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1. I N T R O D U C T I O N 

Rubber is by far the most important cash crop grown in Liberia. The first 
successful introduction of Hevea brasiliensis was made in 1906, when the Li-
berian Rubber Corporation established the Mt. Barclay Estate near Monrovia 
with seeds from the Far East. Firestone Plantations Company started a planta
tion at Harbel in 1926 and another unit near the boundary with the Ivory Coast 
in 1927 (Cavalla Plantation). Liberian citizens - and much later other foreign 
companies - also became interested in Hevea growing, and many rubber planta
tions were established throughout the country in later years. 

In 1970, the total rubber production of Liberia was estimated at 64.7 thou
sand metric tons, which is 2.2 % of world production. Nigerian production is of 
the same level, while other African countries produce considerably less. Ac
cording to FAO statistics (ANON., 1970 B, p. 298), natural rubber production 
in 1970 compared as follows for the different rubbei producing parts of the 
world : 

thousand metric tons 
Far East 2,691 
Africa 190 
Latin America 30 
Oceania 6 
Total world production 2,917 

Rubber was almost the only source of Liberian Government revenue and of 
exports till iron ore mining began in 1951. At present, according to HARRISON 

CHURCH in 1969, Liberia is African's leading exporter of iron ore and the third 
world producer. Whilst iron ore now accounts for some 70 per cent of exports, 
rubber comprises only 20 per cent. 

From 1963 to 1971,1 studied diseases and pests of the Hevea tree on the above 
Firestone Plantation at Harbel. With the exception of brown bast, all major 
diseases are caused by fungi in Liberia, as it is in other parts of the world; pests 
are, generally, of minor importance. The most important and widespread 
diseases of the Hevea tree in Liberia are probably black thread, root diseases 
(Fomes and Armillaria) and the two leaf diseases bird's eye leaf spot and Gloe-
osporium leaf disease (see Section 3). However, the incidence of a disease de
pends highly on factors such as soil, climate, clearing methods of the land be
fore planting, planting material, age of planting, maintenance and control 
measures. Accordingly, other diseases than those mentioned above are often of 
primary importance, such as patch canker and the stem and root disease Ustuli-
na zonata. Also, damage done by diseases may change with time. In Malaya, 
mouldy rot was a much more important tapping panel disease than black stripe 
in the past. However, nowadays, mouldy rot is rarely encountered; black stripe, 
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on the other hand, is widespread and becoming more important (WASTIE, 1969). 
It was witnessed in Liberia that bird's eye leaf spot, the most important leaf 
disease in the early sixties in plantings of susceptible Hevea clones of 4 to 8 years 
of age, became gradually less damaging; by 1970, the Gloeosporium leaf disease 
was generally a greater problem in such plantings at Harbel. 

In view of the above it is obvious that the economic importance of Hevea 
diseases is difficult to assess as the damage depends on local conditions, which 
also may change with time. Another problem is that the relative importance of 
very different types of damage must be compared, e.g. growth retardation by 
leaf diseases and loss of trees by root rot. Within these limits, in Liberia diseases 
are likely to be of less economic importance than those in many other rubber 
producing countries ; South American leaf blight in Latin America, root rot in 
the Dem. Rep. of the Congo and Phytophthora leaf fall in South India are prob
ably much greater problems than any disease in Liberia. It is of interest to add 
that mildew, a major leaf disease in some countries of the Far East (e.g. Ceylon), 
is generally of minor importance in Africa; on the other hand, Armillaria, one 
of the most damaging root rot fungi in Africa, is practically unknown as a 
parasite of Hevea in Asia. 

My investigations were mainly directed towards finding better ways of con
trol of the tapping panel disease black thread, in the Far East better known as 
black stripe or bark rot. Black thread was an urgent problem in susceptible 
Hevea clones as the generally used products for control of this disease failed to 
give sufficient protection. Accordingly, fungicides were screened in bio-assays 
on fungitoxic properties against Phytophthora palmivora - the causal agent of 
black thread - and the most promising chemicals further tested in field ex
periments. All experiments were carried out on the Firestone Plantation at 
Harbel. General information on the cultivation of rubber at this plantation is 
given in Section 2. Although the emphasis of these researches was on control 
measures, information was also gathered on different aspects of the disease 
(Section 4). After a fungicide was found which gave very promising protection 
against black thread, possible side effects of the treatment were studied on 
latex production, quality of the rubber and on bark renewal. These experiments, 
along with results of other tests, are described in Section 5. 

It was also investigated whether the regular applications ot the fungicide 
could be combined with above-cut stimulation of latex yield. Accordingly, salts 
and esters of 2,4-dichlorophenoxyacetic acid were tested in mixtures with the 
fungicide. Main results of these tests - also on disease control measures - were 
published already in previous articles (SCHREURS, 1969 and 1971). During the 
last 2 years of my stay in Liberia, I tested also the new latex stimulant Ethrel. 
Some results of this work were published by Ross and DINSMORE (1971). Detail
ed information on results, obtained with yield stimulation, is given in Section 6. 
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2. G E N E R A L I N F O R M A T I O N ON RUBBER 
CULTIVATION AT F I R E S T O N E P L A N T A T I O N 

AT HARBEL 

The Harbel Plantation is located 40 km east of Monrovia along the Farming-
ton and Du rivers. Seeds of unknown parentage from Mt. Barclay Estate were 
used as planting material until 1931, when the first planting of clonal rubber 
was made with 3 clones introduced from the East Indies in 1928. In 1931 addi
tional clones were introduced, and since that time all new plantings at Harbel 
have been made either from buddings or seedlings derived from these introduc
tions. Locally developed clones have also been planted on a considerable scale. 
Replanting of the first low-producing seedling areas started in 1951, and by 1964 
most of these areas had been replanted with high-producing rubber. The Harbel 
Plantation is the largest continuous rubber plantation unit in the world with 
25,000 hectares of rubber in tap and 7,000 hectares of immature rubber. Over 
the years 1968 to 1970, the total yearly production of the two Firestone planta
tions in Liberia amounted to 37 thousand metric tons. 

Details on the introduction of the Hevea tree to Liberia and on the develop
ment of the Harbel Plantation were given by MCINDOE (1968). HARRISON 

CHURCH (1969) described the more general aspects of the Firestone plantations 
and other foreign enterprises in Liberia. 

