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 Weeds are major biological constraints to agricultural productivity, causing significant yield losses by 
competing with crops for water, nutrients, light and space. Although chemical herbicides provide quick and 
effective control, their excessive use has resulted in environmental pollution, herbicide resistance, health 
risks and biodiversity loss. Consequently, physical weed control methods have gained importance, 
particularly within Integrated Weed Management (IWM) and organic farming systems. This paper reviews 
key physical methods, including burning, flaming, soil steaming, soil solarization and mulching and discusses 
their mechanisms, advantages, disadvantages and practical applications. Burning and flaming use heat to 
destroy weed plants and reduce the soil seed bank. Soil steaming and solarization increase soil temperature 
to levels lethal to weed seeds and soil-borne pathogens. Mulching suppresses weed growth by blocking light 
and modifying soil microclimatic conditions. These approaches reduce reliance on chemical herbicides and 
help minimize pesticide residues in soil and water. However, their broader adoption is constrained by high 
labor requirements, energy consumption, environmental concerns such as smoke emission and plastic waste 
and substantial initial investment costs. Despite these limitations, physical weed control methods contribute 
significantly to sustainable agriculture, especially in high-value and organic cropping systems and are most 
effective when integrated with cultural and biological practices. 
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1. INTRODUCTION 

Weeds, insect pests and pathogens are the three major biological factors 
affecting agriculture. Among these, weeds cause significant crop losses 
and yield reduction (Weerakkody and Hettiarachchi, 2025). The impact of 
weeds on productivity of food crops have been increasingly experienced 
worldwide. Weeds in agricultural fields cause significant crop yield losses 
by competing with crops for water, light, nutrients and space. Chemical 
control is currently the most widely used weed management method 
because it is easy to apply and provides rapid results. However, concerns 
over the negative impacts of pesticides on human health and the 
environment, the increasing development of herbicide-resistant weeds 
and the growing demand for organic products have highlighted the need 
for more environmentally friendly technologies in agriculture. Herbicide 
leaching into surface and groundwater, along with residues in drinking 
water and food, represents a serious public health concern (Rifai et al., 
2002). 

Weed management is one of the major challenges faced by organic 
farmers. In most organic farming systems, weeds are primarily controlled 
through mechanical methods. However, thermal weed control is becoming 
increasingly popular. It can be applied in different crops (Shrestha et al., 
2013). In many countries, various thermal techniques such as flaming, 
combustion gases and hot water are used in organic farms. Studies have 
shown that thermal weed control can be more effective than mechanical 
methods (Ascard et al., 2007). Thermal weed control influences not only 
weeds but also insect pests, pathogenic microorganisms and other 
disease-causing agents in crops. However, limited information is available 
regarding its effects on fungal diseases. Previous studies reported that 
steam treatment reduced Verticillium and dark leaf and pod spot 

incidence in winter oilseed rape, while flaming decreased blossom end rot 
in tomato (Marcinkevičienė et al., 2018; Wszelaki et al., 2007). Physical 
weed control methods are widely used in organic and integrated weed 
management systems where reduction of chemical herbicide use is 
required (Bennett et al., 2005; Batlla and Arnold, 2007). Thermal weed 
control can be applied in different crops and has been reported to be 
effective in organic farming systems (Shrestha et al., 2013; Ascard et al., 
2007). Burning is practiced in field crops, grazing lands and as a harvest 
weed seed management tool to reduce the weed seed bank (Walsh and 
Newman, 2007; Alexander et al., 2016). Seasonal burning is used to 
remove old biomass and stimulate new forage growth in grazing systems 
(Alexander et al., 2016). Flaming is applied before sowing, before crop 
emergence, before transplanting and post-emergence in heat-tolerant 
crops such as maize, soybean and sorghum (Peruzzi et al., 2010; Ulloa et 
al., 2011). It is particularly suitable in organic farming and in situations 
where soil moisture prevents mechanical weeding (Sivesind et al., 2009; 
Domingues et al., 2008). Soil steaming is mainly used as a pre-emergence 
technique in high-value and organic crops to destroy weed seeds and 
seedlings (Peruzzi et al., 2012). Band steaming is used to reduce energy 
consumption while maintaining weed suppression within crop rows 
(Melander and Jørgensen, 2005). Steam treatment has effectively 
suppressed weeds in onion fields and reduced weed biomass 
(Vasinauskienė et al., 2019).  

