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Summary &horbar; Crown gall was observed in 99% of the plant nurseries surveyed in the major fruit tree production region
of Algeria. Among 11 tree species surveyed, those with highest disease incidence were peach (5.39%), almond
(3.43%), cherry (1.50%), apple (1.47%), and olive (1.30%). None of the quince and fig trees inspected had crown gall.
Significant differences in the frequency of galled plants were correlated with the rootstock used by nurserymen for
peach, cherry, apple and pear trees. Analysis of 60 galled samples, which yielded 154 Agrobacterium tumefaciens
strains, revealed that biovar 2 and agrocin 84-sensitive strains were predominant among local agrobacteria. The ratio
of agrocin-sensitive to agrocin-resistant was more than 3 times higher for biovar 2 (6:1) than for biovar 1 (1.67:1)
strains; thus, suggesting that biovar 2 strains are most likely to harbor a nopaline/agrocinopine A-type Ti-plasmid. Bi-

ological control of crown gall was achieved in a field experiment in which peach ’Missour’ seedlings were dipped first
in a suspension of A radiobacter K84 and subsequently in a suspension of a local agrocin-sensitive strain. In the
same experiment, K84 reduced the incidence of galling by 94% in seedlings inoculated with a local agrocin-resistant A
tumefaciens strain. These data indicate that K84 could be used in Algeria despite the presence of agrocin- resistant
strains.

crown gall / field susceptibility / biocontrol

Résumé &horbar; Fréquence du crown gall dans les pépinières fruitières d’Algérie, caractérisation des souches
d’Agrobacterium tumefaciens et contrôle biologique par la souche antagoniste Agrobacterium radiobacter
K84. La galle du collet ou crown gall sévit dans 99% des pépinières de production de plants fruitiers de l’Algérois. À
l’exception des figuier et cognassier, toutes les espèces étudiées sont atteintes par la maladie. Les espèces les plus
touchées sont le pêcher (5,39%), l’amandier (3,43%), le cerisier (1,50%), le pommier (1,47%) et l’olivier (1,30%) (Ta-
bleau I). Au sein d’une même espèce, la proportion de plants atteints de crown gall varie en fonction du porte-greffe
utilisé par le pépiniériste. Les porte-greffes les plus sensibles sont le GF 677, le Missour et le GF 305 pour le pêcher,
le St Lucie pour le cerisier, le MM 106 pour le pommier et le Kirsenchaller pour le poirier (Tableau II). La caractérisa-
tion phénotypique de 154 souches d’A tumefaciens, isolées de 60 échantillons, suggère que les souches du biovar 2
sensibles à l’agrocine 84 sont les souches les plus fréquemment rencontrées localement (Tableau III). Le rapport
entre le nombre de souches sensibles à l’agrocine 84 et celui des souches résistantes est 3 fois plus grand chez le
biovar 2 (6/1) que chez le biovar 1 (1.67/1), ce qui suggère une affinité du plasmide de type nopaline/agrocinopine A
pour le fond chromosomique de type biovar 2 (Tableau V). En parcelle d’expérimentation, l’incidence du crown gall
sur pêcher cv Missour est réduite de 94% lorsque ces plants sont initialement trempés dans une suspension d’A ra-
diobacter K84 avant d’être inoculés avec une souche tumorigène sensible et/ou résistante à l’agrocine 84 (Tableau
VI). La protection par K84 des plants inoculés avec une souche résistante à l’agrocine 84 suggère l’existence en plus
de la production d’agrocine, d’autres mécanismes favorisant la performance de cet antagoniste. Ces résultats mon-
trent que K84 pourrait être utilisé en Algérie et ce, en dépit de la présence de souches résistantes à l’agrocine 84.
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INTRODUCTION

