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Weed Management in Organic Farming

Riddhi Joshi, Shraddha Kapadiya, Jyotsana Chaudhary, Varsha Prajapati and
Hitesh Patel

Abstract

Weeds pose a significant challenge to organic farming due to the absence
of herbicides, leading to substantial crop losses. Weed management in organic
farming is a critical component for ensuring sustainable crop production and
maintaining ecological balance. Unlike conventional farming, organic systems
avoid synthetic herbicides and rely on a combination of cultural practices
including the stale seed-bed technique, soil solarization and crop
diversification are essential. Manual, mechanical and biological weed control
methods play key roles in maintaining crop-weed competition balance.
Integrated Weed Management (IWM) involving prevention, mechanical tools
and ecological practices offers a sustainable and environment friendly
approach promoting soil health and enhancing crop productivity.

Keywords: Weed management, Methods of weed management and organic
farming

Introduction
Weed management

Weed management is one of the most critical challenges in organic
farming, where the use of synthetic herbicides is prohibited. Effective weed
control in organic systems involves integrated, preventive, and cultural
methods that maintain crop health and productivity without harming the
environment.

Chemical agriculture makes use of herbicides (chemicals that kill plants)
to prevent the growth of broad leaf weeds and grasses. Chemical herbicides
are not allowed with organic certification. Weed management is based on
routine physical cultivation, crop rotations, mulches and planting cover crops
in combination with cultivation. Non-chemical weed control is more than hand
hoeing. Soil preparation, developing balanced nutrient levels and
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incorporating green manures can help reduce seed populations. Increased
populations of soil microorganisms that eat seeds can also reduce the number
of weed seeds. It is also important to try to exclude weed seeds by mowing or
removing overgrown areas. The most practical recommendation for the large-
scale agriculture is the use of properly timed cover crops, green manures and
shallow cultivation.

What is organic weed management?

In organic farming, weed management refers to the combination of
cultural, mechanical, biological and sometimes thermal methods used to
reduce weed pressure and promote crop growth. Instead of aiming for
complete eradication, the goal is to keep weed populations below damaging
thresholds.

The organic farmer is not interested in eliminating all weeds but wants to
keep the weeds at a threshold levels that is both economical and manageable.
A farmer who manages weeds organically must be intimately familiar with the
type of weeds and their growth habits to determine which control methods to
employ.

If we are in the business of profitable organic crop production, then we
need to manage weed species so that desirable plant species has the advantage.
This requires an integrated weed management approach.

Principles of weed control in organic farming

e The cropping pattern can act as a powerful agent to reduce weed
densities by pertaining natural resources and weed control practices
which can cause shifts in the composition, density and spatial
distribution of weed species in the fields.

e The practice of growing crops with divergent life cycles in rational
sequences is an effective strategy to prevent any one group of weeds
from becoming dominant.

e Biological and cultural management factors and this balance
influences the yields of both crops and weeds. The reproductive yield
and seed vyields and seed survival of weeds determine the
composition and abundance of succeeding weed community.

e  Competition within the system depends on the crops and weed spices
involved the total density of the crop/weed stand, the relative
proportion of the spices in mixture their special distribution, the
timing of germination and growth rate of the plants and environment
constraints of the site and growing seasons.
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Many crops have periods during which weeds may be tolerated as
well as periods when weeds control is highly essential to avoid yield
losses. The critical periods can be determined only for the individual
crop/weeds associations and even then could change from one season
to the next. These thresholds of weed tolerance may have to be
adjusted when criteria besides crop loss are used to measures the
economic and ecological effects of weeds.

The long term weed management programme depends on an
understanding of the mechanism that regulates population size.

Weed population can be controlled by a combination of the factors
(predation, parasitism, environment stress, herbicides, interferences
etc.) and control occurs at several stages of the life cycle.

Management of weeds in organic farming system can be achieved
through direct and indirect means. Control measures taken against
weed must be economically justifiable.

