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Abstract— Soil Solarization is the method of heating soil by 

covering it with thin (25-100 micron) transparent 

polyethylene sheet during hottest period of the year for at 

least 4-6 weeks to reduce soil born pathogens, pests and 

control weed population. In this paper literature relevant to 

the usefulness of the process and proper procedure for 

conducting the process has been reviewed. The review 

includes broad topics principles of soil solarization, factors 

effecting soil temperature, effect of soil solarization on weed 

& plant diseases control and crop growth & yield. It has 

been reported that soil solarization also helps in process like 

seed germination, seedling emergence, root development, 

nutrient uptake and the microbial activity. It is non-chemical 

method hence non-hazardous to the users and does not 

involve substances toxic to the consumer, to the host plant 

or to the other organism. 
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I. INTRODUCTION 

Human population on the globe is increasing tremendously 

day by day. To meet the basic requirements like food, fiber 

and shelter of increasing  population, intensive agriculture is 

the only solution. No doubt with intensive agriculture we 

have increased our agricultural production many folds but it 

has posed many problems of crop, nutrient, pest and weed 

management as well as pollution. Resurgence of minor pests 

as major and resistance of insects to pesticides are the 

modern babies of intensive agriculture and injudicious use 

of pesticides. Successful attempts have been made to 

overcome these problems by using non chemical means like 

soil Solarization.   

The major benefit of soil solarization is reduction 

of soil borne pathogens by soil heating effects.  There are  

many  other  possible  additional  beneficial  effects  that  

can  result  in  an increased growth response of plants. The 

increase in soil temperature by means of solarization of soil 

is an important aspect of soil productivity as the direction 

and rate of most of the physical; chemical and biological 

processes in soil are influenced by soil temperature, which 

indirectly affect plant growth and yield. Physical processes 

such as evaporation, aeration and water movement are very 

much influenced by soil temperature. Soil temperature also 

has direct effect on biological process like seed germination, 

seeding emergence and growth, root development, nutrient 

and water uptake and the microbial activity. Rate of most of 

these processes are more than doubled with every 10oC rise 

in temperature. A change in temperature affects vapour 

pressure and viscosity of the soil water. Soil temperature 

also indirectly helps in establishing soil structure. Besides, 

the above potential advantages, it is a non chemical method 

which is not hazardous to the user and does not  involve 

substances toxic to the consumer, to the host plant or to  the 

other organism. In the right instances, it is less expensive 

than other methods. This method is easy to teach to less 

trained farmers and it can be applied in large areas, by 

machine or manually, in small plots. Thus, it is suitable for 

both developed and developing countries. 

II. PROCEDURE FOR CONDUCTING THE TREATMENT 

Soil solarization is a method of heating soil by covering it 

with transparent polyethylene sheets for at least 4 to 6 weeks 

during the hottest part of the year. The land to be solarized 

should be thoroughly cultivated and then leveled so as to 

minimize such profusion. Mostly clear, transparent 

polyethylene films of 25-100 micro meter are used for 

solarization to permit solar radiation into soil which 

ultimately increase soil temperature due to elimination of 

evaporation and partially due to the green house effects, 

exerted by the polyethylene films. Thinner sheeting is more 

effective in trapping heat but thickness should be balanced 

against durability. If possible 50 mm irrigation should be 

given prior to lying of the polyethylene sheet. The 

polyethylene sheeting should be applied immediately after 

irrigation. Soil moisture helps the solarization process in 

conducting heat energy to target pathogens and pests, which 

when moist are often actively metabolizing and thus more 

susceptible to lethal dosages to heat. In addition, surviving 

organisms may be weakened by sub  lethal heating, making 

them more susceptible to attack by heat tolerant antagonistic 

organism. Soil heating may result in the release of soil 

volaties, many of which are  biocidal. After irrigation and 

prior to or during crop growth, irrigation water should not be 

allowed to flow areas possible contaminated with pathogens 

onto solarized plots. Any holes appearing in the polythene 

sheeting should be sealed at the earliest opportunity. Entry 

into plots covered with polythene sheeting should be 

avoided immediately after irrigation. It is best to apply the 

sheeting during least windy. 

