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RESUMO

Prospecgoes efectuadas em vinhas e pomares no Pais revelaram a pre-
sen¢a do agente causal do tumor bacteriano, Agrobacierium tumefaciens. Com
base no estudo das caracteristicas morfolégicas, culturais, bioquimicas e de
patogenicidade, quarenta isolamentos de Agrobacterium spp. foram identifi-
cados e separados nos respectivos biotipos. A mailoria das estirpes isoladas
apresentaram caracteristicas inerentes aos bidtipos 1 e 2. No casc da videira,
foi também detectada a presenca da bactéria no translocado xilémico, o que
evidencia a natureza sistémica desta doenga.

RESUME

Au Portugal, des prospections effectuées aux vignobles et aux vergers ont
permis la détection de 'agent de la tumeur bactérienne ou galle du collet,
Agrobacterium tumefaciens. On a éludié les caractéres morphologiques, cul-
turaux, biochimiques et de pathogénicité de quarente souches d’Agrobacterium
spp., ce qui a permis de les identifier et de les regrouper, le plus souvent, aux
biotypes 1 et 2. Chez la vigne, on a réussi a isoler la bactérie & partir des
vaisseaux, ce qui met en évidence la nature vasculaire de la maladie.
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SYNOPSIS

In Portugal, some vineyards and orchards were surveyed and the causal
agent of crown gall disease, Agrobacterium {umefaciens, was detected. Forty
isolates were identified and biotyped, based on morphological, culiural, bio-
chemical and pathogenical characteristics. The majority of Agrobacterium spp.
isolates, obtained both from grapevine and stone fruit trees, were allocated
to biotypes 1 and 2. The pathogen was also isolated from vascular fluids of
grapevine, which suggests the systemic infection in this host.

1. INTRODUCTION

Crown gall, caused by Agrobactertum tumefaciens (Smith &
Townsend) Conn, is one of the most important and widely dis-
tributed bacterial diseases of cultivated plants (ErLiorr, 1951}, All
virulent A. tumefaciens strains contain a large tumor-inducing (7%)
plasmid which is required for tumorigenicity. If the Ti plasmid
is elirunated, the remaining strain becomes completely avirulent
and phenotypically the same as the nontumorigenic scil organism
Agrobacterium radiobacter. Conversely, if the Ti plasmid is trans-
ferred into A. radiobacter, the recipient strain becomes a virulent
A. tumefaciens (WatsoN et al., 1975; KERSTERS & DE LEY, 1984),

The host range of A. tumefaciens is remarkably wide. Ker-
sTERS & DE Ly (1984) reported that at least 643 host plants from
more than 90 families were susceptible to crown gall disease. Most
of these hosts are dicotyledonous, some gymnospermous and only
a few species belonging to Liliaceae and Araceae families, of mono-
cotyledonous plants, are affected (Haywarp & WaTERsTON, 1965). De-
spite the broad host range of A. fumefaciens, crown gall disease
causes major economical losses throughout the world on pome and
stone fruit trees, grapevines and roses (KErn, 1980; Du PLEssIs et al.,
1984; BURk el al., 1988; PsaLLipas, 1988). However, some strains of
A. tumefaciens exhibit a very high host specificity and a limited
host range (TsoMasHOW et al., 1980).
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It has been established that strains of A. tumefaciens can be
separated into three distinct biotypes or biovars, on the basis of
iheir physiological characteristics (KErr & PaNaGoPOULOS, 1977; KER-
sTERS & DE LeY, 1984). Strains affecting fruit trees belong to bio-
types 1 and 2, while those found on grapevines belong mainly to
biotype 3 (WeBsTER et al., 1986). An interesting recent development
in the taxonomy of Agrobacterium spp. is the proposed inclusion
of biotype 3 strains in a new species, Agrobactertum vilis (OPHEL &
Keng, 1990). The new specific name is justified because the strains
now classified as biotype 3, tumorigenic and nontumorigenic, are
closely related but show low levels of DNA homology when com-
pared with A. tumefaciens and other Agrobacterium spp. strains
(OpmEL & KERR, 1990). However, in the present work, the old nomen-
clature (A. tumefaciens and A. radiobacter, biotypes 1, 2 and 3) is
still used.

