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ABSTRACT

The effect of soil solarization on the control of soil borne pathogens of
tomato plants in the reclaimed sandy regions of Nubaria, El-Beheira Governorate,
Egypt was studied. Solar heating gradually reduced the isolated fungi to very low
levels, comparable with non-wrapped treatments. Populations of Aspergilfus spp..
Penicillivum spp., Fusarium spp., and Rhizoctonia solani were found to be reduced at
the end of the solarization treatment (3 menths). Tomato plants stand were observed
in solarized plots indicating the positive effect of scil heating on reducing numbers of
propagules of soil-borme pathogens. Thus, it could be concluded that soil-borne
pathogens infest tomato plants can be controlled by planting the crop in solarized
fields. These promising results indicate the possibility of using this method to control
soil-borne diseases in the reclaimed sandy regions of Nubaria, El-Beheira
Governcrate, Egypt.

INTRODUCTION

Tomato (Lycopersicon escufenturn Mil) is one of the most important

Solanacecus economic vegetable crops in Egypt for local consumption and
expartation. |t is subjected for attacking by numerous diseases wherever the
crop is planted. rungal pathogens are considered as damaging agents
causing a considerable reduction of its production. The wilt disease caused by
Fusarium oxysporum fsp. lvcopersici (Sace.), and Rhizoctonia solani Kuhn have
serious effects on tomato plants either in nurseries or in the fields (Besri, 1982).
Soii solarization is the hydrothermal process for disinfestation of soil is widely
used nowadays to eliminate soil-home disease incidence. Soil solarization is
non-chemical, but targets mesophylic organisms, which include most plant
pathogens and other pests, without destroying the beneficial bacteria and
mycorrhizal fungi (Pullman et al, 1981; Stapleton and De Vay, 1984, 1986
and Stapleton, 1981). Promising results for controlling soil-borne pests in
regions having high temperature and intense solar radiation could be
obtained by applying soil solarization. Egypt possesses factors needed for
successful soil solarization, which was introduced as an important technology
to minimjze the harmful effects of soil-borne diseases in the traditional
agricuiture in Egypt in 1981, (Satour, 1997). Katan, (1985) and Satour et al,,
(1991) stated that soil solarization is a very effective treatment against
several bomme diseases that infect onion, tomato and sorghum, besides,
several nematodes and most of the common weed species could alfso be
completely controlled.

Moreover the chemical sterilization of soil affects beneficial and
non-beneficial organisms in soil. Ahmed et af., (2002) found that Dazomet, as
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a pre-pianting soil fumigant, had detrimentai effects on the different stages of
both the Mediterranean fruit fly, Ceratitis capitata {Wied.) and the cotton
leafworm; Spodoptera littoralis (Boisd.) in two different soil types.

So, soil sterilization can be carried out by different methods; physical
and chemical techniques. The chemical treatment may be dangerous to
environment and soil microbial processes. El-Shahaat et al,, (2005) found
that Basamid (dazemet)® as soit fumigant had an appreciabie decreasing
effect on three species of terresirial snails, pre-pupal stages of both the
cotton leafworm and the Mediterreanan fruit fly in a sand loam soil and
appesred to decrease the NO,-N formation when incerporated into soil. Also,
this compound highly inhibited dehydrogenase enzyme activity in soil.

The present investigation was carried cut {o evaluate the importance of using
physical soil solarization against soil-borne fungi responsible for damping off
diseases of tomato plants in Egypt.

MATERIALS AND METHODS

The experiment was carried out during October-March 2002-2003 and 2003-
2004 seascns with tomato seeds of supper strain B in field naturally highly
infested with soil-borne pathogens {such as Fusarium spp. and Rhizoctonia
scfani). A special tomato nursery was carried out. The experimental field was
carried out at the reclaimed sandy loam regions of Nubaria, El-Beheira
Governorate, Egypt.

The factorial experiment with complete randomized biock design
(CRBD) was carried out with 4 replicates for each treatment. The
experimental plots were ploughed, leveled and surface irrigated, divided into
4 blocks (divided to plots 3x6 m as replicates) covered on with black or
transparent plastic sheets (200 in thickness) for one, two and three months
intervals for scil sclarization. Soil temperatures were measured weekly by
using a subscil thermometer. .

Soil sampies were taken [for count of fungai (cfu)] from the
experimentai plots of each treatment {at about 15 cm depth around roots of
the plants) at the end of each solarization period; 1, 2 and 3 months. Com-
posite samples and three sub-samples from each plot were used for
determining the fungal populations according fo the method of Grossman
{1967). Fungal frequency was recorded in 4 replicate plates after incubation
for 7 days at 30°C and the most frequent fungi in the non-covered soil were
studied for their tolerance to solarization
The experiment treatments :

1- Untreated roots in untreated (check) plots (traditionat method).

