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INTRODUCTION

Crop plents are attacked by several soil dorne
pathogens, insects and weeds, Though they differ in
their biology and life cycle., these pests share coumon
behavioural features that are reflected in aimilar
approaches being indicated for their control. They
survive in soil and therefore are affected by organisms
that surround them in the soil, as wall as by the phy-
sical and chemical properties of the soil, Manipula-
tion of these factors provides & powerful means of con=-
trol, Controlling these pests by phyaicalfchcmical or
biological meons presents meny difficult problems., It
is difficult to reach the pests effectively at all
sites in soil. Non target organisms, scme of which are
potential antagonists towards these pests, also may be
affected. As the soil is an opague, complex medium, it
is d1fficult to detect pests in the soil in situ.

801l borne pathogens gain importance when a cer-
tain crop is grown continuocusly. For the control of
80il dorne plant pathogens several methods are being
praoticed - crop rotation, fallowing. biological, phy-
sical and chemical control. Each method has its own
sdvantages and disadvantages. Crop rotation and fallow-

ing are not slways possible where both crop options and
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land are limited. Physical methods like steaming,
flooding, etc. are highly expensive and not possible
in all farming systems. Biological control though
effective could not be recommended uniformily in Aiff-
erent farming systems, Pesticide has become a common
tool to fight the pathogens., While using pesticide
the agricultural scientists and farmers fail to under-
stand the negative side effects of these chemicals.

Agricultural Scientists throughout the world
are working to £ind out cheap, effective, non hazard-
ous and simple methods for the control of soil borne
d4iseases. One such method is "Solarization®.

801l solarization is a method of hydrothermal
disinfaestation accomplished by covering moist soil with
transparent polythene £41lm during the hottest periocd
of the year. This is known under different names -
solar heating, plastic or polythene tarping, plastic
mulching and solar pasteurization.

Solarigation technigue of plant disease control
was first used by Jones gt al., (1966) against Southern
blight of tomatos, However, the credit for developing
the finer details and popularising the method goes to
Katan et al,, (1976, 81). He and his colleagues, in

Israel and U.8.A., demonstrated the usefulness of the



method for the control of diseases caused by Verticillium,
Fugarium, Rhisoctonia, Sclerotium, Pyrenochaeta, and

several other soil borne plant pathogens.

Apart from controlling fungal diseases, solari-
gation has been found to be effective in controlling
nematodes and weeda, Solarisation has been found to
increase the plant growth rate through better nutrient
availability.

The exact mechanism of action of solarimation has
not been completely worked out., It was originally regar-
ded as a means of physical control through thermal kill-
ing of the pathogen. A number of bioclogical effects
have also been attributed to solarigation in controlling
the pathogens., (Katan 1981, Horiuchi 1984).

Solarization technique is now being tried in seve-
ral parts of the world - Israel, USA, Jepan and Bngland,
In India this technique of plant disease control has not
been tried so far. Hence a study has been undertaken to
£ind out the efficacy of this technique in controlling
collar rot disease of cowpea caused by Rhizoctonia solani.
Since many crops are grown under partially shaded condi-
tion in Kerala, in the preasent investigation solarization
technique was tried in open as well as in partially sha=-

ded condition in a coconut garden.
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REVIEW OF LITRRATURE

8oilborne plant pathogens cause severe damege to
most agricultural crops. Continuous cultivation of &
crop usually lesds to a high ipoculum build up of the
soilborne pathogens resulting in a higher disease incidence.
Control of soilborne diseases is rather difficult since
surrounding soil microorganisms are also involved in the
development of the disesses, besides the host arnd the
pathogen. Fungicides are effective in the control of
cortain soilborne diseases, PCNB against Rhizoctonia
golani and fumigants such as Chloropicrin, Vapam or

Methylbromide against Pyrenochaeta terrestris. Application

of these chemicals are usually associated with problems
of phytotoxicity, residues, reinfestation of soil resulting
from drastic reduction in antagonistic microorganisms,

application techniques and high costs.

Search for new, effective, inexpensive and
nonhazardous methods for the control of soilborne diseases
sre in progress throughout the world. One such method
is solar heating of the soil. By mulching soil with
transparent polyethene sheets in hot seasons prior to
planting, a team of Israeli workers developed a2 solar

hsating approach for soil disinfestation. This was



further modified by Katan at al., (1976). They covered
soil moistened by Arip irrigation with transparent poly-
thene sheets during the hot season. This increased the
soil temperature and controlled pathogens (Verticillium
dahliae and Pusarium oxysporum on tomato and eggplant)
and weeds., 8ince then several studies are being carried
out by scientists from different parts of the world
Chen & Katan (1980), Elad et al., (1980). Grinstein et al.,
(1979), Rubin & Benjamin (1981, 1983 & 1984). 8olari-
sation was tried in Greece (Ursad, 1977), Jordan (Al-
Raddad, 1979), Korea, (Kye & Kim, 1983) Italy (Tamietti
& Garibaldi, 1980), England (White & Buczacki, 1979),
USA (Pullman et al., (1981), Japan (Kodama & Fukui 1979)

and in many other countries.

Principle of solarization

Mulching soil with polythene during winter to
increase soil temperature for better crop growth in glass-
houses and open field is a common practice in places where
the winter is severe. Unlike mulching during winter,
solarization involves the use of heat as lethal agent for
pest control by the use of polythene sheets for capturing

solar energy.



Katan (1980) observed that in order to get the
best control of soilborne pathogens through solarigsation,
polythene mulching should be done during the hottest
season of the year. According to him for getting better
results with solarization the following factors should
be taken into account: (a) Soil mmlching should be com-
Pleted before planting. (b) 8oil should be kept wet
during mulching to increase thermal senzitivity of resting
structures and to improve heat conduction. (¢) The
mulching period must be extanded if the pathogens are
noticed in deeper soil layers. (d) Thinnest polythene
tarps are the best, as they are cheaper and increase soil
temperature compared to thicker ones. (e) The soil should
be in good tilth, allowing close contact between plastic
sheets and the soil. (f) Prevent the formation of
‘airpockets’ which reduce heat conduction.

The effectiveness of solarizmation is influenced by
various factors like thickness of polythene sheots used,
its colour and the method of laying, etc. Katan (1980)
end Pullman st al., (1981) found that thinner transparent
(25-3o/um) polythene sheets are more effective than thicker
ones (loo/pm) in the control of Verticillium diseases of

tomato, eggplant, potato and cotton and R. solani on potato



and onion. This was contrsdicted by Fukui et al., (1981).
According to them thicker sheets (loo/nm) are more effective
then thinner ones. Katan et al., (1976), Kodama & Fukui
(1979) end Ketan (1980) showed that black plastic f£ilm was
less efficient in raising soil temperature than transperent
ones. Black polythene, though it is greatly heated by
itself, is less efficient in heating the soil (Horowitz 1980

and Waggoner et al., (1960),

In studies carried out by Katan et al., (1976),
Grinstein et sl., (1979) and Katan (19681) in various parts
of Israel, they recorded soil temperatures of 45-53°C and
39-45°¢C at depthe S & 20 cm respectively in soil mulched
with transparent thin polythene sheets. Pullman et al.,
(1979) recorded 60°C at 5 cm depth compered to 46°C in
nonmulched soil. Calculations by Mahrer (1979) indicate
that in wet, mulched soils increased temperature is due
primarily (80%) to the elimination of heat loss by evapo-
ration and heat convection during the day time and parti-
ally to the "greenhouse effect™, that is, preventing part

of the long-wave radiation from leaving the ground.

For better control of soil diseases, polythene

sheets should closely touch the soil (Ratan 1976). This
|



prevents the formation of 'airpocksts' which inturn reduce
heat conduction. Analysis of spatial temperature regime
in mulched soil shows that heating at the edges of wulches
is lower than at the centre and that & narrow mulch strip
is less efficient in heating than s wider one. At the
edges of ths polythene cover the temperaturs is usually

2 to 4°C lower than at the centre (Mahrer and Katan, 1981),
A similer observation was also made by Fukui et al., (1981),

1 and yield incrsase in the f£ield as a result
of solarisation

8ince 1974, £ield experiments are being carried out
to evaluate the effectivensss of soil solarisgation in

plant disease control.

Rhisoctonia

Rhisogtonia solani was effectively controlled by
solerisation in onion (Katan at al. 1980). This resulted
an yield increase to the ture of 59 - 123 per cent. Elad
st al,,(1980) obtained significant control of disesses
caused by the pathogen in potato while Pullman et al., (1931)
was successful in reducing scil population of R. solani
and in increasing yield of cotton through solarisation,



Verticillium

Mulching with polythene sheets increased soil
temperature and resulted in reduction of Verticillium
wilt by 25 to 99 per cent end increased yield@ in the case
of eggplants and tomato (Katan et el,,1976). Pullmen
et al.,(1991) reported that soil solarization greatly
reduce propagules of V. dahliae in soil and increased
cotton yield. Alcj snd Noviello (1982) obtained effe-
ctive control of Verticillium wilt of tomato, eggplant
and potato. Ashworth and Geona (1982) reported that
mulching with ciear polythene sheets for two months
resulted in the elimination of V. dahliae in & 6 year
old pistachio nutgrove. However, Horiuchi (1984) failed
to get uniform results. In Anstrlllﬂa. solarisation
gave good control of Verticillium wilt of tomato
{Anonymous 1985).

Rlasmodiophora

In Bngland, White and Bucmacki (1979) noticed a
reduction in the incidence of Plasmodiophora brassicae
in cabbage sesdlings grown in solarised soil. On the
contrary, Horiuchi (1984) obtained variable results.
Wheress Shimizu st al,, (quoted by Horiuchi 1984) observed
considerable reduction in the incidence of clubroot by
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addition of cattle/hen dung prior to solarisation.
Solarisatlion of naturally infested soils reduced disease
and increased yield in the case of Chinese cabbage
(Porter and Merriman 1985).

Pyrenochaata

801l solarisation significantly reduced the
incidence and severity of pinkroot disease of onion
caused by Pyrenochaeta terrsstrds by 72 - 100 per cent
(Katan et al., 1980). Similarly Mslathrakis st al., (1983)
in Greece and Goisgue at al,,(1984) in Prance obtained
good control of P. lycopersici on tocasto.

Fusarium

Solarization controlled Fusarium infection and
increased yield in onion (59-125 per cent) and cotton
(87 =~ 120 per cent) (Katan at 21.,1980 & 1983). In Italy,
effective control of Fusarium wilt of tomato, cotton and
onion was obtained by Aloj and NHovieilo (1982). Kodama
and Pukui (1982) found that disease incidence was signi-
ficantly reduced in an experiment with PFusarium wilt of
strawberry in Jaspan, Malathrakis et al.,(1983) reported
good control of brown rootnrot of tomato (F. oxysporum)
in Greece., 804l solarization was also effective in

delaying the onset of wilt symptoms as well as reducing
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total disease incidence in watermelon (Martyn and Harts
1985). Solarigzation of soil amended with cabbage resicues
practically eliminated ¥, oxysporum f.sp. conqlutinans
within 13 days and cabbage yellows was undestacted on
plants grown in pots containing this soil (Villipudua

and Munnecke (1986). They reported that solarisation or
shade treatments (using black polythene tents) plus cruci-
fercus amendments are more effective than solarization or
shade trsatments alones. Howsver, in Brisbane, Australia,
solarization was ineffective against race 3 of F. oxysporum
£.8p. lycopersici (Anonymous 1988).

Pythium

Pullman et al. (1981) reported that solarisation
greatly controlled propagules of Pythium spp. Solarigation
sls0 gave excellent control of poor rot syndrome in

sugarcane associasted with P, arrhenomanes and P. graminicola

in Australja, (Anonymous 1988 a).

Bclerotium

Jones et al. (1966) obtained significant reduction
and in one case excellent control of southern blight of

tomato caused by Sclerotium rolfsii with solarisstion.

Southern blight of peanuts (Grinstein et al. 1979) and
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blight of sorghum, maize and beans caused by S, rolfsid
wers effectively controlled by solarimation. However,
it was not effective in the control of Macrophomina
phassolina in sorghum, maize and beans (Mihail and Alcora
1984).

Solarization reduced diseases caused by Sclerotinia

minor and 8. sclerotiorum and increesed yleld in lettuce
(Porter and Merrimen 1985).

Thielaviopsis basicola in cotton (Pullman et al.
1981), Colletotrichum cocodes in tomato (Malathrakis et al.

1983) were also effectively controlled by solariszation.

Mechanisms of disease control

Solarisation was £irst regarded ss a means of
physical control by thermal killing of the pathogen. Even
now the mostly emphasised factor in soil solarization is
its thermal) effect (Horiuchi 1984). However increased
disesse control obtained through solarlization may not be
exclusively based on a physical mechanism because sublethal
terperatures also can give some degree of disease control
(Katan, 1981 and Horiuchi, 1984). Apart from thermal
effect, several other factors were 4130 reported to be
responsible in controlling pathogens in a solarized soil
(Ratan 1981).
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Thermal inactivation of pathogen

The effect of temperature on microorganisms has
been well documented. Hovever, the lethal temperatures
for organisms have been worked out mostly by exposing
the organisms to controlled high temperatures (80-100°C)
for Qquite short pericds that {s minutes or hours. The
effect of exposure of organisms for long periods of time
has not been studied in detail. Baker (1962) suggested
that exposing fungi to heat, results in denaturation of
proteins (including enzymes), lipid liberation, destruc-
tion of harmones and asphyxiation of fungal tissues,

According to Katan gt al., (1976) the effective-
ness of sublethal temperature on pathogens might be due
either to a direct curulative effect of temperature or
to a combination of thermal and biological factors.

They worked out 2 linear relationship between logarithms
of exposure duration required to kill 90 per cent of the
pathogen (LD90) when plotted against the temperature
lavel in the range of 37 to 50%¢c.

Katan (1980) opined that the fungal resting stru-
ctures exposed to sublethal temperatures were weeckened
and therefore attacked even by the microorganisms that
ordinarily could not attack them. According to Pullman

et al., (1981) sub lethal temperature caused ensyme
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{nactivation, phase change in fatty acids and membrane
components and a slow turn over of heat-gensitive proteins.
They suggested that this heat damage accumulated gradually.
They also noticed delayed germination of pathogen propa-
gules when exposed to sublethal temperatures.

