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A b strac t: South American leaf blight (Microcydus uJei) o f Hevea hrasiiiennis has been the main factor 
limiting the economic cultivation o f the crop in Brazil. Research and development aimed at mitigating the 
effects o f the disease have concentrated on : 1) development o f clones (RRIC 117,121,130) combining high 
yield and SALB resistance: 2) identification o f areas suitable for cultivation but climatically unfavourable for 
the disease; 3) wjder use of the SALB resistaot H. paucifloraQ\oT\c PA 31 on high-yielding trunks (IAN 717, 
FX 3899, 3810), 4) use o f chemical defoliants (therphos, thidiazuron) which allow uniform refolialion and 
reduce the num ber o f  fungicide applications; 5> use o f effective fungicides {chlorothalonii, benomyl, 
triadimefon) in organised large-scale aerial spraying supplemented by thermal fogging; 6) improvements in 
mechanization and applicauon technology. An mcrease o f rubber yield from 250 kg/ha in 1974 to 700 kg/ha 
in 1982 had been achieved in Bahia by the judicious application o f fungicides.
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IN TR O D U C TIO N

Brazil is the natural home o f  Para rubber 
(Hevea brasiliensis Muell Arg.), but although 
man attem pted to  dom esticate it there early in 
this century, he had to  contend with a serious 
plant disease— South American ieaf blight 
(SALB) caused by Microcyclus ulei Arx.

A bout 80%  o f  the presently cultivated 
rubber in Brazil is located in the south o f  the 
state o f  Bahia, with an annual rainfall of 1900 
to  2300 mm w ithout a distinct dry season. 
As a result SALB and Phytophthora leaf 
diseases assum e epidemic proportions 
annually during refoliation, and severely 
retard  the grow th and  p roduaiv ity  o f  the 
trees.

In order to  rehabilitate the rubber 
devastated by SALB. SU D H EV EA  (Superin- 
tendencia da  B orracha o f the M inistry o f  
Industry  and  Com m erce) in 1974 started  a 
program m e know n as PRO M A SE (Pro- 
gram m a Especial de C ontro ls do M aL-D A S- 
Folhas de Seringudra) in which fungicides 
were applied to  the trees at the tim e o f  the 
annual refoliation. C ertain conditions are laid 
down for participation in PRO M A SE: trees 
m ust be tapping o r com ing into tapping 
shortly, the field m ust be within 10 min flying

distance from where the aircraft takes ofT, at 
least 10 ha have to  be sprayed, aerial spraying 
is supplemented with spraying from  the 
ground o f clones with irregular wintering 
habit, and a contribution to  the cost o f 
spraying is m ade (10,20, and 40 % for farm s o f 
10-30 ha, 30-100 h a  and above 100 ha  
respectively). O f the 6200 ha (out o f  25000 ha) 
sprayed in 1982, 85%  belonged to  small 
growers and 15 % to  large estates. The cost o f  
PRO M A SE is escalating each vear, from  CrS 
500/ha in 1974 to  C r $155,000/ha in 1983.

In Bahia, increases in yield from  250 kg/ha 
in 1974 to  700 kg/ha in 1982 have been realised 
am ong the m ore progressive plantations. 
Encouraged by past results and  confident in 
future research now undertaken by 
EM B R A PA  (Em presa Brasileira de Pesquisa 
A gropecuaria o f  the M inistry o f  A griculture), 
the G overnm ent-aided rubber cultivation 
program m e PR O B O R  (Program m a de 
Incentive a Producao da Borracha N atu ra l) is 
continuing. Acreage under PR O B O R  I 
(1972-1977) was 30,000 ha, PR O B O R  U 
(1978-1982) was 120,000 ha  and PR O B O R
III (1982-1987) 250,000 ha.

This paper describes measures taken to  
im prove the control and prevention o f SALB 
in Brazil.



