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Tk VIRUS DISEASES OF TRAERS IN TWO CCIMIINENTS

NOEL ¥. ROBERTSON

West African Caceo Research Institute

. In 1946 the writer was sent by the Colonial Office
on g visit to Canada ané the U. 3. A. to study the work in
progress there on the virus diseases ol crop flants.
Particular sttention was naid to the virus diseases of trees
and tree crons since the opportunities for studying these in
Eritain are small. In January, 1947 the writer was sent to
work at the West African Cgcao Reseafch Institute on the

9wollen shoot virus of Theobroma cacao I. In this essay an

attemnt will be made to discuss the particular problem of
Swollen shoot of cacao in the light of the generalisatidns
made from a study ot many viruses in tne U. S, As The problem-
in West Africa is very different from any single problem in
the U. 8. A. The whole structure of the asgriculture of the
area ig different, the people are mainly illiterate ané the
aéministrative difficulties are great. Nevertheless the
Swollen shoot virus problem shows many facets which sre
present singly or in combination in other tree virus problems
and a comparison of this virus with its snsalogues in the U. S. A
brings out these similerities. The writer believes that,

in the sbsence of any formal teaching of plant virus pathology
in Britsin, such an educational visit as he was allowed to
make is o valusble tesching method ; the success of' this

essay will in some measure depend on its ability to convincq

1
the readers that this ie so.

THE._.../




e

THE INPORTANCE OF FRUIT-GROWING TN THE U.S. A

Frult growing is one of the major industries of the
e, Approximately 1/60 of the arsble acreage is devoted
to fruit prowing (Inlernational Institute of Agriculture, 1958 )

and between 1931 and 1986 Truit was the third largest item

in the sgricultursl exports 3 the U.S. A supplied %1.6

-
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the world's apnles, 17.6% of citrus fruits and 18.9% of raisins,

a

in thoce years (Fascon & Schlaemer, 1940).

States finds its grestest

{@4]

Citrus fruit in the
conceniration in Floricda and Celifornia. Cranges, lemons
and grapefruit are the ﬁrinoiﬁal crops grown. IThe industry
is highly cepitalised, costs are high a2nd in normel times
the crov is g0ld in a fiercely competitive market. The
producers can then only stay in business by achieving maximum
efificiency. This efficiency is largely dependent upon sound
advice on psthological matters, for in the words of one grower
"once the ci%rus crop is planted its future is all pathology".
Peaches are grown throughout the country with areas
of econcentration in ifew York State, Nerth Carclina, South
Cerolina, Georgia, Cslifornia and in some of the dry valleys '
of Weshington snd British Columbias Peecﬁes are probably a
more Tlexible cron thsn eitrus I'ruits ; the pesch tree comes
into economic bearing when four yesrs old and in its early
years can be inter-planted with ﬁotatoes or some vegelsble
Crov. The veach crop 1s extremely perisheble and reaches a
high pegk of delivery all at once. Cn this account ite
market value may often slump badly. 1t is, however, & crop
which is always in demsnd snd the diiferent sreas come into
production at different times and do not compete for the
market to the ssame extent =s do the citrus areas. Moreover

there is slways a steady demesnd on the canning market.

Cherries seeeef
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Cherries and nlums hehave in much the same way as
vesches, on the msrket, but they sre less tlexible crons
coring into ecoromic beering much leter in life and continuing

to bear for a mucn longer mneriod, Thneir distribution is in

e}

the nreas of reessonsgble reginrsll on botn cossts.

noles ‘and mears are occasionsl crops throughout
the ™, S. A and Canades but their greatest concentration is
ettained in the Cntario Peninsula, the hew %nglangd States,
“ew York and in Washington and British Columbis both in the
wetter coastal areas and in the dry inland valleys under
irrigation. They are high cost crons but they can be kept
| vnder conditions of gas storage and redeased on a favourable
market.

The soft fruits are or locgl importance, being grown
for the fresh fruit msrket in the neighbournood of towns and
Tor locel canning enternrises.

Graveces come in 2 class by themselves, they are
exnensive to grow and sre mostly grown under contract for
wineries and are assured of a stable market,

The gquestion as to whether the crops mentioned above
are grown for export or under conditions of irrigastion, or both,
ie of importasnce in evalusting the importence of disease in
their production. Then the crops ere grown for export it is
imnortant that as many ss nossiple cf the fruits should bhe
unblemiched and of high guality. Similarly where the costs
of irrigetion are to, be a2dded to normael costs it is important
that maximum production combined with maximum efficiency of

nroduction he schieved.

.

THE IVPORTAICE OF DISEASES IN THE VARIOUS CROPS AND THE EXTHENT

)

OF THE DAVMAGE AND 103S THEY CAUSE

The fungus and bacterial diseases attacking fruit

trees in the 1. S. A. and Canadsa are very similar in their effects

to those in Britain and Burope. They are mostly seasonal in,

< ; fheir cos/




their inecidence snd cause the loss of fruit loecally. In some
inetences they kill out trees but ususlly only to a limited
extent. uech of the loss caused is by s deorecistion in

quslity, es, Ior examnle, in the Scsb Aisesse of apples

(Venturia ineeyualis) where the fruit stiected is totally

unsaleshle, Iimited cepreciation of wuality in such,a crop
as peaches may not be of great economic importance. These
fruits have a high and sharp pesk in resching the market and
heavy culling under such conditions is often completely
compenseted by s rise in the merket nrice. Recduction in
Juelity in crovs which meture evenly over the season and for
which the femznd is constant and steady is a more serious
matter. Ioss of Guelity in citrus fruit due to Brown Rot !

(Phytophthora citrophthora) or to the Stubborn virus is a

serious matter becsuse of the severe grading to which oranges

are sub jected. The Phony cdisease ol peaches, = virus disease
which reduces cron and quality, in its early oversll incidence
of sbout 2% had a negligible effect on the economics of peach

nrofuction, although where it affected individual orchards at

a high percentasge its effects were nmuch more serious,

In general the effect of virus diseases is to reduce
productivity or to kill the tree. Eoth effects are of the
greatest conseyuence to a grower who is competing in difficult
market. Voreover there are Caseé where the virus recduces

the guality or all_the fruit on a tree and spreads rapidly

throughout an asrea so that none of the fruit is worth harvesting ;
this is heppening in British Columbia. In the Sweet Cherries

of ‘the Kootensy ares of lLake Okanagan a virus called "Liftle
Cherry Virus' hss appeared»and has sﬁread rapidly, sffecting
every tree iﬁ the area. The crop is worthless on the fresh
fruit market but fortunately it can be use@ in the manufacture

of processed "Maraschino Cherries'. Vany of the frult virus
diseases are duife lethal but perhaps the most spectacular case

of 2w
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of a lethal nlant virus, which spreeds rapidly, is to be seen

. W2

in the Phloem lecrosis virus of Ilms. - This c¢isease is spreading

very repnicly down through the Vid-West States, as far south as

Jackson, Mississini ané as far west as Kansas City, it is ‘
¢estroying the very valusble shade trees of towns where summer
shade 1g 21lmost 2 necessity ol life. In Columbus, Ohio, which
the writer visited, 10,000 elm trees sre dying every yvear.
The town begen with a penulation of 126,000 elms and it hes

. _

slreacy lost half of them. It was an unpleasant experience

to érive down avenue sfter avenue withh only the skeletons

remaining of -what had once been some of the loveliest ornamental

groves in temperate regions. This is, in the writer's eyes,

the sunreme example of the potentisl destructiviness of the

virus diseases of plented tfeé Crons. The greast difficulty

in controlling this disease lies in the fact that the "incubation

veriod", the time between infection and the expression of

symntoms is a very long one of twelve months or more and so

eradication of trees showing symptoms cdoes not remove all of

- --.";he infection reservoir. YWhen the incubstion period is short
and spreacd is slower a very lethsl disease is easily controlled
becaguse it either kills itself out or is resdily noticed and
eradicated. An example of suéh a disease is the Rosette disease
of peach which occurs sporadically in the Virginlias and
Carolinas. ‘

Perhaps the most serious aspect of tree virus diseases

in the U.8. A is to be seen in those viruses which reduce
efficiency while themselves remaining unnoticeé by the grower
and often by the plant pathologist. A good example of such
o Qisesse is the "Cherry Yellows" disease ot Sour (Montmorency)
cherries (Keitt & Clayton, 1943) which occurs very freguently
around Wisconsin snd Michigen and may affect upwards of 50% of
the trees in an orchard without the grower being aware of

anything other than a very severe reduction in yield which

cannot .o/
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“cannot be mitigated by culturel methods. The disease shows
evaneacent symntoms and is fherelore exXtremely uncertain to
diapnose ; 1t cannot bhe cornrirmed with absolute certainty by
any easy inoculation technigue and is thus a worry to both
grower and natncloglst. It may go o ror years reducing the
productivity of an orchnard and wnen a grower in spite of every
culturel nractice gets one yuarter to nalr a cron he cannot

hope to remain in business in a merket with a narrow margin ot
profite: It voulé be,teéious to deal at length with individual
flseases on indivicdual crops and s list of bulletins giving
guch information is included in the bibliography. It is hoped
in the remsincder of the essay to extract somelgeneral intormation
on the errectivenesgs of disease control measures, research
methods ané results, from the whirlwind tour of research centres
and the miscellsaneous impressions and informatioﬁ obtained on

that tour.

THE BPPECTIVENESS OF COILROL NMBEASURES FCR THE VIRUS DISEASES

(a) Bradication of infected crop plants

The eradication of infected plants (or their eftective
segregstion) is the obvious empirical approsch to the control
of communicegble disease. It has had wide applications and
success in the control of bacterisl and virus diseases of
animels, including mean. In the control of plant diseases it
has proved useful agsinst certsin slow moving fungus patiogens
in which the grsdient of the epidemic curve is small (e. g

Armilleria mellea) and in Britain has heen successfully used

as a method of obtaining end maintsining healthy stocks of
potatoes. It has been generally successiul against virus
diseases in the smaller clonally propageted plants, raspberries,
strawberries, etc. andltnis may be because the plants can be

grown on a nursery scale and closely scrutinised before being

placed sess/
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placed in the field. Once in the rield they can be mainteinead
ate ol hesaltn for = year or two ané then the crop
ig renlanted, suchh a methoc of "control' couléd nardly be
counted successiul 1f useé agalnst fruit trees and yet it is
heing used there and one csn see it whittling awsy orchards
until there is nothing lef't but a group or trees of all sges ]
with continugl removasls and continual replacements, Used
apeinst fruit tree virus diseases in the U.S. A. this method
has had ss many failures ss successes.

Peach Vosaic was observed in several separated
placee in the U. 5. A from 1981-33 (Hutchins, Bodine and
Thornberry, 1987) and immediaste ersdication measures were taken
against it. sSuccess nas been achieved inthose areas with
a high peach nopulstion such as the San Bernardino and Riverside
ccunties ot Californis. ' 1o compensstion was offered to
growers for the removal of their trees ané tne cost to
infivicdual growers must have been encrmous. Reverthelesé
the officials in the ares believe that the stringent procedure
of the early days has been well worth while. . The insect vector
i s any) of pesch mosaic is not known but the disease spparently
shows up the first year sfter infection and in certain varieties
it shows up in the early spring as netél bresking. Thus in
concentrated peach areas spring inspection, where the variety
is suitable, anéd early summer inspecfion where it is not,

combined with immediste eradicetion cuts down the length of time

the trees are dangerous as sources of inoculum and controls

J
it

the disease adeguately.
In coﬁtrast to the success of eradication in

Calitornia it was found in Texas and Colorade to be impossible

to give. adeguate inspection ot the scattered peach holdings

and eradication has been dropped as an impracticsble and

unéconomic policy.. In these sreas the disease has been sllowed

to tske its course and the result has been rather s surprising

one. The severe strains of the disease have been eliminsted by

the a--oo/
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the growers themselves or nave diecd out and there has been a
grecugl selection towerds the milder strains and the majority
of the trees sre now carrying a mild strsin which protects

ageinst any of the severe strains which may arise. l'oreover

)

ior such low cost sress these neaches sre noderately productive.
The acdministration of the eracdication nroject (never
an easy job) is of some interest.  The Federsl Officers were
responsible for instigating the campaign and@ the carrying out
of it was by gangs under *edersl control. These gangs asked
tor nermission to eradicate and if this wes given the trees
were inspected and cut end pulled free of charge. 11" the
grower refused to allow the removal of the trees the orchard
was insnected, infectecd trees marked and the Stste authorities
were informed, In Cglifornias (end in Georgia where much the
same procecure is used sgainst Phoney Peach disease) the State
is empowered to remove cdiseased trees, a removal gang does the

Job anc¢ then the State charges the cost to the grower. The

legality oi these actions have been proved in the law-courts

Y e

and it is now generally realised by the growers that it is
safer to give permission at the beginning.

