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Abstract

Soil solarization against tomato wilE@sarium oxysporum sp. Lycopersic)
tomato crown and root rot=(isarium oxysporunf. sp. radiceslycopersic)

were conducted for seven wedksthe summer2011 and 2012n Al-Aroub
Agricultural Experimental Station, located in the southern mountsHiribe

West Bank, Palestine. Double polyethylene sheets combined with 10%
chicken organienanure (DPE+OM), Double polyethylene sheets (DPE) and
regular polyethylene shee{#E), were comparedbr their effects on soll
temperature, pathogens populationgjisease severity, and plant growth.
Results showed that in comparison to the control, DPE+OM, DPE, and PE
treatments increased the mean maximum soil temperatures by 15.2, 10.5, and
6.§C, respectively, in 2011 and by 16.4, 12.5, an&@.@spectivelyin 2012.

The pathogens population were highly redu¢€&¥%) under the DPE+OM
treatment in both seasons and to a lesser extent by the other treatments.
addition, solarization completely suppressed the diseases under the DPE and
DPE+OM treatments in both seasoRsrthermy it stimulated the plant fresh
weight up to 600% under the DPE+OM due to the inereds available
nitrogentow forms, and major cations. €hresuls clearly revealed that using
double layer in combination with 10% of chicken mansoal amendment
before treatment dhe use oflouble layer sheets alone enhanced the efficiency

of soil solarization intheuplands



1. Introduction

1.1Background

Sal solarization is a hydrothermal soil heatiraf moist soil covered with clear
polyethylene shestduring the summer period. With solarization, soil
temperaturegeach levels thaare lethal to many plant pathogens and pests
(Stapleton andeVay, 198J. The process also results in a series of changes,
which affects biologicahndphysiochemical properties of the soil that improve
the growth and development of plantSe{/ay,199). Mashingaidze and
Chivinge, (1998 described solarization abdé enhancement or catchment of
solar or sunds radiant energy to heat
seedlings, plant pests and disease propag@kesization is achieved by
covering soilwith clear or black plastic film during the hot dry seaswhich
raises soil temperatures to levelsat are lethal or injurious to many plant
pathogens, pests and weefisil solarization is therefor@n approach to soil
disinfestation which uses passive solar heating of moist soil mulched with
plastic shetng (usually transparent polyethylene). Although the execution of
solarization is simple, the overall mode of action can be complex, involving a
combination of several interrelated processes which occur in treated soil and

result in increased healtprowth, yield, and quality of crop plant¥Ktan,



1987, Stapleton and DeVay, 1995; Stapleton, )J99Bolarization has been
shown to successfully manage bacterial and fungal pathogtng (et al.,

1993; Shlevin et al., 2004weeds $tandifer et al., 1984 atterson 1998 and
nematodes Ghellemi et al., 1993; McSorley et al.,, 1999; McGovern et al.,
2002. Biological, chemical and physical methodst soil treatmenthave

been used before planting to reduce inoculum density or disease potential of
pathogensin the soil. Chemical soil disinfection is mainly accomplished
through chemical fumigation. Fumigation with major biocides though
effective and commonly used in most parts of the world in some qropged

to be hazardus to theenvironmentindexpensie (Katanetal. 1976).

1.2 Principle of solarization

The mechanism of soil solarization in reducing soil borne pathogens and
pests is attributed to the greenhouse effect, elimination of evaporation from
the soil and other mechanisnisaan, 198). DeVay (1999 highlighted

that the duration of soil solarization is important since the effectiveness of
the technology is time and temperature depend#apleton (1991has also
reported that many sellorne pathogens and weeds were adequately
controlled by 48 weeks of solarization at temperatures abov€ 40The

greenhouse effect is produced by the difference in permeability of two
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categories of radiation: solar and terrestrial radiation. To produce maximum
greenhouse effect and to act effectively asuatrap, the ideal material
should be transparent to solar radiation (280 to 2&®) but completely
opaque to terrestrial radiation (5000 t@®@B@6nm). In addition, Polyethylene
mulch reduces heat convection and water evaporation from the soil to the
atmosphere as a result of the formation of water droplets on the inner surface
which reduces its transmissivity to long wave radiation, resulting in better

heating of the soil§rown, et al , 1997).

1.3 Factorsinfluencing effectiveness of soildarization
The effectiveness of soil solarization in disinfecting soil is directly related to
moisture, wavelength transmittance and thickness of plastic covering sheets,
intensity of irradiance, day length, air temperature and soil preparation prior

to the coveringvith the plastic sheet®g¢ Vay, 1995.

1.3.1. Soil Temperature

Soil temperature is the most important variable in the process of soil
solarization. For mesophylic organismsa temperature threshold of about
37e @ critical. The accumulation of heat effects at this or higher temperatures

over time is lethal. With increasing temperature, less time is required to reach
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a lethal combination of time and temperature. During solarization, soil
temperatures are achieved which atbhdeto many plant pathogens and pests
and also cause complex changes in the biological, physical and chemical
properties of the soil that improve the growth and development of plants
(DeVay et al., 1990

Organisms sensitive to high soil temperaturdsictv occur during solarization,
have a greater amount of unsaturated cellular lipids than there@nt or
thermophylic organisms.Thus, mesophilic organisms, which do not survive
the high temperatures in solarized soil, have lower melting fatty aditkein
membrane lipids and lower phase transition temperatures for the lijpd&y

et al.( 1990. DeVay, (1991, reportedthat depending on soil depth, maximum
temperatures of solarized solil in the field are commonly between 42To0ab5

the 2.5 cmdepth and range from 32to 36C at greater deptbisig loosely
stretched plastic mulch founcbnsistently higher soil temperatures at 2 cm
depth under the clear plastic than the black plastic, but the temperatures
generated were not high enough to affeabiity of weed seeds resident in the

soil layers near the surfatéashingaidze et al., (1996Results obtained in this
research suggested that solarization could be an effective method of sanitizing

the soil of weed seeds, disease and pest propadutbe,plastic mulches are
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laid on the soil surface for the duration of the hot dry pathe season, from
September to early November.

Further sudies carried out byacobshn et al., (1980showed that in all cases

soil temperatures in plastic mulchplbts were higher than in the nomulched

ones. On extremely hot days, soil temperatures in the top layer of the clear
plastic mulched plots reached $. Mansoori and Jaliani(1996) reported
maximum average soil temperatures o63Bhnd 44¢C in nonsolarized and
solarized soil respectively. Temperatures commonly reached under normal
conditions of soil solarization during the hot months of the year are 35C and 60
eC depending on soil depth, but soil temperatures decrease with increasing soil
depth

Concernigy plastic sheets colprsoil temperatures under transparent plastic
films rise by several degrees during the @& to 1@&C ) depending on the
season, soil typehe level of sunshine and moisture. At night, the difference in
temperature betweetransparenplastic covered and bare soil is less (between

2¢C and 4C) (DeVay, 199).

