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ADSTRACT

Studies on the epidemiology of crown gﬁll in an
F12/1 cherry layer bed showed that there was a rapid and
progressive increase in disease incidence over threé‘feara.
€Certain parts of the layer bed system e.g. the beﬁﬁs on
one-year-old layers and, particularly, shoot scars on
tvo-year-old layers were highly susceptible to infection.
Crown gall introduced into blackbeérry plantations with the
planting material spread from the original infection fooi

to all bushes within 5 years.

In an attempt to resolve the controversy of‘Wheiher
or not the presence of galls was detrimental to treeo
growth, field data were collected from o#er*lzob_trees
of up to 8 years' old but no consistent or major effgéts
of galls on:tree growth were found, There was likewise no
 evidence that crown gall decreased.either cherﬁy layer bed
productivity or bLlackberry crdp. Crown gall thereforé

romains chiafly a ﬁursery problem of a cosmetic nature.

Isolates of the pathogen from cherry, blackerry‘and
lopganberry were ﬁompared in standard biochemipal;7 
prhysiological and pathogeniéity tests, together wi£h  _
studies of their bacteriophage and bactoriociﬁ relﬁfionships;
The cherry and loganberry isolates formed a hoﬁogenooua
group conforming to bidtype 2 while the blackberrﬁ icolates

wore of both biotypes 1 and 2 and nlso“intermediaterforms.

Disease susceptibility and rate of gall development

were maximal, and the latent period minimal, during the
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crowing seasons. VWhen the data were related to cultural
operations in the field it was found that while culs on
cherry were performed at times when risk of infection was
low, those on blackberry, especially summexr pruhing of
iaterals, involved considerable risk of spreading

infection.

Experimonts on cultural and chemical methods of
control of crown gall on cherry proved ineffactive; there
was often a hizgher incidence of disease on treated stocks

than on the undipped controls. Crown gall infection was

effectively controlled when the antagonistic A. radiobactér’
strain 84, was applied simultaneously to cherry leaf scars.
The prospects for such bioleogical control of crown gall

in the field in England are discussed.
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INTRODUCTION

Crown gall disease is widespread in tamperate’and~
subtropical regions but is rarcly reported from tropical
areas (Raabe, 1964), A wide range of herbaceous and woody
dicotyledonous plants are susceptible, Llliot (1951)
lists 142 genora, but the Papilionaceae and monocotyledons
are seldom, if ever, attacked (Tamm, 195kL), Fruit crops
on which the diseasc has beenfrécorded include stone ;
fruits (élmond, apricot;'cherry, pehch and plum),_pome
fruits (apﬁle; pear, quince), cane fruits (blackberry,

loganberry, raspberry) and also grapes and hops.

Toumey (1900) first described the disease and later
demonstrated its infectious nature by inoculating parts of
galls int@ healthy plants., The pathogen is a soil -
inhabiting organism which enters the host plant through
wounds, normally at or below soil level, i.e. the crown,
where 1t stimulétes the surrounding cells to enlarge and
divide to form an undifferentiated mass of parenchymatous
tissue which develops into a macroscopically visible gall
in as little as h~10 days or in more than a yecar depending
on the plant host and time of infection., Young galle are
sﬁall. pale, soft and smooth but enlarge,.darkén and bocome
hard, irregular and often deeply fissured on ageing
especially on woody plants; on Rosaceae galls have boen
found waighing more than 40 kg. The galls develop during
the growing season but in autumn and winter rot either
completoly or partially; mnew gall tissue may subscquently
devgelop on:anothor part of aimmediately adjacent to, the old

gall.
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n. The causal organism

The causal bacterium was first isolated by
Smith & Townsend (1907) from the Paris daisy

(Chrysanthemum frutescens) and they named it Bacterium

tuméfaciené. It was subsegquently renamed Pseudomonas

tumefaciens (Smith & Townsend) Duggan (1909);

Phytomonas tumefeciens (Sm. & Towns.) Bergey (1923) and

Bacillus tumefaciens (Sm. & Towns.) Israilsky (1926).

It was gésigned to the genus Agrobacierium by Conn in

1942 and for many years was known as Agrobacterium

tumefaciens. Howaver; within the last decade, therd
have been four proposals to change the naﬁa yet again
folloﬁing studies on DNA homelogy, GC ratias. numerical
taxonomy stc, .The ﬁlose relationship between the

,naprophytic A. zodiobacter and the pathogen of crouwn

gall led De Ley, Bernaerts, Rassel & Guilmot (1966)

to assign both to the species A. radiobacter and to

recognise the pathogen by the varietal epithet tumefnaciens.

The Australian vorkers Keane, Kerr & New;(l970) nlso
conatdered there should be this one species but thay
designatod the aaprophytic and pathogenic forms wvax.,

radiobacter and var. tumnefaciocons raspactively.- Howoever,

they further distinguished two biotypes, which cut across
the varietal divisions, which differed in a small number
of blochemical tests. Other workers consider that the

diffexrences between Ithizobium and Agrobacterium are not

-sufficlently great to nmerit separate generic status,
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Thus, White (1972) on the basis of numerical taxonomy
concluded, in agreement with Heborlein, De Ley & Tijtgat (1967),

that the crown gall pathogen should be named Rhizobium

radiobacter 'state tumorigenic' and the non-pathegenie form be

distinguished from it by 'state saprophytic’.

The e¢lose¢ taxonomic relationships between the_“
saprophyiic form, the causal organismsof crown gall and
hairy rootﬂand the fastngrowing‘rﬁizobia aro clear.
llowever, %the plant pathologiaf is not primarily concerned
with taxonomic problems but with the fact that differcnces
exist which are demonstiable by routine pathogenicilty tests
and'are mnnifast in the field., The recognition ofvthe
pathogen of crown gall from its related forms by simple
laboratory tests, for many years an unfulfilled and
seamingly unattainable aim. may now be possiblo through
the utilisation of octopine or nopaline (Lippinéott.
deiderbeck & Lippincott, 1973) although these substances
have not yet been veory widely tested and the correlation
béﬁweenvtheir utilization and pathogenicity, though high,

is not absolute,

Lack of standardisation between tests and materials
used by different workers undoubﬁadly accountsifor some of
the variation reported among isolates of the crown gall
6rganism. Hlowever, the existence of four different
physiologio races, or pathotypes, in ILngland was reported
by Wormald (1945) the two from weed hoste having a wider
host range than‘thoae from apple and tomato., Two

serological groups weore distiﬁguished among 15 Egyptian
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isolatos (B1 Ilelaly, 51 Pahab & EL ¥il, 196%); ono grouph
comprised serologieally related isocleates having a wide
hoest range and the other group, of serologicolly unreoiated
types, hod o very restricted host ranga. Lipyincdtﬁ &
Lippincott (1967) noted dilferences in host range and

virulonce in 35 strains of A, tumefaciens and concluded

those with restricted host range, or reduced virnlonce on
many hosts, wore the more nutritionally exncting strains,
The existence of two blotypas,which diffexred in coxtain
biochemical tosts, among steno fruit isolates was reported
by Keano ¢t Qi; (1970) and these two typeo and also n
third or intoermodiate type havabbaen found to occur in

Greecee (Panagopoulos & Ponllidas, 1973).

Thug, the crown gall organism is composcd of isolates
which differ in pathogenicity, biochemical and serologieal
reaciions. The cxact faxonomic position of thoso isclates
io not vet stabiliaed and it ds thersefore proposed, in
the interest of‘bravity. to‘adherd vo the welleestablished

namo of Aprobacterdum tumefaciens throughout thie work.

Ovet the past 70 years a vast literature on the
disease has accumulated. Vork has contred mainly on the
mechanisms of gall initiatlon and development becausé df
the.parullela botween plant erown gall and animal cencers.
Studies, mainly on grocenhouse grown plants incculated umder
carefully contrdllad conditions, have becen roviewed by
Braun (1954, 1957), Braun & Stomior (1955), Klein & Link

19553, De Ropp (1951) and Stapp (1958). llewever, studies
55 ) ,



of the discase on field crops have been very limlted and
data on the epidemiolopy of crown gall of fruit crops,
thinly scattered through the literature, is often elither

contradictory or inconclusive,

b. Economic importance and effect on plant growth

Crown gall is not only of academic interest as a
subject of tumour growth studies and host-parasite

relations but is alse of agricultural imporitance.

The discase has been reported to be serious in the
UuS.4. on stonoe-fruits, espeecially on peoch, and
particularly in the nursery (siegler & Bowman, 1940
Gambrell & Gilmer, 1956). Less of nursery stock was
estimated at $1200 per acre in Oregen in the 1950's (Young,
195h; Deep, 1958}, In California where the disecase has
been‘cne of the more serious, on 14 major crops an annual
loss of.¢6-7 million since 1963, e¢xcluding nursery logses,
has been reported {Ress, Schroth, Sanborn, O'Reilly &
Thompson, 1970). Ross et al,, (1970) also suggested
that, due to infection in early years resulting in
susceptibility to strong winds, the economic life of

almond orchards has been reduced by 20%.

Peach 18 also the host most affected by the diseasc
in Australia where rejection of up to 0% bf nursery
stock has occurred in some years (llutton, 1949; Stubbs,
1971). ZIn the peach growing areas of LCurope, toco, severe
crown gall infection has been reported (Khristov, 19&0;
Drichet, 194L; Kaskaloglu, 19L9; Uehr, 1958). The
extont of the disease in‘Englishkfruit production

nurseries, the subject of a recent survey (Lelliott, 1971),
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shows that ecrown gall is not generally severeo, although
there have been a few cases ol serious infection.
Beconomic losses of pome and stone fruits due to crown
gall in Burope are not well documented but it is certain
that the effect of the discase on these hosts is greatest
in the nursery and is probably of more widespread

~occurrence than is reported in the literaturec.

Crovun gall on grape vines occurs predominantly on the
aerinl parts of the plant and is reported to be graft
transmitted {Lehoczky, 1968; Zineca, 1967). On this hogst
the discasc has been reported to reduce yields over 3 years
by 13-19¢% and to impair quality, depress growth by 25

and kill 105 of the vines (Malenin, 1971).

The efcht of the presence of galls on tree growth is
a continuing subject of controversy. Larly studles
suggested that growth and/or trunk diameter of galled
trees was less than that of healthy ones {(Grecne & jleclhus,
1919; Riker, 1939) and a progressive decline in vigour,
leading to the death of both young and older apple trees
in Kansas, was reported by Koinski (1964). On the other
hand Harris & Pearce (1938) found no difference in growth
and cropplng of apple trees with and without galls after
18 years' growth at LFast Malling while Vormald (1945)
obscrved increased vigour of galled trees.

Crown gall also occurs 6n cane fruits and its severity
on raspberry has destroyed the sources of certified stock
in Nova scotia (Gourley & Harrison, 1961) and curtailed

raspberry growing in Kansas (Kainski, 1964). It appears
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hoﬁover. that the vigorously growing limalaya Glant
blackberries can be severely infected with ecrown gall

without any apparent injurious effect (McKeen, 1954).

c. FPactors favouring infection

The inability to distinguish between A. tumefaciens and

the ubiquitous soil saprophyte A. radiobacter other than
on the basls of péthagenicity;has made soil pnpulutioh
studies difficult and subject to error. Nevertholess,

the pathogen has been reported to survive in the soil for
more than 2 years (Patel, 1926). Increasing coarseness

of texturo, depth and temperature are reported to beb
accdmpanied by decxeasing populations of‘tha organisn,
thaese being more pronounced in non-sterile than in sterile

soils (Dickoy, 1961).

The inci&enca of crown gall is genorally thought to
be highor on alkaline than on acid soils and it haé baen
suggested that the comparatiﬁe freedom from the discase
in New Zcaland is attributable to the generally low soil
plI of 5.5 (Atkinson, 1971}; Seigler & Bowman'(lQhO) found
that the incidonce of crown gall on peach seedlings in a
“soil of pil 8.5 was six timea greater than in a soil of
pll 5.8, A direct relationship between populations of

A+ tumefaciens and soil pH was thought to exist (Dickey,

1961) but there is clearly no simple rolationship since
severé infection in a fen peat of pi 5.9 has been

reported (Lelliott, 1971). In this case thé high moisture
content of the so0il was probably a contribufory factor

- since this has long been implicated in influéncing the

degree of crown gall infection. liedgecock (1910)
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recorded a higher incidence of apple crown gall on a
heavy, wet loam compared to a light, dry loam and more
recently Kainski (196%4) has shown that irrigation

increases disease incidence,

Studies of so0il nutrient status in relation to crown
géll~have shown that regimes which increase plant vigour,
guch 88 high levels of nitrogenous fertilisers, increase
the diseaéé subceptibility of planta'(Link;igi-éi. 19533
Zineca, 1967). However, where nitrogen épplications are
sufficiently high to reduce the availability of boron,_ o
gull size may be.reduccd (Hussin & ﬁeep, 1965). The
effect of potassium fertilisers, if any, is to. decrease
susceptibility to the disease (Hussin & Deep, 1965;
Zinca, 1967). In goneral, plants_growing“vﬁignrously'
under optimum conditions aré more susoeptible to crown
gall than weaker Oneé (Klein, 1952; Riker & Hildebrand,

1934).

The environmental factor which has been most cibsely
studied in relation to crown géll is temperature. _
}emperéture and humidity optima (22°C, 60% RH) for crown
gall development in herbaceous hosts were found to be
slightly lower than those for optimum growth of the host
(22-30°c, 80% RH) while gall formatioﬁ is apparently
inhibited at temperatures over 30°C (Riker, 1926;.

Riker, Lyneis & Locke, 1941; Braun, 1947). Destruction
of the tumour-inducing principle at 32°C has been ‘
propounded (Braun, 1947) while Lippincott & Lippincott,
(1966) concluded, in their studies with pinto‘beans!'that
it was the bacteria which were affected by the high |

temperature., However, tumour initiation on mazzard cherry
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roots has been demonstrated at 3500 and even up to
37°C, ahove which the host plant suffered damage

(Deep & Hussin, 1962; 1965).

At the other end of the scale low temperature
injuries to plants allowing ingress of the pathogen on
vines (lenner, 1964; Raikov, 1967; Zinca, 1967) and
also on stone~fruits (Haskaloglu,v19h9)-afe quotedvaa
the reason for high levels of infection in years following

severe winters,

In recent years increased incidence of crown gall
has been reported where there were high soil populations
of neﬁatodes. Simuitaneaus inoculations of plants with

A. tumefaciens and Mcloidogyne spp. have resulted in a

higher level of‘chWn gall infection than in comparable

plants inoculated with the bacterium alone {Nigh, 1966;‘
Griffin, Anderson & Jorgenson, 1968). The exact role of
nematodes, whether as vectors or merely to provide wound

slites for bacterial entry, has not been dotermined,

d. Control

Bacterial diseases are notpriouély difficult to control
and, since much of the literature on field aspects of
crown gall that has accumulated since the beginning of
the century is devoted to this aspect, it is clear that
this disease is no exception. In a review of control
measures Stapp (1961) concluded "we shall not analyse
them in detail because noe positive, practical conclusions
have yet been reached". The USDA still reccognise this
situation and recommend the planting of disease-frec stock
in pathogon-free soil since no curative treatments are

generally available,



Disecase controlvmeasurcs have ranged from cultural
practices to chemical methods of prevention, such as the
use of preplanting treatment of seeds, cuttings or
maiden trees and soil fumigation, and cure by selcctive
destruction of galled tissues. %Within the lacst docade
an exciting breakthrough has becn made with biological

control( Kerr, | 1972)-

In the absence of any adequate chemicél control,
llutton (19%9) advocated using only healthy plant material,
exercising great care when grafting, and crop rotation
to prevent build~up of the pathogen. vGambrell & Gilmerx
(1956 ) asserted cultural methods were the only ones
available for crown gall contrel and recommended that
ficlds-with a hisﬁory of infection should be totally
avoided and others c;opped with Busceﬁtibla nursery stock
not more frequently than trionnially. Even asvreceﬁtly
as 1970 the advice iﬁ_America has been to.plént only
healthy, certified and inspeocted stock as a means of
combating the disecase (Rosé et al., 1970).' The best long
term solution of the problem probably lies in the breeding
of resistant rootstocks., Little appecars to have been
done on the relative reslstance of host varieties or
species to crown gall, Smith (1925) found no rcsiafance
in almond or peach but P. domestica.cultivars he divided
- into groups of low, mederate and high susceptibility;

Pe. umbellata, P. insititia and the St. Julien plum were

all in the most resistant group. Crown gall resistance
has'ﬁeen reported to be less than 2% in Prunus spp.
(Khristov,»lQhO) and less than 5% in pome fruits (VWormald &

Grubb, 1924; Dame, 1938). Vormald & Grubb concluded
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there was no direct correlation between inherent vigour
and susceptibilility to crown gall iﬁ the apple rootstocks
they examined., Until crown gall resistant sfocks are
produced by the frult brecders, the problem of discase

control must be tackled in other ways.

Some success has been claimed for chemical methods
especially where mercurial compounds have.been used as
preplanting treatments for fruit trees (VWormald & Gafner,
194%; Behr, 1958) or for seed dreésing (Ark, 1942;
Siegler & Dowman, 1940; Guengerich,Goodman & Millikan
1969). Common household bleéch (0.5% sodium hypochlorite)
was reportéd to be an effective treétment'of peach seeds
prior to stratification (Ross et al., 1970). However,
the level of control attained by the many inovganic
chemicals tested on a wide variety of hosts has beeﬁ
neither ﬁery good nor very'consistent. Many antibiotics
have beeﬁ examined and Dickey (1965) fouﬂd 6, auréomycin.
terramyecin, tetracycline, neomycin, novobiocin and |

polymixin B active against A. tumefaciens in vitro againat‘

many strains of the pathogen. Several of these had already
shown some activity in-greenhouée tests (Blanchard, 1951;
Elemmer, Riker & Allen; 19551 ‘Deep, 19563 ATk & Sibray,
1957 DBoyle & Price, 1963). The levels of control
attained on various ﬁosts has ranged from 40% to total

gall inhibition but thevcost of antibiotics and regulatiops
restricting their use agriculturally. effectivoly provent

their use on a commexcial scale.

In any new plantation, crown gall infection may be

introduced within or adhering to the planting material,

18



Pven if this is provented by a preplanting treatment
or uaé of 'elean'! stock, freedom from diseasc cannot
be ensured if the soil is infested with the pafhogen.
Eradication of the soil-inhablting pathogen has becn
attompted by scoil fumigatioﬁ {(pickey, 1962; Deep &
Young, 1965; Deep, MaclWeilan & McSwan, 19683 Schroth,

Weinhold, McCain, Ilildebrand & Ross, 1971).