Crown gall is a ubiquitous neoplastic disease
caused by tumorigenic strains of Agrobacterium
(Moore and Cooksey, 1981). This organism is a
soil inhabitant (Bouzar and Moore, 1987) that
can attack 93 plant families, the majority of
which are dicotyledon (De Cleene and De Ley,
1976). The pathogen enters the plant through
wounds in the crown or roots. Because A tume-
faciens (AT) requires a wounded plant for infec-
tion (Ream, 1989), most infected hosts occur in
plant nursery stocks where root-pruning gener-
ates infection sites for the bacterium (Ross et al,
1970; Nesme et al, 1987). Although growth of
cherry trees was not affected by the disease
(Garrett, 1987), infection by tumorigenic strains
of Agrobacterium may have significant detrimen-
tal effects on other hosts (Bouzar et al, 1983;
Schroth et al, 1988; Nesme et al, 1990) generat-
ing major economic losses (Kennedy and Alcorn,
1980). Disease incidence can be reduced par-
tially by cultural methods, but the best control of
infection is the use of a pre-planting dip in A radi-
obacter strain 84 (ie, K84); this antagonist pro-
duces agrocin 84, an unusual bacteriocin that in-
hibits AT strains sensitive to agrocin 84 (Kerr,
1980). Biological control of crown gall with K84
has been successful in different regions of the
world, including several Mediterranean countries
(Bazzi and Mazzucchi, 1978; Farkas and Hass,
1985; Lopez et al, 1987). However, K84 has
been ineffective on certain hosts (Moore, 1979;
Grimm and Süle, 1981), against latent infections
(Moore, 1976), and against biovar 3 and some
biovar 1 and 2 strains of the pathogen that are
resistant to agrocin 84 (Kerr and Panagopoulos,
1977).
The incidence of crown gall in Algeria has

never been determined and no control measures
other than culling have been practiced. This dis-
ease is of economic concern to local growers
who cannot sell their galled nursery material.
This paper reports the incidence of crown gall in
the major fruit tree production region of Algeria,
the characteristics of the strains isolated, and
feasibility of K84 protection of wounds from AT
infection.

MATERIALS AND METHODS

Plant materials and estimation
of disease incidence

Fruit trees from 68 nurseries located in the Algiers’ re-
gion were inspected for the presence of galls at the

Coopérative Régionale Agricole de Production de

Plants Fruitiers et de Service (CRAPPFS) of Chebli,
Blida, the government-owned cooperative which is re-
sponsible for controlling local and imported nursery
products. Estimation of crown gall incidence was de-
termined on the following commercialized bare-root
species: almond (Prunus dulcis D Webb), apple (Mal-
us sylvestris Mill), apricot (Pr armeniaca L), fig (Ficus
carica L), olive (Olea europaea L), peach (Pr persica
Batsch), pear (Pyrus communis L), plum (Pr domesti-
ca L), pomegranate (Punica granatum L), quince (Cy-
donia oblonga Mill), and cherry (Pr avium L). Confi-
dence intervals of the proportion of galled plants were
calculated using the large sample normal approxima-
tion and a correction to account for the proportion of
the total population sampled (Cochran, 1977).

Limited information is available concerning suscep-
tibility of the different cultivars and hybrids used as
rootstocks to AT infection. With the sample sizes of
the different rootstocks being unequal, the statistical
significance of the difference in disease incidence be-
tween 2 rootstocks was assessed by means of the z
statistic (Fleiss, 1981).

Isolation and cultivation
of crown gall bacteria

For isolation of AT strains, young tumors from 60 sam-
ples were washed in running tap water; 1 g of living
tissue was minced in a few drops of sterile distilled wa-
ter. After incubating the sample for 30 min at room
temperature, the suspension was diluted and plated
on mannitol-glutamate (MG) (Moore et al, 1988), medi-
um 1A (selective for biovar 1 strains; Brisbane and
Kerr, 1983), medium 2E (selective for biovar 2 strains;
Brisbane and Kerr, 1983), and RS medium (selective
for biovar 3 strains; Roy and Sasser, 1983). The
seeded agar plates were incubated at 27 °C for one
week. For each processed tumor, 7 colonies resem-
bling Agrobacterium (Moore et al, 1988) were selected
at random from each medium and purified by 2 suc-
cessive streakings on King’s medium B (King et al,
1954); colonies fluorescent under ultraviolet light were
discarded. Bacterial cultures were stored at 4 °C in
distilled water and maintained on slopes of potato dex-
trose agar (Difco Laboratories, Detroit, MI) supple-
mented with 0.05 % yeast extract, 0.05 % CaCO3 and
0.02 % MgSO4 7H2O.