1.3.2. Moisture
Soil moisture is a critical variable in soil solarization since the transfer of heat

to weed seeds and mieanganisms in soil is greatly increased by moisture.
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The temperature maxima of soils increase with increasing soil moisture
(Mahrer, 1984; James, Bay, 199). Water helps to conduct heat, and best
results obtained if soil is moist but not waterlogged or muddy. If the soil is very
dry and dusty, the solarization will not work as well. On sandy soils, the best
conditions arafter rain or irrigationthe day before plastic is applied. If rain or
irrigation occur just a short time before applying plastic, the soil can be heavy,
muddy, or otherwise difficult to work with, and the clear plastic can get dirty
(Robert and Harsimran, 20L0Net soil conductéieat better than dry soil and
makes soil organisms more vulnerable to h@aimore et al, 1997 The soil

does not usually need to be irrigated again during solarization, although if the
soil is very light and sandy, or if the soil moisture is less th@percent of

field capacity, it may be necessary to irrigate a second time. This will cool the
soil, but because of the increased moisture thd temperatures will be
greater(Elmore et al, 1997 Wetting agents in the film allow humidity to
condensan a thin, continuous layer that also traps heat without significantly

reducing the lightransmittance of the plasticamberti and Basile, 1991
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1.3.3 Nutrients

Soil solarization increases the release of soluble nutrients (inorganic N forms,
extracable P, and K, available cations, and dissolved acgamatter) due to

soil heatingand consequently results in improved plant growth and yield
increase Gelsomino et al. 2006; Barakat and Al Masri, 20L2 The
availability of many mineral nutrients isdreased following the solarization
process, particularly those tied up in organic fraction such-aslN4 N- NO3,

Ca and Mg. The nutrients may provide the equivalent of apent fertilizer
dosage {atan, 1980).

Increases in soluble mineral nutrientsluding NH4, NO3, P, K*, C&?,

Mg*?, Mn*?, Fe? CI and CU? have been detected in solarized soilé€n et

al., 199). Wet soils covered with plastic mulch and protected from solar
irradiation and heatinglid not differ in chemical properties frommtreated
control soils Gtapleton et al., 1985 This suggests that heating causes the
release of soluble mineral nutrients from soil organic madtdrough mulches

can also increase nutrient concentrations by reducing leaching of solutes

(Stevens et a/199)).
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1.3.4. Soil properties

Soil solarization is influenced by the thermal condueswf the soil and in

return is affected by soil propertidsquid and gaseous thermal conductivity
depend on the proportions bulk of these ingredients, the size and arrangement
of solid particles, and the connection between the phases of solid and liquid
(Jury and Horton, 2004 With reducedthermal coductivity, thereis a
decreasedatticle size and increaseoulk densityin soil as well as water
content (Klein, 201). Usually, darker soils absorb more solar radiation
compared tdighter colored soils anthereforegain higher teperatures during

solarization Elmoreet al, 1997.

1.3.5. Plastic type

Mulches used for solarization are films of plastic polymers, usually
polyethylene (PE), polyvinyl chloride (PVC), or ethylenayl acetate (EVA).

PE films are the most widely used. Among the desirahkracteristics that
make PE films popular are tensile strength, resistance to tearing when exposed
to strong winds and low cosBi(own et al 199; Khalid, 201.

The optical properties of PVC and EVA are more desirable than those of PE
for soil solarizatbon, but their manufacture is more complicated and therefore,

they are more expensivdLamberti and Basile, 1991 Gutkowski
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andlerranova (1991) observed that temperatures in soils mulched with EVA
films are higher than in soils mulched with PE films . Plastic films can contain
additives that improve their properties for use in solarization. Additives include
pigments, heatetaining substances,etting agents, ultraviolet stabilizers and
photodegradable or biodegradable additiviesoyn et al, 199; Steven®t al
1997). Pigments alter the photometric characteristics of plastic films. Since the
optical properties of the mulch determine the irradéatand sensible heat
fluxes in soil under solarizatiofHamet d., 1993) Pigmentation of the plastic
plays an important role in the efficiency of the mulch in soil energy
managementAlkayssi and Alkaraghouli, (1991tested the performance of
different colors of plastic mulches for soil solarization and reported that soil
temperatures decreased for the colors in the following order: red, transparent,
green, blue, yellow and black. Traditionally, soil solarization has been
implemented using either transparemtlbdack mulches. Black PE films are
usually pigmented with carbon black fillers, while transparent films have no
pigmentat all. ~Abu-Gharbieh et al, (1991jeported that the use of black
mulch improved plant growth and yield of several crops in a magmitu
equivalent to that of transparent film. Since black film recorded lower
temperatures and was slightly inferior in reducing populations ofbsore

pathogens, mechanisms other than thermal death were suggested to explain the
17



equivalent yield responseistemperatures under transparent film were higher
than under black mulch. Heegtaining substances and wetting agents also play
a role in the photometric characteristics of the mulch. Mineral additives such as
aluminum silicates can be added to PE fibmsncrease their opacity to long
wave radiation and enhance the greenhouse effect in théBsown et al.,

1991; Stevens et .al1991; Chase et al., 199%lastic films degrade when
exposd to ultraviolet (UV) radiation The durability of plastic fillm can be
further controlled by the addition of other substances that increase the rate of
degradative processes. Photodegradable PE films contain substances that
accelerate the degradation of plastic exposed to light (for example, ferric ion
complexes or @lcium carbonate). Biodegradable plastics include substances in
the polymer matrix that can be metabolized by microorganisms in the soill,
accelerating the disintegration of the film into small particles. Film degradation
has been considered as an alteweatd inconvenient and costly removal and
disposal procedures traditionally used for plastic mul¢Beswn et al., 1991,

Stevens et al., 1991

1.3.6. Weather
Highest soil temperatures occur when days are loigdp,air temperatures are,

skies are clear, and there is no wind. The soil heating effect may be limited on
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cloudy days. Wind will disperse the trapped heat aray damage the plastic
sheets(Clyde, et al, 1997 There are occasions when even during optimal
periods of the year, cool air temperatures, extensive cloud cover, frequent or
persistent precipitation events, or other factors may not permit effective soll

solarization (Khalid, 2012; Sesveren, et a017).

1.3.7. Soil borne microorganisms and pathogens

The success of soil solarization relies on the fact that plant pathogens tend to be
less competitive than saprophytic microorganisms. Soon after the end of a
solarization treatment, microorganisms begin t@aknize soil, with highly
competitive orgaisms proliferating at increased rates and faster than other
organisms(Chen et al., 1991). Saprophytes become dominant after soil
treatment, outcompeting sdibrne pathogen®eVay and Katan, 1991
Solarization controls populations of many important soilborne fungal and
bacterial plant pathogensuh asVerticillium dahliae certainFusariumspp.

that cause Fusarium wilt in some cropBhytophthora cinnamomiwvhich
causes Phytophthora root rdigrobacterium tumefaciensvhich causes
crown gall diseaseClavibacter michiganensisvhich causes tomato canker;
and Streptomyces scabieshich causes potato scab. Some fungi and bacteria

are more difficult to control with solarization, such asaerhigh temperature
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fungi in the generdacrophomina, FusariumandPythium,and the soilborne
bacteriumPseudomonas solanacearu(997 and1999; Hartz et al, 2004 ;
Patterson 1998 ; McGoveat al, 2003.