Biological control
In addition to the physical effect of heat, micro-
bial processes induced by solarization may also contribute
to diseaze control, since the impacts of any lethal agent
in soil extend beycnd the target organisms (Ratan 1981).
Biological control ia also involved as "side effects® &n
case of physical or chemical disinfection (Baker and Cook,
1974, Garret, 1970, Munnecke end Van Gundy, 1979, Munnecke
st 21, 1976, Papaviszas and Lumsden, 1980). Biological
control may operate at any stage of pethogen survival or
disease development during or after solarization through
antibiosis, lysis, parasitism or ccwpetition (Pepavigzas
and Lumsden, 1980). Katan (1981) susmarised the mschanism
of biological control created or stimulated by solarisation
aa followss
I The effect on inoculum existing in the soil:s
A. Reduction ip inoculum density (in the dormant
stage or during penetration to the host) through
1. microbisal killing of the pathogens alresady
weakened by sublethal heat,



15

2. partial or complete annulment of fungistasis
and subsequent lysis of the germinating
propagule,

3. parssitism or lysis by antagonists stimnlated
by solarization.

B. Reduced inoculum potential due to antibiosis or
competition enhanced by solarization.

C. Diminished competitive saprophytic ability of the
pathogen ip the absence of host Adue to antibiosis
or competition.

X1 Suppressing inoculum introduced to soil after solari-
sation, from deeper soil layers or adjacent non-treated
plots, that is, prevanting reinfestation through
activity of microorganisms possessing mechanism Az.
Ay, B and C.

III Bffect on the host dus tO cross-protection.

Katan st al. (1976) showed that soil fungistasis
to Fusarium diminished as a result of soil heating and
this in turn reduced population level of the fungus in
soil. Blad at al. (1980) found that solarisation increased
antagonist population (Trichoderma hargianum) and the
incidence of disease caused by R. solani rsmained low
throughout the season. According to Lifshits et al. (1933)
sublethal heating of 8, rolfsii sclerotia increased



exudation and colonization of sclerotia by bacteris and
streptomycetes, thus reducing their pathogenic capacity.
Scanning electron microscopic studies by them showed that
heating increased the frequency of surface cracks on the
sclerctis and the concentrations of bacteria on or around
the cracks were about tan times. Munnecke et al., (1976)
demonstrated the effect of sublethal heating on the
survival of Armillaria mellea. Leess time and lower
temperatures were required for indirect killing of the

pathogens than for direct killing at 41°C, Time exposures
for direct and indirect killing were 4-7 hours and 0.3 - 1

hour, respectively. Trichoderma spp. were the dominant

colonizers of the heated roots, 8ignificant reduction of
Pusarium wilt was exhibited by tomato seedlings planted

in e previously solarized soil compared to nontreated

soil indicating the development of a temporary suppressive-
ness in the solariged soil due to & favourable shift in
microbial pcpulation towards antagonists. (Katan, 1981),
Polythene mulching of the socil retains adequate soil

moisture for such microbial activity for several wesks.

Praventing reinfestation is vital for proper
disease control. UDLrastic soil disinfestation msasures
may result in islands of reduced biological activity
which enhance recolonization (Harper 1974). Olsen and

Baker (1968) showed that severe reinfestation occurred
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with R. solani, when soils were disinfested by srtificial
heating at 80 - 100°C. Treating the soil at lower
tempsratures (S50 - 60°C) reduced reinfestation. Tempera-
ture lovered by using aerated steam at 60 - 70°C was
successfully tried for diminishing reinfeatation and
phytotoxic effects, encountsred with steam at 100°C.
(Baker 1962, 1970; Baker and Cook 1974). Solarisation
is carried out at temperatures that are even lower than
aerated steam and solarization thus reduces chances of

biological vacuum (Katan 1981).

Volatiles and othexr mechanisms

Volatiles in the s0il play a key role in fungi-
stasis and biological control (Lewis and Papavizas, 1978,
Smith, 1976, Pavliica et al, 1978, Papavizas and Lumsden,
1960 and Zakaria at al. 1980). A=zmonia and volatile
sulphur containing compounds formed in amended soil are
found to suppress Fusarium and Aphanomyces spp. (Lewis

and Papavizas, 1975 and Zakaria et al. 1980). Permea-~
bility of polythelene to many gases is not very high.
Carbon dioxide eccumulates under plastic mulch upto 35
fold over non-mulched soil (Horowitz and Regsv, 1980, -
Rubin and Benjamin 1981, Horowitz et al. 1983). Rubin
and Penjamin (1984) found that carbon dioxide concentra-
tion in solarized soil increased rapidly during the first
week and reached a maximum which was twenty fold higher
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than that formed in non-mulched soil. The oxygen star-
vation due to reductive soil condition is believed to
affect the survival of pathogen propagules. The weakened
structures may be attacked easily by soil antagonists
which are activated by such soil conditions (Horiuchi,
1984).

Pactors influencing soclarisation

The effectiveness of solarization has been found
20 be influenced by soil moisture, soil type, organic
natter content of the soil, duration of the solar heating,
season, sunlight/shade, types of materials used as covering,

ridging, etc.

80i1 moisture

Maintensnce of high soil moisture 1s necessary for
increasing soil conduction of heat and for increasing the
sensitivity of organisms to high temperature. Katan et ai.
(1976) obtained better control of Y. dahliae and

P. oxysporum on tomato and eggplant by irrigating the soil
with &rip irrigation. Later studies by them showed that
only a single irrigation just befors (1-4 days) covering
the 2301l with polythene is necessary to get good control
of the soil borne plant pathogens. Grinstein et al. (1979)
and Ratan et al. (1980) reported successful control of

8. zolfsii, V. dahlias and Fusarium by presolarization
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irrigstion. Martyn and Hartz (19853) cbtained significant

reduction in disease incidence with Fusarium in watermslon

through pretarping irrigation. Pullman et al. (1979)
slightly modified the irrigation systam. They used
additional furrow irrigation under polythene tarps for
enhancing the killing of V. 4ahliae.

It {s generally known that Lot water trsatment is
better then dry heat in inactivating pathogens. This
effect may be due to high specific heat of water, redu-
ction in thermzl tolerance in the hydrated structures of
the pathogens or to a state of partial nna.robioaié)(bl.on
and Baker, 1968). These effects may also occur in soil
solarization, VWhen the f£ield to be solarized is watered,
high g0il temperature may last for a longer period, due
to an increase in specific heat. Heat conduction of soil
may also be improved when the pore space is filled with
water (Horiuchi 1934). The importance of maintaining
high soil moisture during solarization has been emphasised
by many workers (Stover 1954, Katan et al. 1976, Grinstein
et al. 1979, Elad et al. 1980). A satisfactory control
could be cbtained by moistening the field a single time
jJust before tarping (Katan 1981, Horiuchi 1984).
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Boi) _type

Influence of soil type on solarisation hes not
been studied in detail, However, there are indications
that s30il type plays an important role in temperature
fluctuation 4n a solarised soil. The thermal properties
of soil vary. Absorption of solar radiation veries
according to the colour, moisture and texture of the
soil, Stapleton and De Vay (1984) found that loamy
sand and silty clay recorded the highest temperature
(48%) conpared to sandy loam end sand (3% - 45°¢) at
13 cm depth, in solarised plots, In another study with
Capay silt clay, Yolo lcam, Reiff fine sandy loam and
loamy sand, Stapleton and De Vay (1584) cbserved thet
at 15 cm depth, soil temperature in fine sandy loam soil
reached 45°C (9°C higher then in control) and that in
solarised loam soil 44°C (10°C higher than in control).

Organic and inorgani tter content of so ’

Organic and inorganic content of soil influence the
effect of soil solarisation. Shimisu et sl. (unpublished
report, quoted Horiuchi, 1984) found that addition of dried
cattle dung at the rate of 30 Mt/ha or dried hen droppings
at the rate of 20 Mt/ha greatly reduced the incidence of
clubroot disease where as solarigation without organic

matter had less effect. Horiuchi (1984) reported that



21

orxganic matter combined with water and calcium compounds
improved tha effect of solarisation. Shimizu at al.,
(unpublished raport) also showed that solarization is
more affective against clubroot disecse if calcium
cyanamide is incorporated into the soil before mulching.

Duration of solar heating

Increase in the soil temperature as a result of
solarigzation is more pronounced in the upper layers of
the soil than the deeper layers. Katan et al. (1976)
obtained 52°C at 5 cm depth in mulched soil as against
38°C at 20 cm depth. They observed that at § cm depth
five days of solar heating was sufficient to eliminate
100 per cent of V. dahliae sclerotia while at 25 o=

depth only a slight killing of the pathogen was noticed.
However, an additional exposure for eight days enabled
complete killing of the sclerotia even at 25 cm depth.
Hence, Katan (1981) recomended that mulching period should
be sufficiently extended to achieve pathogen control at
all desired depths. According to him, inorder to effecti-~
vely control the pathogen, solarlsation should@ be carried
out for a minimum period of four weeks. Elad et al., (1980)
reported that mortality rates of S. rolfsii sclorotia at

S and 20 cm Gepth were 100 and 25 per cent after 19 days
of solarization and 100 and 80 per cent after 21 additional
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days respectively. Usmani and Gaffer (1982) observed
93-100 per cent loss of viability of aclorotis in soil
inoculated with 3., oryszas at 3 cm on mulching for one
week and at 20 cm for 8 weeks.

Season

To get best results, solarization should bs carried
out Quring the hottest months of the year. This will
enable to increase the maximal temperature in the hope
of reaching lethal levels. (Katan at al. 1976,
Grinstein st al. 1979 Katan, 1580, 1981a, Chen and Katan,
1980, Pullman et al. 1981, Stapleton and De Vay, 1982,
Mihail and Alcorn, 1984, Martyn and Harts, 19885).

Hahrer (1979) developed a one dimensional numerical
model which enabled the evaluation of the relative impor-
tance of the various factors involved in solarization
namely type of mulching material, type of soil, moisture
and climate. The model enabled to choose suitable cli-
matic region and time of the year moat adequate for soil
solarization taking into account the temperature that
would develop under a set of conditions.

Shade

Ashworth (1979) tried to control V. dshlise in
4 year old pistachionut grove by polythene tarping,
wvhere some shading of 301l occurred daily. He reported
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that no reduction of incculum occurred 4in the partially
shaded ares after two weeks of solarization, where as
inoculum density was reduced to trace in the open soil
at 20 cm depth. But after 6 weeks of solarization the
{noculum was reduced to trace to a depth of 60 cm in
solarized soil in both open and partially shaded areas.
Ashworth and Gaona (1982) obtained successful control
of Verticillium wilt in established (6 year o14d)
pletachionut groves.

Stapleton and De Vay (1983) reported decrease in
nexatode population densities in shaded solarized soil.
In another study, infections of peach roots by Pythium
8pp. were significantly reduced in & three year old
slmond orchard, but not in a six year old peach orchard
(Stapleton and De Vay, 1984). Villipudus and Munnecke
(1986) in an experiment to control cabbage yellows
(P. oxysporum f£.sp. gonglutinans) found that solar heating
alone and cabbage amendments plus mulching under shade
(provided with black polythene tents) were effective but
was not effective as the combination of solar heating
and cabbage amendments. However, cabbage amendments
without cover were ineffective both under shade and in

direct sunlight.
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Ridging
Horiuchi (1984) reported that covering ridged
field plots with polythene sheets easily raised sgoil
temperature than in levelled ones. Higher ridges were
more effective than lower ones because ridges have a
gresater surface area to receive solar radiation which

is the primary source of energy for heating the sgoil.
Effect of solarization on microbes

In an experiment to control corky root in tomato
in plastic green houses Hori et al., (1979) fcound a
drastic reduction in the populations of total fungi and
gram negative bacteris in soil during solarigsation
period where as the total population of bacteria almost
remained the same. At the transplanting time, 70 days
after treatment terminated, the populations of both
fungi and bacteria revesled & marked increase. They
concluded that population of Pyrenochaeta lycoperaici,
the causal fungus, was reduced by solarization along
with other fungi and its build up was limited by the
dominant fungd or bacteria which promptly became esta-
blished after solarisation.

Stapleton and De Vay (1982) found that population
densities of Agrobacterium spp, fluorescent pseudomonads,

gram positive bacteria and fungi were greatly reduced
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immediately after solarization. Actinomycetes and ther-
mophilic/thermotolerant fungi were affected to a lesser
extent. Actinomycetes increased in the treated soil 3-6
months after completion of solarization. Agrobacterium
spp and populations of gram positive bacteria remained
significantly depressed in solariged soil after 6--12
months, Fluorescent psevdomonads and total fungi quickly
recolonized the treated soil while actinomycetes and
thermophilic/thermotolerant fungi attained higher popula-
tion densities following solarization,

In an experiment with selected microorganisms
Stapleton and De Vay (1984) showed that solarized soils
usually contained the least microorganisms, untreated
control soils contained the most and shaded soils had
intermediate population densities. They also found that
the percentage of colonies of gram~positive bacteria

exhibiting in vitro antibiosis against Geotrichum candidus

increased 20 fold in solarized soil.
Pullman et al., (1981) observed that mycorrhizal

fungus Glomus fasciculatus survived tarping treatment

as measured by colonization of cotton roots. HNo visible
difference in the extent of root infections by vesicular-
arbuscular mycorrhizae (Glomus spp) were noticed by
Stapleton and De Vay (1984) between roots from solarized
and untreated almond trees.



Nematode control

Several vorkers have reported effective control
of nematodes in soil covered with polyethelene mulches.
Grinstein et al,, (1979) obtained 80-100 per cent redu-
ction of Pratylenchus thorneid population by soil sola-
rization in potato field. 8Solarization was effective
in the control of Meloidogynse spp (Katan 1981a).
However, the effectiveness of aolarigation varied with
the species. Complete control of Ditylenchus dipsaci
in garlic was obtained by Siti et al. (1982). The
sffectiveness of this lasted throughout the season.

stapleton and De Vay (1583) found that popula-
tion densities of free-living and phytoparasitic neme-

todes including Meloidoqyne, Heterodera, Pratylenchus,
Paratrichodorus, Criconemella, Helicotylenchus, Xiphd-

nema and Paratylenchus spp were significantly reduced
to 42-100 per cent by soil solarigation &nd some resi-
dual effect lasted for several montha, According to
him the extent of reduction depended on (a) degree of
solar heating (b) crop and cropping history (c) nema-
tode involved (d) nematode distribution in soil and
(e) 301l depth.

The reduction in nematode population in shaded
solarized plot was almost half of that noticed in open
solariced plot. (Stapleton and Ds Vay 1983), Studies
conducted by Lamondis and Brodie (1984) showed that the
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population of Globoders rostochlensis could be reduced

by 96.2 to 98.6 per cent to a8 depth of 10 cm, totally
eliminate encysted juveniles burried 5 cm desp and
significantly reduce survival of encysted juveniles
burried 10 and 15 cm desp. Other nematodes controlled
through solarisation include clover cyst nematode

(Haterodera trifoli) (Hadar et al.,1983) and Pratylenchus

penetrans on celery (Porter and Merriman 1985).

