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ETIOLOGY OF CROWN GALL ON FRUIT TREES IN POLAND

ABSTRACT. All Agrobacterium tumefaciens isolated from tumors occurring on roots of various

species of fruit trees originating from 6 nurseries located in various regions of Poland belonged to biovar
2. Of 41 isolates investigated, 29 were sensitive to agrocin 84, the bacteriotoxin produced by strain K84
of A. radiobacter. In spite of the various origins of tumorigenic bacteria - different host plants and
localities - they showed no pathogenic speciaiization and caused crown gall both on sunflower and
tomato seedlings and on sour cherry shoots cultured in vitro.
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INTRODUCTION. First reports of crown gall on roots as plant disease are dated
from the second half of the 19th century. At the beginning of the 20th century
Smith and Townsend had proved that the disease was caused by Bacterium
tumefaciens, later on named Agrobacterium tumefaciens by Conn {Lippincott et
al., 1983). '

According to "Bergey's Manual of Systematic Bacteriology” within the genus
Agrobacterium, belonging to Rhizobiaceae family, four species are disting uished
(Kersters and De Ley, 1984): nonpathogenic (_samophyﬁc) A. radiobacter
(Beiierinck and van Deiden) Conn.; A. fumefaciens (Smith and Townsend) Conn.,
causing galls on roots, A. ribus (Hildebrand) Starr and Weiss, causing galis o
Rubus plants and A. rhizogenes (Riker, Banfield, Wright, Keilt and Sagen),
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Determination of bacteria pathogenicity

a/Onsunflower seedlings

Root of seven-day-cld seedlings were rinsed in tap water and then the main
root was wounded and inoculated with a needle dipped in a 24 hr old culture of
bacteria grown on nutrient agar medium (2.3 % Difco Nutrient Agar, 0.5 %
glucose). Then plants were planted into pots and placed in a greenhouse.
b.On tomato seedlings

Three-week-old Venture tomato seedlings grown in pots in a greenhouse
were inoculated into a wound at the base of the stem with 24 hr old bacteria
culture grown on nutrient agar.
c.On sour cherry shoot cultures

Five-week-old plantlets of sour cherry cv. English Morello propagated in vitro
were removed from flasks and placed in sterile Petri dishes. The plantiets were
punctured at the base, middle and top parts of the shoots and inoculated with 24
hr old bacteria cuiture grown on nutrient agar. Inoculated plantlets were
transferred to new flasks with MS (Murashige Skoog) medium stimulating rooting.

int all the above tests, the control combination consisted of plants scarified
in the same way as’for inoculation but instead of bacteria they were treated with
sterile water. Each inoculation was performed on three plants. The appearance
of galls on sunfiower and tomato seedlings was checked after 14 and 21 days but
on sour cherry shoot cultures after 17 days. Additionally, on sour cherry shoot
cuitures the size of galis was measured and used as an index of bacteria
virvience.

Assessment of physiological and biochemical characters of bacteria
isolates

Isolates of bacteria pathogenic to sunflower and tomato seedlings and to
sour cherry shoot culture were subjected at least twice to the following
biochemical and physiological tests: '

a. Gram reaction. Staining of bacteria with a water solution of crystal-
line viclet, then with a water solution of safranine was performed according to
method described by Bradbury (1970). Additionaly a Gram reaction was
determined by mixing bacteria with 3 % KOH (Suslow et al. 1982).

b. Oxidation of lactose to 3-ketolactose (Bernaerts
and De Lay, 1963). A medium containing 1 % lactose and solidified with agar
was inoculated with bacteria and then incubated at 27°C. Two days later the
surface was flooded with Benedict's reagent. The appearance of a characteristic
yellow ring around bacteria growth was an indication of 3-ketolactose production.
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c. Ability to utilize citrate asacarbonsource (Mooreetal.,
1988, after Simons, 1926). The dark blue pigmentation of mineral substrate
containing sodium citrate and bromothymol blue after 48 hr of bacteria incubation
at room temperature indicates a positive result.

d. Ability to utilize L-tyrosin e asa nitrogen source (Kersters
et al.,, 1973). Growth of bacteria in liquid substrate containing L-tyrosine
{demonstrated as a turbidity) was evaluated on the fourth day of incubation at
room temperature. :

e. Growth and pigmentation of liquid substrate
containing ferric ammonium citrate (Mooreet al., 1988, after
Hendrickson et al. 1934). The appearance of reddish brown pellicle at the
surface of the medium is typical of bacteria classified as biovar 1.

f.b.Production of acid from erythritol (Hayward 1964).
The yellow colouring of a medium containing erythritol and bromothymol blue
after 4 days incubation with bacteria at room temperature indicates a positive
result.

g. Tolerance to salt (Moore et al., 1988). Growth of bacteria was
evaluated in nutrient broth containing 1, 2, 3, 4 and 5 % NaCl. Substrate
inoculated with bacteria was incubated at 25°C for 14 days. Turbidity of substrate
indicates bacteria growth.

h. Presence of oxidase c¢ (Kovacs, 1956). Bacteria were
incubated for 48 hr on King B medium and then a sample was transferred with
a loop to a filter paper soaked with 1 % solution of tetramethylparafenylodiamin
chloride. The appearance of purple-violet pigmentation around the bacterial
streak after 10 sec indicates an oxidase-positive isolate.

