
‘Lessons from the tropics ….’

An ongoing journey of discovery …

….  of incredible species diversity and its importance

….  of unexpected and changeable biology and pathology 

….  of natural selection of durable disease resistance  

….  of the plight of the farmers of the region, with thousands 
of years of tradition 



1940

The beginning …



A million and a half Irish died
And more than two million were forced to emigrate
(from a population of 8 million)

The story contains many lessons about the causes of 
epidemics and the causes of famines that are 
still relevant today



Studies of ‘Vascular-streak Dieback’ (VSD) of cocoa
1969 - present

A dieback disease of unknown cause had devastated the post-war cocoa 
plantings in Papua New Guinea

Lowlands Agricultural 
Experiment Station, 
Keravat, New Britain



First lessons in the tropics - incredible plant diversity 
- year-round warm, moist weather 
- a biologist’s and a parasite’s paradise!





And crop diversity ….



A typical village 

garden

Taro blight
(Phytophthora
colocasia) on taro
(Colocasia
esculenta)



A lesson in the value of diversity (the Irish famine over again) …..



The banana collection at Keravat - Nader Vakili



PNG as a centre of origin and diversity of many crop species e.g. winged 

bean - partial resistance evident in collections  (Tanveer Khan)



Cocoa - an introduced part of the great diversity of crops in the region 



Theobroma cacao
(the food of the gods, 
domesticated by the Mayan 
people of Central America) …..





Making chocolate …..





Cocoa has provided real economic 
benefit to small holders from PNG 
through the northern islands of 
Indonesia 

(with a couple of hectares, a family 
can earn $2-3,000 a yr)



Greater VSD damage seen recently in IndonesiaVascular-streak dieback (the ultimate symptom)  …………





A journey of discovery of 
unusual biology …..

The first symptoms occur 
much earlier than the 
dieback, on the 2nd or 3rd

flush behind the shoot tip 

(i.e. on 3-4 month-old  
growth)



Typical first symptoms on 2nd or 3rd flush behind shoot tip 
(Papua New Guinea)



Distinctive green islands on chlorotic leavesDistinctive green spotting of infected leaves – why?



Vascular streaking and cambium browning

Vascular streaking  ……… 



Black vascular traces in leaf scars, 
passing into the stem …..



Sectioning of the discoloured wood, petioles and leaf veins

– distinctive, Rhizoctonia-like hyphae only in xylem vessels







Growth of the fungus from petiole and leaf pieces
- but the fungus can’t be sub-cultured away from cocoa tissue

(Agus Purwantara)



Emergence of mycelium from leaf scars under moist conditions ………



White corticioid sporocarps on leaf scars
…. formed sporadically in wet periods 



I often found basidiospores
attached to sporocarps, but no 
basidia until one day I got to 
work early …..



Basidia and basidiospores of Oncobasidium theobromae

P.H.B. (Pat) Talbot’s
Oncobasidium theobromae

- the fungus happened to belong to 
the Tulasnellales for which Pat was 
the world authority!





Pathogenicity tests with Oncobasidium – sporocarps collected from the 
field and placed above batches of seedlings kept outside overnight

Age and type of 

seedlings

Treatment after 

spore shedding

Spores shed onto seedlings from 

sporocarps

Controls –

spores not shed 

onto seedlings

No. 

seedlin

gs

No. 

disease

d

% 

diseased

Incubati

on 

period 

No. 

seedlin

gs

No. 

diseased

6-month-old K5 Outside under 

shade
120 34 28 10-12 

wk

120 1

3-wk-old K5 Misting 

chamber
48 13 27 7-9 wk 48 1

3-wk-old K5 Outside on wet 

day
90 73 81 7-9 wk 90 0

3-wk-old K5; 

all hard leaves 

removed

Sealed moist 

chamber
13 9 69 7-9 wk 13 0

7-wk-old K1-

102; all hard 

leaves 

removed

Sealed moist 

chamber
13 5 39 7-9 wk 13 0



The incubation period matched 
the position of first symptoms 
on 3-4-month-old  growth, 
assuming infection occurred 
through the youngest 
expanding leaves



Penetration of cocoa leaves 
from germinating 
basidiospores has been 
observed only rarely  (Chris 
Prior and PK)



The identical disease has since been found in most locations where 
cocoa has been planted throughout the region ……

with some notable exceptions (New Ireland, Bougainville, Bali, Lombok)

Keravat
.

Kerala



An unusual, new-encounter disease ……..

Hypothesis: The pathogen co-evolved with a plant (so far 
unknown) indigenous to the region and has transferred 
repeatedly to cocoa introduced in various places throughout 
the region

(i) Not known from any other cocoa-growing region 
(ii) Occurs on cocoa remote from other cocoa when planted from seed 

which doesn’t carry the disease
(iii) Very restricted dispersal by spores or through human agency
(iv) The only other known host is avocado

A unique pathogen ….. The only known leaf-penetrating, 
wind-borne, vascular pathogen? 





The on-going mystery of VSD …. 

- changed symptoms - more rapid necrosis and less distinct 
green spots

- since about 2004 in Java, Sulawesi, Malaysia and Vietnam …



Tip necrosis of attached leaves





Leaves stay attached longer 



Necrosis of leaf while 
still attached 



Malaysia



A new position of sporulation (through cracks in petiole and main 
vein) because infected leaves tend to remain attached …… 



Sulawesi
June 2008





Reason for the change in symptoms ?