Meed control

The presence of dormant weed seeds in agricultural
soils provide a source for persistent weed problems that
often require repsated control msasures. A reduction in
the nuzbsr of dormant weed seeds in the soil should also
correspondingly reduce weed persistence and weed control
requirements., Almost complete weed control in the
polythene mulched plots was noticed by Ratan (1976).
According to him waeds such as Alhagi mauvrorum Medik,
Cyperus rotundus L., NHotobasis syrlaca (L) Cass., and

Prosopis farcata Big. could be effectively controlled

by solsrigstion. In many solarized f£ields weed control
was evident even at the end of the growing season and
nearly one year after mulching.

Control of annual weeds by soil solarigation was

reported by Katan (1980), Grinstein et al., (1979)



28

Horowits et al.,(1983), Rubin and Benjamin (1983, 1984)
and Eglay (1983). Many perennial weeds were also effec-
tively controlled by following this technique (Katan 1980,
Grinstein et al. 1979). Rubin and Benjamin (1983) found
that perennial weeds which propagate vegetatively were
only partially controlled with short solar heating, but
mulching for 8 to 10 weeks improved control. According
to Horowitz at al., (1983) established perennials escaped

solarization treatment.

Weeds controlled by solar heating include --
Amaranthus, Anagallis, Avena, Capsella, Chenopodium,
Cynodon, Digitaria, Eleusine, FPumaria, Lactuca,
Mercurialis, Monita, Notobasis, Phalaris, Poa, Portulaca,
8isymbrium, Solanum, Stellaria, and Xanthium (KRatan 1980,
Horowitz st al.,1983), Ipomoea, Trianthems (Bgley 1983),
Cynodon and Sorghum (Rubin and Benjamin 1984). Egley
(1983) reported increased emergence of purple nutsedge
(Cyperus rotundus L) due to solarigzation in some instances,
Melilotus (Katan 1980, Rubin and Benjamin 1983), Malva
(Rubin and Benjamin 1983, Horowits et al.,1983), Conyza
(Horowits et al. 1983) were not controlled by soil

solarization,

Egley (1983) found that soil solarisation 4i4 not
eliminate dormant weed seeds from the germination sone,
but the treatment killed non dormant seeds and greatly

reduced the number of weed seedlings that otherwvise



would have emerged. Mulching with black polythene for
seven weeks provided significently superior weed control,
indicating the possible involvement of a darkness effect
on sesds/or soil volatile metabolites (Rubin and Benjamin
1983). The possible mechanisms of weed control by soil
solarization could bes (a) dAirect thermal killing of
germinating or even dorment seeds (Horowitz st al.,

1983; Rubin and Benjamin 1983) (b) thermal breaking of
sesd dormancy followed by thermal killing (Rubin and
Benjamin, 1983) (c¢) thermally induced changes in carbon
dioxide/oxygen, ethylene and other volatiles which are
involved in seed dormancy release (Katoh and Esashi 1975
Taylorson and Hendricka, 1981) (4) direct effect of high
temperature interacting with toxic volatiles released
from decomposing organic matter (Pavlica et al.,1978)

or seed metabolism (Vancura and Stotzky, 1976) and (e)
indirect effects via microbial attack of seeds weakened
by sublethal temperature (Hendricks and Taylorsan 1976).

Increased qrowth response

Solarisation has been found to increase plant
growth apd yield. Increased yield of brinjal and tomato
(Ratan et al. 1976), wheat and turnip (Rubin and Eenjamin,
1983) sugarbeet and radish (Stapleton and De Vay, 1984),
better buld development and uniform maturation in onion
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{Katan st 81.,1980) were cbserved in solarized plots.

In some cases the effect of solarisation lasted for more
than one sesason., Isproved plant growth and yield in the
case of socrghua (Pullmsn at al.,1981) and cotton (Pullman
1991 and Ratan st al,,1983) were found to last for more
than one crop sesscn in solarized soil comzpaged with

anonsolarised sofl.

Better growth and yield in perennial tress using
solarisation was also reported by Stapleton and De Vay
(1982). They founf an increased plant height to an
extent of 24.7 and 26.7 per cent and incressed yield
of 424) and 38.1 per cent in peach end walnut respecti-
wely when soil was solariged for 4 -~ 4,5 weeks.

ihe Daneficial effect of solarlzation was nmot
observed in all plants. bhen chilli cultivar resistant
giant (Stapleton and De Vay 1934) arnd parsely (Rubin and
l:njmin 1983) were grown in solarigzed soil there was no
increase in any of the growth parameters aessured.

Apsrt from many other factors, increased plant
growth response following solarisation might be due to
changes in populations of soil micrcorganisms (Stapleton
and Ds Vay 1982) nematodes, weeds and soilborne insects
(stapleton at al.,198%).
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Changes in soil physical and chemical conditions as a

sult of solarimatio
Physical and chemical changes that take place in

9011 are also altered slightly by solarization. A rapid
decline in soil electrical conductivity and a corresponding
decline in nitrate nitrogen was noticed by Hori at al., (1979)
iamediately after solarization. This suggests the accumula-
tion of ammoniacdl nitrogen under reductive and high tempera-
ture conditions in the soil. On the contrary Horiuchi (1984)
pointed out an increase of both NO,-K end EH,-N when bulk
organic materials vere used. / Kodama et al., (1980) reported
a drastic reduction of nitrite and nitrate bacteria in
solarized soil. This in turn indicated a delay in ammonias
nitrificaticn after the treatment terminated. These results
suggested the advantage of solarization in nitrogen
fertilization,

Analysis of solarised soils of various types showed
a significant increase in calcium and magnessium concen-
trations as coapared to non treated soil. (Chen and Katan,
1980). Calcium ions play an important role in plant resis-
tance. Horluchi (1984) also found an incresse of free
+*, Mg** and ¢TI 1n the solarised soils.

L 4
na’s. wH,, K, Ca”, Mg

According to him these elements enhance plant growth,



gtapleton and De Vay (1982) reported that though increases
in pitrate nitrogen were noted in solarized soil major

4difference in the other nutrient levels were not apparent.

Stapleton et al,, (1985) reported that soil solari-

and NHC nitrogen

setion increased concentrations of ﬁss
upto six times compared to non treated soils. Concentra-
tions of P, ca*t ana na** and electrical conductivity
increased in some of the solarized soils. They observed
that solarization 414 not consistently affect available

2¢ 2+, cu?*, T concentrations, soil !

k*, re?t, mn2*, 2n
and total orgsnic matter. Increases in nﬁs plus HH’T
nitrogen were no longer detected in fallowed soils 9

months after solarization.
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MATERIALS AND MBTHODS

Location of field experiment
The field experiment on solarization was con@ucted

at Madaveoor, 45 Km from Trivandrum.
FPield experiment

Before commencement of the field experiment a bulk
crop of cowpea was raised in the plot set apart for the
experiment during March-April 1996, This crop was incor-
porated into the soil 40 days after planting to get a
uniform distribution of the cowpea residues in the field,

The land was then dug to a fine tilth. Clods and
root bits were crushed or removed and the lanéd was
levelled properly. Raised beds of height 15 cm and size
2 x 2 m were formed. The experimental plot was fenced
ell sround to avoid trampling of mulch by stray animals.
The f£ield experiment was laid out during May 1986. The
details of the experiment were as follows,

Crop - Cowpea (Vigna unguiculata)
(local variety)
Design - 23 factorial in Randomised Block
‘ Design for the factors A, B and
C for the main experiment.
Factor - A = ghade
Pactor - B = Irrigation

Factor - C = Solarisation
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For the other factors viz. incidence of disease,
total wmicroflora, plant growth, weed growth and availe-
bility of nutrients 5S/imple RBD was used.
8pacing «~ 25 cm in between rows and 28 cm in

between plants.
Plot size - 2x2m
No., of plants per plots 64
Replications - 4

The treatments wares
Ty - Open irrigated control (0IC)

In this the bed was pot irrigated once and was not
covered with polythene sheet.

T, - Open irrigated solarised (OIS)
Just before covering with polythene sheets the bed

was pot irrigated once.

T, - Open nonirrigated solarized (ONI8)
Seme as T, but before mulching the bed was not

irrigated.

T, - Open nonirrigated control (ONIC)

The bed was neither irrigated nor covered with
polythene sheet.
g - Shade irrigated control (SIC)

Same as T; but the bed was laid out under coconut

trees.
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Shade nonirrigated control (SNIC)

6 -
Same as T, but bed was laid out under coconut trees.
7, - Shade irrigated solarized (818)
Same as T, but the bed was laid ocut under coconut
trees.
Ty - Shade nonirrigated solarised (SNIS)

Sama as 73 but bed was laid out under coconut plants.

Isolation of the pathogen
Rhizoctonia solani Kuhn causal organism of collar

rot disease of cowpea, used for the study was isolated
from naturally infected cowpea plants from the Instructe
ionel Parm, College of Agriculture, Vellayani, Trivandrum,
The infected stem showing typical collar rot symptoms was
cut into small bits, surface steriliszed with 0.1 per cent
mercuric chloride solution for one minute and then washed
in three changes of sterile distilled water. These bits
were then placed on potato dextrose agar (PDA) 4n sterile
petridishes and incubated at room temperature. On the
second day, the growth of the fungus mycelium was visible
and At was asceptically transferred to PDA slants, The
isolate was purified by hyphal tip method and maintained
on PDA by periodic subculturing. The identity of the
pathogen was confirmed by comparing the characters of the
isolate with the type fungus available at the department
of Plant Pathology., Collage of Agriculture, Vellayani.



Mess culturing of Rhiszoctonia solani

Sand maize medium

For mess multiplication, the pathogen was grovwn on
sapd maize medium. B5and maize msdium was prepared by
mixing wvashed white sand with maize meal in the ratio 19:1.
This mixture was taken in 1000 ml conical flasks, moistenecd
with water and sterilized by autocleving at 1.02 kg/cm’
pressure for 13 - 20 minutes., Actively growing three day
old culture bits were ascaptically introduced into the
£lasks containing sterilized sand waize medium and were
incubated for twenty days at room temperature before incor-

perating in soil.

On cowpea plant bits

The mature stem portions of cowpea plants were cut
into small bits of size 1 to 1.5 cm and autoclaved at
1.02 kq/bmz pressure for 13 - 20 minutes in S00 ml conical
flesks. Actively growing three day old culture was ascep-
tically transferred into the flasks with sterilised cowpea
bits and were incubated at room temperature for twenty

days. This wes used for soil inoculation.

i1 inoculatio

Por soil inmoculation, the fungus (R.soleni) grown

on sand maize medium and cowpea plant bits was used,

Twenty day old culture of the fungus in the sand maise



medium was thoroughly mixed in the conical flask before
incorporating into the soil. PFurrows with 2~5 cm depth,
25 cm apart were taken and mycelial mat with aclerotia
in sand maigze medium and cowpea plant bits were uniformly
applied into the furrows and covered with socil. There
were 8 furrows in a plot of 2 x 2 m. FPive hundred gram
of mycelial mat with sclerotium ip sand maize medium and
cowpea plant bits were used for inoculation in one plot.
Irrespective of the treatment, all plots received egual
quantity of fungal inoculum,

HMulching with polythene sheets and recording of soil

temaraturc

Transparent polythene sheets of 200 guage (0.05mm
thick) were used for, mulching the soil. Bach sheet was
of size 2.5 x 2.25 metre. The levelled beds were mulched
manually as shown in figure 1. The edges of the sheet
were covered by soil. Thus the polythene sheet was in
close contact with the soil. Special care was taken to
prevent the formation airpockets,

A Foi1 thormometﬁgivas buried at the centre of the
bed at 15 cm depth. B8oil temperature was recorded at
2.30 PM everyday during the entire period of solarigation.
8oil temperature was also recorded from the plots not
covered with polythene sheets., Polythene mulching was
done on 7-5-1986 and was removed after 47 days (on 22-6-86),
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In treatments requiring irrigation, a single
irrigetion by pot watering was given juest before covering
the beds with polythene sheets., Hundred litres of water
was used for irrigating each plot of size 2 x 2 m.
Planting

The cowpea sceds (local variety) used for the
experiment were treated with rhizobium culture. The
rhisobium culture used for treating the seeds was obta-
ined from department of Plant Pathology, College of
Agriculture, Vellayani, Two seeds were dibbled into the
furrows at a spacing of 25 x 25 cm. 8Seeds were sown on
22-6-1986 immediately after removing the mulches. The
planting was so adjusted that the seeds were dibbled at
the same place where Rhizogtonia inoculum was placed at
ihe time of soil inoculation. Seedling emergence was
completed within 4-5 Qays. The number of seeds germinated
in each plot after 5 days were counted. The plants were
thinned after seven days and the number of plants per
Plot was kept at 64.

Dissase incidence

Weekly observations were taken for the possible
incidence of collar rot and web blight of cowpea. The
numbar of plants showing collar rot symptoms ware counted
at weekly intervale. The diseased plants were removed
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once the plant was killed. The identity of the pathogen
was established by isclating the causal organism of the
disease. An exponential model (Y = aB%) was developed
to predict the disease incidence at weekly intervals.
(Table 6).

Bicmetric observations

The height and number of leaves per plant were
recorded at 20th, 40th and 60th days after sowing. The
height was measured from the soil level to the terminal
bud. The observations were taken from four plants sele-

cted at random in each plot.

Harvest and yield

Ripe pods were harvested separately from each
treatment and Ary weight of cowpea seeds were recorded.
The f£irst picking was done 64 days after planting. Four
picking were dcne and the last harvest was on 5-9-86.
After the f£inal harvest the plants were ploughed into
the soil.

Laboratory studies

Collection of soil samplea
S04l samples used for the laboratory studies were

collected from the different experimental plots. From
sach plot soil sample was collected from four different
locations at random. ¥rom these locations soil from

0 - 15 cm region were collected using & spade. Soil
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samples collected from plots recsiving similar treatments
were pooled together end this was used for all the labora-
tory studies vis., for estimating the population of fungi,
bacteria, actinomycetes, nematodes and also for chemical
analysis. 8Soil sarxples were collected one day before
mulching (6-5-86), immediately after removing the polythene
shests (22-6-86), ten days after solarization (2-7-86),
one month after solarization (28-7-86), two months after
solarlsation (20~8-86) and on the date of f£inal harvest
(3-9+86) wiz. 78 days after solarisation.

Batimation of microbial populstion

Total fungi, bacteria and actinomycsetes from the
soil semplesz collected were estimated by Serial Dilution
Plate Technique (Johnson and Curl 1972). Por fungi 1G°,
for actincmycetes 16%and for bacteria 13’ dilutions were
mnade, Martins Rose Bangal Streptomycin Agar, Soil Extract
Agar and Kenknight Agar ware used for estimating fungi,
bacteria and actinomycetes respectively. Colonies of
fungi, bacteria and actinomycetss were counted on 3rd,

Sth and 10th day of plai/ing respectively.
Nematode population

Nematode population was estimated by modified
Baerman Funnel Technique of Christie and Perry (1931).

