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Abstract: Weeds are important biotic constraints in agroecosystems that interfere with crop plants and
consequently reduce yield and quality of crops. An estimated world-wide crop yield loss of about 43% was
reported when weeds are left uncontrolled. Agricultural intensification since the 1940s mainly focused on heavy
reliance on chemical herbicides to control the weed problem. Nowadays, this s considered objectionable due
to the potential negative impacts of herbicide compounds on food safety, non-target organisms, beneficial
species, public health and the environment and development of herbicide resistant weeds. Therefore,
systems-oriented approaches to weed management that make better use of alternative weed management tactics
which are compatible with a specific production system need to be developed. Cne of such approaches 1s the
use of plants with strong weed-suppressing ability as a component of integrated crop management. Cover crops
are well-suited m such holistic approach as they provide many other agroecosystem services besides
suppressing weeds. Living cover crops suppress the development of weed populations through niche
pre-emption. Moreover, cover crop residues suppress or retard weed emergence and growth due to both
allelopathic and physical effects. In this study, major mechanisms were reviewed through which cover crops

serve as ecological weed management.
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INTRODUCTION

Weeds are important biotic constraints in
agroecosystems that mterfere with crop plants, through
competition and allelopathy and consequently reduce
vield and quality of crops (Bastiaans et al, 2007,
Morvillo et al., 2011; Ali et al, 2014). Evidently, an
estimated world-wide crop vield loss of about 43% was
reported when weeds are left uncontrolled (Oerke, 2006).
To overcome the negative effects of weeds on the crop
production, a number of weed management methods have
been employed since the begiming of agriculture
(Bastiaans et «l, 2008). However, agricultural
intensification since, the 1940s has mainly focused on the
use of synthetic chemical herbicidesto control the weed
problem. Nowadays, this 13 considered objectionable due
to the potential negative impacts of herbicide compounds
on food safety, non-target organisms, beneficial species,
public health and the environment and development of
herbicide resistant weeds.

Weed suppression is one of the services provided by
cover crops to the agroecosystem. As a result, there 13 an
increasing interest in the use of cover crops n agriculture
(Samedani et af., 2014; Didon ef al., 2014). The degree of
weed suppression provided by cover crops depends on
the cover crop species, residue biomass, weed species
and environmental factors (Liebman and Mohler, 2001).

Cover crops suppress weeds either in the form of living
plants or as left on the soil surface or incorporated
residues. Living cover crops suppress the growth and
development of weeds through niche pre-emption by
filling the spaces and essential resources m the cropping
systems that would otherwise be occupied and utilized by
the weeds (Liebman and Mohler, 2001 ). These growing
cover crops prevent the emergence, growth, development
and seed production of weeds through competition for
essential resources such as water, nutrients and light and
through allelopathic mechanisms (Bastiaans ef al., 2007).
On the other hand, cover crop residues left on the soil
surface as mulch or incorporated into the soil inhibit or
retard the germination, emergence and early growth of the
weeds (Kruidhof et al., 2009). Cover crop residues can
inhibit emergence of weeds by attenuating envirorumental
cues, physically mterfering with emergence and releasing
allelopathic compounds (Teasdale ef al., 2007).

Cover crops interfere with the development of weed
populations through two important mechanisms
(Kruidhof et al., 2008, 2009). First, introduction of cover
crops to the agroecosystem prevents growth and
development of weeds through mniche pre-emption
(Liebman and Mohler, 2001; Kruidhof ef af., 2008). In this
case, cover crops occupy the space and utilize the
resources that would otherwise available to weeds.
Second, incorporated or soil surface-placed cover crop
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residues can inhibit or retard germination and
establishment of weeds (Ohno et ai., 2000; Kruidhof et ai.,
2009). Cover crop residues used as swurface mulches,
suppresses or retards weed germination, emergence and
growth due to both allelopathic and physical effects
(Liebman and Davis, 2000). Incorporated residues of
allelopathic cover crops can also inhibit or retard
germination, emergence and growth of weeds. For this
purpose, cover crops that have a high level of
allelochemicals seem to be well-suited (Kruidhof et ai.,
2009).