2- Roots treated with fungicide Carboxin” 75% in untreated plots.

3- Untreated roots in plots covered with black plastic sheets for 1 month.
4- Untreated roots in plots covered with black plastic sheets for 2 months.
5- Untreated roots in plots covered with black plastic sheets for 3 months.
6- Untreated roots in plots covered with transparent plastic sheets for 1 month.

7- Untreated roots in plots covered with transparent plastic sheets for 2 months.
8 Unfreated roots in plots covered with transparent plastic sheets for 3 months.
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Tested fungicide :

-~ Trade Rate of Method of
Fungicides Formula name application applicatian Producer
. s Uniroyal
Carboxin™ 75% . 1.5 gm/ Seed !
. . W.P. | Vilavaxeo Chermical
(Thiram +Carboxin) kg seeds treatment Campany.

Experimental plots were observed daily after transplanting for slanted and
dead plants (by soil borne pathogens only).

Statistical analysis of data collected were carried out according to Cohort,
Software, Inc. program (1986).

RESULTS AND DISCUSSION

Soil temperature average, for each month, was calculated and
recorded for the covered and non-covered plots at 20 cm depth. The soil
temperature was gradually increased during the experimental time with an
obvious difference between naon-covered and covered scil, Table (1).

Table (1) : The effect of soil soiarization on mean of soil temperature at
20cm depth for non-covered and mulched with transparent or
black sheets during October-March 2002-2003 and 2003-2004.

Mean temperature (°C) |
Time 2002/2003 2003/2004
Non- Covered {mulched) } Non- Covered (mulched)
covered| Black | Transparent | covered | Black : Transparent
October 28.5 32.8 354 30.2 34.8 37.5
November 25.2 29.3 29.8 25.0 301 30.7
December 18.7 22.2 24.0 21.5 24.2 26.2
January 16.8 19.1 20.6 21.9 25.0 27.0
February 17.6 26.7 223 223 27.3 29.3
March i 191 22.6 25.1 234 279 | 30.2

Data presented in Table (1} indicated that mulching (soil
solarization) generally caused an obvious increase in soil temperature
throughout the present investigation. Transparent sheets were more effective
than black sheets for soil heating. Many investigators reported the positive
effect of soil solarization on increasing soil temperature, (Hillel ef al., 1982;
Sarhan, 1991 and Satour,1997).

Data presented in Table (2) show the soil borne fungal population
density (10° cfu/g) at zero time and after one, two and three months of
mulching (with transparent and black sheets) or chemical-treated roots
(Vitavaxag) for the four tested fungi during 2002/2003 season. Generally, the
data indicated that there were no significant differences between the effect of
the mulching period of two and three months but they were significantly
differed and positively from one-month mulching period. Aiso there were no
significant differences between the two types of sheets used for mulching
treatments but they were differed significantly with the chemical-treated plant
roots and the check treatment. The data illustrated that the tested fungi

243



Zen-El-Dein, Manal M.S. and Magda M.F. Abo-Dakika

affected by tested treatments in the following order : Fusarnum spp.,
Penicillium spp., Rhizoctonia sofani and Aspergillus spp. with significant
differences among them.

Table (2) : Comparing the effect of chemical (Carboxin® 75%) and non-
chemical (mulchmg) treatments on soil borne fungi population
density (10 cful/g) during November-Fehruary 2002-2003.

Cunai Time . Ft:ingal frequency —r
ungi overe arboxin+
(month) Transparent: Black | Mean Check 75%
0 40.90
Aspergillus 1 35.88 36.60 | 36.24 | 41.76 34.77
spp. 2 3312 34.86 | 33.99 | 34.80 33.12
3 24 .06 2046 | 28.26 | 36.72 30.84
4] 39.80 |
Rhizoctonia 4 15.36 . 13.80 | 14.58 | 41.92 14.40 |
solani 2 B.48 i 7.26 7.86 | 46.64 28.36
3 0.60 | 3.24 | 192 | 57.72 37.12
0 17.00 }
Fusarium 1 4.44 . 5,88 | 516 | 1695 5.59
spp. 2 4.86 486 | 486 | 1440 6.72
3 4.80 612 | 546 | 21.75 5.81
0 33.70
Penicillium 1 11.16 + 10.56 | 10.86 | 30.90 10.80
spp. 2 8.40 6.24 | 7.32 | 33.60 18.60
3 5.52 420 | 486 | 37.65 23.52
Time 1.763 :
L.S.Dg o5 Treatments 2.038 1
: Fungus 2.036 !

¢fulg = count of fungal colony forming units per gram of soil weight.

