
SUMMARY

In three experimental trials carried out in north Italy
the effectiveness of methyl bromide (MB) and metham
sodium (MS) applied alone or, at half dosages, in com-
bination with a 2 week period of soil solarization
against Rhizoctonia solani, Fusarium oxysporum f.sp.
basilici and Colletotrichum gloeosporioides under green-
house conditions were evaluated on crops such as basil,
bean and lettuce. MB, at 30 g m-2 under virtually imper-
meable film confirmed its efficacy; covering the soil af-
ter the application of half dosage of MS with low densi-
ty polyethylene films improved the efficacy of the treat-
ment, while reducing some of the negative features. The
combination of soil solarization with any of the two
tested fumigants at reduced dosage resulted in an effec-
tive control of the tested pathogens, permitting a reduc-
tion in the duration of solarization and application of
the fumigants at half dosage. Such strategy proved ef-
fective also on subsequent crops.

Key words: soil disinfestation; solarization; metham
sodium.

INTRODUCTION

Soilborne pathogens, as well as nematodes and
weeds, can be controlled by using methyl bromide
(MB), metham sodium, dazomet or soil solarization
(Katan, 1984). Soil fumigation with MB, applied at 60 g
m-2 under low density polyethylene (LPDE) plastic
film, is a common practice for the control of a wide
spectrum of soilborne pathogens in many crops. How-
ever, during recent years, concern regarding the poten-
tial of MB to deplete ozone led to its inclusion among
substances controlled by the Montreal Protocol which
use must be eliminated (Bell et al., 1996). Among avail-
able chemical alternatives, metham sodium (MS) and
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dazomet (DZ) are generally chosen for the control of
soilborne fungal pathogens (Garibaldi and Gullino,
1995). Previous studies showed that in the open field
their efficacy is improved by applying them under plas-
tic (Gullino et al., 1998). 

Solarization, carried out by covering the soil with
transparent film during the hot season, has been widely
exploited in a number of warm countries as well as in
climatically marginal ones  (Katan and DeVay, 1991). In
north Italy, its efficacy is improved when applied in the
greenhouse (Garibaldi and Gullino, 1991). However, in
many cases, growers are skeptical about adopting it,
since it requires maintaining the soil free of cultivation
for at least 4 weeks.

The present work was carried out in order to evalu-
ate the effectiveness of metham sodium and soil solar-
ization, applied alone or in combination in an attempt
to reduce dosage of fumigants and duration of solariza-
tion, in comparison with methyl bromide, against Rhi-
zoctonia solani, Fusarium oxysporum f.sp. basilici and
Sclerotinia sclerotiorum on crops grown under protec-
tion. The long term effect of the treatments tested was
evaluated by growing subsequent crops on the disin-
fested soil.

MATERIALS AND METHODS

Three experimental trials were carried out at Alben-
ga (northern Italy) at the Centro di Sperimentazione e
Assistenza Agricola (CeRSAA) of the Chamber of Com-
merce of Savona in 1996/97, as described in Table 1.
Two trials (1 and 3) were carried out under a plastic
tunnel, and one (trial 2) in the glasshouse. All trials
were carried out in a sand:silt:loam (75:20:5) soil, pH 8,
by using a randomized block design with 3 or 4 repli-
cates and plots of 60 m2 (8 x 7.5 m).

Soil infestation with pathogens. In order to achieve
a more uniform soil infestation, and, consequently, a
higher and uniform disease incidence, the inoculum of
the following pathogens was incorporated into the sur-
face of all plots prior to fumigation at the dosages re-
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ported in Table 1: R. solani, as infected wheat kernels
in trial 1; R. solani, as infected wheat kernels, F. oxyspo-
rum f.sp. basilici as chlamydospores suspended in talc
and Colletotrichum gloeosporioides as heavily infected
basil plants in trial 2; R. solani, F. oxysporum f.sp. basili-
ci and S. sclerotiorum, as infested wheat kernels, in trial
3. Moreover, in order to evaluate the direct effect of the
treatments on the survival of pathogens, in trial 1, the
inocula of R. solani, F. oxysporum f.sp. basilici and
Pythium ultimum were buried in the soil at 10 and 20
cm depth, in selected locations in the plots. R. solani
and P. ultimum were introduced as infected wheat ker-