Besides physical and allelopathy-mediated weed
suppression, there are many other mechanisms through
which cover crop residues affect weed germmation and
establishment (Kruidhot et al., 2009). Nutrients released
from the cover crop residues mamly nitrogen can
stimulate weed seed germination (Teasdale and Pillai,
2005) whereas temporary immobilization of nitrogen as a
result of slow decomposition rate of high C/N cover crop
residue  decomposition can inhibit  germination
(Liebman and Mohler, 2001). Scil surface-placed residues
can result m less fluctuation in soil temperature and
physically reduce penetration of light, both of which have
been demonstrated to inhibit germination (Liebman and

Mohler, 2001). Moisture may be better conserved when
soil is amended with cover crop residues (Teasdale and
Mohler, 1993). Furthermore, soil amendment with fresh
residue material may in some cases either stimulate
(Manici et al, 2004) or suppress (Matthiessen and
Kirkegaard, 2006) the multiplication and activity of soil
microbes which have an impact on weed seed banlk.

Cover crops play a key role in ecological weed
management through the above mentioned two
mechanisms. ‘Ecological/cultiral weed management 1s any
adjustment or modification to the general management of
the crop or cropping systems design that contributes to
the regulation of weed populations and reduces the
negative impact of weeds on crop production’
(Bastiaans et al., 2008). Ecological weed management
mainly rely on three principles (Bastiaans ef al., 2008): (1)
A reduced recruitment of weed seedlings from the soil
seed bank, (2) An alteration of crop-weed competitive
relations to the benefit of the crop and (3) A gradual
reduction of the size of the weed seed banlk. In this study,
the contribution of the use of living cover crops and
cover crop residues towards these tlwee principles and
how they generally play role m weed suppression are
studied (Fig. 1).
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Fig. 1: Contribution of cover crops to ecological weed management
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LIVING COVER CROPS

Cover crops during their growing phase, living cover
crops, can be used as living mulches to suppress weeds
i agroecosystermns. Vigorously growimg living cover
crops suppress weeds that are growing during the same
time and at the same place (Akobundu ez al., 2000,
Creamer and Baldwin, 2000, Blackshaw et al, 2001,
Favero et al., 2001; Grimmer and Masiunas, 2004,
Peachey et al, 2004; Brennan and Smith, 200%).
Living cover crops prevent growth and development of
weeds through niche pre-emption (Liebman and
Mohler, 2001, Kruidhof et ai, 2008). Weeds are
suppressed by living cover crops either through
competition-mediated reduction of resource availability
such as access to light, nutrients and water
(Ngouajio and Mennan, 2005), mechanical or physical
hindrances (Den  Hollander et «f, 2007), or
allelopathy-based inhibition of weed germination,
emergence and early growth (Reberg-Horton et al,
2005). Living cover crops also affect persistence of weeds
(Ngouajio and Mennan, 2005) and weed flora composition
(Wright et al., 2003) as they influence access to light,
nutrients and water (Linares et al., 2008).

Living cover crops generally create unfavorable
radiation environment for weed germination, emergence
and growth, reduce light with red to far-red ratio and high
daily temperature amplitude, compete for light, water and
nutrients and release allelochemicals that mibit or
retard germination, emergence and early growth
(Teasdale, 2003). Phytochrome-mediated seed germination
1s sufficiently intubited by a living cover crop than cover
crop residues as the living cover crops absorb red light
and reduce the red to far-red ratio whereas cover crop
residues have less impact on the red to far-red
ratio (Teasdale and Daughtry, 1993; Hassannejad and

Mobli, 2014). Through all these mechanisms, living cover
crops reduce recruitment of weed seedlings from the soil
seed bank.