Sensitivity of bacteria to agrocin

Sensitivity of tumorigenic bacteria to agrocin 84 produced by K84 strain of
Agrobacterium radiobacter was tested by the method of Stonier modified by
Cooksey and Moore (1982). Strain K84 was kindly supplied by Dr. A. Kerr of the
University in Adelaide (Australia). it was inoculated onto medium in the middie
of Petri dishes of 10 cm in diameter containing yeast extract and mannitol. After
3 day incubation at 24°C bacteria were inactivated with chloroform vapour, then
layered with 4 ml 0.7% agar inoculated with bacteria under test. The presence of
a growth inhibition zone was evaluated after 2 day of incubation at 22°C.
Sensitivity of isolates to agrocin was assessed on the basis of the diameter and
character of the inhibition zone around K84 growth. Strains with a distinct growth
inhibition zone larger than 46 mm were recognized as very sensitive. Medium
sensiﬁve were these forming an inhibition zone narrower than 46 mm, and these
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with a lightly misty zone. Lack of an inhibition zone meant total resistance of the
isolate to agrocin (Tab. 2).

RESULTS. After 3 days of incubation on Patel medium, colonies of both
reference and selected isolates were regularly round, slightly convex, glistening,
lightly mucous with light violet pigmentation and whitish in the middle, surrounded
by a narrow (0.5 mm) transparent border. The colony diameter of the reference
strain K27 and of 36 isolates (31, 32, 39, 40, 46, 60, 67, 69, 71, 74,77, 81, 83,
84 88, 89, 101, 103, 104, 104a, 107, 126, 129, 133, 137, 182, 192, 221, 262, 301,
307, 365, 387, 389, 400, 580) ranged from 2 to 3 mm. Reference strains B6,

ACHS5. C58 and 5 isolates (122, 125, 131, 392, 568) formed colonies which were

more mucous with a tendency to merge into larger spots - their diameter was

about 4 mm.
All isolates were pathogenic to sunflower and tomato seedlings and to sour

cherry shoot cultures (Photo 1 a, b, ©). Measurements of gall diameters on sour
cherry shoot cultures allowed division into three groups of virulence (Tab. 1).

Table 1. Virulence of Agmbacteﬁum tumefaciens strains to sour cherry cv. English
Morello shoots cultivated in vitro

.. Type of | Strain | No. of |
L virulence | | strains |

| 32,71,74, 77, 81, 83, 84, 1044, 133, 192, 22, 15

| 301, 307, 387, 400

| 31 30, 60, 69, 88, 89, 103, 104, 126, 129, 131,
| 182, 262, 389, 392, 568, 580

40, 46, 67, 101, 107, 122, 125, 137, 365

| High

Medium

ow

Explanation: Low, medium and high virulence were assessed o galls in diameters: 1, 2 and 4 mm
respectively as measured 17 days after inoculation

Fifteen isolates inducing galis about 4 mm in diameter were clzsified as
highly virulent, 17 inducing galls about 2 mm as having medium virulence and
these inducing galls about 1 mm in diameter as having low virulence. Two
reforence strains, C58 and K27 were highly virulent. Virulence did not correspond
with sensitivity to agrocin 84. Within each group of isolates characterised by their
virulence, isolates with different sensitivity to agrocin were represented. As shown
in Table 2, 16 of isolates were very sensitive and 12 resistant to agrocin. All the
reference strains were very sensitive to agrocin (Photo 2). Sensitivity to agrocin did
not correlate with the origin of isolates {Tab. 2).
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Phcto 2. Growth inhibition zone of A. tumefaciens isolate sensitive to agrocin
( left); unlimited growth of strain resistant to agrocin ( right)

Table 2. Sensitivity of Agrobacterium tumeraciens strains to agrocin 84

67,77, 83, 84, 88, 89, 122, 12
137,182, 301, 387, 400

39, 40, 60, 69, 74, 81, 107, 1289, 221, 262, 307,
3695, 392

9, 128, 131, 133,

31, 32, 46, 71, 101, 103, 104, 104a, 192, 389,
568, 580

Explanation: See Material and Methods
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All isolates were Gram negative and had the same phenotypic character
(Tab. 3). They did not oxidize lactose, did not form a dark-brown pellicle of ferric

amimonium citrate and did not multiply in salinity above 1 %. Howevelr, they were
able to utilize sodium citrate and L-tyrosine, produced acid from erythritol and
contained cytochrome oxidase. The above characteristics allowed classification
of all isclates, in the same was as reference strain K27, as belonging to biovar 2 -
A. tumefaciens. None of them was similar to reference strains: B6, ACHS5 and %%

C58 classified as biovar 1 (Tab. 4).