nels, F. oxysporum f.sp. basilici as talc infested with
chlamydospores. In the case of F. oxysporum f.sp. basili-
ci infested talc, a mixture (1:1.5 talc:perlite v/v) was
used; perlite was mixed with talc in order to improve its
gas permeability. Seven g of each pathogen inoculum
were put separately into small bags (5 cm) prepared
from gas permeable material and buried in the soil, 12-
18 h before the fumigation treatment. Two bags/
pathogen were introduced into each plot, one at 10 and
one at 20 cm depth. The bags were taken out when the
soil was uncovered and tested for viability as described
below. 
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Trial number
and code

Location, plot
surface, and
number of replicates

Pathogens and rate
of inoculum

Cultural practices* Crops grown and date of
planting

1. MT 2 Ce.R.S.A.A.
Albenga,
plastic tunnel,
60 m2(8 x 7.5 m)
3 replicates

R. solani:  30 g m -2

infested kernels,
June 20, 1996

irrigation: July 11, 1996
MB fumigation: July 11,
1996
MS fumigation: July 16,
1996
unmulching:
August 7, 1996,
August 22, 1996
rototilling: August 26,
1996

1st crop
basil (cv. Genovese gigante)
August 23, 1996
2nd crop
lettuce (cv. Foglia di quercia),
rocket, lamb’s lettuce,
October 9, 1996
3rd crop
lettuce (cv. Foglia di quercia)
November 15, 1996

2. S 10-11-12 Ce.R.S.A.A.,
Albenga,
glasshouse,
60 m2 (8 x 7.5 m)
3 replicates

R. solani:  30 g m -2

infested kernels;
F. oxysporum f.sp.
basilici: 1 x 105

CFU ml-1 of soil
of chlamydospore
on talc;
basil plants
infected with C.
gloeosporioides
June 17, 1996

irrigation: July 8, 1996
MB fumigation: July 4,
1996
MS fumigation: July 8,
1996
unmulching: July 18,
1996
August 10, 1996,
August 26, 1996
rototilling:
August 27, 1996

1st crop
bean (cvs Bobis, Canellino,
Anellino)
lettuce (cvs Gheisa and
Foglie di quercia)
basil (cv. Genovese gigant)
August 27, 1996
2nd crop
bean (cv. Bobis)
September 20, 1996

3. MT 3 Ce.R.S.A.A.,
Albenga,
glasshouse,
60 m2 (8 x 7.5 m)
4 replicates

R. solani: 12 g m-2

infested kernels;
S. sclerotiorum: 13 g
m-2 infected wheat
kernels;
F. oxysporum f.sp.
basilici : 1 x 10 4

CFU ml-1 soil
chlamydospores
dispersed on talc
April 16, 1997

MB fumigation:
April 24, 1997
MS fumigation:
April 29, 1997
unmulching: May 15,
1997
rototilling: May 28, 1997
biocontrol treatment: May
28, 1997

1st crop
basil (cv. Genovese gigante)
June 6, 1997
2nd crop
basil (cv. Genovese gigante)
August 10, 1997

Table 1. Outline of the three experimental trials.

* MB: methyl bromide; MS: metham sodium.



Soil preparation, plastic mulching and fumigation.
Soil mulching was carried out by using standard LPDE
(Eiffel, Fontanellato, Italy, 40  thick) and, in trial 3, one
virtually impermeable film (VIF) (Bromotech, coded as
LMG, 30 thick), kindly provided by LMG Smith
Brothers. Bristol, UK.

Methyl bromide (MB) (Metabrom, 98% a.i . ,
Bromine Compounds, Israel) was applied by licensed
fumigators through drip lines placed under the film at
different dosages using the hot gas method. Soil was
manually uncovered seven days after the fumigation
treatment,  in accordance with the Ital ian law.
Metham sodium (MS) (Vapam, SIPCAM, 32,7% a.i.)
was applied as a water suspension, using 30-40 l m-2

of water.

