
SUMMARY

Two experiments were carried out in different Jor-
danian locations to test the effect of solarization on
populations of Agrobacterium spp., including Agro-
bacterium tumefaciens, the crown gall agent that was
inoculated in the soil, as well as on crown gall inci-
dence. The results of these experiments showed that
solarization markedly decreased the populations of
three Jordanian A. tumefaciens isolates that were used
as inoculum in the trials. Bacterial population reduc-
tion was correlated with temperature and soil type.
Agrobacterium spp. population decreased by 99% in
the first three weeks after inoculation. Lower bacterial
recovery was obtained from solarized plots in the Jor-
dan Valley (silty clay soil and temperature ranging
from 39 to 51°C) than from the comparable treatments
carried out in the uplands (clay soil and temperature
ranging from 29 to 46°C). Solarization did not com-
pletely eliminate Agrobacterium spp. from the soil, but
the number of GF677 and bitter almond roostock
seedlings with crown gall was significantly reduced in
solarized plots in the Jordan Valley and uplands (by 89
and 94%, respectively) as compared with seedlings
planted on non-solarized plots.
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INTRODUCTION

A. tumefaciens, the causal agent of crown gall disease
is a soil-borne pathogen distributed worldwide, includ-
ing the Mediterranean region. Over 600 plant species
are reported as hosts of this disease including pome,
stone, and dry fruit trees, grapevine and a wide variety
of dicotyledonous plants. Nurseries and growers may
suffer serious economic losses as galled plants show
growth reduction, decline, and are unmarketable (De-
Cleene and DeLey, 1976; Lopez, 1987; Zoina and Raio,
1999; Ramon et al., 2000).
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Crown gall is generally characterized by tumors, but
asymptomatic infection may also occur. Sensitive me-
thods for detecting latent A. tumefaciens infections in
plant propagating material are not yet available (Zoina
and Raio, 1999).

Different control measures have been used against
crown gall, among which dipping of rooted plants in a
suspension of the antagonisitic Agrobacterium radiobac-
ter K84 (New and Kerr, 1972; Moore, 1988). However,
natural A. tumefaciens populations that resist K84 treat-
ment are known to exist, and K84 is not effective on in-
fected asymptomatic plants (Alconero, 1980; Grimm
and Sule, 1980; Utkhede and Smith, 1990). Further-
more, soil fumigation gives incomplete control of crown
gall (Pu and Goodman, 1993) and was reported to in-
duce an unexpected increase of disease incidence (Deep
et al., 1968). Chemicals and antibiotics have given in-
complete crown gall control and are often phytotoxic
(Grimm and Sule, 1981; Canfeild et al., 1992). Thus,
there is a need for a safe, reliable and environmentally
friendly method for elimination or reduction of A.
tumefaciens from soil.

Soil solarization (Katan, 1980; Stapleton and Devay,
1986) proved useful for controlling plant pathogenic
bacteria. For instance, it drastically reduced the popula-
tion of the causal agent of tomato canker (Clavibacter
michiganesis subsp. michiganesis) in plastic tunnels (An-
toniou et al., 1999) and, when combined with methyl
bromide treatments, it also reduced the population of
Ralstonia solanacearum (Chellemi et al., 1999). 

Since little is known on the effect of solarization on
A. tumefaciens populations (Stapleton and Devay,
1982), experiments in two different locations of Jordan
were conducted, to test its effects on soil populations of
total Agrobacterium spp., of three A. tumefaciens strains
that were inoculated in the soil, and on crown gall de-
velopment.

MATERIALS AND METHODS

Agrobacterium tumefaciens isolates. Three A. tume-
faciens isolates were used to inoculate the soil, namely
251 (obtained from Dr. M. Lopez, Valencia, Spain), C
58 (obtained from Dr. X. Nesme, Lyon, France), and
the Jordanian isolate 186, recovered from a peach
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seedling tumor, which was identified, characterized bio-
chemically, and pathogenetically tested according to
Schaad (1988).