Different methods of weed management in organic farming

1)
2)
3)
4)
5)

Cultural Methods

Mechanical Methods

Thermal Methods

Biological Methods

Integrated Weed Management (IWM) Methods

Cultural method of weed control

It includes different methods as below

1)
2)
3)
4)
5)
6)
7)
8)
9)

Crop rotation
Intercropping

Cover crops
Mulching

Planting patterns
Variety selection
Sanitation

Water Management
Buried drip irrigation

10) Soil-Solarization
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1) Crop rotation

Long rotations and diverse cropping systems are frequently employed by
organic farmers to improve the fertility of the soil and economic
diversification. Crop rotation is another important component of a weed
management strategy. Crop rotation is the systematic alternation of several
crops grown on the same plot of land. It is a crucial tactic for creating an
effective long-term weed control program. When crops have growth
requirements similar to their own weeds tend to thrive and cultural techniques
intended to support the crop may simultaneously promote the development
and spread of weeds. Growth of an identical crop in the same location year
after year is known as monoculture and it leads to an accumulation of different
kinds of weeds that have adapted to the crop's growth conditions. When a
variety of crops are utilized in a rotation changes in the cultural practices
(tillage, timing of planting, crop competition, etc.) connected with each crop
can disrupt weed germination and growth cycles.

Recent studies have shown that rotations that incorporate legumes which
fix nitrogen can enhance crop performance while reducing weed pressure by
improving soil fertility and promoting more competitive crops. (Sullivan et
al., 2022).

2) Intercropping

Intercropping involves growing a smother crop between rows of the main
crop. Intercrops are able to suppress weeds. However, the use of intercropping
as a strategy for seed control should be approached carefully. The intercrops
can greatly reduce the yields of the main crop if competition for water or
nutrients occurs.

3) Cover crops

Rapid development and dense ground covering by the crop will suppress
weeds. The inclusion of cover crops such as rye, red, clover, buckwheat and
oilseed radish or over wintering crops like winter wheat or forages in the
cropping system can suppress weed growth. Highly competitive crops may be
grown as short duration 'smother' crops within the rotation. An organic
agricultural system can benefit greatly from cover crops, which also help to
prevent soil erosion, improve soil structure, increase soil fertility and control
weed growth. There are many strategies to control weeds with cover crops.
Cover crops have the ability to control weed growth lower the number of
weeds in the crop that follows and lower weed seed outputs to the soil seed
bank.
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According to research by Smith et al., (2023). certain cover crop mixtures
have been shown to significantly reduce weed populations in organic systems,
especially when combined with other practices like reduced tillage.

4) Mulching

Mulching or covering the soil surface can prevent weed seed germination
by blocking light transmission preventing seed germination. Allelopathic
chemicals in the mulch also can physically suppress seedling emergence.
Several types of mulches e.g. plastic films, dry straw and crop residues are
used. Besides weed control they moderate soil temperature and retain soil
moisture complementary hand weeding required in cases when weeds come
out through the mulch.

Mulching is a green and environmentally friendly method used in organic
farming that not only reduces weed development but also enhances the general
health of the soil, resulting in abundant and thriving crops.

a) Live Mulch/Cover crop

Plants, which are grown primarily to cover the soil to reduce the loss of
moisture due to leaching and prevent erosion by wind and water are called the
cover plants or cover crops. The vegetative cover provided by the cover crops
acts as a barrier to flow of water and the binding action of roots reduces the
nutrient loss due to leaching and similar means. These are effective in reducing
the weed growth of widely spaced perennial crops such as rubber, coconut,
pepper, oil palm and cashew nut.

Cover crops can also be used as living mulch, i.e. they can be grown
together with a cash crop, usually in alternate rows. In this case, cover crop
benefits are mainly related to enhanced weed suppression and soil moisture
conservation.

b) Organic Mulches

Organic mulches have the advantage of being biodegradable. Cut rye
grass mulch spread between planted rows of tomatoes and peppers was more
economic than cultivation. Fresh bark of conifers and oak as well as rapeseed
straw gave good control of weeds when they were laid as mulches under the
trees in apples orchards.

