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1. INTRODUCTION 

Soilborne plant pathogens constitute the first bio-hostile 

element of the soil ecosystem that plants encounter before emergence 

and also at various stages of growth and development. After the 

notable success of "green revolution" in terms of stability in food­

grain production, nutritional aspects of the human diet is the 

potential area awaiting exploitation. Without vegetables the 

nutritional requirements, taste, flavour and fancy of human dietary 

system will remain incomplete. It is important to support and 

strengthen unpredictable and fragile food grain production. 

Vegetable cultivation must be encouraged to supplement food grain 

production. As per statistics, availability, production, productivity 

and consumption of vegetables and fruits at national level is too low 

(Chadha, 2000). 

Most horticultural corps are raised in nursenes and then 

transplanted. It is well recognized that due to seed rots and seedling 

death, above 50 per cent plant populations are lost. This affects 

further production. Thus, the health of nurseries is of immense 

significance for profitable and sustainable production of vegetables, 

ornamentals, flowers and fruits etc. through the production of 

healthy seedlings. But none of the disease control techniques 

available presently, could bring the level of soil sanitation above 

critical threshold, where it could reduce seed and seedling diseases 



Plate 1. A: Cauliflower seedling parasitized by Pythium 

B: Post-emergence damping-off of cabbage - fungal 
growth visible 

C: Cauliflower seedling - collar region infected 

D: Toppled tomato seedlings 
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(Chaube and Singh, 1991). The routine sanitation approaches, crop­

rotation and soil disinfestation with fumigants and other pesticides, 

have become restricted because of their incompatibility with 

sustainable agriculture. For example-methyl bromide, the most 

widely used soil fumigant, which is a potent ozone depletor, is 

liberated in the environment, mainly from its agricultural use 

(Ristaino and Thomas, 1997) and poses a threat to harmonious 

ecosystems and environment. Crop rotations have now become 

untenable because of intensification of agriculture. The claim of 

some control with chemical and bioagent seed-treatments do exist in 

literature and the cultural practices such as raised beds, restricted 

plant densities, manipulated irrigation systems etc. have served only 

limited purpose and never got universal practical acceptance. An 

alternative claimed as an innovative approach is 'soil solarization' 

(Chet, 1987). It is very simple and cheap technique which requires 

no special scientific know-how. Solarization is just to capture the 

solar radiations/ energy to heat up the soil. The moist soil is covered 

air tight with polyethylene mulches/ sheeting during the period of 

intense solar radiations for a period of 15 days to few months (Katan 

et al., 1976; Stapleton et al., 1982). 

Solarization is effective in subtropical areas where solar 

radiation is sufficiently intensive to create sublethal soil 

temperatures (Blok et al., 2000; Katan, 1987). Under suitable 



3 
climatic conditions, solarization can control a wide spectrum of soil­

borne pests including fungi, bacteria, weeds, nematodes and insects 

(Gamliel and Stapleton, 1993a.) I 

The technique and process involved, suggests that physico­

chemical and biological changes do occur during and after 

solarization, which contribute to the biocidal effect (Chen and 

Katan, 1980; Stapleton et al., 193:1" 1985; Ristaino et al., 1996). 

Thus, soil solarization is a passive but complex phenomenon, 

comprised of physical, chemical and biological components. Besides 

direct hydrothermal inactivation and enhanced antagonism, it often 

results in improved plant growth response (Chen and Katan, 1980; 

Gamliel and Katan, 1991; Stapleton and DeVay, 1984; Stapleton 

et al., 1985). Increased concentrations of certain mineral nutrients 

have directly been correlated to increased plant growth response in 

solarized soils (Gamliel and Katan, 1991; Stapleton et al., 1991). 

Since physics, chemistry and biology- the three major soil 

components are involved, it is required to be investigated thoroughly, 

in different agroclimatic and agroecological regions to define and 

propagate its utility. It is more so important to study, as all the three 

partners of the "disease triangle" are affected producing positive 

effects. Soil nutrients are more available; pathogens, pests, weeds 

and nematodes are suppressed; disease-pest index is reduced; 

antagonists increased and PGPR are stimulated. Thus, a complex 



process occurs as a result of processes which occur during and after 

solarization. It is in this context, effect of soil solarization on health 

of nurseries of some horticultural crops was studied through field 

trials, glass-house experiments and in vitro studies with the following. 

objectives: 

1. Effect of solarization on major physical factors such as 

temperature, moisture, pH, etc. 

2. Effects on availability/concentrations of some nutrients. 

3. Impact on pre and post-emergence damping-off. 

4. Impact on plant growth i.e. plant growth response (PGR). 

,5. Effect on population of antagonists, PGPR, pathogens and weeds. 

6. Elucidation of mechanism(s). 





2. REVIEW OF LITERATURE 

1. Historical Perspective 

Soil solarization exploits the basic knowledge of 

conserving/trapping solar irradiation, drawn from early agriculture 

where organic or inorganic mulching/covering of soil was done to 

provide protective barrier against fros t or to increase soil 

lemperalures or Lo con serve soil moistu re for proper germination and 

plant growth. ConLrol of Thielaviopsis basicola in tobacco by direct 

soil exposure to th e sun during summer seasons, was the earliest 

record of using killing action of solar heat against microorganisms 

(Grooshevoy, 1939). Several workers confirmed the findings 

subsequently and suggested similar methods for control of soilborne 

pests and pathogens (Avidov, 1956; Raghavan, 1964; Waggoner et 

aI. , 1960;). Courter and Oebker (1964); Hopen (1965) and 

Vanderberg and Tiessen (1972) reported increase in y ie ld and early 

maturity of vegetables besides disease control in mulched soil. 

Jaccov Katan and Co-workers (1976) from Israel, suggested 

for the first lime, lhe actual technology of soil solarization i.e. use of 

transparen l polyethy lene film to increase soil temperatures to the 

levels lethal Lo the propagules of Fusarium oxysporum f. sp. 

vasinJectum and Verticillium dahliae in soil. This pioneer work by 

Katan et aI. (1976) opened up a new era and approach for non­

chemical control of soilborne pests. Stapleton and DeVay (1982) 

advocated covering of moistened soil during summers for effective 



control of pathogens. Solar heating should be done for several weeks 

for long lasting effectivity (Stapleton and Graza-Lopez, 1988). 

Although various terms have been used to describe this 

method viz., solar heating, plastic or polyethylene tarping/mulching, 

solar pasteurization and soil solarization (Katan, 1981), the term 

'soil solarization' is considered the most justified one, since it 

encompasses the physical, chemical and biological changes in the 

soil subjected to solar heating (Pullman et al., 1981). 

After its success in Isra~l (Katan et al., 1976, 1981) the 

approach is now being studied and adapted globally (Fig. I). Several 

aspects such as disease/pathogen suppression, annulment of 

fungistasis, biological control, increased plant growth responses etc. 

has been studied (Esfahani, 1991; Greenberger et al., 1987; 

Gamliel et al., 1993; Stapleton and DeVay, 1986; Stapleton and 

Duncan, 1998; Tjamos and Fravel, 1995). 

2. Principles 

Soil solarization involves trapping of solar heat/ energy through 

polyethylene covering, to raise the soil temperature to the levels 

where it becomes lethal to temperature-sensitive or mesophylic soil 

microorganisms, to which category, most of the plant pathogenic 

fungi, bacteria etc. belong. The physical and chemical balance of soil 

is also altered by the action of trapped solar energy (Ahmad et at, 

1996; Chen and Katan, 1980; Kumar and Yaduraju, 1992; 

Stapleton et al., 1985). Polyethylene covering of soil produce 

6 
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greenhouse effect and result in raised soil temperatures commonly to 

35-36oC during hot months of the years, as polyethylene reduces 

heat convection and water evaporation from the soil to the 

atmosphere (Silverstein, 1976). According to Katan (1981, 1987) 

and several others, for the effectivity and efficacy of soil solarization, 

following facts must be considered while making recommendations : 

1. Transparent polyethylene should be used for solarization since 

it transmits most of the solar radiation, which heats the soil 

(Katan, 1987). 

11. The thickness of polyethylene should be thinnest possible 

because it is cheaper and heats more effectively (Esfahani, 

1991; Horowitz and Regev, 1980; Pullman et at, 1979; Raj 

and Kapoor, 1993). Organic amendments applied before 

covering the soil, may further aid to solar heating (Blok et al., 

2000; Gamliel and Stapleton, 1993). 

iii. Adequate soil moisture should be maintained during 

solarization to increase thermal sensitivity of resting structures 

of soil. microorganisms and to improve heat conductivity 

(Grinstein et al., 1979a, b; Katan, 1981, 1987; Mcfayden, 

1967.). 

IV. The maximal soil temperatures attained through solarization 

decrease with increasing soil depths. Therefore, solarization 

period should be sufficiently extended, usually four weeks or 



longer, in order to achieve pathogen control at deeper soil 

depths (Elad et al., 1980; Katan et al., 1976). 

v. Biologically and technologically it is different from artificial soil 

heating as there is no need to transfer heat from source to the 

field and it is carried out at relatively lower temperatures 

compared to artificial heating which is usually carried out at 

60-1000C. Therefore, negative side-effects associated with 

steaming, are less likely to occur with solarization (Baker and 

Cook, 1974; Dawson et al., 1965; Olsen and Baker, 1968). 

vi. Success of solarization is based on the fact that most plant 

pathogen and pests are mesophylic and get killed directly or 

indirectly. However, thermophylic and thermotolerent 

microflora survive the process of solarization (DeVay, 1991,; 

Katan, 1987; Stapleton and DeVay, 1984; Tjamos and 

Fravel, 1995). 

Vll. Efficacy and effectivity of solarization also depends on colour 

and texture of the soil. Soil properties like relatively higher 

thermal capacity than air medium and poor heat conductivity 

result in slower heat penetration. 

3. Mechanisms 

Solarization is a complex process as shown in Fig. 2, (Chaube 

and Singh, 1991) involving direct thermal inactivation/destruction 

of pathogen propagules, shift in microbial balance, popUlations and 

activity towards creating soil suppressiveness with simultaneous 



changes in physico-chemical properties of the soil (DeVay and 

l' Katan, 1991; Esfahani, 1991; Greenberger et at, 1984; 1987; 

Katan, 1987; Pullman et al., 1981; Stapleton et al., 1982). 

~ Soil biological I Soil chemical I Soil physical r--
factors factors factors 

\ 1 I 
Microbial Nutrient Plant growth 

I equilibrium availability 

\ + I 
~ 

Microbes ... • Pathogen ... • Host 
~ 

~ 

.~ ~ 

Reduced -------- Inoculum -------Density I"" 

Reduced -------- Inoculum ------ Capacity 
Re1uced ___ nn __ Host -------- pronjness 

+ 
Reduced disease incidence 

Fig. 2 : Mechanism of disease control by soil solarization 

Enhanced antagonism and improved plant growth response 

(IPGR) were other modes of action (Chen and Katan, 1980; Gamliel 

and Katan, 1991; Stapleton and DeVay, 1984, 1986; Stapleton et 

al., 1985). 

1Q 



11' Thermal inactivation/Physical effect 

Direct hydrothermal inactivation of pathogen propagules as a 

consequence of raised soil temperature has been reported to have 

most pronounced lethal effects on a broad spectrum of soil 

organisms (Freeman and Katan, 1988; Lifshitz et aL, 1983; 

Mabrer, 1979; Pullman et al., 1981; Stapleton and DeVay, 1986). 

Accumulation of heat effect above (a critical temperature threshold 

for mesophylic organisms is of about 370C) this temperature over 

time was lethal. The sensitivity of organisms to high temperatures 

was related to small differences in macromolecules which lead to 

increased intramolecular bonding involving slight changes In 

hydrogen bonds, ionic bonds and disulfide bonds (Brock, 1978), 

Pullman et al. (1981) showed a logarithmic relationship between 

time -and temperature for thermal death of certain fungal plant 

pathogens. The thermal death rate of a microbial population 

depended on the soil temperature level attained and exposure time, 

which were inversely related (Katan, 1987; Pullman et al., 1981). 

Reported reduced exposure times for LD 90 at higher soil 

temperatures have been reported (Lin-chein Huang, 1995; 

Munnecke et al., 1976). Exposure time reduced to 40, 40 and 20 

minutes for LD 90 at 490C temperature from 120, 150 and 120 

minutes, respectively at 450C for three different strains of Fusarium 

oxysporum f. sp. apii (Lin-chein , 1995}. Arme'n~ria mellea was 

not viable after 4-7 hrs exposure at 41 0C (Munnecke et al., 1976). 

11 
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Moisture level is crucial factor for soil heating, therefore, 

. proper moistening of soil should be done to facili~te heat conduction 

in soil layers (Al-Raddad, 1979; Katan et al., 1987; Pullman, 

1979). 

Reduced / diminished fungistasis was found ill 

heated/solarized soils (Katan et al., 1976; Greenberger et al., 

1987). Wet heat was effective in breaking dormancy of Neurospora 

tetras penna (Lingappa and Sussman, 1959). 

The physical effect of solarization is comprised of three 

processes which may occur simultaneously, viz., reduced propagule 

viability, increased vulnerability of pathogen propagules to potential 

antagonists and enhanced activity of antagonistic microflora (Chaube 

and Singh, 1991). Since heat mortality curves refer only to the first 

phenomenon reliability of such curves as a tool for predicting the 

effectiveness of solarization should be evaluated in each and every 

case (Henis and Papavizas, 1983; Katan et al., 1987). 

(ii) Biological control and enhanced antagonism 

Thermotolerent and thermophylic soil microflora which 

survived the sublethal solar heating, became weakened with reduced 

viability or may be partially damaged and eventually with reduced 

inoculum potential (Henis and Papavizas, 1983; Lifshitz et al., 

1983; Vannacci et al., 1988). 



· (iii) Disease control 

Reduction in disease-incidence in solarized soils results from 

the effects exerted on each of the three living components involved in 

disease (host, pathogen and surrounding microorganisms) as well as 

physico-chemical soil environment, which in turn might be affecting 

the activities and inter-relationships of the soil organisms. These 

processes occur during solarization and continue to various extents 

and in different ways even after the removal of polyethylene sheets 

and planting (Chaube and Singh, 1991). 

There are several reports which advocate the potentiality of soil 

solarization in reducing inoculum potential and improving plant 

health. In general soil solarization has been found effective against 

several soilborne -pathogens and diseases under varying conditions 

(Table 1 and 2). 

Several workers have reported decline in total fungal 

populations in soil after solarization. Chaube and Singh (1991) 

reported that total fungal population in solarized soils after 45 days 

ranged form 8.22 x 103 to 12.25 x 103 per g of soil as against a total 

fungal popUlation of 82.25 x 103 per g of soil in non-solarized soil. 

Propagules of Fusaerium solani, Pythium drechsleri and 

Pythium aphanidermatum reduced greatly or eliminated between 0 

and 25 cm cm depth in solarized soils (Mansoori and Jaliani, 

1996). However, population densities of thermotolerent and 

thermophilic fungal organisms remained relatively higher following 
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solarization. Population of TaZaromyces flavus, Aspergillus spp. and 

Penicillium spp. increased in solarized soils (Dwivedi and Dubay, 

1987; Stapleton and DeVay, 1982; Tjamos and Paplomatas, 

1988). 

Similarly, soil bacterial populations and actinomycetes were 

also reported to be affected by solatization .. Stevens et at (1988) 

showed that density of green fluorescent pseudomonads increased in 

the rhizosphere of sweet potato roots after solarization. Bacillus spp. 

and fluorescent pseudomonads increased in the rhizosphere of 
a 

lettuce plants in solarized soils (Gamliel and Stapleton, 199~). 

Populations of Clauibacter michiganensis sub sp. michiganensis 

were reduced drastically by solarization in plastic houses (Antoniou 

et al., 1995). PopUlation of Agrobacteria in two naturally infested 

Italian nurseries decreased by 99 per cent and 92 per cent after 

solarization but no effect on crown gall incidence was observed (Raio 

e.t al., 1997). Stapleton and DeVay (1984) reported a reduction of 

72 per cent in populations of Agrobacterium species after 

, solarization. 

Populations of actiomycetes reduced by 45 to 58 per cent 

following solarization (Stapleton and DeVay, 1984), however, 

Kaewruang et al. (1989) observed increased populations of 

actinomycetes antagonistic to F. oxysporum, F. solani and R. solani in 

solarized soils as compared to non - solarized soil. 



Solarization greatly reduced. the populatioris < of Rhizobium 

~ecies (Abdel-Rahim et at, 1988; Katan, 1987). However, 

mycorhizal fungus Glomus jasiculatus survived solar heating to the 

extent that colonization of host roots was not affeCted (Pullman et 

al., 1981; Stapleton et al., 1985). 

iv. Induction of Suppressive ness 

Solarized soil frequently suppressed soilborne pathogens 

wee:ds and other pests (Greenberger et al., 1984; 1987; Rubin and 

Benjamin, 1983; Stapleton and Garza- Lopez, 1988). 

Suppressiveness was induced especially into 10 cm soil (Ben-Yephet 

et aI., 1988; Lazarovits et al., 1991). Development of disease 

suppressiveness in solarized soil reflected re-colonization of soil by 

aggressive and rhizosphere competent mycoparasites/antagonists 

(DeVay, 1991). Suppressivel).ess resulted from a shift in microbial 

populations in. favour of heat- tolerant/resistant antagonistic 

microflora (Katan et al., 1983). 