Field experiments. The University Research Station
in the central Jordan Valley and the University of Jordan
Campus in the Uplands, were selected as sites of two
experiments for testing the effect of solarization on the
population dynamics of A. tumefaciens in artificially
inoculated soil, as well as on the development of crown
gall on bitter almond (Prunus amygdalus) and GF677
(Prunus persica x P. amygadalus) seedlings used as root-
stocks. In both locations the soil was tilled to a fine tex-
ture, irrigated up to field capacity, and fumigated with
methyl bromide at a rate of 70-75 g/m2. Each treatment
consisted of one plot (10 x 5 m), replicated four times,
each plot with four rows of plants one meter apart from
each other and with a distance of two meters between
plots. Each plot was separated from the adjacent parcels
by a 50 cm deep trench, the borders of which were
lined with thick plastic, prior to filling with soil to re-
strict possible movement of bacteria from one plot to
the other.

At the beginning of August 1998, a total of 24 plots
were artificially inoculated in groups of four with each
of the A. tumefaciens strains used in this study. Inocula-
tion was with 1·108 CFU g-1 of soil from a suspension of
a 36 h NA culture of the bacterial isolates, and the in-
oculum was mixed thoroughly with the soil. Then, half
of the plots were covered with clear 80 µm thick plastic
film for solarization. Solarized and non-solarized plots
were randomly distributed in the experimental field.
The plastic cover was removed at the end of September
1998. Soil temperatures were recorded in solarized and
non-solarized plots with thermometers installed at 15
cm below the soil surface.

Population dynamics of Agrobacterium. At each
sampling date four soil samples from each treatment
were collected randomly with a standard auger at a
depth of 15 cm. Collection was immediately after inocu-
lation, then at two-week intervals. Samples from all
replicates of each treatment were pooled and mixed
thoroughly to make a composite sample, then 10 g from
each sample were taken and a 10 fold dilutions series
prepared. An aliquot of 0.1 ml of the 10-3 dilution of
each treatment was plated onto modified D1 medium
(Kado and Heskett, 1970) containing (g/l) mannitol 15,
NaNO3 5.0, LiCl 6.0, Ca(NO3)4·H2O 0.02, K2HPO4
2.0, MgSO4·7H2O 0.2, bromothymol blue 0.1, and agar
15. Four plates were inoculated with each soil sample
and incubated at 25±2°C. Colonies with typical
Agrobacterium spp. morphology were counted and the
CFU/ml for each plate calculated. Thereafter, average
CFU/ml of the four replicates for each treatment was
calculated, and the logarithm of CFU/ml averages for
each treatment plotted against time (Fig. 1 and 2). Four
representative colonies showing Agrobacterium charac-

teristics were taken from each plate. Bacteria were iden-
tified, characterized, and their pathogenicity tested as
described by Schaad (1988), for discriminating Agro-
bacterium spp. from A. tumefaciens. 

In February 1999, all plots were planted with one-
year-old healthy seedlings of GF677 and bitter almond
rootstocks at 20 cm distance in two separate rows with-
in each treatment. Drip irrigation was used throughout
the experiment.

Seedlings were checked periodically for the appear-
ance of tumors and the number of those showing tu-
mors was recorded. Seedlings were uprooted in both
experiments at the beginning of April 2000, one year af-
ter planting. The number and percentage of infected
seedlings of each rootstock in each treatment was calcu-
lated, and the average weights of developed galls
recorded. Isolation from five galled samples randomly
collected was done on D1 media plates for A. tumefa-
ciens recovery.  Subculturing, identification, and patho-
genicity tests were as described by Schaad (1988).

Data on the incidence and average weight of crown
galls were subjected to analysis of variance and signifi-
cant means differences were determined using the Dun-
can’s multiple range test.

RESULTS 

Population dynamics of Agrobacterium. Agrobacteri-
um spp. were isolated and identified from soil samples
collected at the different sampling dates. In both loca-
tions, recovered Agrobacterium spp. populations were
much lower in solarized than in non-solarized plots.
Furthermore, Agrobacterium populations were lower in
the Jordan Valley than in the Uplands, conceivably be-
cause of the higher average soil temperature (10°C) in
the first location.

