weeds at the
concentration range of 0.5-5.0 ppm and complete
inhibition at 5-10% extracts. Crude ethanol extracts
(70%) from the leaves of Chromolaena odorata as an
early post-emergence application exhibit the highest
inhibitory activity on the germination and growth of
Echinochloa crus-galli seedlings (Poonpaiboonpipat
et al. 2021).

Ghosh et al. (2020) studied with different
botanical extracts of Tectona grandis (leaf),
Eucalyptus cameldulensis (leaf), Bambusa vulgaris
(root and leaf), Calotropis procera (young twigs),
Cucumis sativus (matured plants), and young plants
of Parthenium hysterophorus, Blumea lacera,
Ageratum conyziodes, Ocimum sanctum, Physalis
minima, Cyperus difformis and Echinochloa colona
in mixed combination with 0.25% Tween 80
surfactants. In rapeseed and soybean, Eucalyptus leaf
extract gives 11.2% higher seed yield over weedy
check. Botanical treatments like Ageratum conyzoides
extract gives higher growth and yield in sesame and
blackgram while Ocimum sanctum extract among the
botanicals in greengram displays higher harvest
index, oil content and also soil nutrient status.
Botanicals are reported to inhibit mostly the grassy
weed species and give higher yields due to weed
management with the help of natural phenol based
allelochemicals (Ghosh et al. 2015 and 2020). Annual
planning for weed management along with the use of
botanical herbicides in integration with the MW is
more eco-safe and cost-effective option for weed
management under the system of crop intensification
(Ghosh et al. 2015).

In a study with different intercrops for weed
management in cotton under rainfed condition, the
relative neighbour effect (RNE) value for each
intercrop was assessed to correlate the abundance of
different allelochemicals released from intercrops
with their bio-efficacies for weed suppression. As

evidenced from the RNE values, intercrops with high
levels of phenolic, terpenoid, and other
allelochemicals specific to sunnhemp, pearl millet,
and sesame can be positively correlated with weed
suppression. An effective weed management in
cotton is possible if it is intercropped with pearl millet,
sesame and sunnhemp due to the combined effect of
allelochemicals (fatty acids, fatty acid methyl esters,
terpenoids and phenolics) released from those
intercrops which proved to be toxic to the weed flora.
(Verma et al. 2021). Allelopathic compounds of wild
plants (Tithonia diversifolia and Thevetia peruviana)
may be an effective alternative for promoting growth
and imparting resistance of tomato crop (Fangue-
Yapseu et al. 2021).

The allelopathic potential of certain weed and
crop species can influence the growth and
distribution of associated weeds and the yield of
desired plants (Inderjit and Keating 1999). For
example, Ailanthus altissima produces an allelopathic
compound called alianthone, which inhibits the
growth of other plants (Heisey 1997) like garden
cress (Lepidium sativum), redroot pigweed
(Amaranthus retroflexus), yellow bristlegrass (Setaria
pumila), barnyard grass (Echinochloa crusgalli), pea
(Pisum sativum cv. Sugar Snap) and maize (Zea mays
cv. Silver Queen). Likewise, several plant secondary
metabolites (allelochemicals) possess good herbicidal
activity. These allelochemicals provide novel
chemistries that can be manipulated in order to
produce commercial herbicides (Bhowmick and
Mandal 2001). Some examples of commercially
developed herbicides (based on natural chemistry) are
‘cinmethylin’ (a herbicidal analogue of ‘cineole’,
widespread in plants), ‘benzazin’ (based on the
natural product ‘benzoxazinones’/*hydroxamic acids’
derived from poaceaeous plants), ‘quinclorac’ (based
on ‘quinolinic acid’ from Nicotiana tabacum), etc.
(Hatzios 1987). One more important example is
‘leptospermone’, which is a purported
thermochemical in lemon bottlebrush (Callistemon
citrinus). Although it has been found to be too weak
as a commercial herbicide, a chemical analog of it,
‘mesotrion’ (trade name “callisto’), has been found to
be effective. It is sold to control broadleaved weeds in
corn but also seems to be an effective control for
crabgrass in lawns. Corn gluten meal (CGM) is used
for the natural PE weed control in turfgrass, which
reduces germination of many broadleaved weeds and
grasses (McDade and Christians 2000).

These examples demonstrate that the structures
of naturally occurring phytotoxins can serve as leads
for the synthesis of new successful herbicides. Thus,
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the secondary metabolites of plant species with
allelopathic activities offer an excellent potential to
develop new herbicide formulations or as a guide
towards identifying active compounds to obtain
natural / herbal herbicides. Greater research efforts
need to be made to study the effect of plant-derived
compounds or the allelopathic effect of
phytochemicals for identifying them as herbal
herbicides. Till then, the commonly available plants
may be utilized directly by the rural farmers for
successful weed management in different crops and
cropping systems.

PROSPECTS AND LIMITATIONS OF USING
HERBAL HERBICIDES

Use of herbal herbicides for weed management
may have certain prospective benefits (Bhowmick et
al. 2016). Some of these are as follows:

1. They don’t necessarily display a toxic effect on the
non-target organisms including human beings and
animals.

2. There is limited scope for the development of
resistance in weeds.

3. There is no scope for the residue build up in the
environment.

4. They are bio-degradable.

5. They may act as plant growth promoters in addition
to their herbicidal activities.

6. Smallholder farmers can easily explore the use of
herbal herbicides as per natural and local
availability.

7. Weed control techniques are inexpensive.

Despite having multiple benefits, use of herbal
herbicides may be constrained for widespread
adoption by the farmers because of certain limitations
(Bhowmick et al. 2016), including (1) slow rate of
weed suppression or extermination by herbal
herbicides, (2) their variable efficacies or sometimes
even little or negative toxicity and instability under
field conditions (based on soil and environmental
conditions), (3) possible requirements for bulk
applications for improving field effectiveness and
performance, (4) lack of specific mode of action and
also no systemic activity (limited absorption and
translocation) unlike synthetic chemical herbicides,
(5) inadequate research efforts for the discovery and
development of novel herbal herbicides with greater
bio-efficacies, and (6) requirements for need-based
integration with synthetic herbicides and other tactics
for broad-spectrum weed control.

CONCLUSION

Weed-related crop losses are still very common
and can place a huge financial strain on farmers.
Herbicide usage minimizes crop-weed competition
effectively and increases farm labor efficiency, but it
comes out with the risks in terms of environmental
pollution, human health hazards, herbicide resistance
development, and much reliance on inputs that must
be purchased. New eco-friendly alternatives are
required to combat the threat of weeds as they
continue to evolve resistance to synthetic herbicides.
Therefore, proper attention must be placed on using
non-chemical weed control methods, ranging from
adjusting crop cultivation systems to biological ones,
as well as developing, identifying, and employing
herbal herbicides. The potential use of secondary
plant products as natural or herbal herbicides has
initiated scientific curiosity in light of recent
developments in plant biochemistry. Although it may
or may not control all kinds of weeds, rural farmers
can readily use such natural plant sources as herbal
herbicide. Thus, herbal herbicides should be viewed
as complementing adjuncts in an integrated weed
management (IWM) system rather than as a current
replacement for broad-spectrum herbicides and other
weed control strategies. The IWM strategy using
herbal herbicides and other techniques in a strategic
combination would be a cost-effective and
environmentally acceptable solution resolve to the
weed problems and related issues in smallholder
farming in general, and organic or natural farming
systems in particular.
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