
















Major Sugarcane Diseases in Fiji 

R. Tamanikaiyaroi and S. Johnson* 

Abstract 
Thirty diseases of sugarcane have been recorded in Fiji. However, only two are currently of 

economic significance. These are Fiji disease caused by a reovirus, and downy mildew caused by 
Peronosc/erospora sacchari. Both are presently found on the island of Viti Levu. The principal 
method of controlling these two diseases is growing resistant varieties combined with intensive 
roguing. Ratoon stunting disease (Clavibacter xyli ssp. xyli) may also be a yield limiting 
factor but further research is required. The Fiji sugar industry is fortunate that smut (Ustilago 
scitaminea) and mosaic (a polyvirus) are not present. Thus the risks of introducing new diseases, 
duc to increasing gcrmplasm importation now and in the future, poses real hazards for sugarcane 
production in Fiji. Recommendations are made to lessen these quarantine risks at both national 
and international levels. 

FIJI has a total land area of I 822 921 hectares, com­
prised of 332 small islands. The two largest islands are 
Viti Levu (I 042900 ha) and Vanua Levu (555 600 ha). 
Sugarcane is grown in the dry zones of these two 
islands, covering approximately 75 000 hectares of 
land with an average yield of 50-58 tonnes of cane per 
hectare. In 1994 the four mills of the Fiji Sugar 
Corporation crushed 4.06 million tonnes of cane, pro­
ducing a record sugar yield of 5 J 6589 tonnes. The 
present production system is based on four hectare 
smallholder farms. 

The commercial growing of sugarcane began in the 
1870s and sugar was Fiji's leading export by 1883 
(Chandra 1983). Since then, no other product has dis­
placed it. In the first six decades, gumming disease 
(Xanthomonas campestris pv. vasculorum, Fiji disease 
(Fiji disease virus, a reovirus) and downy mildew (Per­
onosclerospora sacchari) were the major diseases 
affecting sugarcane production. Gumming disease dis­
appeared in the 1930s as Badila and POJ 2878 replaced 
the susceptible Malabar variety. 

In 1934, mosaic disease (sugarcane mosaic virus, a 
potyvirus) was found in 19 stools of the Malabar var­
iety in Nausori (Colonial Sugar Refining Co. 1934). 
No further occurrence of mosaic disease was recorded 
until J988 when it was found in the Yaqara germplasm 
collection (Fiji Sugar Corporation 1988). Fortunately, 
mosaic did not become established. In addition, 
culmicolous smut (Ustilago scitaminea) is not present 
in Fiji. The record by Parham (1953) that smut was 
found on sugarcane in Fiji during the 1940-44 period 
is questionable. Ferreira and Comstock (1989) stated 
that by the end of 1983 only the sugar industries of 
Australia and Fiji remained free of smut. Excluding 
smut, thirty diseases have been recorded in sugarcane 
in Fiji (see Table 1). 
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Thus the Fiji sugar industry has only a few diseases 
of economic significance. The two most important 
diseases are Fiji disease and downy mildew, which at 
present are found only on the island of Viti Levu. 
Ratoon stunting disease (Clavibacter xyli ssp. xyli) 
could also be an important disease but further research 
is needed. Therefore this paper briefly discusses Fiji 
disease, downy mildew and ratoon stunting disease 
and their controls, combined with sugarcane germ­
plasm and quarantine. 

Fiji Disease 

Fiji disease is caused by a reovirus and transmitted by 
the leaf hopper Perkinsiella vifiensis Kirk. The main 
diagnostic symptom is the presence of galls on the 
undersurface of the leaf blade and stunted plant 
growth. The disease was first recorded in Fiji on com­
mercial cane growing in the Rewa River district in 
1886 (Robinson and Martin 1956). A devastating epi­
demic occurred that destroyed thousands of acres of 
sugarcane during 1906 (Daniels, Husain and Hutchin­
son 1971). A clean seed program and release of resist­
ant varieties (Badila and Pompey) brought the out­
break under control. 

The introduction of two susceptible varieties, Ajax 
and Pindar in the 1940s and 1950s, created another 
destructive epidemic. By the early 19608 at least 10% 
of the stools in a field had Fiji disease (Egan, Ryan and 
Francki 1989). Replacement of susceptible varieties 
with resistant ones (Ragnar, Homer and Spartan) com­
bined with the implementation of an intensive roguing 
program, reduced infection to a low level. 

Fiji disease at present is largely confined to cane in 
the Lautoka Mill area. In 1993 the disease was found 
in five cane sectors. The percentage of farms with Fiji 
disease ranged from 0.6% to 5.9%, with an average 
2.7% per sector. The total number of infected stools 
rogued out in these sectors was 884. In 1994 there were 



Table 1: Diseases recorded in sugarcane in Fiji. 

Year first Disease 
recorded 

1886 Fiji disease 

1895 Gumming disease 

1910 Downy mildew 

1910 Leaf splitting disease 

1912 Pineapple disease 

1915 Orange rust 

1915 Red rot 

1921 Leaf scald 

1929 Banded sclerotial disease 

1930 Eye spot 

1934 Mosaic 

1938 Rind disease 

1938 Stem rot 

1938 Sheath rot 

1938 Root rot 

1950 Pokkah boeng 

1951 Yellow spot 

1953 Ratoon stunting disease 

1953 Chlorotic streak 

1954 Leaf splitting disease 

1954 Brown stripe 

1959 Leaf scorch 

1961 Sheath rot 

1961 Mottled stripe 

1963 Root rot 

1967 Red stripe 

1970 Ring spot 

1978 Brown spot 

1983 Dry rot 

1984 Common rust 

Pathogen 

Fiji disease virus, a reovirus 

Xanthomonas campestris pv. vasculorum (Cobb 1893) Dye 1978 
Peronoslerospora sacchari (T. Miyake) Shirai & K. Hara 

Peronoslerospora northii (Weston) C,Q, Shaw 

Ceratocystis paradoxa (Dade) Moreau 

Puccinia kuehnii Butl. 

Glomerella tucumanensis (Speg.) Arx & MUlier (con. slat Colletotrichum 
falcatum Went.) 

Xanthomonas albilineans (Ashby 1929), Dowson 1943 
Thanatephorus sasakii (Shirai) Tu & Kimborough 

Bipolaris sacchari (ButL) Shoemaker 

Sugarcane mosaic virus (SCMV), a pOlyvirus 

Phaeocytostroma sacchari (Ell & Ev.) B. Sutton 

Athelia rolfsii (Curzi) Tu & Kimborough (sclerotial stat, Sclerotium rolfsii Sacc.) 

Gibberellafujikuroi (Sawada) Ito (con, slat Fusarium moniliforme Sheldon) 

Marasmius sacchari Wakker 

Gibberellafujikuroi (Sawada) Wollenw. (con, stat. Fusarium moniliforme 
Sheldon) 

Mycovellosiella koepkei (KrUger) Deighton 

Clavibacter xyli ssp, xyli Davis et al. 

Causal agent unknown 

Mycosphaerella slrialiformans (Cobb) Sacc. & Trott. 

Cochliobolus stenospilus (Drechs,) Mat. & Yam. 
Stagonospora sacchari Lo and Ling 

Cytospora sacchari E. Butler 

Pseudomonas rubrisubalbicans ( Christopher & Edgerton) Krasil'nikov 

Pythium arrhenomanes Drechsler 

Pseudomonas rubrilineans (Lee et al,) Stapp 

A fungus, probably Leptosphaeria sacchari B. de Haan 

Cercospora longipes Butler 

Physalospora rhodilla (Berk, & Curt.) Cke 

Puccinia melanocephala H, & p, Sydo,w 

eight sectors with the disease and the average percent­
age of farms affected per sector was 3.5%. A total of 
1158 infected stools were rogued. A new outbreak of 
Fiji disease occurred in the Veisaru sector of the 
Rarawai Mill area in 1994. It has been observed that 
most Fiji disease infestations occur in areas where Sac­
charum edule Hassk. (duruka) is planted. Duruka, an 
alternative host, is consumed by native Fijians as a 
vegetable. To eradicate duruka in these ateas could cre­
ate a social problem in the industry. 

(Robinson and Martin 1956). The main diagnostic 
symptom is pale to light yellow leaf streaks patallel to 
the midrib separated by normal green tissue. It was 
believed that the fungal pathogen was introduced to 
Fiji from Papua New Guinea via Australia (Daniels et 
al. 1971). Within two yeats the disease had spread to 
all mill ateas except Nausori. Rose Bamboo and 
Striped Yellow Singapore were the two main cane vat­
ieties grown at that time (Daniels et al. 1971). The dis­
ease was controlled by the use of resistant varieties 
(Badila and Pompey) and by roguing from 1913 to 
1930. However, due to the introduction of susceptible 
varieties such as P.OJ. 2878, Argus and Eros. devas­
tating epidemics occurred during the 1930s and 1940s. 
Again these susceptible varieties were replaced with 
resistant ones such as Mentor, Pindat and Ragnar in the 

Downy Mlldew 

Downy mildew, caused by the fungus Peronoscle­
rospora sacchari (T. Miyake) Shirai & K. Hata, was 
first detected in Fiji at the Rarawai Mill in 1910 
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early 1950s. However, with the 19605 release of the 
variety Waya, which is moderately susceptible to 
downy mildew, losses from the disease have continued. 

The growing of resistant varieties combined with the 
use of clean seed and an intensive roguing system have 
reduced downy mildew infection to a low level. At pre­
sent, the disease is found only in the Olosara sector. 
Twenty per cent of the farms in this sector ha ve the dis­
ease and the total number of infected stools rogued last 
year was 3469. The percentage of stools infected was 
highest on farms planting an unapproved variety called 
Raki-Kaba. Maize, an alternative host, is a major cash 
crop in this sector and its close proximity to sugarcane 
has aided the rapid spread of the disease during the 
cane growing season. 

Ratoon Stunting Disease 

Ratoon stunting disease is caused by the bacterium 
Clavibacter xyli ssp. xyli. Stunting, unthrifty growth 
and internal stalk (nodes) discolouration are the main 
diagnostic symptoms. Slides containing cane saps, sent 
to RA Bailey (SAS EX) in 1994. confirmed the pres­
ence of ratoon stunting disease in Fiji. However, the 
disease was first identified in Fiji in 1953 at Nausori, 
Rarawai and Lautoka (Colonial Sugar Refining Co. 
1953). Its present distribution and impact on cane yield 
are not known. Ratoon stunting disease may be an 
important yield limiting factor in some areas of the Fiji 
sugar industry. As a precautionary measure, a hot water 
treatment plant has been installed at the Sugarcane 
Research Centre (Lautoka) for treatment of seed cane 
especially against ratoon stunting disease and other 
seed-borne diseases. 

Screening Sugarcane Varieties for Disease 
Resistance 

Planting of resistant varieties remains the principal 
method of controlling Fiji disease and downy mildew 
in Fiji. The breeding and screening of new varieties for 
disease resistance are therefore ongoing processes. 
Most of the fourteen current recommended varieties 
are resistant to Fiji disease and downy mildew. 

An insectary method for screening sugarcane var­
ieties for resistance to Fiji disease was developed in the 
1960s to overcome the problems faced with field trials 
(Husain and Hutchinson 1971). It involves exposing 
test plants to viruliferous leaf hoppers in cages and 
recording the latent period. This nursery technique 
assumes that the susceptibility of a variety is inversely 
correlated to the latent period - that is, the longer the 
latent period the more resistant the variety. rn Fiji this 
mcthod has been found to be faster, less expensive and 
more reliable than field trials. 

Similarly, screening sugarcane varieties for resist­
ance to downy mildew is conducted in a disease nurs­
ery within the Tavakubu pine forest. Test varieties in 
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pots at 2-3 leaf stage are placed between rows of he av­
iJy infected susceptible plants (Ems and local maize) 
for natural inoculation. After 14 days, the test plants 
are removed from the inoculation site and placed in 
another area for observation of disease symptoms. 

Roguing for Disease Control 

Since the 1920s, roguing to remove and destroy infect­
ed cane plants has been one of the main methods of 
controlling Fiji disease and downy mildew in Fiji. Its 
main objective is to reduce the initial inoculum and 
decrease the rate of disease development. Each mill 
area has a roguing gang whose daily task is to inspect 
cane stools row by row and rogue out diseased plants. 
However, this roguing has two limitations. Firstly, 
stools that are infected but show no symptoms cannot 
be detected. Secondly, roguing will succeed only 
where disease incidence is low and cannot really cope 
in areas where very susceptible varieties are planted. 
Currently, with Mana as the major cane variety in Viti 
Levu, the existing roguing system is able to keep both 
major diseases under satisfactory control. 

Sugarcane Germplasm and Quarantine 

The Fiji Sugar Corporation germplasm collection is 
planted in three locations on Viti Levu Dobuilevu 
(intermediate zone), Drasa (dry zone) and Lautoka 
(dry zone). It consists of noble, wild and hybrid canes. 
A total of 3300-4500 varieties are maintained in each 
site. Since 1973 about 1300 of these varieties have 
been imported from countries such as Australia, 
France, Guyana, Hawaii, India, Indonesia, Jamaica, 
Papua New Guinea, the Philippines, Reunion, South 
Africa, Thailand and the United States of America. The 
majority of the germplasm collection are local hybrids. 
The germ plasm is used mainly for sources of flowers 
in crossing and breeding work, but also for variety col­
lection and exchange with other countries. 

