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Soil solarization is a sustainable, non-chemical weed management technique that harnesses
solar energy to suppress weed seeds, soilborne pathogens, and nematodes. This method
involves covering moist soil with transparent polyethylene sheets during hot summer months,
raising soil temperatures to lethal levels for various weeds and pathogens. Soil solarization
has gained prominence as an eco-friendly alternative to chemical herbicides, particularly in
organic farming systems. The process enhances soil health by improving nutrient availability,
promoting beneficial microbial communities, and reducing pathogenic populations (Santosh
et al. 2023). The effectiveness of soil solarization depends on factors such as soil moisture,
exposure duration, and climatic conditions. Research indicates that it significantly reduces the
germination of common weeds, including Amaranthus spp., Chenopodium album, and
Cyperus rotundus, with reported weed suppression rates of 80-100%. Additionally, it
controls soilborne pathogens such as Fusarium oxysporum, Verticillium dahliae, and
Meloidogyne spp., thereby improving crop productivity. Despite its benefits, soil solarization
has some limitations, including dependency on high solar radiation, the temporary
unavailability of land, and concerns regarding plastic waste disposal. Recent advancements
focus on biodegradable mulches, integration with organic amendments, and precision
solarization techniques to enhance effectiveness and sustainability.

Soil solarization is a promising approach for integrated weed and pest management in
sustainable agriculture. By combining it with other agroecological practices, farmers can
achieve long-term soil health improvement and increased crop yields while minimizing
environmental risks associated with chemical herbicides.

Introduction

Weeds pose a significant challenge in
agricultural ~ and  horticultural ~ systems,
competing with crops for nutrients, water, and
light. Traditional weed management methods
rely heavily on chemical herbicides, which have
raised concerns regarding environmental
pollution, herbicide resistance, and food safety.
Soil solarization offers an eco-friendly
alternative by utilizing solar heat to suppress
weed seed germination and soilborne pathogens.

Fig 1. Soil Solarization (Source)

ACRI MACATINE ISSN: 3048-8656 Page 90

L

T

Qs

o

SC 2
,\% @@ G \%g‘*\‘%

s

P

e

o 2
S G

(&)

N

e

© rr/@

C%f‘fg'w

5

e

i ,“rr/@

U ey

e G 28

o

o

O ([

(&)

it

)

]

O ([

w@ o G

it

)

@

O ([

S
w@ o G

D C

it

@

O ([

D G

S
(o)

it

g

e G

S
(o)

O ([

e G

]
(o)

&
st
RO G

o
(o)

BEv
(@)

o Cébé%u(@

Y

I C

o Q‘mféf
FREO &
% [

&
) ([

] (&3

&
(&}

o
2oC C%DL%
"Té?\’% Cn

andon

o

)

RO G

(a2

0 Qs

(&}

‘ @ I C

U ey

o O
)

FOC
(@)

St

o %Dé%[{;é?

T

Se

w@ o G

D C

1O

o @féf

<
o G

SIC
VG

{

o
(o)

D OC,

THE G

%

Qns

Sey
(&)

Sicad

T

O %@

SevH

3

Yol

o

Qns
(&)

O
(

SIS

T

O Cé@

&

%

Sev

. D
o

&
Yol

Qns

(&}

{

Sicad

f\é%&;@ Cé%é%‘
<5 o GV

Se

T

T
(o2 “%ﬁ‘w%} G

Qo

pai)


mailto:akhil.kanukula26@gmail.com
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS-OPVbw-hezJ4F0OfUdvD8UpTuLDRFc-Vm3A&s)
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS-OPVbw-hezJ4F0OfUdvD8UpTuLDRFc-Vm3A&s)

Akhil et al. (2025) Agri Magazine, 02(03): 90-93 (MAR, 2025)

This technique is particularly valuable for organic farming systems, where chemical use is
restricted. Moreover, it has been found effective in improving soil structure and microbial
activity, contributing to overall soil fertility (Kapoor 2013; Santosh et al. 2023).

Principles of Soil Solarization
Soil solarization is based on the
principle of thermal disinfestation,
where solar heat is trapped under a
transparent plastic sheet, raising the g fgua
temperature of the topsoil. Key steps
involved in soil solarization include:

1. Soil Preparation: The soil is tilled
and irrigated to enhance heat
conduction.

2. Mulching: The soil is covered
with clear polyethylene sheets, &
which allow sunlight penetration
and trap heat. o

3. Exposure Duration: The plastic Fig 2. Application of polyethylene sheets to soil (Source)
cover remains in place for 4-8 weeks during peak summer months.

4. Temperature Effect: Soil temperatures can rise to 50-60°C, which is lethal to many weed
seeds, fungi, bacteria, and nematodes (Gill et al. 2009; D’ Addabbo et al. 2010).