III. PRINCIPLES OF SOIL SOLARIZATION 

Soil Solarization, involves the use of sun heat as a lethal 

agent for pest  control through the use of traps for capturing 

the solar energy  by means of transparent polyethylene soil 

mulches, has potential advantages. It is nonchemical method 

hence not hazardous to the user and does not involve 

substances toxic either to consumer or host plant or other 

organisms. It may have long term effect, since effective 

disease control lasted for more than one season. This 

method has the characteristics of an integrated control, since 

physical, chemical and biological mechanisms are involved 

in the control of varieties of pests. The following 

recommendations were made by Katan(1981) to bring about 

effective  solar heating of soil, providing climatic conditions 

are  adequate.(a) Transparent not black polyethylene should 

be used.  (b) Soil mulching should be carried out during the 
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periods of  high temperatures and intense solar radiation. (c) 

Soil should be  kept wet during mulching. (d) The thinnest 

polyethylene tarp  possible is recommended. (e) The 

mulching period should be  sufficiently extended, usually 

four weeks or longer.  

Several research works have been conducted on  

solarization of soil for various crops. In Israel, extension  

workers and growers suggested that the intensive heating 

that  occurs in mulched soil might be used for disease 

control. By  mulching the soil with transparent polyethylene 

sheets in the hot  season prior to planting, a team of Israeli 

workers developed a  solar  heating  approach  for  soil  

disinfestation   (Henis and  Chet, 1975).  Studies have also 

been  carried out  in Greece,  Jordan, Italy and England for  

various  crops. Yaduraju  (1993) reviewed the work done at 

various location on soil  solarization and reported that the 

transparent films are more  efficient than black films. 

Besides clear transparent PE costs less and high strength, 

thinner films and are effective for solar heating than thicker 

films and are propotionally less expensive. Soil solarization 

is a non-chemical  

IV. FACTORS AFFECTING THE SOIL  

A. Temperature 

The temperature of the soil is determined by the interaction 

of  numerous factors. Ultimately all soil heat comes from 

two  sources, radiation from the sun and sky and conduction 

from the  interior of the earth. Both external (environmental) 

i.e. solar  radiation, ambient temperature, rainfall, 

condensation,  evaporation etc. and internal (soil) i.e. 

thermal capacity,  thermal conductivity and diffusivity, soil 

texture structure,  moisture content, soluble salts, 

absorptivity of solar radiation  etc. factors contribute in 

bringing about changes of soil  temperature. Besides, 

environmental and soil factors, type of mulch cover i.e. 

straw, paper, polyethylene (black or transparent), aluminum 

films etc. also contributes in soil profile temperature 

variation.       

Jackson (1963) conducted an experiment to 

determining the  relationship between temperature and soil 

water diffusivity.  Water at 2mb pressure was absorbed by 

horizontal columns of three  soil materials of different 

texture at temperatures 50oC, 13.5oC, 24.0oC, 33.0oC, and 

42.5oC. From the water content distributions, soil water  

diffusivities  were calculated, assuming applicability of  

diffusion theory. Two fold to three fold differences were  

observed between diffusivities at 5.0oC and  42.5oC 

temperature dependence of the  ratio of surface tension to 

viscosity appears to be the dominant  factor in describing the 

temperature dependence of soil water  diffusivities.  

Wierenga and Dewit (1970) developed a computer 

model to predict  temperature fluctuation in subsoil from the 

temperature variation  at the soil surface, taking into account 

changes in the apparent  thermal conductivity with depth 

below soil surface and soil  temperature. Predicted soil 

temperature was compared with soil temperature observed at 

2,10,15,25,30 and 75 cm below the surface of bare field 

profiles, before and after irrigation with 13.4 cm water. In 

wet soil observed and predicted temperature were in close 

agreement. In dry soil significant differences were observed 

and predicted soil temperatures during part of the day.  The 

increase in apparent thermal conductivity with soil 

temperature had a negative effect on the magnitude of the 

difference between observed and predicted values in the dry 

soil.  

Katan and Chen (1981) studied soil heating by 

mulching with transparent polyethylene during the hot 

season. Mulching   increases temperatures by upto 10 12oC 

in  the upper soil layer. They studied the effect of this 

treatment on the chemical properties and hydraulic 

conductivity of soil.  Field experiments showed enhanced 

plant growth in solar heated soil. Saturated extracts of the 

upper soil layers of eight different solar-heated soils showed 

increased concentrations of soluble organic matter and 

minerals.  