Application of  biological control. In trial 3, two bio-
control products, 251/2 (SIAPA/ICC Caffaro, Italy),
based on saprophytic F. oxysporum, active against
Fusarium wilts, and GT10/252 (SIAPA/ICC Caffaro), a
mixture of Trichoderma harzianum and Gliocladium
virens, effective against R. solani, Sclerotinia sclerotio-
rum and Phytophthora spp. were applied by soil
drenching at sowing: 251/2 at the dosage of 10 ml m-2;
GT 10/252 at 0.5 g m-2. 

Evaluation of pathogens inoculum survival. In trial
1, when the soil was unmulched, the bags containing
the pathogen inoculum were taken out from the soil
and immediately transferred to the laboratories of
DI.VA.P.R.A. at Torino. During the transfer the sam-
ples were kept at 8-10°C by using a portable refrigera-
tor. Samples were then immediately processed. In the
case of F. oxysporum f.sp. basilici, talc was suspended at
different dilutions in sterile water and plated on Koma-
da medium (Komada, 1975). After 7 days of incubation
at 24°C, the numbers of colony forming units (CFU)
were counted, as described by Locke and Coulhon
(1974). In the case of R. solani and P. ultimum, 100 in-
fected kernels/bag were directly plated in Petri dishes
(10 kernels/plate) respectively on a Rhizoctonia semi-
selective (Migheli et al., 1990) and on a oomycete selec-
tive medium (Masago et al., 1977). Inoculated plates
were incubated for 5-7 days at 24°C. The number of
kernels that developed live mycelium was counted and
the data so collected are expressed as percent of infect-
ed kernels. 

Crops grown. In trial 1, basil (Ocimum basilicum),
cv. ‘Genovese gigante’, was sown on August 23, 1996
(300 plants m-2). Lamb’s lettuce (Valerianella olitoria),
rocket (Eruca sativa) and lettuce (Lactuca sativa)

(cv. ‘Foglia di quercia’) were sown on October 9, 1996;
lettuce was sown again on November 15, 1996. For all
three crops, 500 plants m-2 were used. In trial 2, two
subsequent crops of bean were grown. The first seed-
ing, with cvs ‘Bobis’, ‘Canellino’ and ‘Anellino’, took
place on August 27, 1996 (100 plants m-2), the second
one, with cv. ‘Bobis’, on September 20, 1996 (300
plants m-2). Lettuce (cv. ‘Foglia di quercia’) (1300
plants m-2) and basil (cv. ‘Genovese gigante’) (300
plants m-2) were sown and ‘Gheisa’ lettuce (10 plants
m-2) was transplanted on August 27, 1996. Two other
cultivars of bean (cv. ‘Canellino’ and ‘Anellino’) were
also sown on August 27, 1996 (50 seeds m-2). In Trial 3,
two subsequent crops of basil (cv. ‘Genovese gigante’)
were grown: the first seeding took place on June 6,
1997 and the second one on August 10, 1997. In both
cases, 300 seeds m-2 were sown.

Disease evaluation. Disease development was eval-
uated at regular intervals by counting the number of
diseased plants (disease incidence) or by using a sub-
jective disease index scale for the different pathogens
ranging from 0 (healthy plant) to 5 (dead plant) (dis-
ease severity). All data collected were statistically ana-
lyzed, according to Duncans’s Multiple Range Test.
The data collected at the end of the cultivation are re-
ported. 

RESULTS

By evaluating the direct effect of different treatments
on the survival of the three chosen pathogens (F. oxy-
sporum f.sp. basilici, R. solani and P. ultimum) in the
first trial it could be observed that half dosage of MS
and MB, combined with 14 days of soil solarization and
28 days of soil solarization alone were as effective as
MB at full dosage in inactivating the inocula of F. oxy-
sporum f.sp. basilici and R. solani at both depths (Table
2). In the case of P. ultimum, particularly at 10 cm
depth, soil solarization alone and the combination of
soil solarization with half dosage of MS only partially
reduced its viability (Table 2). It is interesting to ob-
serve that a solarization period of 14 days significantly
reduced pathogens survival (Table 2).