Trichoderma, TalaromycesandAspergillusspp., survive or even increase in
solarized soilWilen, and BEmore 2007) Mycorrhizal fungi are more resistant

to heat than most plant pathogenic fungheir populations may be decreased

in the upper soil profile but studies have shown that thisoisenough to
reduce their colonization of host roots in solarized &8#énYephet et al.,
19889. Populations of the beneficial bacteBacillus andPseudomonaspp.

are reduced during solarization but recolonize the soil rapidly afterward
(Stapleton, et al2008)

Populationof Rhizobiumspp., which fix nitrogen in root nodules of legumes,
may be greatly reduced by solarization and should be reintroduced by
inoculation of leguminous seed. Soilborne populations of other nitrifying
bacteria a also reduced during solarization. Population levels of
actinomycetes are not greatly affected by soil solarization. Many members of
this group are known to be antagonistic to plant pathogenic (thgor et al ,
2009. Solarization reduces as well nernme populations in the soil.
Barbercheck and von Broembsgi986), reported reductions between 37 and

100% in nematode populations in soil solarized with clear plastic mulch
20



Stapleton and DeVay1983, observed that soil solarization resulted in a
significantly better control of nematodes than fumigation with- 1.3
dichloropropene.Stapleton and Heald(1991) reportedthat significant
decrease in populations dfieloidogyne javanicand increased cumber and
eggplant yields after soil solarization.

Soil solarization controlalso many annual and perennial weeds. While some
weed species are very sensitive to soil solarization, others are moderately
resistant and require optimum conditions (good sodisture, tighdfitting

plastic and high radiatiofor control(Elmore,et al., 1997.

Winter annual weeds seem to be especially sensitive to solarization, and
control of winter annuals is often evident for more than one year following
treatment. Soil darization is especially effective in controlling weeds in-fall
seeded crops such as onions, garlic, carrots, broccoli and other brassica crops

(Stapletonet al., 2008

1. 38. Agricultural practices

1.38.1. Soil amendments

Efforts have been made to shorten the required duration, and expand the
geqgraphic feasibility of solarizatioby increasing the temperatures achieved

during the process One strategy includes the addition of organic matter
21



amendment to the soil prior to solatibam. This increase in mineralizable
carbon content results in a sharp increase in thermophilic microbial growth and
respiration accompanied by the generation of heat. It has been shown that
relatively small increases in temperature can have a disprapatei effect on

the time necessary for inactivating pathog€nsVay, et al 198) and weed
propagulegEgley, 1990. Gamliel and Stapletor{1993 reported an increase

in temperature (3 ¢ C) in soils amended with cfF
amended soils during solarization, as well as increased crop yield, improved
control of rootknot nematodes, and increased soil suppressiveness for
pathogenic fugi and bacteria. Some of these benefits were attributed directly
to the temperature increase though complimentary effects of increased levels of
beneficial thermophilic microbes and release of volatile organic compounds
(VOCs) were considered. The incredstemperature due to exothermic
microbial degradation of organic matter may also allow for treatment at deeper
levels than afforded by solarization alone. Amendment of soil with organic
matter can significantly increase soil temperatures. However, dtineg
stabilization processoils can become phytotoxic due to the evolution of the
same (VOCs) that may contribute to the enhanced effectiveness of amended
solarization. The solarization treatment must be long enough to allow sufficient

stabilization of he soil and adequate dissipation of the VOCs prior to the
22



planting of crops. Howevefimmonset al.,(2012)showed that by the end of
22 days of solarization, the remaining biological activity did not produce
sufficient levels of phytotoxic compounds significantly decrease seedling

germination and growth compared to the control.

1.3.8.2. Tillage

Soil temperature during solarization depends on soil heat capacity, thermal
conductivity and environmental factors like solar radiation and climate.

Thermal characteristics of soil are influenced largely by soil water content,
bulk density, soil chemistrgnd mineralogy. Tillage is among the treatments

that changes soil bulk density and therefore influences heat conduction.

1.4. Control of Fusarium diseases of tomato by solarization

1.4.1. Fusarium Wilt

Tomato fusariumwilt caused byFusarium oxysporunf. sp. lycopersiciis a
serious disease which causes heavy crop losses worldwide. Several
management options have been suggested to control the disease, including
using plant resistanvarieties balancd nitrogen fertilizer, four year crop
rotation soil fumigaton and soil solarization(loannoy et al., 200Q. In
palesting Fusarium wiltof tomato is a serious diseasender greenhouses

and open fieldconditions ( Barakat and Al Masri, 2011). The disease

23



managemenis very difficult due to its edophytic growth and persistence in
soil. It has become one of the most damaging diseases wherever tomatoes are
grown intensively due to the pathogen persistence in the infested soils
(Antonio, 2009 Soytong, 2012). Soil solarizationis a good alternativefor
controlling soil borne pathogeriacluding Fusariumspp. (Ashrafi et al.,
2010; Saremi et al., 2012¥0il solarization combined withherb residuesaoil
amendmentmproves the disinfestation efficacy agaissil bornepathogens
including Fusarium (Klein et al. 2011).In addition, Gamliel et al. (2000 a)
successfully controlled~usarium oxysporumn tomato, by combining soil
solarization and fumigation with either methyl bromide or metham sodium at
reduced rates. Minuto et al. (2006puced fumigation rates of dazomet in half
by implementing soil solarization, effectively controlling Fusarium,

Verticillium and Sclerotium in tomato, basil and lettuce crops

1.4.2. Fusarium Crown and root rot

Fusarium crown and root rot disease causedbgxysporumf.sp. radicis
lycopersici (FORL) is an important soelborne disease, with the potential to
limit productivity in green houseand field tomato crops. Substantial crop
losses in infected fields hawgven the disease international attention. In

contrast to Fusarium wilt, crown and root rot is favored by cool temperatures
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(10C to 20C), low soil pH, ammoniacal nitrogen, wafegged soilfurther
exacerbate the diseaséhénget al, 2011and Elmhirst, 2006).

Disease incidence and severity of crown and root rot in cucumber plants
inoculated with Fusarium oxysporumf. sp. radices cucumerinum
macroconidia were reduced by 20 to 8@%en seedlings were planted in
solarized soil(Klein et al. 2011).In further studies, soil solarization reduced
significant populationof F. oxysporuntf.sp. radicis-lycopersicidown to a
depth of 5 cm (Chellemi et al, 1994urthermore crown rot incidence was
significantly reduced by Metam Sodium (29%), solarization + Metam Sodium
(51%) and by Mthyl bromide chloropicrin(50%); disease severity was
significantly reduced (74%) bysingthe latter two treatmentsCartia (2002)
reported that soil solarizationin the open fieldafter 12 days of soil
solarization reduced survival of FORL propagules significantly. The
effectiveness oFORL control was improved by combing solarization with
manure, or extending the solarization treatment to 27 days. In a closed
greenhouse, solarization and biofumigation with bovine manure proved
effective in reducing the viability of FORL chlamydospores, reducing disease

incidence and in increasing commercial yield
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1.5. Induced Growth Response (IGR)

Soil solarization often enhances plant growth and yield in pathfsgersoils.