......
e

DISCUSSCION. The present investigations show that all the isolates of Agro-
bacterium tumefaciens originating from 6 fruit tree nurseries belonged to biovar
5 Similarily, in several other countries this biovar was the only one or dominating
taxon among A. tumefaciens isolated from several fruit species (Alconero, 1980; .
Bouzar et al., 1963, Ohanvantar, 1978; Kerr, 1969, Lopez et al., 1983; Moore
and Allen,1977; Panagropoulos and Psallidas, 1973; Sule, 1978). However, in
Holland and New Zealand only biovar 1 of this bacterium was isolated (Moore et
al.. 1988: Spiers, 1979). '

Tests used to determine the physiological and biochemical characters of
hacteria and to recoghize biovars were chosen on the basis of the Moore’s el al.
(1988) guide which In turn was founded on investigations of Keane el al. (1970).
5 Despite its wide application and acceptance, there are some doubts about such

classification. Du Plessis st ai. (1984) think that testing a greater number of
bacteria will lead to the formation of new phenotypic groups within proposed
biovars, and traditional methods are not always adeguate. So, the question
rernains, what are the practical and theoretical implications of the observed
} , variability of bacteria and of the vaiue of their individual characters in their
B taxonomy. Keane et al. (1970) are of the opinion that A, tumefaciens should not
be recognized as a separate species because the phenotypic traits of these
isolates classed to that species (coded on chromosome) do not differ from
nonpathogenic bacteria. Thus only A. radiobacter should be recognized as a
species to which a new one-werd denomination can be added describing the
pathogenicity of & certain isolate when needed. Holmes and Roberts (1881)
suggest adopting the species names A. tumefaciens and A. rhizogenes for the |
two main groups of agrobactena and to reject A. radiobacter. Du Plessis et al.
(1984) are cof the same opinion, accepting the employment of terms such as:
tumnorigenic, rhizogenic and saprophytic, to describe the actual state of isolates
E rested. Nevertheless, the suggestion of Keane et al. (1970) seems to be more
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Despite the similarity of our own isolates of A. tumefaciens in respect to
phenotypic features, determining their place in the biovar, they varied in sensitivity
to agrocin 84, a bacteriotoxin produced by K84 strain of A. radiobacter. It was
proved that 29 out of 41 isolates appeared to be sensitive to a varying extent to
this toxin. The width and character of growth inhibition zone of bacteria tested
were employed as criterion of sensitivity by other authors (Alconero, 1880; Du
Plassis et al., 1984; Lopez et al., 1983; Mirow and Knésel, 1986; Moore, 1977).
It is only the rating scale which is not precise and can not be employed to
compare strain sensitivity in various countries. But the percentage share of
sensitive isolates could serve as a comparison. Lopez et al. (1983) in Spain have
proved that 70% of isolates belonging to biovar 2 were sensitive to agrocin and
84% of those belonging to biovar 1 were also. Similar sensitivity of bacteria
belonging to biovar 2 is reported from Greece (Kerr and Panagopoulos, 1977).
Among over 20% of resistant isclates most was derived from grapevine and
belonged to biovar 3. Similar resistance to agrocin was shown by isolates from
grapevine in Israel (Haas et al., 1991) and Germany (Bien et al., 19980) as well
as becteria isolated in Germany from various plant species (Mirow and Kn&sel,
1886). According to Dhanvantari (1983) all Canadian isolates originating from
grapevine were also resistant to agrocin. In Australia, Kerr and Htay (1874)
classified all isolates belonging to biovar 2 and originating from stone fruit trees
as sensitive, but 30 % of biovar 1 isolates were resistant. Among South African
isolates more than half appeared to be sensitive (Du Plessis et al., 1985).

The present review shows that A. tumefaciens isolates were sensitive to
agrocin to a varied degree and the proportion of sensitive isolates among Polish
isolates is comparable. Generally, isolates classified as biovar 2 were more
sensitive than these belonging to biovar 1, whereas these originating from
grapevine and belonging to biovar 3 were resistant to agrocin.

Das et al. (1978) reiate toxic action of agrocin 84 to blocking synthesis of
DNA in sensitive strains, but Moore and Warren (1979) relate it also to a change
of cell membrane permeability. Bacteria resistance to agrocin may also be caused
by the presence of degrading enzymes or inhibitors of agrocin synthesis. It was
proved that agrocin is specifically fransported to sensitive cells through the system
agrocinopin-permease (Hayman and Farrand, 1988). Results obtained by Kerr
and Roberts (1976) showed close relationship betwesn bacteria pathogenicity,
their ability to catabolize opines and their sensitivity to agrocin, but it is not a rule.
Moore and Warren (1979) suggest that the above mechanism is coded on a
chromosome of pathogenic bacteria.
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