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ABSTRACT

Strawberry wilt and root-rot, a complex disease, is the most destructive
soil borne discase causing huge losses in the yield of many important crop. This
investigation aimed to study the effect of soil solarization using polyethylene
sheets with different thickness on the incidence of strawberry wilt and root-rot,
growth vigour of strawberry plant, populations of soil microorganisms, and the
cellulose microbes and Azotobacter. The obtained results revealed that mulching
soil with 60 mm thickness polyethylene sheet significantly decreased the
infection percentage and discase severity of strawberry wilt and root rot. Soil
solarization decreased the froquency of fungi isolated from strawberry plants
naturally infected with the strawberry wilt and root-rot.. Soil solarization with 60
mm improved the growth vigour of strawberry plants and resulted in an increase
of the obtained yield as 100 fruit weight. Soil solarization significantly decreased
the populations of actinomycetes, bacteria and fungi as well as cellulose microbes
and Azotobacter compared with the unmulched control.. In conclusion,
Slarization is very cfficient in controlling strobary wilt and root rot and the effect
of solarization on the pathogemic microoranisms in the soil increased as the
thickness of polyethylene sheet decreased and vice versa..
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INTRODUCTION

Swmwbenry (Fragaria spp. L.) is considered one of the most important
vegetable crops in Egypt and in many countries allover the world. It is attacked
by many sotlb-orne fungi, i.e. Fusarium oxysporum, F. solani, Rhizoctonia solani,
Verticillium albo-atrum and Macrophomina phaseolina, causing root rot and wilt.
(Garret et al,, 1939; Brooks, 1958, Zinkermagel, 1970 and Fahim ef. of, 1988).
By the traditional methods, it is very difficult to control strawberry wilt and root
rot. Mulching the soil with transparent polyethylenc is considered the most
effective method to control these soil-borne diseases. Soil solarization is the most
effective method for controlling soil-borne discases, many weeds and nematodes.
Soil mulching with transparent polycthylene is the mean for capturing solar
energy to heat soil under ficld conditions. The use of polyethylene as a
preplanting soil treatment allows better control and more effective solarization
(Mabhrer ef al., 1984, Satour, 1998 a and Barakat et ol 1999).
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Soil solarization is a relatively new method for controlling soilborne
pathegens. It is achieved manually by mulching tiiled and irrigated soil with
continious transparent polyethylene sheets. It is well known stated that soilborne
pests and pathogens could be killed due to physical and biological process. It is an
effective approach to control several pathogenic fungi, nematodes, insects, mites
and weeds. Soil solarization is a unique treatment which has a long term effect, 4-
6 successive crops, if the fields are well kept from recontamination. Soii
solarization improves physical and chemical structure of the soil, in addition to
the reduction of salinity by 30-50 %. Increasing plant growth and yield is a
common phenomena for solarization, even in the absence of known pathogens.
Strawberry yield increased by 160 % as result of soil solarization. Several field
experiments and demonstration plots at farmers fields have shown satisfactory
results for controlling several soil-borne pathogenic fungi including Rhizoctonia
solani on cucwunber and strawberry, Sclerotium cepivorum on onion and
Fusarium spp. on tomato. (Davis and Sorenson, 1986 and Abdel-Rahim er al.,
1988; Satour, 1998 a; Barakat ef a/, 1999; and Razik et al, 2004).

Abu-Blan and Abu-Gharbich, (1994) found that mulching treatment with
transparent or black plastic significantly reduced the population of each of
Alternaria solani, Fusarium oxysporum, F. solani, Phytophthora infestans,
Pythium debaryanum, and Verticillium dahliae compared with the control. They
found that the density levels of Sclerofinia sclerotiorum was generally less
affected by soil solarization, while the levels of Rhizoctonia solani were not
significantly differed compared with the control.