Climate and soil 
The annual rainfall amounts to 3241 mm, the average of 34 years in the 

Botanical Research area of the plantation. The lowest annual rainfall was 
2320 mm and the highest 4313 mm. There are two distinct seasons, the dry 
season from November to April and the rainy season from May to October. 
The driest month is January with 37 mm of rain on the average and the wettest 
month is September with 596 mm. Further data on rainfall and also on sunshine, 
temperature and relative humidity are given in Fig. 1. Mean figures for the period 
1964-1970 are added because most field experiments were carried out during 
these years. 

Distribution of rainfall over the different months of the year at Harbel has 
much in common with the rainfall pattern in South India. In Malaya, Ceylon, 
Java and Sumatra, rainfall is in general more evenly distributed and occurs less 
often in the morning when compared with the situation at Harbel. The annual 
rainfall in the above mentioned countries varies between 2,500 and 4,000 mm in 
the rubber growing districts. 

The land is of a gently rolling nature with few hills and flats. There are 
numerous small and larger swamps over the entire plantation, amounting 
roughly to 30 % of the total area. The swamps are left as they are or are used 
for growing rice and other annual crops. 

Most soils are red or yellow coloured and contain a high percentage of alumi-
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Kg/ha 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Monthly rainfall in mm total 
1936-'70 37 57 127 167 279 407 444 488 596 379 185 75 3241 
1964-'70 41 38 87 195 295 399 374 589 477 355 171 63 3084 

Mean daily hours of bright sunshine mean 
1936-'70: 5.4 5.5 5.4 5.0 4.5 3.2 2.0 1.5 2.2 4.1 4.9 4.8 4.0 
1964-'70: 5.5 6.0 5.9 5.2 5.0 3.6 2.3 1.6 2.4 3.8 4.6 4.4 4.2 

Mean daily maximum temperature in°C mean 
1936-'70: 31.3 32.3 32.4 31.9 30.9 29.0 27.2 26.8 27.9 29.5 30.3 30.5 30.0 
1964-70: 31.2 32.4 32.8 31.9 30.8 28.7 26.8 26.4 27.6 28.8 29.8 30.1 29.8 

Mean daily minimum temperature in °C mean 
1936-'70: 20.7 21.3 21.6 21.8 21.9 21.7 21.2 21.2 21.6 21.7 21.5 20.9 21.4 
1964-'70: 20.9 21.5 22.2 22.6 22.5 22.1 21.4 21.6 21.6 21.9 21.8 21.4 21.8 

Mean relative humidity for 1964-70 mean 
9:00 90 82 82 84 87 90 90 91 89 87 87 91 88 

13:00 57 54 56 66 72 81 83 86 83 79 72 69 72 

FIG. 1. Mean dry rubber production per month for 24,500 ha mature rubber at Harbel during 
1964 to 1970. The meteorological data refer to 2 periods, viz. 1936-70 and 1964-70. 

nium. These heavily weathered soils are generally quick draining and contain 
low reserves of the major nutrients. It is therefore not surprising that on these 
infertile soils very satisfactory responses to fertilizers are obtained. 

Planting material 
The Hevea clones most extensively planted in the thirties and forties were 

AVROS 49, 50 and 152; Tjir 1 and 16; BD 5 and 10; War 4; PB 180, 183 and 
186. Since the early fifties the locally developed clone Har 1 (derived from 
'Harbel') was planted on a large scale and more recently GT 1, PR 107, RRIM 
600 and the locally developed clone Har 43. 
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The reported field experiments for black thread control and yield stimulation 
were - with a few exceptions - carried out in BD 5 plantings because this clone 
is very susceptible to the disease, responds well to stimulation and has been 
planted on a very large scale (4,000 hectares in production in 1969). 

Replanting 
At Harbel new land is no longer developed. The new plantings are replace

ments of low yielding old plantings. In the earlier days the trees were cut down 
by manpower and stumps were left in the soil without any treatment. In several 
replantings root rot became a major problem as the unpoisoned stumps were 
sources of infection of root rot fungi. In general, root rot incidence is much 
lower in the newer replantings which were established on mechanically cleared 
areas or in areas where the old rubber stand was poisoned with 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T). Mechanical clearing is done with caterpillar 
tractors, equipped with stumper and tree-dozer attachment. 

Since the mid-fifties the avenue planting system has been mainly used for 
replanted areas (planting distances are approximately 9 x 3 m). Standard 
planting density for clonal rubber is 150 trees per acre (370 to the hectare). The 
older plantings were generally planted on a square system with distances of 
approximately 4 x 4 m. 

Tapping 
Young rubber stands are taken into tapping when at least 60 % of the trees 

have a diameter of 15 cm or more at 1.50 m above ground level, which is gener
ally about 6 years after planting with regular fertilization. In Ceylon, clonal 
plantings are brought into tapping when 70 % of the trees have obtained a girth 
of 20 inches at a height of 3 feet, thus when slightly thicker (DE SILVA, 1961). The 
first opening in clonal rubber at Harbel is at a height of approximately 1.70 m 
from the ground to the lowest point of the tapping cut. Task sizes are between 
400-475 trees in older rubber and 500-600 in young plantings. 

Rubber trees are usually tapped for half the number of days of the year. Ac
cordingly, each planting (or another unit) is divided in 2 sections, in Liberia 
named the A farm and the B farm. One farm will rest when the other is being 
tapped. Alternate daily tapping on half-circumference, equivalent to an average 
of a quarter cut tapped daily, is taken as standard (100%) in estimating relative 
intensity (EDGAR, 1958, p. 326). At Harbel, the standard tapping system is half 
spiral cuts at 100% intensity. The trees are tapped on alternate days (also called 
'alternate daily tapping') or are tapped daily for a number of days and then 
allowed to rest for the same number of days (daily periodic tapping). The alter
nate daily tapping system is denoted : S/2.d/2.100 % (half spiral cut, 1 day tapping 
out of 2 days, 100% intensity). When trees are on the daily periodic tapping 
system, they are tapped daily for 10, 15, 23 or 30 days (or 1 month) at Harbel, 
which system is denoted, e.g. for 15 days periods: S/2.d/1.15d/30.100% (half 
spiral cut, daily tapping, 15 days tapping out of 30 days, 100 % intensity) ; when 
tapping is daily for a whole month, the system is briefly referred to as "monthly 
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periodic tapping" (S/2.d/l.m/2.100%). Different tapping systems are used in 
old plantings to obtain maximum yields during the last years before replanting 
(V-cuts on high panel). For more information on tapping systems see EDGAR 

(1958, p. 325-337). 
The normal rate of bark consumption is 1.6 mm per tapping cut, measured in 

vertical direction, and amounts to approximately 30 cm consumed bark each 
year. This allows for 5 years tapping on one side of the stem, after which the 
panel is changed to the other side on half spiral tapping at 100% intensity. In 
practice, however, panels often have to be changed sooner because tappers tend 
to over-consume bark ; also, an allowance has to be made for the height of the 
union from the ground. 