Solarized plots, Jordan Valley. The average soil tem-
perature in the solarized plots at a depth of 15 cm was
10°C degrees higher than the recorded temperatures in
the non-solarized plots. This resulted in a significant re-
duction (ca 99%) in the bacterial population recovered
from the solarized plots. This reduction coincided with
an average soil temperature of 39 to 51°C during the pe-
riod under plastic. Populations were 1·102, 3.16·102,
and 3.16·102 CFU g-1 soil for strains Jordan 186, C58,
and 251, respectively. Thereafter, populations fluctuated
according to the change in soil temperature (32 to
47°C) till the end of the experiment, ranging from
3.16·102 to 5.01·102 CFU g-1 soil. The lowest population
recovered was 102 CFU g-1 soil (week 4), 102 CFU g-1

soil (week 3), and 10 CFU g-1 soil (week 5) from plots
inoculated with strains Jordan 186, C58, and 251, re-
spectively. Populations of the different isolates from
similar treatments did not vary much during the remain-
ing period (Fig. 1).

Non-solarized plots, Jordan Valley. In the non-solar-
ized treatments populations decreased till week 3, when
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they were 3.16·104, 1·105, and 1·105 CFU g-1 for plots
inoculated with strains Jordan 186, C58, and 251 re-
spectively, coinciding with temperature of 29 up to
40˚C. Thereafter, bacterial populations remained more
or less stable till the end of experiment, ranging from
1·105 to 2.16·105 CFU g-1 soil, with temperatures rang-
ing from 29 to 38°C (Fig. 1).

Solarized plots, Uplands. The average soil tempera-
ture in the solarized treatments at a depth of 15 cm
was 5 to 7°C higher than that of the non-solarized
plots, i.e. 5°C less than the recorded difference in the
Jordan Valley. Nevertheless, bacterial populations

from solarized treatments that were reduced by 99%
during the first three weeks, averaging 2.5·103,
3.16·102 and 3.16·103 CFU g-1 soil for strains Jordan
186, C58, and 251, respectively. This reduction coin-
cided with soil temperature ranging from 27 to 46°C.
Thereafter, populations fluctuated with the soil tem-
perature (29-38°C) until they reached a stable plateau
towards the end of the experiment, i.e. 1·103 to 2.5·104

CFU g-1 soil  (Fig. 2).
Non-solarized plots, Uplands. In non-solarized treat-

ments, bacterial populations decreased during the first
three weeks when they were 1·105, 3.16·105 and 5.01·105
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Fig. 1. Populations of Agrobacterium spp. in solarized and non-solarized plots in the Jordan Valley. 

Fig 2. Populations of Agrobacterium spp. in solarized and non-solarized plots in the uplands. 



CFU g-1 soil for plots inoculated with strains Jordan
186, C58, and 251 respectively, coinciding with a soil
temperature of 27 to 34°C. Thereafter, populations fluc-
tuated with temperature (24-31°C) until they reached a
stable plateau towards the end of the experiment, i.e.
1.9·106, 6.3·106 and 5.01·106 CFU g-1 soil for strains Jor-
dan 186, C58, and 251, respectively (Fig. 2).

Crown gall development. Pathogenic A. tumefaciens
was isolated from tumors collected from infected root-
stocks in both locations and successfully inoculated to
tomato cv. Maramande seedlings. Solarization reduced
significantly the percentage of infected rootstock
seedlings and the average weight of crown galls in both
locations, regardless to the bacterial isolate and the
rootstock used.

Solarized plots, Jordan Valley. None of the almond
seedlings planted in the solarized plots became infected.
With GF677 infection incidence was 1.04, 2.44, and
1.8% with mean tumor weight of 11.9, 8.04, and 72.5 g
for strains Jordan 186, C58, and 251, respectively. 

Non-solarized plots, Jordan Valley. In the non solar-
ized treatments planted with GF677, seedlings infection
incidence was 7.01, 11.6, and 10.14%, with mean tumor
weight of 68.6, 197.4 and 424.7 g for strains Jordan 186,
C58, and 251, respectively. Infection incidence in al-
mond was 4.5, 0, and 15.6, with mean tumor weight of
8.11, 0, and 54 g for strains Jordan 186, C58, and 251,
respectively. 

Solarized plots, Uplands. There was significant reduc-
tion in the incidence of infected seedlings planted in the
solarized plots. For instance, only 1.6% of the almond
seedlings planted in solarized plots inoculated with
strain Jordan 186 became infected.  