Eredication has been used ageinst the Phoney Pesch
virus in Georgia and the neighbouring states. Its suceess
in practice has been less than its success on paper. ‘'he
officiels of the Bureau of Xntomology and Plant Quarantine
show one mmapon which through the years tihere has been a
gradual shrinking of the northern boundary of the area occupied

by the disesse. When one visits the ares it becomes apparent

‘that there is no natursl spread in the areass where eradication

is eftective and in the areas where natural spread occurs the
eracdication programme is very far from controlling the disease.
It @did in fsct seem to be reasonably successiul up till 1945 for

till then the recurrent percentzsge of diseased trees had been

around 2-3%. Tn 1945 however the percentage Jjumped considerably

and '..a-o 4 L) /
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aneé for some yesrs back it nad been showing incdividusgl cases
of lsrge lncreases which were rnot shown in the oversll nercentage,

The situstion has continuecd serious in 146 snd the overall

Lde
=

cidence which was about 8% in 194t seemed to be about the
same 1igure. In local sreﬁs the disease was ﬁévastating.

It one orchsrd obgerved by the writer thne growef nad@ lost €00
treeg for two years runuing out of an original itotal of 4,000
trees ~nc it seems as 1f the disease will continue to tske the
gome toll until there is no crchsrd lei't.

Lracdicstion in this case would seem to have failed
comnletely, although he would be'z brave masn who would
recommend its cessation at the moment. It we look for the
reggon Ior the isilure ol the eradication campaign we can fing
it in some recent deta on the virus nost relastionshins. It
neg keen Tound that there is an incubation neriod of 2 year
between the time oi inoculstion (by grafting) ané the sprearance

st there will

b

of" symmtoma, It zeems ressonsble to sssume t

e 2 similer interval ‘between natural infection and.the onset
— of syimtoms (the problem is complex ané meny other factors

enter which will not be discussed). IT" trees in the orchard

are carrying s tull Joad of the virus or at leasst sufficient

to infect onother tree without themselves showing symptoms

then the futility of eracdicating trees showing symptoms

becomes obvious. :

As s general principle it can be concluded that
eradication methods only vay when the symptoms of the disease
show uvn quickly after inoculation and where spreac 1s correlated
with the regular spread of en insect vector.

There is one special case where eradication except
as a purely horticultural operation does not pay. This is in
the Pierce.disease of grapes (Hewitt et al. 1948) where one
method of spreéd is by the migration oi infected lear=hoppers

Cicacdella circellaté,(Bal{er), which slight in an area, feed on

the plants, infect them and then rise in a swarm and pass on.

-
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this area, ané it rerely cdoes, ersdicaticon ol diseased plants
as a ccntrol measure woulc be botln uneconomic and useless.
dracdication as an effective measure should only be
emnloyed vhere there is ecdeyuate inowledge of the insect-virus
relations, the behaviour or the virus in the plant and the

bionerics of the vector.

(h) Bracication of infected wild hosts and symniomless

carriers
I'he presence of reservoirs of virus in infected wiid
hogts, either showing symptoms or acting as carriers, and in
cultivated varieties wiicir are symotomless carriers is an
immortant fesctor in the épread ol many diseases.

Wild hosts which are carriers of virus are of
importance in at least three serious plant diseaées in liorth
Anerica.

The Pierce disease of grapés, which is causing so
—  mucll concern in Calirornie et the moment, is carried by three

groups of legi—honpers. The most important vector in the

north coastsl area (Napa Valley) is Draepulacenhala minerva,
.Ball. This lives naturally in the vegetation ol stream banké
end it has been found that certain of the components or this
vegetation are carriers of the virus and the incidence of the
¢isease is highest in those areas directly adjoining the stream
bed. . The virus is also carried by grassses and it causes a
severe disease, "Alf'alfa Dwarf' in Lucerne. The leaf-hopper

Cicadella circellata which feeds on grasses and lucerne carries

the virus to adjacent vineyasrds and such vineyards are often
comnletely 6eciﬁateﬂ. In these cases 1t is impracticable to
eradicste the slternative host and the method of control used
st nresent is the passive one of avoiding these aress for

planting.  Experiments are in progress to test the possibility

of spraying the aress inhsbited by the leaf-hoppers with D.D. T.

10 vea/




11.

to control their spread.

In the stete of New York the Eastern-K disease of
neaches hecame very imvortant shbout 1934, It is still an
imoortent @isease but a method of control has been developed
which denencs on the fact thet the wild choke-cherry (Prunus
virginiena) is infected with the disease and is a source of
inoculum for the neighbouring peach orchards. It has been
found that there is no spréad of the diseasse from choke-cherry
to peach when the tormer is at lesst 500 feét from the pesch.

IFethode have been worked out for the simple eradication
of the choke-cherry by chemicsal methods using sodium chlorate
(2 1b. to a.gallon} or smmonium sulphamate at the same
Coﬁcentration. The Quantity used is between one and two
_gollons per 100 sd. ft. (see Hildebrand, Berkely and Cation, 1942).

The third cese of snread from wild to cultivated
hoéts is the Mottleleaf’ virus of cherry where the natural

host is Prunus emarginata Welp., the Bitter Cherry of the

north-western Pecific states.  Thickets of the wild host,
which is generslly symptomless, occur in the foot-hill canyons.
When cherries are grown in these areas the incidence of the
disease is generally severe.

In certain cultivated plants varieties exist which
are tolerant carriers cf a virus which affects very severely
other varieties of the same species. Thus in strawberries
the-variety Huxley's Giant is a symptomless carrier of the
yellow-edge and crinkle complex of viruses (Harris and King, 1942)
and@ healthy stocks of Royal S&ﬁereign strawberries can become
infected when grown next to sgpparently hesglthy:stocks of Huxley.
Royal Sovereign reacts very severely when infected with the
yellow-edge-crinkle complex (Harris & Prentice, 1946).

The general conclusion can be drawn that it is

necessary to have detailed‘knowledge of the host range and

symotomatology of any virus before attempting to control it.




(c) Plant guarantine

4]

nd_the insrection of nursery stock.

In conseyuence of the severe epiphytotics caused by
irmorted fungi plent guarsntine (legislation, inspection anad
embergo) has been extensively develoned in the U. 8. A It has

hnd moderste success ageinst foreign iungi and insect pests.

w

Inter-state duersntine regulestions are very variatle, in some

stetes, such as California, they are very stringent and in

others free passesge of all plants is allowed. The administratio%%
. Yoy

oI sn embargo ageinst fungi, bacteriaz =nd insects is = '

cormneratively easy matter when compared with the difficulties

of eniorecing the exclusion of viruses, where the sympntoms may

be fleeting or completely non-evident. Theoretically inspection

Tor viruses is made whenever any nlesnts are imported and some

attenmt is being made to inspect nursery stock movin@ between

the states of the Pgcific north-west. What thé eftect of

these measures is it ig difificult to say. Inceed, when one

coneicders the multinlicity of guises which the symptoms of

<
s

rus diceases csn assume, it seems the only safe yuarsntine

regulstion would be complete embargo against all living plants.
When_we-come to consicder the inspection of nursery

stocklherore distribution to the trade we are on surer ground.
It is gracdually coming to be recognised in the U.S. A. that
the use of infected budwood by nursery men is one ol the major
sources of viruses in orchards to-day. In Californis the
dieseminstion of the Psorosis virus of ecitrus fruits can be
blemed entirely on the use and distribution of unhealthy budwood
from one of the originsl Naevel-orange trees (Professor Fawcett
in convefsation). The 1eaf symptoms of this disesse have
only recently heen recognised and their connection with the
bark lesions which give the name has only recently been proved.
With the undefstanﬂing of the nature of the disease control

messures have tsken the form of a voluntary inspection scheme.

Any tree-which a nurseryman wishes to heve certified ass I'ree

from L] o .'l/




from ¢isease and suiteble as a source of budwood is inspected
for tvo yeers, at various stages of growth, =nd if it shows
no gigne ol the discase 1s registered as disesce iree. The
treee which are budded irom it sre inspected snéd samples
expgmined to see thst no disease nss been misged,
‘The recent techniyue invented by Wallace (1947 ) for
heetening tie onset of foliage symntoms may in iuture be used
as a method ol 1ndexing the budwood parent trees snd may supvlant
ﬁhﬂlﬁ?emeht leboricus =2nd lengthy metincd. In Zellece's
techniyue vieceg of scraped leai are implanted under the bark
ol healthy orange seedlings ah@ leal gymptoms show up in f'rom
15 cdeys to 28 days.
Dieseningtion of digease by means of budwood is
relatively common among the slow-noving viruseé end those in
which the symntoms are obscure. The Stony-pit cisease of pea
(Kierholz, 193¢}, Peach wart disease (Blodgett, 1943) and
Anricot ring-vox (Podine & Xreutzer, 194%, Reeves, 1945) are
. 211 transmitted solely (2s far as known) in this way.  The
e s .
cherry @isesse celled ottle leaf (Reeves, 1941) is carried
without symntoms by some cherry varieties. Often these -
verieties sre used as nollenators 6f the commercigl Bing and
Royel Ann varieties and are too worked on the orcharé trees
for thigs nurnose. The cherries carrying the pollenator scions
are very Ireguently sifected by the liottle leaf disease. I'ne
wniggg has seern whole orchards infected by Mottle leaf and the

—

spread could be attributed entirely to the top-working of

pollenators. Mr. E.L. Reeves who has had extensive experience
of this condition believes that top-working ot poilénatora on
commercial cherries should be condemned opf of hand for the
dsnger it holds of transmitting virus diseases.

A group of diseases which are not viruses but whicn‘
often simulete virus symptoms aré_spreéd in this way. These

disesses are believed to have their origin as bud sports.

They are difficult to detect except ef'ter much experience and . . -

- i the...../
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the source tree ror budwood in a nursery may be intectec¢ ang
usec yesr alter year witaout the murseryman being awsre®that
it is diseased, e’ conditions knewn ss Urinktle and Deen

Suture of Svweei cherry where the les looks rourner and less
refuler toen nommal, where Ifruliting is severely cepressed and
the frdit 1e rough ancd burmy and often "deep-sutured" gre of
thie neture. These conditions are not essily diagnosed by
the nu%ﬁérﬂﬂﬁr encd often whole nursery lots are budded from
an eoitected tree ané tue buyer may riné out too lete that all
hig treees sre umreductive and of undesirsble types. Still
vorse the poor trees may nass unnoticed and the grower (who
ig unsble to take an objective view ol his own LﬂvmW carries
thhe burdern of an unproﬁucﬁive orcharcd and wonders st his ill-luck
vhen he finds himself a bankrunt.

It is of some interest to recordé thst when vorking at
Bast Malling af'ter o vigit to the U.S8. the writer kept a watch
Tfor come of these obscure conditions. It gs easy to imggine

one sees taem but in the case of Stony-pit of pear the symptoms
e T

seen by thé writer were confirmed by Dr. Prentice as being caused
by & transmissible virus. Dr. Prentice had observed the
concition in nrevious years anéd haé nerformed inoculations which
fully confirmed the virus nsture of the disease. The symntoms

of Stony-nit resemble those ol the obscure Eritish disease

knovr as "Dimple'.