Stimulation 
Stimulants are used to increase latex yield. In practice, stimulants are not 

applied during the first tapping cycle and at the earliest when tapping is on first 
bark renewal. 2,4-D is widely used for this purpose in Liberia and recently the 
new stimulant Ethrel has also been used. The stimulant is applied either imme
diately above the tapping cut or on a scraped band of bark immediately below 
the cut. For above-cut stimulation the butyl ester of 2,4-D is applied in the pet
rolatum Treseal (0.25-0.50% acid equivalent of 2,4-D) and for below-cut 
stimulation in palm oil (generally in 1 % acid equivalent). Generally, applica
tions are made weekly in above-cut stimulation; in below-cut stimulation the 
next application is not made until the treated bark (usually a band of 7.5 cm 
wide) is tapped off. Stimulation with 2,4-D above the cut is mainly done in old
er rubber during the last tapping cycle since bark treated in this way becomes 
greatly proliferated; another reason is that the renewed bark is often too thin 
and too irregular to allow for scraping below the cut. Younger trees are usually 
stimulated below the cut as bark renewal is practically normal. 

Production 
In 1970 the average production of the Harbel Plantation was close to 1,500 kg 

dry rubber per hectare per year. Variation in yield during the different months 
of the year is shown in Fig. 1. Production is lowest during the dry months of 
February/March when trees are wintering and refoliating. 

THOMAS (1970) collected data on the production curve of plantings over a 
25-year period in Malaya. On the average, highest yields per hectare were 
harvested in the ninth year of tapping, after which production maintained a high 
level during several years and then gradually decreased; in the 25th year of 
tapping yields had dropped to about 75 % of the yield of the three most produc
tive years. 
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REVIEW OF DISEASES, PESTS AND OTHER 
CAUSES OF D A M A G E IN HEVEA 

IN L IBERIA 

A report is given on the fungi, insects, mites, mammals and mistletoes, known 
to cause primary damage in Liberia. Kind of damage and importance are briefly 
described, also non-parasitic abnormalities. Brief information is also given on 
control measures for the most important causes of damage. The data were col
lected at Harbel and on the neighbouring Mt. Barclay Estate. 

3.1. FUNGI 

The fungi were identified (or identifications that had been made previously 
were checked) by the Centraalbureau voor Schimmelcultures at Baarn, the 
Netherlands, except for Corticium, Fomes and Ustulina. It is recorded by whom 
and when the disease was first reported. These records were found in unpublish
ed reports of the Botanical Research Dept. of Firestone Plantations Co. 

Aleurodiscus sp.: SCHREURS, 1969. Root and collar rot; one record only. 
Armillariafuscipes PETCH: SCHREURS, 1964. A major root disease. 
Botryodiplodia theobromae PAT.: M C INDOE, 1931. Possible cause of certain die-

back symptoms. 
Colletotrichum gloeosporioides PENZIG: SCHREURS, 1963. The ascigerous state is 

named: Glomerella cingulata (STONEM.) SPAULD and SCHRENK. The common 
name for this important leaf disease is Gloeosporium leaf disease. STAKMAN 

identified a Gloeosporium sp. in 1930, probably the same fungus as mentioned 
above. 

Corticium salmonicolor BERK, and BR. : STAKMAN, 1930. Pink disease is a rather 
severe problem in the few susceptible Hevea clones planted at Harbel. The 
fungus affects bark of stem and branches, particularly at the fork. 

Ganoderma sp. : STAKMAN, 1930. Probably the cause of red root rot and, general
ly, of minor importance. 

Helminthosporium sp. : SCHREURS, 1964. This fungus, different from H. heveae, 
was very wide-spread in 1964 and caused many tiny leaf spots without doing 
visible damage. 

Helminthosporium heveae PETCH: STAKMAN, 1930. Bird's eye leaf spot is a major 
leaf disease in Liberia. 

Oidium heveae STEIN. : SCHREURS, 1965. Damage done by mildew was seen only 
occasionally. 

Phellinus noxius (CORNER) CUNNINGHAM: STAKMAN, 1930. Brown root rot is 
locally a major root disease. STAKMAN identified the fungus under its old name : 
Fomes noxius CORNER. 
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Phytophthora palmivora (BUTLER) BUTLER ' rubber g roup ' : STAKMAN, 1930. 

Black thread is a major disease, attacking the tapping panel. TAPPAN (1960) 
identified the same fungus as causal agent of Phytophthora leaf fall, occasion
ally causing extensive leaf fall in susceptible Hevea clones. 

Pythium vexans de BARY: DARLEY, 1945. Patch canker is an important disease 
in susceptible Hevea clones, causing rotting of bark on roots, root collar and 
stem. 

Rigidoporus lignosus (KLOTZSCH) IMAZEKI: STAKMAN, 1930. White root ro t is a 

wide-spread and major root disease in Liberia. STAKMAN identified the fungus 
under its old name : Forties lignosus (KLOTZSCH) BRES. 

Sphaerostilbe repens (BERK, and BR . ) PETCH: STAKMAN, 1930. Stinking root rot 

is probably of minor importance. 
Ustulina zonata (LEV.) SACC. : STAKMAN, 1930. This stem and root disease causes 

rather important damage in older Hevea plantings. 

The following fungi are of minor importance oi of secondary nature; they 
were isolated from Hevea trees since 1963. 
F rom leaves: Aspergillus japonicus SAITÔ; Curvularia pallescens BOEDIJN; 

Diaporthe heveae PETCH; Didymosphaeria winteri NIESSL; Fusarium javanicum 
KOORD. ; F. semitectum BERK, and R A V . ; Pestalotiapalmarum COOKE; Phyl-

lostictina theicola (SIEM.) PETR. 

From stem and branches : Bispora pusilla SACC. ; Choanephora cucurbitarum 
(BERK, and RAV.) THAXTER; Colletotrichum crassipes ( S P E C ) V. A R X ; Fusa

rium javanicum KOORD. 

In practice, the following fungal diseases are regularly controlled at Harbel 
Plantation : 

Black thread: Applications of captafol are made weekly from May through 
December in all plantings in tapping, except for those stimulated above the cut 
with stimulant in petrolatum. 

