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THE HISTORY OT COCOA SWOLI,EN
SHOOT DISEASE IN NIGERIA

The first survey of Nigerian cocoa started in 1944,
and it was carried out to determine the extent and
location of the cocoa areas, to discover whether
swollen shoot disease was present in the country, and
also to record the condition of the farms and the inci-
dence of black pod disease and capsid damage.
Within a few montls of the stan of the survey, trels
infected with swollen shoot disease were found near
the village of Egbeda, 13 miles east of Ibadan.
Shortly afterwards the disease was found near Olanla,
26 miles north-east of Ibadan, and many additional
outbreaks were found as the survey progressed. The
outbreaks were extensive when ttrey were fust dis-
covered, and it seemed likely that swollen shoot dis-
ease had been present in Nigeria for some years.

Rusell (1946) in Nigeria, and workers at the West
African Cocoa Research Institute at Tafo, showed
that isolates from different outbreaks had different
effects on cocoa seedlings. This early work has
recently been extended by Lister and Thresh (1956)
and most ol the isolates have been found to cause
both leaf symptoms and swellings on cocoa, but some
cause only leaf syrnptoms or swellings. Of a selec-
tion of isolates collected from widely separate areas,
and judged to be representative of the range of efects
produced by swollen shoot disease in Nigeria, some
proved to be quite mild in their effects on seedlings,
while othe$ were very seyere (Lister and Thresh,
1955). One isolate from a locality near Egbeda will
sometimes kill cocoa seedlings infected at the beatr
stage. However, Nigerian cocoa viruses in general
are less severe in their effects on the growth of mature
trees than the virus from the New Juaben area of
Ghana, although records of individual tree yields for
farmers' cocoa near Ibadan indicate that the effects of
virus infection are considerable (Lister and Thresh,
l9s6).

The 6rst survey of Nigerian cocoa was completed
in 1949 and the results were assessed by Johns and

That the swollen shoot condition of cocoa in Ghana
is a virus disease was established by Posnette (19,10)
in 1938. Since then, virus diseases of cocoa have
been found in Trinidad (Posnette, 1943a), Nigeria
(Murray, 1945), lvory Coast (Alibert, 1946), and
Colombia (Citreri, 1948), while symptoms probably
caused by virus have been found in Venezuela (Pos-
nette and Palma, 1944), Ceylon (Peiris, 1953), and
Java (Thun& unpublished information). Cocoa virus
diseases have not been found in Liberia, Sierra Leone
or the Cameroons, although it has been established in
Ghana that some viruses which will infect cocoa occur
naturally in related plants and it is thought that cocoa
viruses are probably endemic in wild hosts.

Workers in Ghana, Nigeria and the Ivory Coast
have isolated a number of viruses or virus strains
from diseased cocoa. The isolates are usually referred
to as causing cocoa swollen shoot disease, although
some of them produce only leaf symptoms and do
not induce stem or root swellings. With a few excep-
tions, for which no vectors have been found, all the
isolates are transmitted by one or more species of
mealybug. Furthermore, none of the isolates has
been transmitted by sap inoculation. Differences
between the various isolates have been detected by
observations on symptom expression (Posnette, 1947;
Meiflren, 1949) and host range (Posnette, Robertson
and Todd, 1950); while protection tests (Crowdy and
Posnette, 1947) and. vector studies have also revealed
important diflerences.

This paper summarises the available information on
the ocrurrenc€ and extent of cocoa swollen shoot
disease in Nigeria, and reviews the methods which
have been used by the Departnent of Agriculture in
attempts to control the disease. The paper is also
intended to provide a general background to the virus
research which is now proceeding at the Nigerian
Substation of the West African Cocoa Research
Institute and which will be reported in detail at a
later date.