Pathogen suppression in amended solarized soil was attributed 

to, thermal killing and enhanced generation of biotoxic volatile 

compounds since amended soils had slightly greater temperatures 

than nonamended soils (Gamliel and Stapleton, 1997; Blok et al., 

2000). Pathogen sensitivity to toxic volatiles apparently increased by 

an increase in soil temperature. 

Gamliel and Katan' (1992a) observed that solarization 

changed chemical nature of seed and root exudates. Chemotaxis of P. 

17 



putida and P. jluorescens was more pronounced towards exudates 

from seeds that were germinated in solarized soils than towards 

comparable exudates from seeds that were germinated In non 

solarized soils, which contributed to their rapid establishment in the 

rhizosphere and roots of plants in solarized soils (Gamliel and 

. Katan, 1992b). 

Incidence of Fusarium, S. rolfsii and Verticillium were lower in 

solarized and subsequently inoculated soil than in non solarized 

inoculated soil, while popUlation of lytic and antagonistic 

microorganisms were higher and chlamydospre formation was also 

suppressed (Greenberger et al., 1985). A similar phenomenon of 

induced suppressiveness was observed with Fusarium wilt of 

carnation (Hardy and Sivasithamparam, 198'?) and Phytophthora 

cinnamomi (Pinkas et al., 1984). Suppressiveness induced by 

solarization is somewhat similar to the natural one but it should not 

be regarded as a universal phenomenon. The possibility that in 

certain soils conduciveness might be induced, should not be 

excluded (Katan, 1981). 

v. Long-term effect 

Solarization has been proved to have long-term effect (for 2-3 

years) in controlling several diseases (Greenb~er et al., 1987; 
;:: 

Katan et al., 1983; 1981) owing to its ability to induce 

suppressiveness in the soils. Residual effect of solarization lasted for 

1-3 years following a single solarization event, on popUlation of V. 
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dahliae (Tjamos et al., 1991; Tjamos and Paplomatas, 1987, 

1988). The long-term effect i.e. effectiveness of solarization for two or 

even more than two successive crops, may be explained as a 

combined result of thermal inactivation of pathogenic microflora and 

enhanced activity of thermo tolerant and thermophilic antagonistic 

mircoflora after solarization. Mansour and Sultan (1991) proved 

economic feasibility of solarization for onion-maize-onion crop 

rotation. In avocado orchards, following 6-8 weeks of solarization, P. 

cinnamomi could not be detected upto 14 months later (Lopez-
0-

Herrera et al., 1997). Gamliel and Stapleton (1993) observed that 
A. 

populations of P. ultimum and certain other fungi were suppressed in 

solarized plats during the two successive lettuce crops. 

Levels of VerticilJnum wilt in eggplant and tomato and pink root 

disease in onion remained low for 160-195 days of plant growth 

though despite continuous re-infestation from surrounding infested 

non-solarized soil was allowed throughout the growing season 

(Katan et aI., 1976; Katan et al., 1980). 

vi. Increased growth response (IGR) 

The phenomenon of increased growth of plants in soils that are 

partially sterilized and free of known pathogen has been observed for 

decades (Altman, 1970). Numerous similar studies, in fumigated 

and artificially heated soils have been reported and discussed (Abu-

e.. 
Gharbich et al., 1991; Bawazir et aI., 1995; EI-Shami et aI., 

1\ 

1990; Gamliel and Katan, 1987; Hasan, 1989). Solarization has 
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been observed to frequently results in improved plant growth and 

yield increase (Chen et al., 1991; Gamliel et al., 1989; Gamliel 

and Katan, 1991; Stapleton and DeVay, 1982; Stapleton et al., 

1991). Reports on increased growth response and yield increase are 

presented in Table 3. 

Increased growth response in solarized soils has been 

attributed to altered/increased concentrations and availability of 

macro and micro nutrients in soil environment as a consequence of 

solarization (Chen et al., 1991). Concentration of N03- -N and NH4+ 

- N increased to various extents in solarized soils (Ahemlid et al., 

1996; Daelemans, A. 1989; Kaewruang et al., 1989; Kumar and 

Yaduraju, 1992; Stapleton et al., 1985) but no constant effect on 

the levels of P043., K+, Fe2+, Mn2+, Ca2+, Mg2+ organic carbon and pH 

was observed (Kaewruang et al., 1989; Stapleton et al., 1985). 

Grunzweig-O.998) further emphasized that solarization affected 
!.. 

nutrient status of the soil and played an important role in increasing 

the growth response. 

Complex changes In physico-chemical and properties of the 

soil which occur during and after solarization, were correlated to 

improved plant growth response in solarized soil. Amongst physical 

properties, soil temperature is the fundamental factor affected. 

Maximum temperatures at a soil depth of 10 em were 8 degrees 

higher compared to non-solarized. Depending upon the soil depth, 

maximum temperature of solarized soil commonly ranged between 
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420C to 550C at the 5 cm depth and from 320 to 36°C at the depth of 

\5 cm (Cenis, 1987; Horiuchi, 1984). Radiation fluxes, soi~ flllX, 

sensible heat fluxes, evaporation and condensation are other 

properties affeCted by solarization (Mahrer et al., 1984). 

Heating efficacy of solarization is dependent on several factors 

such as intensity of solar radiation, air temperature, thickness and 

transparency of polyethylene mm to solar radiation and terrestrial 

radiations (DeVay, 1991). Soil colour is also an important factor. 

Mahrer et al. (1984) reported that effectivness was. affected by size 

'of mulch (thickness), nature of mulch (whether aged or not), and soil 

piercing prior mUlching. Alkayssi and Alkaraghouli (1991) 

evaluated the photometirc properties viz., absorbance, 'transmittance 

and reflectance in the light of different radiation-spectrum and 

showed that these properties changed with change in colour of 

polyethylene mulch. Transmittance to solar radiation was highest in 

transparent and red mulch but absorbance of red mulch was greater 

than that of transparent one. Increase in soil temperature was 

observed higher under glass house condition or under double layers 

of PE fIlm compared with soil under single layer of film in the field 

(Cenis, 1987; Horiuchi, 1984). Avissar et al. (1986b) found that 

used PE heats even more efficiently than new one and attributed the 

fact to change in photometric properties of the mulch with againg 

(Avissar et al., 1986a, b). 



Stapleton et al. (1985) reported increase in EC after 

soiarlzation on some soils but no consistent effect on l)H of the soil 

was observed. Kaewruang et al. (1989) and Kumar and Yaduraju 

(1992) also observed no change in pH after solarization. However, 

Kumar and Yaduraju (1992) and Ahmad et at (1996) observed 

reduction in electrical conductivity. According to Chen et al. (1991) 

effects of solarization on physical properties are limited. Integration 

of solarization with rabbing with bajra husk (@ 7kgjm2) and green 

manl,lring, significantly increased soil porosity, WHC, organic matter, 

total N, available N, P and K over control. EC in solarized plots 

rabbed with bajra husk, increased significantly (Patel and Patel, 

1997). EI-Shami (1990) observed no effect on soil texture and N 

content but increased in Mn, Mg and Cu contents and. decrease in 

Fe, 2n and P contents after solarization. 

vii. Weed and nematode control 

Besides controlling soilborne plant pathogens, solarization 

frequently results in an effective control of weeds lasting, in some 

cases, for the whole year or even longer and nematodes. (Ahmad et 

aZ.,1996; Esfahani,1991; Horowitz and Regev,1980; Katan et aZ., 

1980; Rubin and Benzamin,1981). Selected reports on weed and 

nematode control by solarization are listed in Table 4 and 5. Variable 

and exceptional control is likely to occur with weeds than plant 

disease, since a great diversity exists in weed popubtions occuring 

naturally in the fields (Katan, 1981). Possible mechanisms of weed 
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control are (I) direct thermal/hydrothermal killing of weed seeds, (ii) 

indirect microbial parasitisation of weed seeds weakened by 

sublethal heating. 

iii. Killing of seeds stimulated to germinate in moistened mulched 

soil after breakdown of dormancy as a consequence of intermittent 

heating and cooling cycles during solarization and (iv) killing of 

germ:inating seeds by the biotoxic volatiles produced in solarized soil 

environment (Horo\ritz, 1980; Rubin and Benzamin, 1981). 

In general, most of the annual and many perennial weeds 

have been effectively controlled with solarization (Table 4). But 

certain weed species like Melilotu,s spp. remained unaffected and 

purple nutsedge (Cyperus rotundus L.) was partially controlled 

(Rubin and Benjamin, 1981). Response to soilarization expressed by 

the length of time required for obtaining an effective control varied 

for different weed species (HoroVlitz et al., 1983), and other 

parameters affecting heating (Standifer et al., 1984). 

Affectivity of solarization against nematodes (plant parasitic) 

was first demonstrated by Katan et al. (1976, 1987) and later on 

was proved by various workers (Barbercheck et al., 1986; Gre.:;o et 

al., 1985; LaMondia and Brodie, 1984; Stapleton and DeVay, 

1983). 



4. Soil solarization in IPM 

An rPM system entails simultaneous or sequential use of 

several methods of controlling diseases and pests. In a sub-tropical 

country like India, control of soilborne diseases by solarization 

approach is of particular interest as a component of IPM. Combining 

solarization with host specific biocontrol agents may exert a strong 

lethal effect on pathogen(s) population. The integration of biocontrol 

agent with solarization is most legitimate when pest popUlation is 

quite high. For example, solarization Can impose "heat-stress" on 

pathogen propagules reSUlting in loss of viability. The reduced 

inoculum can further be killed by BCA's. Thus, making the 

integrated method of disease control effective. 

Control of soilborne diseases by soil solarization method has 

been inadequately studied as a component of IPM system. In fact, 

this technique embodies all the criteria identified for IPM. 

Solarization affects soils physico-chemical and microbial properties 

of soil and brings about reduction in diseases, pathogens, weeds, 

nematodes, arthropods etc. 

This intrinsic property can further be improved and long-term 

management can be ensured by use of solarization combined with 

(a) cultural control, (b) pesticides, (c) resistant cultivars and (d) 

biocontrol agents. The status of knowledge pertaining to integration 

of solarization for the management of crop pests is summarized in 

Table 6. 
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5. Practical application 

Soil solarization has emerged as an promising alternative to 

chemical soil disinfestation for the eco-friendly management of 

soilborne pathogens and pests, in last few decades. With extensive 

research carried out, this technology has now been established in 

warm geographical areas for both, agricultural and horticultural 

. applications for effective soil disinfestation and is being applied 

practically in several countries worldwide. Some examples are cited 

below: 

• It is widely used by the growers for organic markets in the Central 

and Southern Valleys of California, USA and Israel (Stapleton, 

1997). 

• It is being adapted in Florida, Georgia and USA in combination· 

with lowered dosage of different chemical disinfectants for 

integrated management of soilborne pests of tomato (Chell~i et 

al., 1997, 1994). 

• In California, solarization has been used for strawberry 

production as an effective soil disinfestation technique alone or in 

combination with sublethal doses of chemicals (Hartz et al., 

1993). 

• The technique has been applied practically in Japan, Greece, 

Italy, Spain and France (Garibaldi and Gullino, 1991). Where 

climates are marginally suitable for solarization. 
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• Fusarium wilt of strawberry has been controlled under 

greenhouses III Japan. Over 2000 ha of strawberry, eggplant, 

tomato and cucumber soils have been disinfested by this 

technique (Horiuchi, 199()). 

• In Greece effective reduction in soil infestation by V. dahliae has 

been brought about by solarization in several crops. In tomato 

crop in plastic houses, it controlled verticillium wilt and increased 

fruit yield upto 300 per cent (Tjamos et al., 1989). 

• Solarization has been proved to be a safe and effective method of 

soil disinfestation for horticultural production on small farms 

(Lopez-Herrera et al., 1998; Stapleton et al., 1993). 

• Solarization has its utility in production of nursery crops, in 

increase in propagative material and in disinfestation of soil for 

research plots (Chauhan et al., 1988; Ganguli et aL, 1996; 

Patel et al., 1995). 

6. Status of Research in India 

The records of our ancient civilization, fully establish the fact 

that solar energy was invariably used for disinfestation. It has been 

pointed out (Katan, 1985) that farmers of Deccan Plateau have long 

exploited a form of solar heating of soil by ploughing the soil so as to 

expose subsoil prior to hot summer period (April-June), when 

maximum daily air temperature usually exceed 400C and leaving it 

fallow. 



3Z 
Chauhan et aZ. (1988) at ICRISAT (AP) studied the effect of 

soil solarization on pigeonpea and chickpea (Bull No. 11). The 

studies were conducted in fields infested with fusarium wilt. 

Solarization was done by covering the soil with transparent PE 

sheeting (100 J-lm thick) for 6-8 weeks during April-May. This 

increased soil temperature by 6-10oC in 0-20 cm soil profile. Other 

changes recorded were increased mineralization of soil nitrogen to 

nitrate forms, a decline in population of Fusarium spp. and plant 

parasitic nematodes and decreased weed infestation. When crops 

were grown, effective control of fusarium wilt disease in susceptible 

genotypes of pigeonpea and chickpea was observed along with 

improved plant growth response and yield. Nodulation and N-fixation 

were adversely affected because of decline in Rhizobium populations. 

However, plant growth and yield were not adversely affected because 

of the compensatory effect of increased soil nitrate. There was a 

considerable residual effect of solarization in the second and third 

seasons. 

Raj et al. (1997) reported that transparent polyethylene 

mulch was effective to control damping off of different vegetables in 

nurseries. Nurseries of 10 different crops raised in solarized beds, 

recorded 18.3 to 40.0 per cent higher seed germination, lower 

incidence of post-emergence damping off and had better seedling 

vigour. According to Sudha et aZ. (1998) a number of weeds were 

reduced significantly by solarization (c. rotundus, Cynodon dactylon, 



Commelina benghalensis, Euphorbia hirta, Leucas aspera, Tridox 

procumbens and Bidens pilosa). Soil population of F. oxysporum f. sp. 

cartheni reduced to non-detectable levels and soil actinomycetes and 

fluorescent pseudomonads increased significantly following 

solarization for 6 weeks (Sastry and Chattopadhyay, 1999). 

Solarization increased the availability of soil nutrients but physico­

chemical properties remained unchanged (Rao and Krishnappa, 

195). Significant increase in concentration of N03-N and NH44- N 

and available 'P' were observed by Arora (1998), however, K and Ee 

increased only marginally and there was no change in organic carbon 

and pH. 

Rao and Krishnappa (1996) showed that application of 

carbosulfan or addition of G. fasciculatum reduced fungal population 

by 82 per cent in rhizosphere of chickpea infested with M. incognita. 

However, only 59 per cent reduction was observed by solarization 

alone. Pandey et al. (1996) reported that integration with neem 

oilseed meal reduced Fusanm oxyspuroum s. sp. ciciri popUlation by 

49.2 per cent and caused complete elimination of chickpea wilt and 

there was a positive correlation between reduction in pathogen 

popUlation and disease incidence in oilseed meal amended or 

fungicide treated solarized soils. Sharma et aI. (1996) integrated 

solarization with carbofuran and neem cake application for r the 

management of nematodes in tomato. Patel and Makwana (1992) 

suggested integration with rabbing of soil with bajra husk (@ 7 
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kgjm2 ) and carbofuran (@ 1.5 kg a.i.jha) for the management of M. 

incognita, M. jovanica, Tylenchorhynchus vulagris and Pratylenchus 

reniformis. Population of Hoplolaimus inidicus and T. vulgaris in 

nursery beds decreased by 72.6 and 88.5 per cent, respectively as 

compared to a respective decrease of 9.5 per cent and 33.5 per cent 

in control plots (Kamra and Gaur, 1998). 

7. Research Status at Pantnagar 

In last 10 years, soil solarization has been an important area of 

research for the management of soilborne pests particularly in 

horticultural crops raised in nurseries. Esfahani (1991) conducted 

exhaustive field trials and recorded significant reduction in damping 

off incidence of cabbage, cauliflower, brinjal, tomato and chillies. He 

also observed significant increase in plant health and reduction in 

populations of fungal pathogens viz., Pythium spp., Fusarium spp., R. 

solani and S. rolfsii. Population of total fungi, bacteria, 

actinomycetes, Trichoderma and B. subtilis decreased drastically after 

solarization but recovered fully within 4-5 months after solarization. 

Population of antagonists dominated general microbial counts. Singh 

(1990) studied the impact of solarization on Karnal bunt of wheat 

and observed .significant reduction in disease incidence and 

survivability of the pathogen. Increased growth response was also 

observed. 

Malik (1999) studied the effect of solarization on survival of 

Alternaria spp. causing Alternaria blight of crucifers. It was observed 



that solarization usmg thin transparent polyethylene sheeting 

reduced survival of pathogen significantly. Mishra (1997) observed 

significant decrease in the incidence of damping-off of tomato, 

cauliflower and onion raised in nurseries and except C. rotundus all 

the prevailing weed species were controlled. Integration of 

solarization with seed treatment with fungicides like Thiram etc. and 

biocontrol agents further improved control of damping-off of seedling 

(Mishra, 1999). Gharti (1994) studied the effect of solarization 

integrated with chemical and biological seed treatment on damping­

off incidence in true potato seed nurseries and on plant growth. He 

observed reduction of 86.5 per cent in damping-off incidence over 

control (57.1 % reduction) by integration of solarization and seed­

treatment with Bavaistin (@ 2 gjkg seed) followed by 75.41 per cent 

control by integration of solarization and seed-treatment with 

Trichoderma. 