Soil selarization is considered as a disinfestation method based on solar
heaung of the soil by mulching with transparent polyethylene sheets during the
hot months, resulting in killing of pathogens and weeds (Katan et af, 1976 and
Tamietti and Valentino, 200). Soil solarization is the process of trapping moist
soils with clear polyethylene sheets to trap solar radiation and raise soil
temperatures to the levels that is lcthal to most pathogens and weed seeds.
Solarization is most effective when applied for at least 30 days in midsummer
{Greer and Diver, 1999). By mulching soil with transparent polyethylene film
during July or August, species of Fusarium and Verticillium were suppressed.
there were fewer diseased plant, weeds were controlled, plant stand was
mmproved, and plant growth and yield also increased (Katan et at, 1976),

Locascio ef al, (1999) have evaluated soil solarization for strawbcrry
production under higher pest pressure. However, solanizaticn was conducted in
late summer and early fall. Soil solarization is a method in which clear plastic is
laid on the soil surface to trap solar radiation and heat the soil. Soil solarization as
a pre-plant soil treatment to control soil-borne pathogens and pests can be
available alternative to methy! bromide for shallow-rooted shori-season crops
(Katan and DeVay, 1991 and Stapletor, 1996). In addition to disinfecting the soil
while reducing or eliminating the nced for fumigants, solarization leaves no toxic
residues, increases the levels of available mineral nutrients in soils by breaking
down soluble organic matter and making i more bioavailable, changes the soil
microflora 1o favor beneficial organisms, conserves water and can serve as a
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mulch when maintained as a row cover during the growing season (Stapleton,
1994 and Katan and DeVay, 1991, and Ristaino ef al., 1991).

The present investigation was carried out to study the effect of soil
solarization using different thickness of polyethylene sheets in controlling
strawberry wilt and root rot. Also, it aimed to study the effect of soil solarization
on the populations of soil microorganisms as well as cellulose microbes and
Azotobacter.

MATERIALS AND METHODS

Field experiments were conducted during two growing secasons of 2003
and 2004 at El-Dear province, Kalubeia Governorate in four replications in a
randomized block design. These experiments were carried out using basic unit
consisting of a bed 7 m wide and 14-24 m long. The plots were divided into two
sections, one was mulched by three different thickness of polyethylene sheets, i.e.
60, 90 and 130 mm. The other section was left without mulching to serve as
control. The solarization started usually in mid. July and lasted 6 wecks later.
Strawberry transplnts, Aika variety kindly obtained from Horticulture Institute,
Agriculturai Research Center, Giza were used in this investigation. The common
agricultural practices prevailing in the locality were carried out during the two
seasons 2003 and 2004.

The infection percentage of strawberry wilt and root rot was estimated
45 and 90 days after planting. The obtained data were statistically analyzed
according to Snedecore and Cochran (1967).

The different three thickness polyethylene sheets were obtained from
Hemaplast and El-Shereef Companies.

Sampiles of unmulched and mulched soils were randomly taken at 15, 30
and 45 days aRer the beginning of muiching for isolating the associated
actinomycetes, bacteria fungi, cellulose microbes and Azotobacter. Isolation trials
were cartied out according to the method described by Johnson ef al (1959). The
isolated actinomycetes, bacteria and fungi were counted as hundred thousands,
million and thousands of colenies for the three groups, respectively per one gram
dry soil. The pathogenic fungi causing strawberry wilt and root rot were isolated
at 45 and 60 days after transplanting from naturally infested soils muiched or
unmulched for four weeks.

RESULTS

A- Effect of soi ! solarization on the frequency of fungi associated with
strawberry natural infected with wilt and root rot:

Data in Table (1) represent the frequency of the fungi isolated from
strawberry plants naturally infected with wilt and root rot disease. The isolation
process took place at 45 and 60 days after planting in soil unmulched or mulched
with the desired three thickness polyethylene sheets. The highest frequency was
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recorded with 130 mm thickness for Fusagrium solani, and Macrophoming
phaseolina, being 5.00% for each after 45 days from planting. The lowest
frequency in the same respect, was recorded with 60 mm treatment, being 0.00 %
for Fusarium oxysporum. and Verticillium albo-atrum. Afler 60 days from
planting, the highest frequency of the isolated fungi was recorded with 130 mm
treatment for Fusarium solani, being 9.00 %. The lowest frequency was recorded
with 60 mm treatment for Fusarium oxysporum and Vereticillium albo-atrum,
being 0.00 % for each of the two fungi . Total frequency of the isolated fungi
after 45 and 60 days increased as the thickness of poiyethylene sheets increased.