*Now at the Scottish Horticultural Resea.ch Institute,
Invergowrie, by Dunde€.
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Cibberd (1950), who pointed out that the dis€ase was
not present in the limited cocoa areas in the Northern
and Eastern Regions of the country, and that in the
Western Region most of the diseased trees were in
what was then the Ibadan Division of Oyo Province.
(lbadan Division latel became separated as lbadan
Province.) It \ryas estimated tbat 245 square miles of
cocoa land east of Ibadan were affected, with at least
one outbreak of swollen shoot disease on every indi
vidual square mile block. Cocoa was not being
grown exclusively over the area and individual larms
were not usually more than a few acres in extent, but
250 rnillion trees were said to be either infected or in
the imrnediate neighbourhood of infscted tre€s.
Outside Oyo Province an isolated outbreak of swollen
shoot disease had been found near Ilesha (60 miles
east of Ibadan) in 1946. The following year a further
isolated outbreak was found near Abeokuta (45 miles
south-west of Ibadan). The virus from this locality
is of special interest in producing unique leaf symp-
toms and, unlike all the other Nigerian isolates, it
caanot be transmitted by mealybugs (Posnette, 1950).
This virus has not been experimentally transmitted by
any ins€ct, although spread appears to occur in the
field and the virus has recently been found on cocoa
at several villages around the original place of dis-
coyery. From a detailed comparison of the virus
isolates from tbese villages with the more usually
occurring strains of swollen shoor virus, it is con-
sidered justiflable to consider the virus from Abeokuta
to be completely distinct, and the name cocoa necrosis
virus has been proposed (Thresh, 1957).

Since 1950, further assessments have been made
annually by the staff of the Western Region Depart-
ment of Agriculture and these were summarised at
the l95l and 1953 cocoa conferences (Johns and
Gibberd, 1951; Alnutt, 1953). Additional centres
ofinfection were found in further inspections. Many
of these apparently new outbreaks occurred in the
neighbourhood of previously observed centres of
infection and it seems likely that al least some of the
smaller ones had developed between succ€ssive in-
spections, Others, however, were not obviously
related to previous outbreaks, and some were in
localities in which swollen shoot had not pr€viously
been reported. The isolated outbreak which was
found near Ife in 1952 was in a locality 15 miles from
the Ilesha outbreak and about 20 miles from the
nearest infection in Ibadan Province. The origin of
such outbreaks is obscure but some of them were so
extensive when first reported that they could not have
developed in the inlerval between successive inspec-
tions and they had clearly been missed by previous
inspection parties. Near Ilaro, for example, a second
and detailed survey in 1952 revealed a large number of

scattered outbreaks over an area of about 36 square
miles.

TABLE 1

TsE NUMBER oF VTLLACES WHERE OUTBREAKS o! CocoA VRUS
HAVE BEEN FoUND IN EACH oF TrrE MA{N Coc.oA ARf,As oF ffE

WEsrErN REGToN or NTGERTA

Acreage Meat

productionl

Number of known

Swollen
shoot

Coaoa
necrosls

tirus

ABEOKUTA

IBADAN

IJEBU

LACOS

ONDO

oYo

I r 5189

22t,297

30,034

4,147

442,365

r40,608

16,9@

29,134

10,502

t,956

n,589

19,242

6i

l32t

0

0

0

2

8i

,
0

0

0

Tor^L 953,9& r00,332 140

r An estimate of the acreage of ttees grcater than nv€ years
old in 1956.

1 Baled on lh. yields of dry cocoa rcc.rded during each of rhe
last five full seasons.

I Reaorded outside thc arca of mass itrfection beforc April,
t957.

It will be seen from the maps that swollen shoot
disease has been found in cocoa in four of the Pro-
vinces in which it is grown in the Western Region.
In Oyo and ljebu-Ode Provinces only a few scafl.ered
outbreaks have been found (Table l) and the disease
is no more than a pot€ntial threat in tbese areas; but
in Abeokuta and Ibadan Provinces large areas of
infected cocoa occur and the disease is an important
factor influencing productiyity. In the absence of
any detailed information on the present extent of
infection in the heavily infected areas and on the
effects of virus infection on yield, it is difficult to
estimate the fnancial loss caused by swollen shool
disease in Nigeria. However, this cannot be less than
one-thfud of a million pounds each year. The annual
cost of the inspection service alone amounts to some
€170,000 and in addition, during each of the last five
years, an average total of fll,000 has been paid to
the farmers as compensation for the loss of trees
removed in applying the routine control measures to
be discussed in laoer sections of this paper. Further-
more, if virus reduces th€ overall yield of the cocoa
in Ibadan and Abeokuta Provinces by only I f each
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year, this amounts to some 500 tons of dry cocoa
(Table l) worth approximately f100,000 at present
pnces.