Por the purpose, soil samples ware collected one day
before polythene mulching, immediately after the removal
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of polythene shests and on the day of final harvast,
Saprophytic and parasitic nsmatocdes were estimated
ssparately and parasites were identified.

Rodule count

The number of nodules present on cowpea roots
ware counted on the day of final harvest. Three plants
per plot were selected at randcm for this purpose.
Nodules could not be counted before, &3 it was not possible
to uproot the plants from the experimental plots before
harvest.

Hesd atio

With a view to study the effect of golarization
on weedflora, waed populations were counted and identi-
fied before preparation of the land in each of the demar~
cated plot. The weed count was also taken on the day of
removal of polythene sheets, one month after sowing end
on the day of final harvest, In all these cases once
the count was made, all the weedsz present in the field

were removed.
Chemical analysis of soil samples

In ordexr to £ind out the effect of solarization
on the nutrient status of the soil, different plant nutri-
ents before solarization, after solarigation and at

harvest were estimatsd.,
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Nitrogen
Available nitrogen was determined by the alkaline
permanganate method (Subbiah and Asija 1936).

Phosphorus

Available phosphate was determined by Dickson and
Brays) (1940) molybdennum blue method in a Klett-Summerson
photoelectric colorimeter,
Potassium

Exchangeable cations vere determined in neutral
normal ammonium acetate extract by flame photometer
(Model - EEL flame photometer) Jackson (1973).
Calcium and Magnesium

Exchangeable cations were determined in neutral
normal ammonium acetate extract using Perkin Elmer 3030
Model Atomic Absorption Spectrophotometer (Black 1965).
Oxganic _carbon

Organic carbon was determined by the Walkley and
Black's rapid titration method as described by Hesse (1971).

80i1 Reaction

The M was read in a 132,5 soil water suspension
using a Perkin - Blmer pﬁ meter.,
Electrical conductivi

B.C. was measured in the filtered extract of 132,38

soil water suspension using Blico conductivity bridge.
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RESULTS

Isolation and purification of pathogen

The pathocgen causing collar rot of cowpea was
isolated from naturally infected cowpea plants. The
isolate was purified by hyphal tip method and main-
tained on PDA glanta by periodic subculturing. The
pathogenicity of the fungus was established by arti-
ficlally inoculating fresh cowpea seedlings with the
culture. The fungus was then reisolated from the
inoculated plants and characters studied. The fungus

causing collar rot was identified as Rhizoctonia solani

Kuhn. The characters of the original isolate and the

one isolated from artificially inmoculated plants were

similar.
8oil temperature

Soil and atmospheric temperature for the period
of solarigation (7-5-86 to 21-6-86) 1is presented in
the table 1, During this pericd, maximum atmospheric
temperature of 34.2°C was recorded on 12-5-86. The
atmospheric temperature ranged from 28.5 to 34.2%
where as the soil temperature at 15 cm depth ranged
from 29,5°C to 39,5°C. Eventhough there was consider-

able variation in the soil temperature between solarized



Fable 1

Maximum and minimum atmospheric and soil temperature
during soil solarigation periods (7.5.86 to 21.6.86)

Atmospheric temperaturs Soil ’:::‘:a‘:.ﬂ_
Date Maximum Minimum Solarised Non~-solarized
°c oc Wat Dry Wet 2
Og;n Moc Og::n ag;a. Og:n B%;-d.
May 1986

7 32.7 23.0 3s.0 30.0 33.0 30.0 33.0 30.0

8 32.3 28.7 39.8 3.8 39,8 3.8 34.5 30.0

® 33.0 25.8 41.0 33.0 41,0 33.0 36.5 30.8

10 33.8 26.2 41,0 34,0 41.0 34.0 37.8 30.5

11 33.3) 25.6 4.5 34,0 41.5 34.0 38.5  30.5

12 34.2* 28.0 41.0 38.0 41.0 35.0* 39,0 31.8
13 3.2 25.6 42,0 34.5 42,0 34.8 39.8%  31.5

14 32.6 26.1 39.8 33.0 39.8 33.0 37.0 30.8
13 31.8 28.9 38,0 33.0 37.8 33.0 3.8 30.8

16 3.8 25.4 4.5 34.5 41,5 34.8 38.0 30.8

17 33.0 24.9 40.0 32.8 40.0 32.8 38.0 30.0

18 32.4 26.0 4.0 33.0 41,0 33.0 38.5 30.8

19 33.8 25.0 40.0 32.0 40,0 32.0 37.0 30.0

20 33.0 25.4 42,5* 34.0 42,8 34.0 39,0 30.5

21 33.9 28.5 42.5*% 4.8 42.5*  34.8 39.0 31.8

A7

(Contd...2)



Boi ature et 18 cm depth

Atmospheric t ratures reatments
Date i:iguum %Enimum so;trissa qu-aolariggg
e og Wat ry

D: Wat Ty
OE;n Afgéd' OB;“ 88;6. Oggn 58;“

Hay 1986
22 33.5 25.7 40,5 34.5 41.0 4.5 38.0 1.0
23 33.1 26.4 42,0 M.5 42.0 4.5 39.0 32,0
24 32.7 28.0 39.5% 32.0 38.5 32.0 35.8 30.0
28 32.1 25.0 3.0 33.0 39.0 33.0 35.0 30.0
26 32.1 25.6 40,5 33,0 39.8 33.0 36.5 3o0.0
27 32.7 26,0 39.0 33.0 39.0 33.0 35,0 30.0
28 33,0 24.6 40,0 33.0 39.0 3.0 34.8 29.8%
29 3.8 25,8 38,0 32.0 38,0 32.0 33.0 29,0
30 32.6 22,7 36.0 1.0 36.8 31.0 32.0 28.83
n 32.1 24.6 41,0 33,0 41.0 33.0 34.5 29,0
June 1986
b3 31.3 24.0 42.0 33.0 41.0 33.0* 34.0 30.0
2 32.1 24,2 42,0 3.0 42.0 4.0 34.0 31.0
3 31,7 24.7 42.0 34.0 42,0 34.0 3.0 3.0
4 31,7 24.8 42,0 34.0 42,0 34.0 3.0 .0
-] 32,3 24.2 42.0 33,0 42.0 33.0 34.8 31.8
é 31.3 23,2 42.0 34.0 41,8 34.0 34.0 31.0
7 3.9 24.6 42,0 M.0 41.0 3.0 34.0 31,0

(Contd. ee3)
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M::::&horic e%nratm ————8011 tewperature at 15 cm depth ________ r;:..”::t:s cm_depth
Date oc o¢ - BSolax ‘Dry No, -lo .rIi.d
0€;n sg;do OB;n 88;4. Ogon 88&6.
June 1968 Nl —

8 3.2 24.6 42,0 34.0 41,0 3.0 34.0 3.0

9 32.1 24.3 42.0 34.0 41.0 34.0 33.8 31.0

10 31,3 23.8 42.0 34,0 41.9 34.0 33.0 30.0

11 3a2.8 25.0 42.0 33,0 41.8 33,0 33.0 30.0

12 .2 24.9% 39.0 32,0 38,9 32.0 33.0 28.0

13 31,2 24.0 30.0 30,0 32.0 30.0 30.0 28,0

14 30.4 23.0 39.0 33.0 38.% 33.0 33,0 30.0

18 30.1 22.58 32.5 28,0 32.% 28,0 29,5 26.%

16 29.7 22.9% 30.0 30.0 30.0 30.0 30.0 28.0

17 29.0 22.2 8.0 32.0 39,0 32.0 2.0 29.0

18 28.9% 22.9 37.8 30.0 37.8 30.0 3.3 28.5

19 31,6 23.0 38.0 1.8 38.0 31.8 32,0 29.0

20 n.o 22.8 32.5 28.0 32.8 26,0 29.% 26.5

21 28,9 24.5 36.0 30.0 36,0 30.0 3.0 27.8

* Indicates the maximum tempereture during the period.
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and nonsolarized and between open an@ shaded conditions,
similar Aifference in temperature was not observed bet-
ween irrigated and nonirrigated soils both in solarized
and nonsolarized plots in most of the days, in open and
shaded conditions.

In solarized treatments, soil temperature was
0 to 10.8°C above the atmospheric temperature in open
while it was almost same as that of atmospheric tempera-
ture or slightly less under shaded conditions. However,
in open non solarized soils, the temperature increase
eventhough was slightly above atmospheric temperature
(~1.5 to +6.3°C), 1t was below the atmospheric tempera-
ture in shade nonsolarized soils. In open zolarized
soils (both irrigated and nonirrigated), soil temperature
was 40°C or above for 27 days out of 47 days of solari-
zation. In none of the other treatments temperature
reached more than 40°C. In all othar traatments except
in shade nonsclarized treatments soil temperature was
alwaye above atmospheric temperature. (Table 2, Pigure 2).

8041 temperature fluctuations in the nonsolarized
and solarized treatments were 10°C (29.3 to 39.5°C) and
12.5°C (30 to 42.5°C) respectively in the open, while in
partial shade it was 5.5°C (26.5 to 32°C) in the non-
solarized treatment and 7°C (28 to 35°C) in the solarized
treatment.



Table 2

Atmospheric and soil temperature (Weekly mean)
during soil solarisation (7.5.86 to 21.6.86)

Atmoapheric temperature

Maximum
L]

8oil temperature

Treatments

Hesk c Hln&gum Solarisned Non-solarised
Og;n 88;?. ngn Bg;do

1st wesk 33.14 28.58 39.88 33.14 38.92 30.64
2nd wesk 32.68 25,52 40.33 33.14 37.50 30.38
3rd week 32.87 235.71 40.28 33.80 36.8% 30.64
4th week 32,37 24.48 40.14 32.88 3.Nn 29.71
Sth wask 31.62 24,18 42.00 33,898 33.88 30.88
6th weak 30.62 23,38 35.78 31.14 31,80 28,50
7th week 30,00 23.30 36.00 29.87 31.50 27.87

MNaximum

temperature

recorded 4.2 22.2* 42.% 35,00 39.50 26.5%0

* Indicates minimum atmospheric temperature.

v
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After mulching, heat build up occurred within
24 to 48 hours. Whenever & heavy rain was obtained
the temperature in solarized as well as in nonaolarized
soils dropped down. However, in solarized soils within
24 hours the heat build up occurred and normal tempera-
ture was regained, This phencmenon was noticed during
all the six days in which rain was received, For example,
on 13th June, there was a heavy rain and the soil tsmper-
ature in open irrigated solarized soil dropped from 39%
on 12-6-86 to 30°C. The heat build up tock place within
24 hours and on 14th, the temperature was again 39%¢.
Based on the soil and air temperature, simple
regressions were calculated. The regressions of soil
maximum temperature under polythene cover (Y) against
maximum air temperature (X) at 18 cm depth were
Open Y = 4.542 ¢ 1,089 X
cShade Y = 14.596 + 0,459 X
The coefficient of determination under shaded
condition was 77.8%. However, it was only 19.18X in

open 30larized conditions.

Symptoms of the disease

In the experimental plot collar rot phase of the
disease was evident. However, web blight phase of the
disease was not cbserved, Infected young seedlings
became pale yellow in colour and the cotyledons shrivelled.



o0

Watersoaked areas developed at the collar region and gﬁéy
soon girdled the entire stem resulting in the collapse
of the seedlings within 3-5 days. Wwhitish mycelial growth
was visible in the soil near the base of the seedlings.
Minute pale yellow microsclerotia were also found to
develop at the collar region.

In grown up plants collar rot bagan as brownish
black lesions at the soil level near the collar region.
It girdled the basal portion of the stem, soon the leaves
turned yellow and many of the leaves dropped off. White
mycelial growth often studded with small sclerotia was
seen at the affected collar region. In some cases wet
root rot symptom was alsc observed. Root development was

inhibited.

Bffect of solarigzation on disease development

Collar rot symptoms appeared in cowpea seedlings
on the 5th day of sowing in both solarized and nonsolariged
treatments. Pre emergence damping off was not observed
in any of the treatments. HNone of the seeds sown failed
to germinate. With the advancement of time substantial
difference in the incidence of collar rot of cowpea was
observed in different treatments (Table 3, figures 3, 4).
In general, incidence of the disease was less in solariged

treatments.



Tab e

Effect 0 so a za ion on Collar rot of owpea
veakly disease inc dence { ngu ar transfeo mat on)
(Mean values)

Treatmen st week 2nd week 31d waek 4th week 5th week 6th week Tth week B8th week 9th week
T 0oic 0 36{3 2) 3 02(5 ) 83(99) 2025 20) 2 96{ 40) 2308 54) 24 45( 7 ) 26 49( 9 ) 28 40(22 6)
T, oIs 6 3( ) 7 02( %) 7 92( %) 9 025) 9 0(2 5) 000 O0) 0 00(3 0) 25(3 8) 3 42(5 &)
T, ONIS 6 3( ) 6 3{ ) 6 3( ) 7 02( 5) 702 %) 7 771 5) 777 5) 9 42(2 7) 0 93(3 6)
T, ONIC 7 93( 9) 792 9) 9 42(2 7) 08(3 7) 2 09 4 4) 4 76 6 5) 7 02(8 6) 9 62 3) 24 7 (715)
Ty SIC 34(3 9) 4 a5(6 3) 6 8(7 8) 8 9 7) 20 67{ 2 4) 24 34( 7 0) 24 49( 8 5) 26 55(20 0) 29 30(24 0)
T, SNIC 7 93( 9) 9 42(2 7) 83(4 2) 6 83 8 4) 8 79( 0 4) 22 98( 5 2) 2368( 6 ) 2599( 9 2) 28 47(22 6)
T 8IS 5 3(08 9 25(2 6) 3 3(s ) 465 6 4 4 65(6 4) 699 8 5) g 03(9 6) 9 76{ 4) 23 27{ 5 6)
g S 1S 72 6 9 56 28 0 95(3 &) 2 05 4 4) 4% 6 3) 6 2 8) 6 96 8 5 7% 9 ) 7549 )
CD at 5% 5 034 5 37 6 94 7 2%0 7 277 7 658 7 095 6 477 7 77
s week WES 2nd week WLT—TS 3rd week T3T2T4__IST6 ?l’é—
ath week T;T;T:TQ_IETET;T Sth week  ToT,T, TeT T ToT  6th week T;TETi;IET;‘g“;_Ié
Tth week  ToT, TpT,T,Tg — Tg  8th week T T, TgTaly TglT Ty 9th week T T Tg T,T,T TgTg

{(The figures in parenthesis a e

et

ansformed values)




DISEASE PERCENTAGE

30

=26

=22

e———— O0—-—— ~ T1 o <
— 3% R —— T2 o5 P
a A T3 ONIS /
= B fj——— T4 ON o
OBSERYED Y,
- —_———— -~ PRED ©TRKD g

A

WELKS AFTER PLANT NG

Fla 3 NOCLLUM PoTERNT AL ofF Z so/an. \N So LS




DSEASE PERCENTAGE

2a

22

13

1.4

10

- /
' p
L /
/7
— O——— 0————- Ts =1 /
r— Y———— Yo snNl\c /
A— a— — LA - Ty SIS /
B——— O -———Tg SN S 4
- _— OSBSERVED A
—_ — PRrRED CTED //
| l | l ]
L

i 2 3 -4 5 = 7 a8 3
IWMEEKS AFTER. PLANT NG

Yi8a 4 NOCULUM POTENTIAL oOF f So/are 1N SoILS




02

There was marked difference in the disease inci-
dence at the time of harvest. Maximum (24.0%) plants
were killed in shade irrigated control, followed by open
irrigated control (22.6%). While least incidence of the
disease was noticed in open nonirrigated solarized (3.6%),
followed by open irrigated solarized treatment (5.4%).