8. Future projections 

Effectiveness of the technique has been proved and is well 

established now. Nevertheless, there are certain question raised 

against its effectively in marginally suitable climatic condition, 

regarding the disposal problem and quality of polyethylene mulches. 

For the large scale adaptation and propagation of this non-chemical 

and eco-friendly method of disease management, development and 

research must be concentrated on following lines. 



L Developing more efficient than eXisting plastic mulches for better 

energy trapping and thus making the technique equally economic 

and adaptable in region "vith marginally suitable climates (Katan, 

1987; Brown et al., 1991) and reducing the sole dependence on 

climate for proper soil heating. 

2. Considering the problems of disposal of used fIlm/plastic mulch, 

the investigation must be focused on the possibility of exploiting 

bio-photodegradable plastic mulching material, as efforts have 

already been started towards the possibility of using self­

destructive disposal technique of solarization (Ennis, 1987; 

Hanras, 1979). 
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3. MATERIALS AND METHODS 

1. Location and climate 

The study on the effects of soil solarization and its integration 

with fungicides and BCA's on physico-chemical and microbiological 

properties of soil and seedling diseases of some horticultural corps 

was carried out at V.R.C., Pattharchatta, Floriculture Block and in 

glasshouse of G.B. Pant University of Agriculture and Technology, 

Pantnagar, U.P., India, located at 290 N and 73.30E and an altitude of 

243.84m above the mean sea level. Agroc1imatically it falls under 

humid sub-tropical zone at South Shivalik Ranges of the Himalayas 

with on average annual rainfall of 1400-1500 mm. The inherent 

physico-chemical properties of the soil of experimental sites are given 

below: 

Properties Locations 
VRC, Patharchatta Floriculture Block 

Soil texture Sandy loam Clay loam 
PH 7.1 6.8 
Organic carbon (%) 0.62% 1.175% 
Available Phosphorus 54.25 kg ha-1 71.8 kg ha- 1 

Available Potassium 156.0 kgjha 196.20 kgjha 
Iron 30.37 kgjha 50.18 kgjha 

i Copper 16.11 kgjha 17.65 kgjha 
Manganese 24.62 kgjha 13.66 kgjha 

2. Experimental Design and Solarization Technique 

Field trials were conducted· in plots (raised beds), heavily 

infested with pathogens like Pythium sp., Fusarium sp. R. solani, S. 

rolfsii etc., as the seedlings of different. vegetables and flowers have 

been raised uninterruptedly for the last several years. Entire details 



(design, replications, treatments) of the field experiments are given in 

Fig. 3 and 4. 

Time given for solarization was 30 days. Before mulching the 

soil, irrigation was given to ensure enough moisture during 

solarization. Air tight condition and prevention of any leakage of 

heated air, gases, moisture etc. from the mulched area was ensured. 

The crops and varieties of the nursery crops raised were cauliflower 

(Pant Gobhi-4), cabbage (Pride of India), tomato (Pant T-3) and 

onion (N-53/Nashik Red). After covering the plots with polyethylene 

sheeting, the edges of polyethylene were tightly buried in soil (Fig. 5). 

Precautions were also taken to avoid damage to the polyethylene 

mulch. The damage if any, was repaired immediately. 

3. Determination of Soil Moisture 

Moisture status of the soil was determined before and after 

solarization by volumetric method. Soil samples drawn from 

experimental plots, were weighed and dried at 1100C in oven till 

constant weight was recorded. Thereafter, percent moisture content 

was calculated using the following formula: 

(Wet soil wt.) - (oven dried soil wt.) 
Per cent Soil moisture = ----------------- x 100 

Oven dried soil wt. 

4. Environmental Factors 

Environmental parameters like temperature, RH, rainfall and 

duration of sunshine were recorded daily during the period of 
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Plate 2. A-B: Polythene mulching for solarization 

C Solarization kill weeds - solarized (L) 
non-solarized (R) 



A B 
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solarization from the university Agrometeorological observatory. The 

data, so obtained are presented in Fig. 6 and 7. 

5. Determination of Soil Properties 

Solarization is likely to affect physico-chemical and biological 

properties of the soil. Pertinent work/ studies have been reviewed. 

5.1. Soil Temperature 

Daily increase and decrease in soil temperature during the 

period of solarization was recorded by placing soil-thermometers 

beneath the polyethylene film at a depth upto 10 cm. The 

temperatures were recorded twice daily at 7.00 A.M. and at 2.30 P.M. 

Finally weekly average, minimum and maximum temperatures were 

computed. 

5.2. Soil pH 

Soil pH was determined in 1 : 2 soil water suspension as 

described by Jackson (1956). Ten gram soil was taken in a glass 

beaker of 50 ml capacity and 20 ml distilled water was added to it. 

The suspension was continuously stirred for 10 minutes and later 

intermittently. Observations were recorded by dipping the electrode 

of the digital pH meter into the soil suspension. 

5.3. Electrical Conductivity (EC) 

After measuring soil pH the same suspensions were used to 
, . 

record EC. The suspensions were allowed to stand for 24 hrs. before 

taking EC readings. 
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5.4. Organic Carbon 

The amount of organic carbon (nitrogen status) of soil samples 

was getermined by the modified method of Walkley and Black 

(1934) as described by Jackson (19,.1). Oxidizable matter in a soil 

sample was oxidized by chromate ions (Cr2072-) and the reaction was 

facilitated by the heat generated when two volumes of sulfuric acid 

are mixed with one volume of l.ON potassium dichromate solution 

and quantity of substances oxidized was calculated from the amount 

of Cr2072- reduced using the formula given below: 

(me oxidized - me reduced) x 0.003 
Organic carbon (per cent) = x 100 

wt. of soil sample x 0.76 

Where, 

me oxidized Volume of potassium dichromate x Normality of 

Potassium dichromate 

me reduced = Volume of ferrous ammonium sulfate x Normality of 

ferrous ammonium sulfate 

0.003 = milliequivalent weight of carbon 

0.76 = fraction of organic carbon which was oxidizable to 

carbon dioxide 

5.5. Total Nitrogen 

Total nitrogen was determined by the modified Kjeldahl 

method as described by Black (1965). The samples were digested to 

convert the nitrogen into ammonium form by heating the samples 

with conc. H2S04 in the presence of catalyst. After complete 



digestion, 40 per cent NaOH solution was used for distillation of NH3. 

Liberated NH3 is trapped in Boric acid (4%) solution ·prepared by 

dissolving 40 gm of H3B03 (boric acid) in 1 liter of distilled water 

containing 5 ml of the mixed indicator. About 125 ml of 40 per cent 

NaOH were poured in the Kjeldahl flask placed on distillation 

assembly. The colour of boric acid solution changed to greenish blue. 

Thereafter, the boric acid was back titrated with standard acid 

(H2S04) of known normality. The per cent nitrogen was calculated as 

follows: 

1.4 
% N in soil:::: (T - B) x N x -­

s 

Where, 

T :::: Sample titration, ml of standard acid 

B :::: Blank titration, ml of standard acid . 

N :::: Normality of standard acid solution 

S :::: Sample wt. (g) 

5.6. Available Phosphorus 

Available Phosphorus was determined by Olsen's method 

(Olsen et al., 1954), using NaHC03 as an extractant and 

ammonium molybdate and ascorbic acid were used to develop blue 

colour. The intensity of blue colour was recorded on "Spectronic-20" 

at 730 nm wave length. Intensities of blue colour for standard 

solutions of 0.1 ppm to 2.0 ppm phosphorus content, prepared by 

using the 2 ppm stock solution of dihydrogen orthosphosphate 



(K2HP04), were recorded to plot the standard curve. Then 

phosphorus contents of soil samples were obtained from the 

standard curve. Available 'P' (kg/ha) contents were calculated as 

follows: 

Available 'P' (kg/hal == R x 2.24 

Where, 

R = Ilg of P in the aliquot (obtained from standard curve) 

5.7. Available Potassium 

Available K in soil was determined by extraction with neutral 

normal ammonium acetate. The extraction was carried out by 

shaking followed by filtration or centrifugation. The K content was 

u 
estimated by using flame photometer (Perur et at, 1973). Standard 

" K solutions were prepared using KCI, and were read in flame 

photometer to obtain standard curve by plotting the readings against 

different concentrations of K. Available K was calculated as follows: 

Available K (Kg/ha) == R x 11.2 

Where, 

R = ppm of K in the extract (obtained from standard curve) 

6. Disease-Incidence 

To evaluate the effect of solarization on the incidence of pre, 

post-emergence and total damping-off, number of seeds expected or 

likely to germinate (X), number of seeds actually germinated after 7 

days of sowing (A) and number of final seedling stand (B) in a row, 



were counted using telecounter. Damping-off incidences were 

computed by the following mathematical formulae: 

X-A 
(i) Pre-emergence damping-off (%) = --- x 100 

(ii) Post-emergence damping-off (%) = 

X-A 

A 

X-B 

X 

(iii) Total damping-off (%) = ---x 100 
A 

x 100 

In order to identify pathogen causing mortality and also to 

confirm the associations of pathogens with seedling mortality, 

isolations were made regularly on Potato Dextrose Agar medium. The 

cultures, thus obtained were purified, identified and pathogenicity 

was confirmed. 

7. Increased Growth Response 

Plant growth parameters used to study lOR were plant height, 

fresh and dry shoot and root wt. of 30 days old seedlings. For 

measuring plant height, 20 plants were selected randomly from each 

plot and measured with the help of scale. After recording plant 

height, same plants samples were used to record root and shoot 

weight. 

8. Weed Population 

To study the effect of solarization on weed populations, the 

weeds within one square feet from each plot in solarized and non 



solarized beds, were uprooted, identified and individual weed 

populations were recorded. Weed populations per square feet were 

also recorded before preparation of beds . 

. 9. Effect on ~oi1 Microbiology 

Soil solarization is expected to bring about certain changes in 

the microbial equilibrium existing in the soil. In order to evaluate 

and record such changes at different stages, major groups of soil 

micro flora including fungal pathogens and some antagonists, were 

estimated. 

Isolations from soil to assess population dynamics, were done 

using dilution plate technique (Walksman and Starkey, 1923). In 

most cases selective/semi-selective media were used. Soil dilution of 

1: 103 was prepared from Ig air dried soil in sterilized water by 

employing serial dilution technique. The technique of preparing soil 

dilution was same for all the microorganisms, except the dilution 

strength varied accordingly. 

One ml of desired dilution was poured in each petriplate and 

then 20 ml medium was poured, the plates were swirled immediately 

after pouring until the medium gets solidified, to get uniform 

distribution of soil suspension in the medium. Plates were incubated 

at desired temperatures and colony forming units (c.f.u.) were 

recorded. 



9.1. Total fungi 

Dextrose Rose Bengal Agar medium (Martin, 1950), was used 

to isolate total fungi. The constituents of the medium were 

KH2P04 
MgS04.7H20 
Peptone 
Dextrose 
Dicrysticine 
Rose Bengal 
Agar-Agar 
Distilled water 

1.0 g 
0.5 g 
5.0 g 
10.0 g 
1.0 g 
50 ppm 
20.0 g 
1000 ml 

Rose Bengal and dicrysticine were suspended in sterilized 

water and added to the autoc1aved and cooled medium before 

plating. Plates were incubated at 27 ±2oC. 

9.2. Pythium spp 

Isolations were done on selective medium developed initially by 

, Singh and Mitchell (1977) with certain modifications as suggested 

by Peethamberan and Singh (1978). Plates were incubated at 27 

±2oC temperature for 4 days. Colonies, that developed, were counted. 

Each colony represented one colony forming unit (c.f.u.). 

Constituents of selective medium were: 

KH2P04 
MgS04.7H20 
Peptone 
Dextrose 
Dicrysticine 
Rose Bengal 
Benlate 
Mycostatin 
Metalaxyl 
Agar-Agar 
Distilled water 

1.0 g 
0.5 g 
5.0 g 
10.0 g 
500 ppm 
50 ppm 
20 ppm 
1000 ppm 
500 ppm 
20.0 g 
1 liter 
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Antibiotics, fungicides and Rose Bengal were added after 

autoclaving and cooling of the medium. 

9.3. Trichoderma spp. 

To estimate populations of Trichoderma spp., selective medium 

described by Shreshta (1992) was used with some modifications. 

Soil dilution of 10.3 strength was used. Constituents of the medium 

were: 

MgS04.7H20 
K2HP04 
KCI 
NH4N03 
Dextrose 
Agar-Agar 
Water to make up 
Dicrysticine 
Apron 35 SD 
Captan 
Vitavax 
Rose Bengal 

0.2 g 
0.9 g 
0.15 g 
1.0 g 
3.0 g 
20.0 g 
1 lit. 
0.05 g 
0.05 g 
0.05 g 
0.02 g 
50 ppm 

Antibiotic, fungicides and Rose Bengal were added after 

autoc1aving and cooling of the medium. Plates were incubated at 

30± lOC for 4 days. 

9.4. Total Bacteria 

Total bacteria were isolated on soil extract agar medium taking 

10-6 dilution of soil water suspension (Lochhead, 1950). 

Composition of medium was as follows: 

K2HP04 
Soil extract 
Tap water 
Glucose 
Agar 
pH (adjusted to ) 

0.5 g 
100 ml 
900 m! 
1.0 g 
20 g 
7.0 



Soil extract was prepared by 1000 g of garden soil with 1000 

rul of tap water in autoclave for 30 minutes at 15 lb pressure. The 

suspension was filtered though double layer of fIlter paper. 

9.5. Bcicillus spp. 

To isolate Bacillus spp. soil dilutions of 10-6 strength were 

prepared and heated at 80aC for 30 minutes prior to plating, to kill 

all the vegetative cells and get only spore counts. Starch nutrient 

agar medium (Ramakrishnan, 1989) was used for isolation. 

Composition of medium was: 

NaCl 
Peptone 
Beef Extract 
Starch soluble 
Agar-Agar 
Water to make up 
pH (adjusted to) 

1.0 g 
5.0 g 
5.0 g 
10.0 g 
15.0 g 
1 lit 
7.0 

9.6. Fluorescent pseudomonads 

To isolate· fluorescent pseudomonads, specific King's B 

medium (King et al., 1954) was taken. Constituents of the medium 

were: 

Protease peptone 
K2HP04 

Glycerol 
MgS04 .7H20 
Agar-Agar 
Water to make up 

10. Seed-treatment 

20 g 
2.5 g 
15 ml 
6g 
15 g 
1 lit 

Three different fungicides and two biocontrol agents were 

taken for seed-treatment to supplement the positive effects of soil 



solarization against damping-off disease. The seeds ';!.1ere treated by 

slurry method using CMC. In case of BCA's number of 

propagules / spores per ml were adjusted: 

------~--~---,~--~~--------~-----,------------------

Fungicidesl Chemical name Rate of application 
bioa ent /k seed) 
Thiram Dithiocarbamate 2.5 (0.25%) 

Vitavax 

Apron 35 SD 

T. harzianum 

P. fluorescens 

Carboxin 2.0 (0.20%) 

Metalaxyl 4.0 (O.4%) 

Commercial formulation of 4.0 (0.4%) 
1.5 x 109 c.f.u. 

Commercial formulation of 4.0 (0.4%) 
1.5 x 109 c.f.u. 
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4. RESULTS 

4.1. Soil solarization and physico-chemical properties of the soil 

Soil solarization has invariably been implicated to cause 

substantial and significant changes in several soil factors such as 

temperature, moisture and macro and micro-nutrients besides 

perceptible changes in biological properties of the soil. In the 

following pages/paragraph, such changes that were studied, are 

described. 

4.1.1. Soil moisture 

As already discussed, soil solarization is most effective under 

wet soil conditions. Entire experimental blocks at both the sites were 

pre-irrigated to saturation point. After stability of moisture content at 

field capacity, mulching was done. Before mulching, soil samples 

were drawn randomly from several locations and moisture content 

was estimated. After solarization for a month, moisture content of 

solarized and non-solarized soils were re-estimated. 

Initial moisture content recorded was taken as 100 per cent for 

calculation point of view. Moisture contents after solarization were 

also estimated and per cent loss of moisture over initial moisture 

content was computed. It clear from the observations (Fig. 8) that 

loss of moisture from mulched soil was very low. In general, 10-25 

per cent moisture lost from mulched soil. But from unmulched soils 

the loss was above 50-60 per cent. 
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4. 1.2· Soil temperature 

Hydrothermal heating of soil is the major principle of soil 

solarization. When wet soil is mulched with polyethylene film, the 

heat/ solar radiations that penetrate the film are not allowed to be 

dessipated and lost. Covering of the soil with polyethylene, 

particularly the droplets that appear over the undersurface of the 

plastic sheeting, ensures conservation of trapped heat. Thus, as per 

changes in the daily cycles of sunshine and darkness, the 

temperature status of the solarized soil also changes. 

The results of the changes in soil temperature during 4 weeks 

of solarization are shown in Fig. 9 a. It is clear that the temperature 

of the solarized soil, on an average, increased every week by about 

lO-120C as the soil temperature ranged between SO-S2oC in soil 

mulched with white or red polyethylene sheeting. The increase in soil 

temperature of the soil mulched with black sheeting did not increase 

to the extent observed with white and red sheeting. The increase was 

about 2-4oC over to that of unmulched soil. The thickness of the 

polyethylene mulches did not cause any change in the soil 

temperature. Average temperature with all the colours and thickness 

were almost similar (Fig 9b). 