From 1973 to 1988 all imported germplasm varieties 
were placed in Beltsville, Maryland, USA, for close 
quarantine for one year before being brought to Fiji. 
Once these varieties arrived in Fiji, they were grown in 
open quarantine for at least a year before they could be 
included in the germplasm collection. The main pur­
pose of open quarantine is to check whether any dis­
eases, foreign to Fiji, have been brought in with the 
shipments of cane setts, and to destroy any plants 
developing disease. 

Prior to 1973 the island of Malolo Lailai was used 
for open quarantine. After the discovery of smut in 
Hawaii in 1971, all Hawaiian and Australian varieties 
at ~alolo Lailai were destroyed. As an additional pre­
caution, it was recommended that all Hawaiian 
varieties be grown for one year in the Colonial Sugar 
Refining Company (CSR) Sydney quarantine, before 
being introduced to Fiji. In 1973, because of water 



shortages, the open quarantine station was shifted to 
Yaqara Cattle Ranch on Viti Levu. However, in 1988 
sugarcane mosaic virus was found in Yaqara on two 
cane varieties introduced from the Philippines. All 
of these canes were destroyed and the Fiji Sugar 
Corporation did not import any more overseas varieties 
for the next six years. But after considering cane 
breeding needs, imports of new varieties started again 
in 1995, beginning with five varieties from Brazil. At 
present the Fiji Sugar Corporation is using the Ministry 
of Agriculture, Fisheries and Forestry (MAFF) 
Koronivia Post Entry Quarantine Station as closed 
quarantine and Nausori Highlands as open quarantine. 

Conclusions and Recommendations 

Imports of sugarcane germplasm from the 18705 to the 
19405, before the establishment of plant quarantine, 
may have brought in some of the diseases that are now 
found in Fiji. The risks of introducing new diseases, 
especially viral, due to increasing germplasm ex­
change now and in the future, poses real hazards for 
sugarcane production in Fiji. However, the benefits of 
using germplasm materials for breeding purposes may 
outweigh those risks. 

To lessen the risks of introducing new discases 
through imports of sugarcane germplasm, the follow­
ing action plans are recommended for Fiji. 

National level 
l. Train the crop protection staff (scientific officers 

and technicians) of the Fiji Sugar Corporation in 
appropriate techniques for diagnosing disease in 
both field (including germplasm collections) and 
quarantine (open and closed) situations. 

2. Train quarantine officers in sugarcane disease detec­
tion and rapid diagnosis of germplasm materials. 

3. Train scientific officers of the Fiji Sugar Corpor­
ation in quarantine principles and regulations. 

4. Link workshops between quarantine and scientific 
officers to exchange information and develop strat­
egies for minimising risks. 

5. Develop public awareness campaigns that are aimed 
at sugarcane growers and the general public. 

International level 
1. Enforce international technical guidelines regarding 

the safe movement of sugarcane germplasm, such as 
the FAO/IBPGR guidelines (Frison and Putter 
1993). 
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2. Establish an intermediate quarantine station outside 
Fiji to screen viral and other unknown diseases. 

3. Implement active international research collabor­
ation on important issues that can lessen the disease 
risks involved with exchange. maintenance and con­
servation of sugarcane germ plasm. 
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Major Diseases Affecting 
Sugarcane Production in Australia and 

Recent Experiences with Sugarcane Diseases 
in Quarantine 

B.J. Croft* and G.R. Smitht 

Abstract 
Ratoon stunting disease causes the greatest direct economic losses of any sugarcane disease in 

Australia. Losses are estimated at between A$lO million and A$20 million a year in spite of control 
programs that cost in excess of A$2 million a year. Fiji disease threatened the existence of the sugar 
industry in southern Queensland during the 19705. Since the replacement of the susceptible variety 
NC0310 with resistant varieties. Fiji disease has been successfully controlled but it is still responsible 
for restricting the use of potentially productive germplasm. Other important sugarcane diseases in 
Australia include leaf scald, mosaic, Pachymetra root rot, red rot, rust, yellow spot and pineapple 
disease. Two minor virus diseases unique to Australia are striate mosaic and dwarf. 

Recently sugarcane mosaic, sugarcane bacilli form virus and yellow leaf syndrome have been 
detected in imported gerrnplasm. Noble canes recently imported from India developed severe 
yellow-red flecks and were subsequently destroyed. 

SUGARCANE is grown in Australia from Grafton in 
New South Wales to Mossman in far northern 
Queensland. In 1994 sugarcane was harvested from 
365 000 hectares, from which 5 million tonnes of 
raw sugar were produced. Sugar is the second largest 
export earning crop in Australia, with export earn· 
ings of A$1.5 billion in 1994. The industry is 
expanding at about 5% a year and new production 
areas are being established on the Atherton Tableland 
of Queensland and the Ord River district of Western 
Australia. 

The control of sugarcane diseases has played an 
important role in maintaining the viability of the 
sugar industry in Australia throughout its history. In 
the late 1800s gumming disease caused extensi ve 
losses and impeded the milling processes, The 
importance of this disease was one of the factors that 
lead to the establishment of the Bureau of Sugar 
Experiment Stations in 1900. Gumming disease has 
subsequently been eradicated from Australia. In the 
1970s the Fiji disease epidemic in southern Queens· 
land threatened the existence of the industry in this 
region. 

Quarantine to prevent the introduction of diseases 
not present in Australia and strains of pathogens not 
present in Australia has enabled the Australian sugar 
industry to remain free of some important diseases. 

* Bureau of Sugar Experiment Stations, PO Box 86, TuUy, 
Queensland 4854, Australia. 

t Bureau of Sugar Experiment Stations, PO Box 86, 
indooroopilly, Queensland 4068, Australia. 
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Australia remains one of a few countries in which 
sugarcane smut has never been recorded. 

Fiji Disease 

Fiji disease is caused by a virus classified as belonging 
to the reoviridae (Egan, Ryan and Francki 1989). 
Raised galls running along the vascular bundles on the 
undersurface of the leaf blade, midrib or leaf sheath are 
its diagnostic symptom. Fiji disease is spread by plant 
hoppers of the genus Perkinsiella including P. vastatrix 
Breddin and P. saccharicida Kirk. 

The devastation and losses caused by Fiji disease 
in the variety NC0310 in Bundaberg in the 1970s 
threatened the viability of the industry in this district. 
The disease spread rapidly through the district, and 
severely affected fields produced no millable cane. The 
highly resistant varieties introduced to overcome the 
epidemic had lower productivity, and productivity con· 
tinued to be affected for ten years after the epidemic 
subsided until higher yielding resistant varieties were 
bred (Cox and Hansen 1995). Fiji disease was record­
ed for the first time in central Queensland in 1980 and 
resulted in the replacement of NC031 0 by more resist· 
ant varieties in this district. Fij i disease has never been 
recorded north of Proserpine in Queensland. 

Resistant varieties have successfully controlled Fiji 
disease and no disease has been recorded in Bundaberg 
for a number of years. Fiji disease still occurs at a low 
level in fields in central and southern Queensland and 
northern New South Wales. Highly sensitive PCR· 
DNA probes have been developed for the Fiji disease 
virus (Smith, Van de Velde and Dale 1992), 



Ratoon Stunting Disease 

Ratoon stunting disease was first discovered in Aus­
tralia in 1944-45 (Steindl 1961). The disease is caused 
by the xylem-limited bacterium Clavibacter xyli ssp. 
xyli. The bacterium restricts water movement in the 
xylem and causes yield losses of 5-50%, depending on 
varietal susceptibility and environmental conditions. 
Examination of the xylem contents for the characteris­
tic bacterium with a phase-contrast microscope is 
widely used in Australia for diagnosis (Sleindl 1976), 
and in recent years enzyme immunoassays (Croft et al. 
1994) and fluorescent antibody staining (Davis and 
Dean 1984) have been used for diagnosis. PCR-DNA 
probes have been developed and promise to offer 
greater sensitivity for detecting the bacterium (Fegan, 
personal communication). 

Ratoon stunting disease occurs in all districts of 
the Australian sugar industry, with the incidence of 
the disease ranging from less than 1 % to 50% of 
fields. Losses from the disease are estimated to be 
between A$10 million and A$20 million a year. But 
because of the difficulty in diagnosing the disease, 
losses could be underestimated. Ratoon stunting dis­
ease is the most economically important disease in 
Australia. 

Control programs estimated to cost in excess of A$2 
million a year are established in all Australian sugar 
districts. These include hot water treatment (50°C for 
three hours) to establish disease-free planting material, 
multiplication of the disease-free cane in nursery plots 
and hygiene of cutting implements, including planters 
and harvesters. 

Leaf Scald 

Leaf scald caused by the bacterium Xanthomonas albi­
lineans Dowson is endemic in nearly all cane growing 
districts of Australia, occurring both in the cane and in 
alternative grass hosts (Ricaud and Ryan 1989). The 
main effect of leaf scald in Australia is the loss of 
potential clones in the breeding program where up to 
20% of clones are discarded because of susceptibility 
each year. The disease has not caused significant yield 
losses in Australia for many years because of the use of 
resistant varieties. 

Chlorotic Streak 

Chlorotic streak is a water-borne disease of undeter­
mined etiology (Egan 1989). The disease is wide­
spread in Australia in areas subject to flooding. It is 
estimated that over 50 000 hectares are subject to 
chlorotic streak infection in Queensland. Yield losses 
have been estimated at between 10% and 30% in 
experimental plots, and in commercial fields a 1% 
yield loss for every 5% increment in the incidence of 
the disease was estimated. 
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Sugarcane Mosaic 

Sugarcane mosaic caused by the sugarcane mosaic 
potyvirus (SCMV) has occurred in all districts of the 
Australian sugar industry but is rare north of 
Townsville in Queensland. The only strain of SCMV 
present in Australia is the A strain, which is considered 
a mild strain compared with other SCMV strains and 
strains of the closely related sorghum mosaic virus. 

Epidemics of sugarcane mosaic occurred in the 
Childers region in the I 980s due to plantings of highly 
susceptible varieties and environmental eonditions 
suitable for the aphid vectors. In southern Queensland 
a number of highly susceptible varieties have become 
popular in recent years and there is an increased 
chance of an epidemic occurring in the future. 

Common Rust and Yellow Spot 

Common rust (caused by Puccinia melanocephala H 
& P Syd.) and yellow spot (caused by Mycovellosiella 
koepkei [KrUgerJ Deighton) are foliar diseases that can 
cause losses in susceptible varieties. Moderately sus­
ceptible varieties are still grown in Australia, and rust 
and yellow spot will cause losses in these varieties, 
particularly in years highly favourable to disease 
development. 

Pachymetra Root Rot 

Pachymetra root rot was identified in the early 1980s 
and appears to be unique to Australia (Croft and 
Magarey 1989). It is caused by the oomycete 
Pachymetra chaunorhiza Croft and Dick. The oogonia 
of the fungus have distinctive verrucose projections 
and are 30-60 Ilm in diameter. The disease causes a 
soft flaccid rot of the primary roots and, in highly sus­
ceptible varieties, yield losses of 30-40% have heen 
recorded. The disease occurs in most districts of 
Queensland. Varietal resistance is the only recom­
mended control and highly susceptible varieties are not 
released in districts where the disease is severe. 

Pineapple Disease and Red Rot 

Pineapple disease (caused by Ceratocystis paradoxa 
Moreau) rots the stalk cutlings used to propagate 
sugarcane and is characterised by the distinctive fruity 
smell of the rotting tissue. The disease is controlled by 
spraying the cut ends of the stalk pieces with fungicide 
at planting. Control failures are associated with dam­
aged stalk pieces and the incorrect application of the 
fungicide. Each year A$l million is spent on fungi­
cides to control pineapple disease. 

Red rot (caused by Glomerella tucumanensis Arx 
and Mueller) can cause extensive yield losses includ­
ing reduced sugar content when standing stalks 
become infected. In the 1994 crop in northern New 



South Wales red rot severely affected yields in the pop­
ular cultivar, Dart. Isolated cases of severe yield loss 
have occurred in southern Queensland and in the 
Burdekin district in susceptible cultivars. 

Striate Mosaic and Dwarf Disease 

Striate mosaic is a virus disease that causes fine stri­
ations in the leaves of infected plants, severe stunting 
and ratoon failure. The disease has been recorded only 
in the Burdekin district of Queensland and occurs only 
on isolated patches within fields. The infested patches 
do not appear to spread except when diseased planting 
material is planted into new areas. Even then there is 
no record of the disease establishing in new areas from 
diseased planting material. In pot experiments soil 
from these sites has transmitted the disease. No virus 
particles have been observed in infected leaves but 
dsRNA has been isolated and is currently being cloned 
so that specific probes can be developed (Choi and 
Randles, personal communication). 

Dwarf disease is a probable virus disease that has 
been recorded in central and southern Queensland. It 
causes severe stunting. stiff erect leaves giving a fan 
appearance, and fine white stripes on the leaves. Sec­
tions through the white stripes show distorted vascular 
bundles and lignification of the phloem. The disease 
has occurred in isolated areas that have never previ­
ously grown sugarcane, suggesting that a native host is 
involved. No viral particles have been found and the 
method of transmission is unknown. The disease 
occurs sporadically and has never caused serious yield 
losses, but its presence in isolated nursery plots has 
caused concern. 

Recent Experiences with Germplasm 
Imported into Australia 

Sugarcane mosaic virus 
In 1989 the sugarcane mosaic virus was intercepted in 
quarantine at the Bureau of Sugar Experiment Stations 
(BSES), Brisbane, in variety C-GDl9 imported from 
China earlier that year. The sugarcane clone showed 
the typical light green mosaic pattern of SCMV infec­
tion, and the causal agent was confirmed by Dr D.S. 
Teakle following electron microscopy of leaf dips. The 
strain of SCMV was not detennined and the sugarcane 
clone was destroyed. Other C-GD clones in the ship­
ment did not develop symptoms of mosaic infection or 
any other disease and were released in 1990. 