M E T H O D S O F  C O N T R O L  

Breeding for Resistance
Breeding clones for high yield and SALB 

resistance has been carried out in Brazil, 
M alaysia and Sri Lanka. New selections were 
tested for SALB resistance in the U nit o f  The 
R ubber Research Institute in T rinidad 
(1966-1980). Promising materials from 
M alaysia have yet to  be cloned, am ong those 
from Sri Lanka. R R IC  117, R R IC  121 and 
R R IC  130 represent the most high yielding 
resistant clones (Fernando and Liyanage, 
1980). Clones R R IC  117 and R R IC  121 have 
as one o f  their parents, IA N  873 (PB 86 x FA 
1717), and R R IC  130, IA N  710 (PB 86 x F 
409). IA N  873, resistant to  SALB in tests in 
T rinidad, is yielding as much as PB 86  in 
M alaysia, and it is recommended for small- 
scale planting in tha t country.

The fact tha t a very low percentage o f 
resistant progeny is obtained from crosses, 
and the occurrence o f  physiologic races o f  M. 
ulei necessitates widening the genetic base with 
particular reference to  SALB resistance. The 
vast resources o f  unexploited wild germplasm 
o f  H. brasiliensis and allied species (found 
mainly in Brazil) that can be hydridized with 
it are being utilized for further im provem ent 
in yield, quality  o f  rubber and resistance to  
diseases, especially to  SALB. The germ plasm  
bank o f Hevea has recently been enriched by 
seeds and budw ood collected jo in tly  by 
IR R D B  (International R ubber Research and 
Developm ent Board) and the Brasilian rubber 
authorities from  the Am azon valley, prim arily 
in R ondonia, Acre and M ato G rosso. The 
plants are being propagated and evaluated in 
Brazil, M alaysia and  Ivory C oast, and  later 
they will be used in the breeding progranm ie 
o f  the m em ber institutes o f  IR R D B . The 
num ber o f  seedling genotypes in Brazil is 
23,000, M alaysia 14,600 and Ivory coast 
3,300; in  addition , each country has 
multiplied budw ood from  155 m other trees.

New pathotypes o f  Microcyclus are 
responsible for hitherto  resistant clones 
succum bing to  SALB (Sim m onds, 1981). 
Further, the high resistance detected in tests in 
T rinidad (Chee, 1976) is based on a

hypersensitive reaction in which cells
surrounding the point o f  entry o f  the fungus 
die. so lim iting its spread. This type o f 
resistance, so-called 'vertical resistance', is 
controlled by one or a few m ajor genes, and is 
highly vulnerable to  adaptation on the part of 
pathogen. Hypersensitivity, being controlled 
by m ajor genes, is vulnerable to  fungal 
specialization. M iller’s w ork (1966) on
pathotypes o f  M . ulei suggests the presence o f 
vertical resistance and indicates tha t host 
resistance is likely to  fail due to  this reason. In 
view o f this, it is better to  look for horizontal 
o r field resistance. The possibility o f  building 
up horizontal resistance by breeding has t>een 
predicted by Sim m onds (1981). Thus,
horizontal resistance is being sought am ong 
the vigorous, lightly-infected survivors in old 
A m erican plantations know n to have been 
subjected to  regular epidemic SALB attack. 
An example o f  such a clone is TP 63 which is 
resistant to  m ost o f  the races o f  A/, ulei and is 
yielding over 68g/tree/tapping.

Breeding for SALB resistance goes hand  in 
hand with studies o f  pathogenic strains and 
physiologic races o f  M . ulei. Knowledge o f  the 
variability o f  the fungus helps in designing 
breediivg strategy.

Fungus Strains: Field isolates o f  M . ulei exist 
in at least tw o pathogenic and m orphological 
form s i.e. sm ooth and  aggregate culture types 
(Chee, 1978). C onidia produce colonics o f 
three cultural types: fluffy, olivaceous and 
sooty (Holliday. 1970). H ow  these three 
laboratory  cultures relate to  field pathoge­
nicity is n o t know n, bu t such variations may 
indicate the abihty o f  the fungus to  adap t itself 
to  change o f  environm ental conditions and 
host genotypes. This assum ption is based on 
the appearance o f  a second strain  o f  the 
fungus in T rin idad which differs from  
the existing one bo th  in m orphology 
and  pathogenicity (Chee, 1978). The 
original strain  (sm ooth) attacked oriental 
clones. The new strain appeared some years 
later in 1977, first on IA N  710, then IA N  2664, 
IA N  713 and IA N  2744. O ther South 
A m erican clones were no t affected.-The new 
strain can be readily differentiated in culture 
by its slower grow th rate and significantly