4.1.3.Soil pH 

What effect soil solarization will cause to status of soil reaction 

was studied .. Changes in soil pH of two experimental sites are given 

in Table 7, 8. Its evident from the data recorded that solarization 
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caused no change in pH values of the solarized soils at both the 

sites. At VRC, neutral soil pH (7.0) was recorded. Variation, neither 

. in colour nor in thickness of the polyethylene, caused any change in 

soil pH. At floriculture block, soil pH ranged from 6.5 to 6.8. Thus, 

no significant change was recorded (Table 8). 

4. 1.4· Electrical conductivity (Ee) 

The effect of solarization on EC was very much clear and 

evident (Table-7, 8) and in most treatments significantly higher than 

. that of non-solarized soil. Values were 0.206 mho/cm in non­

solarized soil. It increased to 0.842mho/cm but in some treatments 

the increase was non-significant. It may be obviously due to some 

experimental error. For instance, in soil solarized with white 

polyethylene film of 50G thickness, EC was 0.842 mho/cm but 

under 200G thick, the value was only 0.393. However, the over all 

picture that emerges, indicates that EC increased as a result of soil 

solarization. Neither variation in colour nor in thickness of the [11m 

caused any substantial change in EC at floriculture site. At VRC 

(Table 7) changes in EC were almost similar to that of at floriculture 

block (Table 8). Against a value of 0.108 mho/cm, solarization 

increased it to 0.915 mho/em. In most treatments the increase was 

highly significant. Variation in colour as well as thickness of the [11m, 

caused little change that could be described as substantially different 

(Fig. 10, 11). 
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4.1.5. Available K 

Results recorded in Table 7, 8 and Fig. 10, 11 reveal that 

status of available K changed particularly in solarized soil but the 

increase was invariably non-significant. It was 276.26 kg ha-1 in non­

solarized soil of VRC (Table 7). In solarized soil the value was 

invariably above 300 kg ha- 1. Similarly at floriculture site, the value 

in control was 190.4 kg ha-1• Solarization increased the status to 

about 240 kg ha- 1• Thus, the availability of K increased though non­

significan tly. 

4. 1.6. Available P 

Changes in the status of available P due to solarization were 

also positive but non-significant. At VRC, the status of this macro 

nutrient was 23.89 kg ha- 1. Solarization increased this level to about 

38 kg ha-1. Similarly at Floriculture block, the increase was there but 

very minor and not note worthy (Table 7, 8 and Fig. 10, 11). 

4.1. 7. Total nitrogen 

Percentage of total nitrogen at VRC as well as at floriculture 

block changed significantly. At VRC, in non-solarized soil it was only 

0.137 per cent. Solarization raised this value to 0.165 per cent to 

0.247 per cent. Thus, the total nitrogen in soil increased 

significantly. At floriculture block, the increase in percentage of total 

nitrogen was highly significant. It was 0.188 per cent in non­

solarized soil and solarization raised the status of total nitrogen to 

0.196 to 0.262 per cent (Table 7, 8 and Fig. 10, 11). 



4.1.S.0rganic carbon 

The status· of organic carbon of both the experimental sites did 

not change significantly. At VRC, minor increase in amount of 

organic carbon was observed. Similarly at floriculture block as well 

as the changes were non-significant (Table 7, 8). 

4.2. Disease-incidence 

Results pertaining to the effects of soil solarization for 30 days 

and its integration with seed-treatment (fungicides and bioagent) on 

the incidence of damping-off (pre and post-emergence) of vegetables 

(cauliflower-cabbage-tomato-onion) and flowers (calendula and aster) 

raised in sequence in naturally infested soil, are given in Tables 9-14 

and Fig. 12, 13, 14. Polyethylene sheets used for solarization were 

transparent white, black and red with thickness of 50 to 400 G. 

4.2.1. Cauliflower (1st nursery crop) 

In non-solarized soil, the incidence of damping- off in 

cauliflower raised from non- treated seeds, was above 72 per cent 

and when seeds treated with fungicides and bioagent were sown in 

such plots, the incidence of damping-off decreased to 43.6 to 69.3 

per cent. The results revealed that the seed-treatment with bioagent 

and fungicides reduced the incidence of the disease non-significantly 

except for Apron which reduced the disease-incidence substantially 

and was significantly superior over others. Solarization using 

transparent white polyethylene of 50G thickness further reduced 

damping-off incidence. In crops raised without seed-treatment, it was 



Plate 3. A-B: Soil solarization - Effect of film thickness 

C Cauliflower nursery in solarized bed 

D Cauliflower nursery in non-solarized bed' 
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only 44.5 per cent against an incidence of 72.6 per cent in control. 

Thus, the· disease was significantly reduced. The magnitude and 

extent of reduction was over 38 per cent when compared with 

incidence in non-solarized soil. Use of fungicides and bioagent for 

seed-'treatment further reduced damping -off approximately by 21 to 

43 per cent. over non-solarized soil. The effect of transparent 

polyethylene sheets with higher thickness (200 G and 400 G) was 

almost similar to that with 50G. There were no significant 

differences in disease-incidence. In soil solarized using white 

polyethylene of 50G,. disease-incidence with or without seed­

treatment, ranged from 42.9 to 48.5 per cent while in case of 200G, 

it ranged form 35.5 to 54.3 per cent and with 400G if ranged from 

36.1 to 46.5 per cent. Calculation of the average disease-incidence, 

ignoring the effect of individual film thickness, revealed that 

solarization with seed-treatments reduced disease-incidence 

approximately by 17 to 40.5 per cent over check (Table 9) .. 

The mulching of soil for a month using black polyethylene of 

different thickness (50G to 400G) did not bring any appreciable 

change In disease management. Even seed-treatments with 

fungicides and bioagent failed to control the disease. The incidence of 

damping-off ranged from 55 to 69.6 per cent. However, the effect of 

solarization achieved through red· polyethylene sheeting of different 

thickness was somewhat noticeable. The effect was significantly 

superior over to that of black sheeting but inferior to that of white 
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transparent one. Integration of fungicides and bioagent had positive 

ieffect on disease control. Among the fungicides, Apron was best and 

P. fluorescens was superior over T. harzianum (Fig. 12A). 

4.2.2.Cabbage (2nd nursery crop) 

After 30 days, the cauliflower nursery was removed and 

.cabbage nurseries were raised without any change in treatments and 

de·sign. In non- solarized plots sown with treated or non-treated 

,seeds, the incidence of damping-off was 67.9 per cent. By seed-

treatment with fungicides and bioagent, the incidence of damping­

off decreased, but non-significantly. All the three fungicides were 

almost equally effective. Seed-treatment with P. fluoresce,ns was 

distinctly superior over others (Table 10). Solarization and its 

integration with fungicides and bioagent used as seed-treatment 

caused substantial and noticeable reduction in disease-incidence. In 

plots solarized with transparent polyethylene sheeting of 50 gauge, 

only 42.1 per cent disease-incidence was recorded against 67.9 per 

cent in non-solarized plots, without any seed-treatment. Thus, only 

solarization reduced the disease-incidence by 38 per cent (Fig. 12 B). 

Use of fungicides or bioagent as seed-treatment further increased the 

disease controlling potential of solarization. Apron was most effective 

among the fungicides and P. fluoniscens being the most effective of 

all. The treatments used for seed-dressing reduced disease-incidence 

by 30 to 40 per cent over their effects when used under non-solarized 

conditions. 
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The effect of polyethylene with higher thickness (200G and 

400G) when compared to that of 50 G was almost non-significant. 

With 200 G, per cent reduction in disease- incidence ranged from 

31.6 to 44.5 per cent. Seed-treatment with P. jluorescens was 

distinctly superior. With 400 G the reduction in disease-incidence 

ranged from 14.4 to 23.5 per cent. On an average use of polyethylene 

sheeting for solarization reduced disease-incidence approximately by 

31.3 per cent and seed-treatments further improved disease control. 

In plots solarized using black polyethylene sheeting, the 

incidence of the disease decreased but non-significantly. In totality, 

the decrease in disease-incidence ranged from 14.9 to 28.7 per cent 

over the incidence recorded. The effect of solarization where red 

polyethylene sheeting were employed, was almost similar to that with 

white sheeting. The differences concerning the effects of thickness of 

polyethylene sheeting were non-significant. The effect of integration 

with fungicides and bio-agent was much evident. In totality, 

reduction in disease-incidence over non -solarized ranged from 17.17 

to 34.4 per cent. 

4.2.3. Tomato (3rd crop) 

Tomato nursery was raised after removal of the cabbage. Thus, 

60 days after solarization, this crop was raised using same 

treatments and design (Table 11 and Fig. 13.A). The effect of 

solarization continued,. though with reduced magnitude. In plots 

solarized with white polyethylene sheeting, on an average 10 per cent 
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reduction in disease-incidence was noted. The incidence of damping­

off in plots solarized using black sheeting, was almost similar to that 

in non-solarized ones. With red sheeting as well, the incidence of 

damping-off was not affected. 

4.2.4.0nion (4th nursery crop) 

Ninety days after solarization, the nursery of onion was raised 

after removal of tomato nursery. The effect of solarization persisted 

but with much reduced impact. The percentage of disease reduced 

ranged from about 4 per cent to 19 per cent over non-solarized (Table 

12 and Fig. 13 B). The results of solarization obtained by 

polyethylene with black and red polyethylene sheeting were almost 

similar to what was observed with the 3rd crop. 

4.2.5.Calendula (1st crop) 

In another field trial at Floriculture block, the effect of 

solarization for a month using three colours and thickness of 

polyethylene was evaluated on flower crops raised in nurseries. The 

first crop was calendula and the results so obtained are given in 

Table 13 and Fig. 14A. In non-solarized plots, despite seed-treatment 

with fungicides or bioagent, the incidence of damping-off was very 

high and it ranged from 64 to 81 per cent. Solarization with white 

transparent polyethylene with thickness of 50· to 400 gauge, the 

incidence of damping-off was reduced substantially and most 

significantly. Percentage of healthy seedlings in solarized soil, even 

without seed-treatments, increased by 56.8 per cent. Seed-treatment 

it 
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with bioagent or fungicides accentuated the positive effects of 

solarization. The additional reduction in disease ranged from 5 to 25 

per cent. Among the seed-treatments, bio-agent P. fluorescens was 

distinctly inferior. The thickness of the polyethylene did not bring 

any meaningful change in disease-incidence. In plots solarized with 

polyethylene of 200 G thickness, reduction in disease-incidence 

ranged from 40.8 to 61.2 per cent. Integration with chemicals and 

bioagent was marginally effective. The effect of 400G thickness was 

almost similar. Percentage of reduced disease-incidence ranged from 

52 to 62 per cent. In totality, if the thickness factor is ignored, 

solarization with white treatment polyethylene resulted In 

approximately 34 to 61 per cent reduction in damping-off incidence 

(Table 13). 

The effect of solarization using red and black polyethylene 

sheeting was rather minor or moderate. Per cent reduction in 

disease-incidence over check (non-solarized), with red polyethylene 

sheeting ranged from 23.3 to 49.2 per cent and with black sheeting 

from 4.32 to 27.2 per cent (Fig. 14 A). 

4.2.6.Aster 

After calendula, nursery of aster was raised without any 

change in location or treatment. The data given in Table 14 and 

Fig. 14. B reveal that in solarized soil the incidence of disease was 

reduced by over 13 to 21per cent. Integration with seed-treatments 

using fungicides and bioagent increased the effect of solarization but 
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\non-significantly. Integration of bioagent 'proved supenor over the 

fungicides. P. fluroscens was found most effective. 

Solarization using red sheeting also affected disease-incidence. 

Reduction in disease ranged from 11.5 to 22.9 per cent (Table 14 and 

Fig. 15 B). Among the factors used for integration, T. harzianum was 

most effective. The control of disease in soil solarized using black 

sheeting was rather low. It ranged from 4.67 to 28.7 per cent. P. 

fluorescens was most effective. 

4.3.Soil Solarization and Plant Growth Response 

It has invariably been recorded that health of the seedlings 

raised in solarized soil is significantly improved. In the experiments 

conducted at VRC and Floriculture block, different growth 

parameters and/or growth contributing factors of the crops raised in 

succession, were recorded. The data so recorded are given in Tables 

15-44 and Figs. 15-29. 

4.3.1- Shoot Length 

4.3.1.1. Cauliflower 

The effect of different colour and thickness of polyethylene 

used for solarizing the soil in integration with seed-treatments on the 

length of 30 days old cauliflower seedlings are given in Table 15 and 

Fig. 15 A. In solarized plots average shoot length was 8.4lcm. Seed­

treatment affected shoot length but non-significantly. In plots 

solar~zed with white polyethylene sheets, the effect of polyethylene 

thickness was non-significant. Shoot length in solarized plots 
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.. " ased by about 67.5 per cent. Seed-treatment with thiram and 
fl,Cre 
r~'J_; 

,., .... v caused an additional increase of about 8 per cent. Both the Vitavcv>-

b
;· gent also had positive effect on shoot length. Almost similar 

lOa 

effects were recorded in plots solarized with red polyethylene sheets. 

Shoot length increased approximately by 70 per cent (Table 15 and 

Fig. 15 A). Black polyethylene was also effective but with lesser 

~agnitude. Increase in growth over those raised in non-solarized soil 

ranged from 20 to 50 per cent. 

4.3.1.2.Cabbage 

After the harvest of cauliflower nursery, cabbage seedlings 

were raised. The effect of solarization persisted and shoot length of 

seedlings raised in plots solarized with white polyethylene sheets 

increased by 54.4 per cent over non-solarised (Table 16). Seed-

treatment with fungicides and bioagent accentuated the effect of 

solarization. The effect of soil mulching with red and black 

polyethylene sheeting continued with this crop as well but the 

magnitude recorded was lesser compared with that in previous crop 

(Fig. 15 B). 

4.3.1.3.Tomato 

Increase in shoot length was observed in case of third nursery 

crop also, but the increase was non-significant (Table 17). Shoot 

length in plots solarised with white polyethylene sheeting, increased 

by 13 per cent. Almost similar observations were recorded with black 

and red polyethylene sheets (Fig. 16 A). 
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4.3.1.4·0nion 

Onion was the third nursery crop raised on same solarized 

plots in succession (Table 18). The positive effects of solarization 

persisted but with much reduced effects. Overall increase in shoot 

length was of about 27 per cent in solarized plots. Seed- treatment 

either with fungicides or bioagent did not affect shoot length. In plots 

solarized with black or red polyethylene sheets shoot length 

increased but non-significantly (Fig. 16 B). 

4.3.1.5. Calendula 

In another field trial on the feasibility of solarization for raising 

healthy nurseries of flowers, calendula crop was raised as the first 

crop. The effect of solarization using white polyethylene sheets was 

highly significant. Shoot length increased by over 200 per cent (Table 

19). Seed-treatment with fungicides and bioagent increased the 

effectivity of solarization. Variation in thickness of polyethylene 

sheets did not cause any perceptible change in shoot length. Among 

the fungicides, differences were very narrow. Thiram treatment 

increased the shoot length by over 290 per cent while Vitavax did the 

same by over 230 per cent (Fig. 17 A). Both the bioagent were equally 

effective. 

4.3.1.6.Aster 

After the removal of calendula, the nursery of aster was raised. 

The data presented in Table 20 and Fig. 17 B revealed that effect of 

solarization persisted. In plots solarized with white polyethylene the 
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overall increase in shoot length was about 131 per cent (Fig. 17 B). 

Effects due to variation in thiclmess of the fIlm were non-signifIcant. 

Seed-treatments with fungicides and bioagent helped in plant 

growth, reflected as increased shoot length. 

4.3.2.Fresh Shoot Weight 

4.3.2.1. Cauliflower 

Fresh shoot weight of cauliflower seedlings raised in beds 

solarized with wl:lite transparent polyethylene sheeting increased 

significantly to 29.55 g from 16.23 g in control plots, with a per cent 

increase of above 100 per cent over check (Table 21). When seeds 

treated with bioagent were grown in non-solarized plots, significant 

increase of about 73 per cent in case of P. fluorescens and 49 per 

cent T. harzianum was observed over check (Fig. 18 A). Seed­

treatment with bioagent was significantly superior' over fungicidal 

seed-treatment. 

Per cent increase in fresh shoot weight over' check by 

integration of seed-treatment and solarization ranged from about 60 

to 136.5 per cent. Effectivity of Apron increased greatly when 

integrated with solarization. 

Solarization, with black polyethylene sheeting caused no 

significant effect, however integration of seed-treatment with 

bioagent increased fresh shoot weight by about 31 per cent and 57 

per cent in case of seed-treatment with T. harizanum and P. 

fluorescens respectively. Under red polyethylene sheets also, bioagent 
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were distinctly superior over chemical seed-treatment. The per cent 

increase in fresh shoot weight over check was 27.5 per cent with T 

harzianum and 54.2 per cent with P. fluorescens seed-treatment 

(Table 21). Amongst the colour of polyethylene sheeting, impact of 

white transparent sheeting was distinctly superior over the rest two 

(Fig. 18 A). 

4.3.2.2.Cabbage 

Under white polyethylene, fresh shoot weight of cabbage 

increased non-significantly without seed-treatment. Amongst the 

seed-treatments integrated with solarization, significant increase of 

41 per cent over check was observed with P fluorescens seed­

treatment but no effect of seed-treatment alone was visible (Table 

22). 

Solarization alone under black polyethylene sheets was not 

effective but integration with seed-treatment was effective. Seed­

treatment with P. fluorescens increased fresh shoot weight 

significantly by above 41 per cent over check (Fig. 18 B). 