Root rot: This group of diseases does most damage to immature rubber and 
to rubber in its first years of maturity. Main sources of infection are old stumps 
and diseased roots of neighbouring trees. Control measures consist of elimina
tion (up-rooting and burning) and isolation (trenching) of souices of infection 
to prevent further spread of the disease. When a minor part of the root system is 
found to be affected, diseased parts are cut off and burned and cut surfaces are 
sealed off with coal tar. During the most susceptible period (in plantings of 3 up 
to 10 years of age) all trees are inspected several times a year. 

Patch canker: The symptoms are very similar to those described by O ' C O N N O R 
(1969) and RAMAKRISHNAN (1963). According to O ' C O N N O R (1969) the disease 
may be caused by Phytophthora palmivora or Pythium complectens. In Liberia, 
only Pythium vexans (synonymous name: P. complectens) was isolated from 
typical patch canker wounds, which are often elliptically shaped. The first signs 
are vertical cracks in the bark, and foul-smelling rubber is found underneath in 
the cambial layer, separating wood and diseased bark. Infections of taproot, 
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large lateral roots and union are most damaging on trees of 4 -8 years of age in 
Liberia. The disease seldom kills trees but certainly retards growth. With older 
trees, patches may occur anywhere on the stem. A satisfactory preventive or 
curative method of control has not yet been found. Diseased bark is excised and 
the wound treated with a fungicide and sealed off with petrolatum. 

Bird's eye leaf spot: Nurseries and budwood gardens are sprayed weekly from 
December through April with 1.1 kg Daconil 75 % wettable powder per hectare ; 
the active ingredient is tetrachloroisophthalonitrile. This fungicide was found to 
be outstandingly effective against this disease. 

3.2. INSECTS AND MITES 

The following insects and mites have been collected on Hevea trees since 1963 
and identified by the Commonwealth Institute of Entomology at London, 
England. 
Insects : fam. Coccidae : Saissetia niger (NIETNER) 

fam. Diaspididae : Lepidosaphes sp. 
Pinnaspis strachani (COOLEY) 

fam. Pseudococcidae : Ferrisia virgata (CKLL.) 

fam. Scolytidae : Platypus hintzi SCHAUF. 

Xyleborus affinis EICHH. 

Xyleborus alluaudi SCHAUF. 

Mites: fam. Tarsonemidae: Hemitarsonemus latus (BANKS) 

fam. Tetranychidae : Eutetranychus clastus BAKER and PRITCHARD 

Pinnaspis is a very common insect on mature Hevea leaves and thin branches, 
probably not doing much damage. Coccidae and Pseudococcidae cause occa
sional damage in nurseries, budwood gardens and in young plantings. Scolytidae 
attack weakened or dying trees; they invade bark and wood in large numbers in 
such instances. The yellow mite {Hemitarsonemus) often causes severe defolia
tion in nurseries and budwood gardens. Although this pest can be controlled 
very effectively with endrin (2 sprayings with an interval of 10 days), this 
product is no longer used because of its high toxicity to human beings. The 
spider mite Eutetranychus was observed once only as a pest in nurseries. 
STAKMAN reported in 1930 that the longicorn beetle Batocera rubus attacked 
Hevea trees ; the larvae bored in taproot and lower part of the stem. 

3.3. PHYSIOLOGICAL DISEASES 

Brown bast belongs to the major rubber diseases in Liberia and other parts of 
the world. This physiological disorder causes dryness (latex production ceases) 
and severe burring of the trunk. SPANGLER and MCINDOE (1949) distinguished 
'dry' trees and 'chronic' cases in Liberia. Dry trees are those whose tapping 
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cuts are dry for unknown reasons, or on account of early manifestation of the 
disease. Chronic cases are those on which the panels become marred by the 
burls and irregularities typical of advanced stages of the disease. CHUA (1967) 
reported that the incidence of dryness becomes greater when the tapping inten
sity is increased. The frequency of tapping plays a more important role than the 
length of cut in inducing dryness, but the combination of both, increased fre
quency and lengthening of the cut, results in a very severe incidence of dryness. 
Accordingly, when the incidence becomes serious, the tapping intensity should 
be reduced. Some clones are more liable to brown bast than others and clonal 
seedlings more than most clones. An incidence of 10-20% dry trees is not in
frequently encountered in susceptible plantings in Liberia. 

3.4. OTHER CAUSES OF DAMAGE 

Rats and groundhogs sometimes do considerable damage in newly planted 
areas. A Loranthus sp., belonging to the mistletoes, is sometimes a problem in 
some places. Occasionally damage is done by storms, lightning, drought, water
logging and fire. Wind damage is most important and causes each year con
siderable damage in susceptible plantings. Some clones are more liable to break
age than others. Sanitation measures are taken to prevent the broken trees from 
becoming sources of infection of root rot. Accordingly, when trunk snap occurs 
above the highest point of the tapping panel, the stem is cut back into the un
damaged part and the cut surface is sealed off with a protective coating. Trees 
which break at a lower level are poisoned. 
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4. BLACK T H R E A D DISEASE 

4 .1 . SYMPTOMS A N D DAMAGE 

4.1.1. General information 
DARLEY and SILVERBORG (1952) described many different aspects of the black 

thread disease in Liberia. Further information on this disease was given by my
self in a previous article (SCHREURS, 1969). The main points are reviewed below. 

Black thread, also known as black stripe or bark rot, is common in most of 
the rubber growing regions of the world and is in many countries a real problem. 
In Liberia, it is often the most damaging disease in plantings of above average 
susceptibility when adequate control measures are not taken. 

The renewing bark of the recently tapped portion of the panel is subject to in
fection during the rainy season. According to DARLEY and SILVERBORG (1952) 
the renewing bark becomes resistant to infection within 4 to 6 days after tap
ping; after 8 days the bark is immune. STEINMANN (1925, p. 42) mentioned, 
however, that the renewing bark up to 5 cm above the cut is still subject to in
fection. SATCHUTHANANTHAVALE (1971) reported that the corky layer of the 
bark is resistant to infection, but that all other tissues below this layer are pene
trated by the fungus. The soft bast is more susceptible than the outer hard bast. 