Sugarcane bacilli form virus 
Sugarcane bacillifonn virus (SCBV) was first reported 
as a sugarcane pathogen by Rodriguez Lema et al. 
(1985), and was described in detail by Lockhart and 
Autrey (1988). In 1992 BSES imposed a moratorium 
on the release of SCBV-infected sugarcane clones from 
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quarantine as more information became available and 
concerns grew about SCBV and the closely related 
banana streak virus (BSV). The three major issues 
were: 
- there was little information about the effect of this 

pathogen on sugarcane yield; 
- there was information from overseas indicating dif­

ferences in aggressiveness of different isolates of 
SCMV and BSV; and 

- some strains were not detected by the current tests. 
In 1992 two clones were identified as SCBV infect­

ed by immunosorbent electron microscopy by Dr D.S. 
Teakle and colleagues and were not released. In 1993 
better antisera supplied by Dr B.E.L. Lockhart and a 
PCR-based test still being developed at BSES were 
used to screen the quarantined clones. Twenty-four 
clones (67% of the foreign clones) were found to be 
infected. In 1994 all quarantined clones were 
destroyed due to symptoms of yellow leaf syndrome in 
some foreign clones, and the extent of SCBV infection 
of the collection was not determined. 

Sugarcane mild mosaic virus 
Sugarcane mild mosaic virus (SCMMV) was not 
reported to be present in Australia until Dr Lockhart 
demonstrated its presence in 1994. Symptoms of 
SCMMV infection include yellowish striations with 
indistinct edges in the leaf blade. SCMMV symptoms 
have not been observed in Saccharum hybrids, but 
have been noted in Saccharum officinarum clones. 
SCMMV is often found as a mixed infection with 
SCBV, and only recently has a good antiserum been 
available to assay for SCMMV. 

Yellow-red leaf fleck 
In 1994, 200 S. officinarum clones were imported 
from the Indian world collection of Saccharum 
germplasm and placed in quarantine in January 1995. 
Symptoms of SCBV (leaf flecks) and SCMMV 
(chlorotic striations) were soon evident in many 
clones in this collection. In May a new type of symp­
tom was observed. Yellow and red leaf flecks 
appeared on the leaf laminae of a large number of the 
clones. These flecks expanded and eventually covered 
a significant area of the leaf. Inspections over time 
suggested that the yellow-white chlorotic flecks 
appeared first and progressed to red-brown necrotic 
areas. There were differences in the symptoms of the 
sugarcane clones. In some clones one of the symptoms 
predominated, while in others both symptoms were 
equally apparent. These symptoms were somewhat 
similar to red leaf mottle caused by the peanut clump 
virus of commercial canes. Samples sent to France to 
test this hypothesis were negative by enzyme-linked 
immunosorbent assay for peanut clump virus when 
tested by Dr M. Chatenet. However, the antiserum 
used was raised against an African isolate of peanut 
clump virus, and the Indian peanut clump virus is 



reported to be serologically different. The entire col­
lection was destroyed and the cause of the yellow-red 
leaf neck remains undetermined. 

Yellow leaf syndrome 
Some of the first reports of yellow leaf syndrome were 
published in early 1994 (Borth, Hu and Schenck 1994; 
Comstock, Irvine and Miller 1994) and later that year 
yellow leaf symptoms were observed in quarantined 
cane. The major symptom of a yellow nlldrib (that may 
have some red necking) and a green leaf blade was 
evident in a number of quarantined clones. The causal 
agent was suspected to be a closterovirus (Borth et al. 
1994) and, as yellow leaf symptoms were present in a 
number of clones, the decision was made to destroy all 
quarantined canes. Subsequently symptoms similar to 
yellow leaf syndrome were observed in clones from 
Brazil, East Africa. Hawaii. the Philippines, Reunion, 
Malaysia, Taiwan and Cuba and in Australian bred 
clones on BSES experiment stations. Research to 
identify the causal agent of yellow leaf syndrome are 
continuing in Brazil, the United States and Australia. 

Results of Receut Quarautine Experiences 

Quarantine is the process and infrastructure to provide 
and maintain access to foreign germ plasm for breeding 
and research. Recent events have seriously interrupted 
access to this important gcrmplasm, with some import­
ant breeding programs postponed or restricted. BSES, 
in collaboration with universily scientists and with 
support from the Sugar Research and Development 
Corporation, has initiated research into SCBV and 
unidentified diseases such as yellow leaf syndrome. In 
the short term, until the causal agenls of new diseases 
are identified and there is better understanding of new 
pathogens such as SCBV and SCMMV, there will con­
tinue to be a need to destroy infected germplasm to 
protect the sugar industry. 
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Sugarcane Diseases in Southern Brazil: 
A Brief Report 

W.L. Burnquist* and J. Vegat 

Abstract 
The principal diseases in sugarcane in southern Brazil are smut (Ustilago scitaminae), rust 

(Puccinia meianocephala), raloon stunting (Clavibacter xyli), leaf scald (Xanthomonas albilineans), 
mosaic and yellow leaf syndrome. 

THE MAJOR DISEASES affecting sugarcane in southern 
Brazil are smut, rust, ratoon stunting, leaf scald, 
mosaic and now yellow leaf syndrome. Sugarcane 
occupies 2.2 million hectares of the state of Sao Paulo 
(45% of the sugarcane area in Brazil). The major 
commercial vanetles and their reaction to 
diseases are shown in Table I. 

Smut (Ustilago scitaminea) 

A large survey over a wide area in 1991 of the major 
commercial SUgarcane varieties showed that plant 
cane of SP71-6163 and SP71-1406 presented an aver­
age of 500 infected stools per hectare. Experiments at 
Copersucar indicate that the yield loss due to smut is 
on the average 0.78% for each 300 stools infected per 
hectare. 

A greater importance was given to smut in the past 
(5-10 years ago) and it was the reason for eliminating 
ten years ago the major commercial variety (NA56-
79), which occupied 46% of the area cultivated with 
sugarcane in 1983. SP71-6163, SP71-1406 and SP79-
1011 have NA56-79 as a parent and carry some of its 
suscepti bility. 

Smut is routinely inoculated in clones in the breed­
ing program. Inoculation consists of dipping three eye 
sugarcane setts for 15 minutes in a suspension of smut 
spores (I g of 80% viable spores per litre of water). In 
the breeding program, in intermediate stages of selec­
tion, approximately 50% of the clones found to be 
resistant to smut score 1,2 or 3. 

Rust (Puccinia meJonocephala) 

Rust was first observed in Brazil in 1986. Breeding 
programs have not yet adapted entirely to the rust 
situation and susceptible varieties are still widely 
culti vated. Some rust susceptibility is accepted in 
varieties to be released, due to the lack of better 
options. 

* Copersucar Technology Center, CP 162, Piracicaba SP 
13400-970, BraziL 
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Experiments conducted at Copersucar show that 
yield losses on susceptible varieties can be of the order 
of 47%. 

Rust seems to be more aggressive today than it was 
five years ago, and some previously intermediate var­
ieties are showing more susceptible reactions. This is 
possibly due to a greater inoculum and not necessarily 
to a more aggressive pathogen. 

There is a feeling among growers and some breed­
ers that it is possible to cultivate rust susceptible var­
ieties by planting and harvesting at appropriate times. 
Rust seems to affect crops more when they are be­
tween three and five months old. Crops older than this 
exhibit much less rust. Therefore crops will be less 
affected if harvested or planted so that they are older 
than five months in September or May, after which the 
spore load in the air begins to rise (Figure I). 

Copersucar inoculates young sugarcane seedlings 
with rust for heritability studies. Sixty-day-old seed­
lings are placed in flats and covered with a thatched 
roof of sugarcane leaves with a heavy rust spore load. 
After 20 days in these conditions, individual plants are 
scored for rust reaction on the leaf number +1. Heri­
tability values of 75% were obtained in a parent X off­
spring regression experiment, with 51 full sib and 144 
half sib families using 90 seedlings per family. 

Rust testing in clones depends on natural infection 
in trials that are bordered with susceptible varieties. In 
the breeding program, in intermediate stages of selec­
tion approximately 60% of the clones found to be 
resistant to rust score 1, 2 or 3. 

Rust reaction is considered a potential candidate for 
molecular marker studies. Unselected progenies, seg­
regated for rust reaction, are being kept in the field. 
Work with tissue culture has shown that it is not 
uncommon to find a variant with a different rust reac­
tion from the donor parent, usually a more susceptible 
reaction. Susceptible clones have even been found in 
field-grown plants of resistant varieties. These plants 
are being screened with molecular markers. 

Ratoou Stunting Disease (Clavibacter xyli) 

Copersucar has established a 'dot-blot' based diagnos­
tic as a service to mills. A minimum of 100 samples are 



Table 1. Distribution of major commercial varieties of sugarcane in southern Brazil and their reaction to diseases 
(disease scores on a I to 9 scale). 

Variety % of area" Smut Rust Mosaic Leaf scald Ratoon Yellow 
stuntingb leaf' 

SP71-6163 22.6 5 6 2 2 ++ 
SP70-1143 21.9 2 6 2 6 + 
RB72454 16.8 6 2 + + 
SP71-1406 IO.S 6 7 2 2 + + 
SP79-1011 5.6 4 7 2 2 + + 
RB76541S 4.S 4 2 + + 

" Of 2.2 million hectares. b ++ = severe symptoms; + = symptoms observed; - = no symptoms observed. 

taken from each area to be diagnosed. Samples consist 
of approximately 0.5 mL of xylem fluid extracted from 
a basal node, using positive air pressure. Samples are 
extracted in the field into microfuge tubes. A drop of 
5% formaldehyde solution is added to the tube as a 
preservati ve. 

Samples are received at Copersucar and 0.3 mL are 
placed on nitrocellulose membranes (100 + 4 controls 
on a 12 by 7.5 cm membrane). The diagnostic is based 
on polyclonal antibodies produced in rabbits. The sys­
tem detects concentrations of IQ4 bacteria per milli­
litre. 

The six major commercial varieties accounted for 
208 areas analysed (20800 samples) in 1993-94 and 
286 areas (28 600 samples) in 1994-95. The average 
infection of these varieties was 0.75% in 1993-94 and 
4.1 % in 1994-95. The number of areas tested positive 
for ratoon stunting disease (at least one sample posi-

4000 

3500 

3000 

2500 
'" ~ 
0 

2000 0. 
'" 
~ 
::l 

1500 ~ 

1000 

500 

0 
J S D M J S 

1991 1992 

tive) was 21 % in 1993-94 and 39% in 1994-95. It 
should be pointed out that these data refer to cane that 
is to be used as seed. 

Although there is genetic variability for ratoon stunt­
ing disease reaction, Copersucar has not quantified this 
variability and has not initiated breeding for resistance. 

Mosaic 

Most sugarcane varieties are resistant to the mosaic 
strain B, the prevalent strain in the field, and for that 
reason mosaic is not seen by growers as a problem. 
The breeding program inoculates seedlings from cross­
es using susceptible parents, and discards susceptible 
plants at an early stage - approximately 20 000 seed­
lings of the 600 000 seedling program. 

Mosaic is commonly intercepted in quarantine, 
based on inoculation in Sorghum Rio. The most recent 
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Figure 1. Puccinia melanocephala spores collected on a 2.5 cm2 glass slide at the Copersucar Technology Center 
from 1991 to 1994. 
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interceptions were three Thai varieties (K80-1-128, 
K81-1-026 and K84-69), 

In seedlings mosaic is inoculated with an air gun and 
carborundum, while in clonal evaJuations Copersuear 
relies on natural infection from susceptible varieties 
planted in aJtemate rows. In the breeding program, in 
intermediate stages of selection, approximately 80% of 
the clones found to be resistant to mosaic score 1,2 or 
3. 

Leaf Scald Disease (Xanthomonas albilineans) 

Leaf scaJd disease has grown in importance in recent 
years. Some major commerciaJ varieties have tested 
susceptible to the disease. but the greatest worry is 
with some very promis'ing new clones that have shown 
unacceptable reactions. With the increasing mechan­
isation of harvesting in Brazil, more importance should 
be given to leaf scaJd disease resistance, 

Various isolates of X. albilineans were sent to Mont­
peUier and were identified by p, Baudin as being of 
serotype 2. Copersucar has produced a polyclonal anti­
body on rabbits that has shown the same sensitivity as 
antiserum samples obtained from Montpelher. 

Variety reaction is evaluated in artificiaJly inoculat­
ed plants. One eyed sets are vacuum inoculated with 
0.2 mL of diluted X. albilineans suspension. In the 
breeding program, in intermediate stages of selection, 
approximately 40% of the clones found to be resistant 
to leaf scald disease score 1,2 or 3, 

Yellow Leaf Syndrome 

Yellow leaf syndrome was observed in some areas in 
the southern part of the State in 1991-92. One variety 
in particular, SP7l-6163, showed symptoms of midrib 
yellowing and stunting of growth. The symptoms 
worsened in 1992-93 and began affecting yields of this 
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variety on a state-wide basis, Initial studies consider­
ing both biotic and abiotic hypotheses included soil 
borne fungal pathogens, nutrition, soil compaction and 
climatic conditions, among others. 

Although some abiotic factors such as nutrition and 
soil compaction appeared to enhance symptoms they 
could not be regarded as the sole causes of the prob­
lem. Poor rooting in plants with symptoms was 
suggestive of soil-borne pathogens but these were 
ruled out as the causal agents after extensive, unsuc­
cessful attempts to isolate soil pathogens. 