Tm— .
— THE SEARCH FOR INSECT VECTORS CF THE VIRUS DISLAS ¢S OF FRUIT

TREES
Fost of the fruit-tree viruses spread naturall& in e
the t'ield snd by snslogy with the viruses of herbaceous plants it
is believed that insect vectors are the responsible agents.  But
in only one case has it been definitely shown tnat an insect is

the vector of an American fruit tree virus. In 1935 Kunkel

showed thet the leaf-hopper, Macropsis trimaculata carried the
virus of Pesch yellows.  Since then despite repeated efforts

HO wisivas/
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no relationship has been demonstrated between any of the,
Americen Truit tree viruses and an insect. This prompts the
wuection ss to whether there is some inherent cifficulty in
cdemonstrating such s relationship cor whether there is no
connection between these viruses and insect vectors ana their °
soread is by some mysterious end hitherto urknown mesns. Work
in the T, 3. A. lias begen concentrated on the Phony Feach disease,
Peach Yosalic and Phloem necrosis of Elm and although in the
first two cases work hes been in progress for sbout 15 years

no insect has been shown to be a vector. The workers on
Phony peach snd Phloem necrosisg believe that they have now got
indications oi' the vector responsible but it will be some time
before they csn be sure.

Certain criticisms of the methods employed in the
cearch for insect vectors in the U.S. can be made while at the
same time reslising the enormous difficulties of the task.
Firstly the vproblem is not treated with the amount of respect
cue tq it. The suthorities do not seem to be aware of the
over—fiﬁing immortaence of finding the responsible vectors.

The sesrch for and study of vectors would seem to the writer
the first sten in the study of a virus disease. The relative
apportioning of workers in this and other branches of the study
of fruit-tree viruses seems altogether wrong. Kach disease
hae one entomologist, or perhaps two, working exclusively on
the insect problem. It might be better if gll the entomqlogista
who at the moment are spreesd over many vector problems were
concentrated on one, when a reasonably guick solution might

be hoved for. The sesrch for an insect vector demsands
considerable routine work and too often the entomologist finds
his time tsken up with tying bags, cetching insects, éottinge
plants and generally doing all but direct the search for the
insect in the right direction. It seems fery necessary to

concentrete = large team of entomologists withh adequate

.
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technicsel asaietancé on such a Job.

At the moment in America all the inoculstions ere
cni geedling trees ol 2 year or more or on budded trees.
“herever it is possible the use of very young seedlings seems
to offer mucn grester facilities for s yuick turn over, a
saving in snsece, sneeding up in symptom exnression snd the
carrying on of work st all seasons of the yesr. At the
moment when yser-olé trees are used there is an interval of
at lesst g year hefore symntoms show up. There are of course
certain fifficulties in the way of using seedling trees, in
the casé of elms, for example, the seeds (when fertile) only
germinate for a short spell after maturing snd again in the
following snring.

In Pierce's disease of grspes we have a disease
where the sesrch for the insect vector haes been succesgsiul.
3o far three nrincipal.vectors have been discovered,

Draculocephala minerva,Ball, Carneocephala fulgida,lott., and

Cicadella circellata, (Bsker) and, since the lsst publication
on the subject several other vectors which seem to be less
important in general have been discovered (Hewitt in conversation).

n the study of the biology of the vectors appears to lie the

b |

ey to the control of the disease. It hes bgen found that
the Cicadells inhsbits the végetation of stresm banks and
canyons ané like locusts it will go on migrafory flights.
The locsal movements of the leaf-hoppers ané their migrations
coincicfe with the main spread of the'virus end it is by an
attsclk on the insects in their breeding places that it is hoped
eventually to sctively control the disease. Dr. Hewitt ftold
the writer that it is proposed to spray the river beds with
D.D. T. from helicopters, as ah experimental megsure, in the -
"hope that it may prove a practical method of control. .
Yhen an insect is suspected of being vector of a

virus 2né when no clues are known to its identity generalised

cover sparying is often adopted in attemnt to save g partiéularly _ﬁ
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valuable ﬁree or groun of trees. It is & wholly uneconomic
messure hut it je being useé in sn stternt to gave some of the
elr: trees in the mid-western.states from the ravspges of

Tnloem necrosig disesse, ‘e prinecirnle is to keen the trees
snhrayed with a T. D0 insecticide in thne none itiuat aly vectors
will be killed beiore infecting the tree. To snray a tree
100 teet nigh with 2 oil-water emulsion containing D.D.'. is
very exnensive business even when the tynes ol nower snravers
uged are censhle of throwing an efiective fose to that neight.
A tyne of migt-hlower ig being ceveloned which it ié noned
will throw an stomised susrension or I.DT.7T. in kXerosene to
-this @fatarce 2né will .cut the costs of laying on tihe lorge
sunmlies of wster necesssry in the nresent method. NMr., Farker

tne entomolegist at Cclumbus was very enthusizstic about this

1

machine ; the writer dié not see one go was unsble to Jjudge
ite performance. Cover spraying will probsbly become a useful
mesns of protection when the period of sctivity of the insect
vector is more exsctly known sand a cguick ;cting insecticige

can be used. Conversely cover spraying at specific. times

can be usecd as an experimental vprocedure Ior finding out the
period of activity of the vector eanéd thus narrowing the sesrch

to those insects known to be actively feeding at this time.

THE SKARCH WCR RASISTANCE

ﬁhenever a new and destructive plsnt virus is recognised
thére ig an immediate search for a variety oi the crop plant
attacked WhiCh will show resistance to the diseasge. It is
of considersble interest and importance to discover how far
resisténce hes been found useful in qnﬂbeting the spread of
the fruit-tree viruses of the U. 5. A .
We sre up sgainst the diificulty at the outset of
the varying conception of resistance. In its originagl sense

the word means that resistant plants do not become inflected

by the virus. There are very few cases of such totsl resistancé, /

probably IR

o
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nrobahly the best csse ie the 1, 5. D, A seedling votato no. 41956
(Gehultz et 2l., 1934). 'ogtly when resistzsnce is talked of

a tolerent re=ction to irzection with recuced multinlication

of" the virus 1s 1mplied but it is often Gifiiecult in the
litersture to cfiscover Just wihat 2 writer rmesns by "resistance',
In conversation it grmresred that meost of the American workers

mesn tolersnce when enesking ol resistance.

™

"here seems little doubt thst the cevelopment of

.

verieties of sugarbeet "resistant" to the Curly Tor virus (i.e.
heets showing no Symwtohs mnen attscked by the disesse and
heving s reduced virusg concentration sné thus a recuced
inoculum notential) has ensbled the-sugarbeet incustry to
survive in the roothill areas oif the Pacific west coast.

T neaches, a2 similar situstion cccurs with regard to Peach
mosaic gltheugh no nrseticsl use has been made of it. Certain
of the Clingstone varieties (e.g Orange Cling, Hutchins,
Fodine & Thornberry, 1¢87) are nractically symptomless carriers
of Tesch mossic. The reason thet no use hss been made of

thig tolerance is that an erasdicstion campaign vas begun to
save valuable varieties such as J.H. Hale which show severe

aymptoms end it would heve been administrative suicicde to

encourage =t the ssme time tne growth Qf symptomless carriers.

Mo resistance or tolerance tGEPhoney neacli disease
nor any resistance to Hegstern or Vestern X. disease has beeﬁ
observed in cultivsted varieties but in Peach Ygllows although
all cultivated forms ere visibly sffected, certain wild Prunus sp.
are symntomless carriers.

The guestion of the advisability of using symptomless
cerriers or conversely Qf inoculeting susceptible varieties
with a mild virus strain and thus “immunising" them (Price, 1932)
¢ivices Averican wdrkers. In man& areas the use of tolerant

varieties hes been successful, notsbly so agsinst sugar beet

Curly Top virus. In other areas the use of g sort of natural

immunisation ...../ ?
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immuniestion by eracicating severe stresins of the virus and

legving the.milder straine has been brought about through Force

1

of ecircumstances ; 1in Colorsdo ané Texas where the eradication -

cammelgn broke cdown the growers themselves have removecd the

severe stresins of the Peach mosaic and an area of universsl

infection with mil@ virus strains ié being procuced unintentionally.
The great danger of encoursging the use of tolerant

verieties or inoculation with milé strains of the virus is

thet the 19rge mmber of virus pearticles nresent in the area

incresses the chance of mutation of the virus and the nrocuction

of a strain with reslly devastating effects. The guestion

is one which lends itself to biological philosophising and

the brobsbility is that by eradicstion of severe strains and

the encouragement of' symptomless carriers we are following a

normal evqlutionary seyuence with no meore danger than ever

occurs when growing a2 large mass of plants nermanently in one

vlace. But when opinions were collected from American workers

no unanimity could be found. For example. Clayton and McKinney

believe that thé Ambelino type of tolerance-resistance is

the only worthwhile type of resistance to Tobacco Mosaic virus

to develop in tobacco while with eyual vigour Vallesu puts

forward the view that the hyper-sensitive type of resistance

obtaiheﬁ from Nicotisnes glutinosa is the only right one. It

seems that we have not had sufficient experience bf ditfferent
tynes of immunity to plsnt viruses to formulate any principles
for their use in plant protection.

An interesting and special case of dmmunity was seen
in Washington where the Red Raspberry lMosaic is combagtted by
the use of strsins of raspberries which for physical reasons . 1
(probably Adegree of hairiness) are distasteful to the vectors

of the viruse. The vector is Amphorophers rubi znd it has

been found that it will not thrive on certain raspberry varieties
211l of which have Lloyd George variety s one parent (Huber & }

. Schwartze, 1938).  The curious thing is that the aphld thrives «

o

o
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guite hepnily on Lloyd George and its progeny in Britein.

4

PHE USE OF CHEMCTHNRAPY AGATILST PLANT VIRUS DISKASES

In view of the extreme seriousness of the plant
virus disesses and the freyuent failure of the well-tried
methocds of control it seemed to the writer that any reports
of new methods qf control snduld be carefully followed up.

Mith this end in view a special visit was peid to Dr.-Zentmeyer
at the Univeristy of Ceolifornia citrus Zxneriment Station and
to Mr. Stodéard and Drs. Dimoné ané Horsfall ot the Connecticut
Agricultursl Exneriment Station. The earlier published work
in the subject was in abstracts in Phytopathology and was
difficult to evaluate. After his vigit the writer was
convinced that very close attenticn should be given to this

WO i, The results so far obtesined are backed by only meagre
experimentsl studies but there seemsg little reason to.doubt
t@at further work may Substantiate;the present findings.

The most striking results have so far been obtained in the

control ot the Dutch Zlm disease a fungus disease (hadromycosis)

causeC by Ophiostoma ulmi. A number of compounds related

to the Quinones (quinone, pyrogallol, p-nitrophenol,
8-hycroxyquinoline sulphate ete. see Horsfall & Zentmeyer 1043)
have reduced the severity ot sympntoms ané in some cases seemed
to have effected a permanent cure. It seems that the effect
of these substances may be to antidote the toxin produced by
the fungus which is responsible for the wilting and death

of the tree. There are difficulties in the way ot introducing
these chemicals into the tree and when it is found possible

to introduce them by means of soil applications this seems

the most suitable methoc. Dr. Ho%sfall told the writer that
he believed that soil spplications of oxyquinoline sulpna;é
would probably prove effective sgainst thg disease.

Exveriments on standard elms are in progress at the momeht

but owing to the nature ot the trees and the necessity of

using 'f"'/ /
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using vairs of trees, treated and untreated and observing
them in en infected area for severesl years, it will bhe some
time before the resﬁits are it for scrutiny. 30 Tar very
¢efinite evidence ot recovery has been obtained@ in the year
vhen symntoms were observed but it cannot he def'initely
stated thst this recovery nersists in the next and succeedling
years, It is in the protective action of this chemical that
the Connecticut workers put their feith and that csnnot be
decide¢ until some time has elapsed.