The first external signs of attack are short, vertical linear, shallow depressions 
above the cut. In severe cases there are many affected patches which may coa
lesce laterally, resulting in a continuous wound which extends right across the 
tapping cut. The wood underneath the affected bark contains narrow black 
lines which give the disease its name. The diseased bark deteriorates, the cam
bium is killed and, eventually, the wood is exposed. In Fig. 2 a tapping panel is 
shown that was severely affected during 3 consecutive rainy seasons; it is re
markable that the wounds are similar in shape. Sometimes the lesions enlarge 
rapidly, also below the tapping cut, and a large part of the tapping panel may be 
ruined. The necrotic bark below the cut can be attacked by pinhole borers, also 
observed in Malaya (ANON., 1970 A). It is mentioned in this Malayan article 
that pads of latex are sometimes formed beneath the bark, resulting in extensive 
bark splitting and bleeding. When such symptoms were seen in Liberia, they 
were the result of secondary infections with patch canker. 

Generally, the wounds start healing with the onset of the dry season. Healed 
wounds have irregular bark, which is difficult to tap and is possibly of lower 
production level. WASTIE and CHEE (1969) summarized the noxious effects of 
black thread as follows : 'The disease prevents the healthy regeneration of tapped 
bark leaving, at best, an uneven surface unsuitable for re-tapping and, at worst, 
large wounds which expose the wood, rendering subsequent tapping impossible'. 

4.1.2. Healing process of black thread wounds 
Abnormal bark renewal occurs on tapped bark when the cambium is damaged 
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FIG. 2. The tapping panel of this 25-year-old BD 5 tree was severely affected by black thread 
during 3 consecutive rainy seasons. It is remarkable that the wounds are similar in shape. The 
photograph was taken at the beginning of the dry season. The scale is 1:10. 

(e.g. black thread or too deep tapping). In such cases there is also some die-
back in the outer layers of the wood. In the case of black thread, the black 
stripes may be found 12 mm deep in the wood (SHARPLES, 1936). Such wounds 
can only be healed by the growth of new wood and bark arising from the cam
bium at its edges. Where wounds have healed the stem is swollen up because of 
the abnormal cambium activity. 

In Fig. 3 - reproduced from a previous article (SCHREURS, 1969) - a severe 
case of black thread damage and how the wounds are healing is shown. These 
observations were made on a BD 5 tree, which was 19 years old when the pictur
ed damage was done. 

For estimating the progress of healing tissue, the width of the exposed wood 
was measured on a number of wounds at different times. The observations were 
made in a 1945 BD 5 planting, tapped on first bark renewal. The black thread 
wounds had developed during the months of August and September 1964. 
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NOV.'64 

MAR.'65 

SEPTV6.S 

JAN.'66 

NOV.'66 

APR.'68 

FIG. 3. Appearance of same black thread 
wounds from Nov. 1964 to Apr. 1968. The 
blackened areas represent completely dead 
bark; the scale is 1:10. 
Nov. '64: situation 2-3 months after in
fection. 
Mar. and Sep. '65 : some wounds are heal
ing, others extending (the disease has spread 
or already diseased bark has died). 
Jan. and Nov. '66: all wounds are healing. 
Apr. '68 : the wounds have almost healed. 
Note the scars. 

Measurements were taken of wounds on untreated panels and on panels which 
had been regularly treated with Treseal for black thread control. In Table 1 the 
progress of healing tissue on the edge of wounds is given in mm per month, 
mean figures of measurements made on 10 trees per treatment. Because healing 
is from all sides, wounds heal twice as fast as indicated in the table. 

TABLE 1. Progress of healing tissue in black thread wounds in mm per month during different 
periods. 

Treatments Nov '64-
Jan '65 

Jan '65-
Mar '65 

Mar '65-
Sep '65 

Sep '65-
Jan '66 

Untreated panels 
Treseal treated panels 

0.26 
1.22 

0.13 
0.69 

0.78 
0.93 

0.96 
1.00 
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The figures show that : 
a. the wounds on the untreated panels healed very slowly during the first 

months of observation as the disease was still active in many cases and heal
ing had not yet started. 
b. healing was faster on Treseal treated panels. It may be a coincidence that this 

was so right from the beginning as the fungus can still be active towards the 
end of the rainy season in such wounds. 
c. in all cases healing was slowest during the driest months (January/February). 
d. normal progress of wound tissue was roughly between 0.75 and 1 mm per 

month, so wounds became 1.5-2.0 mm narrower. 
Data on healing of artificially made wounds are given in Section 6.3.5.2. 

4.1.3. Appearance of old black thread damage inside Hevea stems 
The stems of some 25-year-old BD 5 trees with a severe black thread history 

were sliced up into cross sections of about 25 mm thick to study the effect of old 
infections on wood and bark formation. For the same purpose some other 
trees were cut lengthwise in two halves. 

The tapping history of these trees was as follows. Trees were brought into 
tapping in 1952. Tapping was on north panel from 1952 to 1956, on south panel 
from 1956 to 1960, on north panel from 1960 to 1964, on south panel from 1964 
to 1968, and again on north panel since 1968. 

The section shown in Fig. 4 is from the lower half of a stem, which was tapped 
twice on either panel when the tree was cut down in February 1971. The old 
black thread infections left clear marks in the wood; the necrotic tissue was dark 
brown to black in colour. On the north/east side of the section, the wood -
produced after 1955 - was greatly proliferated because healing and rotting oc
curred several times. Although tapping wounds might have contributed to 
abnormal wood formation, the main cause of damage was black thread as the 
swellings of the stem were on the portions tapped during the rainy seasons and 
followed the direction of the tapping cut; tapping wounds are not bound to a 
certain time of the year. The swellings are very clearly visible in Fig. 5. BEELEY 

observed these typical swellings already in 1929 : 'In districts where black stripe 
is of frequent occurrence several rows of such healing wounds may be observed 
on the panel, each row corresponding to that part of the panel which was tapped 
during the wet months of the year, i.e. at a time when the disease was active'. 

Remarkable are the black lines in radial direction, which often continued in 
the wood formed after the next tapping cycle. Such connections are not clearly 
visible in Fig. 4 because the lines do not follow an entirely horizontal level 
(Fig. 5). These symptoms have much in common with those described by 
STEINMANN (1925) for healed tapping wounds. The necrotic tissue in these radial 
lines probably consists of cork mainly as healing tissues have met there, result
ing in enclosures of cork in the newly formed wood. The exterior of the stem 
shows a knob in front of a black line because wound wood is produced in greater 
amounts than normal wood. The bark on top of knobs is thin. Attempts to iso
late Phytophthora from different necrotic tissues in the wood failed. 
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FIG. 4. Cross section through 25-year-old BD 5 stem with severe black thread history. The scale is 
1:3. At this height of the stem, tapping was on the north panel in 1955 (1) and 1963 (3), and on 
the south panel in 1959 (2) and 1967 (4). The north side of the section was due to be tapped for 
the third time. Note that wood formation is slowed down when trees advance in age; compare 
thickness of wood between 1 and 3,2 and 4, and between 3 and exterior. 