Pathogenicity and biovar affiliation
of A tumefaciens strains

Tumorigenicity of each isolate was determined by in-
oculating scalpel-wounded tissue of tomato (Lycoper-
sicon esculentum cv Marmande) seedlings with 24 h-
old bacterial growth. Strains that did not induce the

development of a tumor on tomato plants were inocu-
lated to sunflower (Helianthus annuus cv Nick 89-1)
and Kalanchoe daigremontiana. Tumor formation was
assessed visually 6 wk after inoculation.



Tumorigenic strains were examined for Gram reac-
tion (Doetsch, 1981) and a battery of tests to deter-
mine biovar (Moore et al, 1988). These included: oxi-
dation of lactose to 3-ketolactose, oxidase reaction,
growth tolerance to 2% sodium chloride, pigmentation
in ferric ammonium citrate medium, growth on Sim-
mon’s citrate medium and L-tyrosine, alkali production
from malonic acid and tartaric acid, and acid produc-
tion from m-erythritol and ethanol.

The following Agrobacterium strains were used for
comparisons in the above-mentioned tests: B6 (tumori-
genic, biovar 1; Baker R, Colorado State University),
C58 (tumorigenic, biovar 1; Dickey R, Cornell Universi-
ty), K84 (nonpathogenic, biovar 2; Kerr A, University of
Adelaide) and K47 (rhizogenic, biovar 2) (Kerr A); and
6/6 (tumorigenic, biovar 3; Sü le S, Hungarian Acad
Sci).

Sensitivity of tumorigenic strains
to agrocin 84

Because biological control of crown gall is highly corre-
lated with agrocin sensitivity of the pathogen (Ellis et
al, 1979), the strains were tested for agrocin sensitivity
on MG agar plates following Stonier’s method (1960)
as modified by Cooksey and Moore (1980). Growth in-
hibition of the test strain was recorded after 3 days of
incubation. The agrocin 84-sensitive strain C58 and
the agrocin 84-resistant strain B6 were used as con-
trols.

Field trials of crown gall biocontrol

One-year old peach Missour seedlings (5-7 mm in di-
ameter) were imported from France by the CRAPPFS,
stored for 2 months in a cold-chamber, and planted in
a field located at the Institut Technique d’Arboriculture
Fruitière et de Viticulture of Si Haroun, Blida. Although
no tumors were visible at the time of planting, the roots
were probably carrying AT strains since 18 out of 40
seedlings planted in autoclaved soil developed tumors
within one growing season. Prior to planting, the seed-
lings were removed from storage, root-pruned, bun-
dled into groups of 15, and dipped in either a bacterial
suspension or water. In addition to the possible pres-
ence of tumorigenic agrobacteria in the soil and on the
roots, some treatments consisted of inoculations with 2

tumorigenic biovar 2 strains (S and R, sensitive and re-
sistant to agrocin 84, respectively) which were isolated
from locally grown Missour seedlings. K84, S and R
were grown on MG plates at 27 °C for 48 h, suspend-
ed in distilled water, and then stored overnight at 4 °C.
At the time of inoculation, the bacterial suspensions
were diluted with tap water up to the required volume;
the final concentrations of antagonist and pathogen(s)
were about 108 and 107 cfu/ml, respectively. The fol-

lowing treatments were used: 1), noninoculated, 2), in-
oculated with S, 3), inoculated with R, 4), inoculated
with a 1:1 mixture of S and R, 5), inoculated with K84,

6), inoculated first with K84 and 10 min later with S,
7), inoculated first with K84 and 10 min later with R,
8), inoculated first with K84 and 10 min later with a
1:1 mixture of S and R. A randomized complete block
design with six replications was used. There were 15 
seedlings per replicate for each treatment in a block.
Treated seedlings were planted 100 cm apart within
rows (treatment) and rows were 100 cm apart. Plants
were watered manually to avoid run off. Four months
after planting, all plants were uprooted and examined
for tumors. The data were subjected to analysis of
variance (ANOVA) and Fisher’s LSD using the SAS
statistical program (Release 6.04; SAS Institute Inc,
Cary, NC 27512, USA).

RESULTS

Crown gall incidence

Crown gall was present in 67 of the 68 nurseries
surveyed; the single nursery with no detected
galled stocks was located in Tipaza (northwest
of Blida). Trees with highest disease incidence
were peach (5.39%), followed by almond

(3.43%), cherry (1.50%), apple (1.47%), and
olive (1.30%) (table I). The proportion of dis-
eased plants differed among the nurseries; in

some peach and almond nurseries crown gall in-
cidence reached 18 and 10 % respectively (data
not shown). None of the quince and fig trees in-
spected had visible tumors.