Eventhough there was significant difference among
the various trestments at the time of harvest, it was
not 80, during the early stages of plant growth. During
the first week, in the shade irrigated contrxol, only 3.9%
of the plants were diseased, which was on par with open
irrigated control., All other treatments were not signi-
ficantly dAifferent from one another. The same trend was
noticed during the second week also. In the third week
both open irrigated solarized and open nonirrigated
solarized treatments showed no increase in the disecase
development. During this period, maximum increase in
the incidenca of diseasc, over the previous week,

(table 4) was in open irrigated control (4.8%) followed
by shade irrigated solarized treatment (2.5%). In the
fourth week, shade nonirrigated control gave the maximum
increase of disease over the previous week (4.2%). The
trend was similar till the end of sixth week. Howsver,
from seventh wesk onwards the influence of solarization

was noticeable. The solarized treatments in open were



Table ¢

Bffect of solarigation on incidence of Collar rot of Cowpea
Per cent incretss of collar rot over the previous week
(Retransformed values)

~ Collar rot —incresse Over previous week
Treatment during 2 3r th 7 8th

_1st week week week week Waeck week week week week
T, OIC 3.2 1.9 4,8 2.1 2,0 1.4 1.7 2.0 3.5
T: 018 1.1 0.4 o 1.0 0 0.5 0 0.8 1.6
?3 ON18 1.1 0 0 0.4 0 0 e] 1.2 0.9
T‘ anIC 1.9 o] 0.8 1.0 0.7 2.1 2,1 2.7 6.2
T4 SIC 3.9 2,4 1,5 1.9 2.7 4.6 1,5 1.8 4.0
Tq BNIC 1.9 0.8 1.5 ¢.2 2.0 4.8 0.9 3.1 3.4
T, 818 0.8 1.8 2.5 1.3 0 2.1 1.1 1.8 4.2
Eme 8NI1s 1.6 1.2 0.8 9.90) 1.9 1,8 0.7 0.6 0

£8
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on par and were supsrior to other treatments, This
trend was more noticeable in the last week, when the
percentage of diseased plants in all the solarized
treatments were less cocmpared to nonsolarized ones
{(rigure 5). Neverthless, shades irrigated solarized
treatunent was not significantly different from the
control treatments both in open and shade conditions.
On examining the general trend of disease dsvelopmant
in open, (figure 3) it is clear that the development
pattern of the disease is similar for solariged and
nonsolarized treatments. A similar picture was not
observed under shaded conditions (Pigure 4).

In the present study, the influence of shade,
irrigation and solarigzation on the incidence of collar
rot of cowpead was investigated. In order to find out
the efficacy of these factors;independently the data
was analysed using a 23 factorial experiment in RED.
The retransformed valuss obtained are presented in the
table S. A significant and effective control was noti-
ced in solarized treatments (16.29%) compared to nonso-
larized treatments (27.72%). However, such an influence
was not observed when the factor irrigation was taken
into account, The incidence of discase in irrigated
(23.6%) and nonirrigated (20.41%) treatments were not
statistically significant. The intensity of sun light
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Table 3
REfect of tShade, irrigation and solarisation on collar rot of cowpsa
Treatments and factors used for 23 factorial analysis

Msan valuss
Treatments Pactors (Retransf a)
T Open irrigated nonsolarized Open sun 19,37 y**
A ~ 8hade poreiel 24.60
T, Open irrigated solariced toated 23'6'\
Irriga .
T, Open nonirrigated nonsolarised B - Irrigation . 4rrigated 20,41
T, Open nonirrigated solarised - Solarized 16.29 Y**
4 € = Solerisation ., solarlsed 27.72 i
l’s 8hade irrigatsd nonsolarized
C D for comparison of A, B and C at
,6 ghade irrigatsd solarized ’ S per cent = 3.588
‘2., Shade nonirrigatsd nonsolariszsed C D for comparison of A, B and C at
1 per cent = {,.884
're Shade nonirrigated solarigzed

TeT,TaTTyT1 7S

** gignificantly different et 1 per cent level



greatly influenced the disease devslopment. Significant
control was obtained in the open (195.37%) compared to
that under partial shade (24.64%). The interaction
effect of the three factors was not statistically signi-

ficant, (Appendix - II)
Disease prediction

From the data on the intensity of disease in the
different treatments, an exponential model Y = At vas
developed for predicting collar rot of cowpea. In this
model A & B two constants, t time in weeks and Y percen-
tage of disease (Table 6). Coefficient of determination
ranged from 78.66 to 98.30% in the various treatments

(Pigures 3, 4).

The rate of disease development (1) 1s given in
table 6. From this it 13 evident that the rate of
disecase development in nonirrigated solarized treatment
is the minimum (15,43%) while it is wmaximum in shade
nonirrigated control (37.37%). Under open sun the per-
centage of Aisease development is less than 20% in both

irrigated and nonirrigated asolarized plots.

Soil microflora

Effect of solarization on fungal population
8olarigation influenced the population of fungi

in soil (Table 7, Appendix IXI). In order to arrive at



Table &
Prediction of collar rot of cowpea

Coefficient of

Treatmsnts Prediction egquation doton&;mtton i
T, orc Y = 4.48908(1,2187) ¢ 87.35 31.87
T, 018 Y = 1,13432 (1,18110)° 93.99 18.11
T, ONIS Y = 1,16624(1.15429)° 89.66 15.43
T, ORIC ¥ = 1,26369(1.32670)° 99.30 32.68
T4 8IC Y = 3.94974(1.2413M ¢ 98,73 2¢.14
T, SHIC Y = 1,74461(2.37370)°% 93.74 37.37
r, 518 Y = 1.38467(1.34896)° 78.66 34.90
T, 8NI8 Y = 2,21431(1.22321)°% 87.91 32.32

Y = Percentage of disasss.

4 = Rate Of disease developument in per cent,

LS



Tab e 7
Effect of solarization on soll mycoflora
{ /X transformation)
(Mean values)

Inftial Af tar 0 days after month after 2 months after at final
Treatments population solarization/ solarization solarization sclarization harvest
exposure
T OIC 6 33 4 846(22 48) 8 797(76 38) 6 475(40 93) 6 924(46 94) 6 768(44 81)
T, OIS 6 33 5 253(26 59) 2 256( 49 2 ) 6 567(42 3) 6 665{43 42) 4 252( 7 08)
T, ONIS & 33 5 0(25 1} 8 035(63 57) g 23(82 24) 6 222(37 7 ) 4 593{20 09)
T, ONIC 6 33 5 673(3  9) 8 43 (70 09) 8 570(72 44) 7 529(55 68) 5 975(34 70)
Ty SIC 20 00 6 768(44 8 ) 9 950(98 0 ) 9 884(96 68) 9 692(92 94) 9 026(80 47)
T, SNIC 20 00 6 793(45 2) 8 443(70 29) 0 003(99 07) 9 485(88 96) 7 25(49 76)
T, SIS 20 00 7 857{60 73) 7 68 (58 0 ) 0 458( 08 238) 10 320( 05 50) 725 (5 58)
Tg SNIS 20 00 8 28 (67 57) 8 520(7 98) 8 993(79 88) 9 4 0(87 54) 8 493(7 23)
€D at 5% 075 49 36855 0 83304 44505 3472
Ranking T TT,T,Ts T T T, TiT3TaTeTgl T5Tp T 1,0, 0glgTaTel,  TToT 10T T T, ToTaT,T To o TgTs
(Figures in parenthesis are retransformed values)

as



53

reliable conclusions, due weightage was given to the
population of fungi that were present in each plot before
the commencement of the experiment. In general, the
fungal population was more in open field compared to the
partially shaded condition and the effect of irrigation
was not merked. The pattern of fluctuations of fungal
population in various treatments were similar - A gradual
incresse in the populetion was noticed initially and then
there was a decline (figures 6, 7). Immediately after
solarization the least number of fungal colonies were
noticed in the open irrigated nonsolarized (22,48) soil.
While in shade maximum number of colonies was in nonirri-
gated solerigsed (67.57) treatment. On 10th day after
solarization, however, all the different treatments except
open irrigated sclarized (149,21) and shade irrigated
control (98.01) were on per. One month after solarigsation,
fungal population was lesst in open irrigated control
(40.93), whereas it was maximum in the shade irrigated
solarized treatmsnt (108.38).

A reduction in the population of fungi in the open
f£ield is apparent from second month after solarisation.
During this period the different treatments in open were
on par and in partial shade also the different treatments
444 not show significent difference. The number of fungal
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propagules observed in open were significantly more then
in shade. At harvest, solarized treatments in the open
(irrigated and nonirrigated) harboured less mumber of
fungal population (17.08 and 20,.09). Under partial

shade fungal population in irrigated non solarized treat-
ment (80.47) and non irrigated solariszed treatment (71.13)
414 not differ significantly.

Effect of solarization on bacterial populastion

The fluctuations in the populetion of bacteria im
the 4ifferent treatments in open and in shade showed a
definite pattern. Under open conditions, in all treat-
ments, bacterial populastion did not exhidit marked flu-
ctuation till the end of two months after solarigation.
However, at the time of harvest there was a sudden
increase (Pigure 8). While under shade, in all the
treatments, the bacterial count decreased till 10 days
after solarigation and since then there was a gradual
increase in the count till the harvest (Figure 9).

Statistical 2nelysis of the data (Table 8) immedi~
ately after solarizatiocn revealed that there was no
significant difference among the different treatments in
the open. Under partiasl shade also the effect was the
same. However, the bacteriasl population in open treat-
ments was less than in shaded soil. The bacterial



Table 8

Effect of solarization on Soil Bacteria

( Vx transformation)
Mean values

Initial After 0 days after month after 2 months after at f nal
Treatment populat on solarization solarization solarization solarization harvest
T oic 33 2 109(3 45) 959(2 84 8 8(2 30) 2 003(3 0 ) 030( 5 24)
T2 oIS 33 973(2 89) 805(2 26) 8 8(2 30) 2 53(3 63) 278{(9 75)
T, ONIS 33 6 0{ 59) 854(2 44) 1 907{2 636) 2 303(4 30) 066(8 40)
T4 ONIC 33 2 09(3 45) 2 353(4 54) 2 430(4 90) 2 368(4 6 ) 435( 8 67)
T5 sic 4 00 2 816(6 93) 1 912(2 65) 3 052(8 232) 3 073(8 44) 97( 6 6 )
Tg SNIC 4 00 2 830(7 0 ) 735(2 0 ) 2 6 (3 67) 2 894(7 37) 758 3 2)
T7 S1S 4 00 2 776(6 7 ) 2 795(3 73) 2 082(3 34) 2 7 7{6 38) 97( 6 6 )
Tg SNIS 4 00 2 770(6 67) 567  45) 2 54(3 64 3 063(3 38) 065( 5 63)
CD at 5% = 09978 24657 0 55400 0 50 B2 9756

(Figures in parenthesis are retransformed values)

9
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population ranged from 1.59 to 3.45 in the open, while
in shade it ranged £from 6.67 to 7.01. On the tenth day
after solarization, there was no significant difference
among all the treatments under open and partial shade.
One wonth after solarisation, non-irrigated control, in
shade supported the least bacterial population (8.32).
As was observed at the end of 10 days after solarisation,
the bacterial count at the end of two months after sola-
riszation also 4id not differ significantly in open and
in the shade. The bacterial population in different
treatments at the time of harvest did not show any par-
ticular trend,

Rffect of solarizstion on actinomycetes

The changes in actlncuycetes population in open
followed a definite trend. The actlinomycetes population
of all the treatments decreased slightly during the first
ten days of solarization (Figure 10) and then from 10 day
till one month, there was & gradual increase followed by
a decrease till the end of two montha after solarizationm.
Thern the population in all the treatments rapidly incre-
agsed till the harvest,

The pattern of population fluctuation in shade,
hovever, was entirely different. In all the treatments
except in shade nonirrigated solarized, the population
change was similar. In shade nonirrigated solarized
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treatmant the actinomycete count gradually increased
till the harvest. ¥While in other treatments the popula-
tion increased till the first month and then there was
a decline. (Pigure 11).

Analysis of the data showed that solarization
and irrigation had not much influence on the population
of actinomycetes (Table 9). Immediately after solarize-~
tion all the treatments in open except irrigated control
supported lesser number of actinomycetes compared to the
treatments in shade. This reduction in the population
count of actinomycetes in open was pronounced till the
end of two months after solarization. However, at the
time of harvest shade irrigated control and shade
nonirrigated control gave the least actinomycete count
(21.16 and 24.11), while the treatment open nonirrigated
solarized and shade nonirrigated solarized supported the
maximum population (63.81 and 73.74).