It is evident that severe black thread infections, even when wounds have heal
ed, have several markedly adverse effects on the tree. Bark renewal is irregular, 
resulting in loss of crop (latex flow over the edge of the tapping cut; bark possi
bly of lower yield potential) and more tapping wounds during the next tapping 
cycle. Such ill effects are extremely damaging as - to quote PETCH (1911, p. 75) -
'the duration of a rubber plantation under normal conditions depends upon the 
character of the renewed bark.' Such trees are also more susceptible to trunk 
snap. 

In Section 4.2.4. it is shown that a close positive correlation exists between the 
occurrence of new and old black thread wounds, observed in young plantings 
(still tapped on virgin bark) and on older trees (tapped on renewed bark). It 
is possible that in the latter case the greater susceptibility is connected with the 
irregular bark renewal, as more tapping wounds are made, which might increase 
infection chances. 
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16 

FIG. 5. Longitudinal section through 25-
year-old BD 5 stem with severe black 
thread history. The scale is 1:10. 
The stem was cut 10-20 cm above the 
union. The numbered vertical, thin lines 
are marks of the different tapping cycles (1, 
3 and 5 are from the first, second and third 
cycle on north panel; 2 and 4 form the first 
and second cycle on south panel). The thick
er parts of these vertical lines represent ne
crotic wood, mainly caused by black thread. 
Other blackened parts in the wood are 
probably mainly cork enclosures or necrot
ic wood. The highest points of the 2 tap
ping panels are indicated with the figures 6 
(panel change in 1964) and 7 (panel change 
in 1968) ; above these levels is virgin bark. 
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4.1.4. Evaluation criteria 
In field experiments the degree of wounding by black thread was estimated 

usually at the end of the rainy season, using the following standard of evalua
tion (SCHREURS, 1969): 

Approximate % of 
dead bark up to 

0 = healthy panel 0 
1 = one or some not very distinct infections 1 
2 = a few typical black thread infections 2 | 
3 = several to many deep, vertical depressions 6 
4 = as under 3, but diseased parts coalesced 15 
5 = large patches of new bark dead 50 
6 = most of new bark dead 100 

This evaluation system gives a quite accurate account of the degree of wound
ing by black thread. When such observations were repeated on the same trees 
within a few days or weeks, practically the same estimated values were obtained. 
In some field experiments results of different treatments were evaluated twice, 
once at the end of the rainy season and once more several to six months later. 
In these instances the relative differences between mean damage figures remain
ed practically the same (see exps 21 and 35 in Appendix). In Exp. 21 the evalua
tions of March 1968 were all of a lower level when compared with the figures 
collected in November 1967 because wounds had healed since. In Exp. 35 much 
more damage was done and the situation had not changed much six months 
later (compare December 1969 with June 1970 evaluations). 

4.1.5. Incidental infections of the tapping panel by Phytophthora palmivora 
When rubber trees are taken into tapping for the first time - or when the 

tapping panel is changed to the other side of the tree - at first a not very deep 
incision (not reaching the latex vessels) is made to mark where tapping should 
commence. This 'panel mark' is placed several weeks or months before tapping 
starts. In the unusual case under review this was done even a whole year in 
advance. The panel marks became severely affected by black thread. This hap
pened in a 25-year-old BD 5 planting. The new panels were laid during the rainy 
season and panels were marked too deeply as coagulated latex was found in 
these cuts later on. 

Under these conditions many panel marks became infected by Phytophthora 
palmivora. A large part of the bark had died in the panel marked area of the 
tree shown in Fig. 7 and wood became exposed. The wound was bordered by 
healing tissue and adventitious roots had formed when this photograph was 
taken, about a year after the new panel was laid. A similar case is shown in Fig. 
6; the sunken bark is dead and has not yet sloughed off. 

Such infections are also known from other countries, e.g. Malaya (ANON., 

1970 A) and it is recommended 'not to open trees for tapping, or change the 
panel, during wet weather in areas where black stripe is liable to be severe'. It 
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FIG. 6. Panel mark damaged by black thread. 
The dead bark has not yet sloughed off. The 
scale is 1:7. 

FIG. 7. Panel mark damaged by black thread. 
The dead bark has sloughed off. The wood in 
the wound is exposed and is bordered by 
healing tissues. Note the adventitious roots. 
The scale is 1:7. 

should be possible, however, to prevent infections of newly opened panels - also 
during the rainy season - with timely application of a suitable fungicide. 

4.2. CAUSAL AGENT, SOURCES OF INFECTION, DISSEMINATION AND 

PREDISPOSING FACTORS 

4.2.1. General information 
Phytophthora palmivora (BUTLER) BUTLER is generally accepted as the causal 

agent of black thread. However, PERIES (1966 A) is of the opinion that bark rot 
( = black thread), die-back of shoots, pod rot and secondary leaf fall of Hevea 
in Ceylon is caused by P. meadii MCRAE. According to CHEE (1969 A) the dis
ease can also be caused by P. botryosa sp. nov. in certain parts of Malaya. DARLEY 

and SILVERBORG (1952) found that there are at least 2 strains of P. palmivora in 
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Liberia, 'form 2' being more virulent than 'form Y. P. palmivora has many host 
plants; CHEE (1969 B) compiled a list of 138 plant species. Although different 
groups of P. palmivora are distinguishable, e.g. 'rubber' and 'cacao' groups, 
isolates from cacao may readily infect rubber pods (TURNER, 1961). The fungus 
can infect pods, leaves, shoots and tapping panel of Hevea brasiliensis. 

The fungus produces sporangia, chlamydospores and cospores. WATERHOUSE 

(1963) gives the following data on the species P. palmivora: 'sporangia of vari
ous shapes, but many elongated ellipsoid or elongated ovoid, mostly 50-60 x 
31-35 (max. 93 x 43) \L. Chlamydospores up to 55 [i, and mostly 30-35 [x. 
Oospores on the average 30 (max. 42) [i\ According to DARLEY and SILVERBORG 
(1952) the average size of sporangia in Liberia for'form 1' was 51.5 x 33.9 \x. 
and for'form 2'was 33.1 x 26.2 (z. 