The levels of control achieved varied with the
season, soil noisture and tempefature, physiological
state of tho planting material and seasonal changes in
the populations of the pathogen. In sevafal caécﬁ theoe
more vigorously growing plants had more galls than their
less vigorous neighbours. in non-fumigated land. UWhere
the pathogen is only partially controlled or is
reointroduced on planting materdasl, the pathogenic
population builds up rapidly., Of the various fumigants
testod mothylubromide«chloropicrin mixntures goave the best
control but the cosf and efficiency of soil fumigation

has not found general acccptance.

Seloctive dostruction of gnlls by painting on them
pctrdieum products has proved successful (Ark, 1941;
Charles, 1961; Dye, 1951; Schroth et al., 1970) but
such treatments are practicable on only a small scale
»and are more likely to be of use on specimon trecs rathor

than in general commercial practice.
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The most recent and also most outstanding advance
in the fight against crown gall 4is the development ol a

method of biological control. Xerr (1972) reported that

a strain of A, radiobacter isolated from peach soil could,

througlh the action of a bacteriocin it'prodUCcd, inhibit

growth of A. tumefaciens.(Kerr & Itay, 197%k). Dipping

3

cach seedlings in a culturg of the-énﬁagdhistic
yacterium has resulted in sucﬁeésful éontrolvof peach
crown gall in South Australia‘and‘has stimulated muéh
interest elsewvhere (Dhanvantari. 1976, Schroth & Moller,

1976) .
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SECTION T

EIGLD OBSERVATIONS ON THE DISTRIBUTION

AND _SPREAD OF CROWN GALL

1, Crown _gall in cherry layers

The rootstock commonly used for cherries in Lngland

is a Prunus avium aeadlingg F12/1, selected many years ago

at cast Malling Rasanrch'ﬁﬁation~as‘a vigorous stock
suitable for high working with éwaatbcherry varieties and
rosistant to hacterial_c&n&ar. ‘Tho mtock is norumally
propagated by layering, a tedhniqua gaually adopted for
plants that do not root reédily.; Thé parenf layors arek
planted in spriﬁg at an aﬁgin of 45° and'are pegged 
liorizontally on the suil in the follnwing January or
February in a ahallow tranch (after rish of being lifted.
’againrby frost has diminiahad}.' Before the buds swoll th@f
-layars’afékéovéred wiﬁﬁ 2«3 cw fine soii and the young
aéveloping’phoota are ﬁalf cdv@rﬂd.with-fine soil ianp:11; 
To ensure et;ol&tion'6£ th Baae of the shoots, soil is
~applied X or 3 furtﬁer times during thévgrowiyg saasén’té -
provide a suitable anv;rdnment for root'deﬁélowmént, whieh
occurs from July unwardS{  in Novembar the soil 1s rouovod
,and‘theﬂyoung rootstocks are cut from the parent layers;

At reguiar intervais‘a shoot is left fqr Qegging da%n'in;“l

the following season.

The layer bed at Last Halling Research station
consisted of ‘12 rows of layér, each 110 wm long, and laid

down in 1968 from LMLA F12/1 stock on a soil of pll 7.5.
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8ix of these rows were used for the detailed studies of
crown gall between 1970-1972. The layers are normally
below soll level for 8 months, from April to November.
Distiurbance of soil during harvesting of stocks covers
over some of the younger surfacé layers but is not
sufficient to expose older more deeply embeddéd layers.
Once exposed, galls become desiccated and shrink in very
cold weather.- To fully expose lavers and record the galls
is a 1ab6rious task and it must‘be carried out as quickly
as possible after harvesting'before layers are covered or
galls shrivel. To accomplish the task in the time
available, recording was restricted to sectors of not less
than 60 m. This was considered sufficient fo give data
representative of the layer bed as a whole and to provide

enough galls for statistlical treatment of results.

Each of the sectors was divided into 1 m blocks and a
record wés maderof the number of galls, theilr pbﬁition and
diameter, and sometimes also the age of the léyer on which
they were situated. The pfecise age of galls could not be
determined buf they were designated young if they were
pale, smooth and fairly soft and old 1f they were dark,
‘convoluted and woody. Gallvsites on the layer were
recorded as:-
| ibend, on the few cm where the layer had been bent

for pegglng down

fork, where layers divided

scar, from where rooted shoots had been harvested

base, below the scar on the remalning portion of the

rooted shoot
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node, where there was a cluster of roots not
| associated with a shoot
end, at the broken oend of & layer
mid, whoere theré was no apparent.associatinn with
shool scar or nodo
root, anywhere on the root systcm (Fig. 1).
Yhere age of laycrs was taken into account fhey were
designated: -
new, first éeason layers ffom which rootstocks had
only Jjust been harvested |
2=yoar, from which the first crop of rootstocks had
been harvested the previous year, leaving many
shoot scérs

old, any older layers.

The majority of galls, especially‘whgn youns, are
spheriéal but as they age they may become flattened in one
plane and nll eventunlly become quite irrbgular in shape.
To siﬁplify recording, gall diameter only was mensuréd
which was regarded as sufficioent for comparison ofvgélls of

different ages, on various sites and layer ages,

a.‘Sites of infection.

The numbers and diameters of total, old and young
galls were recorded on 2 sectors of the layer bed (1, B1/F1
Fige 23 170 m) in 1972. The data are presented in Table 1.
Taken as a whole galls are fairly evenly distributed among
the specified sites at each of which c. 20¢ galls occur,
Nowever, when old and young gélls are considerod separately

it is seen that the numbers of old galls were grcntestvat



Fig. 1 Galls on F12/1 cherry rootstock layers, situated
at a bend (A); a fork (B); the base (C);

mid layer (D); on a root (I).
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bends and forksj; these sites togethor accounted for
56 of old galls, he numbers of galia at all other
sites were comparatively small., The largest galls were

>

those at bonds and forks while root galls were smallest.

Young galls were moro numerous than old at all sités;
the numbers at forks and bends being twice, and at'cther'
sites six times, those of old galls. The distribﬁtion of
young galls also differed in that mid layer and scar galls
cach nccdunted for about 20% while those at other specified
sites were only slightly smaller percentages of the total,
The young galls were smoller than the old at all sites but
were largpat at bends and forks, slightly smaller at the
scars and only half the size at mid layer sites and on the

roota.

b. Seasonal effects

i. Humber of galls: Sector A (Pig. 2) comprising

e 70 m of layer bed was recorded annually for 3 years from
1970«1972 inclusifa. The results showed a sharp incroase
in numbers of galls over the 3 year period, particularly

in thé last year (Table 2, Fig. 3). This very large
incroaso in numbers in 1972 was also reflected on other

sectors of tho layer bed.

Ovor the 3 wear period the mean diamuter of old galls
increased_steadily from 40,9 mm to 49,8 mm but the mecan
diameter of young galls was 25«28 mm in each year and was
in fact smallest in 1972.

A proportlion of old galls will continuc to expand
From oﬁe year to the next, others will die or the outer

tissues become sloughed off while galls which were new in
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Table 2 Scngonnl offect on the numbor of snliln

per 16O n of laver bed for the vonrs

L0703 u782

Mo, of eold gollo 2n G2 1o

Yoo of youns galls Iis 87 697

3
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Buat

Total no. of galls
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Fig. 3 Incidence of galls in a sector of layer bed
' from 1970-1972 inclusiVe ‘ .
@® total galls; O » Young galls; A , o0ld galls,
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1970 would bhe clas§ified as old in 1971 and would-still
bcbonlarging. On the other hand each year's rccord of
new palls 4s only of those which have recently developed
and therefore the mean size would not differ grecatly from
vear to year unless abnormal environmental conditions

allowed a longer, or shorter, growth period.

ii. Distribution of galls: To determine whe ther the

distribution of the galls over the layer bed was random
or not the numﬁers of gails occurring on 15 cm lengths
of laoyer bed were compared. A Poisson distribution and
a negative binomlal distribution were fitted to each of
the sclected variates using the method of maximum
lilielihood. The results (Table 3) clearly show that
distribution is not random but in clusters fitting the '
data expected from a negative binomial distribution very

closely (Fig. 4).

The effect of the presence of galls in a given région '
in one year on the presence of ganlls in the following yearv
wasa determined from Xendall's rank correlation coefTicient.
The value of | for galls on old layers was 0,038 and on all
layers was 0,036 both of which are significant at p<<0,00L,
Thus there is a small corrolation betweon numbers of calls

in a given region in successive yecars.
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Table 3 Vnlues of observed porcenta-e ol 15 o lenpgths
hich ave salled and as oxpeoctod by Titiing o
ieiason or negotive binomial distvibubion by

thao methoed of maximum likoelihwod

Dhaoryord

Cupecioed

oo kot

{(roisson)

Gld malls on old layer &.0 7ol
Toung galls on old layer 12.6 ‘ 7ol
01ld galls on Z-y> layer . ) : é,ﬁ
Young golls on Z-yr layer 20,4 17.2
Youn: palls on now layer 16.5 Qadi
0ld palls on all layers 11.h Tel

Touny; puells on all layers
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Fig. 4 Relationship between observed and expected
percentages of galls on 15 cm lengths of

layer bed assuming a negative binomial
distribution.
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c. Effect of layer ape

The numberes and dilstribution of galls on layers of
diffeéxrent ages in scctors X and Y (Pig. 2} is shown in

Table &,

©the total number of galls was highest on Quyear;nld
layers, ﬁhefe there was an averagoe of one every 3.77 cm
compared with one every 22,14 ¢m on tﬁc new layers.
Howcver; the froquency 0f>galls.(no./unit length ) was
highest on older layers (less than 2.0 em apart on avnfaga);
This relflected the clustering of galls at the bends, the
rest of the older layers having rotted avay. 7The majority
ofvold galls were found on the oldef-laycrs'and thoir

: ' , on v

frequency was significantly highe: thanKB-fear—olﬁ layers
(§M<U.001), The majérity of ﬁgw galls on the othoer hand
occurred on the Z-year-old layers although thelr frequoncy
was not s»gnificantly higher than on old laycrs due to the
shorter léngth of the latter (sec Table 4). The number of
.galla oIt new hyors was significantly less than on the
Q-yo#ruold and the older layers (p<0.001 and pLULOL

respoctively).

Tﬂe distribution of galls amongst the different
infection sites was influenced by the age of the layers.
Thus 47, of the young galls on the now layers werce at honds
or forks and a further 20! at the mid laver and shoot base
positions. Iy conirast, the greaotest number of galls on
>2—ycar~old layers wcrerlocated at shoot scars or mird layer
positiecns; these occounted for halfl of the yvouns galls
with galls at bends and forks being relatively less common

than on new layers.
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Table & delationshidp between ege of loyer and numnbers of salie and thelr distribution

e palles et different =ites

Lover ol NG. of neGjunit ik} Lrass sear fork bend root
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layer® , ,
old all 254 3e58 16.8 Ge7 5.0 28.h 2%9.5 1z.6
Zayonry all Lhz Z2.66 2l k 12.9 23,6 21,0 55 12,5
noew all g2 ‘D.&S }.95? l?.? ‘ '}93» 2&;2 220? !;55

old old 1 1.55  15.4 Ge 1.5 50,9 LG.9 G.7
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2myony old w2 .47 17k Lo 38,8 S .8 11.6 1%.0
old youug 116 1:Gh 206 GoG 11,0 2547 16,9 19.1
Zeyeny voeung 37¢ 2423 2540 5.2 2h.6 £a7 Lo 124
aow Yoy $62 6.125 ls}a‘? 1Ge7 a1 23402 227 tﬁ‘of}

% Tetal lencthe of new, fevear and older layers were 181.6 my 165.7 1w

a
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regpoeetively. The shorter length of the old layers was due Lo rotiing,

~

leaving only shert lengihs of the benteover portion,.



Jost galls on colder layers were positioned at bhonds
and forks, with a hicher proportion of youny £alls on

rooils than was the casce with the younger laycra.

The size ol galls, voung and old, increasad with the
apge of layers but there was no marked effecti of layei age
on the relative size of galls at the different sites of

infection (see Table 1).
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2, Incidence of galls on I’"l2/1l cherry rootstocks

taken from an infected layer bed

a. MNumbers of galls

In spite of the considerablo and increasing infection
on the layer bed the incidence of gélls on stocks out
from it was negligible in all years. Iliowever, when
stocks were examined 1 or 2.years after planting out at
other sites on the Rescarch Station a substantial
proportion were found to be galled (Table 5). Only one
of the planting sites, Crabtree, had a previéus history
of chronilc crown gall infection. Nevertheless the level
of infécfion was broadly similar at all sites, suggesting
that most of it originated from bacteria introduced with
the stocks as contaminants or, more probably, in Vieﬁ of
the failure of pre-planting chemical treatments (sce
Section V, pl59), as latent infections. The fact that on
.Crabtree the number of galled stocks lifted between 1970
and 1973 inéreased with infection in the 1a&er bed (see p27)

strongly supports this hypothesis.

{ootstocks grafted with scion material, and therefore
left in the nursery for two years,'had»a'higher percentage
of infection than younger stocks. As age of tree increased
so the numbers of galls per tree increased (Table G6). on
6~year-old trees, 55.5% of whiéﬁ were galled, 40% had 3
galls or more; maﬁy of these ﬁére root galls which
probably originated as secondary infections from primary

sources of inoculum.

e
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Tabla 5 Incidonce of golls on ‘healthy' eheryy stoolig

nlantadsout after harvestings from lover beds

% 1T stocks gnlled after

Planting sitno yvoar harvosted 1l year 2 yenrs
(in November)

1970 5.3 A

Crabtree : 1971 21,6 35.0
| o 1972 ' 2641 51.0
CNoxth Pa:ﬁ 1073 - 4,1
1874 iﬁ.g .

South Pork 1971 e 27.0

Scott 1971 | - 46,5

Kilnfield , 1973 - " 4o.0

t percentngos hased on samples of from 150 to GO7
individual stoeks.

Table 6 Distribution of multiple infections

on chorrv rootstoecks

Ago of stocks % stocks with .
(years) _ 1 zall 2 or more galls
1 . _ 90.3 9.7
1 67.9 32,1
2 | 7947 20.3
2  65.6 3. b
6 40,0 60,0



be Iogiltionnl distribution nnd sine of gsnlls

b,

A largce woumrkl is wmnde at the bape of the young

roostotock whon Lt 1o sevored from the layer and many enall

wennds are ande wiion the root aystom is trimsuod priox te

pimnuing, sxamination af‘many.trmﬁa ﬁhdwed (Table 7

thnt on onee-yoar-old stocks infoctdons ai the basao

soocpuntod for aﬁnn% a guartey of tho galls while bald

wars in the erown aren (Fig. 53 After a_amcund yonr of

trae prowth gélls WOIG Largmfv{?lg..é) ané the distribution

betwoon erown and basal galls was reversed while on ﬁldar'

troes tho annri?; of galls weore on the root sysiog.

oot palls were gﬁnérnlly‘thﬁ snnllest while tiooo

at the base and erown were larger, but of approxicmioly

xpafahle aiza (Table 8). ?ar'all posltions gall odae

inorensed as agoe of rootstonl inc oaped,

c. Dotoraination of £ime of rall apooarances

- P

A somple of young rootatocks wap 1ifted oach month
during the {first senzon of growth and the numbor ﬁnﬁ nlze
of galls on them rocorded {‘fable 9). The firet gollu weve
notod in Jupe bot Loy hod appeaﬁed hy carly SGopbtanhoyg

tlhie mmjuriéy {655} up to this time were in the bnapol
pﬁﬁiﬁiﬂn. filghor mumbers of galled stocks woere prosent in
lator saspleon and were soro ovenly distributed béﬁwﬁqn the
hinno, erown and root positionz, Gull diometer incinasced as

the sScanen progrossed,

e Uffect of virus=free status on crown gall of chorry

Viros-free (EMLA) and viruseinfected trees of sin
ornanonbal cherry cultivars wvere oxaminod for erown goalls

The reosults (Table 10) showed that, although virus-infected
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A B

Fig. 5 One-year-old F12/1 cherry rootstocks infected

with Agrobacterium tumefaciens, A, gall at the

base; B, gall in the crown region.



Fig. 6 Two-year-old F12/1 cherry rootstocks infected

with Agrobacterium tumefaciens. A, gall at the

base; B, gall in the crown region.
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Table 7 Positional distribution of ralls on chorrv
rootatocks of differunt asen .
% galls per position
Age of Ho. treos Daso Crown root
rootstoek
{yoars)

i 536 26.3 50.4 233

2 169 Lo,.1 31.9. 15.h

6 , Lo - 20.6 25.0 5hb

Data combinaed from soveral plots for 1 and 2eyecar trocs,

|

|

Menn diameter {(mm) of galls on choryy

Table B
rootstocks of different ages
Pomition of gall
Ape of Wo.
rootastock galls Dase Crowvn root
(years)
1 536 19.1 16,7 9.8
2 166 65.7 42,9 31.2
G 136 108.4 118,9 76.6

Dota combined from several plots for 1 and Z-yoar treen,

i
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trees of the cv, Amanogawa had a higher percentage galled,
for most of the cultivars 1t was the virus~free trecs which
had the higher perceniage of'galled'stocks. Analysils

showed that these differences were just significant.

e, ootstock/scion interaction in crown gall of chorry

Field observations on over 2000 2-year-old trcos of
.l3 sweet cherry, 1% ornamental cherry and 2 acid cherry
cultivars on Flz/llroqtstocks‘gave nd'clcér or consistent
indicatibn of a rootsﬁock/scion intoracﬁion in crown gall,
No scion cultivars conferrod immunity to the disa#so on’
the F12/1 rootstéck. However, there was some evidonce
that the acid Morello cherry and the swecet cherry linpoleon

(sce section II) may increase rootstock susceptibility. to

A. tumefaciens infection.

3¢« Crown rall in blackberry

- a. Spread in plantations

i. Newlands IFarm, Teynham: A Tour ~acre site was

planted with blackberry cv, Bedford Giant in autumn 1967.
The sitovhad been a hop garden fox the previous 8 years

and eﬁisting wirec-work was used for the dblackberries; rows
were 4,27 m (14 £t) apart and bushes were at 2,13 m (7 ft)

specing within the row.
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The northern end of the site sloped downwards
(1 in 20 gradient) from west to east from row 24 to
row (63 the ground was level to rcﬁ 4 but sloped upuvard
to row 1 (Fig. 7). The rouws were horbicide troated but
there wvas abundaht weed growth in the a;Leyways (nettles,

thistles, dock, fat-hen and grasses).