It should be noted that grapevine is the only known host on
which all three biotypes can be found naturally (PaANAGoPouLos et al.,
1978; StLE, 1978). Although host specificity of biotype 3 strains to
grapevine has been widely reported (KErr & PaNAGoPoOULOS, 1977;
PanacorouLos el al., 1978; SULE, 1978; LorErR & Kapo, 1979}, some
European and Californian strains appear to be not host specific
or limited in their host range (Panacorouros et al., 1978; PERRY &
Kapo, 1982).

A review, focusing on the biochemical features of the interac-
tion between A. tumefaciens and host plants, was recently pub-
lished in Portugal (Varennes, 1991). To date, however, no research
work has been undertaken in our country concerning crown gall
disease, although plants with gall-like formations on vineyards, or-
chards and nurseries are frequently observed. So, the aim of the
present study is the characterization of A. tumefaciens strains iso-
lated from grapevine and stone-fruit plants, showing symptoms of
crown gall.
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2. MATERIALS AND METHODS

2.1. ISOLATION OF AGROBACTERIUM FROM GRAPEVINE AND
STONE-FRUIT GALLS

Gall tissues were washed in tap water, immersed in NaQC]
(0.5%) during 10 min, rinsed by three times in sterile distilled water
(SDW) and macerated in a pestle and mortar. The crushed gall was
left for 4-6 hours and, after appropriate dilution, streaked on petri
dishes containing the selective media described by Scmrota et al.
(1965), New & Kerr (1971) and Roy & Sasser (1983) and hereafter
referred as SCH, NK and RS media, respectively. A small modifica-
tion was made on RS medium, on which chlorothalonil was replaced
by cycloheximide (Burr et al., 1987). Plates were incubated for five
days at 28°C and checked for growth of potential Agrobacterium
colomnies.

2.2, ISOLATION OF AGROBACTERIUM FROM GRAPEVINE VAS-
CULAR FLUIDS

Stem segments (15cm long) were surface-sterilized by flame
after immersion in 95% ethanol. A pressure chamber, in which
SDW is forced acropetally at 0.1 MPa through the stem tissue, was
used (GoopMaN et al., 1987). Displaced vascular fluids and bacteria
were collected at the apical end with a sterile capilary pipette and
placed in a sterile tube (TarBAR & GoobMman, 1986). Triplicate 0.1 ml
aliquots from the first 1.5-2.0ml of fluid were spread on petri dishes
containing SCH, NK and RS media. Plates were incubated for five
days at 28°C and also checked for growth of potential Agrobacterium
colonies.

2.3. CHARACTERIZATION OF STRAINS

To clone for purity, individual and typical colonies from selec-
tive media were suspended in SDW and streaked on potato dextrose
agar (PDA-Difco). Single colonies from PDA were again selected and
then translerred to PDA slants and stored at about 4°C, until ulte-
rior utilization. Prior to further characterization, all strains were
tested for Gram reaction, fluorescein production on King’s medium
B (KMB) (KinG et al., 1954) and type of metabolism (HuGH & LEIFsON,
1953).



PORTUGUESE STRAINS OF Agrobacterium tumefactens 205

Strains were characterized to a specific biotype by the deter-
minative procedures of KErr & PanacoprouLos (1977) which include:
production of 3-ketolactose (BErnaerts & DE LeY, 1963), sodium
chloride tolerance, growth at 35°C, action on litmus milk, acid pro-
duction from erythritol and melezitose and alkali production from
malonate and tartrate. All tests were replicated and repeated at
least twice. Four strains classified as A. tumefaciens were used for
comparative purposes (Table 1). These strains were obtained from
Dr. C. Bazzi, Istituto di Patologia Vegetale, Universita degli Studi,
Bologna, Italy.