Living cover crops also increase the nitrogen
available to plants through nitrogen fixation (legumes),
catching unused nitrogen and nitrogen recycling and
hence the available nitrogen play in the alteration of crop
weed competitive relations towards the benefit of the crop
resulting in improvement of the competitiveness of the
crop over the weeds (Teasdale et al., 2007). Living cover
crops can also significantly reduce seed production if
growth and development are sufficiently suppressed
(Bramard and Bellinder, 2004, Brennan and Smith, 2009).
In this regard, the degree of reduction in growth and
development attributed to the living cover crops is highly
correlated with the extent of reduction in weed seed
production (Brennan and Smith, 2009). Living cover crop
vegetations also enhance weed seed mortality by
increasing seed predation through increased diversity and
activity of predators (Davis and Liebman, 2003;
Gallandt ez al., 2005). Living cover crops hence gradually
reduce the weed seed bank size.

A mechanism that provides continuous and adequate
weed suppression throughout the life cycle of weeds
(seed/vegetative reproductive structure to seed) is
preferred for use in agroecosystems. Cover cropping
generally influence weed populations at multi-sages in the
life cycle of weeds. These include preventing or reducing
production of  propagules, reducing seedling
establishment which is a function of germination,
emergence and growth and minimizing successful
establishment of individual weeds through negatively
influencing their competitive ability (Gallandt et al., 1999).
In this respect, depending on whether the cover crop is
acting during its growing phase or as residue, different life
stages of weeds are affected (Fig. 2). Living cover crops

Mature weed

4—( Growth, development and competitiorD—
plants

Weed seedlings

i

B

Living cover crops ﬂ
( Seed proﬁl Cover crop residues j‘>€ermmatlon an5

emergence

Seed dormancy

Seed predatiorml
and decay /™
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Fig. 2: Tmpacts of living cover crops and cover crop residues on weed life cycle
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suppress weeds more strongly and consistently at almost
all phases of the weed life cycle than cover crop residues
because living cover crops compete for essential
resources with growing weeds throughout the life cycle
of weeds (Teasdale and Daughtry, 1993, Reddy and
Koger, 2004; Brennan and Smith, 2009, Teasdale et al.,
2007). In  conclusion, living crops greatly
suppress growth, development and competitive ability of
the weeds and seed production than cover crop residues
(Fig. 2).

cover

COVER CROP RESIDUES

Cover crop residues generally suppress weed
germination, emergence and early growth by moedifying
the microenvironment of the germinating seed that
mcludes light, temperature, moisture and chemicals
(Teasdale et al., 1991). Emergence and growth of weeds
can also mhibited or stimulated through changes in
nitrogen dynamics, by temporary immobilization or release
of nitrogen, respectively, as a result of cover crop
residues (Kumar et al., 2008). Cover crop residues reduce
recruitment of weed seedlings from the soil seed bank
creating unfavourable microenvironment, physical
extinction of light and impedement of seedling emergence,
releasing inhibitory allelochemicals and temporary
mnmoebilization  of  mtrogen  (Teasdale, 2003,
Teasdale ef al., 2007). In additior, competitiveness of the
crop 1s 1mproved by cover crop residues through
incresing soil organic matter and fertility, retention of soil
moisture, maintenance of cooler soils in hot mid-season
environment and allelochemical-mediated retardation of
weed growth (Teasdale, 2003). Furthermore, cover crop
residues gradually reduce the weed seed bank size by
retaining soil moisture coupled with environmental cues
that lead to breaking dormancy, increased diversity,
mumber and activity seed predators; and micobes that
play key roles in seed decay (Teasdale ef al., 2007).

Cover crop residues can be used in suppression of
germination and establishment of weeds either left on the
so1l surface as mulch or after mcorporated into the soil
(Ohno et al., 2000, Kruidhof ef al., 2009).