On basil, all treatments  were effective in control-
ling diseases caused by R. solani, F. oxysporum f.sp.
basilici and C. gleosporioides (Table 3). The best con-
trol was provided by the combination of soil solariza-
tion with half dosage of MB or MS (Table 3). MS
at full dosage only partially controlled R. solani
(Table 3).
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R. solani on rocket was very effectively controlled by
28 days of soil solarization (Table 4). On lettuce, the
low level of disease observed in the control plants does
not permit much speculation. A natural infection of
S. sclerotiorum on lamb’s lettuce was best controlled by
the combination of 14 days of soil solarization with half
dosage of MB, followed by soil solarization alone and
by a full dose of MB (Table 4).

On bean, all tested treatments very effectively con-
trolled R. solani, permitting better plant stand, strongly
reducing the percent of diseased plants and disease in-

dex (Table 5). The same positive results in terms of
R. solani control were observed on lettuce and basil
(Table 6). The good control of R. solani was confirmed
on the second crop of bean (data not shown). 

Very severe attacks of R. solani on basil were signifi-
cantly, although not completely controlled by the dif-
ferent treatments tested, as well as attacks of F. oxyspo-
rum f.sp. basilici and C. gloeosporioides (Table 7). R.
solani was completely controlled by all treatments on
lettuce cv. ‘Gheisha’ (data not shown).
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Table 2. Trial 1. Effect of the different methods of soil disinfestation on the survival of pathogens buried in the soil. 

*   SS: soil solarization; MB: methyl bromide; MS: metham sodium; LPDE: polyethylene; dd: days; CFU: colony forming unit.
** Means in the same column, followed by the same letter, do not differ significantly, following Duncan’s test (P = 0.05).

Treatment, dosage and
plastic film used*

CFU g-1 after soil treatment at
soil depth

% of infected kernels after soil treatment at depth

F. basilici R. solani P. ultimum

10 cm 20 cm 10 cm 20 cm 10 cm 20 cm

Untreated 1.6x106   b ** 2.6x106   b 65   b 29   b 12.7   b 6.3   a

SS 28 dd/LPDE 1.0x103   a 2.7   a 05   a 00   a 05.3   ab 4.3   a

SS 14 dd/LPDE 3.3   a 4.7x102 a 00   a 00   a 00.0   a 0.7   a

MB/30/LPDE/SS 14 dd 0.7   a 0.0   a 00   a 01   a 00.3   a 0.3   a

MS/96/LPDE/SS 14 dd 4.1x101   a 1.3x102 a 01   a 00   a 06.0   ab 2.3   a

MS/192/LPDE 1.7x102   a 3.6x101 a 29   ab 00   a 03.0   a 0.0   a

MB/60/LPDE 4.3x102 a 1.3x102 a 01   a 00   a 01.3   a 0.7   a

Table 3. Trial 1. Efficacy of different soil disinfestation treatments against R. solani, F. oxysporum f.sp. basilici and
C. gloeosporioides on basil.

*   SS: soil solarization; MB: methyl bromide; MS: metham sodium; LPDE: polyethylene; dd: days.
** Means in the same column, followed by the same letter, do not differ significantly, following Duncan’s test (P = 0.05).

Treatment, dosage and
plastic film used*

% diseased plants on September 23, 1996

R. solani F. basilici C. gloeosporioides Total

Untreated 11.8   b** 5.4   b 1.3   b 18.5   b

SS 28 dd/LPDE 06.0   ab 0.3   a 0.0   a 06.4   a

SS 14 dd/LPDE 04.1   a 0.5   a 0.2   a 04.8   a

MB/30/LPDE/SS 14 dd 02.0   a 0.6   a 0.1   a 02.7   a

MS /96/LPDE/SS14 dd 01.3   a 0.5   a 0.0   a 01.8   a

MS/192/LPDE 08.1   ab 1.3   a 0.1   a 09.4   a

MB/60/LPDE 03.6   a 0.8   a 0.0   a 04.4   a



On two subsequent crops of basil, both R. solani and
F. basilici were controlled by the different treatments
tested. The best results were achieved with MB applied
at full dosage or at half dose under VIF plastic (Table
8). MS at full dosage without mulch gave partial control
of R. solani; when applied at half dosage with plastic
mulching its efficacy statistically increased. No differ-
ences were observed between percent of diseased plants
in plots treated with metham sodium and mulched with
LPDE or VIF (Table 8). Soil application of the two bio-
logical products, based on saprophytic F. oxysporum
and a mixture of T. harzianum and G. virens did not

provide any significant improvement in terms of disease
control (Table 8).

