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Abstract

The presence of tumorigenic Agrobacterium was studied in soil of three separate
fields used for cultivation of cereals, grass and fruit nursery, respectively. Bacteria
were detected with semi-nested PCR-based method and sunflower biotest. They
were found in 54–71% of samples originating from stone fruit trees nursery (with
crown gall problem), whereas only in 1.4–8.3% of those collected from meadow.
The higher percentage of contaminated samples was found when analyses were
performed later in spring. Of 168 rye field soil samples only one contained patho-
genic Agrobacterium. None of the sunflower seedlings inoculated with bacteria,
which were grown on agar medium as a result of introduction water suspension of
tested soil samples, showed crown gall symptoms after 30 days from inoculation.
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Introduction

The crown gall caused by tumorigenic Agrobacterium is a serious problem in
nursery production of fruit trees and roses in Poland (Sobiczewski 1999). The dis-
ease causal agent is polyphage with a very wide range of host plants, both annual
and perennial (Canfield and Moore 1991). The infection of plants relies on transfer
of bacterial Ti plasmid (T-DNA) fragment, containing genes coding for the plant
hormones, to the plant cell and its incorporation into plant genome (review in
“The Rhizobiaceae…” 1998). The severity of the disease is mainly connected with
formation of various sizes of galls leading to limitation of physiological functions
of roots and reduction of plants growth as well as sometimes their premature dy-
ing. According to the rules obligatory in Poland heavily infected plants, especially
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on main roots and collar are disqualified and should be discarded. The crown gall
bacterium can survive in soil as saprotroph for a long period of time (Patel 1926,
Schroth et al. 1971). Thus, the determination whether soil on the field designated
for the nursery plantation is free of tumor-inducing agrobacteria, is very impor-
tant. The conventional detection methods of those bacteria consisting of their iso-
lation on the selective media and performance of pathogenicity tests as well as of
planting susceptible plants eg. Caucasian pear seedlings (Pyrus communis) with
wounded roots, are time consuming and not sensitive enough. The infection of
plants can be caused even by a single bacterial cell (Lippincott and Heberlein 1965,
Billing 1987) therefore the detection method of tumor-inducing bacteria in soil
should be very sensitive. So far, a few PCR-based systems targeting those bacteria
have been worked out (Nesme et al. 1990, Dong et al. 1992, Haas et al. 1995,
Picard et al. 1992, Sachadyn and Kur 1997, Sawada et al. 1995). All of them have
some limitations in reliable, practical use. The recently worked out semi-nested
PCR-based method enabling detection of one–two bacterial cells in 1 g of soil is
very promising (Puławska and Sobiczewski 2005).

The aim of our study was to determine the presence of tumorigenic
agrobacteria in soil collected from three separate fields utilized for cultivation of
cereals (rye), grass (meadow) and fruit nursery (sour cherry on Prunus avium L.
F12/1 and plum trees on ‘Myrobolan’ plum with symptoms of crown gall).

Material and methods

Detection of tumorigenic Agrobacterium in soil using semi-nested PCR

The soil samples of 1.5 kg each were collected from arable layer of three fields
located at Experiment Station in Prusy near Skierniewice three times (series), both
in autumn of 2002 (October 27th, November 4th, November 11th) and in spring of
2003 (May 19th, May 26th, June 3rd) as well as once in spring of 2004 (May 7th).
In all terms eight samples were collected from the same area of about 700 m2 of
each field, using a soil auger similarly to the method of soil collection for chemical
analyses. After well mixing, from each sample three 1-g subsamples were taken
and tested individually for tumorigenic Agrobacterium presence according to the
method of Puławska and Sobiczewski (2005). Each subsample was washed in 10
ml of sterile water. 3 ml of suspension was centrifuged, the pellet was suspended
in 100 l of water and plated on 1A + 2E medium (modified medium of Brisbane
and Kerr 1983, Puławska and Sobiczewski 2005). After three days of incubation at
26°C bacteria were washed out from the plate with phosphate buffer solution
(PBS), centrifuged and then the bacterial cells were lysed in four cycles of freezing
and boiling followed by proteinase K treatment. Bacterial DNA was purified on
Genomic DNA Prep Plus columns (A & A Biotechnology, Gdańsk, Poland), 10-fold
diluted and subsequently used as a target in PCR. Two round semi-nested PCR
was performed with primers complementary to T-DNA. In the first round, as a re-
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sult of application of two originally designed primers tms2F1 and tms2R2
(Puławska and Sobiczewski 2005), 617 bp product was obtained. The length of the
second round PCR product amplified with primers: tms2F1 and designed by
Sachadyn and Kur (1998) tms2B was 458 bp.