Cancs that formed during the summer trailed on the
ground until tied-ia during the wintoer (1ate autumn to
early spring) when old canes were cut out leaving a short
stub of c. 5«10 cm. There was no systematic orchard
hygiene and galled canes or pleces of galls'were-qften
left lying within or between rows. A complete tidy-up
and cultivation along'tho rows l.e. at right angles to
tliec slope of the 1énd, was carried out in winter 1972«3

when old canes were cut to ground level.

Gall incidqnce: The grower had not.noticed any galls
in 19068 but found patches of heavily galled crowns in 1969,
Oon the advice of an ADAS inspector the majority of galled
bushes together with c. 1 m° of surrounding soil were
removed and replaced with fresh solil and stockipropagated

by the grownr from his original supply.

Distribution and spread within the plantation: In
1969 there wero 27 infécfod plants in the southerly half
(1.49) and 340 (18.9%) in the northerly half of the
plantation of which 2/5 were in the 6 rows towards the top
(Wwestern side) of the slope., Assuming infection originated
on the planting material either more severcly infected
plants wore put into the higher numbered rows or inflection
was falrly evonly distributed but conditions were more

conducivo to disease development in thesoe upper rows.

A6



A detailed study of spread was made in the northern
halfl of the‘planfation in a sectof of 360 plants, 15 din
~cach of the 2L rows., This sector was cxamincd'anﬁually
in ay/June and the galllrecord checked by a further
exaumination after leaf fall., The numbers of infected
planfs per rov for 1969573 aré illustrated in Fig.e &, AB
distributién oftinfectibn was not réndom,'thc éector wa

divided into &4 blocks of 6 rows. The percentasze of malled

"plants in cach block is given in Table 11,

Until 1971 infcction'ﬁaﬂ;virtﬁally absent from rows
1-6. Infecti§n was initially mﬁst provalent in rows 19-24
but, after removal of iﬁfectea plants in winter 1969-70,
there was a high proportion of young replants'in this
blocic, which accounts for the lower level qf iﬁfection in
the following yecor compared to rows 13-18 whgre oldervplanta
were noro predominént. Infection spread rapidly Dboth down
the slope and along the fows s0 that by 1973, i.c. invﬁ
years, the plantation was almost totally infected. The
COStly»rcmoval of galled pldnts in 1969>reﬁardod spiread in

this areca by only a year or two.

ii. Difroms Gardens, Canterbury: This 1 acre wallcd‘
gdrdon,_previously cropped as a market garden, was planted
in wintor 1969-70 with blackherry cv. Dedford Giant. The
parden was on level ground, soil pill ¢, 7.5, and wacs
divided into 2 halves, A and B, cach of approximately 250
plants in rows 3.7 m (12 £t) apart and planting disiance
within the row of 2.4 m (8 ft). Tﬁc garden was lieplt weed-
frec by herbicidcvtrcatment. New canes wérc tied~in as

soon as practicable andvlnterals on fruiting canes were
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Number of plants 'if‘afecwd'_

Fig. 8

" Row number

Numbers of infected blackberry bushes
(ev. Bedford Giant) per row, at Teynham,
for the years 1969-1973 inclusive. Dotted

area not recorded but assumed to be 100%,
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Table 11 Percentage galled blackberry plants at

Teynham per 6 row block from 1969-19713

Block Rows 1969 1970% 1971% 1972
1 1-6 1.1 - 10.1 37.7
2 7~12 ik.h 38.9 92.8 98.8
3 - 13-18 31.1 62.9 93.5 96.6
It 19-24 L48.8 54.5 84,2 88.8
Totals |
Rows 1-24 23.8 35.2 66.1 80.5

* fdgures for these two years are percentages of
mature plants infected only. Young replacement
plants had about 20% and about 25% infection in

1970 and 1971 respectively.‘

1973
8h.b
98.8

92.2

91.8



pruned back during the summer., After harvesting, old
canes were cut out, normally to ground level but with

15 cm snags in winter 71/72 only in half the garden (A).

Gall incidence: Galls were first noted by tho grower
on- young plants in the summer of 1970. VWhen the garden
was first inspected in September 1971, many plants were
galled, mainly at the e¢rown. At least 2 plants, each
having only 2 canes, were very severely affected and

later died.

The number of infected bushes in Bifrons Gardené A
increésed from ¢. 50% in 1971 to nearly 100% in 1973 and
in Bifrons Gardens B from 70% in 1972 to 94% 4in 1973,
Each half of the garden was divided into % blocks aﬁd the
percentage infecfion in each block over the period:of

study 48 given in Table 12,

The distribution of infected plants in this
plantation was more patchy than at Teynham.v At firat there
were islands of healthy plants in Bifrons Gardens A
(Fig. 9) but these could not be related té differences in
soil pH as this varied 1little within the plantation

(Table 13).

Pistribution aﬁd spread within one season: In Bifrons
Gardens in wintor 1971, canes were cut to leave stubs in
area A but were cut to ground level in area B from where
all pieces of old gall wore removed. Rocords during 1972
showed a progresslive increase in the number of galled

plants in both areas (Tablo 14).

wr
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Table 12 Crown mall infeection in blackborry in the

four blocks of Mfrons Gardona A and 1

nifrones A Percentage incidence of galled plonts

1971 1972 1072
Biochk 1 Gh,5 79.0 . 100
2 50,3 51,6 05,2
3 516 GGk U7 .0
1 L5.0 65,0 GGl 0
fotnls 50.6% GGals 98 . 0%

Percentage incidence of galled plantis

1972 1973

tioek 1 59.2 95.9
3 6.9 98,7

s

03, ¢

fong
ooy
| Ed
-

vt
D

Totnls v 7035 ol 2

Mote: not exactly same numbers in each block, SH0=63 in

Bifrons 4 (later years replants counted as matura )

pe

“and from 4577 in blocks in Bifrons .

e
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Fig. 9 Distribution of infected blackberry bushes

(cv. Bedford Giant) at Bifrons Gardens A,
Canterbury for each year from 1971-773 inclusive.

, bushes galled_in 1971 @9 y bushes galled
in 1972; O , bushes galled in spring 1973;

® , bushes galled late summer 1973; blanks,
healthy bushes. ‘ :
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Table 13 Soil il at Bifrons A Dblackbeyry olontation

in relation to incidence of crown ~ail dn 3972

sito free from crown gall Sites with high incidonce
: of crown gall
site sampled ‘ Sito ganpled
How no. Plant ﬁo. i How no.. Plant no, pll
2 3% 7.35 h 6 7425
2 i3 7.45 6 13 700
10 1h 7.45 10 8 705
13 5 75 iz 16 7. GO

dHean 7.0b Moan 7.4

Samples taken U-i5em and 37-45.an from plant
{(mecan of 3 borings per sample)

o

# Hampled on the scuthern plde of the plant.
ALY otheor samples tnkon on the northorn side.



Table 14 Distribution of malls on Bedford Giant

blackberry plantsn at Bifrons Gardons in 1972

Plantation site of pgall(s)

difrons rCrown
Gardens A

(246 pilantg) | L¥own & stub

Crown & cano

Crown, situb &
{ canc

Stub

Stub & ecane

L Cane

Total no. plants infected

% crown infections

Bifrons Croun
Gonrdoenn 1

- G . %

(236 plants) rown & canoc

Cnno

Total no, plants infocted

“» erown infections

No. of gails recorded

25 May 21 June 1 Aug,.
3 13 3.
1h 18 2
2 5 32
- - 19
1 1 1
1k 15 18
37 67 84
70 110 162
27.1 2.5 36.0
1 1
ha 70
84 oh
127 165
33.8 43,0



The percentage of plants infected at the end of the
scason wags lower in Difrons A than . In Difrons 4 even
at the May reocord, only 1 plant had the infection limitad
to the stub and for all 3 records there were approximately
20°, of the infections in the crown. There was a
progressive decrease in those infectod on old cancs only,
to those in which infection‘spread to the fruiting canes,.
However, throughouf the SOason the number of plants with
infection on fruiting canes oﬁly, was high and rapidly |

increased especially between May and June.

In Bifrons [ about one third of the ihfected planté
hiad crown galls, nearly all of them associated with galls
on the fruiting cancs both basally and nodally. licrc also
the majority of infections, = both in June and later in
thé season, woroe on fruiting caﬁes on plants having no

crown galls,

b. Development of ~alls on blackberriles

Stub galls appeared first, according to the season
betwaenbard and 10th May, when new lateral shoots were
about 20 cm long and ﬁew,canes about 40-50 c¢m long and
growing strongly from the éréwn. The stubs of oid canés.

- especially the thicker ones, weore often still green and
some had lateral shoot growth. Approximately 44% of the
new stub galls recorded at Teynham in 1971 were at the top
of the stubs, 38% omerged some distance below (Fig. 10)

and the remainder at ground level,
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Fig.

10

A B

Stubs of old blackberry canes (cv. Bedford
Giant) with galls A, originating at the top;
B, originating below the cut surface.

Photographed in May.
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New crown galls could be seen ihithefirat two or three
wooks of May but only if tho soil or pleces of old gall
wore vemovad Lo expose thém. Thoy originated through
the surfocesof old canes that had boen cut at ground level,
Latoer in tho season cr&wn salls wore cloarly wisible,

often adjacent to or on top of old galls (Fig. 11).-

Galls on the fruiting canos generally appeared after
stub or cyrown galls, somotimes as late as August. ‘The
majority were at nodéa, either surrounding the base of a
grcﬁing lateral or, mores froquently, around the stump of
& summer pruned lateral, A caﬁe rarely had a single goll
onlys by mid to late surmer it was notvunusuai to see aa _
many as 10 nodal galls on 2t cane, especially at Difrons
Gardens (¥ig. 12A). Basal cone galls werc often scen in
June on canes issuing from the crown at an acute angle
where the ceanes tended to crack an-being tied in to the

wives (Fig. 1258).

c, “ate of dovalopment

Growth of goalls wos initially véry rapid through the
months of May and June, Thoreafter many galle ceased to |
expand and bécnme hard, weody and fissured. This occurrod
porticularly with stub and crown galls where the check to
growth was asgociatod with the decay of the old canos on
which tiiey wore situateds Galls on frulting canes
continuod to oxpand for a longervperiod but their initial
growth roate was not mainfnined. in 1976 a late-senson
.flqsh of gall expansion cccurred betwoen October and
‘ ﬁovembar following an oxceptiouully'hot dry sumner and a

wet Saopteuntber,
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Fig. 11 Bedford Giant blackberry with old

and young basal galls.

Photographed 8th July, 1976.
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Fig.

12

Canes of blackberry (cv. Bedford Giant)

with gallss;A, at successive nodes (July)

and B, at the base (August)-.
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d. Soasonal variations in infection

Only 15 blackborry bushes (5.5%) of the 270 recorded
at Teynham from 1969-~73 inclusive romained frec fron
infection with crown gall. Onco infected the majoriﬁy_y
of bushes do#eloped new galls in ench aucceading-year;
only 13 bushes behqved inconaietently in this respect.
These included 7 bushes that showed no #isible signa Qf
infectlon ih one year and 3 bushea that were infected in
one year only (1972)., In Bifrons Gardens all oxcept one
of the bushoes infected in 1971 were infeecited in the
following year and only 4 infected in 1972 appeared free

from infection in 1973.

4., Incidence of disease in,ioganberny

Crown gall infection was reported from Offham, in
August 1972 on a level site with a soil pH 7.2. Loganberry
bushes (170) of clone LY59, supplied by a local nurseryman
and planted in 1967/8, wvere free from infection but i
bushes {8.5}) of a Thornlecss clone planted in spring 1969
were galled. Some infection had been noted in 1970 when

the first old canes were cut out,

' DISCUSSION

These field observations on the distribution and
sproead of crown gall clearly show that if the disease is
1@ft unchecked 1its incidence‘will inecrease progrossively
from ynar to year. This is contrafy to the vicw oxpressed
by Lelliott (1971) that there was no ovidohce of a

geasonal increaso in crown gall in cherry layer beds.
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The clustering of galls on the layer bed in a
negative binomial distribution <sqggasta that the
concentration of the pathogen, and hence tho probability
of new infection, is greatest in the vicinity of oxisting
galls. The ndn-random diétribution of galls also reflects
the fact that the layer bed 1a not a homogencous plant
systom and that different parts of the system e.g. bends
of new 1ayeré and the shoot scars of two-year 1ayaré, are
inherently mors prone to infection than otharé. There is
nckavidance that the prescnce‘of crown gall on the layers
gignificantly reduces rootstock production but apparently
healthy stocks cut from an infected bed can uarry'infeotion.
since the increase in the percentage of atocks which
developed disease 6ne or two years after planting-out was
proportional to the 1ncrqased incidence of disease on the
layers, On atodka 1if§ed after one year of grdwth galls
ware moreg often‘within the crown than directly on the base,
Qhereae the proportion of basal galls was higher on stocks
lifted after 2 yoars of growth. Assuming ﬁhat.many of the
stocks become 1nfected when cut {rom the layer bed, then
either the latont period is more than a year or galls from
infections originating when the stocks are cut dé not
always develop at the site of infection.but a fow contimetres
distant, as 1s apparently the case of galls on blackberry
atubs, Aaiage of the rootstocks iﬁcrensed there was a
corresponding increase inbthe poercentage with multiple galls,
agaiﬁ suggesting spread 6f inoculum from the primary gall

to other susceptible sites nearby.
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There was an iﬁdication that virus-free ornamentél
trees were slightly more prone to infection with crown gall
than virus—infeéfed ones. The appearance of serious crown
gall infection on the East Malling iayer beds, after nearly
30 years of sporadic and minor infection, followed ﬁhe
establishment of the first layer bed using EMLA virus-frea
F12/1 rootstocks. This may be coincidental, bufvfurther
investigation into the effect of virus-free status on the
predisposition of rootstocks to crown gall might be '

interesting.

Thore seems little doubt that the infection in the
two blackberry plantations under close study, and two
othefs in addition to the loganberry plantation, were
introduced on the plant material which originated'f#om a
common ,specialist nursery source. None of the plaﬁting
sites had a previous history of crown gall. At Teyﬁham
the disease was apparently introduced in plants at the topl
of fhe slope and spfead from these to the rest of the
pléntation. . On the level Bifrohs Gardens site, the -
islands of non-infected plants soon became infected and
in both sites investigated the SPread of infectionvwas
rapid and virtually complete in 4 years. Within each bush
there was a high correlation between infection in énc year
and the next and often infection in one site in one vear
was followed by more wideépread infection on other parts

of the bush in the followling year.

The size of galls on layeré, rootstocks and blackberry

crowns increased with age and on blackberry in particular
galls could develop very rapidly and be very large by

mid summer.
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The peronnialvnaturo of cherry layer beds and
blackberry plantations and the cultural practices
adopted with these hosts creates an ideal situation for

the spread of crown gall.
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LECTION XX

LEPECT 0P CROWH GALL DISEASL ON GROWTH AND _CRODIING

1, Effect on laver bed productivity

A nowly established layver bed normally yioclds

increasing numbers of rooted shoots durdng the Tirst feow

years of production. lowever, productivity of the FLZ/L
chorry fomtﬁtock layesy bed ot Uast Molling declined over
the period 1969=71 (Table 15}« 7Tho unain decrenso Lron
1909=71 was in the number of top quality roofstocks;
there was alao a.rise in,the number of noneroolaed schoots
which had to be growne-on for a furthervycar. hetailed
records made an & of the 12 rows of layer bed shewed that
the dincidence of crown gall was net correlated with the

yield of larger shootg,

Ty

he dmproved yield din 1972 followed the application
of henomyl drenches in lay 1972 to control infection by

Thiclaviopsis basicola, the cause of replant discase in

stone fruits (Sewell, loward & ¥ilson, 1975). 1t is

prebable that any effect of A. turielaciens was obscured by

the aetion of Te.e basicolao. There wns theroeforec no

—-—- vt

conciuvwsive evidence on the effect of crown mall on layer
bed productivity.

2y Bffeoct of crown gall on prowih of chorry traos

Althougl: there was no direct eovidence of an offcct
of crown gnall infection on the productlivity of a cherzy

rootstoch Llayer bhod, the subsonquent incidonce of the
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Tablc 15 troduction of P1L2/) chorry rootstocks ©row

a lover bed from 1209~-72

Grade ol Year of harvest fyom layer boed
harvestod

stoeln 19069 1070 1671 1072
Good I, 050 3,550 2,837 53,7592
Meddu , 2,870 2,000 2,379 1,046
'oor 24300 2,875 2,380 3,400
Horerooteid shoots 150 200 339 393

Toinl shoots 9,370 8,625 7,935 10,628
5. off 1969 total 100 92,006 84,7 1135

G5
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discase on young rootstocks obtained from the infectcecd

bed (Table 5) was sufficiently high to be cconomicaolly
sipnificant. Galled stocks are generally unumarketable,

and in sowmc couﬁtries their sale is prohibited, Rxﬁerienccd
nurseryrnen assert that 1% is impossible to predict from a
rov of cherry trees those that will have galls whén‘

lifted and there is no conclusive cvidence that subscquent
perfojmance ol rootstocks is significantly impaired Ly the
dizcasce. Incidental obsorvations were therefore made on

various stone fruit trees in which theore was A. tumcfaciens

infection and on which measurements of girth, plant heilght

or shoot growth hiad been recorded,

.
.

'Gne~year—nid rootétocka

Observation of '12/1 cherry rootstocks lifted »fter
one vear of growth in 1972 sugpested that stocks with galls
wcrc'slightly_larger than the healthy stocks. In the
followin@_yeaé some 1#12/1 rootstocks were measured when
»lifted for gall assgssmcnt. The mean height of 322 healthy
trees (98.2 cm) was significantly less (p<:0.01)'ihnn that

of 11& palled frg&s (104.2 cm).

be Gvo-vecar-old Tootstocks

i. Orhamental cherries on Fl2/1 rootstoeks lore than

260 SﬂLA i*12/1 cherry rootstocks workod with virus-ICree
ornauentnl cherry cultivars were lifted in springs 1974 for
plantihg in a ficld trial on virus diseases. There had
been no evidence to suggest that the plants were infected
but palls were Tound on U8%W of them. The small diflerences
in height between discased aﬁd hcalthy'ﬁraes (Table 106A)

vere not significant (p) 0.05).
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Tablelé Effact of crown pmall on growth of P12/1

rovtatochks worlked with ornameuntal chorry

cultivary

Cultivar leal thy Galled
Ao Liftad 1974 Na. meait hi Noe meontht
: tracs {em} trnos {em)

AInRoasnua 7 167 4] 186

Lanman a7 R 22 1857
shirofusen 2h 180 25 Y77
ShArotao o0 160 2% 169

ﬁ
¥}
=

-}
byl

~3

\3
-

-2
ot

Yaniihno 19 165 20 150
Be Lifbad 19706 0. noan shoot - MHa, sean shoot
troes  length {am) tracs length {em)

P12/ noneuorkad 20 3a45 10 169

Auntumn charey 4] 38

N
o

Y
[ 9e

shirotne 10 5G ;5 oy
sehmittid 1o haz 4 Lapg
I, nwium 9 50k 9 hog

Umeniko 0 75k 3 507
wi'()s}iiﬂﬂ 7 :'i;g A 8 !;")3
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In spring 1976 136 F12/1 EMLA cherry rootstacks,
L8 non~worked and 88 worked with ornamental chorry
cultivars, were lifted and about %40¢% were found to have
galls, Although the mean total shoot lengthifor all
cultivars was less on the galled thamn on the healthy
trece (Table 16B) the differences were not significant

(p<0.05).