Noto (1994)reported higher yields and reduced diseases damage for tomato
plants grown on solarized soil, compared to those planted ksolanzedsoil.
However, yield was rorelated to root infection, indicating that solarization
effects could be attributed to mechanisms other than diseases cahtrdtl-

Megid (1998) documented increased plant growth of onion transplants
produced in solarized seedbeds, apparently withoaidence of diseases.
These reports correspond to a phenomenon known as increased growth
response (IGR) that has been attributed to several mechanisms, including
increases in nutrient levels in the soil solution, stimulation of beneficial
organisms and camol of minor pathogens3ruenzweig, 1993)The influence

of solarization on the chemical and physical characteristics of soil has been
documented. Increases in soluble mineral nutrieGtsel and Katanl1980;
Stapletonet al.1984)and dissolved organic mattéChenet al., 2000) have

been related to soil solarization and IGR in plants. Chemical characteristics of
soil determine the nutritional status of plants, therefore affecting its growth and
developmentGrunzweiget al.,(1998) documented increased concentrations of

N, Cu, and decreased Cl and SO4 in the xylem sap of tomato plants grown in

solarized sib. Solarization can induce IGR also by enhancing biocontrol
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processes.Le Bihan et al., (1997) documented significant decreasen
dampingoff in solarized soils that were associated with frequent isolations of
Trichodermaspp, Tjamos and Fravel (199%¢ported a synergistic interaction
between soil heating and the activity of the bioconfiebromyces flavuthat
increased themortality of microsclerotia oNerticillium dahliae Yicel and

Cali (1998)reported a synergistic interaction between soil solarization and the
application ofTrichoderma harzianunthat increased tomato yields to levels
equivalent to those obtained by figation with methyl bromide. Furthermore,
Gruenzweiget al.,(1993)studied the effects of solarization on growth patterns
and physiological processes as related to IGR for tomato, corn, cucumber,
sorghum and tobacco. Increased growth, accelerated deelgpaxtended
photosynthetic activity, increased protein levels and delayed senescence of
tissues were documented for plants grown in solarized s&ilsi1zweiget al.,
(2000) investigated the involvement of giberellins in the regulation of
increased tomat growth in solarized soil. Seedlings from solarized soil had

higher dry weights and leaf weight ratios.
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1.6. Combining soil solarization with other control methods

1.6.1. Soil solarization combination with chemical pesticide

Combining solarization withsoil fumigantsappears to be a practical and
powerful approach to improvinghe control of soilbornediseasesand
broadeningthe spectrum of affectedathogensg(Gamliel and Katan, 2009
Such combinations may enable reducing the dbsee needed pestae while
extending the effectiveness$ the treatments. Indeed, exposure of organitems
fumigans, at a lethal or sublethal dosage in combination giarization
should be considered from two points of view: as a wehyimproving
solarization, i.e. bytwortening length ofpplication and improvingathogen
control, or as a way amproving the other methods with which solarization is
combined. Furthermore, the combination of solarizatigith a low rate of the
appropriate pesticide mayrovide thebenefit of a more predictable treatment,
which is a requirement for commercial users, as it provalegider safety
mar gi n f or t htermsuccesatshmlet alti(2000)edtablishgd an
important and practicahtionale for the sequence of ajgplion of solarization
and fumigants. They showed that control effica€y reduced dose of methyl

bromide (MB) or metham sodium is strongly increased when applied after
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short solarization period of 8 days, after mulchihus, it was recommended

to apply solarization for ahort period and then introduce the desired fumigant

1.6.2. Soil solarization combination with biological control agents

Soil solarization has been effectively combined with biological control agents
including Talaromyces flavysT, harzianum and the Vesicular Arbuscular
Mycorrhizal (VAM) fungus Glomus fasciculatumto control plant diseases
Synergistic interactions have also been observed among soil solarization and
biological control agents. According avis (1991) the use 6 T,harzianum

with solarization in fields infested witRhizoctonia solanimproves disease
control while delaying the buildup of the inoculum. He also reported that
solarized soils are frequently more suppressive and less conducive to certain
soil bornepathogens than nesolarized soils.

The successful addition of biological control agentsadt before, during, or

after the solarization process wmrder to obtain increased and persistent
pesticidal &icacy has long beesought after by researchef$jamos and
Fravel 1995 andHibar et al, 2009. Therehave been great hopes of adding
specfic antagonisticand/or plant growth promoting microorganisms to
solarized soil, either by innundative release or with transplaotsother

propagative material, to establishl@g-term diseasesuppressive féect to
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subsequently planted crop¥atan, 1987; Stapleton and DeVay, 1R95
Tjamos and Fravel (199%5howed that the funguBalaromycesyavus when
added to solarized soil whicwas heated only to sublethdvels, was
detrimental to the survival o¥erticillium dahliae microsclerotia. In most
studies, howevelit appears that reolonization of solarized soil by thetive
biota is just as befieial to subsequent crops #&se addition of spedic
microorganismstapleton and DeVay, 1995

Microbial suppression dFusariumcrown and root rot of tomateesults from
microbial antagonism durinthe saprophytic growth dhe pathogenHibar et

al., 2003.

1.7. StudyObijectives

The objectives othis studyis to evaluatethe efficiency of adouble layeed
polyethylene (DPE) in combination wittrganic matterchickenmanurg soil
amendmentin the control of Fusarium wiltand Fusarium crown and root

rot diseasesf tomatoes in theouthern uplanslof theWestBank, Palestine.
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2. Material sand Methods

2.1 Soil preparation and solarization treatments

Two soil solarization field experiments were conductieding July 10" -
August 27, 2011 and July 17" - August 28", 2012 in Al-Aroub
Agricultural Experimental Station of the Faculty of Agriculture, Hebron
University, Hebron- Palestie. The soil was deeply plowed (30 crtyo
weeks beforestarting the experiment and nmted before mulching.
Experimentalplots were then irrigatetvith 80% field capacity,two days
before the start of the solarization periothe experimental desigfiable J
was a randomized complete block design with theeks (replicateg for
eachtreatment(5x5m). Four treatmentsvere involved: nofsolarized soil
(CK), solarized soil using0 pmregular polyethylene (PE) sheets, solarized
soil using double polyethylene sheets separateda [ cm (DPE), and
solarized soil using doublyeredpolyethylene sheets (DPE) plosganic
matter (maturechickenmanurel0 % v Two sets of inoculum bags &%
oxysporunt.sp. lycopersiciand two sets of inoculum bags 6f oxysporum
f.sp.radicis-lycopersiciwere incorporated at 2lmand 30cm depthsn each

experimendl plot. Experimenal plots were separated byneter borders
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Figure 1. Soil preparationand set up o$olarizationtreatments.

2.2.Pathogers Inoculum Preparation

The isolate of Fusarium oxysporurh sp.lycopersici (FOL) and F.

oxysporunt. sp. radicis lycopersici (FORL) used in the experimenwere
obtained from diseased tomatplants. Both fung were gown on Potato
DextroseAgar (PDA) medium amended with 300gl™ chloramphenicol. A
single-conidium culture were prepared andub cultured Petri plates were

incubated for 40days in the growth chamber aiC25with 12 hours
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photoperiodsFungal growth in the growing media was used to prepare the
chlamydosporeinoculum. Forty days were enough for most of the mycelial
cells to deelop into chlamydospores. The chlamydospore inoculuenew
shreddedand mixedwith dry sandy soil and propagules measured as CFUg
The dilutionplate techniquéBarakat and Al Masri, 20)Wwvas used to measure
inoculum in which 2.5 g of previouslyprepared soil inoculum were placed in
23 ml sterilizeddistilled water (1:10), and 02l of the suspension were spread
on each of the six Petri dishes containingmi5of selective peptor@CNB
agar medium prepared earlier. The Petri dishes wereiticebated at 2&
under darkness for three days and under natural room light for 4 days. The
numbers of F. oxysporumf. sp. lycopersici(FOL) and F. oxysporumf. sp.
radicis lycopersici(FORL) colonies were counted and the mednnoculuns
concentration was calibrated 610" CFU g'soil in 2011 and 8.0* CFU g*

soil in 2012for FOL, and 510* CFU g* soil in 2011 and ¥10* CFU g* soil
2012 for FORL. Ninety grams ofandy soilmixed with inoculum of each
pathogenwere placed in eachuslin bag. Small muslin bags containing the
inoculum were closed with plastic silks and incorporated in experimeotal p

at a depth of 20 and 30dar both pathogeits andseasofs experiments
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Table 1. Experimental design layout