Stoddard working in the annecticﬁt laboratory has
attempted to cure the Hastern i Gisesse of Peach with various
chemical trestments. Hig earlier work made use of the
methocd of soaking the disessed buds in chemical solutions
and then placing them in healthy trees and observing the
amount of disease trensmission. With thig method 50% of his
diseaséd bhuds were cured but the scope ot the exmeriménts
were not such that the results can be accented as statistically
velid slthough there is no reason for doubting that with
renctition similar results would be obtained. The method
he now uées is to inccuiate heslthy seedlings with diseased'
bués and then to spnly his therspeutic substances as injections
or by the soil. The most effective chemicsl he hss used so
far has been iso-quinolinium bromide which applied by the
soil has given 2 cure of 80-20%. It is difticult to Jjudge
the vglue of this work Without‘seeing the statistiCal layout
of the exXveriments snd thset could not be easily ascertained
in conversation

Promising as the results may seem the whole approach
is very unsatisfactory in its blind empiriscism. In the
disezse used as experimental-material there is no precision
in the methods of infection, infection is by budéing and the
introduced dose or mass of the virus cannot be easily controlled.

Yoreover the method is slow with only one experiment being
possible each year and the method of introducing the therapeutic

agent «vo/ 0
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agent, whether by the soil or by injection or by soaiking the
buda must be énen to great variation sné no account can be

telzen of the dose reqguired. "ithout some intormation as to
the behsviour oi these suppogec thergpeutic cgents in the |

% :
nlant it is @ifficult tc hsve any other method of testing
new chemicals other then by trial and error and this is very
vegteful of time snd materisl.

The lceal avoroacih would be the purely fundsmentsl
one of the physiology of virus multiplicetion within the plant.
“nere 1s no doubt that this will nave to be done but for the
practising plant nsthoiogist faced with a serious problem
to whieh an immeciste solution must be found some conmmromi se
is necessary. The writer suggests that yuickness with
certelinty can be obtained by cutting down the exmerimental
varietion to a minimum, standsrdising the methcde of infection
(rnrefershly using insect vectors ané a constant source of
‘virus), using materials in active growth (in large numbers
and growing under controlled conditions) and by uging standard

coses of the thersneutic agent. I, Tor examnle, it was

n

degired to search tor o drug which would cure the Swollen shoot
Gigease cr Cacao the writer sugiests that the following
nrocecure mizht be followed. To begin with it would be
necessary to have & cdetalled knowledge of the insect vector

g0 that standard doses of the virus might be introduced into

the ﬁlnnt; Thie could be followed by growing large numbers

of Cscso seedlings in standerd nutrient solutions with added
standard doses ot the therapeutic agents belng tested. It

would he more satisfactory still if it were found vnossible

to grow cembidl tissue cultures infected with the virus and

to sdd@ the therapeutic agents to the nuitrient solutions. i

ény graded measurements of the effects of the different chemicals
is to be made it would be necessary to devise some means of

messuring the guantity of virus present and to do this it i
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would be necessary to develon some yuantitstive test for the
virue such as a precipitsting test, if an anti-serum can be
nrofuced agsingt the vﬁrus.

Chiemotherany rfor nlant virus disesses may seem a
long way Trom reslisstion and indeed it may never be realised.
Rut ~itn the very poor methods of control aveilable against
frult tree viruses at tiie moment 1t seems very important to

probe thoroughly such e promising 1ine.

SCI7% COMMENTS CN IRWHODS_ GF InOCULATION

In the sbsence of a bacterial of fungsl pathogen
the first steﬁ in the demonstration that a'patnological
condition is assccisated witi. the ﬁresence of & virus is the
graf't transmission of the condition from diseased to healthy
trees. Grefting is possible only at a limited season and

is & iaborious business. Bud trensmission with its longer

i

sesson sné ease of performance nas long been uged where

noggible but in many caseg 1t gives & low percelitage of takes

or may even feil to demonstrate the tranemissibility ot the

virus. In guch csses chip budding in which a plece ot wood
containing g bud is fitted into a suitable bed in g branch

ig vsed (see fig. 1).

Cr else snur budéing in which a whole spur

is used in nlace of the normal bué is used

ﬂ ry (8ee £ig. 2).

In elm trees it has been found cdifficult
to bud or graft in the normal way =né s patch

g2, graf't has been founé successiul.

An oval patch of bark and cembium-is fitted to a tree where

a patch of the same size has been removed. Union takes

-

place but it is rarely permanent, the connection is however

maintained long enough to allow of the passage of the virus.
Wallace's method (194%) of placing a piece of

seraped leaf under the bark of seedling orange trees has

.
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.
proved a successiul means of hastening the sppearance of
folisge symntoms in the study of the Tsorosis disease oi

Where budding snd gralfting fa2il it hss been found

nogsible te aciileve trensmission by mesns of Dodder (Cuscuta sp.

el

g

a paresitic flowering rlent .which forms vascular connections
vith its host. If it is trained on two hosts, one of which
is infected with o virus then in s certsin provortion of

cages transmission of the virus to the new host occurs.

CCMPITCATILG FACTCRS IN THH STUDY OF VIRUSES

e

This vigit to the U.S. 4. provided sn object lesson
in the comnlicstions which cen ensue when latent viruses are
nresent 1n the sunmposec healthy plants used for virus testing
or in the Dodder used in transmission studies. In peaches
a virus called Ringspot is very commonly nresent and is seed
trensmissible in a number of cases. In any event infection
of the young nlents guickly takes place. When infected
_lanﬁs sre used in transmission experiments or when the plants
being tested are infected with ringspot as well as with a
recbgnisable virus then immense confusion may result in the
atternts to systematise the virus nomenclature. The workers
in the Cslifornian peach area seem to be aware ol the necessity
.for caution in deseribing aeg new, pathological conditions
which are due to the presence of the Ringépot virus and
snother virus which would give different symptoms if it occurred
alone. The workers in the eazst do not seem to be aware of
this necessity for cesution and tney are.in some considerable
confusion about the results of their inoculations ané experiments.

The complication in Dodder has been demonstrated
by Eennett (/944 ) who has found a latent virus present in
his Dodder plants ané has shown that it can give rise to false

conclusions when ighnored.
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In connection with inoculation procedure the
system used at St. Catherine's in Csnada, where suspected
Vvirus meterisl is buddeé on to a host series laid out in
cormarsble rowvs seems a good one. Fostly no straightforward
comparison i1s mace, data on symptoms is collected from trees
growing all over the orcharé and the host range tried is s

matter of the trees availsble when the inoculstions are done.

SONME INTERESTING THECRATICAL DISCOVERIES

It 1s impossible to list all the theoreticel points
which became clear to the writer during the course ot his
tour but four of the recent discoveries spnedled to him as
of major imnortsance.

1. The demonstration by Dr. 1.VM. Elack of the transmission
of the virus of Clover Club cisease through the eggs of an
Agallian leaf hovver. This contirms Fukushi's (19%4) earlier
work which has long been a matter of dispute. Plack's work
hes not been published at the time of writing.

e The demonstration by Giddings (1945) of the ﬁmaSS
action effect" in the infection of sugsar beet plants with
curly top virﬁs.

B The finding that the strains o peach mosaic virus
from different areas do not protect against one another while
thoge from the same -area do (Dr..l.O. Cochrane in conversation).

4, The discovery that the psorosis virus of' citrus
shows primary symptoms for ten to twenty years and then
suééenly gives secondary symptoms of bark sceling. That
seedlings inoculated from trees with primsry (leaf) symptoms
shéw primary symntoms first and then (by inference) the secondary
symptoms after the extended time interval but that seedlings
inoculated from the secondary lesions show immediate secondary
symptoms followed by death. One wonders 1f the virus in the
lesions has mutated and whether the virus is induced to mutate
by envirornmental circumstances or whether it is a case gf a

Vipleia et s sif
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virug showing = time controlled mutstion.
Ihe value of the stimulus of seeing the inception
and growth of such theoreticel work to a young plant pathologist

cannot be over estimated.

GELZRAL INPRESSICKN DERIVED FROM THE TOUR

The extreme geographical delimitation of the virus
c¢iseases of fruit trees in the U.S.A. is borne upon one by

amount of travelling reyulired in order to see tnem. The

h

lseases of the esst coast are in genersl different from those
of the west and, very often, each fruit growing valley has
ite own spnecial brand of virus. There 1s great need, as
the Americans themselves realise, for some central co-ordinating
stetion which would examine the viruses as they are discovered,
ané nreferably before they are reported, asnd decide whether
they are relsted to exieting viruses or not. At the moment,’
for example, nobody knows if Egstérn X disease of peaches,
"estern X diseases ol mesches and the Buckskin disease of
cherries sre the same or not. llone ot the areas in which
any one of these diseases occﬁrs is willing to import the
cthers for comnarative tests and it seems that the ststion
will heve to be well isolated and under heavy guarantine
control. Apparently s small station on these lines iias been
established in Texas but so far ite scope and powers are not
great enough. There are many new viruses described which

\
are in sll probability old ones under a new name. The dangers
of confusion are lessened when the worker has an opportunity
to travel and compare notes with others. Since virus diseases,
unlike tungus diseases, cannot be gtudied by the interchange
of dried specimens the necesaity'rof travel is even greater

and travel and visits to other virus workers should certainly

be required of all pathologists who are working with virus

digseases.
PHE o sws
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The continuing and increasing severity of the virus

_
cloease

47 ]

¢f standing fruit trees ané the gmall succese in
centrolling them achieved by individual workers suggests that
when a new disesse appears snéd shows slgns of becoming

imnmortant a concentreted attacl: should be made on it by a

number of worizers. ZEperience in Americe nas shown thst
this 1s the only sefe method of sttack. Practical research

designed for the immecdinte solution ot a problem with the
minimum of systematic ané fundamental work hss tfasiled to
control these diseases in & snectaculer and cisturbing fashion.
Cnly a thorough and fundamentsl annrosch (with at the same
time & realisation of practicel peeds) can hope to schieve
gucecess. Yo longer is it noesible to treat = fruit tree
virus as a mere curiosity which, when its graft transmigsibility
has been demonstrated by a pathologist in his spare time,
cen he esgily controllecC or relagated to the renks of the
inocuous uneontrolisbies.

The great neec¢ in America is for good virologists
aﬂ@gﬁﬂbed with the whole complexity of the subject and prepared 216
to devote themselves to years of patient ané systematic work,
good mathologists are needed too with a sound conception of
the economic nroblems set by virus diseases but these are
more essily founé in the U. 8. A. where pathology has long been
on a dollars ané cents basis. '

The writer leit Anerics with 2 great agppreciation:

! of the mathologicel extension work in that country besides

which the advice available in Britasin seems very inadeguate /
and completely uninspired, with gratitude for the unfailing 2|

hospitality of American pathologists, and with real pride in: 1

British academic research in mycology.and plsent viruses. é
Ferhaps the most important contribution which a trip to the 3
Ue. S« A. can mgke to the educatiqn of a plant patholiogist is :j
to let him feel that plant pathologicel problems are of ”j
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in any of our srsble crons (under conditions of nre-war

= 5 Lo : : 3 3
econorilce, wag 2 hindrance rather than s help to the farmer

=né reyuirec the setting up of complex systems of quantity,

reguletion such as the notato merketing board.

THE SWOILIBN SHOOT DISKASE OF CACAC Tl WusT AFRICA

The account which follows describes the history of
Swollen shoot cdlgease in est Af'rica, the research work on it
anc the control mensures against it. In following the logical

cevelornment of thig work the wrliter does not keep to the order

o treatment in the generalise ‘account and it is hoped thet

the correspondence with the generalisations of thst account as
well as the cdenartures from these will be obvious to the reader.
In the last cection of this essay an attempt is made to sum up
the commarison of this virus of cacao witn its congeners in

the U. 8. A. The work én the detoils of the virus vector
relationshine is the suthor's own.as i that on the alternative
hosts ol viruses C and M. The other work discussed is that of

FPosnette and Todd.