heavier sporulaiion, as well as from 
m orphological differences. It does not 
constitute a physiologic race since it infected 
all the 37 clones tested. It is significant, 
however, tha t the infection it caused was in all 
cases more severe than that caused by the 
original strain (Liyanage and Chee, 1980). In 
T rin idad over 9 0 ° ' o f the rubber clones are 
highly susceptible oriental m aterial. The few 
South A m erican clones which are resistant to 
the original strain  may have facilitated the 
evolution, from the existing population, o f  the 
new more aggressive strain.

The sm ooth and aggregate culture types 
represent respectively the original and 
virulent strains, and  they seem to  have been 
noted also elsewhere (Langdon, 1966). 
Differences in severity o f  infection on the 
sam e clones in different areas may be 
associated with different strains o f  the 
pathogen, which may vary in virulence from 
one district to  another.

Physiologic Races: South American clones 
were originally bred for resistance to  SALB. 
But today, after a few decades, m any o f these 
clones are no longer resistant to  the disease, 
although some are less severely attacked than 
others and as m entioned above there arc 
differences in the severity o f  attack  on the 
sam e clone in different localities. Physiologic 
races o f  the fungus are  implicated in such 
situations. There is som e evidence concerning 
the existence o f 4  physiologic races o f  M . ulei 
(Langdon, 1965; M iller, 1966). A detailed 
study o f  the race structu re  carried out in our 
laboratory  in Bahia, has dem onstrated  the 
presence o f  five races in ou r Experim ental 
S tation variously a ttack ing  different clones 
planted (Chee and  D an n o n o , in press). It is 
significant tha t clones such as FX  2261, M DX 
42 and  M D X  %  are attacked  by only one o f 
the five races. These clones therefore do 
possess a broad  spectrum  o f  resistance to 
SALB. S trains o f  different virulence as those 
occurring in T rin idad  have no t been detected 
in Bahia.

PLANTING RECOMMENDATIONS 
Planting in Disease Escape Area 

The natural h ab ita t o f  rubber is in the

hum id tropics, but it is sufficiently adaptable 
to  have been successfully cultivated in sub­
tropical Sao Paulo in Brazil and in southern 
C hina. It can be grown under an annual water 
deficit o f2 0 0 m m (B a to san d  Diniz, 1975), but 
it has also been found in locations in the 
A m azon where the w ater deficit is 300 mm 
(Pereira and  Rodrigues, 1971). In  an area in 
the state o f  M aranhao in Brazil, rubber is 
virtually free o f  SALB and the w ater deficit is 
registered at 335 mm. In Sao Paulo, SALB 
occurs only when refoliation is coinciding 
with heavy rainfall. But in the highlands 
(400-700 m) the mean tem perature during 
refoliation is below 20 °C, the trees are free o f  
infection. In G uarapari in the state o f  Espirito 
Santo in Brazil, the four m onths dry season 
largely enables the trees to  escape infection. 
Disease escape also operates in areas where 
the leaves do not rem ain wet for long. Areas 
close to  the sea o r  large rivers also escape 
serious infection because less dew is form ed in 
wind locations.

In Brazil, using data  o f  annual net 
evapotransp iration , m ean tem perature o f  the 
coldest m onth , annual water deficit, annual 
m oisture index, O rtolani et aL (1982) have 
m apped the rubber growing regions in the 
country  according to  agro-clim atic d a ta  and 
indicated region by region w hether it is 
favourable o r  m arginal for the c rop  and 
presum ably w hether o r  no t SALB will be a 
lim iting factor.

The degree o f  susceptibility to  SALB o f 
different clones differs from  place to  place, for 
exam ple, clones FX  2261 and FX  3864 which 
are fairly resistant in Bahia arc  very 
susceptible in Belem in the state o f  Para. The 
local clim atic conditions and the physiologic 
races o f  Microcyclus present have a  profound 
effect on the perform ance o f  the clones. 
W hilst these effects are under investigation, 
national clonal com petition trials have been 
established in different regions.