TABLE 1

Description of Agrobacterium tumefaciens strains
used for comparative purposes on biochemical and pathogenicity tests

Strains Isolated from Host plant Biotype
IPV-BO 2150a gall grapevine 1
IPV-BO FC,14 | vascular fluid grapevine 3
IPV-BO 1506 gall rose 2
IPV-BO 2028 gall Chrysanthemum sp. 1

2.4, PATHOGENICITY TESTS

Strains were streaked on nutrient agar (NA-Oxoid) slants sup-
plemented with 1% D-glucose to prepare inoculum for all pathogeni-
city tests, except those concerning grapevine detached leaves. In
the last case, the method described by Taies et al. (1991) was used.

Inoculations were made on all or some of the following hosts:
Chrysanthemum sp., sunflower ( Helianthus annus “Florasol”), to-
mato ( Lycopersicon esculentum “Marmande”) and grapevine ( Vitis
vinifera “Jaen”) potted plants, carrot slices (Daucus carota) and
grapevine leaves. The grapevine cultivars chosen to carry out this
last assay mostly coincided with those from which isolates were
obtained. At least three plants, slices or leaves, of each host were
inoculated with each strain and tests were repeated twice.
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Sunflower, tomato and young shoots of grapevine planis were
inoculated according to the folowing method: stems or shoots were
repeatedly punctured with a fine sterile needle and, subsequently, a
heavy smear of cells of each isolate was spread in the wounds (Knaur
et al,, 1982). Control plants were similarly treated, but SDW was
used instead of inoculum. All plants were covered with transparent
polyethylene bags for 48 hours and, subsequently, maintained under
greenhouse conditions until symptoms appearance.

Leaves and stems of chrysanthemum were inoculated with hy-
podermic needle injections of each bacterial suspension in SDW (ap-
proximately 10% c.f.u./ml). Leaf injections were made by inserting
the needle into the midvein or lateral vein, until a small water-
soaked area around the point of injection was visible (MiLLER, 1975).
Plants treated with SDW were used as negative controls. Only four
isolates from grapevine and IPV-BO 2028 positive control were tested
in chrysanthemum plants. All plants were covered with transpar-
ent polyethylene bags and maintained at room temperature, during
incubation period.

Carrot slices were inoculated following the method of Ark &
ScHROTH (1958). Fresh young roots were selected and, after surface-
sterilization, cutted on slices 5mm thick. Slices were then placed
inside petri plates containing a moistened filter paper. Inoculation
was made by spreading the inoculum on the slice surface and plates
were wrapped with Parafilm during incubation. IPV-BO 2028 and
IPV-BO 1056 were used as positive controls.

Detached leaf assay was only used to test for pathogenicity the
grapevine isolates and was based on procedures described by Tries
et al. (1991). However, in the present study, leaves were collected
from grapevine potted plants, originated from rooted cuttings, in-
stead of those of THiEs et al. (1991), produced by meristem tissue
culture. In a preliminary experiment, water agar (WA) and wood
plant medium (Lioyp & McCown, 1980), modified by Taies et al.
(1991), were compared for leaf maintenance. As no difference was
observed between both media, when plates were incubated at 24°C
under fluorescent light (16 hours of photoperiod) for 4 weeks, WA
was chosen to be used in this experiment. Negative controls were
injected with nutrient glucose broth, the medium used on inocu-
lum production. Positive controls, IPV-BO 2150a and IPV-BO FC,14,
were also included.
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3. RESULTS

3.1. ISOLATES AND CHARACTERIZATION

Twenty six strains of Agrobacterium spp. were isolated from
grapevine galls, six from vascular fluids or sap and eight from galls
of cultivar/rootstock combination of peach and plum (Tables 2 and
30}

TABLE 2 - Strains of Agrobacterium spp. isolated from galis (Ag) or
vascular fluids (Av) of grapevine cultivars and/or rootstocks

Strains Isolated from Cultivar/Rootstock Region®
Agl, Agl5, Aglé gall from graft union Arinte / 1103 P West
Ag2, Agl4 gall from base of rootstock — /1103 P West
Agd, Agl2, Aglia®?,
Agl3b gall from graft union Touriga Francesa / 89R North
Agh, Agfs, AgsSh gall Trincadeira / — South
Ag8 gall Ferndo Pires / — South
Aglo gall unknown South
Agll gall from graft union Bical / — North
Agl7e, Agl7b gall strand — /1103 P Woest
Agl8, Ag?l goll strand — /89 R South
Ag2? gall from graft union Negra Mole / 89 R South
AglBa, Aglobh, Ag20,
Agz23, Ag26a, Ag26b gall from graft union Periquita / 99 R South
Av3, AvB vascular fluids unknown South
Avll vascular Auids Touriga Francesa /09 R North
Av17, Av18, Av19 vascular fluids — /1163 P West

*All isclates were obtained in Portugal.
**Isolates with names differing only in a/b termination were obtained from the same gall.