Soil surface-placed cover crop residues: Cover crop
residues in this case are left on the scil surface as dead
mulch. Physical characteristics of soil swface-placed
residues such as area to mass ratio, solid volume fraction,
light extinction coefficient and decomposition rates can
the degree of suppression posed on
germination, emergence and early growth of weeds
(Teasdale and Mohler, 2003).

influence
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When cover crops are placed on the soil surface,
suppression of weed germination and emergence can be
provided by absence of tillage that avoids exposure to
light (Teasdale, 2003). Soil surface-placed cover crop
residues can also retard germination, emergence, early
growth and density of weeds by physically impeding
downward penetrating light required for germination and
early photosynthesis and upward emerging seedlings and
by releasing allelochemicals (Teasdale and Mohler, 1993,
2005, Yenish et al, 1995, Blackshaw et ai., 2001,
Bond and Grundy, 2001; Moonen and Barberi, 2006;
Kruidhot et al, 2009). In addition, soil surface-placed
cover crop residue-mediated inhibition of weed seed
germination, emergence and growth could be by lowering
daily temperature amplitude (Teasdale and Mohler, 1993).
Furthermore, cover crop residue dead mulches increase
soil organic matter and fertility that improve growth and
vigor of crop plants and hence their competitive
suppression of weeds (Teasdale et al., 2004).

Soil surface-placed cover crop residues also influence
soil microbial ecology and hence enhance microbial
diversity on or near the soil surface that leads to
enhanced weed seed predation and decreased weed vigor
(Gallagher et al., 1999; Ngouajio and McGiffen, 2002;
Gallandt et al, 2005) or may influence population
dynamics of weeds (Jordan et al., 2000). However, cover
crop residues have no influence on the survival of
perenmial structures such as rhizomes, tubers, bulbs and
creeping roots (Akobundu et af, 2000). Contrarily,
surface-placed crop
emergence of weeds by retaiming soil moisture and
releasing nitrogenous compounds that interact with
environmental cues such as exposure to light, high
altemating daily temperature amplitude, imbibed soil
moisture and dissolved oxygen that brealk dormancy and
as a result reduced weed seed bank size (Teasdale and
Pillai, 2005).

cover residues can enhance

Soil-incorporated cover crop residues: Cover crops are
incorporated into the soil to suppress weed by mlubiting
or retarding germination, growth of radicle and plumule
following germination and retarding emergence of
seedlings early growth (Sarrantonio and
Gallandt, 2003). Incorporated cover crop residues mainly
contribute to weed suppression by physical impediment
and release of allelopathic compounds. Decomposition of
soil-incorporated fresh cover crop residues produce wide
array of allelopathic compounds or pathogens that inhibit
germination, emergence and early growth (Dabney et al.,
1996; Blackshaw et al., 2001; Davis and Liebman, 2003;
Sarrantono and Gallandt, 2003). Allelopathic compounds

and
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from incorporated cover crop residues inhibit or retard
weed and hypocotyl growth immediately
after germination and retard seedling  emergence
(Teasdale et al., 2007). However, soil tillage used to
incorporate cover crop residues can stimulate germination
and emergence of weed seeds that require light for
germination {Teasdale, 2003). In addition, release of
nutrients during residue decomposition
germination (Teasdale and Pillai, 2005).

The degree of weed suppression provided by the
mcorporated cover crop residues depends on the rate of
decomposition which 1s related to the quality of the
residue, on the quantity of the residue, on the amount of
disruption  before incorporation and  the
environmental factors (Cheng, 1992; Liebman and
Mohler, 2001; Kruidhof et af., 2009). For instance cover
crop residues with high C/N ratio decompose slowly and
release allelochemicals at slower rate and hence lower
early but extended weed suppression (Teasdale and
Mohler, 1993). Regarding quantity, the higher the quantity
of cover crop residue incorporated the higher the degree
of inhibition posed on annual and broadleaved weeds
(Buhler, 1996; Crutchfield e ai., 1986). Methods of
shredding such as chopping and grinding that thoroughly
disrupt the cover crop residue tissue lead to faster
decomposition and release of the allelochemicals and
hence faster rate of mhibitory effects (Kruidhof et al.,
2009). Decomposition rates are also higher under warm
tropical conditions than temperate climates.