Regarding the thickness of polyethylene sheeting used for 

solarization, varying pattern of effectivity was observed. For example 

P. fluore_scens performed best under 200G thickness. Amongst the 

colour, white and red both were equally effective (Fig. 18 B). 

4.3.2.3.Tomato 

Highly significant effect of solarization was observed on tomato 

seedlings, grown after 60 days of solarization in succession as third 
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crap. Fresh shoot weight increased from 29.66 g to 63.70 g but seed­

treatment alone was not effective. However, integration of seed­

treatment with bioagent and solarization increased fresh shoot 

weight of tomato by about 80 per cent in case of T. harizanum and 76 

per cent in case of P. jluorescens seed-treatment over check (Fig. 19 

A). 

Solarization with black polyethylene sheeting was ineffective 

but red polyethylene sheeting had significant effect on fresh shoot 

weight in integration with seed-treatment with bioagent (Table 23). 

Amongst the colour, white transparent polyethylene sheeting were 

superior over red and black (Fig. 19 A). 

4.2.2.4. Onion 

Solarization, seed-treatment or integration of these two 

increased fresh shoot weight of onion significantly (Table 24). 

Integration of seed-treatment with P. fluorescens was significantly 

effective and increased fresh shoot weight approximately by 17 per 

cent over check. Effectivity of fungicides also increased to the level 

that fresh shoot weight of onion increased significantly up to 46.0 

per cent by seed-treatment with thiram. 

Under red polyethylene sheeting, somewhat similar results 

were obtained as with white polyethylene sheeting but extent of 

increase in fresh shoot weight was lesser to that observed with white 

transparen t sheeting (Fig. 19 B). Solarization under black 

polyethylene sheets did not increase fresh shoot weight significantly. 
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4.2.2.5. Calendula 

Solarization increased fresh shoot weight of calendula highly 

significantly, irrespective of colour· of polyethylene sheets used for 

solarization. But seed-treatment alone could not have any significant 

effect. By integration with solarization, efficacy of seed-treatment 

increased fresh shoot weight significantly. Per cent increase observed 

due to integration of solarization and seed-treatment reached up to 

46 per cent over check with Thiram seed-treatment (Table 25). 

Chemical seed-treatment was more effective in integration with 

solarization in increasing fresh shoot weight of calendula (Fig. 20 A). 

4.2.2.6.Aster 

Fresh shoot weight of aster seedlings increased significantly 

(Table 26). The increase was about 130 per cent over check by 

solarization without seed-treatment. Seed-treatment with bioagents 

further significantly increased fresh shoot weight of aster too, by 176 

per cent and 143 per cent over check with T. harzianum and P. 

jluorescens, respectively. Integration of these two further increased 

the fresh shoot weight but non-significantly. The seed-treatment 

alone or in integration were not found significant under black 

polyethylene sheets. Similarly, solarization under red polyethylene 

sheets could not increase fresh shoot weight significantly in 

integration with seed-treatment. 

Per cent increase over check (Fig. 20 B) shows that solarization 

with white transparent polyethylene sheets was distinctly superior 
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over rest two and the thickness of 200 G resulted in maximum per 

cent increase in fresh shoot weight of aster compared to 50 G or 

400 G. 

4.3.3 Dry shoot weight 

4.3.3.1 Cauliflower 

The results conceming the effects of solarization and its 

integration with seed-treatments on dry shoot weight are presented 

in Table 27 and Fig. 21 A. In non-solarized soil, dty shoot weight of 

seedlings raised without seed-treatment was 2.69g and increased 

significantly to 4.53 g and 4.27 g in seedlings raised from seed 

treated with bioagents T. harizanum and P. jluorescens, respectively. 

Fungicidal seed-treatment also. improved weight but non­

significan tly. 

Solarization with white transparent polyethylene sheets 

increased dry shoot weight significantly to 5.69 g even in plots sown 

without treated seeds. Integration of seed-treatment and solarization 

further caused significant increase from 5.69 g to 7.40 g and 7.44g 

with T. harzianum and P. Fluorescens seed-treatments, respectively. 

Fungicidal seed-treatment though did not have significant 

effect of its own, but in integration with solarization it also increased 

dry shoot weight to 6.06 g, 5.95 g and 5.74 g by treating the seeds 

with Thiram, Vitavax and Apron, respectively (Table 27). 

The impact of polyethylene sheets was non-significant. 

Nevertheless, per cent increase over check was maximum (above 128 
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per cent) under 200 G thickness in plots sown with non treated seed 

but when seed-treatment was integrated with solarization, maximum 

increase was observed under 400 G thickness. 

Under black and red polyethylene sheets also, integration of 

bio-agent seed-treatment was effective. Per cent increase in dry shoot 

weight over check (Fig. 21 A) shows that white transparent 

polyethylene sheets was best as it increased dry shoot weight up to a 

maximum of 115 per cent over check, followed by red (88.6) and 

black (5.3 per cent) coloured polyethylene sheets. 

4.3.3.2 Cabbage 

Dry shoot weight was 2.40 g in control plots, which increased 

significantly, to a mean value of 4.46 g after solarization. Seed­

treatment with bioagent affected dry shoot weight significantly (Table 

28). 

In fact, solarization or seed-treatment increased dry shoot 

weight significantly, but no significant effect of integration of these 

two was observed. For example, dry shoot weight was 4.46 g in 

solarized plots without seed-treatment and it was 4.53 g in non­

solarized plots sown with P fluorescens treated seeds. Integration of 

solarization and seed-treatment with P. fluorescens increased dry 

shoot weight but non-significantly. Under black and red polyethylene 

sheets also, the impact of P. fluorescens seed-treatment was 

maximum amongst the seed-treatments under red polyethylene 

sheets. Apron too, was found effective besides P. fluorescens. But 
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chemical seed-treatment was observed to have no effect on dry shoot 

weight when integrated with solarization, except apron that too 

under black polyethylene sheets, which resulted in a little increase 

over plants raised in solarized plots without seed-treatment. Under 

red polyethylene sheets only T. harzianum seed-treatment had 

significant effect on dry shoot weight resulting in about 47 per cent 

increase over check. Variation in thickness of polyethylene sheets 

invariably had non-significant effect on dry shoot weight (Fig. 21 B). 

In fact per cent increase over check was maximum under 50 G thick 

polyethylene sheets. 

4.3.3.3 Tomato 

The effect of seed-treatment was non-significant. However, 

integration with solarization under white polyethylene sheets and 

seed-treatment with thiram increased dry shoot weight significantly 

from 2.23 g to 3.90 g. Under black polyethylene sheets, the change in 

dry shoot weight was non-significant. Solarization under red 

polyethylene sheets significantly increased dry shoot weight of 

tomato by over 62 per cent and 51 per cent with Thiram and Apron 

seed-treatments, respectively (Table 29 and Fig. 22 A). 

4.3.3.4 Onion 

The effect of solarization and its integration with seed­

treatment on the dry .shoot weight of the 4th crop grown in 

succession at VRC, is presented in Table 30. Solarization alone with 

white transparent polyethylene sheets increased dry shoot weight 
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significantly but seed-treatment alone with fungicides was not 

effective but bioagent increased dry shoot weight to 2.0 g from 1.5 g 

in non-seed treated control. Integration of solarization and seed­

treatment was not significant. 

Under black polyethylene sheets also solarization without 

seed-treatment and seed-treatment alone with bioagent increased 

dry shoot weight significantly but integration was not effective. But 

under red polyethylene sheets integration of. seed-treatment with 

Vitavax and apron and solarization increased dry shoot weight 

though non-significantly to 2.17 g and 2.71 g, respectively with 

respective per cent increase of about 20 per cent and 37 per cent 

over check (Fig. 22 B). 

Fifty G thickness of polyethylene sheets was most effective 

when no seed-treatment was done but different seed-treatments had 

varied reaction under polyethylene sheets of different thickness. 

Vitvax seed-treatment gave best results under red polyethylene with 

. a maximum per cent increase of above 20 per cent over check 

(Fig. 22 B). 

4.3.3.5 Calendula 

Calendula was the first crop raised after solarization for 30 

days. In control plots dry shoot weight was 0.28 g. A tremendous 

increase of above 200 per cent was observed under white transparent 

polyethylene sheets with Thiram seed-treatment followed by P. 

fluorescens (193 per cent) and T. harzianum (186 per cent) over 
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check. But seed-treatment alone did not being any significant 

increase in dry shoot weight (Table 31). 

Under black polyethylene sheets (T. harzianum and P. 

fluorescens) bioagent increased dry shoot weight by above 60 per 

cent and 70 per cent, respectively over check. 

Vitavax seed-treatment was most effective when treated seeds 

were sown in plots solarized under red polyethylene sheets with a 

significant increase in dry shoot weight about 122 per cent over 

check (Fig. 23 A). 

Differences in dry shoot weight due to variation in polyethylene 

sheets' thickness were inconsistent but colour of polyethylene sheets 

did affect the dry shoot weight. Maximum increase in dry shoot 

weight ranging from 100 per cent to 215 per cent over check was 

observed under white transparent polyethylene sheets with almost 

all the seed-treatments (Fig. 23 A). 

4.3.3.6 Aster 

The effect of solarization was highly significant as it ,increased 

dry shoot weight of aster from 24.87 to 55.47 per cent but seed­

treatment alone did not cause any significant effect on dry shoot 

weight. 

Under white polyethylene sheets, maximum increase was 

observed (60 per cent) when P. fluorescens treated seeds were sown. 

Integration of seed-treatment with solarization increased dry shoot 

weight from 2.17 g to 2.64 g but it was non-significant. Solarization 
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1i& 
with black polyethylene sheets was least effective. The increase 

ranging from 13 per cent 37 per cent over check was recorded (Table 

32). In fact, integration of solarization and seed-treatment was not 

significant but noticeable increase in dry shoot weight was observed 

compared to seed-treatment or solarization alone. 

In case of aster best results were observed under red 

polyethylene sheets as compared to the rest two (Fig. 23 B). 

4.3.4 Fresh root weight 

4.3.4.1 Cauliflower (1st crop) 

Observations pertaining to fresh root weight of 30 days old 

cauliflower plants are presented in Table 33 and Fig. 24 A. It is 

evident that fresh root weight of plants raised in non-solarized soil 

did not differ. It was 2.77 g in check. Treatment of the seeds with 

bioagent and fungicides improved root weight but non-significantly. 

Among the treatments effect of bioagent was obvious. The root weight 

of the seedlings raised in soil solarized using· white transparent 

polyethylene of 50G, increased significantly. In solarized soil even 

without integration with seed-treatment, the weight increased by 

·67.8 per cent over check (Fig. 24 A). Fungicides and bioagent 

improved root weight further, under solarized conditions. For 

example seed-treatment with thiram improved weight by 56 per cent 

over check. In solarization using white sheeting Of 200 G, root 

weight increased by over 39 per cent to 77.3 per cent. Among the 

integrating variables thiram was most effective. Almost similar 
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observations were recorded with 400G as well. Improvement in 

weight computed over non-solarized, ranged from about 48 to 78 per 

cent. In overall analysis, solarization with white polyethylene 

sheeting, the weight increased by ~bout 40 to 80 per cent. Variation 

in thickness of polyethylene sheets and treatment variables were 

mostly non-significant but solarization was proved highly significant. 

4.3.4.2 Cabbage (lind crop) 

Observations on fresh root weight of 30 days old cabbage 

seedlings are given in Table 34 and Fig. 24 B. In non-solarized soil 

the weight of the roots raised from untreated seeds was 1.089 g. 

Treatment with fungicides and bioagent improved root weight 

significantly and substantially. Integration of fungicides as seed 

dressers increased root weight by about 100 per cent. Bioagent T. 

harzianum and P. fluorescens further improved root weight that too 

significantly. 

When . the crops were raised in solarized soil (white 

polyethylene 50G) after the harvest of cauliflower, the effect of 

solarization was evident. Against a weight of 1.08 g in non-solarized 

(check), the weight in solarized soil with seed-treatments increased to 

2.80 g. Apron was more effective compared to other two fungicides 

and both the bioagent were distinctly superior. In tenus of per cent 

increase over non-solarized, 159 per cent increase was observed in 

plots sown with non treated seeds. Application of fungicides and 

bioagent through seed, improved weight over· non solarization. The 
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12Z 
trend and pattern of effect continued with 200G as well as with 400G 

and weight increased by 289 and 273 per cent, respectively. On an 

average, solarization with white polyethylene, irrespective of 

thickness, increased fresh root weight by about 240 per cent. Seed­

treatments further improved effectivity of solarization. 

Solarization using black and red polyethylene sheeting also 

.affected fresh root weight. Per cent increase in root weight with black 

sheeting was 206 per cent while with red it was 317 per cent. With 

these variables also the effect/ integration of fungicides and bioagent 

was obvious though differences in between were minor and non­

significan t. 

4.3.4.3 Tomato (Ulrd crop) 

The nursery of tomato was raised after removal of the cabbage 

seedlings i. e. 60 days after solarization. The effects on fresh root 

weight are recorded in Table 35 and Fig. 25 A. In non-solarized soil 

the weight of the fresh roots ranged from 2.02 g to 3.38. Bio-agent P. 

fluorescens was distinctly superior over others. Under solarized 

condition, the root weight was improved by about 50 per cent with 

50G, 18 to 77 per cent with 200G and above 30 to 99 per cent with 

400G. Solarization alone, increased weight by 77 per cent, 

solarization + thiram seed-treatment by 78 per cent, solarization + 

vitavax by 63.8 per cent, apron by 54 per cent, and 54.1 and 21 per 

cent with T. harzianum and P. fluorescens seed-treatments 

respectively. 
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Black sheeting used for solarization also caused weight 

improvement. The increase ranged from 17 to 59 per cent. Almost 

similar results were recorded with red polyethylene sheeting. Per cent 

increase in root weight over control, ranged from 22.7 to 83 per cent. 

4.3.4.4 Onion (4th crop) 

Ninety days after solarization and after raising three nurseries, 

onion was grown as 4th nursery crop. The positive effect of 

solarizaiton persisted with white polyethylene and approximately 

34.8 per cent increase in fresh root weight was recorded (Table 36). 

The effect of solarization achieved through mulching with black 

polyethylene sheets on growth promotion was minor and erratic. 

Among the seed-treatments, T. harzianum was most effective as it 

increased fresh root weight by about 31 per cent over check. Use of 

red polyethylene was as effective as the white transparent one. 

Percent growth improved, ranged from less than a percent to 27 per 

cent. Seed-treatment with Thiram was also effective up to some 

extent (Fig. 25 B). 

4.3.4.5 Calendula 

In field experiment conducted at floriculture block, the first 

crop raised was calendula. In non-solarized plots with or without 

seed-treatment, weight of the roots ranged from 0.16 g to 0.43 g. The 

fresh root weight in plots solarized with transparent polyethylene 

sheets (50 G) ranged from 0.47 to 0.61 g. In most treatments the· 

weight increased approximately by 200 per cent. Almost similar 
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results were recorded with 200 and 400 G. The extent and 

magnitude of increase with 200 G ranged from over 200 to 300 per 

cent and with 400 G up to 346 per cent. Overall increase in fresh 

root· weight was invariably over 200 per cent. Solarization using 

black polyethylene also affected fresh root weight positively. It ranged 

from 48.8 ~o 146 per cent. Almost similar observations were recorded 

with red polyethylene sheets. The weight with seed-treatments + 

solarization was improved by over 100 to 200 per cent (Table 37 and 

Fig. 26 A). 

4.3.4.6 Aster 

After calendula, nursery of aster was raised. The observations 

recorded with respect in fresh root weight revealed that effect of 

solarization persisted (Table 38). Weight with 50 G treatment 

increased by 44.3 to 62.4 per cent. Almost similar increase was 

recorded with 200 G and 400 G. overall, solarization with white 

transparent polyethylene sheets increased fresh root weight by 35.5 

to 62.4 per cent (Fig. 26 B). Among fungicides and bioagent used for 

seed-treatment, P. fluorescens looked superior. Solarization using red 

sheets was found as effective as the white ones. Overall increase in 

fresh root weight over check (non-solarized) ranged invariably 

between 30 to 40 per cent. However, the positive effect observed with 

black sheets in first crop calendula was almost nullified. The 

increase in weight was minor and non-significant. 



'C 
(IJ 
til ... ... 
III -0 
rI.I 

'tl 
~ 

I til = ... o ... 
Z~ 

0 
rn 

!3 = ~ 

B 
cU 
(IJ ... 