Effect of solarization on nematode population of soil

Nematode population differed significantly among
the various treatments at the time of harvest (Table 10),.
Hematode count was nil prioxr to solarisation in all the
plots. Immediately after solarisation also only saproe
phytes were encountered, in all treatments. Population
of nematodes in open nonirrigated solariged and open
irrigated solarized treatmsnts (i was less than in other



NUMBER OF COLONIES PER PLATE

8o ___

®
Q
7o N
N
~
60 ___|
50 ___|
a0
30 ]
20 |
1o |
° 1 1 | T
o 10 40 G0 To
DAYS AFTE R SOLARIZATION
FiIG 11 EFFECY OF SOLARIZATION ON SoOil. ACT NONMY ~

CETES N PARTIAL SHADE




Table

9

Effect of solarization on Soil Actinomycetes
{ /X transformation)

(Mean values)
Initial After 0 days after month after 2 months after at final
Treatment popu ation sclarization solarization solarization solarization harvest
T oI1C 3 66 3 967(10 54) 2 458(5 04) 4 940(23 40) 4 643(20 56) 495(4 9)
T2 OIS 3 66 2 997(7 97) 2 576(5 64) %5 208(26 2) 5 25%(25 27) 485{41 06)
T, ONIS 3 66 3 60(8 99) 2 524(5 37) & 05(36 27) 5 6 7(30 55) 050(63 8 )
T, ONIC 3 66 3 207(9 28} 2 243(4 03) 5 75(25 78) 4 304( 7 53) 429(54 B8)
T5 sic 0 66 4 28( 6 04) 3 996( 4 97) 7 483(55 00) 6 8 5{45 44) 707(2 6}
T, SNIC 0 66 4 09( 5 75) 5 079 24 80) 6 7 7(44 2) 7 657(57 62) 0 (24 1)
'l'7 SIS 0 66 3 368( 0 34) S5 698(3 47) 7 676(57 92) 7 60 (56 77) 699(43 88)
Ta SNIS 0 66 3 70 (12 70) & 4 4(40 4) B 573(72 49) 7 688(58 ) 645(73 74)
CD at S = 0 46713 0 68402 0787 0 1 05449 0 98577
Ranking LI fanTels  TMTLLTLT, TTLLLET, TITLOELTY, TLLhTLrT

(Figures in parenthesis are retransformed values)

F3
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Bffect of solarization on nematode population of soil

(/X transformation)
(Mesan values)

Treatments After solerization At harvest
?, o1C 6.48(42,33) 10.06(101.33)
!’2 018 1.38(2,0) 3.39(11,.33)
'1‘3 (4:2) ¢:] 1.18(2.0) 2.81(8,0)

‘l‘ ORIC 6.70(45.0) 7.94(63,.33)

Tg 81C 8.69(75.67) 10,39(111.33)

'!6 8NIC 8.62(74.33) 4.10(17.0)

?7 818 8.03(64.67) $.19(26.33)

re 8N18 8.2%(68.33) 7.11(51,33)

CD at S% 0.7980 0.7039

Ranking TR 74Ty Tg 7675 T37276%1T6Te 175

(Figuras in parenthesis are retransformed valuss)



treatments (2,0) and vere on par., There was no signi-
ficant 4Aifference among solarized@ and nonsolarised
treatments under partial shade immediately after
solarization.

At harvest, saprophytic and parasitic nematodes
were noticed in all the treatments. The parasitic
species included Helicotylenchus, Tylenchorynchus,
Hoplolaimus and Xiphenema., The least number of nematodes
at harvest, was noticed in open nonirrigated solarized
(8.0) followed by open irrigated solarized treatment
{(11.33) and both these were on par, but were signifi-
cantly different from all other treatments. However
nonirrigated control was superior to the solarized
treatments, in partial shade.

Bffect of solarization on weed population

The field where the experiment was conducted, had
12 Aifferent species of weeds (Table 11), of which nine
belonged to the dicots, Population of weeds were more
in partially shaded conditions. The mean weed popula-
tion before solarization in the open ranged from 11,23
to 16.25 in the different plots. 1In open no weeds were
noticed immediately after the removal of polythene sheeta
in solarized treatments as against 23.235 and 31 weeds
in the control treatments. One month after solarlzation

also there was absolute weed control in solarized plots



Tab e

(Mean values

Effect of solar 2ation on weed population

Weeds ® Treataents (In open)
Treatment (T ) Treatment 2 (Tg) Treatment 3 {Ta) Treatment 4 (T,)
B/s ~ a/s  I1a/&  H B/S __A/S __IA/s H B/S _A/S __IA/S _H B/S __A/S__IA/S _H
7 0 25 5 5 0 75 75 2% 8 5

2 5 4 75 6 2 25 25 75
3 25 25 0 7% 8 5 2 6 5 S 3 325 05 75
4 1 75 2 25 05 5 075 2 25 15 295 15 0 75 75
9 025 35 7%
6 10 5 33 6 75 g8 5 3 25
.
8 375 o 75 35 5
9 2 75
0 2 9 0 25 25
2 75

11 25 3 00 225 46 25 495 7 75 6 25 18 75 5 752325 3004 50

{(Contd

2)

L3



Treatments (In shade)

eeds Treatment 5 (TS) Treatmen 6 (76) Treatment 7 (T7) Treatment 8 TB)
B/S * A/S IA/S H B/S AfS Ia/S H B/S _A/[S IA/S H B/S AfS _ IA/S H
25 3 35 0 25 5 0 75 375 5 25 75
2 75 6 25 075 3 2 225 25 2 95 5 5 75 5
3 0 25
4 75 075 025 2 2% 25 75 75
5 5 2% 05 0 25 3 05 05 0 7%
6 20 25 49 00 8 5 93 43 5 7 25 70 29 2 75 co 75 4 73 7 25
37 2 3 25 3 75 29 0 25 625 075 05
8 5 05 35
9 2 75 4 2755 466 5
0 05
25 35 7 75 3 25
2 3 25 4 25 25
Total 36 75 60 00 2 00 3 50 02 75 65 00 25 38 75 94 00 28 3 75 0 27 25 75 489 50 O 25 50
Mame of weeds =
sachne niliacea 2 Brachia 1a ramosa 3 erremia t dentata 8/5S Before solar zation
4 Hem desmus indicus 5 Desmodium t{r fo jum 6 Alteranthe a sessilis A/S = Afte Solar zation
- Ia/s month afte Solarization
T Cur u iqo orchioides 8 Sebastina chamaelea 9 Linde a rustacea ” At harvest
o] Oldenlandia gorymbosa Ageratum conyzoides 2 Emilia sonetrifcolia

89
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in the opsn while two to three weeds were cbserved in the
ncnsolariged plots. At the time of harvest also the
total weed population in solarized treatmente was less
than S0% of that observed in nonsolarized treatments.

The number of weeds rangsd from 17.73 in open irrigated
solarized to 18.7% in open nonirrigated sclarized against
41.% in open nonirrigated control to 46.25 4n open
irrigated control treatments.

In pertial shaded condition the total weed populs-
ticn before solarization ranged from 102,75 to 194,
During solarization the weed Lindernia crustacea
(Sacrophularieceae) germinated profusely and a thick
growth of the weed appeared es a pale gresn carpet under
the cover in the solarized treatments. It decayed even
before the removal of the polythsns cover, This wesd was
successfully controlled in the solarized plots Suring the
crop season. Apart from this therc was not much differ-
ence in the total weed population among the solarized
end nonsolarised treatments in the shaded conditions at

harvest.

Rffect of solarization on_plant growth

The results of the observations are presented ()
({7 cable 12. 1In general, plants in partisl shede were
taller coxpared to open treatwments. The plants in opsn



Table 12

Effect of solariszation on growth paramaters
Height of plants
(Mean values)

Days_after plantifig
Treatments ~Zoth ‘Mm at harvest

7, o 8.5 20.62 29.56 30.68

T, o1s 8.28 18.68 39.50 0.7

r, onis 7.89 14.00 30.43 31,87

T, omic 7.62 11.68 18.18 19.43

T, 81C 10.81 19.50 .12 35.87

T, sNIC 1.3 26.93 35.68 $7.28
a18 13.12 86.50 70.00 68.06

2, ems 12.06 49.12 70.50 74.06

€D at % 1.168 22.881 26.51 26.647

Ranking  EETRFTEE, TRIFTENT, FT,TTeis0a0yT 577 2761512017

0L
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nonirrigated control were shorter compared to plants
in other treatmsnt.

8olarization has exerted some influence on leaf
production in open solarized treatments whereas it was
not so under partial shade. However, irrigated solariced
treatment and nonirrigated solarized treatment in open
vere on par and superior in leaf prcduction, though open
irrigated control treatment was not inferior to the above
two treatments. This trend was seen throughout the crop
period. 1In partial shade solarized treatments though
ranked better were on par with other treatments.(Table 13)

Nodulation

More number of nodules were noticed under partial
shade than in open conditions. The influence of solari-
mation was evident both in open and partially shaded
conditions. Howaver there was no significant difference
between irrigated and nonirrigated solarized treatments
either under shade or open conditions (Table 14). The
least numbar of nodules were observed in open irrigated
control (2.4) while the maximum was ) noticed in shade
irrigated solarized treatment (10.36).
Yie1d

A significant increase in the yield of cowpea was
observed in solarized plots (Table 15). This was more
evident in the open solarized field, Open nonirrigated



Table 13

Bffect of solarization on growth parameters
Humber of leaves
Mean values
( /% trensformation)

Days after planging

Treatments 20th 40th g0oth at_harvest
Ty O0IC  2,38(5.67) 3.77(14.73) 4.63(21.48) 4.85(23,88)
?, O18 2,27(s.18) 4.00(16.18) 5.26(27.76) 5.52(30.53)
T, ONIS 2.20(4.87) 3,61(13.12) 4.66(21,80) 4.87(23,73)
T, OnIC 2,19(4.80) 3.22(10.56) 3.73(13.78) 3.95(18.62)
Ty 8IC 2.13(4.585) 3,01(9.18) 3.60(12,97) 3.72(13.86)
Tg BNIC 2.16(4.68) 3.15(10,12) 3.77(14.26) 3,94(15,36)
T, 818 2.19(4.81) 3.57(12.087) 4.12(17,06) 4.12(18,08)
Tq B8NIB 2,13(4.56) 3.16(10.06) 3.89(158,17) 4.02(16.17)

CD at 5% 0.136 0,663 0.7086 0.673

1’1'321‘3‘1'."2 “.l' 6’38‘25 T 2’2‘?’?.,'1' CTBT 6‘.5 rz'r"rxr,rersr “l's ?2T3T‘1‘7‘1‘a‘! "1‘6'25

Ranking

(Pigures in parenthesis are retransformed values)

oL
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Table 14
Bffect_of solarization on nodulation in cowpea
/% transformation) (Mean values)

Treatments Mean values
Ty OIC 1.34 (2,40)
T, OIs 1.7% (3.07)
'1'3 OHIS 1.86 (3.49)
T, ORIC 1.72 (2.99)
Ty SIC 2.42 (8.90)
Tg SNIC 2.76 (7.66)
T, 818 3,21 (10.36)
Tg SNIS 3.18 (10.17)
CD at 5% 0.262

Ranking '1‘.’ 'l'a '1‘5 'l'5 '23 Tz T '1'l

(Pigures in parenthesis are retransformed values)

Table 13
Effect of solarisation on yield in cowpea

Treatments Mean yield (q)

Treatment Percentage
increase on

control

T, o0xC 126.089 -

T, 018 192,94 21,30
Ty ONIS 154.71 21.69
T, ONIC 127.13 -

Tg S8IC 126.45 -

Te 8NIC 129.25 -

T, 818 140.42 11.00
Ty BKHIS 139.11 7.62
CD at 5% = 15,160

Ranking ‘1’3'1'2'1'1 'x‘a‘rc'r 4T5T1
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solarized trestment gave the maximum yield (154.71) per
plot followed by open irrigated solariced treatment
(152.94 ¢) and irrigated solerized treatment under par-
tial shade (140.42 g). All these three treatments ware
on par and significantly different from other treatments.
Nonirrigated solarized trestments under shade (139.11 g)
was on par with irrigated solarized treatment in shade.
The yield recorded in all the nonsolarigzed plots were
poor and the lowest yield of 126.08 g per plot was
recorded in the open irrigated nonsolarised treatment,

The influence of solarisation was not evident
when yield per plant was compared. The yield per plant
varied from 2.42 g irn Open nonirrigated control to
2.62 ¢ in open irrigated solarized end shade nonirrigated
control treatments.

Statistical analysis of the data revealed that

yield was negatively corelated with collar rot of cowpea.

Bffect of solarigation on the availability of plant

nutrients

Solarization has been found to influence the availa-
bility of nutrients., Table (16). &Emall fluctuations in
nitrogen level were observed in different treatments as
& result of solarization. In open solarized treatments
the available nitrogen increased from 0.039% (before
solarization) to 0.042% and under partial shade it incre-
ased from 0.033% to 0.045%.



Effect of solarization on nutrient status

Table

16

(Mean values)

pH and Electrical conductivity o

soil

Treatments {(in open)

Ty

T

T

B/S AjS* H* B/S A/lS H B/S A;S H B/S A/; ]
Avai able nitrogen %) 039 0 039 0 039 039 0 042 C 04 0 039 0 042 04 0 039 0 040 0 043
Available phosphorus (%) 0009 0 00 0 0025 0009 000 3 0000 0 0009 0O 003 00 3 00009 000 OC 0008
Exchangeab e potassium (%) 0089 0 0 52 0 0 00 0089 0 0 52 0 0094 0 0089 0 0 60 0086 0 0089 0 0 76 O 0092
Exchangeable calcium (%) 00425 0 002 2 0 04880 0 00425 0 00595 0 03039 0 00425 0 00532 0 02577 0 00425 0 004570.0378
Exchangeab e magnesium (%) 0082 © 0099 O 00622 0 0082 O 0082 © 00483 O 0082 0 00907 O 00357 0 0082 O 00852 0 00478
0 ganic Carbon (%) 435 0 472 0 472 435 0 5 6 50 0435 05 458 0 435 0 48 0 52
ol 8 48 5 2 8 48 48 48 a8 7 48 49 47
Electrical conductivity 2 02 ¢ 2 2 0 2 g 2 02 ¢ 2 2 02 o2 02

{mnnhos/cm
{Contd 2)



Treatments (in shade)
(Mean values)

75 Té T'i' TB
8/5 A/S H B/5 A/S H B/S A/S H B/S A/S H
Available nitrogen %) 0033 0 036 0 04 0 033 0 03 0036 0033 0045 0042 0 033 0 038 0 040

Available phasphorus (%) 0 00 0004 0002 O 00 0006 0007 0001 00022 0 0019 O 00 0 0020 0 0024
Exchangeable po assium (¥} 0 094 00 72 00076 0094 00 0O 00072 0094 0092 00088 0094 0086 0 008
Exchangeable calc um (%) 0 00277 0 00972 0 02900 0 00277 0 00953 0 03358 O 00277 0 00809 0 (402 © 00277 O 0078% O 05 8

Exchangeable magnesium (%) 00 0 000628 000468 00 O O 00634 0 0083 0 O 00 0 0099 O 00560 O 0 00 O 00752 O 00489

Organic Carbon (% 0 0435 0 465 Q 49 0 435 Q0 472 0 435 0 435 0 495 0 505 0 435 0 487 0 483
pHt 6 0 59 5 8 60 5 9 5 8 6 0 S 9 57 60 6 0 S 6
Elect ical conductivity 0 o 5 0 3 0 02 0 0 02 o 5 (¢ g 5 ¢
{mmhos/cm)
* B/S =« Before Solarization A/S = After Solarization H = At Harvest
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Changes in the status of available phosphurus in
solariged treatments both in open and shade were similar
to that observed in the case of available nitrogen. 1In
all nonsolariged treatments there was an increase of
available phosphurus in both open and partial shade
immediately after solarization.