Typical colonies were produced on SCH, NK and RS selective
media, after 5 days of incubation. On SCH, colonies were round,
domed, smooth, entire and yellowish coloured; on NK, colonies were
round, domed, entire and pearly-white becoming tan-coloured; on
RS, colonies were convex and slightly mucoid, with red centers and
a narrow white margin. An exuberant growth was observed on
PDA and colonies were round, convex, mucous, glistening, opaque,
with entire edge, white to beige coloured. All isolated strains were
Gram-negative and aerobic. No fluorescent pigment was produced
on KMB and glucose was oxidatively metabolised.
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TABLE 3 - Strains of Agrobacteritum spp. isolated from galls of
rootstocks and cultivars of peach and plum

Strains Isolated from Cultivar/Rootstock Region™*
Ap2, Ap3a*™* Ap3b | gall from roots Rubidoux / — North
Apda, Apdb gall from roots — / GF 305 Center
Apb gall from crown Stanley / Mariana Center
ApT gall from crown | Super Angelino / Mariana | Center
Ap8 gall from crown — / GF 305 South

*All isolates were obtained in Portugal.

**Isclates with names only differing in o/b termination were obtained from the same gall.

Based on growth on selective media and biochemical charac-
teristics, strains were separated into biotypes. Of the twenty six
strains obtained from grapevine galls, twelve were identified as bio-
type 1, eight as biotype 2, two as biotype 3 and four were not iden-
tified. However, the majority of strains allocated to biotype 1 was
L-tartrate positive. This result is in agreement with the response
of biotype 1 IPV-BO 2028 strain, isolated from chrysanthemum, but
disagrees with the response of IPV-BO 2150a, also a biotype 1 strain,
but isolated from grapevine (Table 4). In other respects, however,
they correspond to the criteria of biotype 1.

Among the strains isolated from vascular fluids, biotype 2 was
prevalent but, due to the small number of strains collected and
studied, this result cannot be generalized. Some less common re-
sults from biochemical tests were obtained for Ag2, Ag8, Agl0,
Agll, Av8 and Av19 grapevine isolates. Although Agl0 and Av8
isolates have shown some characteristics of biotype 3, they failed
to grow in 2% NaCl and in alkali production from malonate and
for this reason were not classified. On the other hand, strains iso-
lated from galls and vascular fluids of the same plant (Agl0-AvS,
Agl5-Av17, Agl7a-Av18) showed identical biochemical character-
istics and strains belonging to distinct biotypes were obtained from
the same gall.

Of the eight strains isolated from galls of cultivar/rootstock
combinations of peach and plum, five were identified as biotype
2 and three as biotype 1 (Table 5). Results of biochemical tests
of these strains were completely in agreement with those obtained
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for the isolates used for comparative purposes. None of the peach
and plum strains identified as biotype 1 utilized L-tartrate. These
results generally contradict those obtained for grapevine isolates.
Similarly, for grapevine and peach and plum isolates, distinct bio-
types were found to be present in the same gall.