THE CONTROL OF SWOLLEN SHOOT

DISEASE IN NIGERIA

Resistant or tolerant varieties, mild strains of virus,
biological control and insecticides may all be used in
the future, but at the present time the general method
of controlling swollen shoot disease is to remoye all
the infected trees as they are discovered, and in this
way try to stop spread by eliminating the obvious
sources of infection. The difficulties in applying this
method in West Africa are very great, as it is necessary
to have a large and adequately supervised staff who
are familiar with the various symptoms of swollen
shoot disease and are able to make thorough inspec-
tions of all tJle cocoa areas at regular intervals.
Despite these difficulties, the cutting out of diseased
trees has been the basic method of control adopted
at the Central Cocoa Research Station (Posnette,
1943b), the West African Cocoa Research Station
(Benstead, 1953), and on a large scale by the Depart-
ments of Agriculture in Ghana (Moss, 1953), and
Nigeria (Johns and Gibberd, l95l). The work in
Nigeria can conveniently be discussed in three
phases:-

(l) The period from February, 1946, to June, 1950,
when the policy was to remove only the infected
trees, and sometimes also the apparently healthy
ones in contact with them or immediately
adjacent.

(2) The period from June, 1950, to March, 1955,
when in addition to the infected trees all
apparently healthy trees were cut out to a
distance of thirty yards from the nearest
infection.

(3) The period from ,lr,Iarch, 1955, during which
time the treatments have leen carried out in
close association with the staff of the W.A.C.R.I.
Substation and have usually involved the re-
moval of all obviously infected trees and the
coppicing of all apparently healthy lrees to a
distance of thirty yards from rhe nearest
infection.

The Period from February, 1946, to Jun€, 1950

The cutting out of infected trees started soon after
the discovery of cocoa swollen shoot virus in Nigeria,
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and. between February, 1946, and June, 1950, ll
million trees were destroyed in an attempt to eradicate
the disease. All outbreaks were treatad as soon as
possible after they had been discovered, and the
policy initially adopted was to cut out only trees with
symptoms, despite the fact that some of the adjacent
apparently healthy trees were likely to be infected.
No compensation for the loss of diseased trees \yas
being paid at the time, however, and it was considered
undesirable to antagonise the farmers by removinq
trees on which no slmptoms could be foind. Aftei
the initial treatment the trees surrounding a cut-out
area were re-inspected every three months and
additional infections were cut out as they were dis-
covered. Only the smallest outbreaks were con-
trolled by the initial treatment and usually additional
inlected trees were found during one or more of the
re-inspections. Nevertheless, lrom the available data
it is apparent that the number of trees cut out in the
retreatment of outbreaks was very small compared
with the number removed at the outset (Table 2).

The cutting-out campaign progressed on an increas-
ing scale until 1948, and unlil that time all rhe known
and isolaied outbreaks were treated as discovered,
while in the heavily infected localities panicular atten-
tion was given to the main centres of infection, round
which the cutting-out groups were conc€ntrated.
The intention was to check the outward soread of
the disease and adyance into the main cdntres of
infection until these had been eliminated. It was
estimated that 200,000 infected trees remained to be
destroyed in 1948 (Roberts, 1948), when in May of
that year work in the main swollen shoot areas was
stopped, because of the opposition ol the farmers to
the cutting-out campaign. Opposition had been
building up for some months, despite the fact that
clmpensation was then being paid for the loss of
drseased trees.

When the inspection and cutting-out parties re-
turned to the iDfected parts of Ibadan Piovince in
February, 1949, it was soon realised tlat the situation
had deteriorated and that far more than the estimated
200,000 trees remained to be cut out. Additional in-
fected trees were found in the vicinity of many out-
breaks which had previously been treated. Frirther-
more, many new outbreaks were found, some of them
in- parts of the Province which appeared to be clear
of infection at the time of the firsf iurvey. It seemed
likely that some of the newly discoverid outbreaks
had developed since this first inspection. Others had
probably been missed, as they were lound in pre-
viously unrecorded farms and were exiensive when
first deiected. Some of the difficulties experienced
by the cocoa survey parties have been desiribed by



TABLE 2

SUMMARY oF THE CurrrNc-our TREATMENTS CARRIED our IN NTGERTA FRoM FEBRUAI.Y 1946 To JUNE 1950

1957 COCOA CONFBIENCE

* Data, not available.
'| C\tting-out operatioos abandoned in c€rtain aEas duc to oppositioD.

t
I
I
;

I

I
t
,

Hadland (1951), and it was hardly surprising that
infected trees and even large outbreaks were missed.
At the outset of the work there were no detailed maps
of the cocoa-growing areas, and the survey staff
received little co-operation from the farmers in their
attempts to locate and insp€ct the farms, which were
often small and dispersed over Large areas of difrcult
country,

Efforts to bring swollen shoot disease under control
were intensified in 1949 and additional survey and
supervisory stafl were employed. The survey system
was reorganised and the survey staff began operating
in goups instead of individually, moving tbrough the
cocoa areas locality by locality and ignoring individual
farm boundaries, Previously, the survey stafl had
inspected the cocoa areas farm by farm, and spent a