2011 2012
Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
DPE+O.M DPE CK DPE+O.M CK DPE+O.M
PE DPE+O.M DPE DPE DPE+O.M DPE
CK PE DPE+O.M PE DPE CK
DPE CK PE CK PE PE

CK: Non solariationsoil (Control)
PE: Solariatiorsoil whith polyethylene sheet
DPE:Solariationsoil whith double layer of polyethylene sheet

DPE+OM Solariation soil whith double layer of
organic matterghicken manure

polyethylene sheet +

2.3. Soil temperature recording

The soiltemperature was recorded by HOBO data loggers (Onset Computer
Corporation, Bourne, USAduring the two solarization periods. The loggers
were calibratedto take a reading evedf minutes during théwvo solarization
periocs at the depth oft5 cm in the madle of all experimental plots. The
loggers were removed at the end of the period, and the data downloaded using
the BOXCar version 3.7 software (Onset Computer Corporatmurne,

USA).
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2.4. Diseass severity

Thedisease severitgf Fusariumwilt andFusarium crown and root r¢f#b) of
tomato plants growing in solarized and remlarized soils &re evaluated at
the endof the solarization periodn each experimental plot, three seilb
sampleswere randonyl collected at 20 cm and 30 cm deptiisd mixel
thoroughy to make one composite samplsach composite soil sampde both
depths were divided to two parts (100@ach). @Me partwasinoculted with
85 grams otheinoculumbagsof FOL and the othepartwith 85 grams with
the inoculumFORL. The experimental design was complgteandomized
with 5 replicates (pots) for eatreatment. Eachinoculated soisample(1000
gm.) was subdivideavenly irto 5 planting pot$200gm. each) The weight of
each of the 5 @s was finally adjusted with additial soil to 1000 gmin each
pot, 35 tomato seeslwere seeded in soilAfter emergence, the number of
seedlingswas reduced to threper pot. Plants were then incubated in a
greenhous at 25- 30 C, with 15 hours photoperiods. Plants weri irrigated
regularly with water. The number of diseasgldnts was recorded weekly from
week 2 to week 10 after sowinglhe accumulad number ofieadplants for
both diseases was documented andoercentages of both diseases were
calculated. The experimemn was repeated in the same manner ingheond

solarization season
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2.5. Estimation of pathogerts population

The population oFOL and FORLN the muslin bags buriegharlier in solarized
and no solarizedplots at two depths 40and 30 cm)in both seasonsvas
assessed aftervdeeks of solarizatioat the endof the solarization period. The
pathogen population in thauslin bags was measured as @Soil by using
the diluion plate techniquen selective peptoRRCNB agar mediuniNelson,
et al.,1983. Soil dilutions were prepared by taking §.5f soil in 25mL of
steriized distilled water(1 : 10)as stockand made serial dilutions (£010°3,
10%); 0.2 mL of the suspensioh0* was spread on each Petri diBtetri dishes
were thenincubated at 2& under darkness for three days and unhural
room light for 4 days. The number of propaguggswn was counted and
calculated as CFU per gram soil. Theperimental design was completely

randomized with fiveeplicates (Petri dishe®r each treatment.

2.6. Chemical analysisof soil

The solarized soil was classified as clay s(@B% sand, 13% silt, and 59%
clay; pH 7.3:EC..,5(25°C) 0.4ms cni; 22% CaC@, 2.1% organic matter;
40 mg kg' NH,"; 4.7 mg kg* NO; ; 27 mg kg* P; and 174 mg kg* K*).
Composite soil samples (100§) were collected from experimental plots.
Dry soil samples were then sievedl (@m) and the fine soil was used for
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chemical analysispH, EC,, ., »5 organic mattertotal nitrogen, ammonium,
nitrate, phosphorus, and availalgetassiump The soil pH and EC were
evaluated in water extracts (12.5, w/v) by pH meter (pH meter 3305,
Jenway, UK) and conductivity meter (conductivity met@iQ Jenway, UK)

The organic matter was evaluated by acidic wet oxidation with potassium
dichromate according to th@&/eakky-Back wet combustion method &n
1995. The exchangeable ammonium and nitrate were evaluated according to
the methods described Iffieeney and Nelsqri982. Available phosphorus
was measured by using theoly dateascorbic acid methoSommersand
Olsen,198). Exchangeable potassiumvas evaluated by the neutral
ammonium acetate methothe chemical analysis was repeated in the second

seasons.

2.7. Plant growth

To evaluate the effect of treatments on plagrtswth, hree soil subsamples
were randomly collected from the upper'é0 of each experimental plot.
After removing the top -8 cm of soil, the subsamples were mixed thoroughly
to make one composite sample. Each composite soil saBkgjewasdivided
into 5 pots (replicates)000 g eachTomato seeds (5) were then seeded in

each pot. After emergence, the number of seedlings was reduced to 1 per pot.

37



Plants were then incubated under greenhouse conditions at 25°C for two
monthsandirrigated daily After 60 days, the plants height were measured
andt he pl antédés fresh andThedryweightwaght s
evaluated after drying the plants at 105 A completely randomized desig

was used with five replicatéplants) for each block

2.8. Statistical Analysis

The data were statistically analyzed using one way repeated analysis of
variance (ANOVA). Fisher LSD test (P=

(Sigma stat 2.0 statistical package, SPSS , USA).
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3. Results

3.1.Soil temperature

Soil temperature was greatly increased in solarized soil treatments compared
with the control (Table2 and Figure4,5). The means oabsolutemaximum
soil temperatures @) recorded duringhe solarizatiorperiod were 31.137.4
415 and 463 "C duringthe 2011solarization season ar&l.4 40.6 43.9 and
47.8C during the 2012 seasonunder the control, PE, DPE, and DPE+ OM
treatments, respectivelfTable 3. The means ofbsolutemaximum soil
temperatures increased by 6.3, 184l 152 ‘C under thesolarized treatments
compared tothe controlfor 2011 and by 9.2, 12.5, and 16.4C for 2012,
respectively.The doublepolyethylene layer and organic nti@er treatment
(DPE + O.M ) increased the mean aifsolutemaximum temperature by 4.8
and 3.9C during 2011 and 2018easors, respectively, compared to the double
polyethylenelayer sheetalone (DPE). In addition, DPE + OMtreatment
increased the mean @bsolutemaximum temperature by 8® and 7.C
during 2011 and 2012, respectively, compatedhe common solarization
treatmentusing single layerof polyethylene shee(PE). Furthermore, He
number of hours recordedhder the lethaltemperature class@ 5C) were 28

and2351 h recordedunder the DPE +OM treatments durir@®11 and 2012
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solarizationseasons, respectivelffhe absolute maximum soil temperatures
measured during thi&vo solarization periods were 46.3°C and 47.8ained
under the treatment DPE+OM) in the summers of 2011 and 2012,

respectively

Table 2. Number of hours for different temperature classes redotoeler
solarization treatmentsluring Julyl1@ August 27, 2011 and July 47
August 27, 2012 in AlAroub Agricultural Research Station, South of
the West Bank.