Similar symptoms were observed in Hawaii, and 
Susan Schenck reported the isolation of double strand­
ed RNA. The RNA isolation was repeated at Coper­
sucar. In some cases Copersucar was able to isolate 
RNA from clones with symptoms. Microscopic inves­
tigation of sugarcane tissue revealed abnormalities in 
phloem tissue. In fresh samples autofluorescence was 
observed in the phloem. Necrosis in the phloem was 
also observed. However, the most fluorescent cells are 
not the necrotic ones, It is possible that necrosis is the 
final stage, which is preceded by the accumulation of 
fluorescent material (phenyl-propanoids?) as a reaction 
to viral infection, A 'tissue blotting' technique was 
employed to imprint a leaf sample on nitrocellulose 
membrane. The blots were challenged with BYDV­
PAV antiserum obtained from Cornell University, A 
positive reaction was observed in the phloem in some 
of the samples analysed. 

Electron microscopy has proved to be difficult due 
to the toughness of the leaf samples. In the cytoplasm 
of some phloem companion cells of plants with symp­
toms, groups of isometric particles of 20-25 nm in 
diameter were observed. These fit the description and 
size of luteovirus barley yellow dwarf virus. Trans­
mission tests with aphids are being conducted to con­
firm the luteovirus as the causaJ agent of yellow leaf 
syndrome. 
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Optimising Disease Expression in Quarantine 

R.L. Dodman * 

Abstract 
Environmental conditions affect all stages of pathogen development, including symptom ex­

pression. Post -entry quarantine of imported germplasm relies heavily on the expression of disease 
symptoms to detect lines of germplasm that are carrying diseases that could be of quarantine concern. 
Providing post-entry conditions that facilitate the detection of diseased germplasm is an important 
aspect of minimising the risk of introducing exotic diseases with new germplasm. 

THE RELATIONSHIP between the host, pathogen and 
environment is fundamental to plant pathology. The 
disease triangle featuring these key elements is dis­
cussed at length in all basic plant pathology texts (see, 
for example, Agrios 1978 and Matthews 1970). 

In examining pathogen life cycles, all parts of the 
disease cycle have been investigated and the role of the 
environment in each phase studied in detail. The main 
environmental factors - water (that is, rain, dew and 
humidity), temperature and light - have a role in the 
dispersal and deposition of pathogen propagules, in the 
germination of these propagules, in the penetration of 
the host and in the subsequent development of the 
pathogen within the host, leading to reproduction and 
the commencement of the next cycle with further dis­
persal. 

For quarantine, the most important part of this dis­
ease cycle and interaction with the environment is the 
final phase - the development of the pathogen in the 
host and the expression of symptoms. However, some 
other parts of the disease cycle are relevant with some 
pathogens (particularly bacteria) and will be discussed 
in more detail later. 

Post-Entry Quarantine 

Each country has conditions for imported material. For 
germplasm these conditions vary depending on 
whether the material to be moved i~ seed or vegetat­
ively propagated material. This general discussion 
covers all types of germplasm. 

The post-entry quarantine process allows for a 
period of plant growth during which it is expected that 
any disease present will be expressed. Thus diseased 
germplasm will be identified and either destroyed or 
freed of the pathogen (if possible). This process is 
designed to prevent the introduction of quarantinable 
pathogens. 

* Quarantine Plant Pathologist, Department of Primary 
Industries, PO Box 102, Toowoomba, Queensland 4350, 
Australia. 
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By far the greatest amount of material entering 
Australia comes in as seed. If restrictions apply, the 
seed is planted in post-entry quarantine (in some cases 
after specified treatments) and the plants are grown to 
maturity. If no disease is detected during growth the 
seed produced from these plants is released; the orig­
inal seed is not released from quarantine. If any disease 
symptoms are observed, the plants in that line may be 
destroyed after consultation with the Chief Quarantine 
Officer (Plants). 

There is an extremely important difference with veg­
etative material- a difference that hardly needs point­
ing out to those moving sugarcane germplasm. The dif­
ference is that it is the actual material that is introduced 
(not its progeny) that is eventually released after a 
specified period in quarantine if no disease is detected. 
One of the significant consequences of this is that there 
is the potential for the complete range of diseases 
associated with vegetative material to be imported 
whereas there is a much smaller suite of diseases 
associated with seed (because seed usually carries only 
a small proportion of plant diseases). 

The two main ways of detecting disease in post­
entry quarantine are by the expression of disease 
symptoms and by active screening (for example, virus 
detection with the electron microscope, transmission to 
indicator hosts, and probes). Most material passing 
through post-entry quarantine is screened on the basis 
of symptoms alone and thus great reliance and import­
ance are placed on disease expression. Because of this, 
the relationship between environmental conditions and 
disease expression in post-entry quarantine is of con­
siderable importance. 

The main classes of disease (fungal, bacterial and 
viral) and some of the environmental factors that could 
be of importance for disease expression are now con­
sidered. 

Fungal Diseases 

In the detection of fungal diseases in post-entry quar­
antine, the important part of the disease cycle is symp­
tom expression and, in general, environmental factors 



have relatively little effect on this. As a consequence 
there is no particular emphasis on optimising environ­
mental conditions for the expression of fungal diseases 
in post-entry quarantine. In general, plants develop 
under whatever conditions prevail in post-entry quar­
antine. Whether it is because of this or despite it, the 
expression of fungal diseases (of exotic origin, any­
way) is fairly rare. Occasional incidences of Col­
letotrichum leaf spots have occurred in some low risk 
ornamental plants, but have rarely been considered of 
importance. 

A combination of factors - seed treatment, low 
level of seed transmission, low level of successful 
establishment from inoculum in or on seed, low level 
of invasion of seed on a diseased plant and general 
high health of seed material being imported reduces 
the likelihood of disease being introduced and becom­
ing established in plants in post-entry quarantine. The 
introduction of seed through post-entry quarantine is 
thus a very effective way of eliminating fungal dis­
eases. 

The risks are much greater with vegetatively propa­
gated material. Systemic infection (for example, 
downy mildew) and latent infections are always poss­
ible, and post-entry quarantine conditions (both the 
time in post-entry quarantine and the environment) 
should ensure that symptoms are expressed in infected 
materiaL Various factors (for example, bare-rooted 
dormant cuttings and heat treatment and/or dipping of 
the material) are used to minimise risks. However, 
environmental manipulation is rarely employed. 
Rather the period in quarantine is usually set so that the 
material must grow through a whole season (or more) 
to provide a range of environments where disease can 
be expressed. 

Bacterial Diseases 

There are some significant differences between fun­
gal and bacterial diseases that are important in the 
quarantine situation. Perhaps the most important is 
the potential for bacterial pathogens to develop epi­
phytically on the host without actually infecting and 
producing symptoms. It is then possible for bacteria 
to be present on the seed that is produced or to remain 
in this epiphytic state on the leaves until the vegeta­
tive material is released. Pathogens can thus escape 
detection in post-entry quarantine and subsequently 
establish in the field. More measures for protecting 
against this pathway for breaching quarantine (such 
as more sensitive detection procedures) need to be 
considered. 

Because environmental conditions, particularly the 
presence of water, are so important for bacteria to gain 
entry to their host, there are situations where the con­
ditions of entry specify that leaves should be kept wet 
during initial growth to encourage disease expression. 
This occurs with cotton where seedlings must be 
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grown under continuous mist for 21 days at tempera­
lures above 25°C so that conditions for infection by 
Xanthomanas campestris pv. malvacearum carried in 
seed are optimised. During later stages of growth, 
plants are sprayed twice with copper oxychloride to 
minimise the opportunities for epiphytic growth on 
leaves and the transmission of bacteria to developing 
seed. 

The value of optimising conditions to encourage 
disease compared with providing conditions that 
restrict bacterial development can be debated. The 
issue is certainly important, particularly for vegetative 
material where a resident epiphytic population could 
be very significant. This issue is also relevant for some 
vegetative material that is introduced in tissue culture. 
There is the belief that bacteria in tissue culture will be 
detected on the medium, but it is also argued that bac­
teria could grow epiphytically and never develop on 
the medium. This is another important issue to be 
resolved and where sensitive detection procedures 
could be of value. 

Virus Diseases 

Environmental factors can have profound effects on 
the course of virus infection and subsequent disease 
and symptom development. This has important impli­
cations for material being screened and also for index­
ing procedures used during post-entry quarantine. 

The important processes influenced by the environ­
ment are infection. virus multiplication in the host and 
the development of symptoms. The most important 
factors are temperature, water, light and plant nutrition. 

Maximising virus multiplication and usually the 
intensity of virus symptoms is usually favoured by 
growing plants that are properly watered and have 
adequate light and ventilation and a good balance of all 
the essential nutrients. In general. it is best to keep 
temperatures below 30°C as there is evidence that the 
symptoms of some viruses in new growth may be 
milder or even totally masked when temperatures are 
excessive. 

In general, similar conditions favour virus infection 
although there is evidence that a period of low light 
intensity or even darkness during the day before inocu­
lation can increase the susceptibility of the host. There 
are also observations that in some cases a period of 
high temperature before inoculation can lead to greater 
infection. Another observation is that more disease 
may develop with inoculations in the afternoon than in 
the morning. These observations are important for 
indexing procedures carried out in post-entry quaran­
tine. 

From this information it can be seen that reasonable 
control of environmental conditions during post-entry 
quarantine is highly desirable if the detection of virus 
symptoms is to be used as a reliable indicator of 
germplasm health. 



Current Post-entry Quarantine Practices for 
Sugarcane in Australia 

The conditions that apply for the importation of sugar­
cane germplasm into Australia provide three options 
involving different choices of hot water treatment and 
a period of growth in post-entry quarantine. The cur­
rent regime used by the Bureau of Sugar Experiment 
Stations in Australia is even more stringent than that 
specified by the Australian Quarantine and Inspection 
Service. Although the treatment used will effectively 
eliminate downy mildew and smut, several virus and 
some bacterial diseases could still be present after the 
treatment. Reliance on the treatment and on symptom 
development during growth in post-entry quarantine 
has been an effective means of detecting exotic dis­
eases in the past. Currently the conditions for sugar­
cane germplasm entry into Australia are under review, 
the aim being to develop a set of conditions that will 
be practical (that is, allow the ready introduction of 
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germplasm) but will provide adequate safeguards for 
the Australian sugar industry. 

In summary, the post-entry quarantine process that 
has been and still is being used has been effective with­
out particular control of environmental conditions. A 
range of environments over the period in quarantine 
has generally allowed expression of disease symptoms. 
However, there is concern that some diseases, particu­
larly some virus diseases, could escape detection 
because symptoms are not produced. Some form of 
indexing with appropriate detection procedures may 
need to be introduced to ensure that such diseases are 
found during the exchange of germplasm. 
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Role of In-Vitro Maintenance of Sugarcane for 
Germplasm Conservation and Exchange 

J.C. Glaszmann"', P. Rott'" and F. Engelmannt 

Abstract 
The biology of sugarcane makes it useful to develop in-vitro germpJasm conservation and exchange 

methods. Various approaches exist, using somatic embryogenesis or bud and meristem culture. Bud and 
meristem culture from disease indexed materials provides a suitable source for producing in-vitro 
plantIets that can be exchanged and quickly multiplied through micropropagation. It may help elim­
inate diseases of unknown etiology. Experience with medium term conservation of in-vitro plantIets in 
slow growth conditions illustrates its vulnerability; duplication of such collections is necessary if they 
are to ensure the conservation of unique materials. Medium or long term conservation may, however, 
be better ensured by apex cryopreservation. Existence of such source material for in-vitro pla.,t1ets 
regeneration, exchange and multiplication will help keep the active in-vitro phases - and the genetic 
instability possibly associated - to a minimum. For those resources that are to serve only as sources 
of genes for breeding, somatic embryogenesis offers potential additional options that have to be 
explored according to the community needs and the constraints of sexual seed production, conservation 
and exchange. 

THE MAINTENANCE COSTS of large sugarcane field col­
lections are high and plants in natural conditions remain 
exposed to pests and pathogens as well as to natural 
disasters. Seed conservation is possible but it is a very 
destructuring process for this highly heterozygous 
plant. Moreover, the flowering ability is low for many 
clones. In-vitro culture techniques allow conservation 
of plant germplasm in a pathogen-free condition with 
reduced space requirements and maintenance costs 
(Engelmann 1991). For short or medium term storage. 
the aim is to reduce the growth rate of the plant 
material, usually by lowering the culture temperature. 
For long term conservation, cryopreservation (liquid 
nitrogen, -196°C) is preferred since it stops all meta­
bolic events and cell divisions. The plant material can 
thus be stored for extended periods without genetic 
alteration. While cultures stored under slow growth are 
the source of material for exchange between 
genebanks and for distribution to users, material stored 
under cryopreservation is conserved for the long term 
in safe conditions and with limited maintenance. 

Current Applications of In-Vitro Culture for 
Sugarcane Gennplasm Management 

The application of in-vitro culture to sugarcane has 
been reviewed by Maretzki (1987) and by Guiderdoni 
et al. (1995) for somatic embryogenesis. 
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For large scale propagation . 
Research on somatic embryogenesis in sugarcane was 
directed mainly toward the production of useful 
somaclonal variants and, more recently. genetic trans­
formation. Even though significant progress has been 
made, somatic embryogenesis is still far from being 
usable for the large scale propagation of sugarcane. 