Stepleton  (1985) studied effect of soil solarization 

on soil properties crop fertilization and plant growth. Soil 

solarization increased concentrations of NO3 N and NH4+N 

up to six times those in non treated soils. Concentration of P, 

Ca2+, Mg2+ and electrical conductivity increased in some 

of the solarized soils. Fresh and dried unit weights of 

reddish, pepper and Chinese cabbage plants usually were 

greater when grown in  solarized soils than in non solarized 

soils.   

Stepleton and garza lopez (1988), observed that pre 

planting  mulching of moist soils with black and transparent 

polyethylene  films for six weeks raised soil temperatures 3 

10oC over uncovered control soils. Pre planting mulching  

with black film increased growth of woody perennial 

Mexican lime. Peter (1989), Developed a model for 

estimating diurnal soil  surface temperature and heat flux 

from data measured below the  surface. The model 

equations are the usual Fourier series  solution to the heat 

flow equations. Tests show that the model  can be fit to the 

sub surface temperatures and heat fluxes to the  accuracy of 

the expected measurements errors. Using this  calibration 

the model may than be used to predict temperatures  and 

fluxes at other depths.  

Michael (1993) derived analytical solutions for 

unsteady two  dimensional soil heat transfer problems with 

standard(constant  temperature coefficient) and modified 

(temperature coefficient  varies with position) radiation 

surface boundary condition.  Solutions were periodic in time 

and horizontal direction. The  structure of the solution 

guarantees that soil temperature are  smooth functions of 

position and time. Calculated soil  temperature, heat flux 

densities and surface energy balance  components for bare 

wet strips alternating with strips covered  with black plastic 

or clear plastic were found to vary strongly  with time and 

position. Sensitivity soil temperature to changes  in soil 

thermal properties increased as the temperature  coefficient 

in the surface boundary condition decreased.  The Maximum 

temperature in upper soil layers under ideal conditions are 

achieved within 3-4 days after solarization. Typical 

maximum soil temperature in solarization plots were 8-12 

oC higher than the corresponding non-solarized plots 

(Yaduraju, 1993) 

V. EFFECT ON WEED CONTROL   

Patel and Maheta (1989) at Anand recorded significantly 

lower dry weed biomass (54.6%) under the rice nursery with 

soil solarization as compared to summer ploughing. 

Yaduraju and  Ahuja (1990) reported that population of 
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grasses was substantially reduced (67%) due to PE (100 

mcro meter) mulching of wet soil for 30 days but not for 15 

days under Delhi conditions. 

Esfahani (1993) found no significant differences 

among  various thickness of polyethylene sheets (200 to 400 

micron) at Pantnagar. The population of annual weeds were 

effectively and significantly reduced using solarization for 

30 days in the hottest period (15 May-June) at Pantnagar but 

for Cyperus rotundus 45 days was more effective than 30 

days. 

At Anand, Patel (1994) recorded  lower weeds 

population under transparent polyethylene as compared  to 

black polyethylene in rice nursery. Patel (1994) observed the 

growth and development of tobacco seedlings were greatly 

increased by soil solarization on moist soil with transparent 

PE and recorded significantly higher number of transplant 

seedlings (1144/m2) as compared to control (845/m2). 

VI. EFFECT ON PLANT DISEASES CONTROL 

Adams (1971) stated that transparent plastic was effective in 

controlling red rot disease of sesame Thielaviopsis basicola  

while black plastic was not effective. Katan et al. (1976) 

reported that mulching with polyethylene  sheets prior to 

planting reduced verticillium wilt of tomato and  eggplant 

by 25 95%. The population of F. oxysporum  

f.sp.lycopersici at the depth of 5cm was reduced by 94 

100% , at  15cm,68 100% and at 25cm 54 63%. They also 

studied the  effect of polyethylene mulching on control of 

diseases caused by  soil borne pathogens. Irrigated soils in 

the hot Bet Shean and  Jorden valley regions were mulched 

with transparent 0.03mm  polyethylene sheets during the 

months of July or August and soil  temperatures were 

thereby increased. The population of  F. oxysporum at the 

depth of 5cm was reduced to 94 to 100%; at  15cm, 68 to 

100%; and at 25cm, 54 to 63%. Maximum temperatures in  

the mulched soils were 49 to 52oC and 42oC at depths of 5 

and 15cm respectively.  