Eo< 

s= 
cU 
~ 

=a 
~I-----
s= Cl (IJ 

~ 0 
0 .s:: 
"" ""' ,; I------

8- Cl 
0 

'C 0 
(IJ N 
~-

Cl 
0 
II) 

= cU 
(IJ 

=a 
~ J-.-= ~ Cl -; 0 
is 0 

"" ~ -& Cl 
0 

~ 0 () N 
~ -r:Q 

Cl 
0 
II) 

= III 
(IJ 

=a 
~ i----= Cl QJ 

-; 0 
is 0 
(IJ v -8- Cl 
(1) 0 

""' 0 .... N .s:: 
i:: I-----

Cl 
0 
II) 

0\ 
('l 

o 

00 
C"I 
o 

00 
C"I 

o 

(") 

C"I 
o 

o 
C"I 
c:i 

\0 
'¢ 

o 

...... 
li) 

o 

o 
~ 
o 

('l 
(") 

o 

00 
C"I 
o 

o 
(") 

c:i 

00 
(") 

c:i 

'¢ 
li) 

c:i 

00 
If) 

o 

(") 
If) 

c:i 

...... 
If) 

o 

00 
C') 

o 

(") 
\0 
o 

t­
\0 
o 

('l 

\0 
o 

...... 
~ 
o 

o 

00 
(") 

o 

li) 
'¢ 

o 

\0 
(") 

o 

li) 
C') 

c:i 

li) 
(") 

c:i 

00 
If) 

c:i 

00 
If) 

o 

o 
\0 
o 

00 
li) 

c:i 

\0 ...... 
o 

00 
(") 

c:i 

o 
If) 

c:i 

li) 
(") 

o 

...... 
C') 

c:i 

li) 
(") 

c:i 

o 
'¢ 

o 

t­
li) 

o 

t­
If) 

o 

o 
\0 

o 

'¢ 
li) 

o 

t-...... 
c:i 

00 
(") 

o 

...... 
(") 

o 

0\ 
C"I 
o 

C"I 
C') 

o 

\0 
li) 

c:i 

00 
li) 

c:i 

t­
li) 

c:i 

C') 
li) 

c:i 

OOlJ')OO 
00..--1'-< 
c:ic:ic:ic:i 
" II II " 

t-'¢OOO 
000..--1 
c:ic:ic:ic:i 
" II II II 

vlJ')OO 
00..--1..--1 .... 
0000 

II " II " 
o-i N ('() o:t 

'"d'"d'"d'd u u u u 

'cf. 
lJ') 

~ 
'"d 

til U 
+' 

§ 
...... 
p.. 

o 
C"I 

Q) 

.S:l 
til 

,!!;l 

~ 
W 

lZ8 

II II II 

II II 



I::l 
til 
4) 

~ 
vf---
d t!l 4) 

'; 0 
0 .d 'It ..... 

~ !----
& t!l 

0 
~ 0 
v N 
r:'I::f---

t!l 
0 
tI) 

= til 
4> 
~ 

4> !----
= v t!l 

~ 
'; 

~ 4> £ 
.~ .e f--~ 
til g t!l -0 0 (£J ,!i4 0 () N til 

ill -
t!l 
0 
tI) 

= til 
4> 
~ 

4> -= t!l v 
'; 0 
.d 0 ..... 'It 

! r--
g t!l 
v 0 
..... 0 .... N .d 
~r--

t!l 
0 
tI) 

~ 
Q,l 

• N = .... o ~ 
Z.=g 

0 
<II 

(I) .. 
= \I) 

e ..... 
til 
V 
~ 

Eo< 

C'l 
o 
C'l 

lI') 
1.0 

] 
t:: 
o 
U 

C0 
lI') 

N 

...... 
00 
C'l 

lI') 
00 

o 
1.0 
N 

C'l 
lI') 

C'l 

C'l 
o 
C0 

o 
I'-

C'l 

o 
I'-
C'l 

o 
Ci'I 
C'l 

o 
Ci'I 
C'l 

o 
V') 

C'l 

C'l 
lI') 

C'l 

lI') 
00 

o 
00 
('l 

V') 
Ci'I 
C'l 

o 
1.0 
C'l 

00 

] 
p.. 

a 
('l 

v 
-~ 
00 

v 

l 
C/) 

C00 ...... 0 
V')<;J-OOO\ 

0000 
II II " " 

I'-O"""<;J-

l.'-:~~~ 
0000 
" II 11 II 

N '" .,. 
"0"0"0"0 

<.> <.> <.> <.> 

\0\0"'-<0\ 
'd'"C0t--1'-
0000 
II II II II 

N '" .,. "0"0"0"0 
<.> <.> <.> <.> 

II II II 



400 l 

350 
::t:. 

al 300 
::t:. 
(J 

a; 250 
> o 
~ 200 
(tJ 
Q) .... 
(J 

s: 
150 

0 .... 

'E 100 
Q) 
(J 

a; 50 
c.. 

80 

70 

~60 
s::: 
lIS 50 

.l: 

.:: 40 
s::: 
~ 30 
I.. 

~20 

10 

o 

1350 G 0200 G 1:1400 G 

350 

tl 300 
Q) 

::t:. 
(J 

t 250 
> o 
~ 200 
(tJ 

f!. (.) 150 
.S 
'E 100 
Q) 
(J 

.... 
&: 50 

A. Calendula 

70

1 60 -: 

50 

g> 40 
(Il 

..c: 
(.) 30 

.... 
§ 20 
(.) 

(j) 10 
Q_ 

B. Aster 

130 

OWhile ElIBlack I:1Rect 

Treatments 

OWhite IIBlack ClRed 

,.. ,.. 

Effect of polyethylene thickness Effect of polyethylene colour 

Fig. 26: Effect of solarization on fresh root weight 



4~3.5 Dry Root Weight 

In order to confirm the effect of solarization with or without 

seed-treatments, the samples used for recording fresh root weight 

were dried for subsequent recording of dry root weight. The data are 

given in Tables 39-44 and Figs. 27-29. 

4.3.5.1 Cauliflower 

Dry root weight of first nursery crop cauliflower In non­

solarized plot was 0.32 g. Integration of seed-treatments improved 

dry root weight although only non-significantly. Solarization with 

white transparent polyethylene increased dry root weight 

significantly. With 50G polyethylene, the weight ranged from 0.59 g 

to 0.74 g (Table 39). The effect of both the bioagent was distinctly 

superior. In terms of per cent increase, it ranged from over 36 to 97 

per cent. Almost similar effects were observed with 200 and 400 G. 

The weight was improved by 42 to 95 per cent with 200 G and by 32 

to 106 per cent with 400 G. Overall the increase in dry weight with 

white polyethylene' ranged from about 30 to 94 per cent. Almost 

similar effect was observed with red polyethylene sheets (Fig. 27 A). 

The improvement in dry root'weight ranged from 20 to 78 per 

cent. Integration of solarization with seed-treatment using fungicides 

and bioagent further increased dry root weight. Solarization using 

black polyethylene was also effective but inferior to white and red 

sheets. Overall improvement in dry root weight ranged from 12 to 50 

per cent (Fig. 27 A). 
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4.3.5.2 Cabbage 

Thirty days after solarization and removal of first crop 

cauliflower, nursery of cabbage was raised. The effect of solarization 

with seed-treatment was highly significant over non-solarization with 

seed-treatment. In non-solarized plots the dry root weight ranged 

from 0.12 g to 0.31 g. Among the treatments, bioagent were distinctly 

superior. Solarization using white sheets of 50 G increased weight up 

to 206 per cent. Almost similar effects were observed with 200 G and 

400 G. Overall, solarization alone increased weight by 213 per cent. 

Among the fungicides apron was distinctly superior (238 per cent). 

The effect of red polyethylene sheets used for solarization was almost 

similar to white sheets with respect to effectivity. 

The effectivity of solarization achieved through the use of black 

polyethylene mulches too, persisted in the 2nd crop as well. Overall 

dry root weight was increased by about 25 to 50 per cent. The effect 

of integration with fungicides and bioagent was also apparent and 

visible (Table 40 and Fig. 27 B). 

4.3.5.3 Tomato 

Sixty days after solarization and after second nursery of 

cabbage, tomato nursery was raised. The data on dry root weight are 

given in Table 41 and Fig. 28 A. The effect of solarization was 

significant. Against a weight of 0.88 g in non-solarized, it increased 

to 2.5 g in solarized plots. This signifies the persistence of the 

effectivity of the solarization. Invariably all the treatments except P. 
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1.37 
fluorescens, increased the dry root weight by over 75 to 184 per cent. 

Solarization using black polyethylene mulches also affected root 

growth and thereby dry root weight. In totality the weight increased 

up to 14.5 per cent. Red polyethylene sheets used for solarization 

were also effective. Increase in dry root weight was 96.6 per cent in 

solarized soil over non-solarized. The effect of seed-treatments was 

also visible but it was somewhat erratic. 

4.3.5.4 Onion 

After tomato, nursery of onion was raised in the same plot and 

design. The effects observed on dry root weight are given in Table 42 

Fig. 28 B. The effect of solarization persisted even after 100 days, as 

the effect was significant. In plots solarized using white transparent 

polyethylene (50 0-4000), the increase in dry root weight over non­

solarized was up to 133 per cent. Solarization with red polyethylene 

was equally effective. Irrespective of the thickness, the weight 

increased up to 193 per cent in solarized soil. Plants raised in plots 

mulched with black polyethylene sheeting also revealed increased 

plant growth response. In solarization plots, the increase was to the 

extent of above 66 per cent. 

4.3.5.5 Calendula 

Effects of solarization and seed-treatment o~ dry root weight 

are recorded in Table 43 Fig. 29 A. The results reveal that effect of 

solarization and treatments was highly significant. In non-solarized 

plots, root weight ranged from 0.02 to 0.04g. Solarization increased 
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the same from 0.08 to 0.12 g. In solarized plot with or without seed­

treatment, the increase was 166 per cent. With seed-treatment the 

increase was 200 to 350 per cent. The effect of solarization with red 

poly€thylene sheeting was also substantial. Dry root weight 

increased by 100 per cent in solarized soil without seed-treatment. 

Integration of seed-treatment using bioagent or fungicides further 

augmented the effectivity of solarization. Thiram caused 250 per cent 

increase over check while bioagent increased the same approximately 

by 150 per cent. It was of interest to note that solarization, even with 

black polyethylene sheets increased dry root weight substantially. 

The effect of bioagent was striking. Both ·the bioagent in integration 

with solarization, increased dry root weight by 126 per cent over 

check. 

4.3.5.6 Aster 

After calendula, nursery of the flower aster was grown. 

Solarization With white polyethylene (50G-400G) increased dry root 

weight by about 50 to 75 per cent. Almost similar effects were noted 

with solarization achieved through red sheets. The increase over non­

solarized ranged from 25 to 85 per cent. The effect of solarization 

through black polyethylene sheeting was also notable. Invariably the 

increase was above 50 per cent over non-solarized treatments (Table 

44 and Fig. 29 B). 
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4.4 Solarization during winter and its integration with organic 
amendments : Effect on plant growth response 

It has imaginably been advocated that soil solarization as a 

hydrothermal technique should be practiced during hot summer 

days whet?- solar radiations are intense and high. Innumerable 

research papers have confirmed the scientific and practical utility of 

the technique for the management of soil pests and increased plant 

growth response. 

In an attempt, soil was solarized during winter with or without 

organic amendment to assess the effect of solarization on plant 

growth. The results of the glasshouse experiments conducted are 

described in this chapter. 

4.4.1 Effect on soil temperature 

4.4.1.1 Non-amended soil 

Average soil temperature (both minimum and maximum) 

recorded for 5 weeks are shown in Fig, 30. Minimum temperature 

during 5 weeks of observations.ranged in between 10 to 150C both in 

non-solarized and solarized soil. Maximum temperature in non-

solarized soil ranged from 25 to 330C. However, in solarized soil, the 

maximum temperature ranged from about 34 to 40oC. 

When per cent changes ill mlmmum and maximum 

temperature was computed (Fig. 31), per cent increase in minimum 

temperature of solarized soil over non-solarized soil ranged from 3 to 

12 per cent. Per cent increase in maximum temperature ranged from 
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12 to about 20 per cent. Thus, it is concluded that solarization of 

non amended soil during winter did change both minimum and 

maximum soil temperature (Fig. 31). 

4.4.1.2 Amended soil 

Changes in temperature (both minimum and maximum) due to 

solarization of amended soil are shown in Fig. 32. In soil amended 

with chicken manure, changes in minimum temperature during 5 

weeks, varied substantially. Increase during 1st week was above 50 

per cent but in 2nd week the extent of increase was about 30 per 

cent. In subsequent 3 rd and 4th week the increase was negligible 16-

18 per cent. Similarly the changes in maximum temperatures in soil 

amended with chicken manure (Fig. 32) have varied. During the first 

two weeks, the temperatures increased by about 25 per cent. It 

further increased (32%) in 3 rd week, 58 per cent in 4th week and 

about 50 per cent in the 5 th week. When a comparison with 

minimum temperature is made, the trend had been of increased 

temperature due to amendment. The effect spent compost used as 

amendment also revealed that amendments do control changes in 

soil temperature. The changes in minimum temperature were almost 

similar to that of chicken manure amendment. However, increase in 

maximum temperature was less than 20 per cent but in 4th and 5th 

week, the increase was above 40 per cent (Fig. 33). 
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4.4.2 Solarization at low temperature: Plant growth response 

4.4.2.1 Tomato 

The effects of solarization carried out at low temperatures 

during winter and its integration with organic amendment on plant 

growth of tomato are given in Table 45. Solarization for 5 weeks 

improved root length and fresh root weight significantly over to that 

of non-solarized treatment. Shoot length, dry root weight, fresh shoot 

weight as well as dry root weight was also improved but non­

significantly. Root length due to solarization was increased by 35 per 

cent. Among the amendment used spent compost, chicken manure 

and FYM increased root length by over 31 to 35 per cent. Cotton seed 

cake was distinctly superior as if increased root length by about 5 

per cent. The increase in shoot length ranged from over 22 to 52 per 

cent. Fresh root weight that was improved significantly, was 

increased to the extent of 167.85 per cent over the plants growth 

under non-solarized conditions. The increase in dry root weight 

ranged from 3 to 33 per cent and that of fresh shoot weight ranged 

from 54 to 130 per cent. Dry shoot weight increased by over 14 to 53 

per cent. 

4.4.2.2 Brinjal 

In another experiment, seedlings of brinjal were raised and 

growth parameters were measured. The results so obtained are given 

in Table 46. All the six growth parameters that were recorded, 

increased significantly over to that of non-solarized treatment. While 
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Plate 4. Effect of low temperature solarization + Organic 
amendment on plant growth 

A: Tomato 
1. Non-solarized, non-amended 
2. S'olarized (Amended) 
3. Solarized + Chicken manure 
4. Solarized + Spent compost 
5. Solarized + FYM 

B: Brinjal 
1. Non-solarized (Non-amended) 
2. Solarized (Amended) 
3. Solarized + FYM 
4. Solarized + Chicken manure 
5. Solarized + Spent compost 
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Plate 5. Effect of solarization at low temperature and organic 
amendment on plant growth 

A: Tomato 
1. Check (non-solarized, non-amended) 
2. Solarized + Chicken manure 
3. Solarized + Spent compost 
4. Solarized + FYM 

B: Brinjal 
1. Solarized+ FYM 
2. Solarized + Chicken manure 
3. Solarized + Spent compost 
4. Non-solarized non-amended (Check) 
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the increase in root length, fresh root weight, fresh shoot weight, was 

significant, the increase of shoot length, dry root weight and dry 

shoot weight was highly significant. Computation of per cent increase 

over check revealed that root length increased up to 43 per cent, 

shoot length up to 52 per cent, fresh root weight up to 107 per cent, 

fresh shoot weight up to 40 per cent, dry shoot weight up to 123 per 

cent and dry weight up to 146 per cent. Among the amendments use, 

cotton seed cake was superior over other amendments. Result of 

another experiment in. which solarization was done by covering 
. 

organically amended soils in pots, with polyethylene sheets are 

presented in Fig. 34 and 35 .. Increased. shoot and root length as 

compared to non-solarized was recorded. 

4.5 Effect of soil microorganisms 

Populations of soil microorganisms were enumerated just 

before mulching and then· at 30 day time intervals. Results of the 

study are presented in Tables 47-52 and Figs. 36-41. 

4.5.1 Total fungi 

Solarization . for a month reduced pre-solarized 

population/ counts (c.f.u. per gram soil) of total fungi. The magnitude 

of decline ranged between 68-82 per cent. In unmulched soil the 

changes were non-significant and negligible. Populations recovered 

and increased with time and at harvest of first crop (at 30 days after 

solarization), counts of total fungi ranged from 29.33 x 10-3 - 39.0 x 

10-3/g soil compared with 14.0 x 103 - 19.33 x 103 cfu/g soil 



153 
immediately after solarization. Nevertheless populations of soil fungi 

were significantly lower to initial counts or population in non­

solarized plots. After 60 days of solarization and growth qf 2nd 

nursery crop, total fungal populations recovered almost fully, as no 

significant differences in total fungi in solarized and non-solarized 

plots were observed. Similarly, the population levels assessed at 90th 

day and 120th days after solarization, differed non-significantly from 

initial count or populations in non-solarized plots; but in some cases 

total fungal populations levels exceeded to that of initial counts 

(Table 47). 

No significant effect of polyethylene sheet thickness and colour 

on the recovery of total fungi after solarization was ?bserved (Fig. 36). 

4.5.2 Trichoderma spp. 

Population counts (c. f. u. per gram soil) of Trichoderma were 

almost same before solarization which declined significantly just 

after solarization. The decline ranged from 75 to 92 per cent over 

initial counts. Numbers of Trichoderma increased with time to 6.33 x 

103 c.f.u./g soil, 8.45 x 103 and 6.67 x 103 c.f.u./g soil in plots 

solarized . with white, black and red polyethylene respectively. 

Although Trichoderma popUlation were lower to the initial counts 

after 30 days of solarization, however, the differences in popUlations, 

in non-solarized and solarized plots were non-significant. 

When assessed at 60th day after solarization populations 

exceeded the initial ·counts after complete recovery. Increase over 
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initial counts ranged from 24.48-38.4 per cent. Population further 

increased by 28.85, 50.00 and 44.00 per cent over initial counts in 

plots solarized under white, black and red polyethylene sheets 

respectively, when assessed 90 days after solarization (Fig. 37 B). 