There were insufficient numberg of galled treoes of
cach cultivar for statistical assessment of the effect of
gall position on itree aize. However, of the 19 galled
non-worked F12/1 treces, those with crown and basal galls
were smallér than healthy trees, whereas those with root
galls were larger than the healthy onesg. There was a
negétive correlation (p<<0.05) between total shoot growth
and log gall *volume' (i.e. the product of width x height x
depth). There was a similar correlation for the trees of

Prunus avium, (p<0.l1l), but none for the 9 diseased trees

of ¢v., Umeniko or the 8 c¢v. Yoshino.

i1. Sweet cherries on F12/1 rootstocks Cherry

rootstocks (F12/1 EMLA) worked with the sweet cherry
cultivars Napoleon and Roundel were lifted in spring 1976
and ﬁany of them bore galls. The‘heighta of all diseased
trees and of 10 healthy trees of each cultivar were
measured (Table 17). Galled trees of Napﬁleon were
significantly shorter (p<(0.0l) than healthy trees; the

effect on Roundel was not significant,

The trees were destined foir a future field experiment

on bacterial canker and all healthy trees were planted out,



together with some galled trees of Napoleon., Additional

galled trees of each culiivar were planted on an adjacent
plot for growth studies to be mado over the next 5 yecars.
Girth measurcments were taken immediately after planting

on 88 trees of each culti&ar. of which 40 Napoleon and

28 Roundel wero galled, In both cultivars the mean girth
of galled trees was less (p<<0.05) than that of healthy

trees (Table 17).

The relationship between gall position (Fig. 13) and
growthguf Napoleon and Roundei trees is shown in Table 18.1
Infected Napoleon trees weore significantly shorter than
healthy trees, lirrespective of the gall positions. The
largest offects were associated with galls on the base,
crown or root (p<<0.001); Roundel trees with galls did not
geneorally différ sigﬁificantly ffom healthy trees but those
with root galls were aignificahtly'ﬁmaller,(p<<0.01). For
all gall positions the girths of diseased Napoleon trees _.
were smaller than those of healthy ounes (Table 19 ),
especially where galls were at the stom base (p<0.01).
Positional effects of grlls on girths of Roundel were all

non=-significant,.

¢. 0= and 8=vear-old trecs

i. Sweet cherry, Schrecken, on I'12/1 rootstoek A plot

of 6Gwyear-old trees of the cultivar Schrocken on F12/1
rootstocks, was grubbed in winter 1973-lL and the uprooted
stumps‘of the treoes were examined for galls., It was
assumed that the treoes were infected at, or shortly after,
tho time of planting., Girth measurements had been taken

annually. The final meen girth of the non-galled trees,
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e = b |-~ _ _ ground level
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root crown

‘crown

side base
base |

root base

Fig. 13 Gall positions on cherry rootstock.
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Toblel?7 The offect of crown gall on the height and

girth of 2-veoor-0ld Nepocleon ond iloundel

treecs on 112/1 vootstocks

Tno. mean no. moan
trees height Ltreces sizth

{(cm) (romm )

Hnpoloon IHealthy 10 161.3 La 2.2
Gnllod 72 143 ,3%> - Lo L7 6%

floundol foalthy 10 153.5 GO 51.8
Galled Lo 3.2 28 L, 6%

¥, %%, gignificantly smaller than healthy trees at

p< 0,05, p<0.,0l respectively.
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Table 18

stoatus

itealthy

Galled

Lifect of rall position on height of

Z2evear«old Napoleon nnd Roundel chorzy trces

WO e
troes

10

£inll poasition:

Nasoe

Crovn

Lowvar crown

Sicde baseo |

2neot base

Koot crown

N wm

Ut

L

iant base erown 3

%
19

i

v

Napolcon

LIt
hedght
(cm)

161.3

1hy, gen

143, Q%

131 hwes
147.9%
ikl o TEE

135, 0

137.2%%
1h2, 5%

ik2, 0%

doundal

IO
trooes

10
Lo

Heoan
height
{(cm)

1535

1hn,2

"y signililcantly smaller than healthy trces

at p< 0.05,<0,061,K0,00) respoctively,
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Table 19  Lifcect of mnll position on rirth of

2evonr-old cherpry trees of lapoleon

and houndel

Iapoloon Roundel
no. mean : no. nean
trees girth troos cirth
{mm ) . {rim)
Healthy Lg 5262 60 51,8
Galled 4o 28
basal 13- 45,2 w% 12 4, 6

base and

cToOwWn s
base, c¢rown 12 5G.2 ¢ ] 7.6
angd root

crown 7 45,9 % i 5045

oase onud
rooty
crown and
ooty root

hg . h

o
'z
-—

hé,0
Ty ity differences between discased and hoalthy
treos differed at n<0,05, p< 0.01

respectively.

te only for trees planted in experimonital plot
{sco toxt).
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35,8 em, was 3lipghtly greater than that for galled treos

33.9 Chla

Howevar, raegression of girth increments during 2~year
periods agalinst final 'volumos' of basal galls showed a
aignificant reduction in growth rate for the period 1969-71
(Table 20); the rate subseguently increased and infected
trees wefe only slightly sﬁaller than healthy ones when
they wearg grubbgd. llowever, trees with crown galls showed
a significant reduction in growth réte for the second
Zeyear period i.e. 1969-71, and the growth incromont of
these trees during 1967-73 was mignificantly smalléf than
that of healthy trees. It therefore appears that the
effect of érown»galla on growth may beo greater thah that

of basal galls,

No correlation was found between the finel girth and
“the total 'volume' of all galls on the stem and roots.

ii. Sweet gherry cultivars on I’l2/1 rootstock with

difforent interstocks Data wero availablé from a

trial in which different interstocks on F12/1 rootstocks
were worked with either the cultivar Merton Glory (10 trees/
 interstock) or ev, Van (9 trees/interstock) . some of

which, Gheu grubbed at 8 years old in spring, 1976, were

found %o bo infected with A. tumefacicns. Differences in
fotal shoot welpht between galléd and héalthy trees of
each cultivar/interstock combination were not significant
(Table 21) except for one very small troe of Van on

Montmorency intorstock (p<<0.0l1}.
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Table 20 Resroesslon coofficicnis for pirth incroments

of 3chreckon against volume of psnlls ot the

base and erown £or periods beiween 19G7 and

1973

Basal galls Crown gnlls
196769 - 2,07% - 1,09
196971 + Ohil . - 2,31
1971-73 + 1,17 - 1,01
1967=73 - 1.78 - 2.279%

*, results significant at p< 0.05.
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Table 21

Interstocl:

ria2/1
Hontmorency

P avium x P,
psoulocerasus

Mean wedsht (ke) of S~veonr-old trces of

Merton Glorv and Van, with and without

crown gall, on six interstocks on "12/)

rootastochs

Po nvium x 1.
ineclion

27.27

4,158

T humber of trees recorded in parenthesis.

.3:. .K

Mexton Glory

Healthy
h2.6 (7)7
46,1 (9)
(8)
hi,8 (9)
(9)
(&)

L7e1

3849

76

Galled

L, 8 (3)
58.3 (1)
k3.9 (2)
28,7 {1)

51.1 (1)

hi.3 (2)

licalthy

P2

32.2

L
Wt

(&)
(6)

(3)

significantly smaller than healthy troes p<< 0,01,

k¥
Von

Galloed
29.9 (1)
16,8 (1)®w



Analysis of the tree welght data failed to show
any correlation with gall size for the 6 troes of Van

on Prunus pscudocerasus or ly treces on geonetic dwaxrf 2727.

Altheugh there were too few galled trecs of other cultivar/
interstock combinations for analysis, there did not appear

to be a relation between tree growth and gall size,

3. Lffect of palls on growth and cropping of blackberry

As a measure of plant vigouwr and ¢ropping potential
-the’numberavof new canes tied-in each year on each bush

were counted at ground level and at the third training wire.

During 4 years of records at Teynham no cleax
differences in cane production between healthy and infected
bushes were found. In 197# the mean cane number on healthy
bushes, 7.6, was very slightly lower than that for infected
bushes, 7.9. At Bifrons Gardens A In 1974 the mean cane
number for healthy bushes, 4.2, wac clightly higher than
for infected, 4.0. There was no correlation between the
number of years a bush had been infected, nor of the
severity of infection in one year on plant vigour in the
following year. Similarly, in Bifrons Gardens I3 thero was

no evident correlation between infection and plant vigour.

Growers at both the farms under observation maintained

high yields in spite of infection increasing to 100%.

)
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Precise data on cropping of individual plants could not
be obtalned because the sites were remofe from East Malling
and because the picking season extenda(from early July
to September involving over 20 separate pilckings, An
attempt to obtain crop date from a plot at East Malling
was precluded because the bushes Eecame heavily infected

vith Bedford Giant mosaic which reduced the crop..

DISCUSSION

Reports of the effects of crown gall on tree growth
have been largely based on observation, without ’
experimental data., Hutton (1949) surmised that galled
trees were more Liable to succumb under stress conditions
than healthy trees. In a J=year survey Kainak1.(196h)
attributed death of peach trees up to 20 ycars old ta
root galls, and not to winter injury as had first been
reported. In an orchard of lO-year-old lontmorency sour
cherry trees, all.infocted with crown gall, the douath of
5 trees‘appeared to be due to their multiple galls. Death

of apple trees was rarely attributable to crown gall,

Growth and cropping of plums and pears infected with
crown gall was reported to be comparable with that 6f
healthy trees (Popova, l973é) but multiple galls on wild
pear tootstocka caused sevoie damage and subsequent death

(ropova, 1973b).

There have been some attempts to determine the effects
of galls on growth experimentally. Harris & Pearce (1938)
inoculated pottod apple rootstocks and measurements taken
after tuvo years showed that galled trees grew slightly more

than the controls. 1Im the U.S.A. Riker (1939) inoculated
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Yeollow Transparent apple trees and after 6 years could
detect no significant difference in height or girth
betwaen galled and non-infected treos, More recently
Dahl & Johansen (1970) claimed from G~year experimehts
that crown gall did not depress the growth of apple treesg
since they compared galled trees with those from which
galla had been removed or dipped in chemical, and‘had no

controls, theii results should be treated with caution.

The data reported here, based on observations of over
1200 naturally infected F12/1 cherry rootstocks of
different ages and grafted on different scion cuitivars,
have not revealed any consistent‘or major effects Qf.crown
gall on tree growth. On one-year-old rootstocks cbéﬁn gall
tanded.to be aséociatgd with larger plants but on older
stocks and grafted trees the reverse was moxre genafally
true and bears out the assertion of nuraerymena'thét it is
impossible to pick out galled trees until they are lifted
and the subterranean parts exposed. It is not élear
whether any of the growth differences observed were the

conasequence or cause of crown gall infection,

On grafted trees there were indications of an interaction
between stock and scion. Thus, stocks worked with'Napoleon
had significantly more galls than those worked with Roundel,
ﬁnd on Napoleon infection was associated with significantly
less growth compared with healthy trees, whercas Roundel
appearod much less affected by gall infection, Ther#lwere
also indications that growth differences were more closely

aasociated with the position of galls than with their size.
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None of the effects observed on tree growth,’however,-can

be considered of major importance and the main economic
importance of the disease appears to be more of a cosmetic
nétnre. Similarly there is no clear evidence that crown
gall affects the growth of the blackberry cv. Bedfofd Giant,
although infection has reportedly decreased productivity |
of the Thornless loganberrj clone (pers. comm,); an effect
on growth and cropping of other less vigorous blackberry or

loganberry cultivars cannot therefore be excluded.

It should, however, be emphasised that the abofs
‘conclusions are based ehfireiy on evidence of association
and that there is no direct proof that crown gall affects
growth, This can only be obiained by 1nbcu1ation experiments
Qith a high dagrea'qf rnplication.'using several rootatoqk/
scion combinations or eultiéars and taking account of
different infection aites on the hosts. Howevex, some
useful data should in the meantime be obtained from the
planting of Napolaon and Roundelitraes whose size and gall

status at planting~-out from the nursery are well documented.
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SECTION TIIX

BACTERIOLOGY

This study was motivated by epidemiological
considerations with the aim of determining the biotypes
of the orgaﬁisms causing crown gall on cherry and
blackberry and to see whether any host related characfers
could be distinguished. Therefore, only isolates which
were pathogenic to test plants weré included and compared
with strains from other culture collections of the

pathogen.

l. Media and Methods

a. Isolation and storage of cultures

i. Method As far as possible young galls were
selected. They were quickly washed in running tap water
then surface sterilised by immersion in 2% chloramine T or
0.5% sodium hypochlorite for 10 min and then washed
thoroughly in sterile distilled water. Alternatively galls
were dipped in>96% alcohol, the surplus liquid was shaken
off and the gall flamed momentarily., VWhole galls, if
5 mm diameter or less, or tissues shaved frbm the gall
surface, were ground in a mortar or in a Colworth Stomacher _
80 in a suitable quantity of sterile distilled water.

After a minimum of 2 hr, ten-fold dilutions were made and
plated on selective media and/or nutrient agar. After up
to 8 days incubation, colonies were selected for growth in

pure culture and for testing for pathogenicity on‘greenhouse

plants.

o
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ii. Media a) non-selective NA, nutrient agar
(0.8% Difco nutrient broth with 1.5% agar) was used.
b) selective. The sclective media
described by Patel (1926) Clark (1969), New & Kerr (1971)
/were used and the medium of Schroth, Hildebrand &iThompson
(1965))1955 some of dits antibiotic conétituents.
After isolation, cultures were rdutiﬁely stored on

‘slopes of NA, or NA plus 2% glycerol, at 4°%c.

b. Morphological, physiological and biochemical tests

Unless otherwiso stated, medin were adjusted to

c. pl 7.0 and cultures were incubated at,25°C.

Plagella staining was by Gﬁrrett, Panagopoulos & Crosse's_
(1966)‘mcdification'of Gray's'(1926) method,

Cblony form, Gramvreactidn, mode of utilisétion of glucose,
sodium chloride tolerance, nitrétc roduction, and oxidase
activity from growth'on NA ﬁere all examined according to
the methods described by Garrett et al. (1966), |

- J-ketolactose production was‘determined by the method of
Bernaefts & De Ley (1963).

Utilisation of compounds as sole carbon sources waé

examined on the basal medium of Ayers, Rupp & Johnson (1919)
-with the test compounds inéorporated at a final concentration
of 0.1% (sodium formate, sodium malonate, sodium tartrate,
leucine and raffinose) or at 0.5% (erythritol, inositol,
mannitél, and sorbitol). |

Citrate utilisation was tested by Simmons' (Cowan & Steel,
1965) méthod.

0O
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¢. Pathogenicity tests for routine diagnosis and cross ~

infection
Inoculum was prepared from 1«3 day-old bacterial
growth on NGA slopes suspended in sterile distilled water

to give a moderately turbid suspension of c. 108 cells/ml.

Greenhouse plants were inoculated by pricking the stem
with a sterile needle or fine’acalpel immediately before
application of the bacterial suspension or through a drop
of suspension already placed there., Rooted blackberry
cuttings c¢v. Dedford Giant were inoculated near the base of
the stem in May; tomato plants cv. Moneymaker were'
inoculated, when ¢. 20 cm high, half way up the stem;
sunflower seedlings were inoculated c. 11 days after sowing

2 cm above the cotylcdons.k'

"Fleld blackberries were prick inoculated in June or
July near the tip of succulent young canes. Stems of potted
F12/1 cherry rootstocks were surface sterilised with 70%

alcohol and then prick inoculated as above.

Plants to Which sterile distilled water was similarly
applied served as controls in all experiments. All
greenhoﬁse plants were retained for one month and fiecld
and potted plénts were observed for 3 months to allow

symptom development.

de In vivo growth of isolates

Young succulent canes of blackberry (cv. Bedford Giant)
were inoculated ¢. 15 cm behind the tip with representative
isolates of cherry, blackberry or loganberry strains of

A. tumefaciens. Sterile distilled water applied to other

canes served as controls. At intervals up to 128 days, the

canes were sampled to estimate bacterial populations.
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On each occasion from 3=5 replicate canes were
sampled; the bark and prickles were removed from 2 cm
portions of cane, with the inoculated area central, cut in
half longitudinally and the inoculated halves ground in
10 or 20 ml of sterile distilled water. After 2 hr

dilutions were made and plated on HA.

When galls were present at sampling, these were
carefully ramo#ed.-ground and treated separately f:om the

cane tissue for estimation of bacterial populations.

e. Bacteriophage relationships
i. Media The media of Crosse & Garrett (1963) were

used, : _
ii. Isolation methods a) from soil., The method of

Crosae & Garrett (1963) was adopted and later modified in
various ways such aé using rhizosphere soil; adding the
enrichment culture in phosphate buffer pH 7.0 or 6.3;
incubating at 182 or 25° for periods of 1, ﬁ or 6 days and
removihg the bacteria from filtrates by centrifugation at
8,000 g for 20 min or passage through 0'22.f millipore
filters. b)_frdm sewage. To 10 ml nutrient broth was
added 0.1 ml sewage sample, untreated or after millipore

filtratidn. and 0.1 ml of a 24 hr culture of A. tumefaciens.

After»gh hr incubation the cultures were centrifuged at
8,000 g for 4 min and then either 0.1 ml of the resultant
‘supernatant was spread on indicator plates or 0.5 ml of the
supernétnnt was added to 18 hr phage broth cultures of
‘indicators, incubated then centrifuged and the supernatant

tested for phage on indicator plates.

o
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c) from galls. Young galls were comminuted in a little

phage broth and broth cultures of A. tumefaciens were

added. After 48 hr incubation the preparations were
centrifuged at 8,000 g for 4 min and the supernatdnts wvere
tested for phage. |
'd) from lysogenic strains. Detection of lysogeny was by
the method of Garrett & Crosée (1963).