TABLE 4 - Biochemical characteristics of Agrobacterium spp. strains
1solated from galls and vascular fluids of grapevine and those
used for comparative purposes

d-keto: | NaCl | Growih | Litmuas
Strains Isctose | 2% .oC milk | Brytkritol [ Meleuitose | Malonate [ L-rartrate | Biotype”

AgT = = = el ¥ = F ¥ 7
Agd - - - Acid + - - — L
Agd + + + Alkal. - + - — 1
Agh - + + TR — = Y T 3
Agh — - — Acid — — — -
Agia-—~ T F ¥ Alkal. - ¥ p y 1
Aghhb — = = Acid + - + + F
Aglo - - + Alkal. — — - +

Agll - - — Alkal. — - - — ..
Agia ¥ + + Alkal = ¥ = F 1
Aglda — + ¥ Alkal. = = e T 3
Agldb ¥ ¥ ¥ | ATkl = T = ¥ 1
Aglé - — = Acid + — + + 2
Agts - - - Acid + — + + 2
Agle + + + Alkal. — + — + i
Agl7a + + + Alkal. — + - + 1
Agl7hb - - - Acid + - + + 2
Agl® - - = [Acd + - + + 7
Agloa — — — Acid + - + + F
Aglob ¥ ¥ T [ Alkal = F = = 1
Agao + + + ATkl - ¥ = Y i
Agzl ¥ + + Alkal. - T p - 1
Agaz + + + Alkal. - + — ¥ 1
Ag2d 3 ¥ ¥ Alkal. - " - T I
Aglta - = = [Rad + - ¥ ¥ ]
Agl6b + + + Alkal. - + i T 1
Av3 = pa = A ¥ p Y ¥ ]
A8 - = + Alkel, - = - 1

Avil - - - Acid + - + 4 2
AvlT - - - Acid + - + + 2
Avld + + + Alkal. — + = +} 1
Avlg - - - Acid + — - - .-
| TPV.BC z0z8 + + ¥ Alkal, = T - 3 I
TFV.BC 3150s + + ¥ Alkal. = ¥ = = 1
IPV.BO PCa14| — = = Alkal. = = P ¥ 3
TIPV.BO 1806 - - - Acid + = + + 2

*Proposed identification.
**Unidentified biotype.
***Isolates with names only differing in a/b termination were obtained from the same gall.
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TABLE 5

Biochemical characteristics of Agrobacterium spp. strains
tsolated from galls of rootstocks and cultivars of peach and plum

: 3.keto- | NaCl | Growth | Litmns )

Sitains Leciai [ nged 380 C milk Erytkritel | Mclcsitose | Malonsie | L-tartrste | Biotype®
Ap2 - - - Acid + - + + 2
Apla©=® + + + Alkal. - + - -

Aplb - - - Acad + - + + F3
Apds + + + Alkal. - + - - 1
Apib - - - Acid + = + + 2
Apb - - - Acid + — + + 2
ApT £ + + Alkal. - + - - 1
ApS = - - Acid + - + + F]
IPV-BO 2180s + + + Alkal. - + - - 1
[TPV-BO 1808 — - — Acid + — + + 2

*Proposed identification.
**Isolates with names only differing in a/b termination were obtained from the same gall.

3.2. PATHOGENICITY TESTS

Results concerning the pathogenicity tests of grapevine isolates
are summarized in Table 6. Among the isolated strains, 65.6% were
pathogenic, at least, to one host plant and for this reason classified
as A. tumefaciens. On carrot slices, only Agl2, IPV-BO 1056 and
[PV-BO 2028 strains proved to be pathogenic by gall development
30 days after inoculation (Figure 1A). A similar result was obtained
when green shoots of potted grapevines were inoculated. Failure
to obtain more positive results of pathogenicity, in young shoots
of grapevine, does not prove the avirulence of inoculated strains.
In fact, some of these strains, when inoculated in grapevine leaves
{Figure 1B) and/or sunflower, showed to be tumorigenic. So, il
will be reasonable to conceive that the cultivar choice and/or envi-
ronmental conditions (uncontrolled) during the incubation period
have not been the most adequate. As previously referred, only four
isolates were inoculated on chrysanthemum plants and typical galls
were produced by Ag4, Ag9a and IPV-BO 2028 on stems and leaves.

The Agl2 isolate of A. tumefactens, although not a typical
member of biotype 1, showed to be the most virulent strain tested
and to be not host-specific. It was pathogenic for sunflower, tomato,
carrot slices and young shoots and detached leaves of grapevine.