DISCUSSION 

MB confirmed its efficacy in the control of soilborne
pathogens at both full dosage (60 g m-2) under LPDE
or at reduced dosages (30 g m-2) under virtually imper-
meable plastic film, as already shown in previous works
(Gullino et al., 1996; Gamliel et al., 1997; Minuto et al.,
1999). MS at full dosages provided a satisfactory but 

Journal of Plant Pathology (2000), 82 (3), 179-186 Minuto et al. 183

Table 4. Trial 1. Efficacy of different soil disinfestation treatments against R. solani on lettuce (cv. ‘Foglia di quercia’) and  rocket
(E. sativa) and  of S. sclerotiorum on lamb’s lettuce (V. olitoria).

*   SS: soil solarization; MB: methyl bromide; MS: metham sodium; LPDE: polyethylene; dd: days.
** Means in the same column, followed by the same letter, do not differ significantly, following Duncan’s test (P = 0.05).

Treatment, dosage and
plastic film used*

R. solani S. sclerotiorum

% diseased lettuce plants       % diseased rocket plants % diseased lamb’s lettuce plants

Untreated 2.8   a** 19.2   b 10.6   c

SS 28 dd/LPDE 1.1   a 04.0   a 02.4   ab

SS 14 dd/LPDE 3.9   a 09.5   ab 08.8   bc

MB/30/LPDE/SS 14 dd 0.8   a 09.5   ab 00.7   a

MS /96/LPDE/SS 14 dd 1.7   a 12.2   ab 03.5   abc

MS/192/LPDE 0.5   a 05.4   ab 04.7   abc

MB/60/LPDE 0.3   a 07.3   ab 02.7   ab

Table 5. Trial 2. Effect of different soil disinfestation treatments against R. solani on bean, expressed as percent of emerged (E)
and diseased plants (DP), and as disease index (DI, 0-5). 

*   SS: soil solarization; MB: methyl bromide; MS: metham sodium; LPDE: polyethylene; dd: days.
** Means in the same column, followed by the same letter, do not differ significantly, following Duncan’s test (P = 0.05).

Treatment, dosage and
plastic film used*

cv. Bobis cv. Anellino cv. Canellino

% E % DP DI % E % DP DI % E % DP DI

Untreated 73.3 b** 54.4 b 1.9 b 66.0 b 35.6 b 1.2 a 60.0 b 71.4 b 2.4 b

SS 28 dd /LPDE 89.7 a 02.2 a 0.0 a 91.0 a 04.4 a 0.1 a 91.7 a 07.0 a 0.1 a

SS  14 dd /LPDE 80.3 ab 01.2 a 0.0 a 84.0 ab 02.0 a 0.0 a 84.3 a 04.7 a 0.1 a

MB/60/LPDE 86.3 ab 00.4 a 0.0 a 87.7 ab 00.4 a 0.0 a 79.7 a 06.5 a 0.1 a

MB/30/LPDE/SS 14 dd 81.7 ab 02.8 a 0.0 a 85.3 ab 07.5 a 0.1 a 87.3 a 07.1 a 0.2 a

MS/192/LPDE 80.7 ab 00.4 a 0.0 a 84.3 ab 04.5 a 0.1 a 82.3 a 00.9 a 0.0 a

MS/96/LPDE/ SS 14 83.0 ab 02.2 a 0.0 a 87.3 ab 01.4 a 0.0 a 83.0 a 01.3 a 0.0 a



not always complete disease control. Covering the soil
with LPDE permitted a half dose of the fumigant to be
used, with generally good results. Moreover, such prac-
tices reduced the escape of unpleasant smells, particu-
larly in the vicinity of houses. The results obtained un-
der greenhouse conditions confirm those achieved in
the open field (Gullino et al., 1998).