EIERAT BACKGROUID

The introcduction or Theobroma cacao to the Gold Coast

tookx place sbout 90 yesrs ago (Paine, 1945) but the first record
of its planting and subseguent multiplication is of 1879 when
the almost legendary Tetteh Quarehie is believed to have

brought the first pods from Fernandoc Fo. Further introcductions
were made by Governor Griffiths st aAburi ; he introduced a
yellow nodded variety like the present day Ameionado variety,
from San Thomé in 1891, From these small beginnings the cacao

F . was .:..../



29.

was multinlied and ritted into their system of subsistence

Tamming by the pessants and has now grown to be an export cron
of the Tirst megnitude on which the weslth andé nrosverity ot
the in@iviﬁual Tamers anc of the Colony are completely éependent.
Tﬁ 1©36 cocos renresented 96 per cent by value or all agricultural
e¥xnorts and 63 per cent of total exports. In Nigeria the
develonment of cocoa nroduction has haé¢ a similar history.
The first intrcductions ere said to nave been from San Thomé in
_ ' in Nigeria
1e74 (Howes, 1947). The speed of development/nas however been
slowver, whereas in the Goléd Cosst the nroduction rose irom
730 tone in 1899 to 31,000 tons in 1934, in liigeris the yield
rose from 15¢ tons in 1900 to ©,000 tons in 1946 (deta supplied
by Dr. D.¥. GooGall, W.A:CiReIs)e
In the worlﬁ'cocoa market West Africen Cacso nes taken
an ever bigger place.n In 1€36-37 the exports from the Gold
Coast and I'igeria were £6 per cent of the worlé totsl. In its
early days the Jest African cocoa was oi poor yusglity =nd was
generally used as a Tiller by the mamufacturers while the high |

i

grede Criollo cocoags from the "est Indies were used for flavounr. !
Iowadsys owing to improvements in the home product snd techniCal
efdvancee in msnufacture the need for fine grade cocosgs is not
e g0 grest. (Imperisl %conomic Committee, 19%Z).
The cacao in tne Gold Coast and lilgeria is entirely
peasant owned and it is grown on smsgll farms varying Irom a
' fraction of an ascre to about five acres in extent. In the
Gold Cosst the eacao is.almost universally grown under the shade
of gecondary forest, the cacso occupying the small tree and
shrut layer cdescribed by Foggie, 1€47. This forest may be of
any age varying from early secondary rorest to secondary forest
of such age as to be approaching the natural climax forest.
The degree of shading varies greatly too. In Nigeris the |
cacao is not grown much under shade and in some of the marginal

lands the life of a plantation is a short one. In the Gold

Coest the eacao trees sre grown close together ang their tops
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interlece 1n a continuous canovpy. In some parts of ligeria
the trees grow separately in 2n orchsrdéd fomation.
Throughout the area the farms were held in the

beginning on an occcupational bhasis, the lands as a whole

belonging to the tribe sand certain lands, the Stool landsg, -
being firectly under the control of the Stool (.i. e. tlle chief
and hisg eléers). The nermanent and profitable nature of cacao
has brought changes in the system (Nowell, 1938) many lands
have become nermanently apnropristeé as femily 1ehds ené many
of these =nd the stool lands have been so0lé to strangers.
Sub~civigion of these lands in inheritance may take place and
in extreme cases a man may own meny lands in different areas ;
hie may never visit the land to farm it himself, emnloying ’
lasbourers or relations te do this for him for mon€tory recompense
or for & share of the cron. These cocog-farme are often
heevily mortgaged ané the whole system oi cocoa buying and
brelzerage encoursges incdebtecness on the part of the farmer.

his was poarticularly the case before the advent of the Geocos
Marketing Bosrd (1947} aince cocoa is =o0ld on a narrow market

in Few York and ILondon which is open to marked fluctuation

(lowell, 1938).

THE ADVILT COF SWOLLEIl SHOOT AND BEGINKING OF CUTTING OUT

Thie then was the country to which swollen shoot
disease come, a country of ranicdly expanding cocos production,
of fluctuating.economic life, of a rising standard of living
and of great egricultursl ignorance. Deterioration: oif' the cacao
of' the Xsstern Province of the Gold Coasst has been known for

some time. The earliest reports (Paine, 1946} are those of

R

the people of Nankese who state that the cacao was observed to ;
die shortly after the 1918. influenza . epidemic; Paine,
reporting this, deduces that if the disease was Swollen shoot

it had@ been present slmost ass long as the cacao. Paine gives

an account of several such anecdotsl reports throughout the

twenties_.{
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trenties. In 1980 there was & definite revnort by Hay of the

dying of cocos to the Amanhia rosad. At

hile time the dying becsme go obvious that an enyuiry into its
cause wos bheguh. e Ae Dacde vigited the Gold Cosst to advice

on the proklem in 1957, That 1t was & difficult »nroblem can

be ornnreciated irom the foct tnaet both he (1957} ané Voeleker

end West (1940) (who were caceo experts and well scuuainted

with cacso in the field) were convinced that the csuse was a

commounc of soil lactorsg, drought ané Cspsié cdamage. The
firet recognition of the "Swollen shoot" condition was by

Stevens (1936). The transmissicn and virus nature of the

=

Ciseare was first cemonstrsted by Posnette (1940) and thereafter

slow recognition by the agricultural sdministration

g v
ciere was 2

of the nsture and immlications 0i’ the disssse. Ureat credit

must go tec Fosnette for the vision with which he treated the

nroblem snd his early exnerimentsl demonstrotion of the nature

enreed of the @icsesse ané of the vslue of the removal of

infected 2 mesng of recucing the spread of infection

(Posnette, showed tnat tihe spread was of two kinds

19@l}. He
a simnle extension ol ine
oceurrence of
initially
2wollen shool at the Cacao
recduced by two thirds by s

ané one ring of contacts.

new outbresks

smaller. rfie glso

bouncdary of an outbreak =nd the

gdiastant rrom the others and

showed thst the annugl loss from
Regesrch Station at Tafo couléd be

rolicy of cutting out diseased trees

In 137 the Gold Cosst Depsriment

of Agriculture ¢id a small asmount of cutting cut st Akwadum

fqear foforiﬁua} but when the extent of the disease was Xnown

the campaign was céreonned. In 1941, on the basis of Posgnette's

work at TaTo cutting out wae stsrted at Kwaben and extensive 1
cutting dut took nlace between 1941 and 1946 when war-time -?

A good desgl of the

i 1
7 |

arouné kawksw ané to the West of tne Atewa

diificulties csused the campsighn to cease.
cutting cut was
Range (it was hoped thaf:the Atewsz Range would act as a barrier

to the main spread of Swollen shoot).  The results of this

e s PR S S o
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cutting out campeign were cereiully stucied by the West African
Orcro Regearch Iunetitute 1n 1944 (Just then set wp in nlace of

al Tereorcin Station sné I'inanced by funds I'rom the

war-time ccéom marketd ng system) snc it was Courﬁggg that the
cutting out or intscied trees could successiully control the
snresd 01 Cliceane, The CGold Poast Goyermment accepied the
"W A CaRWT. 's recommencation and legislation was enacted so that
cutting out could be entorced (Gold Coast Govermment 1948).
The cammaign has been very slow in getting under way - mostly
becrsuse 017 shortage of stafi an¢ in tne meantime-tne-disesse
ie elowly decimating the country's cacao. Iy the radial spread
plone is congiderec it can be seen that even although the spread
ow the recdial linesr rate ol spread aporoximately ﬁoubleé
az for each year ané go it will become eveﬁ‘raster and f'aster
(Posnette, 1944).  Thet ie wiy delay et the moment is of such
o sericus mature. At tiae sgame time as the linear spresd doubles
the areal snresd increeéés as the square of the rsdius.

The seriousness of the situation csnu also be observed
in the ststistics oi cocoa procduction in the Gold Coast.
Swollen shoot, in its mest serious torm is confined to the
Zastern Province and in Ashanti where a good deal of cocoa is
cormperatively young it is circumscribed. The figures ror
cocoga nroduction in Ashaﬁti anc¢ the Egetern Province show a

2rze€ falling off in yield in the Eastern Province ag compared

0

m

~

=

with Ashanti (Fig. 3. Data of DGZE: Agriculture, Golé Coast).’

The losgss for 1047 is estimatédfﬁo,OOO tons, a loss of £4,500,000
at nresent dsy prices. "any other Iectors might, of course,

be sssociated with such s cdeclinepnamely soil deterioration

and sge of the'treéguéfzgg in thé”period between 1930 and 1947,
47,000,060 trees are estimated to have become infected with

the diSGasgﬁanﬁ;isince the 1ife of a tree after infection is
about 18 months‘(Gold Coést Goverﬁnent,;1948), a large proportion
of_ﬁhese trees are now dead, the correlation of yield figures

with Swollen shoot dbés'not seem unreasonable,

i i/
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THE FPART PIAYED BY DROUGHT AND S0IL DETERIORATION

From the earliest cdays ﬁrougnt and soils have been
imnlicsated in the deterioration of the Golé Coast cscac.
Dace (1937) raintained that the cdeterioration in the cacso was
fue nrincinglly to nrogrescive ¢deforestation of the cocos areas,
thie, he euprested, is leading to s change of ciimax cdominant
Trom forest to grsss and that of course immlies s conseyuent
lessening of tne rainfsll. At the time when Dade was writing
it wos wicely held thet deforestestion ¢id in fact interfere
with rainfgll,. The nresent noint ol view isg tnat titere are
areas in the world where reinfall is determinecd by physiographic
Tactors =2n¢ trede winds and that in such areas when the Iforest

oved ) -

igs remedsee =ncé the sres lert, rorest climax re-asserts itself.
In other aress of gentler precipitation where the trees may act
as concdensers and the forest litteﬁ regulate run-of'f from the
‘cetchment area, then ceforestation may lead to the lessening of
reinfell and effective reainfall (F.R., 1947). . It would seem
in the light of 1later experience where Tarms killed by Swollen
shoot Dicesse are rapidly reverting to buéh and young forest
that it was not a deterioration in climate which wes dffecting

the cacso. Moreover Voelcker and Yest (1940),were Very careful
: L

ct

0 Graw a Cistinetion between Vtrue drought die-back! oi cacao
in the édrier areas of the Gold Coast and die-back in the wetter
areac which they at the time attributed to Capsid bug attack.

Assoclated with the idea of climatic deterioration
wag the idea of 3611 fezilure. It is well known that tropical
soils owe much oi their fertility to the humus layer derived

\ﬁggm the forest cover and when this disappears some soils
heé&ﬁeabarren. Charter (1947) has analysed the soilg of the
Golad Coast ihto "GooC. and bad cacso soils" and he has shown
that some of the-sandy soils, shallow soils and heavy clay soils
at the base of a catena will often allow the cacao to die out

in éry weather and that on such soils once the fertility

4
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accumulated by the forest is eXhausted it is useless to try to

re-ectshlish

Q
40

9CE0. Many ot the red clay - clay loams at the

ton of a catensl secuence andé derived Irom granites ané dark

igneous rocks sre capeble in his opinion of maintaining cacso

incefinitely without deteriorastion.

THE BTI0ICGY, SYHRTOMNS AKND PRCuKOSIé CF_SWOILEN SHOCT DISEASH

The virus nature ol Swollen shoot disease was -
demonstrated in grafting exnmeriments by Posnette (1240). The
fiseace was obgerved at first in the Zastern Provirce and later
was renorted from wide spread areass throughout Vest Africe

(Poenette nersonal communicstion). It soon became apparent

e

-

that the virus from these asreas differed from one another =nd

Podd (unpublished) derived a method of distinguishing the

i

differ

(T

{

nt viruses by following their Symptomatology in the
gecuence or leaves and flushiﬁg\uhich follow inoculation of
healthy Amelonado seedlings. About 30 viruses (clearly
ﬁitferéntiaﬁeﬁ} on symntomuptology are nresent in the Gold
Ccast (Todd@ personsl communication). The symptoms ol these
virucses resemble one another very closely and it is not yet
clear how many of them can ﬁe consiﬁéréﬁ as strains of the
¥ ar "

others (Crocwdy and¢ Posnette, 194?) as as senarste viruses.