Phage purification, preparation of high titre stocks,
determination of routine test dilution (RTD) and @ethod of

storage were all according to methods previously described

(Crosse & Garrett, 1963; Garrett & Crosse, 1963).

f. Antagonistic action against A. tumefaciens by bacteria -

from soil
Test isolates were streaked diametrically across the

dried surface of NA or NA plus 0.2% glycerol plates., After

3-4 days incubation growth was scraped off and residual
bacteria killed by inverting the plates for 30 min over
chloroform-impregnated filter papers. The lids were left
partly open for a further 30 min to allow traces of vapour
to escape. Growth from 24 hr NGA slopes of inﬁ;catbr‘
strains was then streaked at right angles to the ?roducer
strain and the plates were examined for inhibition after

24 and 48 nr.

Bacteriocin production was also examined by Stonier's

(1960) method.

2., Results
a., Isolation
The pathogenic isolates obtained are listed in

Table 22, together with isolates from other sources.

Preparations from galis frad. F12/1 cherry rootstock layer



Table 22 List of pathogenic isolates of A. tumefaciens from cherryv,

loganbcrfy and blackberry and of isclates from other sources

fioast Source Date of S Isolates
isolation - Prefix numbers
" layer beds Wov. 1971 At 6266
n " . Mar. 1972 At 150, 154, 159
Cherry ‘ : 160, 188, 191
maiden trecs . Mar. 1976 At 210.-213
Loganberry Offham Aug. 1972 AL ' 2«7, 10-11, 15
" May 1973 AL 20-22
. Blackberry Teynham June 1975 T 98-9, 110-212)
&3 _ _ 116, 123, 125-8, 132
Bifrons Gardens May 1976 T 200=-2, 205«6, 2ii,
213, 217 ‘
National Collection of
Plant Pathogenic Bacteria . N 4, 396, 397, 925%, 1001,
' lﬁhlf, 16h9, 16501, 1651,
1674
International Collection of I 119, TT1, Tr2
Phytopathogenic Bacteriay - B6, 0362
A. Kerr, S. Australia ' 4 , 14, 17, 20, 24, 27, 29,
: 30, 34, 35, 8%
C.G. Panagopoulos, Grecce | Ag . 1, 22, 23, k3, 53

T strains obtained via J. De Ley, Belgium.



beds in November 1971 wero plated on BA and or: Clark's
medium and ylelded fairly pure cultures on the latter.

Some of tho selected colonies were pathogenic to

greenhouse test plants and Clark's medium was thercafter
used in isolations from cherry galls. Between May 19271

and November 1972 frﬁm over 150 selectod colonies, 12 were
found to be pathoganic. A further 3 isolates wore obtained

in March 1976.

Samples of crown galls on lozanberry bushes at Offham,
Kent (see p. 60) taken in August 1972 and May 1973 yielded
colonies on New & Kerr's medium 11 of whieh, from 24
salected, woere péthoaenic to test ﬁlants. NA and Patel'a.
media yielded a variety of organisms from which selection

of the pathogen was difficult,

Hone of 120 blackberxry 5all'samplea colleoctod betwaaﬁ
May 1971 aﬁd May 197k inclusive and plated on a varlety of
non=selective and selective media yielded isolantes pathogenic
to sﬁnflower or potted blackberry secdling test plants
although nearly 300 colonies wore sclected and tested.
From 1975 onwarde, only NA was used as tho isolation modium
and resulted in tho selection of ¢. 100 colonias, 20 of

which were pathogenic teo greenhouse tomato test plants.

No non~pathogenie isolates were retained for characterisation.

,b. Morphological, physiological and blochemical tests

The cherry and the loganberry isolates were uniform in
colony morphology and in reaction to the limited numbor of

tests employed but the blackberry isolates varied (Table 23).
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Differential characteristics of 40 isolates of Agrobacterium

Table 23
tumefaciens from cherry, loganberry and blackberry
Utilisation of
~
Colony NaCl ° 8 6 o - 9
Isolates on tolerance 4 o 9] 2 o o o o
‘ & K - aQ 2 + = ]
NSA ( I’) e} e o] 4 Ly i o ot
o v =} + o @ 0 G
T F 8 8 5§ g % 9
=] o G # g ol 5 g
Biotype 1Y 4 - - + t +
Biotype 2 1 A + o+ -
12 At*isolates Levan 1 {(one 4) "+ + + ¥ + + + -
10 AL*¥isolates Levan (2 raised) 1 + 4 + + + + +/= = {AL20+)
18 T™isoclates: '
T110, T1i28 Levan 1 + o+ + + + + 4 +
T123 Levan L + - + o+ + + + -
T215 Levan 1 + - - - + o+ - +
T125 Raised 4 - - - - + + - +
T112, T126 Raised 1 + - - - + - - +
T127 ‘ Raised 1 - + - - + - - -
Th2 Ralsed b - - - + + + + +
T200, T201,
T202, T205 Raised b -  m - - + + - -
T206, T211, T213 Raised L - = e = 4fe o+ - -
T132 Raisad b - - - - + + -
TL16 Raised 4 - - - - - - - -

thifferential characters of biotypes 1 and 2 as reported by Keane, Kerr é& New (1970)

and Panagopoulos & Psallidas (1973).
AL isolates,

* At isolates,

cherry;

T200-206 were from crowns, remainder from canes.

‘loganberry; T isolates, Blackberry of which



Strains of blotypes 1 and 2 were used as standard controls
in all tests and gave the expected results (Koane, Kerr &

New, 19703 Panagopoulos & Psallidas, 1973).

i; Common characters..>A11 isolates were Gram?negative
and motile by peritrichous flagella; all metaboliséd
glucose oxidatively, possessed oxidase activity.and utilised
citrate and sorbitol as sole sources of carbon. None gave
a positive result in the 3;ketolactose tast or,rédﬁced

nitrates,

ii. Characters of cherry ahd loganberry isolates, These

had a low tolerance of sodium chloride (1-275) and utilised
malonate, erythrital,.formate, tértrate, mannitol, inositol
and leucine but not raffinose as sole sources of carbon.
With two exceptions (ALl1ll and AL20) they formed convex
‘levan=type colonies on NSA. As far as was possible to make
direct compariaon, they therefore conformed to the

description of biotype 2 of the pathogen.

iii. Characters of blackberry isolates. PFour of the

eighteen isolates produced convex colonies on NSA (Tl10,
T123, T128, and T125). Two resembled biotype 2 in ﬁoat
tests but did not use raffinose as a sole carbon source
CTilQ, T128). T123 agreed with biotype 2 except for sodium
chloride tolerance and its failure to grow on erythritol,

' whiié T215 agreed with biotype 1 except for sodium chloride
tolerance and its ability to grow on malonate, Only one
isolate, T125, was typical of biotype 1 (although in common
wit& all the isolates described it gave a negative reaction
on'3~ket01actose), Ten isolates could be broadly grouped
as biofypq 1 although théy differed in reaction on raffinose

(142), mannitol (T116, T123) and leucine (T42, T132).
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Intermediate rocactions were shown by T112, T126 and T127;
these‘had a low sodium chloride tolerance, failed to
utilise inositol and utilised malonate (T126), or

erythritol (T127) but not raffinose (T127).

Thé heterogencous group of blackberry isolates thus
comprised one biotype 1 and many intermediates, threé of
which seemed closer to biotype 2 and ten of which were
very similar to biotype 1. The type was not related to

source of the iso;ates.

c. Pathogenicity and cross infection

- In routine pathogenicity tests isolates produced
visible galls on rooted blackberrf cuttings in'16-28 daje,
on tomato in from 10-20 days and on sunflbwér in 7«10 days
(Fig. 14). In-génerni galls were induced more répidly by
- cherry and loganberry isolates than b& those from blackberry.
In the fileld galls appeared on blackberry canes and cherry
stems, in from 3 weelkssto 3 months, according to fhe
. isolate and time of inoculation (Fig. 14). In cross infection
experiments all cherry and loganberry isolates induceﬁ galls
in all the four test hosts except At64 and At66 from cherry,
which were negative in blackberry and AL7 from 1oganbefry

which was negative in sunflower and in cherxry (Table 24).

The pathogenicity of the blackberry isolates was more
variable. They all induced galls on tomato and blackberry
and two (T112, T125) also did so on sunflower and cherry.
In this»fespect they behaved like the biotype 2 iéolates
although they were intermediate and biotype 1 respectivelyf
Six isolates, including two which appeared blochemically
closer to blotype 2 (T123, T128), failed to induce galls on

either sunflower or cherry and a further 4 gave a positive



Fig. 14 Galls on test plants. A, on a blackberry

seedling; B, on a blackberry cane; C, on a

tomato stem and D, on a sunflower stem.



Table 24 Cross infection of English isolates from

three hosts on four tesi plant hosts

Plant
source

- Cherry

Loganberry

Blackberry

+, gall produced; =, no gall

Isolates

i3
isolates

At6h, At66

9 isolates
AL7

T™h2, T116,
T1i23, Ti27-8
T332

T1l12, Ti25

- T126

Tiic, 7211,
213

T205-6

T21h4, T215

€L

o3

Test hosts

Sun- Cherry
flowver

+ +

+ 4

+ : &

+ *

L -

- +

+ N.T.
N.T. NeT.

produced; N.T., not

Black-
“berry

4

tested.



result on only one or other but not both of these hosts,
£ix  isolates were not tested for reaction on cherry

and/or sunflower (Table 24).

Thus differences in pathogenicity to even a limited
range of test hosts was not correlated with source or

biotype of the isolates.

'd. Growth of A, tumefaciens isolates in blackberry

The isolation plates from canes usually yielded pure

cultures of A, tumefaciens but at 72 daysﬁ;many.saprophytic :
bacteria were encountered in canes inoculated with
blackberry isolates. No bacteria, and few fungi, were
found initially in control canes but saprophytic bacteria

were isolated from some later samples.

The population trends of the pathogen in vivo are
shown in Figs 15A and 15B. Populations of the loganberry
isolates increased rapidly in the first 18 days and
thereafter maintained a fairly steady level. Both cherry
and blackberry isolates increased immediately after
inoculétion but from 8-kl days they declined; especially
the blackberry isolate. Hdwever, at the final sample the
populations of cherry and blackberry isolates were similar

though both were lower than the initial level.

Galls first appeared on canes 36 days after inoculation
with loganberry 1isolates. Attempts to feisolate the
pathogen at this stage were unsuccessful but it was
recovered from samples taken aftér 72 and 128 days
(Table 25). One cane each of the 3 which were sampled

18 days after cherry and blackberry isolate inoculations
had galls. When recorded 4 days later, 18th June 1976,

80% of the canes inoculated with blackberry isolates were



E
&
-
(2]
S~
-
1]
O
Na
v
0
o
o
9o
50
£
[\Y
-
[¥2]
S
-
[
O
L0
]
@)
c
o
ke,
3-0
Fig. 15

H 1 | L ]

O 20 40 60 80 120 140

Days after inoculation

A

O 10 20 30 40 50 60 70 80 90O
Days after inocu'ation

Numbers of Agrobacterium tumefaciens in
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‘Table 25 Populations of A. tumefaciens recovered from

blackberry galls following cane inoculation

with English isolates from 3 hosts

Lays after » _ Dacterial population/gall from
incculation canes inoculated with isolates from
loganberry , cherry blackberry
(AL5, AL21, (At66, Atl9ir, (7112, T126,
in 1975) in 1976) in 1976)
18 | -t | - 6.2 x 10°
36 or 43 4] 4,0 x 107 7.0 x 107
’ v ] ~
72 4.6 x 10" - -
86 - 7.3 x 10° 5.2 x 10°
128 2.9 x 107 - -

M
(O

-y no count made

G
e



galled compared with only 12% of those inoculated with
cherry isolates. Pure cultures of the pathogen were
isolated from most gall samples but the 72 day samples
had high saprophytic populations., The population of the
pathogen per gall appeared to be higher with blackberry

isclates than with cherry isolates,

Thus, the pathogen was raadiiy feisolated from the‘
blackberry cane tissue although recovery of the homologous
type was the least successful. The 1aten£ period for the
homologous type was less than for thevcherry isolates evén
though the latter reached higher population levels,
Isolation frpm palls gave inconsisfent results and proved

more difficult than from cane tissue.

e. Dacteriophage relationships

i. Isolation of phages

Details of the phages iéolated are given in Table 26.

One phage was obtained from cherry layer bed soil
enriched with cherry isolates Atl50 and Atl59 using the
routine method. Weak lysis resulte& on plates.of ITT9
indicator but not on the two enrichment strains. MNo other
phagés vere obtained by any oflthe modified procedures
adopted from 12 othe: samples from soil in which galled
cherries were growing.

Moro than 20 phages, at least 13 with a different
host range, wore isolated from aewagevsamploa using various

A+ tumefaciens isolates for enrichment. The two isolation

methods used were equally successfﬁl.

The phqge isolated from gall tissue folloxi?dthe addition
of strain K14 {Australia) to a ground blackherry gall
using ICPB TT9 and 0362 (Belgian isolates) as indicator

strains,.

o
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Table 26 LList of phapes obtained which showed some

activity against isolates of A. tumefaciens

Phage Source Enrichment Indicator

no. strain atrain
Pl sewage, Aylesford K 14 k14
pa R " 16 ¥ 397B
vh n -~ Malling N 1649 1w 1k
P7 " " ¥ 1649 ¥ 1649
PLO " Aylesford né : Bé
TL n | " ‘ 86 136
T6 " Malling N 3975 ¥ 16h9
™7 n Aylesford N 1649 M 16h9
TTOA " LA 1 TT9 I TT9
TTC " Canterbury I ™9 I T7TY
TTYH , f Malling I TTY I TT9
TTOR o Rochester I TTY 1 TT9
Alh " Aylesford X 1k’ i 14
150 A Malling . Atl50 AE150
1593 " "o At159 At159
159Crt soil, T. Malling At159 I TT9
1hp 5a11, blackberry | K 14 | I TT9
Bé/ﬂ 397b Strain BO6 ‘ N 3971

N 1001/N 397b Strain N 1001 T 3978



Lysogeny was detected in the standard reference
strain D6 and also in NCPPB 1001 but not in isolates
from cherry (9) or loganberry (11) or in 14 other

isolates df.which 10 were Australian.

ii. Phage sonsitivity tests. Forty-seven isolates

of A. tumefaciens were tested with 19 phages at RTD.

Twenty-two isolates, including all the English cherry and
loganberry iéolates tested and all those from Greece, were
insensitive to all phagesa., Results for the remaining 15

isolates are shown in Table 27.

Phage P10 lysed 10 of>the isolates but other phages
‘were more specific and four of them lysed only one isolate.
A diffcfént pattern of phage sensitivity was shown by each
isolate except for the Australian strains X14% and X35.
The blgckberry strains were isolated after the typing was

completed and have not been tested.

f. Antagonistic action against A. tumefaciens

i. Bacteriocin activity. In initial tests 47 isolates

(10 cherry. 8 loganberry, 15 from the NCPPB and ICPB,
9 Auétr#lian and 5 Greek) were examined as producer and
indicator strains in reciprocal tests on NA plus 0,2%
¢glycerol medium, Only 4 Australianbisolates, including

A. radiobacter wvar. radiobacter strain 84 of Kerr, were

found to be bacteriocinogenic; The sensitivity of the
othor strains to the bacteriocins produced is shown in .

Table 28,

The composition of the growth medium for detecting
bacteriocin produétion was reported to be critical by
Kerr (pers. comm.) who recommended Stonier's (1960) medium.

¥Yhen this medium was subsequently used all of 10 English

e
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isolate insensitive to the phage; +, dsolate sensitive to the phage giving

confluent or necarily conflucnt lysis.
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Table 28 Sensitivity of isolates of Agrobacterium ifo

bacterliocins produced by 3 Australian isolates

of A. tumefaciens and one of A. radlobacter in

NA + 0.2% slycerol medium

Indicator Dacteriocins producod by strains
strains | K14 K17 K35 K8k
N1001, N1641 + e -
N396, N16ho, H1G7h | + - o -
N, 3978 + - - -
N397A, N925, N1650, N1651 - - - -
I TT9, 0362 + + + -
56 - - + -
I TR2 - - - -
K34 + + +
K84 + + -
K20 + + - "
K2k, K29, K35 - + - +
Kik - - - +
X17, K27 - - - -

10 cherry isolates }'U X
.8 loganberry isolates

5 isolates Greece - - - -

L93



cherry isolates tested and 8 cane fruit isolates were
found to be sensitive to bacteriocin 84 (Fig. 16).
Growth of other isolates on Stonier's medium was too poor

to evaluate their sensitivity to bacteriocin 84,

ii., Antagonism by so0il organisms. The laclk of

sensitivity of English isolates of A. tumefaciens to
‘bacteriocin 84 in initial tests prompted a search for
other organisms antagonistic to the pathogen. Fifty—eight
bacteri#l antagonists were eventually isoiated from soils
(Table 29) and most of those with fairly strong activity
(rig. 17)_were identified as pseudomonads. One isolaﬁe,
280, showing marked antagonism against cherry isolates of

A. tumefaciens in the preliminary screen was tested‘against

other bacteria., It strdngly inhibited 10/17 A. tumefaciens

and 10/13 A. rhizogenes isolates and also single strains of

Pseudomonas fluorescens, P. morsprunorum, 2. syringae,

Erwinia amylovora and Xanthomonas albilineans. Single

strains of P. marginalis, E. herbicola and Escherichia coli

were not affected.

In mixed culture plates of A. tumefaciens (cherry
isolate At150) with Z80 at a 1:1 ratio the soil organism
reduced both number and size of colonies of the pathogen by

more than 50%.

Although the activity of Z80 was non-specific its

inhibitory effect on A. tumefaciens was considered worthy

of further investigation and it was therefore included‘in

some in vivo tests (see p. 152).

gwu
<o
i



Fig.

16

Bacteriocin production by a colony of

Agrobacterium radiobacter strain 84 at the

centre of the plate resulting in a zone of

inhibition in the growth of A. tumefaciens.



Table 290 List of organisms found to be antagonistic

to the prowth of A.

N\

Isolates

Culturo total

Ti0 «
417

Z1h-19

420

%230-33

434=35

268

Z70-80

L

48]

27

11

Date

isolated

Jul. 1974

May 1974
May 1974
Oct. 197h

Nov, 197k =

Jan. 1975

Mar, 1975

P 2
3 L'.I -’)

KSRV

tunefaciens

Source

" pea soil

cherry soil
(orchard)

cherry soil
(layer bed)

‘cherry soil

(boxed)
aspberry gall

blackberzy
soil

cherry soil
(pots)

(USIR )

11

Ut

in vitro

ITsclaten
identified

pscudomonads
pseudomonads
actinomycetes
actinomyceto

pecudomonads

coliforms

pseudomonads

pseudomonads



Fig.