Effect of solarization persisted up to 120 days after solarization 

ill plots solarized under white transparent PES, since population 

further increased significantly by 54.55 per cent over initial counts. 

But no further increase was observed in rest of the solarized plots 

(Table 48 and Figs. 37 A,B). 

4.5.3 Pythium spp. 

Populations reduced below detectable levels in plots solarized 

under white transparent polyethylene sheets, immediately after 

solarization and extremely low numbers of propagules were observed 

in plots solarized with black or red polyethylene sheets compared 

with 13.67 x 103 c.f.u.jg soil in non-solarized plots (Table 49). 

Thirty days after solarization Pythium spp. were suppressed 

completely in plots solarized under white transparent polyethylene 

sheets but in rest of the solarized plots. Suppression of Pythium 
, 
propagules remained evident up to 120 days after solarization, since 

per cent decrease of 59-87.5% over initial counts was observed in 

population (Fig. 38 A, B). 

4.5.4 Total bacteria 

Total bacterial populations were significantly reduced by 

solarization. Total bacteria counted immediately after solarization 
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ranged from 13.0 x 106 to 19.67 x 106 c.f.u. per gram soil compared 

to 38.67 x 106 c.f.u. per gram in non-solarized plots (Table 50). 

Populations recovered within 30 days after solarization, as non­

significant differences in populations were observed in non-solarized 

and solarized plots. 

Total bacterial counts at the harvest of second crop (60 days 

after solarization) revealed that populations of soil bacteria not only 

fully recovered but increased tremendously by above 52-123% over 

initial counts. Maximum increase of 123 per cent and 120.55 per 

cent was observed in plots solarized with 50 gauge thick red 

polyethylene sheet, .respectively and minimum (52 per cent) was 

observed in plots solarized under 400 gauge black polyethylene 

sheets (Fig. 39 A, B). 

PopUlation after 90 days and 120 days of solarization showed 

non-significant differences from the population levels attained after 

60 days of solarization. 

4.5.5 Bacillus spp. 

Population reduced drastically by 62.3,64.8 and 41.1 per cent 

after solarization over initial counts in plots mulched under white, 

black and red polyethylene sheets, respectively. Populations 

recovered after 30 days of solarization as non-significant differences 

in populations were observed in solarized and non-solarized plots 

(Table 51). In fact, in solarized plots population of Bacillus exceeded 

over its initial counts. However, the increase was non-significant, but 
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by . the end of 60 th day after solarization, populations of Bacillus 

increased significantly in solarized plots with a maximum increase 

being of 93.8 per cent over initial counts in plots solarized with red 

PES (Figs. 40 A, B). 

Population counts at 90 or 120 days after solarization showed 

that population attained in solarized plots were maintained except a 

slight reduction in population in plots solarized under black 

polyethylene sheets (Fig. 40 B). 

4.5.6 Fluorescent pseudomonads 

In contrast to the effect on fungi and total bacteria, fluorescent 

pseudomonads did not decline significantly by solarization. 11.33 x 

106 - 15.33 x 106 c.f.u./g soil were observed in solarized plots 

compared with 16.0 x 106 c.f.u.jg soil in non-solarized plots 

(Table 52). 

Effect of solarization was observed as a significant increase 

was noted in fluorescent pseudomonads population within 30 days of 

solarization. The increase in population were significantly higher in 

solarized plots than in non-solarized plots as the numbers of 

fluorescent pseudomonads in solarized plots ranged from 30.0 x 106-

44.33 x 106 cfu/g soil in solarized plots compared with 28 x 106 cfu 

in non-solarized plots. 

Effect of solarization persisted up to 60 days, since further 

significant increase over initial counts in popUlation were observed. 

PopUlation fluctuations observed at 90th day or 120th day after 
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solarization were non-significant since population in non-solarized 

plots also increase over initial counts. The increase may be 

attributed to the changes in soil environment, in favour of 

fluorescent pseudomonads and/ or due to the crops raised. 

4.6 Effect on weeds 

Populations of weeds were recorded before and after 

solarization. The data so obtained are presented in Table 53. In non­

solarized plots the weed density per sq. m did not change but in 

solarized plots almost all the weeds principally the species of A. 

conjiodes, C. dectylon, C. rotundusJ E. hitra and Parthenium sp. were 

eliminated except for rotundus, which was reduced by 82.61 per cent 

under black or red polyethylene sheeting but eliminated completely· 

under white transparent polyethylene sheets (Table 53). 
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5. DISCUSSION 

The success of solarization is based on the fact that most plant 

pathogens and pests are mesophylic, i.e. they are unable to grow at 

temperatures above 32°C; they are killed directly or indirectly by the 

temperatures achieved during solarization of the moist soil under 

transparent plastic films which greatly restrict the escape of volatiles 

(gases, water vapour) (DeVay, 1991). Thermotolerant and 

thermophilic soil micro flora (both inhabitants and invaders) usually 

survive the soil solarization process (.stapleton and DeVay, 1984). 

However, all soilborne organisms, if not directly inactivated by 

heat, may be weakened and become vulnerable to gases produced in 

solarized soil or to change in micro flora and thus are managed by 

some form of biocontrol (Katan; 1987; Sapleton and DeVay, 1982). 

The thermal decline of soilborne organisms during solar heating 

depends on both, the soil temperatures and exposure time which are 

inversely related. Effectiveness of solarization for disinfesting soil 

and increasing PGR, depends on soil colour-texture-structure, air 

temperature, soil moisture, day length, intensity of sunlight, 

thickness and light transmittancy of the plastic film. 

In the present investigations, the effect of soil mulching with 

polyethylene films on the seedling diseases (damping-off) of 

horticultural crops, plant growth, changes in physico-chemical and 

biological properties of soil have been studied. Inputs and variables 
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, included in the study were colour and thickness of polythene, seed­

treatment with fungicides and bioagents, and the crops raised were 

cauliflower, cabbage, tomato, onion, calendula and aster. The 

results so recorded are discussed in the following paragraphs. 

Polytli,ene colour 

The effect of different coloured polyethylene mulches (black, 

red and white transparent) on soil temperature and the resultant 

effects on disease-index, physico-chemical and biological properties 

of the soil were studied. It was invariably observed that highest 

temperature developed under white transparent mulch followed by 

red and black mulches. Almost similar observations were recorded 

by Alkayssi and Alkaraghouli (1991). They concluded that heat 

flux is one of the components of the energy balance and is closely 

related to the amount of radiation transmitted through mulches. 

High values and even distribution of soil heat flux were found under 

transparent and red mUlches._ The soil heat flux under black mulch 

was strongly skewed toward lower value. The observations were in 

accordance with their observations. 

Low density polyethylene (Clarke, 1987) is widely used for 

agricultural mulch because of its flexibility, tensile strength and 

resistance to physical damage. It is beyond doubt, that polyethylene 

is an ideal film for solar heating of soil because it is essentially 

transparent to solar radiation (280 to 2500 nm), extending to the far 
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. infra red, but much less transparent to terrestrial radiation (5000-

35000 nm), and thus reducing the escape of heat from the soil 

(Chaube and Singh, 1991). 

In several research reports, it is fully established that thicker 

polyethylene films (2-6 mil) or the thinner film (1.0-1.5 mil), both are 

effective for solar heating. However, increased comparable effectivity 

is associated with its transmittancy. In our study, thickness of the 

polyethylene fIlm, used as a variable though, did not cause any 

significant effects on all factors (physical/ chemical/biological) but it 

is in accordance with observations recorded and cited by others. The 

summarized effects of colour and thickness with mechanism(s) 

operative are hypothesized in Fig. 42. 

COLOUR -_.~ I WT, R, B 

THICKNESS-50-400 G 

~ 
EFFECTIVITY 

WT --. = RED--' BLACK 
50;:: 100;:: 200 = 400 G 
CHANGES _..,. ~ CHANGES 

s 

o 
I Physical properties I I Chemical properties 

(WT>R>D) L I (WT>R>B) 
I Biological properties I 

(WT>R>Bl 

Fig.42 : Effect of soil solarization on soil properties 



Physico-chemical changes 

Soil moisture is a critical variable in soil solarization, since the 

transfer of heat in soil is greatly increased by moisture. In our 

study, to maximize this effect in soil, pre-irrigation of soil was done. 

Moisture when measured after a month of solarization revealed only 

minor loss of moisture from mulched plots while from unmulched 

plots .the loss was substantial. It is so, obviously because from 

uncovered plots, the solar radiation falling on the earth will cause 

loss of moisture through evapotranspiration since layer of plastic film 

provides insulation against the escape of both the heat and moisture 

from the soil, the moisture content of solarized soil remained almost 

the same. Several workers working on different aspects of soil 

solarization have also made similar observations (Ahmad et al., 

1996; Chen and Katan, 1980; Katan, 1987). Thus, observations on 

moisture conservation in solarized soil are in accordance with the 

observations of others. 

Temperature of the moist soil IS the main variable in the 

process of solarization. In present study, the temperature of the soil 

solarized with white (transparent) and red polyethylene increased on 

the whole by about lO-lSoC. This observation is in accordance with 

the observations made by several workers (Chelemi et al., 1994; 

Esfahani, 199.1; Maura et al., 1994; Mishra, 1997; Tacconi and 

Santi, 1994). Compared to transparent polyethylene films, black PE 

17'f 
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containing carbon black, absorbs solar radiation and thus reduces 

the heating of soil by several degrees (Anonymous, 1984; Hancock, 

1988). Based on information and observations available, the 

reasons and effects of maintenance of soil moisture and increased 

temperature are summarized in flow chart (Fig. 43). 

Thickness I PE I ~ Colour (W /R/B) 
(50-400G) 
r------~.+----.I~ Solarized (10-20% loss) 

Moisture I ~ 
Non-solarized (above 60% loss) 

I I
_.., Incre~sed by lO-150C over non-

L. _-=T-=e.=m::::.p&:-:...er::_:a::..:t:_:u=r-=e _ __I" • solanzed 

i 
PE Transparent to solar radiation (280-2500 nm) 
Less transparent to terrestrial radiation (5000-35000 nm) 

t 
Heat escape reduced I 

_..,. Least loss of soil moisture 
_..,. Higher temperature 

Flg.43: Effect on~soil moisture and temperature 

In another flow chart, factors/inputs required for prediction of 

soil temperature are proposed (Fig. 44). 



Wind velocity 

I 
Atmospheric humidity - SOLAR - Air Temperature 

HEATING 

Soil characteristics 

Energy balance = (I-a) Rs + RL - H - E - S- d TsA =0 

a = Albedo (on soil colour) 
Rs Incoming solar radiation 
RL = Incoming long wave radiation 
H = Sensible heat flux (to or from the atmosphere), 
E = Latent heat flux (evaporation) 
S ;:: Soil heat flux (heat transmitted to soil) 
a:::: Stephan-Boltzman's constant 
Ts = Soil surface temperature 

I 
(Mahrer and 1 
Katan, 1981) 

• I Temperature increase 

i 
Elimination of heat loss 

t Evaporation t= Heat convection 
I GREEN HOUSE EFFECT I 

(Long wave radiation) 

Fig. 4'4: Calculati~n of temperature in soil 

Solarization has been reported to affect several soil properties 

(Ahmad et al., 1996; Chen and Katan, 1980; Kaewrung et al., 

1989; Kumar and Yaduraju, 1992; Stapleton et al., 1985). In 

present investigations, solarization had no effect on soil pH. However, 

reduction in soil salinity due to solarization is reported (Abdel­

Rahim et al., 1988). Electrical conductivity increased significantly. 

Similar observations have been made by several others (Arora, 1998; 

Arora and Yaduraju, 1998; Patel and Patel, 1997; Stapleton et 

al., 1985). However, Ahmad et al. (1996) and Kumar and 
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Yaduraju (1992) have reported reduced electrical conductivity levels 

following solarization. Significant increase in electrical conductivity 

might have been due to presence of different ions/nutrients in soil 

water / soil colloids, released as a consequence of heat-effect 

generated by solarization. 

Soil organic carbon, a measure of available nitrogen in soil, 

remained almost unchanged after solarization. Such observations 

have been made by Ahmad et al. (1996), Arora (1998), Arora and 

Yaduraju (1998) and Kumar and Yaduraju (1992). However, Patel 

and Patel (1997) reported increased percentage of organic carbon in 

solarized soil. It is possibly due to differences in the experimental 

conditions, including locations and biological properties of the soil. 

Total soil nitrogen in the present study increased significantly due to 

solar heating of the soil. Several researchers (Daelemans, 1989; 

Grunzweig et al., 1998; Patel and Patel, 1997; Stapleton et al., 

1985) have also made such observations. Total soil nitrogen might 

have increased after solarization because of stimulation of soil 

physical and/ or biological activities/reactions causing degradation of 

organic matter, by the heat-effect and releasing the nitrogen fraction 

too, into the soil colloids. And also because of prevention of loss by 

volatilization due to polyethylene cover. In addition, when soil is 

heated, much of the resident micro biota are killed and degraded, 

thus liberating the mineral nutrients. During solarization increased 

amounts of nitrogen (Principally NH4-N and/or N03-N) usually are 

liberated (Chen and Katan, 1980; Stapleton et at., 1985). 

The amount of available phosphorus estimated from solarized 

soil was found affected only marginally. The increase was invariably 

minor and non-significant. It is not contrary to observations made 



178 
by Kaewrung et al. (1989). However, several others have reported 

increased 'F' content in solarized. soil (Ahmad et al., 1996; Arora, 

1998; Patel and Patel, 1997). Inconsistent changes in available K 

content of soil were observed after solarization in the present study. 

Significant increase in available K in solarized soil has been reported 

(Arora ,1998; Gruntzweig et al.,1998; Patel and Patel, 1997). 

Ahmad et al. (1996) reported higher levels of K in solarized plots 

but Kaerwrung et al. (1989) observed no effect of concentration on 

K+ in soil after solarization. A summary of causes and consequences 

of solarization on soil's physics and chemistry is shown in Fig. 45. 

PE-MULCHING 

Effects on soil's h sical and chemical factors 

Temperature increased 
Temperature high-low-daily 
Moisture in soil (almost constant (at field capacity) 
Macronu trients-availability / concentration increased 
(N, P, K, etc.) 
Micronutrients-increased most but not all 
Soil's microbial equilibrium modified 

Pathogen control 
Elimination of minor pathogens / parasites 
Increased macro and micronutrients in soil solution 
Destruction of phytotoxic substrances 
Release of growth regulators like substances 
Stimulation of mycorrhizal associations 

Stimulation of PGPR and biocontrol agents 

Fig. 45 : Solarization changes soil's physics and chemistry 

Disease-incidence 

One of the principle reasons for using the technique of soil 

solarization is to reduce the incidence of pre as well as post-



emergence damping-off of horticultural crops raised in nurseries .. In 

the present study, solarization was done at two sites. At VRC, four 

crops-cauliflower, cabbage, tomato and onion were raised in 

sequence while at floriculture block calendula and aster were grown~ 

The observations revealed that solarization alone caused significant 

reduction in seedling mortality of the crops grown. Such 

observations have invariably been recorded by several workers (Al-

Kafagi et aI., 1988; Esfahani, 1991; Minuto et aI., 1995; Mishra, 

1997; Wajid et al., 1995). 

Integration of solarization with seed-treatment using seed 

dressing fungicides (Vitavax, Thiram, Apron) and biocontrol agents 

(T. harzianum and P. fluorescens) further increased disease 

controlling potential of the solarized soil. During solarization, the 

propagules of such pathogens as Pythium, Fusarium, S. rolfsii and R. 

solani are drastically reduced due to hydrothermal effects generated 

during solarization. -Since the inoculum potential of these pathogens 

are either reduced or suppressed, the infection of seedlings got 

automatically reduced. In addition, the biological vacuum that is 

created due to destruction of the general micro flora, biological 

control automatically comes into play. Most biocontrol agents are 

thermotolerant. Their popUlations after solarization increase very 

fast due to physical and biological spaces that are available in plenty. 

Therefore, besides direct physical effects of solarization, biological 

factors particularly recolonization of the soil and rhizosphere 

provides control of the seedlings being raised in nurseries. 
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Integration with seed dressing fungicides further increased and 

strengthened disease control. It is so, obviously because the 

fungicides applied through seeds are known to provide temporary 

protection to the radicles and plumules that emerge and which 

ultimately develop into plants (Rao and Krishnappa, 1995; Mishra, 

1997). 

Similarly, the application of biocontrol agents T. harzianum_ 

and P. fluorescens further augmented disease controlling efficiency of 

solarization. There are numerous references 'available which clearly 

reveal the utility of these bioagents as far as protection of seeds and 

seedlings is concerned (Rao and Krishnappa, 1995). 

Thus it is clear from the citations that solarization does reduce 

diseases of nursery crops significantly. Thermal inactivation of the 

pathogen (The physical effect) appears the major one. Drastic 

reduction in counts of Pythium sp., the major pathogen were found. 

Its recovery was too low and too slow to warrant any other treatment. 

Similarly several others (Esfahani, 1991 and Mishra, 1997) have 

recorded significant reduction in inoculum potential of the pathogens 

causing damping-off. In a number of studies, we have found that a 

variety of soil borne pathogens are killed in the temperature range of 

37-S0°C in both soil and agar. Percentage of survival when plotted 

against exposure time of a given temperature yields sigmoid curve. A 

linear relationship (r=-O.99) appears invariably upon plotting 

logarithms of the time required to kill 90 per cent of the propagules 

against the temperature. If one takes Yarwood's (1975) proposal for 

adoption of temperature coefficient (QlO) for determining the time 
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temperature relationships in heat inactivation, then QlO for 

inactivation is calculated as: 

Q _(EDso atT1 )__!_2_ 
10 -

EDso atT2 T2 - Tj 

Where, Tl and T2 are the lower and higher temperature, respectively. 