Compared soil surface-placed cover crop
residues, incorporated residues mainly  intubit
germination, emergence and early growth (Teasdale, 2003;
Teasdale et al., 2007) (Fig. 2). Weed emergence is more
affected than weed density or biomass by allelochemicals
from incorporated cover crop residues. This is because
allelopathic  inlubitory  effects of cover crop
residues cannot persist for more than two weels
after residue incorporation (Teasdale et al., 2007
Krudhof et al., 2009). Weed suppression after this period
15 more of physical effect than allelochemical-mediated
(Teasdale et al., 2007). Hence, cover crop residues have
anegligible impact on weed growth and seed production
once weed seedlings become established; rather, they
even stinulate these processes through conserving soil
moisture and releasing nutrients (Teasdale and Daughtry,
1993; Haramoto and Gallandt, 2003).

root

stimulates

tissue

to

ROLE OF ALLELOPATHY

One mechanism through which cover crops, both
living and cover crop residues, play a key role in weed
suppression 1s by releasing secondary metabolites called
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allelochemicals and the mechanism of suppression is
referred to as allelopathy. “Allelopathy is defined as the
biochemical interaction between one plant or
microorgarmsim and another plant through the production
of chemical compounds called allelochemicals mainly of
secondary metabolites which exert direct or indirect,
wnlubitory or stimulatory, effect on plant growth and
development” (Rice, 1984). The use of allelopathic cover
crops for suppressing weeds is an important method of
ecological weed management (Sullivan, 2003) and if other
competitive factors are balanced, allelopathy can play an
important role m cover crop-based weed suppression
(Fujii, 2003). Suitable use of allelopathic cover crops in
agroecosystem reduce pesticide use and thereby reduce
environmental and food pollution and increase
biodiversity and sustamability of agroecosystems
(Kalinova, 2010).

Allelochemicals could be released to the environment
as volatiles from leaves, stem, flowers, root exudation,
leachates from aerial parts (by dew, fog or rain drip) and
decomposition of residues followed by  physical
and/or chemical transformation and biodegradation
(Kalinova, 2010) (Fig. 3). The suitable allelopathic effects
on the target weed include inhubition of germination,
reduced growth, swelling and necrosis of roots, reduced
dry weight accumulation and decreased reproductive
capacity (Rice, 1984). These could be because the
allelochemicals are known to alter wide array of
physiological reactions such as enzyme activities, cell
division and ultrastructure, cell elongation, membrane
permeability and 1on uptake (Kalinova, 2010).

Cover crop allelopathy can be optimized depending
on the production and release of allelochemicals from the
cover crops and susceptibility of the receptor plant
(Kalinova, 2010). External environmental conditions,
development stages of the cover crops, plants tissues and
the genetic composition of the cover crop can influence
the production and active release of allelochemicals from
the donor plant (Batish et al., 2001, Peng et al., 2004).
Regarding the receptor plant, mhibitory effects are
influenced by biotic and abiotic stress factors, the
quantity of allelochemicals, genetic makeup, seed size and
depth of sowmg and ability of the receptor plant, in this
case the weed, to detoxufy the allelochemicals
(Kalinova, 2010). For instance allelopathic inhibitory
effects are higher when there are stress factors such as
water deficit, high temperature, high irradiance when the
plant 15 damaged by pathogen, mnsects and herbivores, or
faced nutrient deficiency (Hura et al., 2006). Allelopathic
effect on the other hand can be negatively influenced by
rainfall (Luo, 2005) and vary also with photoperiod
(Peng et al., 2004). Furthermore, allelochemicals m the
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Fig. 3: Method of allelochemical release from cover crops
soil could be adsorbed by soil particles, decomposed
by microorganisms and move with running water
(Kalinova, 2010), all reducing their quantity and activity.

CONCLUSION

Besides many other agro ecosystem services cover
crops help to suppress weeds m different mechanisms.
They are employed to suppress weeds either in the form
of living plants or as a left on the soil surface or
incorporated residues. Living cover crops suppress
the development of weed populations through niche
pre-emption and cover crop residues suppress or retard
weed emergence and growth due to both allelopathic and
physical effects. Compared to the straightforward use
herbicides, the use of cover crops could serve as
ecological weed management.
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