Materials such as black polyethylene have been used for weed control in
a range of crops in organic production systems. Plastic mulches have been
developed that filter out photosynthetically active radiation but let through
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infrared light to warm the soil. These infrared transmitting mulches have been
shown to be effective at controlling weeds.

5) Planting patterns

Crop population, spatial arrangement and the choice of variety can affect
weed growth. For example, studies have shown that narrow row widths and a
higher seeding density will reduce the biomass of later-emerging weeds by
reducing the amount of light available for weeds located below the crop
canopy. Similarly, fast growing cultivars can have a competitive edge over the
weeds.

6) Variety selection

Careful selection of crop varieties is essential to limit weeds and pathogen
problems and to satisfy market needs. Any crop variety that is able to quickly
shade the soil between the rows and is able to grow more rapidly than the
weeds will have an advantage.

7) Sanitation

Due to the organic movement of seedlings and Propagules from nearby
and far away populations via wind, livestock, human beings and other carriers,
there are numerous weed populations on farms. Weeds are often introduced to
farms or to new regions of existing farms through human activities. Compost
animal manures properly. Animal manures often contain weed seeds, with the
source of the manure affecting the number and species of viable weed seeds
introduced.

To kill weeds and other harmful organisms compost manures properly
before field application. To kill the majority of weed seeds in cattle manure,
compost materials at a temperature of at least 180°F (82°C) for no less than
three days (Wiese et al., 1998). This temperature is relatively easy to reach in
most composting systems.

8) Water Management

To effectively control weeds in crop production water management is
essential. Weed growth in fields is influenced by irrigation schedule and
technique. Water is delivered to the crop root zone during drip irrigation,
which reduces the growth of weeds. Careful scheduling of irrigation can help
lessen the amount of weed pressure on crops in a number of ways. Water
management techniques like mulching and intercropping among others, serve
to lessen weed problems in rain fed agriculture.
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9) Buried drip irrigation

Drip tape buried below the surface of the planting bed can provide
moisture to the crop and minimize the amount of moisture that is available to
weeds closer to the surface. If properly managed, this technique can provide
significant weed control during dry period.

10) Soil-Solarization

Soil is a reservoir of weed seeds. Solarization is a method of heating the
surface by using plastic sheets placed on moist soil to trap the soil radiation.
It increases surface soil temperature by 8-100 °C as compared to non-solarized
soils and thereby reduces the germination of most of the annuals, some
perennials and parasitic weeds, especially Orobanche spp. to a great extent.
In addition, soil solarization also controls soil borne pests, enhances the
availability of nutrients in soil and favors’ beneficial microflora. However,
the perennials such as Cynodon dactylon, Cyperus rotundus and Convolvulus
arvensis, gradually recover due to their deep rooted vegetative propogules in
the soil. Weed seeds having hard seed coat such as Melilotus spp. are also
not controlled by solarization.

According to research, solarization with transparent or black plastic from
July to October effectively controls weeds without affecting crop output
(Rieger et al., 2001).

Applicability and Potential of soil solarization
e Non-hazardous.
o  User-friendly.
e  Environmentally safe.
e Non-dependent on fossil fuel.

o Effective on a wide variety of pests including soil-borne fungi,
bacteria, nematodes and weeds.

e Often effective for more than one season or a year Stimulatory to
crop.

Limitations
e  Cost of treatments
o Disposal of plastic film is the greatest problem.
e Removal and reuse of the film is not feasible in large-scale operations

that utilize machines to lay plastic films.
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e Insome climates cloudiness and rainfall during the hottest part of the
year can limit effectiveness.

o Difficult to retain the films intact during period of heavy winds.
2. Mechanical method of weed control

Mechanical removal of weeds is both time consuming and labor-
intensive but is the most effective method for managing weeds. The choice of
implementation, timing and frequency will depend on the structure and form
of the crop, the type and number of weeds. Cultivation involves killing
emerging weeds or burying freshly shed weed seeds below the depth from
which they germinate. It is important to remember that any ecological
approach to weed management begins and ends in the soil seed bank. The
competitiveness of the crops and the stage of the weeds' growth have an impact
on the best time to use mechanical weed management (Finney and Creamer.,
2008).