Besides thermal inactivation, several other processes are 

operative simultaneous and concurrently. The overall mechanisms 

operative in reducing disease-incidence are outlined in Fig. 46. 

DS = IP x DP 
IP = ID x IC 

DP = susceptibility x Proneness 

solarization+ of the soil 

• Thermal inactivation ~ (ID x IC) 
ID reduced'" weakened propagules sublethal heating 

t 
Microbial killing . 
Fungistasi~ annulment ~ lysis . 
Mycoparasitism by antagonists 
Competition/ antibiosis operative 
Effect on host due to cross-protection 

Fig. 46 : Solarization and suppression of diseases and their 
causal agents 

Growth response 

Soil solarization invariably improved plant health, of the crops 

grown in solarized soils. This increased plant growth response was 
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measured by measuring parameters like shoot length, fresh weight of 

roots and shoots as well as dry weight of roots and shoots. Similar 

observations have been made by workers working on soil solarization 

(Elad et al., 1980; Greenberger et at, 1987; Martyn and Hertz, 

1986; Pullman et al., 198.1,; Stapleton et al., 1985'). The reason 

for PGR could be many. Since pathogens parasitizing the plants are 

decimated, the health improved automatically. Besides this, the 

weeds that compete for soil nutrition are eliminated so least 

competition. In addition, killed weeds decompose to add organic 

matter to soil, thus providing additional nutrients and creating 

favourable microbial environment. All these add positively to crop 

health. The best probable reason recorded so far is increased 

solubility and availability of several nutrients (macro- and micro­

trace) in moist soils solarized during hot sunny days. Significant 

increase in Ee, nitrogen, and minor increase in and P205, organic 

carbon in enough proportions. All such increased availability affect 

crop growth positively (Chaube and Singh, 1991; Greenberger et 

al., 1987; Stapleton et al., 1987). Microbial factor is another 

important factor. Mycorrhizal association found increased in most of 

the research reports. PGPR (P. fluorescens and Bacillus sp.) favoured 

to grow and dominate rhizosphere niches. Biocontrol agents like 

Trichoderma spp. favoured to grow and multiply in solarized soils. All 

such developments are in favour of good plant health. Our 

observations are in accordance with those, which are in majority. 
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Invariably significant increase in plant growth including yield has 

been recorded (Bourbos and Skowdridakis, 1996; Chen and 

Katan, 1980; Elad et al., 1980; Gamliel et al., 1993). 

Solarization at low temperature 

In an unusual attempt, a simulated field trial was conducted 

during winter (low temperature 4-30°C) to explore the possible use of 

solarization during such periods. It was also attempted to know as 

to what extent the low temperature solarization hastens the 

decomposition of organic amendments. The soil temperature 

increased during solarization and in amended soil the temperature 

was invariably on higher side. Blok et al. (2000) and Gamliel and 

Katan (1993a,b) too have made such observations. Such rise in 

temperature during organic matter decomposition are known. Since 

increased temperature must have favoured thermotolerants 

dominated by decomposers within fungi and bacteria. 

Decomposition increases heat generation, gaseous productions and 

other activities (physical, chemical and biological). 

Improved growth response as observed in present study in 

organically amended soil, might have been for obvious reasons of 

increased availability of mineral nutrients released by decomposition 

process (Blok et al., 2000; Gamliel and Stapl~ton, 1993b). This 

trial opens up the possible use of this technique during winters (if 

the land is free). Improved plant growth response and reduction in 



deleterious agents can be achieved during solarization at low 

temperature. 

Soil Microbiology 

In the present study, several groups of organisms and/or 

specific ones were assessed periodically to observe changes in major 

constituents of soil microflora. Factors included were fungi, bacteria, 

Pythium sp., P. jluorescens, Bacillus sp., Trichoderma, the biocontrol 

agents. Solarization for a month, in general caused significant 

reduction in microbial du. Fungi reduced by over 60 per cent, 

bacteria by about 80 per cent, Pythium by almost 100 per cent. 

During solarization the temperature reaches up well above 

60°C. The increase and decrease - the daily cycle more lethal to 

propagules existing at diffeent niches in soil. Among eliminations 

taking place include those that grow at low temperature. Even those 

propagules that can tolerate increased temperature because of 

resting structures, get weakened and thus eliminated in competition 

of microbial growth. Populations of oxidase negative fluorescent 

pseudomonads and gram negative bacteria Bacillus species reduced 

significantly during soil solarization. 
l. 

Stapeton and DeVay (1985) ,. 
too have recorded such fmdings. Surprisingly after solarization, 

pseudomonads quickly recolonized the soil. Greater increase in 

populations of fluorescent pseudodonads under which transparent 

polyethylene of 200 G thickness may be attributed to greater 

temperature white favoured their growth. With progress of nursery 



raising, the populations of fungi, bacteria, PGPR, recovered, rather 

increased in most cases. However, there was change in microbial 

make-up. Before solarization soil had a mixed popUlation of 6 to 7 

fungi but after solarization fungi like Trichoderma, Aspergillus, and 

an unidentified non-pathogenic Fusarium dominated. 

Thus a shift in microbial populations was observed. 

Antagonists increased in solarized soil. Thus, sqil suppresiveness 

increases. The introduction of suppressiveness is purely microbial. 

This accounts for biological control of fungi like Pythium, Fusarium, 

Sclerotium and Rhizoctonia, as recorded in the study. Such shifts 

have been recorded by several others (Gamliel and Stapleton, 1993 

a,bj Stapleton and DeVay, 1986; Tjamos and Fravel, 199~). 

Populations of fungi that were reduced drastically, recovered 

fully within 60 days of solarization, and then increased gradually 

over initia1 population by over 150-200 per cent up to 120 days after 

solarization, which might have resulted in long-term effectivity of soil 

solarization. Benefits of soil solarization have been reported to last 

for about three growing seasons-(Greenberger et' al., 1987; Katan, 

1987; Stapleton and DeVay, 1986; Tjamos aild Paplomatas, 

1988). 

Population of damping-off causing pathogen, Pythium sp. were 

reduced. below detectable levels up to 60 days after solarization . 

. Suppression of Pythium population by solarization has earlier been 

reported (Pullman et al., 1981; Gamliel and Stapleton, 1993a). 



Reduction in soil populations of Pythium was because of high 

temperature during solarization as temperatures of 37 -39°C are 

lethal to Pythium spp. (Pullman et al., 1981). 

Long-term suppression of populations Pythium species, 

following solarization may be the result of antagonism excerted by 

increased population of antagonists. Trichoderma, Bacillus and 

pseudomonads. Thus, reduction in populations of Pythium observed 

in solarized soil may be attributed to biological control mechanisms 

in addition to thermal killing. Increased population of bacterial 

antagonists III solarized soil might be an important· factor in the 

suppression of pathogens as shown in previous studies (Cook and 

Baker, 1983; Gamliel and Katan, 1991, 1993; Stapleton and 

DeVay, 1984). 

Weed control 

Solarization of wet soil for a period of four weeks reduced weed 

growth and development in all the fourteen species of weeds 

recorded. Except C. rotundus, that was reduced only to the extent of 

80 per cent, remaining weeks were eliminated thus confIrming the 

previous results (Ahmed. et. al., 1996; Esfahani, 1991; Horo'6)"itz. 
R~. 
~,,1980; Katan et al., 1980; Rubin and Benzamin, 1981). 

The reason for survival and appearance of about 25 per cent 

popUlation of C. rotundus could be the location of its suckers. (the 

survival and propagating structure at different soil horizons). There 

appears the possibility that suckers survived in the horizons were 

1.86 
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temperature did not reach lethal proportions. Therefore the weed 

concemed appeared after solarization. 

Based on the information generated here and elsewhere the 

scenario that develops is that the solarization is a technique which 

affects disease triangle (Pathogen~Host~Environment) and also the 

equation DS = IP(IDXIC)X DP (Susceptibility x Proneness). 

In terms of principal, practices and philosophy, it has intrinsic 

integrated action. The pathogens are killed by 

physical/biological/ chemical means), the host is healthier (soil 

chemistry / soil microbiology) and the environment changes biotically 

as well as abiotically. Chaube and Singh (1991) proposed a 

mechanism for improved PGR and reduction in disease severity. We 

endeaour to modify and propose (Fig. 47) another to explain the 

mechanism. 

Solar Radiation 

SPF,SCF,SBF 

Disease-Triangle 
DS = IP x DP 

PPGR -- Nutrients --. Microbes 

Host o Pathogen 0 Microbes 

INTEGRATED ACTION 

Disease reduced Plant growth improved . 

Fig. 47 : Schematic diagram of the mechanisms of disease 
management and IPGR through solarization 





6. SUMMARY 

Physico-chemical properties 

1. Polyethylene mulching of soil was proved to conserve 

approximately 50-60 per cent soil moisture. 

2. In solarized soil the temperature increased by over 10-12oC. White 

transparent and red coloured polyethylene sheeting increased soil 

temperature more efficiently as compared to black. 

3. Soil solarizatio:n for 30 days did not change soil pH but status of 

electrical conductivity (EC) was improved significantly. Average 

increase was 234 per cent at VRC and 175 per cent at floriculture 

block. 

4. Levels of available phosphorus and potash per hectare did 

change positively but non-significantly. Availability of potash 

increased by 13 per cent and that of phosphorus by 47 per cent 

over non-solarized soil at VRC. At· floriculture block, respective 

changes were of 23 and 20.5 per cent over check. 

5. Organic carbon did not change but total nitrogen increased 

significantly. The increase was to the extent of 80 per cent. 

Disease-incidence 

1. Soil solarization reduced damping-off (pre + post emergence) of 

cauliflower by over 40 per cent. Integration with chemical and 

bioagent seed-treatments further increased effectivity of 

solarization seed-treatment with apron and BCA's (Trichodenna 

harzianum and Pseudomonas fluorescens) were distinctly 

superior. 



2. Black and red polyethylene used for mulching were inferior to 

white transparent film as incidence of damping-off was higher. 

3. Incidence of damping-off of cabbage, raised after cauliflower, too 

reduced by over 30 per cent. Integration of seed-treatment 

improved disease controlling potential of solarized soil. 

4. Tomato nursery, was raised as third crop and incidence of 

damping-off was reduced but non-significantly. 

5. In onion nursery as fourth crop raised in succession, per cent 

decrease in damping-off incidence was approximately 10-15 per 

cent over control. 

6. At floriculture block, calendula was raised as first nursery crop. 

Solarization alone reduced damping-off by over 54 per cent. 

Seed-treatments further accentuated the .effect of solarization. 

Seed-treatment with T. harzianum was superior over others. 

7. After removal of calendula, nursery of aster· was raised. 

Incidence of damping-off decreased, but by about only 20 per 

cent. 

Growth response 

Soil solarization with or without seed-treatment caused significant 

improvement in health of seedlings raised in nurseries. Improved 

plant health measured through changes in shoot length, fresh and 

dry root weight as well as fresh and dry root weight are as follows: 

Shoot length 

1. (a) Shoot length of cauliflower increased by over 80 per cent while 

in cabbage the increase was approximately 40-45 per cent. 
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Improvement in shoot length of tomato and onion was marginal or 

non-significant. 

(b) Shoot length of calendula increase by over 200 per cent and that 

of aster by over 130 per cent. 

Fresh shoot weight 

2. (a) Like other growth parameters, fresh shoot weight of cauliflower 

increased approXimately by over 100 per cent. Improved fresh 

shoot weight of cabbage was approximately 40 per cent but that of 

tomato was over 100 per cent. Fresh shoot weight of onion 

increased only marginally. 

(b) Fresh shoot weight of calendula increased by over 130 per cent 

and in case of aster raised as second crop, the improvement was 

over 80 per cent. 

v. Dry shoot weight 

3. (a) In solarized plots dry shoot weight of cauliflower, cabbage, 

tomato and onion increased by 110, 86, 15 and 47 per cent, 

respectively over to that recorded under non-solarized condition. 

(b) Dry shoot weight of calendula increased by about 130 per cent 

and that of aster by about 55 per cent. 

Fresh root weight 

4. (a) Fresh root weight of cauliflower increased approximately by 70 

per cent while that of cabbage to the extent of 240 per cent. Fresh 

root weight of tomato and onion increased by over 70 and 35 per 

cent, respectively. 
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(b) Fresh root weight of calendula increased by over 250 per cent 

while in of aster the improvement was around 60 per cent. 

Dry root weight 

5. (a) Solarization increased dry root weight of cauliflower by over 90 

per cent while that of cabbage up to 200 per cent. Similarly dry 

root weight of tomato and onion also increased substantially. 

(b) Dry root weight of calendula increased by 150 to 350 per cent 

and that of aster by above 60 per cent. 

Soil microflora 

1. Populations of fungi declined sharply when estimated after a 

month's solarization. The reduction ranged from 70 to 80 per 

cent. 30 days after mulching and raising first nursery, the 

popUlations recovered steadily and reduction reached below 50 

per cent and then increasing by 20 to 30 per cent. 

2. Total fungi recovered almost fully after raising three nursery 

crops subsequently. 

3. Though thickness of the fIlm caused non-significant effect, as 

variable but colour had significant effect. White and red were 

distinctly superior over black. 

4. Like fungi, total bacteria too, declined sharply after solarization 

but recovery was much faster than fungi as by 60th days 

populations increased up to 70 per cent over initial count. 

5.· The increase in bacterial flora estimated at 120 days showed 

steady increase and attained more than 88 per cent over its 



original population indicating suitability of physico-chemical and 

biological niche for bacterial growth. 

6. Similar to fungi ,and bacteria, counts of naturally occurring 

counts of Trichoderma declined by over 80 per cent immediately 

solarization. Subsequently crop cultivation helped in recovery of 

its population and by 120th day the increase was about 45 per 

cent over its natural counts. 

7. Effect of solarization was drastic on natural populations of 

Pythium species. The recoverable population declined by 95 to 

100 per cent. It was only after 90 days that some minor recovery 

took place but it was non-significant. 

8 .. The PGPR, Pseudomonas fluorescens too, declined but not to the 

magnitude that observed with other microflora. After solarization 

the reduction was about 50 per cent but by 60th day i.e. after 

two nurseries the recovery was of high magnitUde reaching up 

to 190 per cent over initial population. 

9. Maximum reduction in populations of PGPR was caused by 

white, followed black and then red film. The subsequent increase 

was however, highest in red followed by black and then white. 

10. Solarization reduced populations of Bacillus species by over 60 

per cent but in subsequent months increased approximately by 

60 to 179 per cent over their initial population. 

Weed control 

1. All the fourteen species of weeds dominated by Ageratum 

con joides, Cynodon, Euphorbia, Oxalis, etc. occuring naturally 
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were fully eliminated. However, the control of C. rotundus was 

only 82 per cent. 

2. White polyethylene followed by red and then black was effective 

in controlling weeds. Thickness of polyethylene as variables were 

non -significant. 

Solarization at low temperature 

1. Daily temperature increased by about 60 per cent in organically 

amended soil compared to 20 per cent in non-amended solarized 

soil over to that in non-solarized soil. 

2. An additional increase of about 4-7oC in daily temperature 

during solarization was observed by incorporation of organic 

amendments before solarization. 

3. Plant growth was improved in organically amended solarized 

soils. Except cotton seed cake other amendments improved plant 

growth .. FYM amendment was proved superior over others in 

case of tomato. 

4. Spent compost and c~icken manure incorporation before 

solarization increased shoot and root length but FYM was 

superior over others in both the crops (tomato and brinjal). 
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ABSTRACT 

Soil solarization, a hydrothermal disinfestation approach, operates 
through complex mechanisms creating physical, chemical and biological 
changes in soil. Such changes reflect on improved plant growth and reduced 
nursery diseases. In the present study, effects of colours, thickness, duration 
of solarization and its integration with seed-treatments, on damping-off of 
horticultural crops, plant growth and changes in physico-chemical properties 
of soil were studied. 

The results recorded included (1) moisture content of solarized soil did 
not change, non-solarized soil lost it by over 60%, (2) soil temperature 
increased by 10-1SDC. White transparent polyethylene was most effective and 
thickness caused no significant changes. While there was no change in soil 
pH, electric~ conductivity, total nitrogen and available potassium increased 
significantly. Available phosphorus and organic carbon changed non­
significantly. 

Incidence of damping-off reduced, mostly significantly. Disease 
reduction was highest in the first two crops. The effect of solarization 
persisted and integration with seed-treatments improved disease control. The 
effect on plant growth was notable. Significant to highly significant increase in 
biomass of plants was recorded. Growth promotory effects lasted for six 
months or duration of four nurseries. 

Microbial equilibrium was modified. Most organisms were eliminated 
and/ or reduced during solarization. Pythium was almost completely 
eliminated. Thermotolerent and thermophilic sapropathytes recovered and 
occupied niches. Among them, the counts of antagonists Trichoderma, 
Bacillus sp. and pseudomonads increased many folds. This provided biological 
control as the cultivation progressed. Weeds except C. rotundus were 
controlled. 

Solarization at low temperature is possible and profitable. Plant growth 
improved substantially and organic matter decomposition hastened. Based on 
the analysis of the information gathered, the mechanism to explain its 
integrated character is proposed. 

(Deepa Khulbe) 
Authoress 