Soil solarization is used in direct-seeded and closely spaced crops where 
mechanical cultivation may damage crops and it serves as an alternative 
to herbicides in integrated weed management systems (Shaw, 1982; Katan 
et al., 1976). Mulching is commonly used in organic and low-input 
cropping systems to reduce weed pressure, conserve soil moisture and 
improve crop establishment (Ramakrishna et al., 2006). Living mulches 
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are used where soil conservation and ecological sustainability are 
priorities, while plastic films are adopted in high-value crops requiring 
effective weed suppression and soil temperature regulation (Kitis et al., 
2011; Parmar et al., 2013). 

2.   PHYSICAL WEED CONTROL METHOD 

Physical weed control refers to the use of mechanical or thermal 
techniques to remove, damage, or kill weeds, thereby reducing weed 
density and minimizing competition with crops for light, water, nutrients 
and space. The primary objective is to enhance crop yield and improve 
produce quality without relying solely on chemical herbicides. 

 It is considered one of the key components of Integrated Weed 
Management (IWM), where multiple control strategies are combined for 
sustainable weed suppression. Various physical weed control methods are 
practiced in different cropping systems, including burning, flaming, soil 
steaming, soil solarization and mulching, each applied according to crop 
type, growth stage and environmental conditions. 

2.1 Burning 

Burning is a traditional physical weed control method that uses fire to 
remove vegetation, recycle nutrients and suppress weeds or weed seeds  

 

(Walsh and Newman, 2007). Burning may be conducted as field burning, 
stubble burning, or windrow burning. In windrow burning, crop residues 
containing weed seeds are concentrated into rows and burned to reduce 
the weed seed bank.  

Seasonal burning is also practiced in grazing systems to remove old 
biomass and stimulate new forage growth (Alexander et al., 2016). 
Burning produces ash that temporarily enhances soil fertility in the 
surface layer (0–5 cm) by increasing organic carbon and exchangeable 
bases.  

The heat generated during burning can raise soil temperature, leading to 
short-term increases in soil pH, cation exchange capacity (CEC) and the 
availability of essential nutrients such as calcium (Ca), magnesium (Mg), 
potassium (K)and phosphorus (P). However, excessive temperatures may 
reduce CEC and cause nutrient losses, particularly Ca, Mg, K and P 
(Giovannini et al., 1990).  

These fertility improvements are generally short-lived. After burning, soils 
become more vulnerable to rainfall-induced nutrient leaching and fertility 
levels often decline within about 90 days. Repeated burning can negatively 
affect soil physical, chemical, biological and mineralogical properties, 
including reductions in microbial populations such as microfungi (Santana 
et al., 2013). 

Figure 1: Types of Burning 

2.1.1 Advantages 

Recycling nutrients bound in plant residues, burning helps return 
essential elements to the soil. It is also effective in controlling woody 
plants and herbaceous weeds, thereby reducing competition. Additionally, 
it improves forage quality and stimulates plant growth in grazing systems 
(Howenstine et al., 2012). Furthermore, it can be utilized as a harvest weed 
seed management tool, contributing to the reduction of weed seed banks 
(Walsh and Newman, 2007). 

2.1.2 Disadvantages 

There is limited documented evidence on its overall efficiency in 
destroying weed seeds (Walsh and Newman, 2007). Smoke emissions can 
negatively affect air quality and public health, requiring careful 
management (Howenstine et al., 2012). Long-term or repeated burning 
can reduce soil fertility, increase nutrient leaching and decrease beneficial 
microbial activity (Giovannini et al., 1990; Santana et al., 2013). 