Grinstan et al.(1979a), observed that mulching 

moistened soil with polyethylene sheets during summer 

significantly reduce Sclerotium rolfsii infection and thereby 

increasing yield and quality of peanut by 52.8% and 

123.5%. They also observed that maintenance of high soil 

moisture under mulching by using drip system or mulching 

after single irrigation had similar effect.The significant 

reduction in microsclerotia of V. dahliae and wilt disease 

incidence in potatoes by soil solarization was recorded 

(Grinstan et al.,1979b). 

Pullman et al (1981), reported that temperature of 

37oC for different time periods were lethal to  mycelia, 

spores and resting structures of verticillium dahliae,  

Pythium ultimum and Thielaviopsis basicola on an agar 

medium. A  linear relationship existed between logarithms 

of times required  to kill 90% of the propagules when 

plotted against temperatures.  The exposure times and 

temperatures necessary to kill these fungi  are useful for 

evaluating the progress of soil solarization under  field 

conditions.  The study of Robinovitch et al.(1981) indicated 

that solar  heating of soil by means of mulching with 

transparent sheet in  hot season controlled pink root rot of 

onion. Porter and Merriman  (1983), showed that 

solarization can be used by farmers for the  control of club 

root. There experiments showed that although  P. brassicae 

was present in the roots of all plants from treated  soil, 

disease was not severe enough to restrict growth and reduce  

yields to levels that were commercially unacceptable.  

Chauhan et al. (1988) reported significant reduction 

in fusarium  propagules in soil and there by reduction in wilt 

incidence in  chickpea and pigeon pea crop with an increase 

in grain yield. Stapleton and Garza lapez (1988) concluded 

that preplanting mulching of moist soil with black and 

transparent polyethylene films reduced population of 

Macrophomina phaseolina by 62 100%; Phytium spp by 62 

88% and gram +ve bacteria by 64 99% after treatment. 

Khandhar and Bhowmik (1990) reported reduction in 

sclerotia of S. rolfsii by solarization during summer with 

clear plastic but not with black one.  Raj and Kapoor (1993) 

indicated that mulching with transparent plastic for 15 and 

60 days eliminated F. oxysporum, from 6 and 24 cm soil 

depth respectively and decreased wilt incidence in tomato to 

zero level. 

Tacconi and Santi (1994), conducted field trials in 

Ferrara in  1992 93 to assess the efficiency of using soil 

solarization as a  control measure for nematodes and weed 

infestations. Following  barley and wheat harvest plots were 

covered with transparent  polyethylene sheet 0.06mm thick 

in July Oct and/or treated with  dazomet. All plots were 

subsequently irrigated to facilitate weed germination. The 

intensity of nematodes attack on crop plant  roots was lower 

in the solarization treatment for all 4 crop  plant tested.  

Experiments on soil solarization conducted by 

Chattopadhyay and  Kalpana (1996) indicated reduction in 

M. phaseolina causing  stem rot of sesamum.  Patel et al. 

(1995a) have found that phytonematodes in the Bidi-tobacco 

nursery can be controlled effectively by covering the 

infested  nursery area during hot summer weather with clear 

LDPE film of 400 gauge thickness for a period of 4, 6 or 8 

weeks. 

Mansoori and Jaliani (1996) concluded that in hot 

regions, soil borne diseases of water melon can be 

controlled by applying solarization treatment to the soil for 

30 days during hot period in sept-oct. 

VII. EFFECT ON CROP GROWTH AND YIELD 

Sasser (1988) has mentioned that estimated average annual 

yield loss on the world's major crops due to damage by plant 

parasitic nematodes is 12.3% which is amounted to the 

monetary loss of US$ 77.7 billion. Stapleton (1984 ) , 

compared the population densities of selected  soil micro 

organism in solarized and shaded soils. Solarized  soils 

usually contained the fewest micro organisms , untreated  

soils contained the  most and shaded soils had intermediate  

population densities. Greater plant growth occurred in 

solarized  soils, and sometimes in shaded soils, than in 

untreated control  soils.  

Kumar et.al (1993) reported that pre-sowing soil 

solarization significantly reduced the weed population and 

increased growth of soyabean and yield upto 78%. Turrialba 

(1994), studied the yield response of melons grown under a 

polyester cover. Covered melons had a significantly higher 

yield than uncovered plants. Vegetative growth in covered 

plants was significantly greater than that of untreated plants.  

Patel et al.(1995b)  recommended that covering the beds 

with clear LDPE plastic of 100  gauge for 15 days during 
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summer was as effective as 400 gauge for  60 days for 

getting more number of transplants of bidi tobacco. 
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