Table (1): Frequency of fungi isolated from naturally infested strawberry
wilt and root rot plants collected from unmulched and mulched
soil with different thickness polyethylene sheets 45 and 60 days

after planting.
After 45 days After 60 days
Isolated Fungi
H 60 50 1 130 Control 60 90 ) 130 Control
mm | mm | mm mm | mm { mm
F. axysporum 00010001300 700 {000(00013001 11.00
F. solani 100[300|500) 9060 | 1.00[400]500( 15.00

Rhizoctonia solani 100]200]300] 700 [200 (400300 13.00
Verticillium alboatrum | 000 { 000 [ 100 | 300 (000|000} 1.00] 500

Macrophomina 200! 400)500( 800 {300}600|500] 600
phasevlina
Total 200 | 9.00 | 17.00] 34.00 | 6.00 1 13.00] [7.00] 60.00

B- Effect of seil solarization on the infection percentage of strawberry wilt
and root rot diseases:

Data in Table (2) revealed that the infection perceniage of strawberry
wilt and root rot decreased as the thickness of polyethylene decreased. In contrast,
the infection perceatage of the studied disease increased as the thickness of
polyethylene increased. The lowest infection percentage of strawberry wilt and
root rot were recorded with 60 mun treatment, being 0.00, 0.00; 2.50 and 4.00 for
wilt and root rot estimated after 45 and 90 days, respectively in 2003 growing
season. Data in Table (2) also revealed that the lowest infection percentage of
strawberry wilt and root rot in 2004 growing season showed the same trend. It
was obtained with 60 mm treatment, being 0.00, 0,00, 2.60 and 4 30, respectively
in the same respect mentioned above. Concerning the highest infection percentage
of the studied diseases in 2003 growing scason recorded 45 and 90 days after
planting were recorded with 130 mun, being 4.00, 3.00; 7.00 And [7.00 %,
respectively . Data in the same table, revealed that the same trend of 2003 season
was recorded in 2004 one concerning the highest infection percentage of the
desired discases. It was 4,50, 3.5; 7.50 and 17.50 %, respectively for strawberry
wilt and root rot with 130 mm recorded 45 and 90 days after planting.

C- Effect of soil solarization on plant growth and the weight of 100 fruits:
Data in Table (3) proved that soil solanization significantly increased the
growth vigour of strawberry plants and the obtained yicld estimated as weight of
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100 fruits. The use of polyethylene sheets with 60 mm thickness resulted in the
best plant growth, rated ++++ and the highest weight of 100 fruits, being 200.50
g. and 210.40, respectively for the two growing seasons 2003 and 2004.

The use of plyethylene sheets with 90 mm thickness occupied the second
situation as recorded +++ growth vigour and 180.45 and 182 40 g, rcspectively in
the two seasons 2003 and 2004. The treatment of 130 mm thickness came in the
last sitvation recording ++ growth vigour, 160.15 and 163.30 g for 100 fruits in
the two desired seasons, compared with the control.

Table (2): Infection percentage of strawberry wilt and root rot 45 and 60
days after planting in soil unmulched / mulched with different
thickness polycthylenc sheets in two successive secasons,

[“Mulched with 60 mm

polyethylene sheets
Mulched with 90 mm 0.00
t polyethylene sheets ) ) ) ) )
Mulched with 130 mm
polyethylene sheets

1700 | 450

34.00 {11.00
0.79

Table (3): Effect of soil solarization on plant growth vigour and the weight
of 100 fruits in 2003 and 2004 seasons.

100 fruits’
Weight**

| polyethylene sheets 20050
| Mulched with 90 mm 180.45

| __polyethylene sheets
‘ Moulched with 1.30 mm 160.15

"Controt (non-mulched) 15020

| e — . i —
* = Growth vigour as morphological appearance.
** = 100 fruits” weight.
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D- Effect of soil solarization on the soil microorganisms:

Data in Table (4) represent the population of aclinomycetes, bactena and
fungi as affected by soil solarization using different thickness of polyethylene
sheet for 15, 30 and 45 days determined at 5 and 20 cm depth. As general view,
the obtained data showed an increase in the populations of the three groups as the
experimental period increase. The lowest counts of actinomycetes, bacteria and
fungi were recorded using polyethylene sheets with a thickness of 60 mm, being
0.00, 0.00 and 1.94 for the threc groups, respectively at 5 cm depth. The highest
counts were recorded with 90 mm polyethylene sheets for actinomycetes at 5 cm
depth after 45 days, being 15.54, 13.37 for bacteria with 60 mm thick
polyethylene sheet at 20 cm depth for 45 days, and 17.70 for fungi with 130 mm
at 20 cm depth after 30 days. The obtained data revealed that there was an
increase of actinomycetes, bacteria and fungi counts by the increase of the
thickness of polyethylene sheet.