Propagation techniques for sugarcane using meris­
tern or bud culture have very high multiplication poten­
tial since it is theoretically possible to produce millions 
of plants per year from a single apex. This methodology 
is being applied in various scales in several countries 
for the rapid multiplication of new varieties. 

For disease eradication and germplasm exchange 
In-vitro culture of apices has been extensively used for 
producing disease-free material, sometimes in conjunc­
tion with heat therapy, and was proven to substantially 
eliminate various pathogens. This method is recom­
mended by the Food and Agriculture Organisation and 
the International Board for Plant Genetic Resources for 
safely moving sugarcane germplasm, since it is the 
most effecti ve in eliminating most fungal and bacterial 
diseases and may currently be the only option to elimi­
nate diseases of unknown etiology. In-vitro culture of 
apices is now routinely used for the international 
exchange of disease-free plant material for this crop (de 
Boer and Rao 1991; Paulet and Glaszmann 1994). 

For medium term conservation of germplasm 
Experiments performed in India demonstrated that 
rooted plantlets could be stored at 25°C for one year 
with one subculture after six months (Srinivasan and 
Srinivasan 1985), In Australia, 200 Saccharum spp. 



hybrid clones were stored for twelve months at 18°C 
and no phenotypic modifications were noted in the 
recovered plantlets (Taylor and Dukic 1993). 

Extensive experience was acquired on the routine 
use of in-vitro culture on a large scale for conserving 
sugarcane at CIRAD, Montpellier (Paulet and Glasz­
mann 1994). The in-vitro collection of CIRAD was 
established in 1981, in connection with the Inter­
national Quarantine Center for sugarcane hosted by 
this centre. 

Technique 

The procedures for the in-vitro inoculation and conser­
vation of sugarcane germpJasm are the following. In­
vitro cultures are initiated using axillary buds sampled 
on canes that have been submitted to two successive 
quarantine cycles, and can thus be considered disease­
free. The plantlets originating from bud development 
are then multiplied until a sufficient number is avail­
able. For storage, plants are placed at 18°C on a dilut­
ed MS medium under reduced light intcnsity. Under 
these conditions, subculture intervals vary between six 
months and two years, depending on the variety. 
Between two storage periods, plants are placed for 2-4 
weeks at 25°C to stimulate root initiation. When a 
given variety is requested. plantlets are transferred at 
2YC for multiplication. The plant material is dis­
patched in the form of in-vitro rooted plantlets 3-6 
months after the request is made. depending on the 
quantity of material to be produced. 

Management aids 
The plant material of the in-vitro collection has been 
partly characterised using isoenzymatic and, more 
recently, RFLP (restriction fragment length polymor­
phism) profiles (Eksomtramage et al. 1992; Lu et al. 
1994). In addition to the precise description of the 
varieties included in the collection, these techniques 
may allow the possible modifications occurring in the 
in-vitro material over extended storage periods to be 
assessed. 

Constraints 

The in-vitro collection has included up to 650 var­
ieties. Some varieties have been stored under slow 
growth for up to 13 years. The management of the in­
vitro collection requires one full time staff member. 
Moreover, it would be advisable to reintroduce var­
ieties after several years of such conservation in order 
to minimise risks of genetic instability and drift. The 
size of the collection was thus decreased to about 300 
clones in 1994. 

Safety 
In late 1994 there was a sudden boom in fungal and 
bacterial contamination of tubes in the 18°C room. 
It was several weeks before the main factor could 
be identified. Several mite species of the family 
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Pyemotideae were found to be present and getting into 
the glass tubes by crawling along the folds of the 
wrapping film (Saran wrap) and perhaps even through 
it. This invasion could be controlled after several mist 
applications of a miticide above the opened tubes. The 
result was a 90% loss of accessions. Although this was 
the first time such an accident occurred in more than 
ten years experience, the result illustrates that in-vitro 
conservation in slow growth conditions is not devoid 
of hazards, even in a laboratory that has broad and 
lengthy experience. 

For long term conservation of germplasm 
Cryopreservation experiments have been performed 
using cell suspensions, embryogenic calluses and apices 
of sugarcane. Given the initial investment required for 
establishing cell suspensions, this material seems 
unsuitable for conserving large numbers of genotypes. 
Embryogenic calluses and apices are more likely to 
allow large scale conservation. 

Embryogenic calluses 

The first success with cryopreservation of embryo­
genic calluses was reported by Ulrich et al. (1979) 
using cultures of the variety H50-7209. Various stud­
ies brought gradual improvements to the technique. 
The most comprehensive study was performed by 
Eksomtramage et al. (1992). An efficient technique 
was set up with embryogenic calluses of sugarcane 
variety Co6415. Up to 92% regrowth was obtained 
from cryopreserved calluses. This technique was suc­
cessfully applied to calluses of ten other varieties, 
with, however, a variable and sometimes limited 
callus regrowth and regeneration rate ranging from 
5% to 39%. Numerous plantlets were regenerated and 
could be transferred to soil and grown in the green­
house. 

Apices 

Cryopreservation was recently achieved with apices 
sampled on in-vitro plantlets using encapsulation 
dehydration (Gonzalez Arnao et al. 1993; Paulet, 
Engelmann and Glaszmann 1993). The technique 
was developed with variety Co6415. yielding a cryo­
preserved apices survival rate of 64%. When applied 
to 13 additional varieties at CNIC, Cuba, and 
CIRAD, survival rates ranged between 14% and 
91%, with an average of 61%. Direct regrowth of 
cryopreserved apices occurred within three days of 
thawing and whole plants could be regenerated with­
in five weeks. 

Investigations of Genetic Stability Through 
Conservation 

Trueness to type of plants regenerated after cryop­
reservation, using isozymes and RFLPs, was tested at 
CIRAD in various studies that are now summarised. 



Cryopreserved calluses 
Surveys of somaclones derived from frozen calluses 
sometimes revealed numerous modifications for 
isozymes and for RFLPs with both nuclear probes and 
mitochondrial probes. However, variation was also 
observed among plants derived from unfrozen calluses; 
thus, it was not possible to detect a specific effect of 
freezing. Comparison of some variant plants regenerat­
ed from the same callus suggested that sequences of dis­
tinct modifications can occur, allowing modifications to 
be attributed to more than a single major event. 

Cryopreserved apices 
The plants regenerated from frozen apices were sur­
veyed with isozymes and RFLPs using 17 nuclear 
probes covering all known sugarcane linkage groups 
and three mitochondrial probes, in combination with 
two restriction enzymes. This represented more than 
200 bands in the parental variety Co6415. Several mol­
ecular types were uncovered among the apex derived 
plants, be they regenerated from frozen apices or 
unfrozen apices. This variation was not due to freezing 
but was pre-existing among the in-vitro plantlets that 
were used for producing the apices. The differences 
suggested the loss of genetic material chromosome 
or chromosome segment - or DNA methylation, 
which may be reversible. This variation must have 
occurred during the in-vitro phase or was present 
among the plants initially used for bud culture. 

Plants derived from conventional field propagation 
The stability through conventional field propagation 
was investigated through a collaborative effort involv­
ing BSES, CERF, CIRAD (Guadeloupe), Copersucar, 
HSPA, ISRI, SBr and WICSCBS. Old varieties, name­
ly B46364, Chunnee, Co6415, NC0310 and POJ2878, 
were introduced to Montpellier from several of these 
breeding stations - that is, after many years of sep­
arate propagation. They were compared on the basis of 
RFLPs using 35 nuclear probes and restriction enzyme 
HindIII. After removing those clones that appeared 
mislabelled, each origin could be compared with the 
most frequent pattern. A total of 5987 bands were thus 
involved in the comparison and 27 bands were affected 
(appeared, disappeared or had a modified intensity). 
The modifications appeared localised in the genome. 
Although it is difficult to strictly quantify the genetic 
changes that occurred, it remains that many cases of 
modifications were uncovered. 

Conclusions and Prospects 

In-vitro technologies are available for supplementing 
field and seed conservation of sugarcane. Examining 
information and experience available on various tech­
nical constraints, practicality for conservation and for 
exchanges, safety from hazards, and genetic stability 
led to the following recommendations. 
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Conservation of specific genotypes 
In-vitro propagation from cultured apices provides a 
suitable source for germplasm exchange, provided that 
the base plant materials have been subjected to stan­
dard disease indexing methods. Apex culture will help 
to eliminate diseases of unknown etiology. The move­
ment of such materials can be followed by rapid micro­
propagation. 

Slow growth culture conditions should be viewed as 
a temporary state suitable for short term conservation. 
(Specific factors of genetic instability cannot be ruled 
out, and hazards are not absent.) 

When considered necessary, long term conservation 
of a specific genotype should be undertaken immedi­
ately after the decision that this genotype should be 
conserved (to avoid the natural mutation rate causing a 
drift), using cryopreservation of apices (to avoid 
somaclonal variation associated with unmastered 
somatic embryogenesis) derived from in-vitro plantlets 
that have spent little time in vitro (to avoid possible 
instability during the in-vitro phase). This will allow 
regeneration of in-vitro plantlets for germpJasm 
exchange. Attention has to be directed to setting up a 
proper stock management system. 

Conservation of genes 
Accessions that have to be conserved as a source of 
genes for breeding purposes have a wider range of 
options, including those that involve a callus phase. 
Exposure to increased genetic instability risks can be 
compensated for by a quicker obtention of in-vitro 
tissues and subsequent higher multiplication rates. 
Given the sequence of manipulations, it is unlikely that 
the same favourable gene be lost in all the plants that 
can ultimately be regenerated. The same phytosanitary 
precautions must be taken as for the genotype conser­
vation option. The practicality of this approach must be 
compared with that involving seed conservation, tak­
ing into account the embryogenetic ability and the 
flowering behaviour of the materials. 

References 

de Boer, H. and Rao, P.S. 1991. Disease-free sugar cane nurs­
ery through tissue culture. Proceedings of the 9th Confer­
ence of Barbados Society of Technologists in Agriculture, 
57-60. 

Eksomtramage, T., Paulet, F., Guiderdoni, E., Glaszmann, 
I.C. and Engelmann, F. 1992. Development of a cryo­
preservation process for embryogenic calluses of a com­
mercial hybrid of sugarcane (Saccharum sp.) and appli­
cation to different varieties. Cryo Letters, 13, 239-252. 

Eksomtramage, T., Paulet, F., Noyer, J.L., Feldmann, P. and 
Glaszmann, I.C. 1992. Utility of isozymes in sugareane 
breeding. Sugar Cane, 3, 14-21. 

Engelmann, F. 1991. In vitro conservation of tropical plant 
germpJasm - a review. Euphytica, 57, 227-243. 

Gonzalez Amao, M.T., Engelmann, F., Huet, C. and Urea, C, 
1993. Cryoconservation of encapsulated apices of 



sugarcane: effect of freezing rate and histology. Cryo 
Letters, 14, 300-308. 

Guiderdoni, E., Merot, B., Eksomtramage, T, Pauler, E, Feld­
mann, P. and Glaszmann, J.c. 1995. Somatic embryo­
genesis in sugarcane (Saccharum sp.). In: Bajaj, Y. ed. 
Biotechnology in Agriculture and Forestry, 31, 92-113. 

Lu, YH., D'Hont, A., Paulet, F, Grivet, L., Amaud, M. and 
Giaszmann, J.c. 1994. Molecular diversity and genome 
structure in modem sugarcane varieties. Euphytica, 78, 
217-226. 

Maretzki, A. 1987. Tissue culture: its prospects and problems. 
In: Heinz DJ., ed. Sugarcane Improvement Through Breed­
ing, EIsevier, Amsterdam, 343-384. 

Paulet, E, Engelmann, E and Glaszmann, J.C. 1993. Cryo­
preservation of apices of in vitro plantlets of sugarcane 

70 

(Saccharum sp.) using encapsulation/dehydration. Plant 
Cell Reports, 12, 525-529. 

Paulet, F. and Glaszmann, J.c. 1994. Les biotechnologies en 
soutien a la diffusion varietale chez la canne a sucre. Agri­
culture et Deveioppement, 2. 55-61. 

Srinivasan, T.Y. and Srinivasan, J. 1985. In vitro sugarcane 
germplasm storage. Sugar Cane, 1,7-8. 

Taylor, P.WJ. and Dukic, S. 1993. Development of an in vitro 
culture technique for conservation of Saccharum spp. 
hybrid germplasm. Plant Cell Tissue and Organ Culture, 
34,217-222. 

Ulrich, J.M., Finkle, BJ., Moore, P.H. and Ginoza, H. 1979. 
Effect of a mixture of cryoprotectants in attaining liquid 
nitrogen survival of callus cultures of a tropical plant. 
Cryobiology, 16,550-556. 



New Technologies for Indexing Crops 
for Pathogens 

J.W. Randles* 

Abstract 
New technologies can be defined as molecular methods for detecting specific components of 

pathogens in plant material. Of these, detection of anti genic proteins by immunological methods is 
rapid and inexpensive, whereas nucleic acid based technologies are more sensitive but more expen­
sive. The latter techniques are suitable for non-immunogenic pathogens, such as viroids, and for 
applications where zero tolerance is required, such as in quarantine situations. Moreover, nucleic 
acid component analysis can be used for investigations of diseases of unknown etiology. 

THE IDENTIFICATION of diseases and their causal agents 
(pathogens) is a basic aspect of plant pathology. It 
impinges on all aspects of disease control. such as 
exclusion, eradication, avoidance, amelioration and 
resistance. The identification of a pathogen provides 
the basis for determining its biology and shows where 
control strategies should be directed. 