Sunflower seedlings test

Water suspension of soil samples collected in spring of 2004 (together 72 sam-
ples) was shaken for 30 min on reciprocal shaker, then the washings were centri-
fuged, the pellet was mixed with 0.01 M PBS and afterwards it was plated on
selective agar medium (1A + 2E). After three days of incubation at 26°C the bacte-
rial growth (lawn) was washed out with PBS. The obtained suspension was used
for inoculation of seven-day-old sunflower seedlings (four plants per each sample)
with wounded main root according to the method of Sobiczewski (1996). After
four weeks the roots and collar of seedlings were observed for gall tissue presence.

Results

The semi-nested PCR allowed for
amplification of 458 bp characteristic
product in case of 54–71% of samples
originating from stone fruit trees nurs-
ery (with disease problem), whereas
only in 1.4–8.3% of those collected
from meadow (Phot. 1, Table 1).

The comparison of results regarding
bacteria presence in autumn of 2002
and spring of 2003 indicates that higher
percentage of contaminated samples
was found when analyses were per-
formed in spring of 2003, especially in
the third term of sample collection. Of
168 rye field soil samples only one con-
tained pathogenic Agrobacterium. None
of the sunflower seedlings inoculated
with bacteria, which were grown on
agar medium with water suspension of
tested soil samples, showed crown gall
symptoms after 30 days from inocula-
tion (Phot. 2).
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Phot. 1. Amplification products (458 bp)
for the primers tms2F1 and tms2B.

Lanes 1–2 represent PCR products obtained
in reaction with bacterial DNA isolated from

soil samples originating from fruit trees
nursery, lane 3 – negative control,

M – molecular weight marker 100 bp
(Fermentas, Lithuania) (photo by J. Puławska)



Discussion

The obtained results confirmed
presence of tumorigenic agrobacteria in
soil originated from stone fruit nursery,
where problem with crown gall is oc-
curring. On the other hand very low
number of samples from fields utilized
for cultivation of Agrobacterium
non-host plants were contaminated. In
almost all tested samples of rye and
meadow field soils no 458 bp of
semi-nested PCR product was ob-
tained. This indicates the importance of
using such plants in crop rotation in
purpose for elimination of pathogenic
bacteria from such soils. However, it
also should be pointed out, that the
presence of crown gall bacteria in these
soils, which can survive as saprotrophs
creates problem from epidemiological
point of view. Ross et al. (1970) stated
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Phot. 2. The sunflower root inoculated with
soil bacteria originated from sample with

presence of tumorigenic Agrobacterium
detected with PCR-based method: left – lack

of crown gall symptoms, right – root with
disease symptom (positive control – root

inoculated with C58 A. tumefaciens)
(photo by J. Puławska)

Table 1
Presence of tumorigenic agrobacteria in soil from various fields detected

with PCR-based method (number of samples with bacteria/number
of samples tested)

Field
Series

I II III total (%)

Autumn 2002

Rye
Meadow
Nursery

0/24
2/24

15/24

0/24
4/24

12/24

0/24
0/24

13/24

0.0
8.3

55.6

Spring 2003

Rye
Meadow
Nursery

0/24
1/24

13/24

0/24
0/24

17/24

0/24
0/24

21/24

0.0
1.4

70.8

Spring 2004

Rye
Meadow
Nursery

1/24
0/24

13/24

nd
nd
nd

nd
nd
nd

4.2
0.0

54.2

nd – not done.



that even small number of bacteria in soil could in some circumstances rebuild
their population. Some authors observed the influence of different factors on the
population of pathogenic agrobacteria and their seasonal fluctuation in soils. It is
also known that various plant factors, like opines produced by infected plants, can
positively select pathogenic agrobacteria able to utilize opines as carbon source
and also positively influence conjugation of Ti plasmids (reviewed by Farrand
1998) that can result in an increase of pathogenic agrobacteria population. It is
also speculated that other unknown factors could specifically improve the growth
of strains harboring Ti plasmid in the bulk soil and the rhizosphere of
symptomless plants (Krimi et al. 2002). Both these mechanisms lead to increase
the population of pathogen, and that – from practical point of view – means a sensi-
tive detection of initial source of Ti plasmids is necessary.

The fact that no crown gall symptoms were observed on sunflower seedlings
planted in soil collected from infested fields can be explained by the low sensitivity
of this biological test. Generally, the sensitivity of biotests ranged from 103 to 106

cfu/ml of inoculum depending on test plant and Agrobacterium strain used (Ohta
1984). The practical use of our developed method will be helpful for fruit tree and
rose producers in choosing fields for nursery plantations.
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