Table (4): Effect of soil solarization using differeot thickness polyethylene

sheets on the population of actinomycetes, bacteria and fungi at

5 and 20 cm depths after 15, 30 and 45 days after planting,
Dept |__Actinomycetes Bacteria Fungi
15 30 45 15t 30| 45 15 | 30 § 45
Days | Days | Days | Days | Days | Days | Davs | Days | Days
Mulched with60mm| 5 | 0002801642 000}1317|336)194]285]9.17
polyethylenesheets | 20 [000] 560 | 975|086 ] 1.47 [13.37] 3.44 | 4.42 | 6.58
Mulched with®0 mmyi 5 1396|680 {1554{ 057|226 (762171 291|304
polyethykene sheets | 20 1000 [3.12 J11327127] 1231764 )349}341]826
Mulched with 130 5 725133910508 483277554 |1088) 432233

mm polyethylene | 55 1179 {11.51]1070] 298 | 4.13 | 4.14 | 1045} 17.70} 1315

Treatments
hcem

sheets
Contral (non- 5 [270] 561 12285] 661 |1627] 501 [15.34]7463]28.70
muiched) 20 12771591 126.02] 1.54 {30.17] 3.50 | 15.74160.94] 21 63

% Hundred thousands. million and thousands colonies / g dry soil. for
Actipomycetes, bacteria and fungi, respectively..

E- Effeet of soil solarization on Azotobacter and cellulose microbes:

Data in Table (5) proved that soil sofarization using different thickness
polyeihiylene sheet significantly decreased the populations of Azotobacter and
cellulose microbes estimated at 5 and 20 ¢m depth determined 15, 30 and 45 days
afler planting, compared with the control. Concerning Azotobacter, the lowest
count, being 1555/g dry soil (as million colonies) was recorded with 60 mm
muilched for 15 days at 5 cm depth. While the highest one, being 61573 / g dry
soil (as mitlion colonies) was recorded with 90 mm mulching for 15 days at 5 cm
depth. The lowest count of cellulose microbe, being 0.00 was recorded with 60
mm polyethylene sheets afier 15 days at 5 cm depth. The highest count of
ceHulose microbes, being 2560 / g dry soil (as thousand colonies) was recorded
with 90 mm polyethylene sheets mulched for 45 days estimated at 5 cm depth.
There was no relations between the counts or populations of Azotobacter and
cellulose microbes and the mulching period. wherease the counts at 5 ¢cm depth
were higher than those of 20 cm depth.
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Table (5): Effect of soil solarization using different thickness polyethylene
shects on the population of cellulose microbes and Azotobacter
at S and 20 ¢m. depths after 15, 30, and 45 days after plantin

Degets | Cellulose Microbes * Azoto *e

Treatments o | 15 30 45 15 30 45

Days | Days | Days | Days Days Days

Mulched with60 | S | 000 | 5800 | 22000 ] 155500 | 5717.00 [2447.

“‘“"""’l ethylene 1 26 163000 | 425.00 13011.00] 240800 | 47200 |48

Mulchedwith90 | 5 | 000 |1063.00]2560.00] 61573.00 | 505800 |2439.

'“’“""'yl cthylene | 5 | 57100 | 69300 000 |309999.00| 5346.00 | 24400

Mulched with 130 | 5 | 483.00 | 1728.001 700.00 | 3143.00 | 4814.00 [1073.00

m”l'y‘“‘"““’ 20 | 21500 | 802,00 | 44000 | 1915800 | 141600 | 489.00

Control 5 { 216.00 ) 505.00 11890.00} 2406.00 | 12345.00 ] 1025.
(non-mulched) 20 | 24600 | 0.00 0.00 [ 43209.00 | 2130100 | 970.00

Cellulose Microbes * = Thousands colonies / g dry soil.
Azotobacter ** = Million colonies / g dry soil.