Improved methods for disease and pathogen recog­
nition are constantly being sought to satisfy the 
demands for cheaper and more efficient plant produc­
tion, and to avoid the possibility of the development of 
disease epidemics. With the move from wild or mixed 
culture to monoculture with single crop genotypes, 
the risk of epidemics is increased. Because epidemics 
are driven by both the amount of initial inoculum (Q) 
and the rate of increase in newly infected plants (r), 
indexing procedures that minimise Q are needed. One 
desirable feature of an indexing technique is high 
sensitivity so that not only can inoculum levels be 
kept below thresholds that can produce epidemics, 
but pathogens may even be excluded entirely from 
plant propagules. 

This paper compares a range of recently developed 
indexing technologies with special reference to appli­
cation, reliability, sensitivity and speed. 

Recognising Disease 

The level of severity at which a disease becomes 
apparent usually depends on the observer. A disease is 
generally recognised by overt symptoms of infection 
such as lesions, necrosis, chlorosis, stunting or malfor­
mation. However, much disease remains undetected, 
and observations of reduced crop yield may be attrib­
uted to genetics or agronomy, even when a pathogen is 
the cause. For example, pea seed-borne mosaic virus 
infection reached high levels in pea breeders' lines 
because of a lack of indexing (Hampton, Kraft and 
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Muehlbauer J 993), and multiple virus infections of 
vegetatively propagated crops have caused often dev­
astating infections that were recognised as important 
only when the viruses had been removed. Other forms 
of undetected disease can result from root infections or 
from hidden biochemical 'lesions' arising from 
reduced net assimilation rates, changes in starch or 
water use, changes in hormone levels and organelle or 
membrane damage. It is possible that 'invisible' losses 
of up to 15% can occur with many pathogens because 
they do not induce obvious disease, and even higher 
losses may result from infection reaching such a high 
incidence that the infected plants can be regarded as 
the 'norm'. Because an absence of overt disease does 
not necessarily indicate freedom from pathogen 
induced losses, it is necessary for pathologists to have 
techniques available for detecting each type of 
pathogen. 

Causal Agents 

The biotic agents of disease can be broadly classified 
according to their relationship with their host. The 
extracellular 'pathogens include nematodes, fungi and 
bacteria that grow outside their host cells, but may 
propagate in the intercellular spaces or xylem, or pro­
duce intracellular haustoria. Intracellular pathogens 
include membrane bound parasites that may be entire­
ly located in the vascular tissue (fungal endophytes, 
fastidious phloem-infecting bacteria, flagellate proto­
zoa or phytoplasmas) and those that are not membrane 
bound and that parasitise the symplast (viruses and 
viroids). 

Indexing for extracellular pathogens can be regard­
ed as routine, using existing procedures of isolation, 
culture and microscopy, and eradication of these 
pathogens is usually not complex. Indexing for intra­
cellular pathogens is complex for reasons associated 
with their obligate biotrophism, and eradication is 
much more difficult. Therefore new technologies are 
needed for identifying intracellular pathogens so that 
they can be excluded from planting material. 



Principles of Indexing 

Biological indexing relies on the transmission and 
amplification of disease in sensitive alternative hosts. 
This method tests the biological properties of patho­
gens, and early successes in controlling intracellular 
pathogens have been due to biological indexing. 

Non-biological indexing is done by component 
analysis and depends on the recognition of components 
specific to the pathogen or pathogen group. Electron 
microscopy, immunology, nucleic acid probing and 
polymerase chain reaction (PCR) amplification are 
applications of this form of analysis. These methods 
provide information on the presence of an organism, 
but biological properties such as transmissibility and 
pathogenicity are not tested. The sensitivity of some 
tests using component analysis approaches that of bio­
logical testing. However, it can be argued that a test to 
show that a pathogen is absent (which is the aim of 
indexing) should be a biological one. An example of a 
combined test is with viroids, where an amplifying 
host may be used first to increase the viroid content of 
the tissue, while the probe is used to specifically ident­
ify the viroid. Component analysis is particularly 
appropriate when experimental transmission methods 
are not available (such as with monocotyledons that 
cannot be grafted), when incubation times are long, or 
when disease symptoms are not apparent. 

New Technologies Applicable to Non-
Biological Indexing 

Non-biological indexing includes methods that will 
recognise pathogens or their components. For exam­
ple, the current scheme for classifying viruses to fami­
ly and genus level relies on isolation and visualisation 
techniques to recognise particle shape, bounding mem­
branes, and the characteristics of the nucleic acid such 
as type, size, strandedness, linearity or circularity 
(Francki et al. 1991). Classification to virus species or 
strain level uses immunology and nucleic acid 
sequence specific methods. These latter techniques 
are also applicable to prokaryotic and eukaryotic 
pathogens. 

Immunology 
Applications of immunology rely on the specific bind­
ing of an epitope of the antigen with the paratope of the 
antibody. A wide range of methods has been developed 
to take advantage of this specific recognition (Van 
Rcgenmortel and Dubs 1993). Sensitivity has been 
enhanced by amplifying the antibody, usually by link­
ing a label (Protein A), enzymes (ELISA, DIBA, 
SADI) or marker bodies (gold, latex) to the immuno­
globulin. These methods are fast, specific, sensitive and 
can be cheap (Table 1). They normally require minimal 
laboratory facilities and some tests can be adapted to 
field use. Indirect methods have been developed to 
speed up multiple testing. Disadvantages include the 
small size of the antigen recognition site (epitopes are 
5-7 amino acids in length), the difficulty of achieving 
sufficient purity of the antigen before immunisation, 
and the frequent problem of high backgrounds with 
amplified tests. Moreover. costs are higher if mono­
clonal antibodies are used instead of polyclonal anti­
bodies. 

Nucleic acid methods 
Table I provides a simple comparison of nucleic acid 
based methods with immunological methods. In prin­
ciple, nucleic acid methods for diagnosis have a num­
ber of advantages. 
• They target the genome of the pathogen. 
• They may be designed to represent either the whole 

genome or selected motifs in the genome. 
• The mechanism of hybridisation of the probe with 

target, and reaction kinetics, are well understood. 
• A wide range of detection and amplification tech­

niques is available. 
• Sensitivity exceeds that of immunology by many 

orders of magnitude. 
A number of disadvantages should be noted. 

• Specialised facilities are needed. 
• The requireq skill base is high. 
• Nucleotide sequence information for the pathogen is 

needed. 
• Troubleshooting is a constant feature of these 

methods, so that research needs to be combined with 
development. 

Table 1. Evaluations3 of indexing techniques based on immunological and nucleic acid methods. 

Property 

Sensitivity 
Speed 
S pecificity 
Cost 

Immunological tests 

Precipitin tests Amplified 

Low Medium 
High Medium 

Medium Medium 
Low Medium 

Nucleic acid specific tests 

Probes PCR amplified 

High Very high 
Low Low 
High High 
High High 

a These are relative evaluations based on inherent characteristics of the tests, and assume that laboratory facilities and training 
levels are not limiting. 
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• Assays can be influenced by the molecular structure 
of the probe or target nucleic acid, and plant prod­
ucts such as enzymes and inhibitors. 
To establish a nucleic acid based scheme, the mini­

mum requirements are: 
• to isolate and characterise the pathogen genome, or 

the component that is to be the target; 
• to determine an appropriate strategy for indexing; 
• to develop and produce specific probes or primers; 
• to develop appropriate plant processing methods; 

- sampling and storage 
extraction 
selective concentration of the target 

- removal of contaminants; 
• to develop detection methods 

- hybridisation strategy 
amplification strategy 

- detection and scoring 
- further analysis of the target; and 

• to interpret. 
All of the above steps need to be optimised for a 

specific pathogen or group of pathogens, and a range 
of nucleic acid technologies is available for application 
to indexing. Selection can be made from the following 
range of methods. 
• Hybridisation with randomly primed complemen­

tary DNA representing the full genomic RNA or 
DNA of the pathogen. This technique is most appro­
priate for viruses. 

• Hybridisation with short cDNA probes representing 
either conserved or variable parts of the genome of 
the pathogen. This is appropriate for viruses and 
viroids, but its application still requires development. 

• Cloning of pathogen nucleic acids to produce a 
cDNA or genomic library. Pathogen specific clones 
can be identified and sequenced. These can be sub­
cloned into appropriate vectors and probes synthes­
ised for specific applications by molecular hybridis­
ation analysis. This method is very suitable for 
prokaryotic and eukaryotic organisms. and viruses. 

• PCR requires knowledge of the sequence to be 
detected so as to allow the design of forward and 
reverse oJigodeoxynucleotide primers that will 
bracket a target sequence (preferably 200--1000 
nucleotides in length). Detection of an RNA target 
requires an initial reverse transcription step to 
cDNA prior to PCR and this may limit the sensitiv­
ity of the method. Although PCR is potentially 
extremely scnsitive, workers frequently report inter­
ference by inhibitors in plant extracts. Analysis of 
the size and sequence of the product may be 
required to confirm its identity. 

Diseases of Unknown Etiology 

Indexing by the above methods assumes that the 
pathogen to be identified has been isolated and charac­
terised, and that relevant probes are available. Diseases 
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of unknown etiology require a different approach in 
which component analysis is again an important strat­
egy. It is particularly useful for viruses where electron 
microscopy is unsuccessful (Randles 1993) as the size 
and structure of viral nucleic acid components is 
almost always different from that of normal host 
nucleic acids. 

A range of techniques including gel electrophoretic 
fractionation. end-labelling, enzyme sensitivity, dye­
binding, buoyant density, thermal denaturation profiles 
and electron microscopy is available to isolate and 
characterise disease associated nucleic acids. They can 
be typed to RNA or DNA, and their strandedness, lin­
earity or circularity, and apparent size can then be 
described. A comparison with the known properties of 
virus genera and families (Francki et al. 1991) then 
allows the tentative identification of the virus to genus 
level. Identification of the putative replicative forms of 
RNA viruses, which can be readily identified as ds­
RNAs, has been one of the most useful advances 
(Dodds 1993) as their stability allows quite rigorous 
purification. Circular viroids and satellites, and circu­
lar ssDNA and dsDNA are also readily separated by 
two-dimensional gel electrophoresis. Purification is an 
avenue to cloning and sequencing, and hence to a stan­
dard nucleic acid indexing proccdure. 

A general PCR based technique has been developed 
which may be applicable to diseases of unknown eti­
ology with a possible phytoplasma etiology. The 165 
ribosomal DNA (rDNA) sequences are amplified by 
PCR, using a 'universal' primer pair. For example, Lee 
et al. (1993) designed such primers for the specific 
amplification of 16S rDNA from a broad array of 
phytoplasmas from infected plant tissues, and then 
used restriction enzyme digestion of the products in an 
RFLP (restriction fragment length polymorphism) 
analysis for differentiating and classifying them. The 
phytopiasmas were therefore not cultured, and direct 
identification was possible from plant DNA extracts. 

Conclusions 

New technologies based on immunological and mol­
ecular biological methods offer more rapid, more 
sensitive, more reliable and more efficient means of 
identifying parasites in plants. They can be used to set 
up specific tests for known pathogens, or used to ident­
ify a new pathogen where a disease of unknown eti­
ology occurs, They do not assay pathogenicity, so 
additional experiments are needed if pathogenicity is 
to be tested. However, they may allow the amplifi­
cation of the genome so that it may be inoculated in a 
pathogenicity test. A further justification for the use of 
new technologies is that they not only use current 
knowledge of pathogen composition for indexing, but 
they can also provide tools such as probes, which can 
be applied to more intricate studies of pathogen struc­
ture. host-pathogen interactions, and to epidemiology. 



peR has already made a major contribution to 
indexing for prokaryotic and eukaryotic pathogens, 
The strategy of amplifying specific genes and sub­
sequently analysing them for sequence differences by 
either RFLP or direct sequencing can be expected to 
have a major impact on plant pathology. Likewise, 
probes for specific genes or sequences offer a new 
approach to identification and epidemiology. 
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Molecular Tools for Indexing in Sugarcane 

K.S. Braithwaite and G.R. Smith * 

Abstract 
Indexing for diseases in sugarcane will be significantly enhanced by tbe application of specific 

molecular tests. In circumstances where the pathogen is present in low titre, symptomatology is unre­
liable, or the infection is latent, molecular tools provide the most sensitive and reliable method for 
detection. For some diseases of sugarcane, specific molecular tests have been developed to detect the 
pathogen, but the tests have not yet been applied to routine indexing. In other cases, the tests are still 
being developed, or the methodology exists but has not yet been applied to pathogens of sugarcane. 

THE INTERNATIONAL EXCHANGE of sugarcane germ­
plasm is essential for the success of breeding programs 
and research in many sugarcane growing countries. A 
secure and well-managed quarantine facility is essen­
tial to minimise the risk of introducing new diseases or 
new variants of diseases into sugarcane growing areas. 
Previously, most diseases of sugarcane were diagnosed 
on the basis of symptoms, and for some bacterial and 
viral pathogens, a serological based test was available 
to assist in identifying the causal agent. In recent years 
a number of new diseases of viral or unknown cause 
(for example, sugarcane bacilli form virus [SCBV], 
sugarcane mild mosaic virus [SCMMVj and yellow 
leaf syndrome) have been detected in sugarcane. At the 
same time, the advent of new molecular techniques 
provides an opportunity to improve quarantine security 
by providing sensitive specific tests for both new and 
well-known diseases. This is a short review of the mol­
ecular tests currently available, and of those being 
developed, for diagnosing different sugarcane diseases. 