2.2 Flaming 

Flaming is a thermal weed control method that suppresses or kills weeds 
by exposing plant tissues to intense heat (≥100 °C) for a very short 
duration (usually less than 1 second), resulting in protein coagulation and 
disruption of respiration and other vital plant functions (Hewitt et 
al.,1998). Unlike direct burning, flaming heats plant tissues without 
completely incinerating them (Leroux et al., 2001). Historically, it was 
widely used from the late 1930s to the mid-1960s, particularly under 
humid tropical conditions (Raffaelli et al., 2010). Flaming is carried out 

using liquefied petroleum gas (LPG) or propane burners that produce a 
controlled and directed flame passed briefly over weeds. Its effectiveness 
depends on operational factors such as nozzle size, number of nozzles, 
burner type, flame temperature and gas–air ratio (Vanhala et al., 2004). It 
can be applied before sowing, before crop emergence, or before 
transplanting and also post-emergence in heat-tolerant crops such as 
maize, soybean and sorghum (Peruzzi et al., 2010; Ulloa et al., 2011). 

 

Figure 2: Flaming 
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2.2.1 Advantages 

Highly effective against tender, herbaceous weeds with high water 
content, especially small annual broadleaf weeds at the seedling stage 
(Cisneros and Zandstra, 2008). It is suitable for organic farming systems 
where herbicides are prohibited (Sivesind et al., 2009). It can be used 
when the soil is too moist for mechanical weeding (Domingues et al., 
2008). It is less costly than hand weeding and has minimal impact on 
deeper soil microbial biomass (Rahkonen et al., 1999). 

2.2.2 Disadvantages 

It is less effective on mature weeds and grassy species (Cisneros and 
Zandstra, 2008; Holekamp, 1954). Open-flame systems may cause heat 
loss and potential crop injury, while shielded burners may increase fuel 
consumption (Vanhala et al., 2004). It may negatively affect beneficial flora 
and fauna and contribute to greenhouse gas emissions such as CO₂, CH₄ 
and N₂O (Abou et al., 2018). 

2.3 Steaming 

Soil steaming is a thermal weed control method in which high-
temperature steam is applied to the soil to kill weed seeds and young 
seedlings before crop emergence. It is mainly used as a pre-emergence 
technique because it does not differentiate between crop and weed 
species. Due to concerns over environmental pollution and health risks 
from chemical fumigants, soil steaming has re-emerged as an important 
non-chemical alternative, particularly in organic farming systems. The 
primary mechanism of soil steaming isheattransfer into the soil, which 
raises soil temperature to levels that denature proteins, disrupt cell 
membranes and inactivate enzymes in weed seeds and seedlings. 
Exposure to temperatures between 50–100°C for a sufficient duration can 
kill both germinated weeds and ungerminated seeds, including dormant 
seeds (Peruzzi et al., 2012). The effectiveness of steaming depends on peak 
temperature reached, duration of heat exposure, soil moisture and soil 
texture. Some researchers emphasize that achieving a high peak 
temperature is critical, while others suggest that maintaining moderate 
temperatures (50–60°C) for a longer period can also ensure seed mortality 
(Melander and Kristensen, 2011; Dahlquist et al., 2007). Steam can be 
applied either as broadcast steaming (treating the entire soil surface) or 
band steaming (treating only crop rows). Band steaming reduces energy 
consumption while maintaining weed suppression in the crop zone 
(Melander and Jørgensen, 2005). The addition of exothermic materials 
such as calcium oxide (CaO) can prolong high soil temperatures and 
enhance weed seed devitalization (Barberi et al., 2009). Soil 
characteristics also influence performance; sandy soils allow better steam 
diffusion but may require more time to reach target temperatures 
(Melander and Kristensen, 2011). 

2.3.1 Advantages of soil steaming 

It is effective control of a wide range of weed species, including dormant 
seeds. It provides long-term reduction of the weed seed bank. It is suitable 
for organic farming systems. It leaves no chemical residues in soil or crop. 
It can also suppress certain soil-borne pests and pathogens (Luvisi et al., 
2015). Band steaming reduces hand weeding time and can significantly 
increase crop yield, especially in weakly competitive crops like carrot 
(Raffaelli et al., 2016). 