The disease spreads by means of sporangia. A sporangium releases up to 26 
zoospores (7-11 jx) or may germinate as a conidium. According to STEINMANN 
(1925, p. 40-41) during the rainy season the disease is mainly spread by the 
zoospores. Chlamydospores are usually formed within diseased tissues (REY-
DON, 1931) and germinate within 24 hours in water (STEINMANN, 1925, p. 40). 
CHEE (1969 C) mentions that oospores have been found in large numbers in 
rotten, shriveled and malformed pods. On culture media, oospores are only 
formed in mixed cultures of isolates (TURNER, 1961). Because they are difficult 
to germinate, their function is largely unknown (ANON., 1967). 

Infections of the tapping panel originate probably from the following 
sources : 
a. Hevea pods and leaves, and from volunteer rubber seedlings (REYDON, 1931). 

Each year, the green pods are affected first and then the leaves (India: 
RAMAKRISHNAN and RADHAKRISHNA, 1961; Ceylon: PERIES, 1969; Malaya: 
CHEE, 1969 C). However, Phytophthora leaf fall has been seen in the virtual 
absence of pods (CHEE, 1969 C). The importance of diseased pods and leaves as 
sources of infection to the tapping panel depends probably on local conditions. 
In Liberia, the Hevea clone BD 5 is very susceptible to black thread, although 
Phytophthora leaf fall is rarely encountered in such plantings ; to what extent 
the pods are affected was not investigated. DARLEY and SILVERBORG (1952) 
isolated Phytophthora palmivora also from dead twigs in Liberia. 
b. Affected tapping panels of neighbouring trees (REYDON, 1931). There is no 

evidence that infections originate from old lesions on the stem (ANON., 

1970 A). However, DARLEY and SILVERBORG (1952) came to the conclusion that 
older black thread wounds may be a site in which the fungus lives over dry 
periods as the fungus was isolated once from each of 3 wounds, 1, 2 and 3 years 
old. 
c. Other host plants of P. palmivora (see list of hosts, given by CHEE, 1969 B). It 

was observed that the incidence of black stripe is frequently higher near 
worker's living quarters, perhaps because alternate hosts of P. palmivora, com
monly planted in such areas, increase spore population (ANON., 1970 A). 
d. The soil. PERIES (1966 B) reported that the fungus can spread from the soil, 
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because it can grow in the soil as long as there is sufficient organic matter in 
it; from the soil the fungus can be splashed on to the tapping panel during 
heavy rains. However, more recently it was discovered that the fungus is present 
in the soil only at the.time of occurrence of black stripe or leaf fall and therefore 
little importance should be attached to the soil as a reservoir of the pathogen. 

The above facts and theories suggest that the importance of the different 
possible sources of infection probably depends highly on local conditions. 

Phytophthora probably disseminates by both windborne and rainborne spores 
(ANON., 1970 A). PERIES (1969) is of the opinion that Phytophthora leaf disease 
is spread about almost exclusively by rain splash, wind having little effect, as 
dessiccation rapidly kills sporangia and zoospores. It is questionable whether 
PERIES' theory is also valid for infections of the tapping panel; windborne spores 
are possibly given a better chance to survive on this part of the tree than in the 
canopies, in view of differences in microclimate. 

There are many factors affecting susceptibility of the tapping panel to black 
thread, e.g. (ANON., 1970 A): 
a. Climate. Black thread infections occur during prolonged periods of cool, wet 

weather with constant high humidity and little sunshine. Dry weather quickly 
arrests the disease and a callus is formed around the edges of the wounds 
(BEELEY, 1929). 

Accordingly, in Liberia, with a distinct dry and wet season, infections occur 
mainly during the wet and relatively dark and cool months of July through 
October. Optimum conditions for black thread infections are probably pro
longed periods of light rainfall (inoculum is washed down to the tapping cut 
and can remain there to initiate infection), rather than heavy rain (inoculum is 
washed off the tapping panel) (PERIES, 1965). The optimum range of tempera
ture is 21-27 °C (ANON., 1961). The observation of PILAAR (1935) and VAN 

SCHOONNEVELDT (1950) that black thread is often more severe at higher altitudes 
is possibly connected with lower temperatures at higher levels. 
b. Topography, spacing of trees and thickness of canopies. In low-lying areas 

around swamps, in close plantings and when the trees have dense canopies, 
the microclimate around the tapping panel is rather damp and dark, favouring 
the spread of the disease. BEELEY (1929) mentioned that luxuriant cover crop 
around the base of the tree also tends to increase humidity and, therefore, 
should be avoided. In general, cultural practices which facilitate quick draining 
of the surface moisture of bark are very desirable, e.g. grooming of trees 
(SATCHUTHANANTHAVALE, 1971). 
c. Susceptibility of planting material. Some clones are highly susceptible to 

both leaf and panel infection, whilst others are severely affected by the leaf 
fall phase of the disease but rather resistent to panel infections or vice versa 
(PERIES and DANTANARAYANA, 1966). There is no significant relationship be
tween susceptibility to black thread and the following bark characteristics: 
thickness, water-holding capacity, size of cells, number of crystal bearing cells, 
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number of latex vessels, number of fibres and stone cells, phenol content (PE-
RIES, 1966 B). Some clones which are in Malaya highly susceptible to black 
thread are PB 86, PR 107, R R I M 600 and R R I M 605 (CHEE, 1970), whilst GT 1 
is of low susceptibility (ANON. , 1971). BD 5 is another highly susceptible clone 
and was for this reason no longer recommended for planting in Indonesia 
(TIDEMAN, 1955). In Liberia, heavy black thread infections were observed in the 
clones BD 5, Tjir 16 and AVROS 49 (SPANGLER and M c INDOE, 1949) ; extreme
ly susceptible was the clone TK 12 (DARLEY and SILVERBORG, 1952). 
d. Depth of tapping. HEUBEL (1940), V A N SCHOONNEVELDT (1950) and TIDEMAN 

(1955) are of the opinion that black thread is favoured by deep tapping, 
whilst SHARPLES (1936) reported that results on lightly tapped and deeply 
tapped bark showed no appreciable difference in percentage infection in Malaya. 
e. Height of tapping above the ground. I t is generally accepted that black 

thread becomes more severe when the tapping cut approaches ground level 
(ANON. , 1970 A ; STEINMANN, 1925, p . 42). 