Substantial differences in the frequency of

galled nursery plants were observed among the
different rootstocks used by nurserymen (table
II). Missour, GF 677 and GF 305 rootstocks had
higher levels of disease incidence than almond.
None of the cherry trees grafted on Merisier sour
cherry (P cerasus L) were galled; all diseased

cherry trees recorded in this study were grafted
on St Lucie (P mahaleb L). EM 26 and MM 111 
apple rootstocks were not galled, whereas a rel-
atively high proportion of MM 106 had crown gall
tumors. The popular quince rootstock Cog BA
29 used for pear tree production was rarely
galled; most galled pear trees were grafted on
Kirsenchaller.

Isolation and characterization
of A tumefaciens strains

From the tumor extracts plated on culture media,
colonies were selected according to their Agro-
bacterium-like morphology. These colonies were



opalescent, convex and circular (2-5 mm diame-
ter) with an entire margin. Color of the colonies
varied according to the medium; they were
orange to brown on 1 A, white on 2E, white with a
burgundy red center on RS, and white on MG.

One hundred and fifty-four Gram negative and
nonfluorescent isolates induced overgrowths on
test plants and were identified as Agrobacterium.
All but 6 were pathogenic on tomato stems. Of
the isolates nonpathogenic on tomato, 3 (one
each from apricot, almond and peach) were tu-
morigenic on sunflower stems, and three (one
each from apricot, plum and pomegranate) in-

duced tumor formation on Kalanchoe leaves.

Of the 154 tumorigenic strains evaluated by bi-
ochemical tests, 84 were biovar 2 and 56 were
biovar 1. The remaining 14 strains had intermedi-
ate reaction profiles and could not be classified.
All plant species with the exception of pear yield-
ed tumorigenic strains (table III). Biovar 1 strains
were recovered from all hosts with the exception



of pomegranate (table III). Almond and apricot tu-
mors yielded only biovar 1 strains. Biovar 2
strains originated mainly from peach galls. The
culture media used for isolation were different in
their recovery efficiency. More than 80% of AT
strains recovered from medium 2E were identi-
fied as biovar 2 (table IV). Medium 1A allowed
isolation of less than 30 % of biovar 1 strains;
63% of the strains isolated on this medium were
biovar 2. Half of biovar 1 strains were recovered
from the RS biovar 3 medium; this medium fa-
vored the development of a large number of Ag-
robacterium-like colonies which later proved to
be fluorescent pseudomonads (data not shown).
The non-selective MG medium allowed the isola-
tion of only 10 tumorigenic strains.

In vitro tests revealed that 73 % of AT strains
were sensitive to agrocin 84 (table V). Sensitivity
to agrocin 84 occurred in 86 % and 63 % of the
biovar 2 and biovar 1 strains, respectively
(table V).

Control of crown gall in the field

Treatment with strain K84 significantly reduced
the percentage of galled peach seedlings (table
VI). Index of crown gall control was > 87% in eve-

ry treatment where K84 was applied. The protec-
tive action of K84 was as effective against the
agrocin-sensitive strain (S) as it was against the

agrocin-resistant tumorigenic strain (R); K84 re-
duced the level of infection by strain R from
53.2% to only 2.7%. The mixture of tumorigenic
strains was as effectively controlled by K84 as
were individual tumorigenic strains.

DISCUSSION

Crown gall is an economically important disease
in the largest fruit tree growing region of Algeria.
Nearly all nurseries surveyed were affected by
this disease. Losses estimated in this study did
not take into account one third of the production
which was sold outside the government con-
trolled market and thus was not submitted to
control by the phytosanitary commission. In ad-
dition, some growers pruned galls from their
stocks prior to submitting them to phytosanitary
control. Besides affecting estimates of crown

gall incidence, such practices may negatively af-
fect survival of the young trees following planting
and propagate the disease by contaminating
newly planted orchards.