Crown Budding
Since breeding fo r horizontal resistance is a 

lengthy process, and  vertical resistance cannot 
be r e l i^  upon as a  perm anent solution, Leong 
and  R obinson (1982) em phasised the



im portance o f crow n budding as a more 
practical approach  to  SALB control. A crown 
o f  H. pauciflora is preferred to  that o f  H. 
brasiliensis. since H. pauciflora is immune to  
M. ulei and is less likely to  induce the 
developm ent o f  new virulent races. In- 
su flk ien t da ta  are available concerning the 
crow n/trunk  com binations, but in general the 
crow n depresses the yield o f  the trunk. 
However, H. pauciflora PA 31 and an 
unnum bered PX clone (also H. pauciflora) 
when crow n budded on H. brasiliensis or H. 
bethaminia IA N  717, FX 3899, FX  3810 or 
G A  1518, has given a mean yield o f  40 g/t/ha 
(Sena Gom es e t al., 1982). Using the technique 
o f  green budding instead o f brown budding, 
and raising the three-part-tree in the nursery 
as advanced planting material may shorten its 
tim e to  reach m aturity.

C row n budding is being tried on a large 
scale in difTerent localities in Brazil to  identify 
crow ns th a t are immune to  SALB and at the 
sam e tim e com bine well with the yield 
com ponent o f  the panel clones.

DISEASE CONTROL 
Artificial DefoliaHon

One o f the parents o f  clones IA N  717 and 
FX  3899 is H. benthaminia, a non deciduous 
species, which sheds its leaves several times a 
year. As a result, leaves o f  different stage o f 
developm ent are present on difTerent 
branches and on different trees at the same 
time. Fungicide protection o f  the young 
susceptible foliage becomes necessary for a 
m ajo r part o f  the year. The technique o f  
artificial defoliation was adopted in tha t 
chem ical defoliants were applied to  the leaves 
before the natural wintering to  obtain 
uniform  defoliation so as to  reduce the 
frequencies o f  protective fungicide sprays.

T he technique o f  artificial defoliation aims 
a t hasten ing  refoliation while the weather is 
still d ry  so as to  enable the trees to  escape 
infection from  the otherwise wet weather 
when natural refoliation occurs (R ao, 1972). 
The technique was adopted in Bahia in 1973 
and  1974. Between 1980 and 1982, two 
defoliants Folex (m erphos 2.2 kg/ha) and

D ropp (thidiazuron 0.6 kg/ha) were tested by 
aerial application. N ear com plete defoliation 
o f  the old leaves resulted 2-4 weeks after 
spraying. In 1981, thidiazuron was applied by 
fogging, for this chemical has a low 
m am m alian toxicity. It was fogged at 1.2 
kg/ha to  com pensate for heat degradation o! 
the product. Rapid defoliation was achieved 
in one estate but not in the o ther (R om ano et 
al., 1982). T he herbicide D aconate (M SM A 
4 3 was also an effective defoliant o f rubber 
when applied a t 4 //ha to  shorter trees, using a 
tractor m ounted mist blower. U nfortunately, 
D aconate is easily washed otT by rain

Chemical Control
A lthough South  A m erican clones are bred 

for resistance to  SALB, w ithout chemical 
protection the trees would rapidly succumb to 
infection. The problem  is aggravated by the 
fact tha t the rainfall in Bahia is over 2000 mm 
per annum , distributed over a period o f nine 
m onths; thus m any clones, such as IAN 717 
and  FX  3899, have an extended period o f 
refoliation. As a result, chemical control is 
absolutely essential. A t times, up  to  16 rounds 
o f  fogging is necessary to  protect the 
continuously flushing young leaves. In one 
p lantation, the m anagem ent spends US 
$50,000 annually to  contro l SALB in its 300 
ha  o f  IA N  717. M any fungicides (Table 1) 
have been found to  be effective against SALB; 
benomyl, tnadim efon, th iophanate  methyl, 
chlorothalonil and m ancozeb (Chee, 1978; 
1980; R ocha et al.. 1978; G asparo tto  and 
Trindade, 1983).

Aerial spraying: The m ajor problem  faced by 
the contro l o f  leaf diseases o f  rubber is 
adequate coverage o f  the canopy by the 
chemical. This is because the trees are 20-30 m 
in height, and  in South Bahia the terrain is 
undulating  and hilly, m aking both  aerial and 
especially ground-based equipm ent difficult 
to  use.