Efficacy in Weed and Pathogen Management

Soil solarization effectively controls various weed species, particularly annual weeds with
small, shallowly buried seeds. Research has demonstrated high efficacy against common
weeds such as Amaranthus spp., Chenopodium album, Portulaca oleracea, Digitaria
sanguinalis, Cyperus rotundus, and Echinochloa crus-galli (Benlloglu et al. 2005). In
particular, studies have shown that soil solarization can reduce weed seed germination by 80—
100% depending on soil type, moisture content, and exposure duration (Santosh et al. 2023).
Additionally, it suppresses soilborne pathogens like Fusarium oxysporum, Verticillium
dahliae, Sclerotinia sclerotiorum, and Phytophthora spp. by disrupting their survival
structures (Weller et al.

2002 ; D’Addabbo et al. | _ o
2010). Soil solarization has
also been found highly
effective in controlling root-
knot nematodes
(Meloidogyne spp.), which
cause severe yield losses in
crops such as tomatoes,
cucumbers, and strawberries
(Santosh et al. 2023).
Studies have shown a
significant  reduction in
nematode populations, with
reductions of up to 95% in
treated soil. Furthermore,
soil solarization enhances
the efficacy of biological
control agents. Research
indicates that beneficial Figure 3. Images of plots that have undergone solar solarization

microorganisms  such  as during summer, as affected by the type of soil mulching and soil
Trichoderma  spp and preparation, during the winter weed flush period. (Kanellou et al.

Clear plastic,
summer period,
without tillage

November December January February
Clear plastic,

> R summer period,

SN with tillage

Opaque plastic,
summer period,
without tillage

Opaque plastic,
summer period,
with tillage

% Unmulched soil,
summer period,
without tillage

Unmulched soil,
#9 summer period,
with tillage

2023) (Source)
AGRIMACAZINE ISSN: 3048-8656 Page 91

s afe s o e s ofe o o o s o s o o ok o ofe o ofe e s o


https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQoB7NL2e0JbmgW7tgITV37VRws4C-vnmq-3YF7widLXWCdxqNulxlFlYO1qoe5FbPIYIg&usqp=CAU
https://www.mdpi.com/sustainability/sustainability-15-11324/article_deploy/html/images/sustainability-15-11324-g008.png

Akhil et al. (2025) Agri Magazine, 02(03): 90-93 (MAR, 2025)

Pseudomonas fluorescens thrive after solarization, contributing to long-term pathogen
suppression (Kapoor 2013; Weller et al. 2002). This technique not only kills harmful
pathogens but also improves soil microbial balance, leading to better soil health and increased
crop productivity.

Advantages of Soil Solarization

1. Non-Chemical and Environmentally Friendly: Reduces reliance on synthetic herbicides
and fumigants.

2. Improves Soil Health: Enhances microbial balance by reducing pathogenic populations
and promoting beneficial microorganisms (Weller et al. 2002).

3. Enhances Crop Yield: Suppresses weed competition, leading to better crop establishment
and productivity.

4. Long-Term Effectiveness: Provides residual weed control for multiple cropping seasons.

5. Compatible with Integrated Weed Management: Can be combined with organic
amendments, biological control agents, and crop rotations.

6. Improves Soil Structure and Nutrient Availability: Heat accelerates the breakdown of
organic matter, increasing soil porosity and fertility (D’Addabbo et al. 2010).

Limitations and Challenges

1. Climatic Dependency: Effectiveness is limited in cooler regions with insufficient solar
radiation.

2. High Initial Cost: Polyethylene sheets may be expensive and require proper disposal
(Luvisi et al. 2015).

3. Limited Control on Deep-Rooted Perennials: Some persistent weeds may survive and
regenerate.

4. Land Unavailability: Fields remain fallow during solarization, which may not be feasible
for continuous cropping systems.

5. Environmental Concerns: Disposal of polyethylene films can contribute to plastic
pollution unless biodegradable alternatives are used (Santosh et al. 2023).

Recent Advancements and Innovations

Recent research focuses on enhancing the efficacy of soil solarization through:

o Use of Biodegradable Mulches: Reducing plastic waste and improving sustainability.

e Combining Solarization with Soil Amendments: Integration with organic matter,
compost, and biofumigants to enhance weed suppression.

« Precision Solarization Techniques: Utilizing advanced plastic films that maximize heat
retention and minimize environmental impact (Santosh and Maitra 2021).

e Greenhouse Solarization: A method that traps heat more efficiently for enhanced
pathogen and weed control in protected cultivation systems.

o Double-Layer Plastic Films: Creating an insulating effect that increases soil temperatures
beyond traditional methods.

Conclusion

Soil solarization is an effective, eco-friendly method for managing weeds and soilborne
pathogens by utilizing solar heat to raise soil temperatures to lethal levels. It enhances soil
health, suppresses weed seed germination, and promotes beneficial microorganisms, making
it a valuable tool in sustainable agriculture. While its effectiveness depends on climatic
conditions and has limitations such as land unavailability and plastic waste concerns,
advancements like biodegradable mulches and integrated approaches improve its feasibility.
By incorporating soil solarization into integrated weed management strategies, farmers can
achieve long-term weed control, reduce chemical dependency, and enhance soil productivity
in an environmentally sustainable manner.
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