2011 2012
Temperaturelass) CK | PE | DPE|DPE+O.M| CK | PE | DPE|DPE+O.M
025°C 123| 0 | © 0 o 1] 0 0
26-30°C 915 | 55 | 26 17 788 11 | © 3
31-35°C 118 | 729 | 258 | 211 | 216 419 | 139 18
36-40°C 0 |372| 764| 483 0 | 535/ 550 | 232
41-45°C 0O | 0 |108| 417 0 | 34 |316| 516
045°C 0| 0] O 28 0 0] O 235
Totalhours 1156| 1156| 1156] 1156 | 1004| 1004| 1004| 1004

CK =non solarized soil

PE = polyethylensheet

DPE = double polyethylerdayer

DPE+O.M = double polyethylerlayer+chicken manure
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Table 3. Means of absolute minimum and maximum temperatures recorded
under thevarious treatments during 2011 &2l 2solarization
seasons

2011 2012
Temperature class

CK | PE |DPE| DPE+O.M| CK | PE | DPE| DPE+O.M

. . (0]
Minimum(C) | 232|259/ 26.3) 267 | 25 |24.8/ 286 323

- 0
Maximum (°C) |31 1/37.4|41.5| 46.3 |31.4|40.6|43.9 47.8

CK = non solarized soil

PE = polyethylene sheet

DPE = double polyethylene layer

DPE+O.M = double polyethylene layer +chicken manure
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Figure 2. Absolute maximum temperatures data under solarization treatments, dlulgirig} August 27, 2011 in
Al- Aroub Agricultural Research StatipSouth of the West Bank.

CK: nonsolarized soil;

PE: polyethylene sheet;

DPE:doubk polyethylene layer;

DPE+0O.M:double polyethylene layer +chicken manure
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Figure 3. Absolute maximum temperatures data under solarization treatments, during/-Julhgust 27 2012 in
Al- Aroub AgriculturalResearch Station, South of the West Bank.
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3.2. Disease Severity

Results indicated that disease severity sigsificantly reduced with the usd
different soil solarization techniques using tR& sheets compared to control
(Table 4. In 20131, the infectios induced by both FOL and FORLwas
completely suppressed (100%) in the DREd the DPE+OM treatments
compared to the control at both soil depthNo significant differences in
severity were noticeth generabetweensoil depths(20 cm vs. 30 cm)in the
2011 solarization seasothe PE treatmenteduced the disease bB%¥% atthe
20 cm depth for FOL and b¥1% for FORL at same depth. Compared to the
control PE treatment has alseduced the diseaday 100% atthe 30 cm depth
for FOL and by70.7%for FORL atthe same depth.In the 2012 solarization
season the PE treatment reduced the diseas&®$b atthe 20 cm depth for
FOL and by 76.% for FORL atthe same depth. Compared to the contRit
treatment has als@duced the diseasky 62.36 atthe 30 cm depth for FOL
and by58% for FORL atthesame depth.In addition, theDPEand the DPE
OM had completely suppressedoth diseasesn both solarization seasons

2011 and 2012 regdless of thesoil depth



Table 4. Effect of soil solarizatiortreatmentsn 2011 and 2012n disease
severity (%) of Fusarium wilt(FOL)and Fusarium crown and root rot
diseas€FORL) of tomato plants under greenhouse conditions.

2011 2012
Treatment FOL (%) FORL (%) FOL (%) FORL (%)

20cm| 30cm| 20cm | 30cm | 20cm| 30cm | 20cm 30 cm
Control 38a | 42a | 100a | 75 | 5l1a | 53a 93a 100a
PE 13b Ob 29c 22c | 22b 20b 22c 42b
DPE Ob Ob 2d 0d 2¢c Oc 0d 0d
DPE+OM Ob Ob 0d 0d Oc Oc Od 0d
LSD 21.7 15.02 14.8 17.3

Meansof the datafollowed by the same letters withicolumnsand rows for
each yeaand deptharenot statistically differentaccording Fisher LSD test at

pO 0.05.

CK: non solarized soil;
PE:polyethylene shegt
DPE:double polyethylene layger
DPE+O.M: double polyethylene layer +chicken manure
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3.3. Estimation of Pathogend Bopulation

The population of the twtested pathogens (FOL and FORLas dramatically
declined in soildue to solarization treatmenbf sevenweeksat the two soil
depths(Table 5). In the 2011solarization season, thegular PE treatment
reducedhe population of FOL by 20 and 27% and of FORL by 75 and 61% at
20 and 30 cm soil depths, respectively. However, the substantial decline was
witnessed under DPE and DPE + OM treatments for both solarization season
and at both soitleptts. The population decline in FOL ranged fraf® 98%

and in FORL from 76 97% after the 201%olarization treatments of DPE and
DPE+OM. There wano significantdifferences between soil depth

In the 202 solarization season, thesgular PE treatnent reduced the
population of FOL by40and 37% and of FORL by43 and 55% at 20 and

30cm soil depths, respectively. However, the substantial decline was witnessed
under DPE and DPE + OM treatments for both solarization seaswuhat

both soil depth The population decline in FOL ranged fr@® 98% and in
FORL from 73 - 91% after the 202 solarization treatments of DPE and

DPE+OM. There wano significants differences between soil depth
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Table 5.

Effect of soil solarization treatmegt on the populationof
F.oxysporiumf. sp. lycopersiciand F. oxysporiumf. sp. radicus
lycopersiciin 2011 and 2012.

2011 2012
(CFU x 10) (CFU x 10) (CFU x 10) (CFU x 10)

20cm | 30cm | 20cm | 30cm | 20cm | 30cm| 20cm | 30 cm
CK 392ab | 532a | 225b | 428a | 683a | 650a | 437a | 552a
PE 313b 386b | 56¢cd | 165c | 405b | 413b | 248 b | 248b
DPE 40c 143c | 13d | 103d 15¢c 57c 117c 52 ¢
DPE+OM 10c 12c¢c 11d 27 22c¢C 18c 82c 62cC

LSD 145.16 138.7 144.3 120.6

* Means of datdollowed by the same letters withosolumnsand rows for

both years and deptlase not statistically differerdccording Fisher LSD test at
pO 0.05.
CK: non solarized soil;
PE: polyethylene sheet;
DPE: double polyethylene layer;
DPE+O.M: double polyethylene layer +chicken manure
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3.4. Chemical Analysis of soil

Results showed thabs | sol ari zat i opHlalelsdundertall af f e
treatmentscompared with the contrah both 2011 and 2012 solarization
seasons. Howevehoth the ECand Organic matter (OM) hawagnificantly
escalated with the additiarf the organic mattefmore than 6 fold for EC and
more than 67%for OM) compared with the contrah 2011 and verycloseto
that in 2012 seasofTable 6) Solarization of soil using DPE in addition to
organic matter (DPE +OMhcreasd the NH, availability in soil dramatically
(>6 fold). However the rest of the solarization treatmerfBE + DPE)
increasedhe available Nhbut toa lesse amouns but were not significaht
different from the control treatment. The RBQ@vailability was increased
significantlyas well compared to the contrbly all solarization treatments, but
the pe& was recorded by the DPE+OM treatmeni4 fold). Furthermore ,
the solarization treatments in 2011 increbaeailable phosphorus in soil from
36% (PE) to more than 100% (DPE+OM), compared to the controlwexyer ,
potassium levels were increased to alesser extent (8%30%) under
solarization treatments compared to the control in 2011lseasém 2012
solarization season, almost simiteendswere re&ordedfor increased levels of
nutrients associated with solarization treatments especially with DPErand

particular with the addition of the organic manure.
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Table 6. Effect of soil solarization oroil chemical properties