17

Inhibition of growth of test isolates of

Agrobacterium tumefaciens at right angles to

diametrically streaked soil pseudomonads,
Activity against 6 loganberry isolates from
A, 242; B, Z46; and C, Z53. D, activity of

?80 against 3 cherry isolates (At65, At150, At160)



DISCUSSION

A major initial difficulty in this work was the
isolation of the pathogen from blackberry. The selective
media used were either too selective, containing inhibitors
or lacking essential nutrients, or insufficiently selective
allowing overgrowth of the pathogen by saprophytes.
Hutrientvagar proved the most valuable for isolation;
this medium is also routinely used for preferencé by
Panagopoulos & Psallidas (1973) and by both M. Ridd and
R.A. Lelliott (pers. comm.) élthough some selective media
may also be useful. The results of in vivo growth tesfs
showed that the pathogen could not always be isolated
readily from galls, especilally very young or old ones,
Proof of pathogenicity of selected isolates was for a time
determined exclusively on sunflower but thé advantages of
this indicator, used 11 days after sowing and taking up
mninimal glasshouse space, vere offscet by the fact that not
all blackberry isolates induced galls on this host which
probably contributed to the earlier fa;lure to obtain the

pathogen from blackberry.

The fact that they came from a single locality, were‘
iéolated on one selective medium, and were further selected
by pathogénicity tests in a restricted range of hosts,
probably contributed to the homogeneity observed amongst
cherry % loganberry isolates. Examination of isolates from a
wider range of localities using more varied techniques may

reveal greater diversity than was apparent in this work.
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The blackbeérry isolates were obtalned from two plantations
but the source of the ofiginal prlanting material was the
saﬁo. " The heterogeneity among these isolates may fefleét
isolation on & non selective medium, invelvoment of a host
factor or infection with strains from the soil, although
there is no evidence for the latter. Variation among
these isolates was not related to type or site of gall or

geographlical locality.

It might be argued that the blackbérry isolates should
be assigned to the species ﬁ, rubi, created by Hildebrand
(1940) to accommodate the organism which formed elongated
galls on raSpberrj'caneS‘and differed from crown gall in its
’resfricféd host range and séme physiological characteristiés;
-The parlier.fairly length& description of this species 1in
Bergey's Manual (7th edi#ion, 1957) has been replaced
{(8tn edition; 197&) by only brief comment on host range and
" symptoms. Recent studies on the taxonomy of agrobacteria,
based on DNA homology and numerical taxonomy do not provide
any Jjustification for maintaining separate specific rank
for this organism (De Ley et g;.. 1966; ‘Vhite, 1972);
MCKocn?(lQSh) concluded that although thére are differences
in host range and symptom expression between the érown call
and éane gall organisms there are also intermediate types.

The blackberry isolates studied in this investigation are

therefore considered to be forms of A, tumefaciens{ they
. do naf conform exactly to descriptions of biotypes 1 and 2
nor to the limited descriptions {Kersters, De Ley, Sneath &
‘Sachin, 1973) of the sé-called'species' Ae. Tubi. The -
majority, however, were rolatively slow growing organisms

with specific, but so-far;q?QGtermincd, requirements for



optimum growth and in these respécts they resemble the type

referred to asA. rubi.

Although the blackberry and loganberry plants studied
here originated from the same commérﬁial nursery,;the
infections on them did not have a cdmmon.source sincae the
bactéria isolated from the two host plants were different
biotypes. It is likely that they are host'aﬂapteduforms of
the pathogen that are transmitted from generation id |

generation on the propagating material,

Contrary to experience with the aerial pathogens

Pseudomonas morsprunorum and Erwinia amylovora (Crosse &
Garrett, 1963; Billing, Crosse & Garrett, 1960) the

isolation of phages for A. tumefaciens from'soil, its

natural environment, proved difficult. Sewage was the
best source of phage but, as others have found (Roslycky,
Allen & McCoy, 1962; Doyd, Hildebrandt & Allem, 1970) no
ﬁhmmslysed many straiﬁs of the pathogen and é large
proportion of isolates were inseﬁsitive to all phages.
Lysogeny was detected in two strains only; only 8% of
over 130 strains examinéd‘by other workers have been shown
to be lysogenic (Roussaux, Kurkdjian & Beardsley, 1968;
Kurkdjian, Beardsley & Maﬁigault, 1968), the temperate
phages having a narrow activity spectrum (“immerer,
Hamilton & Pootjes, 1966; Bottcher, 1972). The poor
fesults obtained using Lnglish cherry isolates aa‘enrichment
cultures coupled with their insensitivity to the various
phages isolated indicated that prospectS'for diagnASis of
the pathogen by phage or the erection of a phage typing

scheme for strain differentiation were extremely limited.
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The study of phage relationships was therefore discontinued¢

Froduction of bacteriocins by plant pathogenic
bacteria had been little studied before Matthews (1964)
and Panagopoulos (1966) detected activity among certain

host-adapted forms of Pseudomonas morsprunorum and

P, syringae respectively. The correlation between N

bacteriocin production by A radiobacter sﬁrain 84 ana
biological coﬁfrol_of»the pathbgen {(Xerr & Htay, 1974%)

has stimulated interest in this fielﬂ.‘ On the simple
nutrient medium routinely used for psedddmonadsx
bacteriocin production by strain 84 againaﬁ other
Australian isolates was readily confirméd but gave
misleading negative results-agﬁinst English cherzry isolates.
Iiowever, although Stonier's medlum gives clear unequivocal
results with many isolates, it is not a universally good
ﬁedium.for_the detection of bacteriocin sensitivity‘as a.
number of blackberry isolates (and peach isolates, lLopesz,
befs. comit,) grow very ponrly:on thé medium although ierr &
titay (197L) found no difficulty with either biotypes 1 or 2,
Thc.strong'gg vitro antagonism by the soil organism 480 is
non-specific and therefore due to some unidentificd toxic
metabolite and not to bacteriocin. Howevor, it is cloar
that within the so0il environment are maﬁy organisms,
particularly pseudomonads, with potential antagonistic‘
activity but their role, if any, in the development of

crown gall disease remains to be elucidated.



SECTION IV

PLANT INOCULATIONS

A. CHERRY

1. Seasonal variation in suaceptibility and gall development

on chorry rootstocks

F12/1 cherry rootstocks, poited in spring 1972,

were inoculated with Agrobacterium tumefaciens (NCPPB 1651

and 8 Last Malling cherry isolates) either {(a) by pricking
the'stéms &+ 5 cm ahova grouhd lovel with a sterile neecdle
and depositing inoculum on the wounded area, or (b) by
wounding the exposed, washod stem a little below ground
level with a file and depositing the inoculum on to the
surfaco of tho damaged tissues beflore the soll was
roplaced, Nine roplicate treeg, one for cach isolato,
were inoculated at approximately monthly intervals from

April 1972 to July 1973 inclusive.

a. Rote of infection

The percontage of stocks developing galls by Junuary
1974 from the prick inoculatione is given in Fig. 18A. Theo
ratebof,infeetion was gonerally high during the period of
active growth, from April to Auguat 1972. With the approach
of &ormnncy the rate declined to o minimum in December and
then increased again to a maximum in March 1973. It
remained at this level wuwntil July. Results from the larger

subterranean file wounds followed a similer pattern (Fig. 18B8)
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Fig. 18 Effect of time of inoculation on F12/1 cherry

‘rootstocks with Agrobacterium tumefaciens on

the incidence of crown gall. Inoculations were
made at monthly intervals, from April 1972 to
July 1973 inclusive, to A, stem pricks 5 cm

above grduhd level and 13, subterranean wounds.
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butthe rate of infection was gonerally lower than for the
stom prick inoculations; from Septembex 1972 to April 1973
inoculaticns it did not exceed 25% and reached 100% on

only one occasion, in June 1972.

b. Latent periods

These are shown foxr stem prick inoculations in ﬁig. 19.
The latent period was shortest between Fobruary and Juné.
with a minimum of approximately 9 weeka invMay. From July‘
onwards the latent perlod increased to a mean meximum of
approximately 10 months for the August to December

inocultations,

c. ate of gell enlargement

This was generally most rapid‘from May and onwards
throughout the growing season (Fig. 20). Vith the approach
of tree dormancy in autumn the rate declined and was
virtually nil during the winter; Gall expansion resumed

~in the following Hay or June,

d. Goll size

Whon the final reocords were taken in January 1974,
tﬁe larpgost galls (mean diam; &1 mm) fiom prick incculations
were assoclated wvith the carliest inocculations, i.c. those
made from April-June 1972. Call size was not, howover, a
simple function of thoe developmental time since it was also
influenced Ly soqsonal varigtions 1in tho.rate of gall
enlargement. iGaile from spring 1973 inoculations were
similar in size (mean diam. 30 mm) to those resulting from

inoculatlions made in late summer 1972, Galls from the latter
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incculations were slow to develop and those that appcecared
by the énd of 1972 wero goncrally small. Their

dcveiopment in the following year was markedly slower

than that of galls frbm the spring inoculations. Tho

size of galls resulting from JuneQAugust 1973 inoculations
was proportional to the developmental time and was smallest

(6 mm diam, )} for the later inoculations,

Results for subterranean calls at file wounds were
generally similar, except that gall sige varied lesps with

time of inoculatioh.

Typical galls from prick and file inoculations are

shovwn in PPig. R1.

Susceptibility of ditferent txpea of wounda
In naturally infected layer beds there 1ls a hifh

incidence of galls at shoot scars and at wounds occuring on
bends. The susceptibility of these sites at different |
times during'autumn and winter was invdatigated uaing potied
0¥ boxed F12/1 chorry rootstocks.

6. Simulated shoot scars

To simulate £he’acars left when shoots are harvé&tad
from the layer beda, potited rootstocks vwere cut back to
Le6 om ai monthly intervals from August to December 1973
inclusive and inoculated iomediately after cutting. Four

replicate stocks were inooulated each month with each of

isolates At65, Atl50 and At160 of A, tumefacicns. Two
stocks were treated with sterile water on each occasion to

serve as controls. Leaf fall preccded tho Octobex
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Fig. 21 An F12/1 cherry rootstock in January 1975 with

galls resulting from inoculation of stem prick

and subterranean wounds with Agrobacterium

tumefaciens isolate At150 in June 1973.



inoculations. Results are shown in Table 30. Stocks were
most susceptible in August and September when there was
1007 infection. Susceptibility decreased markedly in
October, aftér.leaf fnil, and thon increased again in

Novoember and ﬁecembar.

All stocks inoculated in August developed galls
within a month and although some laafed;out in the spring;
mnny‘wefa dead bj carly June. Galls from Septémbér
inoculations did not develop until late‘Aprilrbf the
following year, although some At65 inoculations fesulted
in galls by January. First galls from the later inoculations
were not seen until laﬁa April but they continued to
devolop throughout the summer. The galls initially
developed around the periphery of the cut surface but soon

enveloped the whole area (Fig. 22A).

b. Layexr bends

Te simulate layer bends, 6 rootstocks ﬁere planted at
one end of bushel boxes and bent through holes in the
opposite end. At approxinmatoly monthly intervals from
Decomber 1973 to March 1974 they wewre bent further and
secured horizontally by tying the ende to a cross~strut in
the box. They were inoculated, immediately after the second
bending, through natural cracka‘or f£ile wounds with

A. tumefaciens. Two stocks were treated with water on

cach occasion to serve as controls,

The first galls were not detected until the end of
April 1974. After 20th May galls appeared at frequent-
intervals, ﬁarticularly on stocks inoéulated in March
(Fige. 228). Galls wero normally located at the wounded

area on the upper side of the stock, but occasionally they
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Table 30

vYercentarse galled stocks resulting Lrom

inoculation to rootstocis cut back at

monthly intervals throughout the auvtumn

(Recordod in August 1974)

Yonth inoculated % stocks galled

{1973) (out of maximum
of 12)

Aupruast 100
September , 100
Octoberxr Lo
November ' 58
December ’ 87

Table 31

Percentase infection and mean gall diameter

résulting from inoculation of boxed FP12/1

chorry rootstocks at bends ot intervals

during the winter

(tecorded in July 1974)

Tine of inoculation] % stocks mean gall
palled Cdiom. (mm)
20th December 1973 65 745
1lth January 1974 25 6.3
14th February 1974 58 8.0
th March 1974 83 9.2
13th March 1974 75 11.6

T a mixed

AL 6 5 » .!'\t

inoculum of cherry isolates of A. tumecfaciens
| 8

150, Atl60 at a concentration of ¢. 10 cells/ml
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Fig. 22 Galls on F12/1 cherry rootstocks in August 1974

resulting from inoculation with Agrobacterium

tumefaciens.

A, potted rootstock inoculated in September 1973
on the cut surface, to simulate the shoot scar
B, boxed rootstocks tied down horizontally and
inoculated at the bend in March 197h.



developed on the under-side only or on both sides.

Stocks wore most susceptible in March and least
sugceptible in January and February (Téble 31). Galls,
recorded in July 197k, were smallest froﬁvthe December
and January inocﬁlations but Were.lafger as time of

inoculation approached resumption of hctivc plant growth.

~i. Conclusions These experiments show that cheryy

rootastocks are susceptible to infection at any time of yéar
but that susceptibility is greatest when the plants are
'meristematically active, i.e. during the growing SOQS0TLy
and are least susceptible to infection during dormancy.

The rate of gall development was alsec greatest during

the period of meristematie activity.

Gall size cannot be taken aé a good indication of
when infection has occurred in field plants. it is evident
that gall size is not simply felated to developniental
timc. The size of the gall is also infliuenced by seasonal
variations in rate of development, by the nature of the
wound through which,tha pathpgen cnters and by the
location of the gall, which governs the conditions undor
which the gall develops, i.e. whether on the aerial or

subterrancan parts of the plant.

The investigation into the susceptibility of wounds
sirmulating layer bed shoot scars and bends at different
times suggests that the current times for harvosting stocks
from the laYQr beds and for pegging down now layers are
probably optimum from the point of view of minimising crown
gall infection. There would therefore be no adventapge in

altering the timing of these operations,



3. Leaf scars as an experimental avenue of infection

on cherry

The majority of galls cauvsed by A. tumefaciens on

cherry trees occur below ground lovel and are only scen
when the trees are transplanted or grubbed, Although
galls on chexrry can readily be induced through wounds,

the limited degree of replication possible in wound
inoculation is a major restraint in infectivity titrations

with the crown gall organism.

In bacterial canker of cherry caused by Pseudomonas

morsprunorum leaf scars are & natural avenue of infection,

and leaf scar inoculationsa haﬁe proved é valuable and
sensitive method of disease aasay‘in this system because
of thé exceptionally high level of replicationvpoasible on
comparatively.few experimenta; trees., Ii'was therefore
decided to investipgate the possibility of using leaf scar
infections for disecase aséay in crown gall. An added
advantage was that galls wounld be roadily visible and‘thua

development could be continuously monitored.

ae Preliminary‘experimgnt

Leafbdéars'on fruiting spurs of T12/1 potted cherry
rootstockm were inoculated on 7 occagions between‘June and
September 1974 hnd the number and 'volume' of the developing
‘galls recorded over the next i8 &onthe. Gall volume was
measured as the product of width x height x depth and this
was considered accurate enough for comparative purposes.
The results of the oxperiment are summarised in Table 32.
All thd June inoculations resulted in galls and there was
a generally high level of infection until Septombex when

it fell to g. 10%. Galls from the June and July inoculations
120



Table -32° Inoculations of cherry leaf scars with A. tumefaciens

Date # no. spurs no, infected
inoc. 197L inoculated 30.9.7h 23.1.75 27.5.75
June 24 12 8 10 12
July 4/7 18 15 16 16
July 12 12 5 5 7
Aug., 2 6 0 ¢) 4
Aug. 23 6 0 ¢ 4
Sept. 30 6 - - 1

# mixed inoculum of isolates At65, At150, At160

##* log of product gall diameter x height x depth &n June 1975

18.6.75

12
16

7
4
5
i

100
88.9
58.3
66.7
83.3
10.6

log. mean %
gall volume

L,101
4.559
4.058
3.718
4,140

3+527
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were mostly visible in Septomber, but those from the later
incculaticne did not develop until April of the following

year (Pig. 23).

Galls increased progrossively in size throughout the
growving seoason but were virtually static from the onset
of leaf Tall and during the dormant season (Fig. 2% A & B).
Occasionally, however, galls made little or no g;owth
during the summer (gall € on tree 1h) or had =a rélaﬁively
static period in mide-summer {(gall D on tree 46). When the
final fecord was taken, the three largest galls wera on
spurs inoculatedlqn Lth July 1974, and many ($4%) of the
spurs inoculated at this time had strong shoots growing
out through the centre of the galls. Galls from Augﬁst
and September inonulations were generally smallor; none

developed shoot outgrowths,

b, Lffoct of inoculﬁm dose on leal scar infection

| A logarithmic series of inocula in the range 1O1 to
107 éella/ml was applied to leaf scars on potted 2-year=-old
riz/1 cherry rootstocks on 30th May 19753 field troes of
Roundel were similarly inoculated on 4th June. The final

record of gall development was made on Z2lst October.

i. tate of 4infection No galls developed on either the
#r12/1 rootstocks or Roundel trees with inoculum doses of
10“ cells/ml or less. The percentages of galled spurs
resulting from higher doses of inoculum followed typieal
sipmold dosage/rospohse relationships (Table 33). When
the log inoculum dose was plotted against the probit a

straight line resulted. The data for Houndel are given in

Fig. 25 from which the EC 50 can be estimated at ¢. log G6.5.
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Fig.

23

Galls arising from inoculation of leaf scars of
F12/1 cherry rootstock with Agrobacterium
tumefaciens.

A and B, inoculated on 12th July 1974 with
isolate At65, photographed 9 weeks later.

C, inoculated with isolate At150 on 28th June 1973
photographed 31lst January 1975, in greenhouse.,
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"Fig 24a Growth of 5 galls resulting from leaf scar
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Fig. 24b Growth of 5 galls resulting from leaf scar
inoculation with Agrobacterium tumefaciens

on each of two F12/1 potted cherry rootstocks.
Tree 46 g o '

inoculated 23rd August 1974,
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Table 33: Percentape infection of cherry spurs from

inoculation with a log series of A. tumcfaciens

% spurs infected on

Bacterial v (a) (v)

cells/ml ri2/1 : Roundel

101-10“" - o o
10° 18.57 7.5
10° 33.33 2h.5
107 bk .00 57.1
10® 51.67 86.8
107 N.T. 82.1

T a mixed inoculum of A, tumefaciens isolates At150

At159 and At1l60

(a) each inoculum dose applied to 6-10 spurs on each
of 3 branches on different trees

(b) each inoculum dose applied to 6~1l1 spurs per branch

on cach of 5 replicate trees.
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Fig.
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41 Latent period On F12/1 the first galls were noted

7 wecks after inoculation, on 17th July. DBy 21lst August,
of the spurs which were to develop galls from inoculum
doses of 107 and 108 colls/ml, 70% werc already positive
but only 33% and 20% of those whiéh_wera to develop
following inoculation with 106 and 105 cells/mi |

respéctivaly.