Virus and Virus-Like Diseases 

Viruses 
Sugarcane has a number of viral pathogens and, for 
most, either an antiserum based or a nucleic acid based 
test has been developed, as detailed in Table 1. For 
some viral diseases, diagnosis by symptomatology is 
unreliable. For example, the flecking symptoms 
associated with SCBV infection are variable or may be 
absent, and although Fiji disease virus causes charac­
teristic galls, a long latent period may occur between 
infection and gall development. In other cases, viral 
titre is low, for example in SCBV-infeeted commercial 
canes. Molecular tests provide a means of diagnosing 
asymptomatic plants and plants containing low titres of 
viruses. Sensitive and specific molecular tests based on 
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the polymerase chain reaction (PCR) for DNA viruses 
such as sugarcane streak virus, or reverse transcriptase 
PCR for RNA viruses sueh as SCMMV and peanut 
clump virus can be developed once the nucleic acid 
sequence of the virus is known. This approach has 
been successfully used to develop PCR based tests for 
SCBV (Braithwaite, Egeskov and Smith 1995), and 
reverse transcriptase PeR based tests for Fiji disease 
virus and sugarcane mosaic virus (SCMV) (Smith and 
Van de Velde 1994). For most viruses listed in Table 1, 
DNA primers or probes are available, but a rapid, 
routine screening test suitable for indexing sugarcane 
in quarantine has yet to be developed. 

Some viruses are known to exist as a number of 
strains and a practical indexing test must be able to 
detect all strains. Tests based on antisera are generally 
less scnsitive than PeR based tests and can be strain­
dependent. PeR primers targeted to conserved regions 
of the viral genome maximise detection of all isolates. 
Several strains of SCMV have been described and a 
range of polyclonal (Shukla et al. 1989) and mono­
clonal (Lin and Chen 1994) antisera are available to 
differentiate strains of the SCMV subgroup of 
potyvimses. The PCR primers developed to detect 
SCMV-infected cane are able to detect SCMV strains 
A, B, D andE. 

Unidentified viruses 

Vegetatively propagated (clonal) grasses often contain 
unidentified, agronomically important, and sometimes 
symptomless viruses. Such viruses pose additional 
risks to the safe introduction of foreign germplasm. As 
described above, specific indexing tests for known 
viral pathogens of sugarcane are being developed. 
However, only general tests that are relatively insen­
sitive, can be used to detect unidentified viruses. Sap 
inoculation of indicator plants and sap examination by 
electron microscopy are two traditional methods for 
detecting the presence of viruses, while methods to 
detect the presence of double-stranded RNA (dsRNA) 
and PCR tests using 'universal' primers are molecular 
tests also available to screen germplasm. 



Many plant viruses have a genome composed of 
dsRNA or produce dsRNA during replication. The 
number and size of dsRNA species can be diagnostic 
for a specific virus (Hansen and Wick 1993), PCR 
technology may also offer solutions for the detection 
of some unknown viruses. PCR primers complemen­
tary to conserved genomic sequences shared by all 
known members of a virus group can be used to ident­
ify related but undescribed members. Such primers are 
termed 'universal', 'group-specific' or 'degenerate' 
and have bcen developed for luteoviruses (Robertson, 
French and Gray 199 \), potyviruses (Langeveld et al. 
1991) and geminiviruses (Rybicki and Hughes 1990). 
Investigations to determine the causal agent of yellow 
leaf syndrome illustrate the potential of some of these 
techniques, Evidence obtained from sap examination 
under the transmission electron microscope and 
reverse transcriptase PCR amplification with luteo­
virus group-specific primers suggests that a luteovirus 
may be associated with the syndrome. 

Prokaryotic Diseases 

Bacteria 
Bacterial pathogens of sugarcane are generally diag­
nosed on the basis of symptomatology and mi­
croscopy, and in many cases by a serological test such 
as enzyme-linked immunosorbent assay (ELISA) or 
immunofluorescence. However, several pathogens are 
currently the subject of molecular characterisation and 
consequently molecular tools are available that could 
be developed for indexing. Major bacterial pathogens 
that have a specific test available are listed in Table 2. 

PCR based methods are being developed to detect 
the causal agent of fatoon stunting disease, Clavibacter 

'Thble 1. Indexing tests for viral pathogens of sugarcane. 

xyli ssp. xyli, in xylem exudate using short random 
primers (random amplified polymorphic DNA, 
RAPDs) (Petrasovits et al. 1994) or specific primers 
(Fegan et al. 1994). Sugarcane in Australia is routinely 
screened in testing laboratories for ratoon stunting dis­
ease as an industry service by a very sensitive evapor­
ative binding enzyme-linked immunoassay technique 
(Croft et al. 1994). A diagnostic test for the bacteria is 
essential because the disease is associated with no 
specific external symptoms and internal symptoms 
may not occur in all clones. 

Xanthomonas albilineans, the causal agent of leaf 
scald, may have a latent period and is difficult to iso­
late because of its fastidious nature. Enzyme-linked 
immunoassay and selective media are used to index the 
bacteria (Davis et al. 1994a). Variation between iso­
lates collected throughout the world has been revealed 
by restriction fragment length polymorphisms 
(RFLPs) (Davis et al. 1994b), 

Xanthomonas campestris pv. vasculorum, the causal 
agent of gumming disease, can be detected by DNA 
probes (Saumtally, Autrey and Daniels 1991) and sero­
logical techniques using a monoclonal antibody 
(Dookun, Jones and Autrey 1991). 

Mycoplasma-like organisms 
White leaf and grassy shoot are caused by myco­
plasma-like organisms (phytoplasmas). These organ­
isms are diagnosed by symptomotology and examin­
ation of ultrathin sections by electron microscopy. 
There is a preliminary report of a monoclonal antibody 
for the white leaf pathogen (Cl ark and Sarindu 1991) 
and DNA probes (Klinkong and Seemtiller 1992) 
(Table 2). A wide range of mycoplasma-like organisms 
can be detected by a peR based test that uses a uni­
versal primer pair specific to the l6S ribosomal R:-.iA 

Pathogen Disease Molecular approach Serological approach 

Sugarcane mosaic virus 
(SCMV) 

Sugarcane streak virus 
(SSV) 

Fiji disease virus 

Sugarcane bacilli form virus 
(SCBV) 

Sugarcane mild mosaic virus 
(SCMMV) 

Pean ut cl ump virus 

Mosaic 

Streak 

Fiji disease 

Mild mosaic 

Red leaf mottle 

PCR primers 
(Smith and Van de Velde 1994) 

DNA probes 
(Hughes et al. 1992) 
Degenerate PCR primers 
(Rybicki and Hughes 1990) 

PCR primers 
(Smith and Van de Velde 1994) 

peR primers 
(Braithwaite et al. 1995) 
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Polyclonal 
(Shukla et al. 1989) 
Monoclonal 
(Lin and Chen 1994) 

Po1yclonal and monoclonal 
(Dekker et al, 1988) 

Polyclonal 
(Wagih et al. 1995) 

Polyc\onal 
(Lockhart and Autrey 1988) 

Polyclonal 
(Lockhart et al. 1992) 

Polyclonal 
(Baudin and Chatenet 1988) 



Table 2. Indexing tests for prokaryotic diseases of sugarcane. 

Disease 

Bacterial 
Ratoon stunting 

Molecular approach 

RAPDs 

Serological approach 

EB-EIA 
(Petrasovits et al. 1994) 
PCR primers 

(Croft et al. 1994) 

(Fegan et al. 1994) 

Leaf scald PCR primers ErA 
(Lopes and Damann 1994) (navis et al. 1994a) 

Gumming DNA probes 
(Saumtally et al. 1991) 

Monoclonal antibody 
(Dookun et al. 1991) 

Mycoplasma-like organisms 
White leaf DNA probes 

(Klinkong and Seemiiller 1992) 
Monoclonal antibody 
(Clark and Sarindu 1991) 

Grassy shoot Universal primers 
(Lee et al. 1993) 

(rRNA) gene (Lee et al. 1993). A simple indexing test 
based on tbese primers could be developed for 
mycoplasma-like organisms of sugarcane. 

Fungal Diseases 

A wide range of fungal diseases of sugarcane have 
been recorded, including downy mildew, smut, rust 
and red rot. Generally fungal diseases are diagnosed 
by symptomatology, followed by isolation and exam­
ination of the organism. Rapid diagnostic techniques 
such as PCR, immunofluorescence and ELISA are 
being developed to detect the fungal pathogens of 
many crops. However, the commercial development of 
these techniques is expensive and, since many fungi 
can be detected by conventional means, the cost can­
not be justified in many cases (Hansen and Wick 
1993). Molecular tools would have a useful role in 
detecting and identifying the root pathogens Pythium 
spp. and Pachymetra chaunorhiza. In general, soil 
pathogens are difficult to work with and members of 
the Oomycetes lack easily identifiable morphological 
characteristics. Two preliminary studies have been 
reported where peR based techniques were used to 
distinguish isolates of root rot causing fungi of sugar­
cane. DNA amplification fingerprinting was used to 
distinguish isolates of Pythium arrhenomanes and 
P. graminicoia (Bassam et al. 1994) and RAPDs 
were used to distinguish isolates of Pachymetra 
chaunorhiza (McGhie et al. 1994). 

Conclusions 

For many pathogens, the technology to develop index­
ing tests is available but has not yet been applied to 
indexing quarantined sugarcane, and further work may 
be required before a diagnostic test is functional. The 
test must be simple and rapid for routine screening; the 
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optimal sampling strategy for pathogen detection must 
be determined; and the test must be sensitive enough to 
diagnose the pathogen in asymptomatic cane. The test 
could then be incorporated in a suite of indexing tests 
for sugarcane. . 
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Indexing of Potato Thbers for the Presence of 
Ring Rot and Brown Rot 

A.C. Hayward* 

Abstract 
Latent (symptomless) infections of potato tubers are ring rot, caused by Clavibacter michiganensis 

ssp. sepedonicus, and brown rot, caused by Pseudomonas solanacearum diseases for which there 
is zero tolerance for purposes of seed certification. Tuber indexing requires adequate sampling 
methodology and laboratory testing procedures that are both sensitive and specific. To date, the 
detection of ring rot has depended on a combination of Gram staining, eggplant inoculation, and either 
immunofluorescence microscopy, enzyme-linked immunosorbent assay or latex agglutination tests. 
Molecular methods reliant on nucleic acid hybridisation and the polymerase chain reaction are being 
evaluated and show promise as means of increased specificity and sensitivity in testing for ring rot 
and brown rot in planting material. 

Two TUBER-BORNE BACTERIAL DISEASES of potato are of 
particular importance in local and international plant 
quarantine and the certification of planting material. 
Ring rot, caused by Clavibacter michiganensis ssp. 
sepedonicus (Cms) is confined mainly 10 temperate 
and cold regions of North America, Europe and the 
former USSR, whereas brown rot, caused by 
Pseudomonas solanacearum (Ps), occurs very widely 
where potato is grown at high elevation in the tropics 
and subtropics, as well as in Mediterranean and some 
cool temperate regions (Olsson 1976). For the purpos­
es of seed certification there is zero tolerance for both 
pathogens. Both ring rot and brown rot are notorious 
for latent (symptomless) infections in seed potatoes. 
Direct losses due to both diseases may be substantial. 
For ring rot the cost is greatly compounded by expen­
diture on administrative, regulatory, phytosanitary and 
other measures, particularly in countries producing 
seed potatoes (Langerfeld 1989). Because of zero tol­
erance of infected tubers, tests that are specifie and suf­
ficiently sensitive to detect low levels of infection are 
required. Resistant or tolerant cultivars can act as 
symptomless carriers of both diseases. In some cases 
these cultivars harbour substantial populations of the 
pathogen (Ciampi and Sequeira 1980; Manzer and 
Kurowski 1992). 

The first tuber indexing methods were based on dis­
tinctive staining properties and biological assays 
involving inoculation of susceptible indicator plants, 
Later serological methods were developed and most 
reeently molecular methods reliant on hybridisation of 
nucleic acids and the polymerase chain reaction 
(PCR). This paper assesses the efficacy and present 
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status of these methods in disease diagnosis and tuber 
indexing. 

Staining Properties 

Potato tubers at an advanced stage of infection with 
ring rot or brown rot may show similar symptoms in 
the ring of vascular tissue exposed when tubers are cut 
transversely, and it is sometimes difficult to distinguish 
the two diseases (Harrison 1961). Ooze from the eyes 
is usual in bacterial wilt and absent in ring rot. In bac­
terial wilt there is usually brown discoloured vascular 
tissue and a milky exudate of bacterial ooze from the 
vascular ring that is increased by squeezing the tuber 
between thumb and forefinger. With ring rot tuber sec­
tions also show browning of the vascular system that 
exudes bacterial ooze when squeezed. By contrast, 
with bacterial wilt, most or all of the tuber vascular 
ring is rotted and turns either gray, yellowish, tan or 
reddish brown, and the bacterial ooze is pale, creamy­
yellow. and of a cheesy consistency. However, with 
bacterial wilt as with ring rot at an advanced stage 
there may be cavitation in the vascular ring, In these 
circumstances staining reactions provide valuable con­
finnatory evidence. In stained smears ems is Gram­
positive consisting of coccoid and occasionally 
corynefonn or elbow-shaped cells. whereas Ps is a 
Gram-negative rod containing poly-B-hydroxybutyrate 
inclusions. These inclusions appear as refractile bodies 
under phase microscopy. Smears are stained with Nile 
blue A followed by examination under oil immersion 
with epifluorescence at 450 nm for granules that flu­
oresce bright orange (Ostie and Holt 1982). Nile blue 
A staining is more reliable than Sudan Black B stain­
ing (Lelliott and Stead 1987). 