The virus which is of the greastest importance in the
Golé Coast st the moment is the virus 14, the liew Juaben Virus.
This is the virus which is widesnread in tne Zastern Province
of ‘the Gold Coast and which is threaténing the Gold Coast Cocoa

industry. Thig virug givee characteristic symptoms consisting

_of gwellings of the branches ané a lest pattern, the detailed

",

anatysis of which is complex, but which in essence is a yellow
vein clearing ot the fourth order veins tollowed on lafer leaves
by a general distribution of' small areas of clearing in minute
blocks which give to the leaf a "pepperec appearasnce', In
Olcder leav there msy be a restfiction of the symptoms to an
area éﬁiigkék on to the secondary and tetiary veins and this

gives an spvearance of a fern pattern The pods are also
afffected .. .o n/

= " i Lt
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affected, being smaller and almost spherical in shspe and they

o Ften
have o cdari green mottle efber overlaid with g reddish colour

and nersisting as 2 green mottle in the ripe pod (Posnette} 1947a).
The nrognoeis for any tree affected by this virus is certain

ol
" degth within e neriod of nct more than two years. The leaves

became nrog

™
3
D
i
o

snively smeller, mature, senesceses and fall off
earlier. Finally the apical bud dies and die=back proceeds
cown the tree. A mamber ot axillery buds are stimulated and
die in their turn.

The writer has been particularly concerned with two
of the milder strains of the virus ané they do not show the sanme

nrogression of symntomg as does the llew Jusben Virus. In the

virus ¥ which was discovered at VMampong in 1946 by Johrn Palne
(9th wusrterly Renort . A.C.R.T.) the symptoms show up in the
flush after ilnoculation sné then the fcllowing flusnes are
gyrntomless, later a first rlush may show symntoms and the
gymntomless flushes appesr again. ‘ In virus E no swellings

have been observed and the typical symptoms in the leaveg are

of a yellow mottle in between the secondary veins leaving a

broad green band along the secondary veins and midrib

. (Posnette, 1947a). Eoth these strains are mild gstrains in
i that tney_ﬁp not xill tne tree. Yle have no data on the effect
of yield on the Mampong Virus but Cfowdy & Posnette, (1947)
have shown a 509" recduction in yield with virus C in 3 years.
] The reste of snréad of firus.C is, they find, very mucn lesa.tnan
i\\ thet of virus A ! .
4 .

W% VACTORS (F_THE SWOLLEN SHOOT VIRUSES

. The ‘first record of transmission of the Swollen shoot

virus (virus A) is that of Cotterell (1943), the conditions of

this experiment were not however rigorous. Box (1945) reported
Gefinite transmissions of members of the Swollen shoot virus

complex by Bseudococcus exitigbilis, Laing (syn. Ps.njalensis,

Laing, Hall, 1945). This and the fact that the Peyllid, .

Vesohomotoma +../
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I'esohiomotora tessmanni, Aulm anc the Aphicd ToXonters coiiease,

fietner are not vectors was confirmed by Posnette and Strickland
(1948 ). "nese authors have also worized out the exnerimentsl
techiniuue Tor the transmission of tne virus 2néd Posnette (1947b)
has nerfected a method of Teedilg the mealybugs on the embryo
cacao heal. e testa and one cotyledon are dissected away

and the insects are nlaced on tne remaining cotyledon, this

b

with the nlumule snd racdicle actS as the test nlant.

THE VECYTOR-VIRUS RAT ATTIONSHIPS

Posnette and Strickland (1948, in the press) have
elreacy investigsted the relationships between vectors and
infection. Posnette's Cemonstration that dissected cacao beans
are pood test vlants for cacsc virus-vector work (19473) has

ensbled more Getailecd investigations to be méde ;3 now a
conrsicderasble reduction in the varisbility of results has been
achieved and the insect can be manipulated to give any deésired
cegree of infection with the principal viruses and when anomalies
occur a guentitstive estimate of the probszsbility of their being

fue to chance can be made.

The virus sources have been'stancardised and for most
L of the work infectecd seedlings of not more than 40 days 0ld are

used as source nlantes. Pseudococcus njalensis Laing, '"crawlers"

(1st and 2nd instar larvse) are used as the standard vectors.

Targe populations of these crawlers can be obtained by colonising

young nlants between 20 éhd 30 days old with grand females of Y

'

i Ps.njelengis from the field, colonies of young insects are fit

r use sbout seven days after the originsl colonisstion.

"ost Of_the work has been done with viruses C and I which do not

ocecur in thé\fielé at 'l'efo and any contamination of insects
where

from the field with virus A can be easily seen. L the work has

~been thought of practical importance it has been repeated with

PR s
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The effect of insect

number has been-investigsated

for ite practicel annlications snd 1or the theoretical interest
¢t cfieccovering 1f there 1s any '"mass action" effect in mealybug
trenemission of the virus i.e. wnefher the effect ot a large
mumber ol ingects inflecting a plant is greater than the sum of
the effectes oi indivicduel insects. The table given helow shows
Tor virus A ané Ps.njelensis the totale of infections csused by

varyinr mumbere of insects in an eXneriment renlicsted six times.

In the same table can be seen the exnected numbers calculated

from the nrobshility of infection by one insect. The figures
in both columnsg agree very closely and the '"goodness of fit"
has a nrobability of 0.9-0.28 in the table of X~ ., There is
’ thue no mass sction eifect,
Tsble 1
No. of infections out of 60 o
llee of insects Observed Caleculated X
1 6 6. 18 0.0052
o 52 20. 15 1.865b7
10 42 39. 77 0. 1280 ¥
2 15 48 48, 26 0.0018

08418 0.0126

56.04 0.0164

57. 70 0.008&1

X2 total = 2.0545.

The nrobability oi successiul intection by one insect

is .10% and™wueing 80 insects the expected nrobsbility of success
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THE EewEoT OF AGH CF Pasyh PLANE A8 THRECRTION AT
Yor nractical ressons it ie net 2lways nossible to
uce embryos 2o teat nlante. Diepcrenancies betveen tne exnected

rete of inrfection anéd lhe aciual rates when seedlings were used

as test nlante ler tc an exnerimentsl congideration of the

effeget of age of nlant, FPionts of sges I'rom O to © weeks were
colonised 1in o randomisec Iashion with 80 crawlers each, of
o, nnjelensle coarrying virus A The treatmente and the total

&

mmber oi iitecticns out of 48 trials (six blocks of eignt

in

nlants ner treatrent) sre listed in table 4.

Table Z

i Total no.
| Age Anvearsnce wnen inoculated infections

0 weeks Fresh beans 1laid on soil 36
2

weeks Cotyledon emergent 39

3 weeks Cotyledon and young pluhule 40
4 weeks Teaves exmanding 20
& weeks Teaves maturing <0
6 weeks Leaves rature 22

P | S

T In Lie analysis of variance the resulis fall into

two groung, mlante upn to tarees weeks of age show a significantly
higher rate of infoction then those of four to six weeﬁn.

The fdifference between totsls reyuirec ior significance is ©.529.

’
Tt h=s been found in routine exneriments using mature

nlants ené cuttings that sbout 50¥ irnfection is obtained using

»ravliers.per nlant and tils figure agrees with that for four

to six weelg 0ld vlants in the experiment above. It ig not

. — y B o ok N e
nossible to ssy yet whether the difTerences are resl differerces
in the susceptibility of the ti:-sue of young plants (mostly
j\bﬂﬁyledon} or whether the differences are related to mechanical

\ Cifficulties of meglybug feeding in the older plants.

when ess/
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el euspected sliernative nosts are beling intected
as hesnp on clssected embryogs 1t sometimes happens thnaet it is

not er-ay¥ LC remove olie coiyledoi as 1s done in the cacao

o]

contrcls, or the removsl of cne cotyledon may seriously ninder

the growtih of the nlant e.g. Cola éhlamydantha K. Schum.

‘™e commericon of dissected ond undiscected beansg makes a
. considersble difference in the infection rstes.  When whole

Peane ol Theobroma bicolor Humb., et Bonp. are comnared with whole

beane of T.cacso there is no statistical diiference between

=,

the infection rates but iy witole beans of Y.hicolor are compared
with c¢issected beans of 1.cacao, tne '!scscao gives g significantly

higcher rate of infection (P = .08) than the 1.bicolor.

Table &
T.bicolor T. cacao Tebicolor T. cacao
1 ungnlit ungplit unsnlit split
= 4 L5} 8

L6/

o
N
3

This effect is a purely mechanical one, the insects
can find feeding sites more readily on the split beans.

BIOICGICAI RACES OF NEALYBUGS

7 . =
/2 It was at one time suspected that some oif the
F dlscrepancies and failures in transmission might be due to the

oecurrence of non-transmitting biological races of Ps.njalensis.

ﬁ Accordingly nine colonies from single gravicé femgles were . '
est&bliéﬁed, from widely separate areas of the environs of Tafo
and were tested for their ebility to transmit virus VM, in the

firSt, second snd third generations. All transmitted tne virus

Ll A T i, . at .,./ :
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ot ormroximately the same rates. It seems from thece ohservstions
and Trom the reproducibility of routine results obtained in the

o A . _
latoratory were meny hundreds of sources of Isg.njalensis

iave been uged in experiments snc have given consistent transmigsion

rates, that the ogcurrence of non-transmitting strains of -

! Lg.gjﬁ}gﬁﬁiﬁ (for virug )), if they occur, is not of such
fregquency as to vitiate the relisbility of transmission studies.
I'o euch cdetsiled studies of virus A and Ps.njalensis have been

made but routine transmissions co not suggest tlie nresence of

| hiological resces of different transmitting powers. Pseudococcus
citri Risso is easier to breed from single insects, and nine

separate collections from Tefo and one nccled collection from
¥neve nave been tested thoroughly for their sbility to transmit
viruses A, 17 & C. All have transmitted viruses A anéd M and

211 but one, virus C. Thies strain I 41/78 has consistently

faile¢ to trsnsmit virus G In 2 series of replicated
. ; e e ; :
experiments control Ps.citri transmittec virus C. 17 out :of 856

times ¥ithifive insects per plant and Bource I 41/78 transmitted
virus C not =t all. Snecimens of the mealybug have been
éubmitteﬁ to Mp. Strickland for identification and he informs

me that it falls well within the normal range of variation of
Peecitri in West Africa.

4

HOY THX INSECT IIFECTS THE PLANT

lloet of the insects which carry plant viruses have
relatively short stylets and the time tszken to reach the
feecing site is short, of tae order of & few minutes. The
time takén to infect the host is alsc short, =lthough the ahount
f? of infection increases appreciably when the insects are left

on the plant for periods of hours. Not much is known of the

feeﬁing hsbits of -the Coccidae and the long slender stylets
penetrate deeply into the nlant. It was thus of interest to

exgmine the feeding behaviour of these insects in some deteil.

£l
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Ir order to determine the feeding sites serial

sections of 1l.sects Teeding on young cacao lesves were out,

1 -+

g and gtylet trecks (which show up well when stained

¥ b w7 £
The atrlet

=
‘_.i-

th Safranin} telte an intracellular course tarcugh the cells

¢l the corteX. In the ste tiie trackgs often branch and it

—

single teZe such g tortuous course as to make the definition

of thelr endnmoint extremely difficult. Vany ol' these tracks

e

nese through the nhloem and appeer to end in the Xylem andé

others nage through the xyler to the nhloen. Cther tracks

¢o not reach eitner tissue, but it is not nossible to assess

e

riietner such 2 track is a mere trial penetration by the insect

or viether it represents the stylet track of o successful

nenetration from which Tzeding resulted.