f. Tapping system. According to HEUBEL (1940), black thread is a greater 
problem in daily periodic tapping systems than in alternate daily tapping; an 

advantage of alternate daily tapping is that more time is available for control 
measures (on rest days). DARLEY and SILVERBORG (1952) found that disease in
cidence was much lower on trees tapped full-spiral fourth daily when compared 
with trees tapped half-spiral alternate daily. Results of their inoculation trials 
indicated that once the disease is established, the fourth daily system retards 
further development of the disease. The above observations suggest that dam
age is reduced with longer intervals between tappings. This being so, in daily 
periodic tapping, though the disease is given optimal chances during the tapping 
period, its further spread should be retarded most effectively during the resting 
periods. 
g. Tapper's influence. BEELEY mentioned in 1929 that the tapping knife and the 

tapper's hands are perhaps the chief factors in the spread of the disease. 
DARLEY and SILVERBORG (1952) concluded from experimental results that the 
disease is spread by the tapping knife but not to a serious extent. PERIES (1966 B) 
stressed the point that dispersal of the disease is also by the tapper's hands, 
while removing scrap ( = tree lace). It was reported recently that field experi
ments and experimental evidence have shown that tapping knives do not carry 
the disease from tree to tree (ANON. , 1970 A). As a matter of fact not much 
progress has been made to clarify this matter since BELGRAVE and D E LA M A R E 
NORRIS reported already in 1917: ' I t has been found that the path of spread of 
black stripe often coincides with the path of the tapper' . Disinfection of tapping 
knives was little effective, and they draw the conclusion : 'This failure indicates 
other means of distribution to be active, of these, the one which most readily 
suggests itself, is spread by the tappers' hands, which almost inevitably come in 
contact with the diseased surface'. 
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4.2.2. Climatic conditions and microclimate 
During 1967 and 1968 black thread incidence was evaluated on portions of 

renewing bark, tapped in different months of the rainy season. In these experi
ments tapping was daily for a whole month, followed by one month rest (tapped 
in June/August/October or in July/September/November). 

7967 experiments: two identical experiments were carried out in the same 
1943 BD 5 planting. These experiments were tapped by the same tappers and 
treatments for black thread control were also the same. The pretreatment dam
age was of a comparable level. The only difference was that the 2 experiments 
were tapped in different months. Accordingly, the figures for the 1967 damage 
should give a fairly accurate indication of the actual disease incidence during 
the different months. The results of these evaluations (exps 19 and 20) are given 
in Table 2. For easy comparison, the damage done in each month is also ex
pressed as a percentage of the sum of the damage over 6 months. Rainfall data 
are also given. 

1968 experiments: figures are used of 3 experiments tapped in June/August/ 
October (exps 25-27) and of 3 experiments tapped in July/September/Novem
ber (exps 28, 29 and 31 ; these trials are left out of the Appendix, because results 
of treatments were of no further interest). The 6 experiments were carried out in 
the same 1948 BD 5 planting. Treatments for black thread control were differ
ent, except for the petrolatum Treseal, which treatment was incorporated in all 
trials. Accordingly, the damage figures in the Treseal tieatment are used here. 
Each experiment was tapped by a different tapper, which might have affected 
the results (some tappers may have applied Treseal more effectively than others). 
The variation between mean pretreatment damage was also greater compared 
with the 1967 experiments. Results are also given in Table 2. 

The results of these experiments show that in 1967 black thread was most 
predominant in the months of September and October, and in 1968 in August 
and September. During the months of June, July and August, rainfall was below 
average in 1967 and above average in 1968, which might explain the respectively 
later and earlier peaks in damage, as the disease is favoured by prolonged periods 
of cool and rainy weather. In June, the disease does hardly any damage in 
general, although rainfall is already rather high ; however, there are more hours 
of bright sunshine and temperature is higher in June than in the most rainy 
months of August and September (Fig. 1). The figures also show that much 
more damage was done in October than in June, although weather conditions 
were very much the same. The differences in damage could probably be attribut
ed to a still low production of spores in June and to extension of diseased patch
es into the October panel from portions tapped in previous months. 

In 1964 and 1965 some experiments were carried out on panels, protected 
against rain with polyethylene rain guards (exps 1 and 6). Also under these con-
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TABLE 2. Black thread incidence during different months of the rainy season. 

Year 

1967 
1967 
1968 
1968 
1968 
1968 
1968 
1968 

Mean 

Exp. 

no. 

19 
20 
25 
26 
27 
28 
29 
31 

Pre-

treat-
ment 

damage 

2.07 
1.98 
2.11 
1.81 
1.91 
0.69 
1,64 
2.29 

Number 

of 
trees 

471 
592 
98 
68 
44 
83 
50 
49 

Mean black thread damage in 

Jun 

0 
-

0.11 
0.01 
0.10 

-
-
-

0.07 

Jul 

_ 
0.29 

-
-
-

0.33 
0.43 
0.93 

0.56 

Aug 

1.73 
-

1.34 
1.91 
1.39 

-
-
-

1.55 

Sep 

_ 
3.73 

-
-
-

0.64 
1.06 
2.32 

1.34 

i month of 

Oct 

2.37 
-

0.59 
0.40 
0.38 

-
-
-

0.46 

Nov 

_ 
0.18 

-
-
-

0.19 
0.42 
0.88 

0.50 

months : 
in 1967 experiments 
in 1968 experiments 

Monthly rainfall in mm : 
in 1967 
in 1968 

Av. of 1936-1970 

0 
2 

302 
671 

407 

3 
12 

348 
507 

444 

21 
35 

318 
880 

488 

45 
30 

733 
481 

596 

29 
10 

296 
420 

379 

2 
11 

152 
184 

185 

ditions new infections were building up and severe damage was done, although 
somewhat less and later than on panels exposed to rain (Exp. 1 : compare treat
ments 1 and 2 with 3, and treatments 4 and 5 with 6). The fact that in Exp. 6 
disease control with Treseal was significantly better under rain guards than on 
panels exposed to rain, is probably due to more effective application of the fun
gicide on dry panels. 

These results do not meet the expectations of ANON. (1961), who stated that 
'the incidence of bark infection should be appreciably reduced by the use of 
polyethylene rain guards over the tapping panel'. Without application of fungi
cides, differences in damage were insignificant in most cases in Exp. 1. Under 
the large rain guards, which hung closely to the stem, there is very little air 
circulation and relative humidity becomes often 100% as water condenses on 
the innerside of the plastic. Although the panels under these rain guards were of 
dry appearance, the microclimate was obviously suitable for infection. It can be 
concluded that the fungus can start new infection on panels which are not 
visibly wet. 

Lastly, it is worth mentioning that the disease did more damage on the low 
panel than on the high panel in Exp. 1, which differences were significantly 
different at the 5 % level. These results are in line with observations described in 
literature (4.2.1.). 
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