Treatmenis decreased soil borne fungus (Aspergiflus spp.)
population density from 40.9 to 24.06 under transparent sheet, from 40.9 to
29.46 under black sheet and from 40.9 to 30.84 for chemical-treated roots,
where the fungus population decreased naturally from 40.9 to 36.72 x 10°
cfulg after three months. Rhizoctonia solani population density decreased
from 39.8 to 0.5 under transparent sheet, from 39.8 to 3.24 under black sheet
and from 39.8 to 37.12 by the chemical treatment, but the untreated
treatment showed an increase of R. sofani population censity t6 57.72 x 10°
cfuig after three months. The tested treatments decreased Fusarium spp.
population density from 17.0 to 4.8, .12 and 5.81 for transparent, black and
chemical treatments respectively, but untreated blocks showed significant
increase of population density to 21.75 x 10° cfu/g after three months.
Transparent, black and chemical freatments decreased Peniciflium spp.
population density from 33.7 to 5 52, 4.2 and 23.52 x 10° cfu/g respectively,
where it increased to 37.65 x 10° cfu/g at untreated treatment.
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Table (3) : Comparing the effect of chemical (Carboxin® 75%) and non-
chemical (mulchmg) treatments on soil horne fungi population
density (10° cfu/g) during October-February 2003-2004.

Time Fungal frequency |
Fungi (month) _Covered ] Check | Carboxin+
Transparent | Black | Mean | L 75%
0 | 56.2 |
Aspergillus 1 " 4306 [ 43.92 | 4349 | 5011 | 4172 |
$pp. 2 | 3643 | 3835 | 37.39 | 48.28 36.43
3 2165 | 2921 | 2543 | 83.05 | 27.75
0 45.1 ]
Rhizoctonia 1 19.97 [ 1794 [ 1895 | 4830 | 1872
solani b2 1015 | 871 | 943 | 7157 [ 22.03
[ 3 0.57 | 308 | 182 | 5483 | 2576
0 22.60
Fusarium | 1 5.33 7.06 6.19 | 20.3: 6.70
spp. 2 6.32 6.32 632 | 18.72 ﬂ 8.74
| 3 9.60 | 12.24 | 10982 | 4350 | 11.63
0 37.20
Peniciflium 1 13.39 | 12567 [ 13.03 ] 3708 | 12.98
spp. [ 2 1 1008 | 749 8.78 | 4032 | 2232
| 3 | 662 | 504 583 | 4518 | 2822
| Time z 1.278
L.S.Doags [ Treatments ‘| 1,476
| Fungus | 1.476

The recorded resuits of the second season of the experiment
showed the same trend of the first season unless the significant differences
between the riuiching periods; one and two months.

The transparent sheets decreased the population density of
Aspergiflus spp. (from 56.2 to 21.65), Rhizoctonia solani (from 45.1 to 0.57),
Fusarium spp. {from 22.6 to 9.6) and Penicillium spp. (from 37.2 to 6.62 x 10°
cfu/g). The black sheet decreased the poputation density of Aspergillus spp.
{from 56.2 to 29.21), Rhizoctonia solani (from 45.1 to 3.08), Fusarium spp.
(from 22.6 to 12.24) and Penicilfium spp. {from 37.2 to 5.04 x 10° cfu/g).
Treating roots with specific fungicide decreased the population density of
Aspergillus spp. (from 56.2 to 27.75), Rhizoctonia sofani (from 45.1 to 25.76),
Fusarium spp. (from 22 6 to 11.63) and Penicillium spp. (from 37.2 to 28.22 x
10° cfu/g). Untreated blocks indicated that population density of tested fungi
increased 12.19% for Aspergillus spp., 21.57% for Rhizoctonia solani,
92 48% for Fusarium spp. and 21.45% for Penicillium spp. after three months
of the experiment.

These results confirm those obtained by Katan & De Vay {1991) and
Pullman and De Vay (1984). They stated that the efficiency of solarization
would be improved by increasing the treatment time. Abou-Gharbieh et a/
{1991) and Standifer ef af, (1984) also they reported that the effect of
transparent sheet on the microcorganisrns was, generally higher than of the
black one.
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The observation of field experiment showed that there was no weeds
grow in the solarized plots. This result is in agreement with that reported by
Dabaj et al.,, (2005). They showed that soil solarization with plastic sheets
was effective against soil inhabiting pests and pathogens, especially root knot
nematode; Meloidegyne spp. and annual and prennual weeds. Also, Bawazir
and Aidaros (2005). Usad transparent and black polyethylene sheets
mulching for 30 or 60 days in Delta Tuban, Yemen. They found that soil
solarization decreased sighificantly the annual weed population in the field.
Mulching with transparent sheets for 30 or 60 days was better than that with
black sheets.

The present study indicated the possibility of using mulching
method to reduce the population density of soil-bome plant pathogen, in the
soil to avoid infection with in such soils in Egypt.
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