2.3.2 Disadvantages of soil steaming 

It needs high initial investment and operational cost, high fuel or energy 
consumption. Limited field capacity compared to mechanical 
methods.Temporary negative effects on soil microorganisms, including 
nitrifying bacteria and enzyme activities (Roux-Michollet et al., 2008; 
Elsgaard et al., 2010). Possibility of selecting heat-tolerant weed species 
or pathogens (Altenburger et al., 2014). Sub-lethal temperatures may 
stimulate germination in some species by breaking dormancy (Vidotto et 
al., 2013). So, soil steaming is a promising non-chemical weed 
management technique, particularly for high-value crops and organic 
production systems. However, its economic feasibility and energy 
requirements remain major limitations and its integration with other 
weed management practices is recommended for sustainable long-term 
control. 

2.4 Soil solarization 

Soil solarization is a physical weed control method that utilizes solar 
energy to suppress weeds without the use of chemical herbicides. In this 
technique, moist soil is covered with transparent polyethylene (PE) film 
during periods of high solar radiation. The plastic cover traps heat, 
creating a greenhouse effect that significantly increases soil temperature 
(Katan et al., 1976). The elevated temperature damages or kills weed seeds 
and young seedlings by denaturing proteins, disrupting cell membranes 

and inhibiting essential metabolic processes. Prolonged exposure to high 
temperatures reduces weed seed viability and weakens the soil weed seed 
bank, resulting in lower weed emergence in subsequent crop growth 
stages. As a component of Integrated Weed Management (IWM), soil 
solarization offers an environmentally friendly approach to weed 
suppression. It is particularly suitable for high-value, direct-seeded, or 
closely spaced crops where mechanical cultivation is difficult and 
excessive herbicide use is undesirable. By reducing weed pressure before 
crop establishment, soil solarization improves crop growth conditions and 
contributes to sustainable agricultural production (Shaw, 1982; Katan et 
al., 1976). 

 

Figure 3: Soil Solarization 

3. THE MECHANISM OF SOIL SOLARIZATION IS BASED ON THE 

GREENHOUSE EFFECT 

Transparent polyethylene allows short-wave solar radiation (0.3–3 µm) to 
pass through into the soil.The heated soil emits long-wave radiation (4–40 
µm), which is trapped beneath the plastic film.Soil temperature increases 
significantly over several weeks.High temperature damages cellular 
proteins, enzymes and membranes of weed seeds and soil organisms 
(Singla et al., 1997). Moist soil enhances heat conduction and increases the 
lethal effect on weed seeds. Weed seed mortality depends on both 
temperature and duration of exposure. In addition to direct heat injury, 
indirect effects such as increased nutrient availability may also influence 
weed emergence and soil microbial activity (Stapleton et al., 1985). 
Solarization is particularly effective against weeds not easily controlled by 
selective herbicides, such as Malvaparviflora, Convolvulus arvensis and 
Abutilon theophrasti. Winter annual weeds like Lactucaserriola, Poaannua 
and Senecio vulgaris are effectively controlled under solarization 
conditions. However, some warm-season weeds may tolerate high 
temperatures and certain species such as Melilotussulcatus show 
resistance (Elmore, 1991). In some cases, solarization has been ineffective 
against Indigofera species and emergence of Cyperus rotundus from 
tubers has even increased under polyethylene mulching (Kumar et al., 
1993). 

3.1 Mulching 

Mulching is a physical weed control method in which a material is placed 
on the soil surface to block light and physically suppress weed emergence 
and growth (Bond and Grundy, 2001). It is widely accepted in integrated 
non-chemical weed management and organic farming systems because it 
reduces reliance on synthetic herbicides (Massucati and Kopke 2014). The 
principal mechanism of mulching is the interruption of light penetration 
to the soil surface, thereby inhibiting weed seed germination and seedling 
development. Mulches also modify soil temperature and moisture, 
indirectly influencing weed suppression and crop growth (Parmar et al., 
2013). Mulches are broadly classified into living mulches (cover crops 
grown alongside the main crop) and non-living mulches (organic residues, 
compost, straw etc.). Living mulches suppress weeds through competition 
for light, nutrients and space, while non-living mulches act mainly through 
physical soil coverage and light exclusion. 