The combination of 2 weeks of soil solarization and
fumigation with half dosage of MB or MS proved effec-
tive in most cases and allowed a shortening of solariza-
tion, permitting a reduction in the non cultivation peri-
od. Such a combination was effective on subsequent

crops, thus confirming the long term effect described
for soil solarization (Katan and DeVay, 1991). This is a
very important feature, since one soil treatment permits
to protect two-three subsequent crops. The possibility
of combining soil solarization with reduced dosages of
fumigants could indeed increase the number of growers
using solarization as a disinfestation method, helping to
reduce the present dependence on chemicals. It must
be stressed, however, that the usage of half dosage of
fumigant in combination with a shorter period of solar-
ization remains essential, at present, in order to achieve
an acceptable level of disesase control, especially in the
case of high value protected crops.

It cannot be expected that reducing the length of so-
larization from 4 to 2 weeks will provide the same posi-
tive results with all pathogens, since a shorter period
may reduce its weakening effect on some soilborne
pathogens (Katan, 1981). However, the results ob-
served on pathogen survival, at least under our experi-
mental conditions, showed a very satisfactory reduction
in the viability of the tested pathogens even after a 14
days soil solarization treatment.

MB was an important agent for soil disinfestation
in various crops under many different agricultural
conditions. In the near future, only a very small
amount of this fumigant will be available for the so
called ‘critical uses’, i.e. when technically effective
and economically viable alternatives are not available.
In such situations, it will be important to achieve
good results with minimum amounts of the fumigant,
applied under VIF films, and possibly combined with
other methods, in order to minimize the environmen-
tal hazards.
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Table 6. Trial 2. Effect of different soil disinfestation treat-
ments against R. solani lettuce (cv. ‘Foglia di quercia’) and
basil (cv. ‘Genovese gigante’).

* SS: soil solarization; MB: methyl bromide; MS: metham sodium;
LPDE: polyethylene; dd: days.

** Means in the same column, followed by the same letter, do not
differ significantly, following Duncan’s test (P = 0.05).

Treatment, dosage and plastic
film used*

% diseased plants

Lettuce Basil

Untreated 7.1  b ** 3.0  b

SS 28 dd/LPDE 0.0  a 0.0  a

SS 14 dd/LPDE 0.0  a 0.0  a

MB/60/LPDE 0.0  a 0.0  a

MB/30/LPDE/ SS 14 dd 0.0  a 0.3  a

BS/192/LPDE 0.0  a 0.0  a

Table 7. Trial 2. Effect of different disinfestation treatments against R. solani, F. oxysporum f.sp. basilici and C.
gloeosporioides on basil (cv. ‘Genovese gigante’).

*   SS: soil solarization; MB: methyl bromide; MS: metham sodium; LPDE: polyethylene; dd: days.
** Means in the same column, followed by the same letter, do not differ significantly, following Duncan’s test (P = 0.05).

Treatment, dosage and
plastic film used*

% plants diseased with

R. solani F. basilici C. gloeosporioides Total

Untreated 59.4 b** 12.9 b 5.9 a 78.2 b

SS 28 dd/LPDE 10.3 a 01.0 a 4.3 a 15.6 a

SS 14 dd/LPDE 23.2 a 04.7 a 4.1 a 32.1 a

MB/ 60/ LPDE 15.0 a 04.3 a 3.7 a 23.0 a

MB/30/ LPDE/SS 14 dd 16.1 a 06.0 a 1.3 a 23.4 a

MS/192/ LPDE 16.3 a 01.3 a 4.6 a 22.2 a

MS/96/LPDE/SS 14 dd 13.9 a 02.6 a 5.3 a 21.8 a



On a longer range, since the few available chemical
alternatives to MB (i.e. metham sodium and dazomet)
will be widely applied, their safe application is essen-
tial to obtain a satisfactory level of disease control,
without causing negative environmental side-effects.
In this perspective, it is crucial to deploy for the few
available fumigants, application technologies which
permit their dosages to be reduced, while retaining
their activity. 

Actually, in the near future, control of soilborne
pathogens should be possible through the combination
of different control methods, in order to minimize the
chemical input, while ascertaining an effective pathogen
control.
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