2011 2012

Parameter CK PE DPE | DPE+O.M| LSD CK PE DPE | DPE+O.M| LSD
pH 7.2a | 7.2a | 7.2a 7.2a 0.36 7.1a 7.1a 7.1a 7.1a 0.36
EC (mscm) 04b | 09b | 08D 3a 0.66 0.3c 0.6 bc 1b 2a 0.42
0. M (%) 2.1b | 2.7ab| 2D 35a [1.09 |23c | 25bc| 34b 4.6 a 0.91
N (%) 0.15c | 0.17 b| 0.14c 0.28a |0.012 | 0.16c| 0.19bc| 0.25ab 0.31a 0.06
NH4 mg/kg 41b | 46.3b| 62.9b| 311.2a |114.4 |41Db 65.2b| 50.2b 335.8a | 71.1
NOsz; mg/kg 47c | 16bc|315b| 705a |19.6 5d 175c| 33.2b 75.2a | 124
P mg/kg 27b | 36.7b| 37.5b| 79.4a |18.6 35b 36.7b| 38.2b 80.5a 12.1
K+ mg/kg 174b| 189b | 206ab| 227a |33.4 |155c | 196b | 215ab 233a 334

Meansof datafollowed by the same letters in rows are not significantly
different according Fisher LSD.
CK: non solarized soil;
PE: polyethylene sheet;
DPE: double polyethylene layer;
DPE+O.M: double polyethylene layer +chicken manure.
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35Pl ant 6s Gr owt h

Soil solarzation significantly stimulatetbmato planis growth parameters
both solarization seasongdbles 7, 8 & 9 Figures 6& 7). In 2011, fresh
weights of tomato plants growing in solar treatedssoitreased significantly
by 83, 133 and 600% under PE, DPE and DPE+O.M treatmesgpectively
compared with the control. In 2Blalmost similatrendswere reordedwith
slight variations. No significant differences between soil depthgeneral,
were noticed in both seasori$able 7). As for dry weights significant
increase was noticedith the use of solarization treatmergsnilar to fresh
weights under all solarized treatments in both seasons with some variation,
compared withthe control (Table §. The heights of tomatoes grownn
solarized soils covered with PE, DPland DPE+OM were significantly
increasedby 242, 286 and 700%respectively during the 2011season and
almostin the same trendduring the 2012 seasongcompared to the control.
The DPE+OM treatment has induced the highest vabfeplant height

compared to the contrglable 9.
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Table 7. Effect of soil solarization treatments on tomato fresh weiggigant

Treatments Fresh weightggm/plant)
2011 2012
20cm | 30cm | 20cm | 30cm
Control 6C 5c¢ 4c 3cd
Polyethylene 1llc 7c 10bc 11b
Double polyethylene 14 c 10 c 15b 16b
Double polyethylene + organic manur| 42 a 29 b 28a 26a
LSD 11.5 6.7

Table 8. Effect of soil solarization treatments on tométyg weighs (g/plant )

Treatments Dry weights(gm/plant)
2011 2012
20cm 30cm | 20cm 30cm
Control lc 02c 1de 0.6f
Polyethylene 08c 0.8c 2c¢C 0.8 ef
Double polyethylene 1.6 bc 1c 2c¢C 1.2d
Double polyethylene + organic manu| 3.6ab 54a 56a 42 b
LSD 2.6 0.203

Table 9. Effect of soil solarization treatments onntato plantheights
(cmiplart).
Treatments Plantheights(cm/plant)
2011 2012
20cm 30cm 20cm 30cm
Control 7d 7d 8e 15de
Polyethylene 24 bc 23c 25cde | 27bcd
Double polyethylene 27bc 33b 33b 43b
Doublepolyethylene + organic manur 56a 5la 41bc 61a
LSD 9.4 12.5
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Figure4. Effect of soil solarizationreatmentg2011)on tomato plants growth
CK: non solarized soil;

PE: polyethylene sheet;

DPE: double polyethylene layer;

DPE+0O.M: double polyethylene layerchicken manure
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Figure 5. Effect of soil solarization treatmen®012)ontomato plants

CK: non solarized soil;

PE: polyethylene sheet;

DPE: double polyethylene layer;

DPE+O.M: double polyethylene layerchicken manure
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4. Discussion

Enhancemenbf soil solarizationin the uplands usinga double layer of
polyethylene sheets separated with 2 cm alone or in combination with 10%
organic manuresoil amendmenthad demonstrated effective disease control
treatmentagainst Fusariumdisease®f tomatoplans. Results revealedthat

soil temperatures wergyreatly increased in solarized soil compared with the
control. Clearly, the use of doublelpethylene layer and organic atter
treatmet (DPE4OM) increased the meaif absolute maximum temperatare

by 8.9 and 7. during 2011 and2012, respectively, compared to the
common solarization treatment usirasingle layer of polyethylengheet (PE)

The number of hours recordedder thdethal temperature clasé45C) were

281 and 238 h recorded under the DPE +OM treatments during 2011 and
2012 solarization seasons, respectivéhe se of double polyethylene layer
alone howeverjncreasd the meansof absolute maximum temperatures by
4.1C and 3.3Cduring 2011 and 2012, respectively, compared to the common
solarization treatment (PE) This was enough to reducboth disease
effectively and enhance oth@ositive changesn nutriens availability and
plants health. Similar results were obtained Bsrrakat andAl-Masri, (2012

in which significant reduction in Fusarium wilt of tomatd-uéarium

oxysporumf. sp. lycopersic) was negatively correlated with the number of
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hoursof soil temperatures abovés AC. Elmore et al, 199ndicatedthat he
heating effect of soil solarization is greatest at the surface of the soil and
decreases with deptfhey furthershowed thathe maximum temperatuse
recordedundersolarizedsoil rangedfrom 42 to 55C at a depth of 5 crand

from 32 to 37C at 45cm. Higher soil temperatures and deeper soil heating
may be achieved inside greenhouses or by using a double layer of plastic
sheetingMauromicaleet al, (2010 indicated,however that soil solarized in
greenhouses may reach ®Gat a depth of 10 cm and B3at 20 cmlIn another

study Mauromicale et al (2005 showed that solarization increased the
maximum soil temperature by 190 C in the first, and by I35 C in the
secondsolarizationseasonSo | ari zati on of field soil
thick) PE film, separated by adn air layer, caused soil temperaturedztm

depth to rise by 12.€ and 3.8Coverthose inno coveredsoil or soil covered

by one layer of film, respectivelipe Vay et al, 1987)In additionto that,the
researchexshowed thatthe number of hours recorded for temperatures above
45°C under PE, and DPE was 0 and 108 hours for the 8dgon and 34 and