Aerial spraying was first initiated in Bahia 
in 1971 when 150 ha in five estates were 
sprayed with m ancozeb six times a t weekly 
intervals. T he aircraft used was a  Piper 260. 
The results were encouraging and  spraying 
was repeated the second year and  thereafter.



South American L e a f Blight 

Table 1. Effectiveness o f  fungicides recommended for SALB control

5

Funeicide
A.J.)

C ontrol in 
nursery

Laboratory test

Fungicidal
Fungistatic

Vapor
action Persistency

Curative
property

Aniisporulation
Conidia

Ascosporcs

Chlorothalonil Very good Yes No Very good No No
(0.20%) No No

Mancozeb Good Yes Yes Good No No
(0.35 No No

Benomyl Good No No Fair No Yes
(0.05 Yes1 No

Triadimefon Very good Yes No Good Some No
(0.05 *„) No No

Thiophanate Fair No No Good No No
methyl (0.14%) Yes Yes

T o increase rubber production in the state 
o f  Bahia, where SALB has been most 
devastating, SU D H EV EA  initiated in 1974, 
the PRO M A SE program m e. This covered 
4000 ha in 61 estates by aerial spraying, 
involving an organisation o f  considerable 
m agnitude both  at technical and financial 
levels. Spraying was carried ou t by tw o fixed 
wing aircraft, equipped with M icronair 
nozzles, and one helicopter m ounted with 
horizontal bars with 32 conventional nozzles. 
The fungicides used were mancozeb (1,640 
g/ha and  benomyl (100  g/ha) applied four to  
six times at seven to  ten days intervals. In 1975 
the area sprayed was increased to  5000 ha; 
only benomyl was used and  the six 
applications were m ade a t 12 days intervals. 
In  1976, 5500 ha were sprayed. In  1977 
however, benom yl was replaced by 
th iophanate  methyl a t 200 g/ha. The intervals 
o f  spraying rem ained a t 12 days but the 
num ber o f  rounds was increased to  seven. In  
spraying 5000 ha in 1978, three fungicides 
were used: m ancozeb, benomyl and
thiophanate methyl. The fungicides were 
protective as well as antisporulant: benomyl 
against conidia and th iophanate methyl 
against ascospores (Chee, 1978). Three 
applications o f  benomyl, followed by four 
applications o f  m ancozeb and finally three 
applications o f  th iophanate m ethyl were 
applied a t weekly intervals. In 1979,1980 and 
1981 the same three fungicides were used but

their sequence was changed o r the fungicides 
were alternated a t each spraying.

The helicopter (Hughes 500 fitted with 
M icronair equipm ent) was found to  be more 
suitable than  fixed wing aircraft because o f  the 
hilly terrain. T oday, only helicopters are  used 
by bo th  PR O M A SE and  large growers. The 
helicopter flies a t 5 m  above the tree tops a t 60 
knots, covering a sw ath o f  28 m and  carrying 
300 kg. The area sprayed increased to  6000 ha 
in 1982 and 1983, bu t only 20(X) ha were 
sprayed by helicopter whilst the  remaining 
4000 ha were covered by fogging machines.

In 1982 the protective effect o f  th iophanate 
methyl was found to  be less m arked and 
ch lo ro tha lon il and  triad im efon  were 
introduced instead, because o f  the good 
results obtained in nursery trials in Trinidad 
and  Brazil (Chee, 1978; G asparo tto  and 
T rindade, 1983). The dosage used per ha  in 
aerial spraying is: m ancozeb 1280 g, benomyl 
150 g, th iophanate  m ethyl 630 g. 
chlorothalonil 750 g and  triadim efon 75 g. 
The carrier is 30 /  o f  w ater per ha. P rior to  
1980, an em ulsion o f  3 / o f  spray oil and  17 /  o f  
w ater per ha  was used (with surfactant 0 .5 - !  
/) bu t this was no t found beneficial. U ndiluted 
spray oil is prohibitively expensive. The cost 
o f  the aircraft was 40.5%  o f  the to ta l cost, 
fungicides 35.0%  and  the rem aining 24.5%  
was spent on labour and  materials.