!
I
I
I
I
I
I
I
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lnilial trcalments Relrcatments

Famt Infected trees Farmt Iafected trees Farms Infected treet

January-March 1946

April -June 1946

July -September 
1946

October-December 1946

January-March 1947

April -June 1947

July 
-SeptEmber 

1947

Octob€r-December 1947

January-March 1948

April -June 1948t

July 
-September 

1948t

October-December 19481

January-March 1949

April -Junc 1949

July 
-Sbptember 

I 949

October-December 1949

January-March I 950

April -Juoe 1950

l7

45

18

r06

131

110

133

4,563

19,44E

41,144

57,53E

65,225

123,432

146,590

26,524

0

1E

73

106

t55

233

293

0

701

2,963

2,0r6

4,035

2,979

4212

b7

t7

M

63

t5l

212

286

326

4,563

4,57t

4,975

7,459

m,149

50,307

59,554

69,2@

t26Att

150,862

26,821

33

95,892

183,630

257,W

l?5,065

r t0Jo7

96Jr5

Toral lJl3,,l3E



DISEASE AND PEST CONTROL

lsad dal of time tracing ownership and farm bound-
r:E lt E?s possible to keep the survey parties
e3< dose supervision when they were working under
5r :.:t- " block survey " system and there was a
:r:=gonding increase in emciency. It also became
l.iis,-Di. to cut out the apparently healthy trees
rcll?ot to the inlected ones. These changes made
iE nontrol measures more emcient, but the cutting-
rrE. paflies were still unable to deal with all the new
r=.rs outbreaks as they were discovered, and as a
:!5 h rhe re-inspections and retreatments were also
d&fed. It soon became obvious that the complete

=:adi:ation of swollen shoot disease from Nigeria
rould tre an even greater undertaking than had been

=rdpated and would involve further increases in
;:ei and the payment of very large sums of money

= compeosation to the famers for loss of diseased
:==-

-{fier a full review oF the situation in February,
195O, Johns and Gibberd (1950) proposed that no
i::rrher efforts should be made to control swollen
rb,:ot disease in the heavily infected parts of Ibadan
Prorince, but that, instead, efforts should be concen-
:ratd on keeping the remaining cocoa-growing areas
r'ree from the disease. It was realised that the un-
iarerrupted spread of swollen shoot disease in an
crrensive part of Ibadan Province was likely to lead
to a progressive decline in yields in that area and also
that many infected trees would remain as sources of
irfection for some years. However, it seemed from
experience in Ghana (West, 1950) that in heavily
infected areas swollen shoot disease could only be
controlled by the virtual elimination of all the cocoa.
This would obviously be an unpopular measure with
the Nigerian farmers. Moreover, it would be costly
and difficult to carry out, and would cause gmve
economic crises in the many villages around Ibadan
rhich relied on cocoa to provide their main source of
income. For these and other reasons the new pro-
posals were accepted, and in June, 1950, activities
rere abandoned in the heavily infected parts of
Ibadan Province, which became known as the " area
of mass infection."

The Period from July, 1950, to Marctr, 1955

The revised measures for the control of swollen
shoot disease were introduced in July, 1950, and at
lhe same time the survey system was completely
reorganised. Once the precise limits of the area of
mass infection had been established, no regular sur-
veys of the farms in this area were carried out, but
the adjacent cocoa was inspected at intervals of six
months and the more remote cocoa every year. Out-
breaks of swollen shoot disease found outside the

area of mass infection were treated immediatelv. and
a new cutting-out policy was adopted in an effort to
confine the disease to the abandoned area. Not onlv
the infected trees were cul out but also alJ the ap'-
parently healthy ones within a distance of thiriv
yards from the nearest infection. It was hooed thai
this more drastic treatment woutd deal with the htent
and missed infections which are inevitablv left behind
at many outbreaks when only those treei found with
s)/mptoms are cut out, The standing cocoa around
the sites of treated outbreaks was ie-inspected at
three-monthly intervals and any additional infections
were treated as new outbreaks, so that further
apparently healthy trees were destroyed.