316 hours, for the 2012 season, respectively. Similar results were obtained by
Tamietti and Valentino (2006)This study showed that disease sevengs
significantly reduced with the use of different soil solarizattomatments

compared tahe control in bothseasons The Fusariumwilt and Fusarium
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crown and root roinfectiors were completely supressed100%)in the DPE

and the DPE+OM treatments comparedth the PE and control in both
seasons Disease suppressi@an becorrelated witithe reduction opathogen
populationsunder the solarizatiortreatments. The population decline in FOL
ranged from73- 98% and in FORL from 76 97% in 2011, andvery much
similar in 2012 Several investigators have documented that soil solarization
fortified with organicamendmenteduced and/or suppressed several diseases
and reduced populations gbil bornepathogens(Hampton et al2004 Wang

et al. 2006 Saremi et al, 20z0OMauromicale et al, 2011 and Kleief al.
2011).  Furthermore Klein et al (2007 showed that He reduction of
Fusariumcrown and root rotfocucumber seedlings artificially inoculated with

F. oxysporunf. sp.radicis-cucumerinunwas evident when they were planted

in solarizedsoil previously amended with plan¢siduesIn addition, it was
demonstratedhat organic amendments exert a proteetirole keeping soil
microbial biomass and enzymatic activities protected from the detrimental
effect of heatingDuff and Connelly, 1993; Saremi et al., 201l the same
directionDe Vay et al, (1987 showed that the iability of propagules (mainly
chlamydospores) ofusarium oxysporurh sp. vasinfectunthat had been
buried at 30 cm depth, was reduced after 31 days of solarization by 97.5, 58%,

and 0% under a double film layer, a single layer, antdan-coveredsoill,
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respectively. The insulatioaeffect of a double layer of PE film improved heat
retentionin soil and the solarization effecin the samalirecion Saremi et al
(2011) showedthat F. oxysporunt.sp. lycopersiciwithin the 30 cm soil depth
was exposed tolethal temperatusg and complete disinfestation was
successfully achieved leading to the effective suppression of the wilt disease.
Concerning both pathogsipopulation undersolarizaton, resutshowed that
the populatiorof FOL and FORL was significantly reduced und¥?E+OM
treatment98 and 97%pnd DPE(73 and 76%¥fompared withitheregular PE
treatment (20 and 75%) and the conkrd®7 and 98%) during 2011,
respectivelyln 2012 solarization seasdie population of FOL and oFORL
werereducedunderDPE+OMby (98 and 9%), DPE by (92 and 73%while
underregular PEreatment reduction was(40 and 43%)This reduction in
pathogens populatiosan berelated tolethal temperatures recorded under
solarization treatments of DPE and DPE+OMgh temperaturs weakened
both pathogens a@nreduced the infections on tomato plams may have
directy kill ed both pathoges Barakat and AMasri( 2012) In this direction
Saremi et a(2011)showed thasoil solarization greatly reduced the population
densities of Fusarium speciesand other major soil borne pathogens.
Population density (CFU g soil) of Fusariumspecies decreased quickly after

application of two weeks soil solarizatioMears of population densigs were
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reduced from 1833 CFUgsoil to 900 CFU g' soil after two veeksandto
500 CFU ¢ soil after four weeksand finally dropped dowro 100 CFU ¢
soil after six weeks.In the same directioAshrafi et al, (2010)showed that
soil solarization reducedhe population density of. oxysporumfrom 1800
CFUi g* soil to 700 after 4 weekef solarization andto 300y™ soil after 6
weeks Melero-Vara and LopeHerrera ,(2012 reported that the viability of
soil borne plant pathogens has shown to be compromised-righ Nbrganic
amendment®f solarized soil, such agoultry manure, through the liberation

of toxic volatiles, including ammonia (NHand nitrous acid (HNE).

Furthermore solarization treatments varied in their effect on soil nutrjents
solarization using DPE sheets in addition to organic matter (DPE4HOM
increased the NH4 availability in soil dramatically (>6 fold) and NO3 (>14
fold). Available Phosphorus (P+) and Potassium (K+) increased significantly
as well in both seasonmit to lesse extent Similarly, Stapleton and DeVay,
(1995 reported thathe concentrations ofNH, and NQ in the top 1520 cm

of solarized soil were increased and the concentration of other soluble mineral
nutrients, including nitrogen, phosphorus, potassium were enhanced. In the
same directionllauromicale et al(2011), reported thasolarizationcombined

with organic matter increased soil fertility,and the highestincreasewas
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recordedon K,O and exchangeable "K NH, and NQ. In this study
solarizationtreatmend increased significantly the EC values compared with
the control. Similarly, Gelsomino andCacco (2009, showedthatthe values of

EC increase with solarization treatments by decomposition of organic matter
and the releaseof organic acids and nutrientSurthermore,Candidoet al

(2010 and Matheron and Porchd2008, showed that solarizatiommproved

soil structure and increasesoil content of soluble nutrients, particularly
dissolved organic matter, inorganic nitrogen forms, and available cations, and
shifted composition and richness of soil microbial communities, with a marked
increase of plant growtbeneficial'sand plant mthoges antagonits. As a
consequence of these effects, soil solarization was largely documented to

increase plant growth and crop yield andlity.

Furthermore, it was evidem this study that solarization stimulated fresh,

dry weights and heights of tomato plants in both seasons. Fresh weights of
tomato plants growing in solar treated soil increased significantly by &3

and 600% under PE, DPE and DPBwWQreatments, respectivelgonmpared

with the control in 2011and, almostwith similar trends in 2012As for dry
weight and plantheights, significantincrease was noticed as well with the use

of solarization treatments similar to fresh wegylm both seasan The
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stimulationof tomato plard growth parameter iselatedto the decomposition

of organic matterthe increasef availablenutrients &mmonium, nitrate and
potassiup and the reduction in pathogerpopulation in solarized soils.
Similarly, Ashrafi et al, (2008 reportedthat soil solarization improved
cucumber plant growth and consequently fruit yidiadcrease in fruit yield was

as high as 232% higher thahe control. This remarkable increases
cucumber vyield by soil solarizationwas largely attribded to the absence of
Egyptian boromrape infestation , but additional beneficial effects generated by
the solarization treatment , such as the control of soil borseasks, an
increased release and uptake of macro and micronutrients, the release of plant
growth regulator , the enhancement of mycorrhizal growth and an increase in
endogenous gibberellsupply cannobe ruledout

Furthermore Gruenzweig et al (1993peported that the increased growth
response and yield quality due to soil solarization may be related to number of
physiological changes, as increased photosynthetic activity, consequently
protein levels, accelerated tissue development, and delayed semesce

occurring in the late developmental stages of plants growalarized soil
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In conclusion, this study showed that usimipuble polyethylene sheets (DPE)
in addition to organic matter (DPE+MO) greatly enhanced the capacity of soll
solarization in increasing soil temperature to more lethal levels, and
consequently reducing diseases severity as a result of pathogen population
reduction. In addition, it was demonstrated that thchnguefuther increased
soil nutrients and plaafgrowth paramets. However , further studies are still
neededn the fields of:
1. Selection of morefficient types of polyethylenavith betterability to arrest
temperature for longer hours.
2. Testing organic matter from different sourcés combination with
solarizaton treatments.
3. Testing the potential of double polyethylene covers with organic matter
against other soil borne plant pathogens.
4. Testing the effect of combining soil solarizatiuith otherdisease control
measuregi.e. reduced dose of chemical and/or biologamaitrol).

5. Testing the possible interaction of solarizatwith soil beneficial microflora.
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