1. Tillage

Tillage is a common practice to control weeds by uprooting or burying
them. However, excessive tillage can damage soil structure, reduce organic
matter and disrupt beneficial soil organisms. In organic systems, reduced
tillage or no-till farming is gaining popularity because it preserves soil health
and biodiversity while controlling weeds.

According to a study by Johnson et al., (2021). reduced tillage systems,
such as strip-till or minimal tillage help mitigate soil erosion while offering
some level of weed suppression.

2. Flame weeding

Flame weeding uses a propane burner to apply heat to weed foliage,
causing cellular damage. This method is effective for annual weeds but has
limited efficacy against perennials with deep root systems. Flame weeding is
best used in conjunction with other methods like mulching or cover cropping
for effective long-term weed management.

Research by Brown et al., (2020). found that flame weeding, when used
in the early growth stages of crops can provide effective weed suppression in
combination with crop rotation practices.

3. Mechanical Cultivation and Mowing
Various types of mechanical weeders including cultivators and hoes can

be used to disturb the soil surface and uproot weeds without damaging the
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crop. In row crops, tools like tractor-mounted tine weeders or disk harrows
can help manage weed populations effectively without resorting to herbicides.

Mowing can also be effective for managing weed populations in perennial
crops or orchards. Regular mowing reduces the seed production of weeds,
preventing them from completing their life cycle.

Limitations
e Timely inter-cultivation may not be practical.
e  The operation needs to be repeated.
e Does not control weeds in crop rows.
e May damage crop roots.
e  May result in soil compaction.

3. Thermal method of weed control
e Flamers
e Infrared weeders
e Soil solarization
e Freezing

4. Biological method of weed control

Biological weed control refers to the use of living organisms to suppress
weed growth. These include the introduction of natural predators, herbivores
or pathogens that target specific weed species.

1. Allelopathy

Some plants release chemicals that inhibit the growth of weeds, a
phenomenon known as allelopathy. Plants like black walnut, sunflower and
rye can be used in allelopathic weed control. Allelopathy offers a natural
chemical-free approach to weed suppression though careful selection of
companion plants is necessary to avoid harmful effects on the crops
themselves.

A recent study by Patel et al., (2024) found that allelopathic rye could
suppress weed populations in organic vegetable systems without harming the
growth of key crops.

2. Biological control agents
The introduction of herbivores or pathogens that specifically target
weeds is another promising area of research. For example, the use of certain
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insects or fungi to target invasive weed species like Canada thistle or purple
loosestrife has shown promising results. However, the practical application of
biological weed control is still in the experimental stages in many regions.

Some bio-control agents are available as below

e Insects
e Nematodes
e Fungus
e Rhizobacteria
e Fish
e Snails, slugs
e  Competitive plants
A. Insect-based bio- control mode of action

Insects Kill plants by exhausting the plant food reserves sometimes
through destruction of photosynthetic parts. The damage depends on the
intensity of attack the size and condition of the plant and environment. The
soil and climatic conditions and the role of competing plants determine
whether the plants can survive insect attack. The weed usually competes with
neighboring plants for essential requisites and the attacking insect may reduce
or nullify this competitive advantage. This kind of indirect effect is also
important in the biological control of weeds. The number of insects required
to Kkill a plant is also a function of the competitive advantage of the weed. An
aggressive weed in a favorable environment requires a large number of insects.
The number of insects required for control is influenced by the size of the
insect its mode of attack and whether it transmits pathogens.

Insect-based biocontrol agents
1. Defoliation (Leaf Feeding)

e Insects feed on leaves, reducing the photosynthetic ability of the
plant.

e  This weakens the weed, stunts growth, and may kill it over time.
Example:

= Zygogramma bicolorata (Mexican beetle) — targets Parthenium
hysterophorus.

= Feeds heavily on leaves, reducing photosynthesis and preventing
flowering.
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