Species of fruit trees most susceptible to

crown gall in descending order were peach, al-
mond, cherry, apple and olive. Substantial dif-
ferences were associated with certain peach,
cherry, apple and pear rootstocks. Peach trees
rootstocks Missour, GF 305 and GF 677 were
more susceptible to crown gall than almond;
susceptibility of GF 305 and GF 677 has previ-
ously been reported in France (Lopez, 1978)
and Spain (Lopez et al, 1987). Ste Lucie cherry
and MM 106 apple had higher galling frequen-
cies than other rootstock(s) used for the same
species. Rootstock Cog BA 29 used for pear
was rarely galled. These observations warrant
further investigation into the differential resis-
tance of rootstocks to crown gall; however, dis-
ease resistance studies should focus on a single
species as was the case for grapevine (Ferreira
and van Zyl, 1986; Szegedi et al, 1989) and pop-
lar (Nesme et al, 1990).
The biochemical characterization of AT

strains isolated from a variety of hosts and nur-
series showed that the majority of the strains
were biovar 2; similar results were reported in

Italy (Zoina et al, 1987) and neighboring Moroc-
co (Benjama and Daoud, 1989). Although the
present study was not designed to statistically
analyze the distribution of the different biovars
among the different hosts, it is remarkable that
85 % of the strains isolated from peach galls
were biovar 2 and that the strains isolated from



almond and apricot tumors were biovar 1. The
different isolation media varied in their recovery
efficiency and their selectivity. Medium 2E was
efficient in selecting for biovar 2. Medium 1 A was
less efficient in recovering biovar 1 strains than

RS medium. The latter favored also the develop-
ment of a large number of fluorescent pseudo-
monads whose colonies could not be visually
discerned from those of Agrobacterium. MG me-
dium was the least useful of the four media for
isolation of agrobacteria. In studies designed to
determine the relative abundance of the different
biovars it is necessary to employ different media
which may complement each other in isolating
different groups of agrobacteria; some agrobac-
teria have been shown to be fastidious, growing
only on media supplemented with several salts
and trace elements (Canfield and Moore, 1989).
A large proportion of AT strains present in the

plant nurseries surveyed were sensitive to agro-
cin 84. Thus, it appears that use of K84 would

prevent most AT infections in these nurseries.
The biovar affiliation of agrocin-sensitive strains
indicate that biovar 2 strains from Algeria are
more likely to be sensitive to agrocin 84. The ra-
tio of agrocin-sensitive to agrocin-resistant was
more than three times higher for biovar 2 (6:1)
than for biovar 1 (1.67:1) strains. Because agro-
cin-sensitivity is a Ti-plasmid borne trait (Hay-
man and Farrand, 1988), these data suggest
that biovar 2 strains are most likely to harbor a

nopaline/agrocinopine A-type Ti- plasmid. This
affinity of a Ti-plasmid for a particular chromoso-
mal background is supported by a population
study of indigenous agrobacteria isolated from a
single field (Bouzar et al, 1991) which suggests
that the type of Ti-plasmid maintained in a cell is
dependant on the chromosomal background.

It is clear from the results of field applications
that strain K84 successfully prevented the majori-
ty of tumorigenic agrobacteria from infecting
wounded peach ’Missour’ rootstock. The propor-
tion of galled seedlings was extremely low when
one considers that the plants were artificially in-
oculated and also challenged by resident patho-
genic agrobacteria on the plant itself (cf, Materi-
als and methods section) and in the soil; the
latter was found to be heavily infested (Bouzar et
al, 1991). Surprisingly, K84 protection was as ef-
fective against the agrocin-resistant strain as it
was against the agrocin-sensitive strain. Similar

protection against agrocin- resistant strains has
also been reported in neighboring Spain on

peach and plum trees (Lopez et al, 1989). These
data suggest that other factors, in addition to ag-
rocin 84, contribute to the effectiveness of K84

(Cooksey and Moore, 1982). The efficacy of K84
for biological control of crown gall has been dem-
onstrated again, and in this instance despite the
presence of agrobacteria resistant to agrocin 84.
The present data indicate that K84 may prove
useful in controlling crown gall of stone fruit trees



under Algerian conditions. Because of the rare
but possible breakdown in K84 biocontrol which
is caused by the transfer of the agrocin plasmid
pAgK84) from K84 to pathogenic agrobacteria, a
transfer-deficient deletion mutant of pAgK84 has
recently been constructed (Jones et al, 1988).
This genetically-engineered strain which con-

trolled crown gall as effectively as its parental
strain K84 (Jones and Kerr, 1989) will be tested
under Algerian conditions as a substitute for K84
when proper authorization is granted.
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