The area of mass infection as established in l95l
was about 479,000 acres in extent. The proportion
of this land under cocoa ranged lrom lesi th'an 5%
in certain localities to more than 60){ in others, and
all the cocoa was eirher infected or in the neishbour-
hood of infected trees. At the time the pro-visional
boundaries were made it was hoped that tie amount
of abandoned cocoa would be progressively reduced
by _gradually moving jnto the heavily infected area
and treating outbreaks as they weie eDcountered.
With this end in view it was intended that the cocoa
immediately within the boundary of the area of mass
infection should be inspected from tjme to time and
control measures applied wherever this was practic-
able. Furthermore, it was thouqht that the cocoa on
100,000 acres of land north and east of Ibadan was
less heavily infected than the other parts of the area
of mass infection and rhe possibilitt of bringing the
disease under control in thii area wai also con-sidered.
How-e_v-er,_ a detailed inspection which was completed
in 1952 showed that infection was heavier than ex-
pected, and it became clear thai any reduction in the
area of mass infection would be difrcult to achieve.
Not only was it found necessary to abandon control
measures in the area north and east of lbadan, but
minor boundary adjustments had to be rrade rihich
actually increased the area of mass infection.

The belt of cocoa round the perimeter of the areao[ mass infection was inspected at six-monthlv
intervals and became known as the area of intensivl
survey (sometimes referred to as the " cordon sani-
taire "). It was hoped that the application of control
measures in this belt would check the spread of virus
into the more remote and hitherto healthy cocoa. The
depth of the area of intensive survey vaiied according
to the importance of the cocoa ii was intended t6
protect. East of the area of mass infection the pro-
tective belt was several miles wide, as it adjoined the
e-xtensive cocoa-growing areas around Ife, ilesha and
Ondo, while to the norih an area of intensive survey
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was unnecessary, as little cocoa \ryas to be found
beyond ttre heavily infected area, the boundary of
which closely followed that of the lowland rain
forest. As far as possible the boundaries to the area
of mass infection and the area of intensive survey
followed easily recognisable features such as roads,
railways, rivers and the margins of forest reserves
(Plates XXV and XXVI).

At the time the area of intensive survey was estab-
lished in 1950, outbreaks of cocoa swollen shoot dis-
ease had already been found in the cocoa around
three of the villages which were included in the area,
and in 1950, virus outbreaks were found in the cocoa
around six additional villages. Nevertheless, little
difficulty was anticipated in confining the disease to
the abandoned area and it was not expected that the
drastic cutting-out treatment would have to be applied
on any extensive scale.

These expectations were not realised and each year
since 1950 apparently new virus outbreaks have been
found at additional villages in the area of intensive
survey and in some instances outside it. Further-
more, re-inspection of the cocoa around villages
where swollen shoot disease had already been found
often revealed further infection which necessitated
additional cutting-out treatments. The present known
distribution of cocoa viruses in the Western Rogion
of Nigeria is shown in Plates XXIV-XXVI, which
should be compared with maps prepared for previous
conferences (Johns and Gibberd, 1950; Johns and
Gibberd, 1951; Allnutt, 1953).

The progressively increasing scale of the cutting-
out operations is shown in Table 3 and also in Plate
XXVII which gives the number of so-called initial
treatments and retreatments carried out each year
since 1947 in the cocoa outside the abandoned areas.
The term " initial treatment " indicates the first
cutting-out operation carried out in tlre cocoa around
a village, whereas the terrn " reheatment " refers to
additional cutting-out operations near a village where
infected trees have already been detected and removed.
It is apparent from Plate XXVII that the number of
villages in which swollen shoot has been known to
occur has increased markedly in recent years, despite
the fact that the cocoa around them has been under
continuous routine inspection for almost ten years.
This indicates that new outbreaks continue to arise,
presumably as a result of the movement of mealybugs
from distant sourc€s of infection or perhaps from wild
hosts. However, the true rate of increase of infection
in the areas of intensive survey is difficult to estimate
and probably differs from the apparent one, because
the survey parties cannot detect all outbreaks of
swollen shoot disease while these are still at an eady
stage of development.

Between 1947 and 1956, 126 initial treatments were
carried out and the large numbers of infected trees
present in some of the newly discovered outbreaks
indicate that many of them had been missed for some
years. This conclusion is substantiated by the data
summarised in Plate XXVIII, which gives the frequency
distribution of the number of infected trees involved
in the initial treatments and retreatrrents carried out
between 1947 and 1956. It will be seen that 30% of
all the jnitial treatments involved more than 100
infected trees at each village and some of them
involved more than 1,000 infected trees and must
have been missed for many years. By comparison,
only 8 f of the retreatments involved more than 100
infected trees at each centre and most of them in-
volved less than ll. This big difference in the
efficiency with which infeoted trees are detected is
largely due to the method of survey, as once an out-
break has been found and treated, the surrounding
cocoa is examined every three months by special
survey groups. These are under the close super-
vision of senior staff and are additional to those
responsible for the routine survey every six months.
Thus further outbreaks on the edge of ones which
have already been treated are more likely to be
detected than outbreaks of comparable size in areas
where swollen shoot disease has not been reported.
It seems c€rtain, therefore, that if all the cocoa areas
were thoroughly inspected by experienced and closely
supervised survey parties, additional virus outbreaks
would be discovered, although tlte repeated failure to
detect virus in c€rtain areas does indicate that virus
is not present in them.