The effect of solarigation on the availability
of potassium in open and partial shade wasg different.
In open, an increase in potassium level was noticed
in all plots, both solarized and nonsolariced. In
shade, avajilability of potassium in solarized and non-
solariged treatments declined, but the decrease was
more in nonsolarised treatments.

The status of exchangeable calcium roth in open
end shade, immediately after solarization, was slightly
influenced by solarigation.

All treatments (solarized and nonsolarized) in
shade immediately after solarigation showed a2 decrease
in wagnesium level where as such decrease was not noticed
in open treatments,

Solarigation exerted marked influence on the
organic carbon content of 20il. Iazmediately after
solarization, organic carbon increased from 0,435 to

0.510% in open solarized treatments, where as it increased



~3 )%

from 0.435 to 0.495% in zhade solarized treatments.,

In nonsolarized treatments both in open and shade,

the increase was not marked as was cbserved in solarized
treatments.

The soil pH level in general was not altered
markedly as a result of solarization. However, pH
ranged from 5.6 to 6.0 in shade compared to 4.7 to 5.2
in open. The results indicated no marked change in EB.C

Gue to solarigation (Table 18).



DISCUSSION



DISCUSS8ION

Soil borne fungal pathogens (Katan 1981, Martyn
and Hartz (1985) and other soil organisms (Stapleton and
De Vay (1982, 1984) have been reduced in population
following solarization. Solarization has also besen found
to be very effective in reducing parasitic nematodes
(Ratan 1981, Stapleton and De Vay 1983) and weeds (Rubin
and Benjamin 1983, Horowitz et al.,1983, Egley 1983).
This in turn helps to increase the yield of the plants
conaiderably.

Soil temperature i1s increased by mulching with
polythene sheets in the process of solarization. In the
present experiment soil temperature was upto 10.8°C
above the atmospheric temperature in open and it was
almost similar or slightly higher than atmospheric tem-
perature under shaded condition. Increase in soil tempe-
rature as a result of plastic mulching has been reported
by earlier workers (Katan et al. 1976, 1980, Grinstein
et al1.,1980). 1In the present experiment increase in
temperature in open solariged soil (over the atmospheric)
was lesser than that reported elsewhere (Grinstein et al.,
1979, Katan et al. 1981, Pullman et al. 1979). In most
of the places where solarization was tried, the atmos-

pheric temperature wags higher than what was observed here.
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Purther, in most of the atudies, thinner polythene sheets
(25-30 am) were used. In the present study comparatively
thicker polythene sheet (50 um) was used. Thinner sheets
are more efficient in increasing the soil temperature
than thicker ones. (Katan 1980, Pullman et al. 1981).

In most of the trials conducted elsewhere soil tempera=-
ture was recorded at 5 cm below the soil. In the present
study soil temperature was observed only at 15 cm depth.
With increasing soil depth, maximal soil temperature
decreased as a result of the soil's highthermal capacity
and poor conductivity.

Under partial ghade, increase in temperature in
solarized soil was lesas than in open. Low air tempera-
ture due to the canopy of coconut leaves may be respon-
sible for this. Reduction in the penetration of solar
radiation to the soil by covering with black polythene
caused a significant decrease in soil temperature eleva-
tion (Rubin and Benjamin 1983), The increase in soil
temperature in mulched soil is due to the "green house
effect® caused by polythene and it varies with air tem-
perature, humidity, radiation, wind velocity and soil
characteristica., (Katan 1981, Mahrer 1979). Tempera-
ture of s0il mulched with black polythene is usually
less than that in open nonmulched soil (Katan et al.

1976, Kodama et al. 1979). The role of coconut leaves



in partial shaded condition may be similar to black poly-
thene. The canopy of coconut leaves also prevents the
sunlight directly reaching the soil. This indicates that
plastic mulching of soil under a coconut canopy is not
effective in increasing soil temperature,

Mulching with polythene sheets, reduced the collar

rot of cowpea, caused by Rhizoctonia solani (Table 3,

Appendix I ). Maximum number of plants were killed in
shade irrigated control (24,0%) followed by open irrigated
control (22.6%). Lowest number of diseased plants (3.6%)
was in open nonirrigated solarized treatment followed by
open irrigated solarized treatment (5.4%).

R. solani survives unfavourable climatic conditions
and non crop periods in the form of sclerctia. Effective
control of the disease could be achieved only when the
resting structures of the fungus are killed. Maximum soil
tempaerature recorded in solarized soil at 15 cm depth wasg
only 42.5°C which is below the lethal temperature of scle-
rotia of the fungus, (Pullman et al.,1981). This tempe-
rature though not lethal could injure sclerotia. The
injured sclerotia are easily attacked by soil microorgani-
sms (Baker Cock 1974, Katan 1980).

The propagules of pathogenic fungi become more vul-
nerable to other soil microorganismg, when exposed to

sublethal dosages of temperature. This has already been
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suggested as a tool for achieving an integrated control
through a synergestic effect (Katan 1981). This has been
demonstrated in the case of Armillaria mellea (Munnecke
et al. 1976) and in Sclerotium rolfseii (Lifshitz et al.,
1983, Elad et al.,1980).

The effectiveness of sublethal temperature in redu-
cing the population of the sclerotia might be due to either
the direct cumulative effect on sclerotia (Katan et al.
1976) or to a combination of thermal and biological factors.
On a perusal of the data, on disease incidence recorded at
weekly intervals, (Table 2) it is clear that the number of
diseased plants in solarized treatments in open was less
initially. During the 8th and 9th weeks there was a sudden
increase in the number of infected plants in open solarized
plots. Sublethal temperature causes delay in germination
of sclerotia of R. Solani. This varied with temperature
and duration of exposure. The germination delay was the
longest when the organism was exposed to high temperature.
The longer a propagule was heated, the longer it required
to germinate indicating that heat damage accumulated gradu-
ally to a point beyond which propagule cannot recover
(Pullman et al.,1981). A partially visble propagule may
recover and resume its course of development, if given
normal conditions and sufficient time., The build up of

inoculum from survived sclerotium takes time to reach a



level to initiate the disease. Increase in the inci-
dence of disease in solarized plots during later periods
in the experiment (Table 3) may be due to one of the

above factors. Similar effects of heat, on Armillaria

mellea (Munnecke et al.,1976) Botrytis cinerea (Smith
1923) Verticillium dahljiae, Thielaviopsis basicola,

Pythium ultimum and Rhigoctonia solani (Pullman et al.,

1981). Under field conditions the recovery of the par-
tially viable propagules may be further restricted by
different stress factors including the activity of
other soil microorganisms. (Katan 1981, Pullman et 2al.,
1981).

Apart from decreasing the viability of propagules,
solarigation may also reduce the capacity of the propa=-
gule te incite disease. Even if the same number of via-
ble propagules taken from solarized and nonsolarized
treatments are allowed to infect the same number of plants,
the probability that solarized viable propagules causing
the disease 1s less compared to viable propagules from
the nonsolarigzed treatments (Pullman 1979).

Baker (1962) opined that solarization may create
a shift in microbial population in the soil in favour of
heat resistant saprophytes. This is expected as most
pathogens are less resistant to heat than saprophytes

(Baker 1962). Injury caused to selerotia by solarization
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might also increase leakage of sugar and aminoacids
(Lifshitz et 8l.,1983). This attracts other microorga-
nisms to the sclerotial surface and may kill the scle-
rotia through the production of toxic metabolites.

Under normal conditions f£ree exchange of gases
takes place in soil and whatever volatiles produced
escapes to the air, Permeability of polythene to gases
is low. The lethal effect of increased quantities of
soil volatiles is more on parasitic fungd than on sapro-
phytes in the soil, (Peethambaran 1973). Thus the
accumulation of volaties under polythene mulch might
have also helped in inactivating or killing the sclero-
tia of R. solani in the soil and thereby reducing the
disease incidence.

Maintenance of fairly high moisture is necessary
for getting better control of soil pathogens using sola-
rization (Katan et 2l1.,1976, Blad et al. 1980). 1In the
present study significant control was obtained in the
irrigated solarized plot. This 1s in agreement with
the results obtained by Katan (1981) and Horiuchi (1984).
However it may be mentioned that significant disease
control was noticed in the nonirrigated plots also.

This could be Que to the effect of heavy rainfall recei-

ved in the area 3 days before polythene mulching.



Under partially shaded conditions disease control
was not effective as that noticed in solarized and nonso-
larized treatments in open, (Table 3). As is clear from
table 1, soil temperature in nonsolarized partially sha-
ded treatments is less than the air temperature recorded
under open condition while s0il temperature in solarized
partially shaded treatments is almost equal to open air
temperature or slightly higher. Thus temperature might
not have played any role in reducing the population of
pathogenic fungi in shaded conditions.

Shade, irrigation and solarization are the three
variables studied in the present investigation. A 23
factorial analysis of the data (Table 5, Appendix 1I)
shows that there is significant reduction of the disease
in the open sun compared to the shade and in solarized
treatment compared to nonsolariged treatment. The result
of the analysis on the effect of irrigation on disease
control requires further confirmation because the present
study was not conducted under controlled conditions and
even the nonirrigated plots received ample moisture as a
result of the rainfall three days before mulching. Even
in the same treatment disease control is more effective
when the field is fully exposed to sun, rather than in

an area under perennial crop like coconut. Solarization
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independently or coupled with other factors is found to
be superior to nonsolarized treatments.

¥From the data on atmospheric temperature, soil
temperature and intensity of disease, two models were
developed. (1) Simple regression equation ¥ s (A+B) x
(Where Y = Soil temperature under polythene cover at
15 cm depth, X = air temperature, A and B constants).
Using this equation it is possible to calculate so0il
temperature under plastic mulch provided air temperature
is known. (2) An exponential model Y = (AB)Y, (where
Y = percentage of disease, t = time in weeks, A and B
constants), This could be used to predict the per cent
incidence of disease at different intervals after
planting.

Thermal death point of different pathogenic
microorganisms has been worked out (Pullman et al. 1981),
Thus using model (1), it is possible to £ind out the
period of solarization required for obtaining satisfa-
ctory control of the disease by knowing the air tempe-
rature. The coefficient of determination of the model
18 low (19.18%) for open treatments while it is fairly
high (77.8%) for partial shade. Studies under different
agroclimatic conditions are required to increase the

accuracy of prediction by the model.
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The exponential model Y = (aB)® 15 useful for
predicting the incidence of collar rot of cowpea under
solarized and nonsolarized conditions. The coeffici-
ent of determination ranges from 78.66 to 98.37%. Thus
the accuracy of prediction that could be made by this
model 1is fairly high (£4g. 3, 4). Similar models can
be developed for areas under different agroclimatic
situations, This is the first time a model for predi-
cting disease under sclarized condition is developed.

Solarization in general reduced fungal popula-
tion in open conditions. But an increase was observed
in both solarized and nonsolarized plots ten days
after removal of polythene mulches, in open and shade,
Since cowpea geeds were sown immediately after removal
of polythene mulches, the presence of the seedlings
would have contributed to the increase in fungal popu-
lation. The bacterial population in the various tre-
atments was not significantly different. The popula=-
tion of actinomycetes increased gradually in solariged
and nonsolarized plots in both open and shade till one
month after solarization and the increase was more in
solariged treatments. Further studies are required to
establish the exact effect of solarization on goil

microflora,
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Nematodes were not noticed in any of the plots
at 15 cm depth in the pretreatment observation. This
could be due to the migration of nematodes to deeper
layers of soil having sufficient levels of moisture.
After solarization, nematodes were observed in both
solarized and nonsolarized plots. Irrigation and rain
received during the period raised the moisture level
of the soil. This could have helped the movement of
nematodes to the upper layers of the soil, The nema-
tode population in open solarized plots was the least
immediately after solarization and also at the time of
harvest of the crop. Higher temperature coupled with
gaseous components, accumulated in the polythene mul-
ched plots, might have killed those nematodes that
migrated to the upper soil layers. In the partially
shaded plots, reduction in nematode population was not
appreciable -~ possibly because of the lower soil tem-
perature and presence of coconut roots.

Solarization reduced weed population in the
open while under partial shade, no substantial redu-
ction was noticed. However, Lindernia crustacea was
effectively controlled in partial shade,

8olarization has two complimentory effects -

1) inducing the emergence of dormant propagules and
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foliar scorching of emerged plants under plastic cover
and 2) decreased weed emergence after removal of the
polythene sheets, (Horowitz et al. 1983). Induction
of secondary dormancy by relatively high temperature
has been reported (Koller 1972, Mayer and Polyakoft -
Mayber 1975). Heating seeds to temperature above
optimum for germination resulted in a reduction of the
germination rate, possibly due to denaturation of fun-
ctional protein (Levitt 1980, Taylorson and Hendricks
1977). Hendricks and Taylorson (1976) reported that
heating weed seeds from 30 to 35°C modified the membr-
ane permeability which resulted in leakage of endoge-~
nous aminoacids. Leakage from the seed will attract
soll microflora which inturn will reduce germination.
8ince the increase in temperature as a result of sola-
rization is more pronounced at the upper layers, only
those weeds which have their vegetative parts or seeds
present in the upper layers of the soil are effectively
controled by solarization.

80i)l oxygen concentration under plastic sheets
do not differ appreciably from uncovered control while
the concentration of carbondioxide increases upto 30
times or more (Rubin and Benjamin 1981) which can induce

seed germination (Koller 1972). The changes in 002/02
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levels in mulched soil may cause partial or complete
breaking of seed dormancy. thus enhancing germination.
Buch germinated seeds are killed as a result of the
increase in temperature under the polythene mulches.

In the present study Lindernia crustacea was induced

to germinate in mulched soil under partially shaded
conditions. B8ince there was no marked increase in
the soil temperature or moisture level in mulched
soils in shaded condition, the factoriWhich induced
germination of the seeds might be the gaseous agents
accumulated in mulched soil. The seedlings thus emer-
ged got decayed eventually under the polythene mulch.
The raeduction in weed population noticed in solarized
plots may be due to direct thermal killing of the
seeds, inducing secondary dormancy, thermal breaking
of seed dormancy through the production of co2 and
other gases in soil, altering seed metabolism or act-
ion of soil micro organisms on weakened seeds (Rubin
and Benjamin 1983, 1984, Hendricks and Taylorson 1976,
Pavlica et al. 1978),

The nodulation was found to be poor in all the
treatments. Among the treatments, higher number of
nodules was observed in shaded condition compared to
open. Under shaded¢ condition plants in solarized plots

hed more nodules. In the present study all the seeds



a1

sown were inoculated with rhizobial culture. Hence,
the population of rhizobacteria on the seed surface
was uniform in all the treatments. Whatever changes
observed later may be due to native rhizobia or the
effect of solarization on plant, Further detailed
studies are required to examine the role of solari-
gation on rhigobial population.