Change in the pathogen – why has it happened in such widely 
separated regions at the same time ?

Change in host genotype – no evidence

Change in environment – declining soil fertility, climate change ?
(but cocoa has always endured a wide range of climates ?)



Resistance to VSD – diversity again



Genetic diversity  - a feature of cocoa throughout the region  





Trinitario cocoa - an outbreeding hybrid of Criollo and 
Forastero selected for disease resistance in Trinidad



In the 1960s in PNG and later in Malaysia and Indonesia, 
growers had no choice but to propagate from the partly 
resistant survivors of the epidemics in their genetically 
diverse cocoa - Darwinian Natural Selection 

- in clonal trials there was variation from complete susceptibility 
(leading to death of trees) to high levels of resistance

- I watched my favourite (extremely susceptible) clone K1-102 
become extinct



Resistant  clone
KA2-101



Resistance - precisely fitted J.E. van der Plank’s 
‘horizontal resistance’

• Partial (fewer infections that progressed more slowly in the 
branches and sporulated less)

• Inherited quantitatively – selected without reference to 
genes

• Durable – no evidence of rapid breakdown of resistance in 
60 years

• Selected without even knowing the cause of the disease



Allen Kerr (during my Honours year with him in 1968) –

“This is the most important book in plant pathology, read it.”   

-- J.E. van der Plank ‘Plant Disease: Epidemics and Control’ 
1963

I rushed out and bought a copy and took it to PNG

C.A.J. (Tonie) Putter, who had worked for van der Plank in 
South Africa, happened to be studying taro blight at 
Keravat in 1970



Similar resistance to VSD is still evident today , even with changed symptoms



Resistance to VSD observed June 2008

An ACIAR Project in Sulawesi encourages 
farmer selection of resistant types
and grafting onto poorer cocoa
– ‘top replacement’Clone PBC123 – very similar to KA2-101







Resistance obvious in ACIAR Trial, Aug 2009 ……
TR-01 (>20 infected shoots) and Geni-J (<3 infections) 



TR-01
Geni-J – selected from a farm
for its resistance to VSD



After a period free of pests and diseases, 3 major problems now 
threaten cocoa in the region – VSD, Phytophthora Pod Rot, Cocoa Pod 
Borer Moth



Control of all three is possible with simple cultural 
methods, based on adequate resistance - is probably 
true for all pests and diseases !! 

• Sanitation -

- pruning out of infected branches for VSD 

- regular complete harvesting and disposal of infected pods 
for Phytophthora Pod Rot and Pod Borer



Covered nurseries
Raising planting material away from older cocoa in covered 
nurseries (prevents early infection of VSD in the stem) 



VSD and Phytophthora Pod Rot are greatly favoured by dense 
shade –

And cocoa produces 
best with only light 
shade

The number and size of sporocarps
was double under dense shade 
(Jason Dennis) 

Jason Dennis



A tendency to over-shading due to lack of labour



Control of shade and humidity in the canopy
Shaping and controlling the size of cocoa and shade trees facilitates pruning for VSD 

control and regular, complete harvesting of pods to control PPR and CPB

Ideal shade



BUT - the big problem, found in social surveys in the 

ACIAR Project …..

Cocoa farmers can’t afford to implement the labour-intensive 
pest and disease control measures, as simple as they are.

They receive only a tiny fraction of the price of the final 
product  - the plight of farmers the world over!

If we doubled the price we paid farmers for their produce, I 
suggest we would double the production and double the 
sustainability of farming 



Farmers don’t receive a fair price for produce, 
considering  their 

- investment in land, 
- hard labour,
- long and irregular hours,
- knowledge required, 
- financial risks,
- health risks,
- increasing costs,  

and the environmental costs associated with farming.  



We connive in this as consumers, demanding ever cheaper, 
unblemished food (city dwellers dominate politically).

Very few consumers understand the fact that farming is 
fundamentally a complex biological not a simple mechanical 
(factory) system! 

We connive in this as scientists, working in finer and finer 
detail to increase the ‘efficiency’ of farming, rather than 
standing back and seeing where the problems really lie.



Dr Parman, the late Dean of Agriculture at the University of 
Mataram, Lombok and an Indonesian farmer’s son – “Yes, 
with the ‘green revolution’ we grew more rice but the farmers 
remained poor” 

Why are farmers generally the poorest people in most 
countries?

Why are farming communities declining in many countries, at 
a time when we are starting to panic about food supplies? 

Maybe we have screwed them down too far!



Are their lives and the plants, communities, soils and 
landscapes they maintain so insignificant?



Of all the inputs for farming and pest and disease control, one 
factor is usually overlooked (or talked of as a negative that 
has to be minimised)  - labour

- the hard, precise, educated work 
that is the tradition of farming  

It should be valued, dignified and rewarded accordingly. 

Certainly, it is lacking in cocoa production around the world 
and appears to be the main limitation on production and 
sustainability.



A final lesson, from the Toraja people of the
highlands of South Sulawesi
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Allen Kerr and Maurice Carter, and the late Noel Flentje, Ken 
Lamb and Pat Talbot all provided superb old-fashioned 
mentoring during my studies

Dorothy Shaw, John O’Donohue, Chris Prior, Agus
Purwantara, Jason Dennis, Ross Anderson, David Guest and 
many others, especially in Malaysia, contributed greatly to 
our current understanding of VSD 

Belatedly, thank you to my wife Tihomila for typing my Ph.D. 
thesis 40 years ago !