The feeding mechanism hes been studied in more

cetell by e2llowing the insects to feed on blocks of 3¢ cleared
sgar a method suggested by the workiof Dr. Walter Carter.
Ringas ol solid agar were cut Irom poured Fetri nlates and
reroved to 2 glase slide, a numher of acdults or crawlers of
Eﬁ.njalénsis were then nleced in the centre of the ring of agar
én@ g cover glass nlaced on top. Tne slicde was placed in the
cerk for 30 mimutes =ndé tihen examined under the microscope.

] “hen eh insect was settling to feed the following series of
events took nlace. The rostrum, which lies shoul the centre
of the ventral surface, msekes tentative thruste at the agar

/

suriace and finally becomes apressec against the ager suriace.

The tin of the stylets then enterg the agar. Thereaiter the

ro st rum retracts and advances with a rapid, pulsating motion

and the stylets more into the plant at what appears under low
novwer magnificastion to be s steady rste. Under = Lidgher
mggnii'ication the tip'of tie stylets can be seen to mowve witn
short discrete movements, eaén forward movement'is preceded by
the secretion of' 3 droplet of ssliva f'rom neasr the tip of the
StYlets, these retract sz little before moving tnroﬁgn the

Salival‘y s 0 /
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aplivery drovlet =snd moulding s tube, the Teeting tube thus
cones to be comnosed of a series of Eroplets with a
tube through ihe centre. Uncer low magnificstion the tube nas
a ladéered aspnpesrance.

The stylets moveiinwards at = rate of sbout 0.5 o
ﬁer second, there is no dirference between acdults ané crawlers
in the rete of menetration but the 6ifferénces in stylet length
are such that the crswlers penetrate to taeir grestest extent

Lol §

| in about 1& minutes while adults may take up to .50 wminutes

aiter settling. The stylets do not =21 ayes continue to more v
L inwards but magy stop or they may be psrtiszlly withdrawn and
'1 - . » 1 " .
{ bhranch off agein st snother angle. In sections of leaves end
|
i

on srar many short terminel branches may arise 1rom vne main

3 stylet track.

s The feeding benaviour described sbove is reflected
} in the results of exneriments on the effect of length of time
ﬁ of test feeding. hen thls was determined for virus M for

E neriodes - of 1, 2, 4 é 12 hours in a geries of giXx replicated

e¥nerimente tnere was found to be no signifiecant inerease in
nimbers of inflections sfter one hour. The increase in
infection rate for veriodes within sn hour sre shown in the

Tollowing tablex « Fag 4.

Table 4

Test feeding time lean lo. infections

minutes out of ten
: 10 0
20 . 1.5
i 20 . 4.0
: 40 ' 5. 53
50 - 6. 2
60 6.9

The data 1s best fitted by & linear regression line

~ of formula y = -0.645 + 0.127X. /
'|x:f E: 3 '-L‘HJI.'.: L ]




THE 1088 OF VIDUS EY STARVED INSLCTS

"hen removing vectors from cource plantes to test
nlente there is o choice between insects aclually feeding and
ireecte which have fec and are walking about. It is therefore

v

imnortant to ktnow.ii' there is any falling off in infective

novers of insects after short neriods of starvatior. It s
eleco immortant to know how long tile crawlers of Pr.njelensis

remaln infective on nrolonged starvation since Stricklend has
shown (1948} that the crawlers of mealybugs can ge carried

some disgtance hy the wind. Veny exneriments on stervation or
crawlers of Pg.njelensig un to 12 nours-ﬂave shown no falling

of I in the infective ability of insects coarrying the virus I' and
geversl longer experiments up to 74 hours (the crawlers will
genersally remsin slive snd active un to sbout 40 hours but under
excentionslly fsﬁourehle confitions they may remain asctive 1onger)
have shown thet infecilon coes net persist aiter a period of

26 hours. One such exneriment ss shown in table &,

Tabhle &.

Infection Infection
Hours gtarved out of 10 Hours starved dut of 10

20
P2
4
<6
28
30
&2
34
56
58
40

N R e NN T s

-
o

NN UGN
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Bimilar results have been_obtained with young adults

in less extensive tests.’
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HOT 'PHE T1SA0Y PICKS UP 1TH% VIRUS

i
i
-
'

(o) tarved insects

| ‘hen crevlers of Ps.njalensis which have been vreviously

: eterved for 1Z hours are wleced on the les veﬂ of iniea 13@ plants C, {
they fo not irmediately Teed. The numbers of insccts f'eeding
ineresgeg more or less linearly until.six hours and then becomes
constent. The number ol infections obtained from insects Teeding

FA) ” - . " i b hafr
on these leaves at firet increaseg in o similar n&ﬁbe; but

ingtead of hecoming steccy at six hours continues to rise until

it resgeciics & maximum between elgnt ané ten hours. A sinsrm
Toll tokkes nlace at 12 hours. The dats on vhich this

-

ststement ie besed were obtained in s series of gixX replicated
exnerimentes in which starvec Ps.njalensis crawvlers were fed¢ on
jyouny lesves oif month old nlants intectev witin the IMamrong virus,
for ﬁerioﬁs un to 12 hours st two hour intervals. tne I'igures

ere given in table 6.

Table 6

Vean no. insectis Vean no. of inflections
Time on »nlent gettled out of E0 eul: of 16
(Tours) actual Celculated Aetual Caleulsted
4

9) 1.1¢8 0 « 19
18.6 14, 808 2. 16 1.009
18. 8 21, 424 2. 60 2 78
25.1 Rde 321 5. 8O 4, 58
2d. 6 £2. 968 - 6. 66 0. 04
248 & 2. 765 6. 85 - 097
24 6 20. 146 8. S0 de 18

DO O K

1

Ypom the s1aiysis of variance of the obsgserved data
the diiference between infection meesns rejyuired for significance
is L. 522, The cslculated values are cobtained by soluticn of
the hest fitting cubic regression eguation icr the anpronriste
velues of .

(b) Unstarved insects

:
;
i
3
_li

=
e

a parallel serieg of experimente with unsterved

crawlers of Ps.njalensis the number or insects feeding again

POBE sl
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rose apnroXimstely linesrly hetween O anc & hours buit the
Sracdient ci tue nlotted 1line was less ateen, A gimilar

flsttening out between ¢ and 12 hours wea apparent but the

mmbers settled were cotisistently less than in the starved lusects.

tione 1in

3
t
My
1Y)
Fat
i
=
H
b)
&)
i
o
]
-
C
i
(W)
o
1_
[£1]
()
cT

«Q

reased linearly irom O to 12 hours
buil ¢i1c not reach tne meximum ol the starved insects at & ang

10 hours, at 12 honna 5t 12 hours it Jid not show any sign

oi the sufder drop exhibited by the infection rote of the
starved irnececta. Yue Flgures in tshle 7 are cderivecd in tuae

some. way e tioge ol table 6. Ser alio f9 5

'able 7

»

‘enan nod ineects Nean no. ilnlection
Time on nlant | settlec out oi" &0 out of 10
(Fours) Actusl Colculsted Actual ‘Calculated

0] ~0. 312 0 02

6. 66 6. 716 g P w87 |
10. 66 11. 842 183 172
16433 15. 366 Be OO Do)
17. 50 16. Q88 Ba 53 Do 42
16. 35 1. 803 4,83 4y 2

14.83 14.826 4. 33 5,12

OO OM

I
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JHE SEARCH PCR ALTIRIATTVE HOSYTS

Cecac differs Irom the.fruit trees of temperate and
cel climetes in the feet thst in West Arrica it is
vholly nropagateé by seeds. There has thus been no opportunity
for the virus to bhuild up in vegetatively propagated stocks.

1

ror the same resson it seems unlikely that the virus could be
introruceﬂlrrom outsice Test drica unless it is seed-borne.
Toenette (19&73} llas shown t“ot this is not the case sné we
have iwo.alternstives for the origin of the virus. It may
have ericen e nove but no other well autnenticsted case of
such a virus or ipim is known and it seems moet logical to look
firet armong the wileé relatives of cacao for slternative hosts.

-

fhie workk was lnitiated by Todd ané Posnette in the Xsetern
Provincee in 1646, i'hey began by attempting to correlste small
outbresize of the virus with the presence of forest trees but
with no resulte. Attempte were a2lso made to infect relatives
ol cocoo by grart tranamiseion but ihe dirficulty ol ass#ssing
the degree ot "take" oi the buds and the impermanence of such

bude ag ¢icd taolze made the results oi doubtiul value. The Tirst

nogltive and encoursging result was when Yodd found a coppiced
. _

nlent of Cola chnlamydantha, ¥X. Schum., in an outbregk near

"Hawso in the Western Province, which showed yellow vein bhanding.
Ingect tranemisecion from this plant to cacso produced virus

yrmtoms in the cacao directly comparsble with those in the cacao

0

at Wiawso. anocther such coppicec tree was found by Todd,
3 Tosnette znéd the writer in January, 1947. Therealter Todd and

Tosnette nave made extensive surveys in the Western Province

and have found the group of Western Province viruses to be

widespread in Cols chlamycantia. Todd has shown, tmoreover,

that C.chlamydsnths, remote f'rom cscao, in a forest reserve,

carries one of these viruses.

PHa Ll
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encoursring sten was vhen Fosnette successfully
\

treremmiited virus R Brp
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4 from cescac to Cola cordifolis,

The urncertsinty ol insect itransmiscion nhowever made negative

Yhe writer's/vwork on insect trensmiesion
aboue neg sllowed more certainty in the method.
"here gee’ end lnsect sunnlieg have allowed twenty or more

ceeflinge or flesly embryos of tne plsant under test nave beeu

ﬁ
3
o
o)
=y
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N
\D

vitn &0 viruliierous crawlers of Ys.njalensis esch,
number ol cac2o beghns nave been colonised ag controls.
"mere insects feed well snd e high rate oi’ trzsusmission is
ohtaine¢ in the cacao controls it is assumed that if no infection
ea jucpecd by symntoms and beck transmission to cacao, is obtained
in the plant uncder test, it can be considered not to be an
alternstive host.

Using this method = number of the Sterculiacese and

Tombacacese have been exomined snd the results are nresented

in the following table.

Virus C Virug 7

Bterculis rhinovnetals, ¥. Schum, + symptoms + symptoms
Sterculia tragacantha, Iindl. - + no symptoms
Al ansonig cigitats, Linm + symmtoms + 1o gymptoms
Gois cordifolia, R. Erown + no syrmnmtoms ?

:? provigﬁ_extremely difficult.

Todd ané Posnetie have shown that virus A can intfect

Colas cordifolis

ACansonia digitata

Ceiba pentandra, Gaertn.

Rombsx buonopozense, P.Beauv.

Our knowledge ol possible alternative nosts is all

the time increasing but the study of these hosts in the rield 1is

For example Sterculis tragacantins

shows oon./




~hove no airmioms and the ViI"l._'!:"-j nas heen Cﬂ_ilﬁi.icu-lt to Pecover
L 2
trom nlente later then €8 days from the time of infection,

"Men the writer visited the outbresk ot the virus he founé that

o Sterculia lrggecantiia tree woes ascsociated with nearly every

oneg of the celimitecd outbreaks. But tests of the trees were
all negstive. Todd has shown that Ceiba pentsndra plants

will yield the virue when tested with insects but only st o

low rate. Cther nlants e.g. Adansonia give rates of transmission
comparable with ecscao seedlings. ‘lhere the ratec of transmission

are lov e.g. in Ceibs one wonders what degree of testing will

he necegcary before it can be shown whether a 200 feet high

. - \ - . N 3 - Ca .f"l“"-f'fs " .
Ceiba tree with '@ girth of 10 feet eemes tie virus or not.