The difrculties experienced by the survey parties in
detecting yirus outbreaks are illustrated by the events
leading to the establishment of the area of mass
infection in the Egbado Division of Abeokuta Pro-
vince. As a result of the first survey carried out in
this area, it was believed to be free from infection and
a subsequent report of the presence of virus was not
confirmed. Yet a second survey of the Division com-
pleted in 1953 revealed that infection was widespread
over an area of approximately 36 square miles and it
seemed likely that infection had been present but
undetected for at least five years. A detailed assess-
ment revealed that infected trees were scattered
throughout the affected area and it was estimated
that about 2l of the trees were showing slmptoms.
As the infected trees \ryere in good cocoa and it was
found that the local farmers were uncooperative, a
decision was made not to carry on with the usual
cutting-out treatments and a second area of mass
infection was established in 1953 (Plates XXIV and
xxvD.

This decision to abandon a second area of cocoa
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1957 COCOA CONFERENCE

and the discovery of virus at 98 additional villages in
the five years after the first area of mass infection was
established indicate that the control measures intro-
duced in 1950 have not been entirely successful in
preventing the spread of virus into the areas which
were originally free from infection. This deteriora-
tion in the position is only partly due to the discovery
of outbreaks which had been missed during previous
surveys and it is difficult to avoid the conclusion that
virus is spreading at an increasing rate into the areas
of intensive survey from the heavily infected cocoa in
the localities in which control measures have been
abandoned. That spread occurs in this way is indi-
cated by the grouping of newly discovered outbreaks
around the areas of mass inlection, and as mealybugs
are known to be carried and dispersed by wind cur-
rents (Strickland, 1950; Comwell, 1956) this provides
an obvious explanation of the way in which this type
of spread takes place. Virus has spread without
check in the areas of mass infection and in recent
years infection has become increasingly obvious, so
that the source of inoculum and number of mealy-
bugs likely to be carrying virus has increased pro-
gressively. (In one observation plot in the area of
mass infection near Ibadan, th€ proportion of trees
with symptoms increased steadily from about 6% iD
1953 to nearly l00l in 1955.) Moreover, the cycle
ol infection in the abandoned areas is being con-
tinued by the farmers who continue to plant available
areas with cocoa, which is often near or even alongside
matur€ cocoa already infected with virus. This
means that, unless a new policy of dealing with the
areas of mass infection is introduced, they will con-
tinue to act as dangerous sources of virus and in-
creasing difficulty will be experienced in maintaining
the adjacent cocoa free or relatively free from
infection.

The effciency with which the cutting-out measures
have checked the spread and build-up of virus in the
areas of intensive survey is difficult to evaluate, as
there is little indication of the extent to which the
disease would have spread if no control neasures had
been practised. However, it seems c€rtain that
further large acreages of cocoa would have become
heavily infected if the 28,525 infected trees found
outsid€ the areas of mass infection by the end of 1956
had been allowed to remain and act as additional foci
of infection, An analysis of the records kept by the
Department of Agriculture also shows that the
cutting-out measures have achieved considerable
success and have resulted in the elimination of dis-
ease al many localities lyhere it has been found. Of
the 76 villages where outbreaks were treated (and
where necessary retreated) in the areas of intensive
survey between 1947 afi 1954, virus appears to have

been completely eliminated from the cocoa around
43 of tbenr, as no additional infected trees were found
in 1955 or 1956. Infected trees have not been found
at 11 other villages since 1955 and virus also seems to
have been eliminated from these localities. At the
remaining 22 villages infected trees have been found
within the last year, so the control measures have Dot
yet been successful. It may be that at some of these
22 villages the originally ireated outbreaks were
eliminated in the early cutting-out operations and the
apparent failure of the measures was due to the sub-
sequen, formation of completely separate outbreaks
by spread, not from the original centre, but from an
outside source,

The policy of treating outbreaks by removing
infected trees and the apparently healthy ones to a
distance of thirty yards meant that the partial success
of the conhol measures was only achieved at the
expense of large numbers of apparently healthy trees.
This is shown by the data summarised in Tables 3
and 4, which give details of treatments caffied out
between 1947 and 1956, when an average of ten
apparently healthy trees were deslroyed for every one
found with symptoms. As might be expected, this
ratio was at a maximum for treatments involving
small numbers of infected trees and at a minimum for
treatments involving the largest outbreaks (Iable 4).
The ratio of apparenfly healthy trees to those found
with symptoms was also higher for retreatments than
it was for inirial treatments, due to the smaller
number of infected trees involved in the former.