On Roundel the first rccord was taken on 12th August
vhen over 90% of the positives were evident orn spurs
inoculated with the two highest 1nocu1um concentrations
and by 2lst August'abcut 60% of those inoculated with

10° cells/ml were present,

Conclusions The minimum’threshold concentration of

inoculum for‘infectibn wag between 10“ - 105 céils/ml for
both the F12/1 rootstocks and Roundel., The minimum dose

for infection is dependent upon the volume of inocculum that
penetratés the leaf scaors aﬁd. although this is not known
proéisely, it is probably very small, Infection, fherefore,
might hove originated from comparatively few bacta?ial cells,
suggasting that this meothod is quito sensitive. The
rolation betweoen inoculum dome and latont pariod'mayib
reflect the time necessary for a threshold leﬁel of

bacterial pepulation to be reached within the lost tissues.

The dosapge/response relationship botween inoculum
contcentration and rate of infection paraliels the result

one obtains with P. morsprunorum in cherry. It also

confirme that this method could prove very sensitive for

dineaéa assay, particularly at inoculum concentrations
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near the LD 50 when maximum changes in infoctivity, as
for oxample resulting from the inclusion in the inoculum

of an antagonistic organism, are likely to be obtainced.

4, Susceptibility of new clonal cherry rootstocks

to crown gall

The breeding programme atanst Mglling includes the
selection of new rootstocks for‘both sweet and ornamental
'cherry to replace the vigorous cloné ri2/1. Some of_the
rnore promising solections have beeﬁ teastecd for _
sugceptibility to erown gali infection., They included
Colt (rbe2/58/21), a somi-dwarfing rootstockifor swveet
ch@rries that 1s now beiﬁg extensively propagated for

‘distribution to the stone~fruit ihduatry.,

From 7-10 replicate planta from each new clonal
selection, and 4 standard F12/1, were inoculatied through
prick wounds at ground level on 24th May 1974 and the

final results assessed on 12th December (Table 34).

511 the ihoculationsvwere successful and the clones
differed only in gall size and rate of gall development.
bn these criteria all the Fb2/58 seriocs of clones wera‘
more susceptible than F12/1. Among the clonal solections
the smallest galls occurred on nos. 22 (Cornfiower) and
21 {Colt) and the latont poribd was longer on those clones.
Thus, only about half thoe replicate plants in those clones
5héwad galls by mid July, wvhen most of the plants in the

othor clones wore already bearing galls,

The suscoptibility of Colt may not be a major
disadvantage since it is propagated from cuttings and it

should be easier to protect from crown gall infection than
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Table 34 suscantibllity of FL2/38 clonal

rootatoeksg to arown pall infection

Clono No. atocks Mean hi Momn pall
Fu/2/ 58 infocted 4 {cm) diam. (mm )
50 9/9 ~ 73.1 5447
17 19/10 89,9 hB.9
38 10/10 137.1 36.5
15 16/10 107.9 356
2z - 7/10 117.8 2h.G6
21 (Colt) 10/10 123.,5 ) 1305

T The inoculum used was a minture of A. fumefacions

isolantes At0S5, A$1S50 and At160 at a concentvation

£ .
of ¢. 10% colls/ml.
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F12/1 and other clones that must be propagated commercially

by layering.

D. BLACHKDERRY

5+ Variation in susceptibility

a. During winter

FPield infectioﬁ of blankberries commonly occurs on
~ stubs of old fruited cénes that are cut out during the
winter at, or duét above, ground level., The time of
cutting varies betwaoen Novombér and April acéording to

weather conditions and availability of labour.

To determine susceptibility to infoection during this
period canes of Bedford Giant blackberry were cui out in
November, January and March (1975=76) and inoculated
inmediately or 8«14 days after cutting. Final disegse

£

records wore taken in early September (Table 35).

Infoction occurred readily at all times of incculation
but was mont‘freéuent on canes inoculated immodintely after
cutting in Noveowmber and Harch. In January, wherc thé
interval between tho two sories of inoculations wae'only
B da?s, the rates of infection were equal. The mean
numbor of galls pér cane was higher from the November
than from the January and March inoculations (1.7 per cane

compared with 1.3 and 1.2 reapectively),

On all canes the inoculum was deposited carcfully on
the cut surface but no other precaution weas takon to provent

the inoeculum running down. Only 23% of the galls were



Table 15 Development of galls on blackberry canes {cv. Hedford Giant) inoculated

with A. tumofaciens” on threec occasions, immediatoely after cutting and

a few days later

Na. surviving caneas
infected at

Time of , ’ D ‘
Date# inoculation No. canes MNo. died ta died top below noear %
cut {days after cut . top side infected
cutting) , ‘ shoot
0 21 5 28.6 2 7 4 86.7
Nov. :
iz 22 15 68.2 o 3 1 57 .1
- 0 17 6 35.3 2 1 4 63.6
ooy Jan. ‘ ‘ .
0 25 6 2k.0 4 L 5 68 .4
Harch
14 28 7 38,9 1 2 0 27.3
Totals 128 4y 3h b 11 20 16

234 La,s jh.o

Mean gall diam. 36,9 23.9 26,9

* Mixed inoculum of T112 and T126 at a concentration of Ce 109 bacteria/ml

¥ Canes cut approximately 20-~30 cm above ground level



located on the cut surface; theymajority aﬁpeared a
few centimetres below, often around the base of a slde
shoot emerging below the cut (Fig. 26). Galls on or
near the cut surface were generally larger than those

in other positions.

Approximately 34% of all the inoculated canea had
died back by the end of May 1976 thus preventing goll
development. The dead canes were significantly fhinner
than the survivdrs with a mean diameter of 13.7 mm |

compared with 16.01 mm (p<:0.001).

The results of this experiment indicate that, in a
mild winter, canes are liable to infection whenéver they
are cut out and remdin so for several days. Vhere a
stub is left, galls develop near the cﬁt;surface or just
below and it would be feasible therefore to romove them
as soon as they appear, and fhus minimise the risk 6f
initiation of secondary galls or the build up of inoculum,
It would be quite impracticable however to renove gdlls from

canes cut to ground levsl.

bs During summer

At both blackberry plantations nodal galls on the
fruiting canes wore common althongh the cultural practices
at the two sites differod: at Teynham new canes were left
to trail on the ground during summer while at Bifrons
Gardeﬁs theée were tled-in ésvsoon as they were long

cnough but there was extensive summer pruning of laterals.
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Fig.

26

Galls on stubs of old blackberry canes
(cv. Bedford Giant) on 27th May resulting
from inoculation with Agrobacterium tumefaciens

(T112 and T126)

A, galls originating below tip and round base
of side shoot

B, gall a little below the tip.



The susceptibility of leaf scars and laterals to
crown gall infoction was therefore investigated on canes
of Bedford Gliant tied down horizontally about Go'cm above
ground level,‘in autunn 1975, to facilitate inoculation,
From 35-60 leaf scars, or wounds resulting from removal of
lnterals, were inoculated on from 2-4 canes on 8 occasions
from October 1975 to Auguat 1976 inclusive with a mixture
of blackborry isclates, T112 ﬁnd T126, ét a concentratién
of c. 108 cells/ml. Final results were recorded on 19th
Octdber 1976; the percentage of infections increased from
the Détober 1nocqlation5,ta a maximuam from thoéa made in
March while inoculation through the summor montﬁs resulted
in a constant high level of infection (fig. 27). The
apparent failure of the August inoculations might reflect

the longer latont period roguired at this season.

‘Galls raﬂulting from October to March inoculations (Fig.28)
first became visible on 17th May. At the final record the
gglls from April and !May inoculations were the largest
while those from October and November inoculations, which
had had the longest developmental time, and from June
‘iﬁoculatious, for which the developmental time was

shortest were the smallest,

The high level of susceptibility to infoection at all
times of inoculdtion}particularly during the growing season,
indicato that while summer pruning of laterals may be
dogirablo culturally it involves considorable risk of
spreading any infection which may bo present in a plantation.
The practice of allowing new cames to trail on the ground
during the summeor, where breakage of leaves or other wounds

may allow ingress of the pathogen, should be avoided.
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Fig,

Yo Spurs galled

27
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1975 1976
Date of inoculation

Incidence of infection of blackberry (ov. Bedford
Giant) leaf scars or modes to infection resulting
from inoculation with Agrobacterium tumefaciens
(isolates T112 and T126) at intervals from
October 1975 to August 1976. Data of record
taken 19th October 1976.
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Fig.

28

A B

Blackberry canes (cv. Bedford Giant) with galls

resulting from inoculation with Agrobacterium

tumefaciens, isolates T112 and T1i28, to nodes

(A) and leaf scars (B).



DISCUSSION

The results of inoculation exporiments on cherry
confirm general opinion that host susceptibility and rate
of pall eoxpansion are greatest and the latent period
shortest durdng fhe perdiod of meristematic activity of
the host 1.0. the growing season. The same general

principlecsapplies in blackberry.

The experiments using simulatcé shoot gcar and
layor bend material indicated fhat‘the éultufal practicea‘
involived in layer bed production of cherry rootstocks are
performed at timos when the risk of infection is low.
The data in Section I showed that 'healthy'! stocks cut
Trom an infected layer bed can develop galls in the first
yvear of growth. The experimental xesults support this
finding since stocks infected shortly before or during
harvesting, i.e, at a time whon the latent period is
10 months, would not apbenr infected when planted in spring
but galis might dovelop from June onwards and be scen

when the young trees were lifted in the following autumn;

Ali the new'olonﬁl cherry rootstocks were suscoptible

| to croﬁn gall whon experimentally inoculated in the stem

but their reaction tb natural infection in the ficld has
still to be assessed. Although Colt and Cornflower wére
susceptible the lafent periods werce longer than forxr the
other ecloncs suggesting that these two clones may not be
seriocualy infected in the field undex low natural levels

of inocuium. The increasing usco of rootsestocks such as Colt,
propagated from cuttings, should help to reduce considerably

SNy
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tho incidence of crown gall in the nursery provided they

arc planted into fumigated land. The use of the chorry

leaf scar as an coxperimental avenue of infection provides

an interosting oxtension of a wellwestablished nmethod of
discase assay on this host and might be used in
determinations of the efficacy of other antagonistic
organisms or chemicals in dissase control or for comparative

virulence tests of isolatos of the pathogen.

In blackberry the winter pruning of bld canes and
summer pruning'of laterals will increasovthé risk of
apreading any crown gall infection which may be present
in the plantation. These operationa are necessaryvfor
maintenance of crop yields and keeping the bushes
manageablo, The experimental results sugge$t that pruning
aftor Novembor and leaving 15 cm stubs would reduce risk
of cxtoensivo infcction and faéilitaté the oarly removal of
young galls so restricting disease spread; provided the
tools used were disinfected between each bush. Vhen canes
are cut to ground level crown gall removal is impractical

and disease spread inevitable.

The isolates used in field experinments on blackboerry
were subsequently found to be biotype 1 and therefore not
truly ropr¢acntative of the isolates from thias host,

This does not, however, invalidate the oxperimontal resulto.

A phenorionon noted occasionally on cherry and more
frequently on blackberry was that galls appeared initially

at a slite soveral coentimetres distant from the inoculation
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wound (Figs. 22B and 26A). The possiblility of the
inoculum running down the stem externally cannot be
excluded but if the pathogen penetrates the vascular
systom then application of sprays to ccﬁtrol the discase
would need to be applied to theo freshly cut surface to
have any chance of successj application after wound

healing would be ineffective.
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SECTION V

CONTROL

Attempis over many years to reducé losses from crown
gall have met with little success. There-is evidence
that nursery stock taken from infected layers is more
likely to develop crown gall thaﬁ stocks'frum'healthy
léyers. Theoretically, therefore, it would be best to
institute control measures iﬁ the iayer bed. Howe#ef,
because a bed remains in pfoduction for many years and
not all parts of it are exposed‘during norﬁal cultu?al
operations, chemical and other direct control measﬁres
are difficult to apply. Apart from onc investigation of
cultural control on the layer bed, experimental controi
measurea:werc therefore applied to atocks after their
removal from the 1a§arfbed and before planting, Chomical
and, later, biological mecthods of control wera .

investipgatod.

1. Cultural control of crown gall on laver beds

Since the presence of a gall in one yvear significantly
ineroased the probability of infection in that area in the
following year (scc Section I), the effect of removing

galls on the subsequent incidence of discase was tested.,

Galls wero fecorded in 1971 on onc 130 m areca at each
end of the layer bed, The pgalls were left in_half of cach
area (Fig. 2 E1, Fl) but were removed from the other half
(r2, F2). The numbors and positions of galls were recorded

in 1972. The résulta are given in Table 36,

fra
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Table 36 The eoffect of rall remownl on all dncidenco

in the follovine veor on nn F12/1 chorpew

notatoclk lover berl

Y

Humbors of »alls

position on loyer

Golls lolt
in nitu total rdd fork bonid sear bakeTo k-

2L
197L  old 6l 13 2z 19 3 5
VOunNg i i3 2n g 13 13
totnl 139 26 Lo 27 i 13
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voung 051 17h 113 GE 133 75
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totnl 162 Ly 46 L1 10 19

1oy 0ld 80 o 2 39 o 6
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a. Numbers of galls

Tho number of galls increased from 139 to 304 where
they were leoft in pitu and from 162 to 708 where they
wore romoved. 014 galls on the untreated area in 1972
approximately equalled total numbers recorded there in
1971. 'The presence of 80 old galls on the treated area
in 1972 indicated that removal from the area in 19271 had
been incompletes most of these galls oceurred on partly
aubmerged bends and, to a lesser extent, on forks. There
were over 600 young galls on each arss in 1972, The total
number of galls on the two areas differed significantly
(p<0.1) but the difference was entireoly attributable %o

differences in mumbers of old galls.

by Sites of infection

In 1971 thore were Bimilarvnumbers of olad and'young
galls on both areas but old galls were mmre;prGValent on
bonds and young galls on roots.  The greatést incfnases in
young galls in 1972 werc at scar and mid layer sites when
galls had been left in situ and at scars, mid layer and
root sites where galls had been removed, This increase in
rbof galtls might have been partly due to infection throngh
wounds @ade when the layors ere-baing exposed for gall
removal in 1971. The removal of mid and forlk galls in
1974 may have reduced the numbers of galls on these sites

in 1972 on this sector.

However, removal of galls did not reduce the number
of infections at the most vulnerable site, the shoot scar,
The resulis suggest that cven if complete romoval of galls

was practicable, the labour costs would probably be

10
C-2



prohibitivo. and any advantage gained from the reduction
in the inoculum supply would be more than offsot by the

damage caused in fully exposing the layers.

2. Chemical control by-preplanﬁing cips

Attempis to control crown gall by chemical treatment
of material before planting are pfobably more numerous than’
any other control measures, Some of the chemicals that
hiave been reported to give ﬁromising results on otherx
hcéts (schroth, ot al., 1971; ‘Worﬁald & Garnor, lth)
were tested as preplanting dips for the control of crown
gall on cherry roctstocks. TFor each experimont EMLA F12/1
cherry rootstocks were harvested from infectoed layer beds,
Treatments, which always included water-dipped éontrbls,
werce fully randomised at plaﬁting‘out; the stocks werev

lifted after ono season's grdwth for discase assessment.

a. Bxperiment 1 Trial of sodium hypochlorite and

chloramine T for control of crown gall of charry

One fhousand selected rootstocks were divided into
bundles of 25 after trimming their roots. Ten bundlesA
were dipped for 30 aéconéa in either 0.25% sodium
hypochlorite or 0,7% chloramine Ty two sets of 10 bundles
sorvod as controls. The rootstocks were planted on 25th
March 1970. The results (Table 37 ) showed that sodium
hypochlorite was highly phytotoxic'ét the corcentration
uscd.» although therce was an apparent reduction in the
incidence of galls on the surviving stocks. No

demongtrable effect was obsoerved with chloramine T.



Table 37  ‘Trial of sediun hvpochlorvite {(0.25.°) nnd

chlornmine T (0.7) for control of croun

gnll of cheryy

sodiwm "ghloramine eonlrol
hynochlorito ) 1 2
Lontools
Goad 2h,6G FeR 2.0 L8
Io &/
foosurviving
shoeclks salled 2.60 5.78 hL,oG G,G6
.- ~ J
Falh

250 stocks woye dipped for ench treatmenti
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b, Experiment 2 The effects of threec chemicals at

differont concentrations and times of application

The following weroe used for root-dipping treatmenteote
Bocticin at 155 0.29; 0.04%
Chléramine T at 3.75%; 0.75%; o.;sﬁ
or Sodium hypochlorite at 0.25%; 0.05%; 0,01:
i.c. for each chemical therec was a fivéafold concentration

sories,

Rootstocks were harvested in November 1970 and pu{ into
bundles of 103 three bundles werc used for cach treatment,
and were dipped for 1 minute. The procédures before which
treatments‘wore applied weres~ |

1) heeling=-in (6th Wovember, 1570)

 2) oarly planting (16th December, 1970)
3) late planting (23rd February, 1971)
) heeling-in, and before early plaﬁting

5) heeling=-in, and before late planting

Thus, there wore 45 combinations of chemical, concentration,
-and time of applicationy seventy control stdcks were
planted carly and late. The roots of all stocks planted
carly were pruned on 1l6th December but weather conditions
delayed pldnting until 14th Januery 1971. The foots of

stocks planted on 23rd February were prunced the day before.