Non-solarized plots, Uplands. In the non-solarized
treatments the incidence the infected GF677 seedlings
was 0, 1.6 and 4.0%, with mean tumor weight of 0, 2.7
and 9.4 g with strains Jordan 186, C58, and 251, respec-
tively. With almond, infection of seedlings was 5.9, 7.6,
and 11.8%, with mean tumor weight of 9.13, 4.05, and
18.5 g with strains Jordan 186, C58, and 251, respec-
tively (Table 1).
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Table 1. Percentage of infected rootstock seedlings planted in solarized soil a.

a Numbers in the same column followed with the same letter did not differ significantly in Duncan’s multiple range
test at P≤ 0.05 

Location Treatment Rootstock Isolates % infection Average weight of
tumors (g)

Jordan Valley Solarized GF 677 Jordan 186   1.0 ef   11.9 cd
Almond Jordan 186   0.0 f     0.0  d
GF677 C58   2.4 c   80.4 c
Almond C58   0.0 f     0.0 d
GF677 251   1.8 e   72.5 cd
Almond 251   0.0 f     0.0 d

Non-solarized GF677 Jordan 186   7.0 c   68.6 cd
Almond Jordan 186   4.5 d     8.1 cd
GF677 C58 10.1 b 197.4 b
Almond C58   0.0 f     0.0 d
GF677 251 11.6 b 424.7 a
Almond 251 15.6 a   54.3 cd

L.S.D. (   <    0.05)   1.77 79.84

Uplands Solarized GF677 Jordan 186   0.0 e     0.0 d
Almond Jordan 186   1.6 e     2.8 c
GF677 C58   0.0 e     0.0 d
Almond C58   0.0 e     0.0 d
GF677 251   0.0 e     0.0 d
Almond 251   0.0 e     0.0 d

Non-solarized GF677 Jordan 186   0.0 e     0.0 d
Almond Jordan 186   7.7 b     4.1 c
GF677 C58   1.6 e     9.4 b
Almond C58   5.9 c     9.1 b
GF677 251   4.1 d     2.7 c
Almond 251 11.8 a   18.5 a

L.S.D. (   <    0.05)   1.77 1.63



DISCUSSION

Solarization has significantly reduced Agrobacterium
spp. populations both in the Jordan Valley and in the
Uplands. Populations were substantially reduced also in
non-solarized treatments, likely because of the effect of
high summer temperatures in Jordan. These results are
in general agreement with those by Raio et al. (1997). 

The reduction of Agrobacterium spp. population was
positively correlated with average temperature during
the trial, for 99% reduction in Agrobacterium popula-
tion in solarized treatments occurred in both locations
during the first three weeks of the experiment. This re-
duction coincided with average temperature ranging
from 39 to 51°C in the Jordan Valley and from 29 to
46°C in the Uplands. Solarization, however, did not
completely eliminate Agrobacterium spp. populations.
Therefore pathogenic A. tumefaciens may still be pre-
sent in the solarized soil, and its population might build
up in the next growing season, and induce appreciable
disease incidence as reported in the literature (Hilde-
brand, 1942; Lippincott and Heberlain, 1965; Stapleton
and DeVay, 1982; Raio et al., 1997). 

Monitoring of Agrobacterium spp. and especially A.
tumefaciens in the soil is still difficult because the
colonies are not always distinguishable from those of
other bacteria, and highly selective media for detection
of Agrobacterium are not yet available (Raio et al., 1997)
and confirmation is laborious even with molecular tech-
niques like polymerase chain reaction.

In the present experiments, solarization resulted in
89 and 94% reduction in the incidence of crown gall-in-
fected seedlings of both rootstocks under trial in the
Jordan Valley and Uplands, respectively. These results
are not in line with those by Raio et al. (1997), who
found that solarization did not affect crown gall inci-
dence.

Soil type was found to influence the efficiency of so-
larization that, in turn, affected the reduction in crown
gall incidence in both locations. The silty clay soil of the
Jordan Valley was found to be more favorable to
Agrobacterium survival than the heavy soil of the Up-
lands, as the number of infected rootstock seedlings was
lower in the latter location. These results are in general
agreement with those by Raio et al. (1997) who reported
that A. tumefaciens survived longer and was less affect-
ed by solarization in heavy clay loam soil. 

Summarizing, solarization is a simple and cheap
method for controlling A. tumefaciens which, as shown
by our results, looks very promising also under Jordan-
ian conditions and can successfully be used in an inte-
grated control strategy for crown gall disease.
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