TABLE 4

RATIo o! AFPARENTLY HEALEIy TREts cuT orrr To rHE
NUMBER INFECIED oN TREATING OUTBREAKS oF SWoLLEN

SHoor DISEASE oP DrFrErENr SrzEt

.An analysis of the data presentcd in Table 3 for all reat-
metrts and retr€atments carried out outside the areas of mass
infection between 1947 and 1956.
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Number of
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l- 10

ll- 100
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1,001-
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6

44

5

444

3,811

14,338

9,932

26,432

88,096

t21,072

4t,326
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8:l
4tl
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At the time the revised control measures were
introduced in 1950, there was little evidence to indi-
cate whether the removal of large numbers of ap-
parently healthy trees was justified in treating Nigerian
outbreaks of swollen shoot disease. The decision to
treat outbreaks of all sizes to a distance of thirty
yards was therefore largely an arbitrary one. In
1953, however, the West African Cocoa Researoh
Institute Substation was established in Nigeria and
the following year a series of coppicing experiments
was started to determine whether the thirty-yard cut-
outs were necessary, or whether a similar degree of
control could be obtained by less drastic methods.
The results of the first experiments have already been
reported (Lister and Thresh, 1956) and show that
relatively few of the apparently healthy trees were
found to have been infected at the time thev were
coppiced. This immediately suggested th;t less
drastic cutting-out treatments could be adopted.
However, it was concluded that the data was in-
sufficient to justify a complete change in the control
measures and it was decided that the coppicing ex-
periments should be continued and extended on a
large scale. After March, 1955, therefore, all the
apparently healthy trees involved in swollen shoot
treatments were coppiced and not cut out as in the
previous system. The results obtained in this phase
of the control operations are described in the follow-
ing section.

The Period since March, 1955

In March, 1955, coppicing was accepted as a routine
part of the control measures against swollen shoot
disease and by August, 1956, a total of 123 areas had
been coppiced by the Department of Agriculture in
treating outbreaks totalling 7,810 infected trees. All
the obviously infected trees involved in these treat-
ments were cut out and the adjacent apparently
healthy trees were coppiced to the usual distance of
tlirty yards. Most of the treatments involved less
than 100 infected trees and an average of 24 apparently
healthy trees were coppiced for every tree found with
symptoms.

The new growth from the coppiced stumps was
inspected every three months and all the infections
which were found were uprooted and a record made
of their number and distribution in relation to the
infected trees which had been detected and uprooted
at the time of coppicing. The number of stumps
which failed to regenerate varied from site to site,
but most of them produced rapidly growing chupons
which usually showed very obvious symptoms if the
trees had been infected at the time they were cut

DISEASE AND PEST CONTROL
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back. By,February, 1957, chupons with symptoms
had been found on 1,200 of the 187,979 cofpiced
stumps. This figure was lower than expected due to
the complete failure of some of the infected stumps
to regenerate and also to the fact that some of the
re-inspection data were incomplete. However, it
seemed clear that most of the coppiced trees were
free from virus and the provisional results were in
agreement with those of the preliminary experiments
started in 1954.

In August, 1956, it was decided to revise the treat-
ment methods and for a trial period these were made
less drastic. Discrete outbreaks of from I to l0
infected trees were treated to a distance of five yards
from the nearest infection, outbreaks of from I I to
50 infected trees were treated to fifteen yards and
the larg-er outbreaks were treated to thirty yards. By
the end of December, 1956, 46 treatments had beeir
carried out using the revised methods and 21,168
app-arendy healthy trees were coppiced in treating
outbreaks totalling 4,418 infected trees. It is esti-
mared that an additional 12,180 apparently healthy
trees would have been cut out if the former treatrneni
methods had been employed. This represents a
saving in only four months of approximaiely f2,500
in compensation at the usual rate of 4s. per tree and
there were also considerable savings in the time and
ease with which the marking and cutting operations
were carried out.