"orlz at the moment is concentrated on this problem and it will
be =ome time before results are forthcomihg:

ihat will be the lmportance of the hosts if they co
cerry the virus, in low concentration, in the field ¢ The
chencees or caceo nlantg being infected from them will be much
less than from infected caceo plants but over the country where
such treegs are narts of the forest under which the cacso is
grovn, the chsances of néw centres of infection arising are high
end once a virus of the virulence of virus A is established
in cacao the Cisease will spread again. It is c¢ertain that
for the implementation of the cutting out campaign and the
meintainance of healthy cacso in the future by ingvection, a
very full knowledge of the importance of these alternative
hostgs ig required. What administrative measures will be reguired,
whether removal of slternstive hosts or insvection of c=cao in

their vicinity will depend on the results of these investigations.

THE SEARCH FOR RESISTAICE

Ae soon as the extent of the Swollen shoot dicsease

wes realised a search was began for resistance. Trees which
i owt breaks

Live. mn
remsined ;;gg% ané spparently nealth%/were nropagated at Tafo

and .ll/
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and these and certain introductions were tested extengively
hy.grmft inocculation at Tefo and akwaduri. It appears from
thig work thset many oI these trees are infected with an
"attenuated" or milé form of the virus end are in this way
"immune" to infection with more virulent forms of the virus.
Thie type of immunity is ol course non-sterile. some of the
nlante notably the clone CU 85 do not carry a mild virus but
show tolerunce to the severe rains of the virus It is not
7et clear whether this tolersnce can be compared to the tolerance-
resistance of the Sugar beefs where there is a reduction in
the smount of virus present in an infected plant and fewer
plants become infected with the same "dosge" oi virus. o
cifferences have ghown up in the graft inoculstion work and
the writer is at nresent testing the reactions of these clones
to insect infection to find out if they show any differences
in suscentibility.

It may be asked whether the possibility of using the
milé streins as a nrotection agesinst the.virulent strains has
been considered. It nan,but more intermation 1is bheing sought
on the effect of these mild viruses on yield ané on the |
protection they afford en the field before any decisions are
reached. It is obvicus that it will not bq?comfortable decision
to recommend the digpersal. ol any virus no matter how mild

cacao
throughout an area as large as the Gold Coqs%/belt.

POSSIBITIITY OF THH USE OF CHENOTHHERAPY

The Swollen shoot disease has become a national issue
in the Gold Coast and there is consgiderable resl epposition to
the cutting-out cempaign from the farmers and from political
groups who wish the support of the rarmers. These people in
the press an@ an their own fanns have one great cry, '"Why can't
you 91"e us & mecdicine for ewﬂ cacao 2" This very natural
request sets a large task to the research worker. S0 far it

has been judged best to concentrate aen identifying and claspifying

tne oon./




the virusee, collecting data on their rate of spread, finding

gy

neir vecters, giving nrecision to experimental transmission
ané etudying alternative hosts and conirol by rogueing in the
Tield. With o method of contrcl evolved ancé depending now on
atministration it =eems rescsonshble to eﬁamine'the nossibility
ol cbemotherany in case the cutting out policy sheuléd fail by

Taulty administration.

Two methodsg

8]
b
p]

nroposec to be used, the methoéd of

sif'ting znrough cnemicals which are already suspected of having

'chemotheraneﬁutic el'fects against plent viruses. and the more
satisfiacotry method of studging the'érift of' the principal
metabolites of cacao in the developing plant, infected and not
inf'ected with the disesse. It may be possible i'rom the last
method to discover that some of these metabolites are related
to the builé up of the virus and by using enzyme bloeking
grouns as thersneutic agents to stop the build up or.the virus.
The cacao nlant is an excellent'subject for these stﬁdies since
Tfor the first two montihs oflits life it depends almost entirely
on its cotylecdons for Iood. Cne essential step for detailed
study is to be able to grow tiie embryos of cacao without the
nregence of the cotyledons. This has been acnieved in =2
syntnetic medium with the adcéition of a small quantity of cotyledon

extract.

When we compare the Swollen shoot virus with the
tree viruses in the U.Q.A. we see many similerities and two
main differences. '"The Pirst difference is that Swollen shoot
disease spreads by extension of the periphery of the outbresk,
each tree becoming infected f'rom a neignbouring tree ;3 this
is very different from most of the Anericsn fruit-tree viruses,
where the spresd is extremely scattered and irregular. This

]
periphersl spread is accompanied by an incubation period which

varies .csse/
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varies from three monthe to more than s year but which in
nractise is generally less than a2 year. The second msin
difference is that the insect vectors are knowrn. That togetaer
with the tect that there is no close season for cacao virus work
maizes it nosmible that we may get a more comnlete pleture of
thie tree virus than of any other so far stucdied. |

e have seen that the Phoney Peach disease has an
incubation perioé¢ of =2 year and for thet resson is not resnonding
to the eracication cémhaign. It ¢ifters from Swollen shoot

lsease however in that the spresd is irregulsr and suspected

n

incubating trees cannot be delimiteé ané removed. The control
of Gwollen shoot disease by simple eradication of infected
nlants, the reinsnection of the contact areas at_threé monthly
intervals &nd thne removal of fresh infection with such s
relatively slow moving and confinecd virus is theor;tically
practicable. Posnette has shown that it can worﬁ-in practice
and the various eXperimental farms maintained by the West Af'rican
Cacoo Research Institute in the midst of devastated cacao |
further corroborate this. The history.of the attempt to

control the virus in the Gold Coast is not, however, one of
uncualified success. The difficulties have been great becsuse

he people themselves cannot be convinéeﬁ of the seriousness of
the @isease or of the need for cutting out the diseased trees.
They will agree to the cutting out of the dead or nearly dead
trees but éuring the two years or so in which the tree shows

Frees

symptoms and gradually declines, since even moribunq/ézy heve carry
been o limited amount of fruit, they wesent the attempts at
cutting out very much. A very great deal has been done by
the setting up of 2 cacso survey section of the agricultural.
départmené which has mapped out ‘the cacao areas and the areas
of virus infection. fwenty Furopean cacac survey officers

are now'being recruited to supervigse the cutting out gangs,

but thisg number considering the sickness rate and the difficult

Coun'tl"y ‘o oo/
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country in whicih the work has to be done, nardly scems auiiicient.
‘any Al'rvicans are employed in administretive.sné@ supervisory

vositions in the cutting out campaign but the dangers or

Corruplion;
Sl ere such that adeguate Buropean Supervision is
ecsential, Cases heve already came to light of African

SGuperviscrs P@ﬁeiving money from famers ané for this considerstion
neglecting tc cut out tne fisessed cocos. Such cases no matter
how rare and cases oI lnconsiderate cutting out became magnified
in the public mind and create onposition to the campaign. .
A start has been made on the cutting out campaign but only a
small frsctiqn of the trees requiring cutting have been removed.
The recent pnolitical unrest in the country has been associated
in peart with the cutting out cempaign and this hss been
temnorarily suspended. The longer the inf'ected srea is let't
the more it will spread and thne quicker it will spread.

The fact that we khow the insect vectors and these
vectors snread, mostly, very slowly from treelto tree might

g 5020\9" L

suggest that an attack on the insect vector ‘would esve the
problem of Swollen shoot disesse. There are several complicating
t'actors however. The cacao trees grow with an inferlacing
caﬁopy in wil@ country which would be difficult of access to
soraying mochines. FPor insecticides such as nicotine sulphate
suitable water supplies for making up the mixtures would be
difficult to Iind. A Turther complication is that the
meglybugs are themselves attended by ants which build on the
colonies carton tents of earth which adeyuately protect the
mealybugs from heavy tropical rainstorms ané also from any
.EDTaY S. Mr. Strickland is at present working on the biology
of ants ané mealybugs in an sttempt to iind some means of
controlling them. He hss shown that the "erawlers' oi the
mealybugs can be wind distributed and hes thus explained certain

anomalous cases of scatter spread which have occurred.  This

method of spread is important in the extension of new areas of

3‘\“!011811 .o b /




; oes
Swollen shoot disesse but €e rot srreect the Toot that the—toat
\ . : o extension.
=2es the main spresd is by perinherasl ssnesd, The gecatter

spresd by winé dlspersal is however important in &irect relation
to the size of the mein outbresis ; the bigger these ame the
more circnce there ls of the meslybugs which are blown being

hile ie one more reascn ifor neetening the

cutting out of the main areas of infection.
. the
In the 7.2, 4 the alternstive hosts have nel@/key

to the solution ot the problems of Hastern X virus, Fierce's

™
R
]

ease ol grape vines and Vottle Leal virus of sweet cherry. 5
Tne nart nlayed by elternstive hosts in the Gold Coast is not
yet -cleer. all of the trees infected with virus A excent

simdens banteri, Y. Schum. hesve shown symptomg but with viruses

C anc¢ M about hell the plasuts tested neve shown no symptoms and

such gymptomless carriers would if proved important field

resevoirs be very troublesoﬁ@ A1l the hosts so far found nave

been forest trees related to cscso but I'r. C.d. Voelelzer informes me

that in the'ﬁigeriaﬁ caceo Iarmg such trees are rare and it

will be necessary to look elgewiere for tine glternstive hosts.

Perhsps, as in the case of Pierce's cdisease some of the herbaceousg

weede may carry the virus. The importance of alternstive

:~ ﬁts to Gold Coest cacao would apnear to lie in the renewal

of outbresks which might bulld up over long pericds oi time and

become thrests once more. The actual effect of these slternative

hoete on the day to cay increase of Swellen shoot disease, when

£0 Qiiggl cecoo trees are also scting as hosts is probably

negligible. They will be of interest in the dilfrerentiation

of the virus snd they will slso be of interest it the difTferent

viruaee can be shown té oceur in éistinet wilﬁ hosts in t%e field.
In West Africa the cacoo widely growniie the Vest

African'Amelonado ﬁnich showsla nign degree ol genetic uniiormity

an@ r@actq uniformly to infection by showing symptonms. Other

and .
vﬁpiepies introduced roms mayrinclucde symptomless carriers

vide sos/
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(vice supras CU 85) snéd it ig v ery lecesseryV Lo test any such
A7 ] ,‘_"-:"‘I = o Y rrky el 4 T (S -~ - + 3 : e TP
varlievlies of Lyorid nrogeny before rela: asing them in tne Gold
Conat. ntil eymntomless cerriers oceur =né until CnCzo comes

Lo be grown as vegitatively nropageted verieties no rorm of
internsl suersntine gceens necesasary. L0 Ccazeg nN=ve been

renorted of 2ny soread of ttie v1ruses)hg human sgency or accident)
cutelicde of thelr known geogronhicsl arens, Tert ' usrontine
apalnst all immortsd cocoa is of course meinteined and arwy

importaticns 1f not grown first at Kew are kept under Yuarsntine
at Acere 20 miles ol Ycesexi" f'rom the nearest cscso.

Whenever a gerious virus cisease oi iIruit-trees
ccours it generslly threatens economice ruin to ¢ large nunmber
or necnle. Pime sné opain the olé agriculture sxiom of
dietributicn ¢ eaterprice ovéx‘ gseversl denartments iias been
shewn to be an absclute necessity in fruit farming. It looks
as 1f the CGold Coast will have to learn that the ;:43116 wWay.
As yet there 1s no gign of any crop being developed which could
replace cacao orhbe grown as an alternstive to it. Swollen
shoot is now a greét patholégical problem but it is also the
nroduct of &0 yesrs of agricultursl neglect. The responsibility

' | pinoee

for this neglect cannot be proved tc sny one group of persons,
the men on the spot mostly work asgs hard as the climate ané
sickness will sllow them but they sre very few and they haven't
muach money for research worz. ' Pernagps g1l thisg is past and
ve are Brtering s new era, a Censan .verflowing with agriculturists.

4

and nlant nathologists.

My thanks are due to lir. ©.dJd. Voelcker, Director,
egt African Caceo Resesrci Institute, for_peﬁqigsion to submit
this es uey and to Messrs. A.¥. Posnette, J.M. Todd and A.H.
‘ctlanc for permigsion to guote their unpublished VIO PK.
The views expressed and generalisations made are my own entirely
‘and they should in no way be icentifiec with the opinions of the
West African Cacao Research Institute nor.snould they be

publighed or quoted.
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