3.1.1 Uses of mulching in different situations 

Mulching is commonly used in organic and low-input cropping systems 
where chemical weed control is restricted or avoided. It is applied in row 
crops and vegetable production to reduce weed pressure, conserve soil 
moisture and improve crop establishment (Ramakrishna et al., 2016). 
Living mulches such as white clover (Trifolium repens) and other legumes 
are used in crops like maize, soybean, cabbage and strawberry to suppress 
weeds and reduce soil erosion while improving soil fertility. Their use is 
recommended when ecological sustainability and soil conservation are 
primary objectives (Kitis et al., 2011). Biodegradable mulches such as 
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straw, sawdust, compost and paper are used where seasonal soil coverage 
and easier incorporation into soil are desired. Straw mulch is particularly 
used in vegetable systems to reduce weed density and biomass 
(Grassbaugh et al., 2002). Non-biodegradable polyethylene (PE) and 
polypropylene (PP) films are used in high-value crops and perennial 
systems where maximum weed suppression and soil temperature 
regulation are required. These films are commonly adopted in crops 
requiring warmer soil conditions and improved moisture conservation 
(Parmar et al., 2013). Gravel and inorganic mulches are used in long-term 
plantations or landscaping systems where durable weed suppression is 
required (Qiu et al, 2014). 

 

Figure 4: Mulching 

3.1.2 Advantages of mulching 

Mulching significantly reduces weed germination and biomass by 
preventing light from reaching the soil surface (Monks et al., 1997). It 
improves soil moisture retention and regulates soil temperature, thereby 
enhancing crop growth and yield. Organic mulches contribute to improved 
soil structure, increased microbial activity and humus formation through 
decomposition (Kosterna, 2014).  

Living mulches help reduce soil erosion and nitrate leaching and enhance 
ecological balance within cropping systems (Gibson et al., 2011). Film 
mulches effectively prevent weed emergence and reduce runoff, erosion 
and pest incidence. Biodegradable mulches can be incorporated into the 
soil after use, reducing labour required for removal. 

3.1.3 Disadvantages of mulching 

Living mulches may compete with the main crop for water, nutrients and 
light, potentially reducing crop yield if not properly managed. Straw mulch 
may harbor rodents and pests and can introduce weed seeds if 
contaminated. Compost mulches may contain viable weed seeds, reducing 
their effectiveness for weed suppression (Bozic et al., 2015). Non-
biodegradable PE and PP films pose environmental disposal problems and 
require removal after use. 

 Improper disposal, including burning, leads to environmental pollution. 
These films are costly for small farmers and often require irrigation 
systems, thereby increasing production costs (Briassoulis, 2006). Gravel 
mulch is difficult to remove and is therefore unsuitable for short-term 
cropping systems (Fairbourn, 1973). 

4.   ADVANTAGES OF PHYSICAL WEED CONTROL 

Physical weed control reduces dependence on chemical herbicides and 
minimizes the risks of pesticide residues in soil, water and food (Rifai et 
al., 2002). Thermal methods can effectively control weeds and may also 
suppress certain insect pests and soil-borne pathogens (Ascard et al., 
2007; Luvisi et al., 2015). Burning recycles nutrients tied up in plant 
residues and can control woody and herbaceous weeds (Howenstine et al., 
2012). Flaming is effective against young broadleaf weeds and has 
minimal impact on deeper soil microbial biomass (Cisneros and Zandstra, 
2008; Rahkonen et al., 1999). Soil steaming provides effective control of a 
wide range of weed species, including dormant seedsand offers long-term 
reduction of the weed seed bank without chemical residues (Peruzzi et al., 
2012). Soil solarization suppresses weed seeds and soil-borne pathogens 
through heat accumulation without chemical inputs (Katan et al., 1976). 
Mulching reduces weed germination by blocking light, improves soil 
moisture retention and enhances soil structure and microbial activity 
(Monks et al., 1997; Kosterna, 2014). 