In a detailed analysis of the results of the coppicing
experiments it has recently been established that
virtually all the infected stumps occurred within five
yards of the original infection, where this had con-
sisted of from I to l0 trees. By comparison, about
two-thirds of the infected stumps occurred within five
yards of the original infected trees where these num-
bered from ll to 50 infected trees; while around the
larger outbrea-ks only about half the infected stumps
occurred within five yards. It seems clear, therefoie,
that not only do latent and missed infections occur
in greater numbers around large outbreaks but they
also occur to a greater distanoe from the original
infection. This result is consistent with observations
made in Ghana and in Nigeria that small outbreaks
ar€ more readily controlled than large ones. It also
gives some justification for the policy of treating
outbreaks according to their size. Nevertheless,
even around the largest outbreaks the probability of
apparently healthy trees being infected is very low if
they occur more than flfteen yards away from the
original infection, and it seems that further chaDges
are justified to make the control measures still less
drastic.

The changes which have been proposed will not
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involve the treatment of the smallest outbreaks, but
those consisting of from 11 to 50 infected trees will be
treated to l0 yards instead of 15 and the larger out'
breaks will be treated to 15 yards instead of 30 In
the treatment ofan outbreak the number ofapparently
healthy trees involved tends to increase as the square
of the distance to which they are cut. This means
that if the new proposals are adopted by the Depart-
ment of Agriculture there will be further and very
considerable savings in carrying out the routine control
measures against swollen shoot disease. Virus out-
breaks will be controlled less readily by the proposed
methods and it seems that infectibn will be encountered
with some frequency amongst the standing tr9es on
the edge of treated areas. However, the results ofthe
coppicing experiments indicate that any retreatments
wfiich are necessary are unlikely to involve more than
a small proportion of the perimeter trees and there
seems little lustification for continuing to include all
these in the drastic initial cutting-oul treatments
involving the destruction of all apparently healthy
trees to a distance of 30 yards. It follows that
using the W.A.C.R.I. recommendations individual
outbleaks are likely to be controlled more economi-
cally than at present. Nevertheless, the overall success
of the control measures will largely depend on the
efficiency of the survey parties in detecting new out-
breaks and on the policy adopted lor dealing with the
abandoned cocoa in the areas of mass infection.

SUMMARY

Swollen shoot disease was first found in Nigeria in
1944, soon after the start of the fi$t survey of the
cocoa areas. The disease has not yet been found in
the limited cocoa grown in the Eastern and Northern
Regions of the country and infection appears to be
confined to the Western Region, where outbreaks are
known to occur in four of the Provinces in which
cocoa is srown. Onlv scattered outbreaks have been
found in iwo of these i'rovinces. but around llaro and
Ibadan the disease is widespreid and there are large
areas of heavily infected cocoa.

The removal of infected trees has been the basic
method of control adopted in Nigeria from the out-
set, and between 1946 and 1950, ll million infected
trees were destroyed in an unsuccessful efrort to
eradicate swollen shoot disease from ttle country. It
was then realised that complete eradication of the
disease would be impossible, and control measures
were abandoned in one heavily infected area in 1950
and in a second in 1953. Outbreaks occurring in the
cocoa outside these abandoned areas were treated as
they were discovered by uprooting all the obviously
infected trees and also the surrounding area of

apparently healthy trees to a distance ol thirty yards
from the nearest infection. Increasing difficulty is
being experienced in restricting the disease to the
abandoned cocoa and it appears that virus is spread-
ing into the surrounding areas of healthy cocoa at
an increasing rate. Nevertheless, thecontrol measures
have achieved some success and the cocoa outside the
areas of mass infection is still relatively free of virus.

This success has been achieved at the expense of
large numbers of apparently healthy trees and an
average of ten have been destroyed for every tree
lound with symptoms. However, recent coppicing
experiments have shown that the policy of treating
outbreaks of all sizes to a distanc€ of thirty yards can
be made much less drastic with little loss in efficiency.
It has been recommended that in future all obviously
infected trees should be removed and also the adjacent
apparently healthy trees-to a distance of five yards
where an outbreak consists of a discrete group of
1 to l0 infected trees, to a distance of ten yards
where an outbreak consists of from ll to 50 infected
trees, and to flfteen yards around the larger out-
breaks. lt is anticipated that these modifications
will result in considerable savings, although the
success ol the control measures will continue to
depend largely on the emciency wiih which new out-
breaks are spotted by the survey parties.
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