FIGURE 1 - Galls induced by A. tiemefaciens isolates, 3 weeks afler inoculation, on: (A) carrot
slice (Agl2, biotype 1); (B) grapevine detached leat’ (Agl2); (C) tomato stem
(ApZ, biotype 2); (D) sunflower stems (ApS8, biotype 2).
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TABLE 6

Pathogenicity tests of Agrobacterium spp. strains
isolated from grapevine galls (Ag) and vascular fluids (Av)

Strains Sunflower Tomato | Grapevine leaves
IPV-BO FC,14, Agl2 + + +
Agd, Agda*, Agdb, Agll,
Agl4, Agl6, Aglia + - +
IPV-BO 2160a, Agl0, Agl3e,
Agl9b, Ag20, Ag2l, Ag22, + - L)
Avll, Av17, Avi8
Agl, Ag2, AgB, Aglh = - +
Agh, Agl3b, AglTh, Agl8,
Agl9a, Ag23, Ag26a, Ag26b, == - =
Avl, AvE, Av]19

*Lsolates with nemes only differing in a/b termination were obtained from the seme gall.
**Strains Av1l and Av17 were not tested.

TABLE 7

Pathogenicity tests of Agrobacterium spp. strains
isolated from peach and plum (Ap) cultivars or roolstocks

Strains Sunflower Tomato Carrot slices
IPV-BO 15086,
Ap2, Ap7 + + +
Ap 8 + + NT*
IPV-BO 2028 NT + +
IPV-BO 2150a,
Apda** + - -
Apla, Aplb NT - —
Apdb, Apb - — -
*Not tested.

**Isolates with names only differing in a/b termination were obtained from the same gall.
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Results of pathogenicity tests of strains isolated from peach
and plum cultivars/rootstocks are listed in Table 7. Of the eight
isolates obtained from galls, 50% were pathogenic at least to one
host plant, and a few isolates were pathogenic to all tested host
plants. Well developed galls were obtained for Ap2, Ap7 and Ap8

isolates on tomato and sunflower plants (Figures 1C and 1D).

4. DISCUSSION

The SCH, NK and RS media were very effective for Agrobac-
terium isolation. In most cases, pure colonies were obtained with
almost total supression of other microrganisms, as it was confirmed
by streaking single colonies on non-selective medium PDA. However,
biotypes 1 and 2 also grew on RS medium, although at a slower rate
than biotype 3, and some biotype 1 strains grew on NK medium.
These findings were also referred by Burr & Katz (1984) and Burr
et al. (1987). Thus, despite of the suitability of selective media for
Agrobactertum isolation and preliminary identification, additional
key tests for biotype characterization and for pathogenicity are re-
quired, to confirm the accurate identity of isolates. In the present
work, strains with the same biochemical characteristics of A. tume-
faciens, but avirulent to the inoculated host plants, may presum-
ably be A. radiobacter. As previously referred, the species A. ra-
diobacter and A. tumefaciens differ only in lacking and containing,
respectively, the T: plasmid, which is transferable between strains.
So, further studies should be carried out in order to confirm the
absence of T% plasmid or the inexistence of any other host plants
for the strains that showed to be nontumorigenic.

The pathogenicity studies are usually carried out on potted
plants, under greenhouse conditions, with the exception of carrot
or other few root slices which are maintained at room tempera-
ture (Moone et al., 1988). Qur results suggest that pathogenicity
of grapevine isolates may be easily tested on grapevine detached
leaves. This simple method, previously described by Tares et al.
(1991) for strains of Agrobacteriurn isolated from muscadine, is ad-
visable mainly when strains are host-specific and when greenhouses
with controlled conditions are not available.
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It has long been recognized the dominance of A. tumefaciens
biotype 3 on Vitis vinifere and other Vitis spp. in different grape
growing regions (LouBsER, 1978; PANAGOPOULOS ef al., 1978; SiiLE, 1978;
PERRY & KADO, 1982; Burr & KaTz, 1983; THIES et al., 1991). However,
biotype 1 and, less frequently, biotype 2 have also been isolated from
grapevine in other countries (PaANaGoPOULOS & PsALLIDAS, 1973; STLE,
1978; FAIVRE-AMIOT, 1984; SzEGEDI, 1985; Ma, 1987). For example,
Burr & Katz (1983) found that biotypes 1 and 2 may readily initiate
galls on potted grapevines which are indistinguishable from those
produced by biotype 3. Furthermore, FaivRe-AMioT (1984) reports
the occurrence of one strain belonging to biotype 2, on grapevine,
that is highly virulent to grapevine and other hosts and having,
consequently, a broad-host range. Interestingly, Burr & KaTz (1984),
working on the same infected vineyard, found a net predominance
of biotype 3 when sampling was made during the growing season,
and of biotype 1 strains when isolates were obtained from dormant
cuttings.