Phytotoxicity resulis are summarised in Tablo'38.
Nighest mortality was generally associoted with chloramine 7T,
high concenirations and with late planting. At the highest
concentration chloramine T killed 45% of the stocks that
wvere planted on 23rd February ond many more showed retarded .

growth in the spring.
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Table 38 Phvtotoxicity of chomicnls tested for ithe

control of crown rn2ll on chorry roctstocia

LY

exnreasand as percentare stocks illoa

Chenieals (means for all concentrations and tiues

[V i
dnetiedin 3.5 ‘ sodiun hypoachlexite 2.7

e m 2

ehloramine T 2.6 pntrested contrels G.7F

concentrations (means for all chemicals and

diph 1Q.0 mediumn 3.3 low Z.2

fous

Timoa of applicotion (weans Tor all chemicalsz and
concentrations)

Henling=in 2,06 cariy planting 1.5
Hoeeling-in and early planting 5.3
Late planting T.1

iieeling=1in and late planting 2.5

ot
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‘The incidencé of galls on the surviving stocks in
the various treatments is shown in Table 39. None of
thae freatmente reduced thé number of galls cxcept possibly
sodlum hypochlorite at the medium concentration. There
wore indications of enhancéd gall dcvelopmenﬁ at the
modium and low concentrationé of the other materials,
The effect of time of apﬁlicaticn is éhown in:Tqbla Lo,
Late planting appeared to increasg galls on treated stocks

and there was a comparable increanse on the controls,

c. Experiment 3 Efficiency of'chloros and agsrosoan

e,

in erown gall control

Six hundred rootatocks harvested in November 1971
were faken from store on 16th March 1972 and‘éipped {or
1 min in water, 0.25¢% 'chloros' or 0.01% n.die Agrosan
(an organo-mercury compound) soil slurry. Roots of half
the stocks for each treatment, €. 100, wecre trimmad'prior
to dipping and half wore trimmcd‘on the foilowin@ day} |
All were hold in store until planted on 2hth March as 5

replicates of 20 stocks/treatment.

There were more dead stocks in,all_the chemical
treatments compared with the controls but the only
substantial mortality (>30%) followed the use of agrosan

aftor root pruning (Table 41),.

None of the treatments reduced the incidonce of galls
and there were slight indications that scue of them noy
have inecroased it. This was in line with the results of‘.
thn provious experiments although none of thoe differences

in this experiment were significant,



Table 39

Iffect of throe chemienls, each at three

concentrations, on tho dnecidenco of crown

£0dl on P12/1 cherry rooistocks

{meana forxr all times of application)

% viable stocks mallod

concentration of chemical

Trontment high modium low
Dacticin , C BeD 12,7 9.6
Chloramine T e 12,2 i3.2
sodium hypochlorite 11.6 Sebt 363
N ~ J

Seh

Untrented controls

Tablo 40

pffect _of time of application of throo

chomicals on the incidenco of crown gall

on 1'12/1 chorry rootstocks

Timoe of application
bofore:

Heelingnin

ttoeoling=-in and oarly planting
Heoling-in and late planting
Barly planting

Late planting

% smtocks palled

Treated Controls
10.6
Q.6
10.1
548 1.4
12. L - Bl



Pable 41 Uxperinmont 3
Phvtotoxichty of sodinn, vpochlosdto nond
aorosan andg thedr effects on the incldonecs
ol eprown mnll in cherrs sootstoclks

Tinr of ‘ {iG. e

trontmont Troaiment stoeks cdlod

Altor root Control 101 3o T
PIWTLLTT
sodiun
hypochlorite 98 6ol 270

aproaan ol 30.3(&} 2lel

Teverc root Control on .1 5 U
prundng
sodiumn
hypochlorito G G2 DL

agrosan 08 Sen{1)

{a} waws significnrntly higher than (L) at the

,
p<i,0L iuvel.



3., Diologsical control

A new and more promising appreach to the control of
crown gall originnted recently in Australia where Kerr
(1972) pioneerod the use of the antagonistic soil

acterium A. radiobacter, strain 84, for biolopglcanl control

of the discase on peach. In laboratory tests, Inglish

chierry isolates of 1Y) tumefaciens were found to bLie sensitive
to the bacteriocin produced by strain 84, The in vive
activity of strain 84 was examined in wnundvinoculétions

of glasshouse tomatoes and in leaf scar inoculations of

cherry before procceding to control experiments in the field.

a, Tomato dinoculations

i. Antagonism of strain 84 in tomato inoculations

Fifteen isolates of A, tumcfaciens (ten from cherry, two

from blackberry and throc from logenberry) were pricke
incculated into duplicate temato plants ot 107‘c0115/ml. 
All induced galls within 10 days. In parallel inoculations
with the same isolates in mixed inocula with strain Sh,

o v
at 10° cells/ml, no galls appeared within 6 weelks.

1i. The effoct of delaving inoculation with strain 84,

Strain 84 (lO8 cells/ml) was inoculated to duplicate tomato

plants simultancously with A. tumefaciens cherry dsolate

AL16O (.‘!_O'7 cells/ml) and %hen at intervals of f{rom 3.5 hr
to I days afterwards through, or immediatcly adjacent ﬁo,
the wounds mado for the inoculatidn of the pathogen.
Reosults were rvrecorded after 5 weelks. No galls developod
whon strain 84 was inoculated simultaneously with or up to

2 nhr after A. tumefacicens. Yhen the antagonist was
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Biological control of gall formation in tomato

stemsy 28 days after prick inoculation with

Agrobacterium tumefaciens cherry isolate At1l60

(107 cells/ml). From left to right: inoculated

with the pathogen alone; with A. radiobacter

strain 84 added after 24 hr, 2 days and 4 days.



inoculated after 2 or 3 days gall deveclopment was

delayed and gall size reduced (rig. 29). Stréin 84 had
no effect on g#ll production when addedlaftcr 4 dayse.

The results aro contrary to thosce of Htay qnd Kerr {(1974)
who found strain 84 t§<bo ineffective as an_inhibitof if

its inoculation was delayed by as little as L hr.

L. Gherry inoculations

i. Antagonism of strain 84 in leaf scar inoculations

An antagonistic soil organism, Z80 (seoc Section I11) and

a strain of A. tumefaciens QNCPPB 1641) réportéd_t6 be non-

pathogenic in Dintura and sunflowoer were also tested in
this experiment. The latter was included because

Lippincott & Lippincott (1969) had reported the inhibition

of wvirulent strains of A. tumefaciens by avirulent straing,
which they suggested was due.tc competition for infection
sites., In leaf scar infections éf cherry most of the
inoculum applied is drawn‘into the vessels of the leafl
tracea and there is a pogsibility of blackage with
concentratad bacterial susponsions. To elimionate the
peesibility that gall development was influonced‘by
physical faétoré like this, mixed inoculatiénﬁ were algo

made with heat-killed cells of the added bacteria,

The inoculum contained approximately equal numbers

of two cherry isolates of A. tumefaciens,K At66 and At160,

at a total concentration of ¢, 2.5 x 107 cells/ml. In the
mixed inocula the other bacteria, alive or dead, were
present at final concentrations of c. 2.5 x lOs‘cells/ml.
Leoaf scars of pétted nyear-old rLR2/1 cﬁerfy rootstocks
were inoculated on llth June 1975; each of the 7

troatments, plus a water control, was applied to 40-50 spurs
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dintributed over 6 replicate branches. Final results were
yooopded on 2lpt Gcotobor, while observation of tho itxeces
one vear later showed that there wns no chango in infection

iovels but palls had inereased in size (Pig. 30).

Yone of the heoat-killed ?actﬁria ﬁad any dahmnstrahlc‘
ef'foct on the pathogon {rirz. 31) which, when inoculated
alone, indueed galls in c. 75% 6? tho égﬁrﬁ. The rate of
infection waa reduced by abqué a: third in the presence
of colls of #80 and of NCPPB 1641;'bUt"fhe'diffefénce~Was-not
significant. (tnll Tormation was, however, aammietaiy

inhibited in the presonce of strain 84.

ii. The elffect of delaving incculation with strain gl

strain &b (lﬂﬁ cells/ml) was ineculated simultancously

witii, or 5 hr, 29 hr, or 7& hf ai'ter &.'tuﬁufacienﬂ chiarsy
isolate 4&160 (197 celis/ml} to leal sears on one-ycareold
potted P12/l cherry roototocks. Two methoda we?evused for
the delayoed inoculations witﬁvatrain 843 the susponsiono
WORe apélicd directly to the existing scear tisasues or,
alﬁornaﬁivaly. to froshly exposed tissues resulting from
shaving-of{ the top 1l mm of the scar. SLach treatment, and
a vater control, was rvopliecnted 10 times, each tr@m
roceiving inoculum an &-9 lenf scars on esch of 3 braachos.
The inoculntions were begun on 24th June 1976 and {inal

rocords were taken on 22nd Septombor.

All troatments with strain 84 sipgnificantly roduced
the incidence of galls (p—<0.001) except when thé
antagonist was applied to unshoven leafl scars 72 hr alter
the pathogen (Fig. 32). It vas moot active when applied

aimuitandmunly with the pathogen and its activity decreased

v
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Fig. 30

Cherry rootstock F12/1 16 months after leaf

scar inoculatibn with Agrobacterium tumefaciens

alone (centre branch) or with A. radiobacter

added simultaneously as live inoculum (right

branch) or as dead cells (left branch).
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Added inoculum
N live cells
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Percentage cherry leaf scar infection resulting

from inoculétion with Agrobacterium tumefaciens

alone or with the addition of live or dead cells

of A. tumefaciens NCPPB 1641, soil -organism Z80

and A. radiobacter strain 84,




Biological control of A.tumefaciens cherry .
. leaf scar infections with A.radiobacter 84

60 - r o | | 84 added:-
| N after shaving
| leaf scar
g | O Direct
440 -
S NS
£ | N \
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S \ § - §
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N [\ \
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 ALIGO +84 +84 +84 +84 Cont
~alone  72h 29h Sh Oh

Fig. 32 Biological control of cherry leaf scar infection

with Agrobacterium tumefaciens (At160) by the

addition of A. radiobacter strain 84
simultaneously and at intervals up to 72 hr

later.
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Toble b2 The effect of delavinsg inoculation with

A, radiobacter strain 84 on cherrv leof

nenr infection by A. tumelacions (At160)

Sgrain 84 leaf % leof scars

(105 gells/ml} scars infected 4 ~x 2 i,

addod afftor: , leveol
5 hr ‘ 18.18 26.07 EX
29 hy - unshaven 32.81 11.35 %EX
72 hr 1A 2.46
5 hr 22,073 20,10 KEX
29 he shaven 25.h2 16,87  xxx
72 hir 32,78 11,09 xxx

not added ' 65,47

T, no infection obsarved in water controlsi

xxxy slgnificant at p <0001
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prograssively as the time of addition after the pathogen
“increased {(Table 42). MNo major or consistent effects
were ohserved from shaving leaf scars before application

of streain 84,

DISCUSSION

. Control of crown gall is likely'to be costiy iq both
labour and materials and déubts have been expreséed as to
wvhether it 13 really ncceésary, especially in the absence of
.any conclusive evidence that it'adverselyvaffects cgrowth
and cropping. However, for nurserymen, who are prohibited
From selling galled plants, or canﬁot sell themyfor
coSmetic reasons, offesctive control measures are urgently

required.

The standard advice of oxtension and advisory scrvicces
in Britain, U.S.A. and Australasia is to plant discase-free
stock in pathogen-froe soil and to avoid wounding. Chemical
treatments have not proved consistently effective, except
perhaps the spot treatment of galls with bactiein
(Séhrath & Hildebrand, 1968) which is complete&impracticaﬁle
on a large scale. The unaccountable failure of pre-planting
chemical treatments that hAVe proved successful on other
occasions has been variousiy aftributed to different 6011
and environmental conditions, physiological condition of

the plant and to other factors.

Hone of the chemical treatments investigated during
the present studies for the control of galls on cherry
rootstocks showed any prospect of commercial value.
hytotoxicity was a major hazard and therc were indications

also that some of the treatmonts actually increased the



incidence of galls compared with untrested controls,
The reasons for the failure of the chemical treatments
are not known bLut may be due to the inaccessibility of
bacteria in latent infections present on stocks when

they are lifted from the layer beds.

The biological control of crown gall on stone fruits
is the most effective method so far tested and has the

advantages of being both relatively cheap and highly

specific. The Australian A. radiobacter strain 84
prevented gall formation by cherry and cane fruit

isolates of the pathogen in tomato inoculations and by
cherry isclates in cherfy leaf_scaf inoculations, even when
applied several hours after the pathogen. This apparent
conflict with the rosults of Xerr & litay (1974) may be
attributable to differences in host plants, bacterial

strains or experimental conditlions.

The slight reduction in cherry leaf scar infeoctions
with the avirulent strain NCPPB 1641 nnd 780 was not due to
blockage of the leaf trace vessels but there may have boen
gsome compotition for infection sites, although there was
no direct ovidence for this. The lack of activity105’280
may be attributed to its inability to produce, or rapid

breakdown of, its antibiotic substance in vivo.

Iiological control of crown gall on a commorcial scale
has so far beon limited to the pre-planting application of
strain 84 to cuttings and secdlings reised in sterile soil

(Kerr & lltay, 1974; Dhanvantari, 1976).



The reaulté of a trial in progress at Tast Malling
on the pre-planting treatment of hardwood cuttings of
the rootstock Colt are awaited with optimism. However,
vhere the discase 1s already present as in latent infections
in established layer beds or plantations of pereﬁnial
crops such as blackberry, curative rather than preventive
action is roquired and the prospects for biological control
arve less promising. Ne&ertheless, experiments have been
initiated to determine the efficacy of strain 84 as a
pre-planting dip on rootstogks from an infected layer bed
and as a spray on the fresh layer bed shoot scars
immediately aftexr harvesting and on blackberry cane stubs
after winter pruning. The results of the delayed
applicationn of sitrain 84 suggest that iﬁ might be fceasible,
in commercial practice, to delay treatment at least until

the end of the day when these operations are carried ocut.

The heterogeneity of the 'specios' Agrobacterium.

tumefaciens, and the knowledge that vine isolates are

inscnsitive to the activity of bacteriocin 34 (Panagopoulos,
pers. comm,} indicate that biological control is noi a
panacea for crown gall unless other antagonistic drganisms

with aa different spectrum can be isoclated. .
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SUMMARY AND CONCLUSIONS

1; The pathogen 8 introduced into 'clean' land through
infected nursery stock. This is probably the most common
method of crown gall dissemination and where greatest

vigilance is needed.

The origin of infection on_ the layer bed studied,
established on fumigéted:lan&, is ﬁhknoﬁh"ﬁuﬁ*diséé§e was
almost certainly introduced into a later esfaﬁlished layer
bed with fhealthy' material from the infected bed. The
cane fruit plantations studied were all supplied with
plants from the same specialist nursery. The initial
distribution pattern of crown gall at Bifroné Gardens
was attributable to infection in random bundies of the
nursery stock, Freedbm fromvérown‘gall‘depends'on planting

pathogen~free stock.

2. Spread of the disease from the initial foci of

infection was rapid and extensive.

Establishment of the cherry layer bed on fumigated
land, where the population of natural antagonists would
have been depleted or eliminated, would allow the

A. tumefaciens population to increase rapidly. 1In the

culture of cherry rootstocks and blackberry crbps the

many wbund sites allowing ingress of the pathogen provide
better conditions for disease spread than, fqr example,

in orchards., The lack of adequate contrel measures
resulted in the rapid sﬁread of infection on the layers
and in the Blackberry plantations, and led to the grubbing
of‘the layers after only 4 years® productivity (compared

with a normal 20 years) and to 100% infection of blackberry

bushes within 5 years. The Importance of rlanting healthy
- 43
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mnaterial in clean land is again emphasised,

3. There can be no guaranteec that rootstocks harvested

from an infected layer bed are free from infection.

Prohibiting the sale of galled nursery stock will
reduced the dissemination of crown gall but will not
prevent it. Apparently healthy rootstocks used to
establish a new cherry layer bed on fumigated land soon
became galled; preplanting chemical dips failed to
control the disease; the rate of infection on the layer
bed and on the 'healthy' rootstocks taken from it when
lifted ufteﬁ one yoar's growth increased in parallel over
several years, There is no doubt that the rootstocks
were latenfly infected whon hérveated from the layers

although galls did not show until the following summer,

To prevent dissemination of the disease from tho
nursery, ideally, no: plant material from land where crown
gall is known to be present should be sold., Such a drastic

measure would not be accepted nor could it be Justified,

L, No clear evidence was found that crown gall adversely
affected growth of cherry and blackberry or the cropping

of the latter,

Nevertheless certain circumstances may combine.'e.g.
basal infgction on I'12/1 rootstock in the hursery before
grafting with EMLA Mapoleon, to bear out the asscrtion of
some growers that growth is affected by the disease. The
determination of the precise conditions leading to
significant adversc effects on growth cannot be regarded

as of such high priority as disecaso control in the nursery.
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The effect of virus-free status on susceptibility to

the disease might,hoﬁever, be worthy of investigation.

5. The causal organism of crown gall, A. tumefaciens,

exists in different biotypes and pathotypes. Successful
isolation of the pathogen depends on choice of gall,v
isolation média andvrange of indicator test plaﬁt hests.
These>stﬁdies confirmed that bacteriophages ahoweé no
potential for diagnosis or phage typing of the different
strains of the pathogen. However, the in vitro
sonsitivity of many isolates to the bacteriocin of W84
 has already made 1mportant changes in the‘appfoach to

field control.

6. Although there is as yet no evidence that crown gall
has any major adverse effect on growth and»éropping. in

certain special situations it is of considerable economic‘
importance, e.g. in cherry layer beds where infection énn
render stocks unsaleable and in the orﬁamental trade. |

In these situhtions control measures to prevent widespread
and indiscriminate dissemination of a pathogen with a wide

host range are essential.

The only way of ensuring‘freedOm from crown gall has
been to plant pathogen-free stock in pathogen~-free soil.
The raising of cherry rootstocks from hardwood cuttings
and biological control of the pathogen with a preplanting

treatment of strain KB4 of A. radiobacter have greatly

increased the possibility of producing cherry trees free
from the disease, The use of K84 is not, however, a
panacea; not all strains of the pathogen are sensitive to

its bacteriocin nor has’it any demonstrable curative action.
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Thevsearch for other organisms antagonistic to

A. tumefnciens could prove rewarding and extend the

range of biological control,

Some of the contradictory résultis réportcd for soil
fumigation may have been dﬁevto the reintroduction of the
pathogen as lotent infectioﬁs in the planting material,
Fumigation may therefore have greater potential in disease
control than is realiséd and carefully controlled
experiments ﬁhero any risk of introducing the pathogen bn

planting material is eliminated should clarify this,

The only curative tfeatmént, of painting galls with
e, 3« bacticin, though effecﬁive on specimen trees or
certain prnamentals, is not practical on a large scale.
Sﬁrcad of the disease might be retarded by carcful timing
of pruning operations to coincide with periods of low
susceptibility, disinfectiou of pfuning tools and high
standards of'ﬁufSGry and orchard hygiene, Future
investigations into cohtrol byrchemicallmeans could
include modification of the time of application and
improvement qf penetration, Thexlcaf écar inoculation
technique might prove useful in the preliminary screening
of any new products showing some pctential in crown gall

control.
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