5.   DISADVANTAGES OF PHYSICAL WEED CONTROL 

Physical methods such as hand weeding are labor-intensive and expensive 
in vegetable crops. Burning may reduce soil fertility in the long term, 
increase nutrient leaching, decrease beneficial microbial populations and 
cause air pollution through smoke emissions (Giovannini et al., 1990; 
Santana et al., 2013; Howenstine et al., 2012). Flaming is less effective on 
mature weeds and grassy species and may increase fuel consumption or 
cause crop injury (Cisneros and Zandstra, 2008; Vanhala et al., 2004). Soil 
steaming requires high initial investment and energy consumption and 
may temporarily reduce beneficial soil microorganisms (Roux-Michollet et 
al., 2008; Elsgaard et al., 2010). Soil solarization may be ineffective against 
certain tolerant weed species and depends on climatic conditions (Elmore, 
1991; Kumar et al., 1993). Mulching materials such as plastic films create 
disposal and environmental problems and increase production costs 
(Briassoulis, 2006). Living mulches may compete with the main crop for 
resources if not properly managed. 

Table 1: Comparison of different physical weed control methods 
based on mechanism, cost, effectiveness and limitations 

Method Mechanism Cost Effectiveness Limitation 

Burning 
Heat 

destruction 
Low Moderate 

Environmental 
pollution 

Flaming 
Thermal 

shock 
Medium 

High (young 
weeds) 

Fuel cost 

Steaming Soil heating High Very high 
Energy 

intensive 

Solarization 
Solar heat 
trapping 

Medium High 
Climate 

dependent 

Mulching 
Light 

blocking 
Low–

Medium 
High Material cost 

6.   ECONOMICS OF PHYSICAL WEED CONTROL 

Hand weeding, although effective, is costly due to high labor requirements 
in vegetable production systems. Flaming is reported to be less costly than 
hand weeding under certain conditions (Shrestha et al., 2013). Band 
steaming reduces hand weeding time and can significantly increase crop 
yield but soil steaming requires high initial investment and operational 
costs due to energy consumption (Raffaelli et al., 2016). Biodegradable 
mulches can reduce labor costs since they suppress weeds effectively and 
can be incorporated into the soil after use (Jodaugiene et al., 2006). Non-
biodegradable film mulches may be cost-effective in high-value or 
perennial crops; however, their high initial cost and additional disposal 
expenses limit their suitability for small-scale farmers (Briassoulis, 2006). 

Table 2: Summary of physical weed control methods with 
applications, advantages and limitations 

Method 
Application 

stage 
Target 
weeds 

Advantages Limitations 

Burning 
Pre- or post-

harvest 

Broadleaf, 
woody 
weeds 

Nutrient 
recycling, 

reduces seed 
bank 

Air pollution, 
nutrient loss 

Flaming 
Pre- & post-
emergence 

Young 
annual 
weeds 

Fast, effective, 
organic-

compatible 

Ineffective 
on mature 

weeds 

Soil 
steaming 

Pre-
emergence 

Seeds & 
seedlings 

Highly 
effective, no 

chemicals 

High cost, 
energy 

intensive 

Solarization Pre-sowing 
Soil-borne 

weeds 

Eco-friendly, 
improves soil 

health 

Climate 
dependent 

Mulching 
Throughout 
crop cycle 

Light-
sensitive 

weeds 

Moisture 
conservation, 

weed 
suppression 

Cost, 
disposal 

issues 
(plastic 
mulch) 

7.   CONCLUSION 

Physical weed control methods offer environmentally friendly 
alternatives to chemical herbicides and contribute significantly to 
sustainable crop production systems. Techniques such as burning, 
flaming, soil steaming, soil solarization and mulching effectively reduce 
weed pressure, lower the weed seed bank and in some cases suppress soil-
borne pests and pathogens. These methods are particularly suitable for 
organic farming and high-value crops where chemical use is restricted or 
undesirable. However, each method has specific limitations related to cost, 
labor requirement, energy consumption, climatic dependence and 
potential environmental impacts. Therefore, no single physical method 
can provide complete and long-term weed control under all conditions. 
The successful adoption of physical weed control requires proper 
selection based on crop type, soil condition, climate and economic 
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feasibility. Integrating these methods with cultural, mechanical and 
biological practices under Integrated Weed Management (IWM) systems 
is essential to ensure sustainable, cost-effective and ecologically sound 
weed management in modern agriculture. 
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