DISCUSSION

Soil solarization is a method in which clear plastic is laid out on the soil
surface for traping solar radiation and heating the soil. Solarization as a
preplanting soil treatment to control soil-bome pathogens and pests. 1t could be an
viable alternative to methyl bromide for shallow-rooted, short season crops
(Katan and DeVay, 1991 and Stapelton, 1996).

Solarization traps solar radiation and thereby rises the soil temperature in
order to suppress or eliminate the growth of soil-borne pests and pathogens
(Sherwood 1970; Katan, 1981 and Stapleton ct al 2005).

Many investigators reported that soil solarization significantly controlled
soil-borne pathogens, weeds, insects, nematodes and increase plant growth and
subsequently the obtained yield (Satour,1998 b; Katan, 1981; Katan and DeVay,
1991 Hartz et al., 1993; Stapleton, 1994 and Chase, 2004).

Ristaino er al. (1991) reported that soil solarization promotes increases
in plant growth and development. crop quality and yicld by increasing the
availability of plant nutrients and the relative populations of beneficial organisms
such as riuzosphere bacteria (Bacillus spp. and Pseudomonas spp.)

Satour (1998} a found that soil solarization decreased the incidence of
diseases attacking many crops including onion, strawberry, broad bean, tomato,
potato, cucumber amd pepper. The oblained yield increased from 8.00 10 .12.20
tonfacr. in non-solarized and solarized, respectively strawberry plantations.
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Solarization significantly decreased the frequency of the fungi isolated
from strawberry field compared with the non-solarized control. The frequency of
the isolated fungi increased with the increase of polyethylene thickness as well as
with the increase of the period after which the isolation process was carried out.
The obtained results may be due to the accumulation effect of radiation and heat.
Al-Chaabi et al., (1994) reported that soil solarization inhibited the growth of
Pythium spp. and Phytophthora spp and reduced the number of propagules.

In both the two seasons 2003 and 2004, soil solarization significantly
decreased the percentage of infection of strawberry wilt and root rot. These
results are in a harmony with those reported by Katan and DeVay (1991), Satour
(1998 a), Locascio (1999) and Stapleton er al(2005).

In this respect, Palai and Cinar (2004) reported that soil solarization
significantly reduced strawberry root rot caused by Rhizoctonia solani Kuchn.
The elimination rates of the pathogen were 100, 92.50, 81.25 and 76.17 % at 10,
20, 30, and 40 cm soil depth, respectively.

in the present investigation, soil solarization with the different thickness
polyethylene treatment clearly increased the growth vigour of strawberry plants.
Also, it resulted in an increase in the 100 fruits weight and these increases were
parrallel with the decrease of polyethylene sheets. The obtained results are in
agreement with those reported by Satour (1989 a); Fahim er a/ (1994); Razik
(2004); and Palai and Cinar (1994). This may be due to the beneficial effect of
solarization on microorganisms in the soil and subsequently the improvement of
plant’s growth.

In our investigation, soil solarization significantly dccreased the
populations of actinomyetes, bacteria and fungi isolated 15, 30, and 45 days after
planting at 5 and 20 cin depths compared with the control. In this respect,
Mahmoud (1994) found that soil solarization caused clear reduction in the
population density of Rhizoctonia leguminosarum biovar viceae. He added that
total number of actinomycetes, bacteria and fungi were decreased in solarized
soil,

Soil solarization significantly reduced the populations of cellulose
microbes and Azotobacter compared with the control treatment. The obtained
results are similar to the results obtained by Mahmoud (1994); Shalaby (1993);
Sultan et al. (1997) and Satour (1998 a) . This significant reduction may be due to
the effect of high temperature because of soil mulching with the different
thickness polyethylenc sheets.

In conclusion, it could be concluded that, solarization could be an
effective method of controlling the soil-borne diseases as strawberry wilt and root
rot . It could be also noticed that the efficiency of solarization increased as the
thickness of the used polyethylene sheets reduced.
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