Therm al fogging: Therm al fogging for leaf 
disease contro l is gaining acceptance because 
o f  a lack o f o ther suiiaDle means o f applying 
fungicides from  the ground to  the trees. 
Hogging is flexible and costs 40%  less than 
aerial spraying. However, tractors and tractor 
paths have to be provided. The fogging 
m achine can spread a dense fog to  a height o f 
20-30 m and a distance o f  80-100 m, and it 
can cover 15 ha per h. Fogging is done in the 
m orning and evening when the atm osphere is 
calm.

Therm al fogging was first used on rubber in 
Brazil in 1974. Experiments in M alaysia have 
confirmed that fogging gives good control o f 
Oidium  and other leaf diseases (Lim et a i ,  
1980).

As well as a few Tifa “T a rt” machines, 
SU D H E V E A  in 1981 im ported 50 Leco 120B 
m achines from  ihe United Slates. A prototype 
o f  a Brazilian fogger is currently being tested. 
The rate o f  application by fogging per hec­
tare  is; benomyl 150 g, m ancozeb 1600 g, 
chlorothalonil 800 g and triadim efon 75 g. 
The fungicide is diluted with spray oil at 7 
//h a , although the volume o f  carrier may need 
to  be increased to  10 //ha in order to  reduce the 
viscosity o f  certain  copper fungicides (H .G . 
C orrea , pers. comm.). C heaper substitutes for 
spray oil such as a mixture o f  diesel fuel and 
palm  oil o r  soya oil ( 2 1:5 //ha) have also been 
used. The fungicides are no t appreciably 
degraded by the heat o f  the fogger. In order to  
obtain  a  fog width o f  80-100  m the flow rate 
o f  the Leco should no t exceed 3 / per m in., and 
the speed o f  the trac to r should be 
approxim ately 2.5 km /h when applying 7 //ha 
o r  2 km /lia when using the larger volum e o f  10 
//ha.

T o  produce a fog, C orrea also showed that 
fogging with palm  oil requires a higher 

. tem perature than  spray oil. The tem perature
* o f  the fog as it leaves the m achine should be 

approxim ately 230 ®C for spray oil and 260 ®C 
for palm  oil.

Exposing agar plates a t different positions 
in the canopy and assessing the Aingicide 
deposit by conidial germ ination o f  M. ulei

dem onstrated  that the fungicide was usually 
deposited only on the agar surface facing the 
sky. Disease developm ent, occurs on the 
under surface o f  the leaves. There is still much 
to be learned about:

•  D roplet size in relation to  impingement 
and distance o f  spread. A larger droplet 
size than  used a t present may be desirable 
since the larger the droplets and the 
greater the speed at which they approach, 
the less the directional change that can 
occur and the greater the am ount o f  
im pingem ent.

•  Velocity and direction o f  wind in relation 
to  the dynam ic catch o f  aerosols.

•  The problem  o f upw ard convection by 
the tu rbulen t air, which occurs during the 
day when the a ir a t the surface o f  the 
ground is w arm er th an  the overlying 
levels. The aerosol, travelling downwind, 
may lose much o f  its effectiveness by 
rising to  a height greater than  tha t o f  the 
leaves on which it is intended to  be 
deposited.

CONCLUSION
All the m easures m entioned above, 

contribu te  tow ards the control o f  SALB. 
An im m ediate measure to  reduce the adverse 
effect o f  SALB on rubber production is 
chemical control and  in this area m ore 
inform ation is needed on the technology o f  
application in order th a t the leaves are 
adequately covered by the fungicide applied. 
Planting rubber in areas where the climatic 
conditions are not favourable to  the 
developm ent o f  SALB is the m ost attractive 
solution fo r new planting. As to  the future, th e  
three-part-tree com bining high yield and 
disease resistance needs to  be developed. 
W hilst breeding for high yield one would 
endeavour to  incorporate  disease resistance. 
N o  m atter how difficult this is, the challenge 
to  the natural rubber industry lies in the 
m ultiple disciplines o f  c rop  production and  
crop  processing, and genetic improvem ent to  
the crop  in my view take the first place in such 
challenges.
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