Our results suggest that strains belonging to biotypes 1 and 2
may be the main responsible for crown gall disease of grapevines, in
Portugal. In fact, only Ag5 and Agl3a isolates fitted the biochemi-
cal characteristics of biotype 3, as described by Kerg & Panacopou-
Los (1977) and PanacorouLos et al. (1978), and Ag5 isolate showed
to be nontumorigenic. Strains identified as biotypes 1 and 2 were
the most frequently isolated from grapevine galls. However, and
as previously referred, the majority of strains allocated to biotype
1 utilized L-tartrate, which is a typical characteristic of biotypes 2
and 3 strains. Similar findings were obtained by SiLe (1978), but
this author pointed out that those strains should not be considered
as typical members of biotype 1. Burr & Karz (1983) and KERSTERS
& DE Ley (1984) admitted a variable response of members of biotype
1 to L-tartrate test and, more recently, this test has not been used
for biotype separation (BURR el al., 1987; ThiEs et al., 1991).

One doubt remains, however, regarding the utilization of L-
tartrate by the majority of biotype 1 grapevine strains. MooRE et
al. (1988) referred that it should be expected to isolate some strains
with intermediate characteristics between the different biotypes,
because genetic mutation and recombination may occur in nature.
It will also be possible that some strain adaptation has occurred
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due to the predominance of tartaric acid in all parts of V. vinifera
(KLiewer, 1966). On the contrary, very homogeneous responses to
biochemical tests were obtained for strains isolated from peach and
plum and these strains should be considered as typical members of
biotypes 1 and 2.

Despite the low number of samples collected from vascular flu-
ids, our results suggest the prevalence of A. tumefaciens biotypes 1
and 2 and their systemic movement in grapevine. Systemic move-
ment of A. fumefaciens has been also reported in chrysanthemum
(MiLLER, 1975) and clearly demonstrated for biotype 3 in grapevine
(LEBoczkY, 1971; BurrR & Katz, 1984). The pathogen can survive
systemically in symptomatic and asymptomatic Vitis spp. plants
and be transmitled by propagation material (TarBam & GooDMman,
1986; Burnr ef al., 1988; THiEs el al., 1991).

Grape growers extensivelly use propagating material from vine-
yards assumed to be free of the crown gall pathogen; however, much
of these materials are contaminated as it has been detected in sev-
eral grape regions of United States and Europe (LEnoczky, 1968;
BuRr & KaTz, 1983; Bazzi el al., 1987). The use of contaminated prop-
agation material appearing to be the major source of inoculum for
crown gall development, indicates the need for the improvement of
propagation systems which would allow to produce Agrobacterium-
free plants for new vineyards establishement. Attempts to exclude
the pathogen from grapevine have been made by repetitive propa-
gation and indexing of green shoot cuttings (Goopman et al., 1987},
by the use of shoot tip culture (Burn et al., 1988) and by hot water
treatment of dormant grape cuttings (Bukk et al., 1989). However,
the first two methods are very time-consuming and the last has
proved to be effective only against biotype 3 strains, which are gen-
erally more heat sensitive than strains of biotypes 1 and 2.

In summary, the presence of A. tumefaciens in grapevine and
stone-fruit trees and evidences of systemic infection of grapevine
were confirmed. Qur results also showed that, thus far, A. tumefa-
ciens biotype 3 has a sporadic occurrence. However, further work
is required to ensure that the obtained results represent accurately
the relative predominance of biotypes 1 and 2 in comparison with
biotype 3, rather than an occasional occurrence in the surveyed
portuguese vineyards.
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