Growth parameters like height of plants and
number of leaves were not markedly influenced by sola-
rization. However, there was an increase in the yield
of the crop in solariged treatments. But the increase
in yield, on per plant basis was not significant.

Thus the higher plant population has contributed to
the increased yield in solariged plots,

The results from soil nutrient assays following
solarization showed, though slight, an increase in the
status of available nitrogen, phosphurus, organic car=-
bon, & decrease in magnesium (especially under partial
shade), while there was no marked change in the levels
of potassium and calcium (Table 16). Other soil pro-
perties like pH and electrical conductivity were not
influenced by solarigzation,

The increase in nitrogen and phosphurus in
solarized soils might be due to increase in soil tem-

perature, During day time more evaporation takes place
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in solarized soil and these varpours are not lost but
blocked by polythene. During night time these vapours
condense and drips down to the soil. This process is
repeated throughout the period of golarization and might
have helped in a greater mineralization leading to an
increase in the status of available nitrogen and phos-
phurus. The increased CO, content in solariged soil
{(Rubin and Benjamin 1984) also might have influenced
the availability of nutrients by making the soil rea-
ction more acidic which helps in a greater solubilisa-
tion especially of phosphurus. The increase in tempe-
rature is known to catalyse the chemical and biological
process that takes place in a soil which may further
lead to the increase in the status of available
nutrients.

The increase in organic carbon in solariged soil
is noteworthy. The partial anaerobic condition (Rubin
and Benjamin 1984) and the decay of germinated weeds in
the solarized soils might be responsible for the incre-
age in the organic carbon under solariged conditions.

A partial anaerobic condition reduces the decomposition
of organic matter to an extent, while in nonsolarized
gsoils a gradual reduction in organic matter takes place.
Organic carbon content generally decreases with increase

in temperature. But the accumulation of organic matter



by the germination and decsy of waeds might have compen-
sated the losses so occurred and has resulted in accumu-
lation of organic carbon in solarized plots.

The results from soil nutrient assays following
solarization in the present study is not always consis-~
tant with those reported for soils in Xsrael and
California. (Chen and Katan 1980, Stapleton and DeVay
1982, 1985). This variation is probebly due in part to
climatic conditions, vegetation, soil type and other

factors.
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SUMMARY

The study "Influence of soil solarization on soil
microflora, plant growth and incidence of diseases® was
conducted quring 1985-87 at the Department of Plant
Pathology, College of Agriculture, Vellayani. The field

experiments on the effect of solarization on Rhizoctonia

gsolani Kuhn causing collar rot of cowpea, were conducted
in a farmer's f£ield at Madavoor, 35 Km from Trivandrum.
The effect of solarization was studied in the open and
in partially shaded conditionsg in a coconut garden using
0,05 mm thick transparent polythene sheets. Before the
commencement of the experiment one bulk erop of cowpea
was raised in the experimental plot and it was ploughed in.
Then the plot was uniformly inoculated with R. solani
be ore covering it with polythene sheet,

The atmospheric temperature of the axperimental
area during the period of solarization ranged from 28.5%
to 34.2°%. The soil temperature, at 15 cm depth, in
solarized treatments was 0 to 10.8°C above the atmosgpheric
temperature in the open while under the partially shaded
condition, temperature was almost the same as that of
atmospheric temperature. Maximum soil temperature
(42.5°%) at 15 cm depth was recorded in open solarized

soil. 1In all the golarized plots in open, the goil



temperature was 40°C or above for 27 dmys (out of 47
days of solarization), while in nonsolarised plots,
the temperature was below 40°¢ throughout this period.

Soil temperature variations in nonsolarized and
solarized treatments were 10°C and 12°C respectively
in the open while it was 5.5°C and 7°C in the partially
shaded plots. However, such a variation was not obser-
ved among irrigated and nonirrigated treatments both in
open and partially shaded conditions.

Collar rot occured both in solarized and nonsola-
rized fields. Marked reduction in the number of collar
rot affected plants was observed in solarized plots.
Least incidence of the disease (3,6%) was noticed in
open nonirrigated solarized treatments followed by open
irrigated solarized treatment (3.4%), while the maximum
incidence of 24.0% was observed in shade irrigated con=-
trol plots. The interaction effect of shade, solariza-
tion and irrigation was not significant.

Based on the soil and air temperature recorded,
a simple regression equation was developed. By this it
was possible to predict the so0il temperature under poly=-
thene mulch at known atmospheric temperatures.,

An exponential model ¥ = ast was developed for

predicting collar rot of cowpea. The coefficient of



96

determination of this equation ranged from 78.66 to
98,30% in the various treatments.

Solarization reduced fungal population in open
conditions while the population of bacteria was not
significantly affected. A slight increase in the acti-
nomycetes population was noticed in solarized plots.

The nematode population was the least in open solarized
plotsa.

In open solarized plots there was absolute weed
control till one month aft;r solarigation. BEven at the
time of harvest weed population was significantly lower
in solarized plots compared to the control. No marked
difference in the total weed population was observed
among solarigzed and nonsolariged treatments in partial

shade. However, the weed Lindernis crustacea was eff-

ectively controlled by solarization even under shaded
conditions,

Crowth parameters like height and number of lea-
ves per plant were not significantly influenced by sola-
rigzation, However, the solariged plots had more number
of plants throughout the period. Nodulation, in general,
was poor in all the treatments. Maximum number of nodu-
les was obtained in irrigated solarized treatment, under
partial shaded condition. Number of nodules wasg less in

open treatments compared to those in partial shade,
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8ignificant increase in yield was obtained in
solarized treatments. In the solarized treatments in
open, the yield recorded was 21.6 per cent more than
that in control while under partially shaded conditions,
the increase ranged from 7.6 to 11 per cent. Herein,
when per plant yield was compared there was no signifi-
cant difference between plants given under solarized
and nonsolarized treatments.

Solarization influenced the availability of
soil nutrients., Available nitrogen, phosphorus and
organic carbon were increased in solarized soils both
in open and partially shaded conditions, while there
was no marked difference in the case of potassium and
calcium. Soil pn and electrical conductivity were not

altered by solarization.
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Appendix X

Analysis of variance table
EBffect of solarization on collar rot of cowpea

Source -332::: D.F. o¥.::u:::o ? calculated
Total 1990.42 b3 | - -
Block 46.01 3 15.34 0.64
Trestments 1444.24 ? 206,32 8.66**
Brror 500.16 21 23.81 -

vegicnificant at 0.01 level

Ranking - '1‘3 ?2 Te T, T4 T, 76 Ts



Appendix II

Analysis of variance table
Bffect of Shade, Irrigation and Solarigation
on collar rot of cowpea

Source Sum of Mean sum

squares D.P., of squares F calculated
Totel 1990.38 31 - -
Block 46,03 3 15,34 0.64
A 222,37 1 222,37 9,35%*
B 81.10 b 81.10 3.
c 1045.31 1 10458,231 43,89%*
AxB 0.0722 1 0.0722 0.0030
BxC 6.89 1 6.89 0.289
Ax¢C 69.36 1 69.56 2.92
AxBx¢C 18.67 1 18.67 0.78
Brrox $00.15 21 23.02 -

**34ignificant at 0.01 level



Appendix IXI

Analysis of Variance and Analysis of Covariamce
table
(Bffect of solarisation on fungal population at planting)

Source 88x 8Pxy 88y 83ads d4f. M3 F calculated
Total 4.5¢ 4.63 31.%9 - 23 - -
Block 2.01 0.16 0,007 - 2 - -

Treatments1.00 4.82 29.64 17.352 7 2.50 19.31

Brror 0.62 =0.3%6 1.89 1.60 13 0.129 -
Treat-

aents 1,62 4.47 31,52 19.20 20 - -
+

Erxor

CD at 0,05 level = 0.7514
Ranking - T, Py Ty Ty Ty Tg Ty Tg

Appendix IV

Anelysis of Variance and Analysis of Covarignce table
Rffect of solarization on fungal popuiation at harvest

Bource 88x  8bxy 68y S8ads  df. M3 7 calculated
Total 4.5¢ 4,66 354.32 - 23 - -
Block 2,91 -0,003 0.06 - 2 - -
Treatments 1, 00 S.44 49,94 33.67 7 5.09 17.24
Rrrox 0.62 =0,54 4.32 3.64 13 0.296 -
Treat-

meonts 1,62 4.89 54.26 39,51 0 - -
Sr:or

CD at 0,05 level - 1.1347

Ranking - 72 ?3 'l“ '1'1 Tg 17 Te '1'5



Appendix V
Anova and Ancova teble

2ffect of solarisation on bacterial population of
soil at planting {after solarization)

“Source B88x sPxy S8y GSoads df. M8 ¥ cal-

culated
Total 1,83 1,98 6.7¢ -~ 23 - -
Block 0.68 0.23 0.42 - 2 - -
Treatments 0.77 1.78 4.49 0,90 7 0.13 o0.916
frror 0,007 =0.0007 1.82 1.82 13 0.14 -
Tres cnui 0.85 1.74 6.31 2.73 20 - -
Exzro
SB.2t.0,05 Jeve) = 1,099

. TR TTE T
Ranking 3 !'2 Ty Ty Tg Ty Tg Tg

Appendix VI
Anova and Ancova Table

Bffect of solarisation on bacterial population
of soil at harvest

sSource 88x 8Pxy 88y 8S8ad4; 4f, M8 P cal-

culated
'!otll 1.53 0.40 5.02 - 23 - -
Block 0.68 <=0.18 0,008 - 2 - -
Treatments 0,77 0.60 4.5¢ 4.14 7 0.59 S5.38
Brror 0.007 -0,001 1,43 1.44 13 0.11 -
Treatments so.as 0.88 S5.98 5,87 20 -~ -
Brror

CD at 0.03 level = 0,975
Ranking - Ty T, T4 3’ Ty Ty Bg Ty



Appendix VIX

Anova and Ancova table

Effect of solarizatlon on actinomycetes in
soil at planting (after solarization)

Source 88x 8Pxy 88y

8sads

u'

xS, ¥ calcu-

lated

Total 2.49 -0,93 3,99 - 23 - -
Block 0.11 -0,003 0.11 - 2 - -
Treatments 0.99 -1,28 3.06 2.80 7 0.40 7.18
Brror 1,38 0.3 0.62 0.72 13 0,005 =~
Treat-
-oges 2.37 -0.,92 3.88 3.83 20 - -
Brror
CD at 0.09 level = 0,467

- FFF% T T 7
Rank{ing 2 13 T‘ 15 Tg Ty ’6 rs

Appendix VIIX
Anova and Ancova teéble
Bffect of solarization on actinomycetes in

soil at hazvest

MS. P calcu~

Source 88x 8Pxy 83y 8sads @£, lated
Potal 2.48 1,63 41.77 - a3 - -
Block 0.11 0.0 o0.2112 - 2 - -
Treatments 0.99 1,84 38.25 37.34 7 S.33 21.46
Brror 1,38 -0.32 3.30 3.23 13 0.248 -~
Treat-

mente 2.37 1.83 41.55 40.87 20 - -
trror

CD at 0.05 level = 0,988

Ranking - T T Ty T T, T, T3 T



Appendix IX
Analysis of varisnce table

Rffect of solarisation on nematode population
of soil at planting (after solarisation)

Mean sum of

Sum of
Source D.P. squares F calcul-

squares ated
Total 210,13 23 - -
Block 1,14 2 0.57 2.78
Treatments 206.07 7 29.43 141.76%*
Brror 2.90 14 0.207 -

CD at 0.0% level = 0.798
*+34gnificant at 0.01 level

Appendix X

Analysis of variance table

Bffect of solarisation cn pamatode population
of goil at harvest

e Tmer e weam Tol
Total 185.98 23 - -
Block 9.88 2 4.94 3.06
Preatments 183,67 7 26,24 162.4%
Brror 2.26 14 0.161 -

€D at 0,05 level = 0,703
ttgignificant at 0.01 level

Ranking - Ty T

s 12 Tg Ty Tg Ty Ty 7g



Appen@ix XX
Analysis of variance table
Effect of solarization on nodulation in cowpea

Sum of Msan sum
Source squares D.?. of squares ¥ calculated
Total 13.72% 31 - -
Block 0.008 3 0,002 0,843
Treatments 12.973 7 1.853 58.04%*
Brrox 0,670 21 3.193 -

CD at 0,08 level = 00,2628
*egignificant at 0.01 level
Renking - 1'7 78 ‘l‘6 !'5 1'3 1’2 T 7y

Appendix XIX

Anslysis of variance table
Effect of solarization on yield in cowpea

Sum of DX, Nean sum

8ource squeres of squares P calculated
Total 6234.18 n - -
Block 114.50 3 38.16 0.35%9
Treatments 3868.30 7 533,50 5.228%*
Rrrorxr 2231.18 21 106,24 -

CD at 0.08 level = 15,160
**gignificant et 0,01 lavel

- ? ? ? Ty Tg T, Tg Ty
Ranking -re '1'6 s ¥g
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ABSTRACT

The influence of solarization on soil microflora,
plant growth and incidence of disease was studied during
1983-87 at Madavoor on collar rot of cowpea caused by

Rhizoctonia solani Kuhn. The effectiveness of solariza-

tion was tested in open and partially shaded conditions
in coconut garden using 0,03 mm transparent polythene
sheets as the mulch.

The atmospheric temperature during the period of
solarigzation ranged from 28.5% to 34.2°%. The increase
in soil temperature, as a result of solarization was
more in open field than in partial shade. The soll tem-
perature variation in open nonsolarized treatments was
10% while it was 12,5°C in solarized plots. Corres-
ponding f£igures for partially shaded conditions were
5.5% and 7% respectively. Maximum soil temperature
recorded at 15 om depth in open solarized soil was 42.5%,
Based on the experimental data two statistical models
(1) for predicting soil temperature under polythene milch
and (2) for predicting collar rot of cowpea were deve-
loped during the gtudy.

Soil solarization gignificantly reduced collar
rot of cowpea. Least incidence of the digease (3.6%)

was noticed in open nonirrigated solarized treatments



while maximum incidence (24%) was recorded in shade irri-
gated control. The interaction effect of shade, solari-
zation and irrigation was not significant.

Solarization reduced the total fungal population
in open conditions while the population of bacteria was
not significantly changed., 1In the case of actinomycetes
population, a aslight increase was noticed in solarigzed
plota. The nematode population was significantly reduced
by solarization in open field., Eventhough solarisation
substantially reduced weed population in open, it was
jeas effective under partially shaded@ conditions.

Growth parameters like height and number of leaves
per plant were not significantly influenced by solariza-
tion, But it improved the atand of the crop and yield.
An yield increase ranging from 7.62 to 21,69 per cent
was obtained in solarized plots over the control.

Avajilability of nitrogen, phosphorus and organic
carbon was improved by solarigation while there was no
change in the level of potassium, calcium, pH and

electrical conductivity.