Staining methods are useful aids in disease diag­
nosis but alone are insufficient for indexing potato 
tubers. The methods lack specificity. A variety of 



Gram-positive bacteria including coryneforms is 
known to occur as endophytes in healthy tubers and as 
secondary invaders in diseased or decaying tissue 
(Shepard and Claflin 1975; De Boer 1991). 

Biological Assays 

Inoculation into eggplant (Solanum melongena L. cv. 
Black Beauty) is considered to be the most suitable 
biological assay for ems (Lelliott and Sellar 1976; Ols­
son 1976; Zeller and Xie 1985). Young plants about 
8-10 cm high, approximately at the stage of having the 
third true leaf half expanded, are sensitive to very low 
populations of ems. Sectoral wilting occurs, which 
may be preceded by large, greasy lesions in the inter­
veinal areas (LeIliott and Stead 1987). Symptoms 
develop more rapidly in plants grown under controlled 
conditions in a growth chamber than in plants grown in 
a greenhouse (Bishop and Slack 1987). Confirmation 
of identity can then be made from symptomatic tissue 
of wilted eggplants using the Gram stain and sero­
logical tests. The presence of ems in latently infected 
potato can be established by extracting bacteria from 
bulked core samples from the heel ends of potato 
tubers followed by eggplant inoculation (Lelliott and 
Sellar 1976). In potato tissue the threshold concen­
tration of bacteria necessary to initiate infection in egg­
plant is about lQ4 cfu mI-1 (Zeller and Xie 1985). 
Under appropriate conditions the sensitivity may be 
much greater, with ED50 < 10 cfu (Lelliott and Sellar 
1976). 

In indexing for bacterial will of potato caused by Ps 
externally and internally symptomless tubers are plant­
ed in pots and maintained at temperatures optimal for 
disease expression. Alternatively symptomless tubers 
are incubated at 28-30°C in sealed desiccators con­
taining free water and examined daily for release of 
bacterial ooze from the 'eyes' (Graham, lones and 
Lloyd 1979), or stored at 18-20°C for three weeks 
(Nyangeri. Gathuru and Mukunya 1984). 

Immunological Methods 

Immunofluorescence microscopy. enzyme-linked 
immunosorbent assay (ELISA), latex agglutination 
and Ouchterlony double diffusion tests have all been 
used for detecting latent tuber infection (Corbiere, 
Hingand and Jouan 1987; De Boer and McNaughton 
1986; De Boer et al. 1992a. 1992b, 1994; Miller 
I 984a; Slack, Kelman and Perry 1978; Zielke and 
Kalinina 1988). Of these the last two methods are not 
sensitive to a low number of cells (Bishop and Slack 
1987). 

The detection limit of ELISA for ems has been 
reported to be in the range of 1 x 105 to 5 x 106 cfu mI-1 

(Corbiere et al. 1987; Zielke and Kalinina 1988). The 
disease can be detected in seed potato lots by serologi­
cal tests with greater accuracy than by visual field 
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inspections. The practical limit of immunofluoresc­
ence microscopy is generally found to be in the range 
of I Q4 to 103 cfu ml-1 (De Boer 1991). The disadvan­
tage of serological procedures is that they lack absolute 
specificity. since cross-reacting bacteria have been iso­
lated from potato tissue. The occurrence of low num­
bers of fluorescing coryneform bacteria located by 
immunofluorescence microscopy in heel-end extracts 
of healthy potatoes was shown to be a normal phenom­
enon (Miller 1984b). Other disadvantages are the 
possibility of operator error and the cost of reagents 
used. In cases of doubt with the immunofluorescence 
test potato extracts should be submitted to the eggplant 
inoculation test. 

Both polyclonal and monoclonal antibodies have 
been developed to test for Ps in brown rot of potato. 
When used in an indirect ELlSA, the polycIonal anti­
bodies detected as few as 1 x lQ4 cfu mI-1 in infected 
plant or soil samples, but there were cross-reactions 
with some related saprophytic bacteria. Improved 
specificity was obtained with monoclonal antibodies 
but they were of reduced sensitivity, detecting down to 
only 1 x 106 cfu mI- i (Robinson-Smith et al. 1995). 

Molecular Methods 

Conserved nucleotide sequences have been sought in 
plasmid and chromosomal DNA that could serve as 
species-specific probes for direct application in nucleic 
acid hybridisation (Johansen. Rasmussen and Heide 
1989) and to generate primer sequences for use in 
PCR. These methods hold promise of greater rapidity 
and specificity. 

In the case of ring rot, sequences have been obtained 
from a subcloned DNA fragment of a highly conserved 
plasmid of ems and a pair of oligonucleotides con­
structed for use as PCR primers. PCR carried out using 
this primer pair and untreated cells of all strains of ems 
resulted in the amplification of a DNA fragment of 
about 670 base pairs. No amplification was observed 
when bacteria belonging to other species were submit­
ted to peR under the same conditions. The detection 
limit of the assay was 4 x 103 cfu mI-1 (Firrao and 
Locci 1994). Similar results were obtained by Schnei­
der, Zhao and Orser (1993) using different primers that 
generated a 258 bp fragment in all strains of ems 
except one strain that was plasmidless. 

The ribosomal RNA genes provide nucleotide 
sequences that are either fully conserved. semicon­
served or variable between species. Mirza et a!. (1993) 
amplified by PCR a 400 bp fragment of a 16S rRNA 
gene that covered two variable regions important for 
oligonucleotide probe development. A specitlc 24 mer 
oligonucleotide probe targeting the V6 region of 16S 
rRNA was designed and evaluated using dot blot 
hybridisation. Under stringent conditions (60°C) the 
probe hybridised only with ems and no related bac­
teria. At low stringency (40°C) all subspecies of 



Clavibacter michiganensis hybridised, suggesting that 
under these conditions the probe may be used as a 
species-specific probe for C. michiganensis. A DNA 
hybridisation probe was less sensitive than ELISA for 
detecting ems in plant tissue but more reliable because 
of the absence of false positive reactions (Drennan et 
al. 1993). 

Molecular methods have also been successfully 
applied to the diagnosis and detection of brown rot in 
potato. PCR assays directed at transfer RNA consensus 
sequences or at DNA sequences specific to Ps have 
been used successfully to screen for the bacterium in 
potato crops (Seal, Iackson and Daniels 1992a, 
1992b). Equal success has been obtained using primers 
based on the polygalacturonase gene, which is essen­
tial for pathogenicity. (Gillings, Fahy and Davies 
1993). Species-specific primers have also been 
obtained from analysis of partial (Seal et aL 1993) and 
total sequencing of the 16S rRNA gene in Ps (Li et at 
1993; Taghavi, Fegan and Hayward 1994). Two sets of 
primers were designed to detect Ps belonging to the 
restriction fragment length polymorphism (RFLP) 
divisions I and II of Cook, Barlow and Sequeira 
(1989). Following optimisation of the conditions of 
PCR all strains of Ps were distributed within the two 
divisions as expected. The limit of sensitivity of the 
division-specific primers was about 103 du ml-1. A 
cloned random amplified polymorphic DNA (RAPD) 
band has been sequenced and used as the basis for 
primer development. The RAPD primer pair 
AU7591760 generated a 281 bp DNA fragment that 
appears to be specific for Ps and a few related species. 
This primer gave visible amplification products with 
between 1-20 cells in fresh sap from infected tomato 
plants. The PCR method was a quicker and more re­
liable method of detecting Ps than either a cultural 
method (spiral plating) or the use of ELISA. Although 
the primer pair based on 16S rRNA sequences was 
less sensitive than AU7591760 it appears to be more 
specific, because the latter primers sometimes gave 
amplification products even from healthy samples. 
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The Victorian Certified Seed Potato Scheme 

J. Moran and R. Osborn* 

Abstract 
The Victorian Certified Seed Potato Scheme has been in operation since 1937. Today, tissue culture 

is used to eliminate pathogens, rapidly multiply stocks, and maintain pathogen tested stocks. The 
scheme has been successful in helping to control the major tuber-borne bacterial, fungal and virus 
diseases of potato known to occur in Australia. 

THE PATHOGEN TESTED APPROACH to disease control can 
be applied to all vegetatively propagated plant species. 
This approach is the only way to control virus diseases 
and is an important management strategy for many 
fungal and bacterial diseases. The pathogen tested 
approach is regarded as an important form of adminis­
trati ve di sease control CEbbels 1979) and the first 
pathogen tested schemes began in the eatly part of the 
century. Certification schemes for potatoes were estab­
lished before 1914 in Germany CAppel 1934), in the 
United States of America and Canada between 1913 
and 1915 (Shepherd and Claflin 1975), and in the Unit­
ed Kingdom in 1918 (Ebbels 1979). These schemes 
were initially established to ensure varietal purity. In 
1932 the UK scheme began to consider the health 
status of potatoes and the first virus tested stocks were 
introduced in 1945 (McIntosh 1951). 

The success of the seed certification schemes for 
potatoes soon prompted the application of this 
approach for the quality control of plant material to 
other suitable crops. By 1960 schemes were in place all 
atound the world for fruit (strawberry runners, rasp­
berry canes, blackcurrant bushes, hops, avocados, 
stone and pome fruit) and ornamental crops (natcissus, 
iris, carnations and chrysanthemums) (Ebbels 1979). 
This expansion to other crops has continued and today 
most vegetatively propagated crops have some form of 
pathogen tested scheme. 

A complete review of pathogen tested schemes for 
all crops is beyond the scope of this paper. Therefore 
the Victorian Certified Seed Potato Scheme will be 
used as a model for the development of a pathogen 
tested scheme. A brief history of the scheme will be 
given along with some technical details. 

History 

The Department of Agriculture Victoria established a 
Certified Seed Potato Scheme in 1937, which initially 

* Institute of Horticultural Development, Agriculture Vic­
toria, Private Bag 15, South Eastern Mail Centre, Victoria 
3176, Australia. 
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involved certification of crops based on visual inspec­
tion. This scheme succeeded in significantly reducing 
the incidence of severe mosaic diseases such as potato 
viruses A (PVA), Y (PVY) and leafroll (PLRV). How­
ever, certification by visual inspection alone was not 
controlling the important tuber-borne bacterial and 
fungal pathogens or the mild and latent virus diseases, 
potato viruses X (PVX) and S (PVS). 

In 1967 a new approach was adopted. Clones of 
selected cultivats were tested for known pathogens and 
those clones in which no pathogens were detected 
formed the mother stocks for the first pathogen tested 
seed scheme. Mother stocks were maintained in an 
insect proof glasshouse and planting material was mul­
tiplied by stem cuttings. These cuttings were supplied 
to foundation seed growers, who multiplied them in the 
field for four generations. This foundation seed was 
then sold to certified seed growers, who grew them for 
a further two generations. These crops were inspected 
twice during the growing season. Tubers were also 
inspected and if they were up to standatd they were 
certified as seed. 

In 1980 the scheme was modified. Tissue culture 
was introduced as a means of eliminating pathogens, 
rapidly multiplying stocks for growers and maintaining 
the pathogen tested lines in long term storage. Foun­
dation growers were supplied with mini tubers instead 
of stem cuttings. In 1986 the production of mini tubers 
was increased tenfold and field multiplication was 
reduced by one generation to reduce field exposure to 
disease. 

Virus Elimination 

Viruses ate eliminated from potatoes using a combin­
ation of heat therapy and meristem culture. Prior to this 
treatment potatoes ate tested for the presence of potato 
spindle tuber viroid (P8TV), which is not known to 
occur in Australia. Any plants that ate found to be 
infected with PSTV are discarded. Viroids ate Watm 

climate pathogens and replicate at higher rates under 
high temperature conditions (8ingh 1983). The use of 
heat therapy and meristem culture results in low pro­
portions of uninfected plants (Stace-Smith and Mello 



1978). However, more success has been had with a 
combination of cold treatment and meristem culture 
(Paduch-Cichal and Krycznski 1987). 

Potato plants are placed in a heat treatment room at 
38°C for approximately three months. A second PSTV 
test is done at this stagc to ensure that no PSTV has 
escaped detection. Meristems from these plants are 
removed and grown in-vitro in liquid medium. In-vitro 
plantlets are grown on solid media and an initial test 
for virus is done. If no virus is detected then the 
plantIels are grown in soil in a glasshouse. A second 
round of virus testing is done when the plants are 
growing vigorously. 

Virus Indexing 

All plants are closely monitored visually for any 
unusual symptoms. Plants are tested for PVA, PVM, 
PVS, PVY, PVX, PLRV and tomato spotted wilt virus 
using the enzyme-linked immunosorbent assay 
(ELISA). However, there are many other viruses 
known to infect potatoes for which ELISA is unavail­
able. Therefore the plants are also tested by mechani­
cal inoculation to a range of herbaceous indicator 
species. 

New tests are introduced when appropriate, for 
example a polymerase chain reaction test for PSTV is 
being developed. Plants are currently tested for the 
presence of PSTV using a biotin labelled cDNA probe. 

Effectiveness 

There have been two major benefits of the scheme. The 
first is the ease with which a small amount of healthy 
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material can be rapidly multiplied. It is quite easy to 
produce over one tonne of tubers from one tissue cul­
ture plantlet within twelve months. 

The second has been the reduction in losses caused 
by disease. All the major tuber-borne diseases of potato 
known to occur in Australia have been controlled to 
some degree by this scheme. PVA. PVM. PVX and 
PVY have ceased to be detectable in Victorian seed 
crops. PLRV and PVS, once widespread, have been 
reduced to sporadic outbreaks. 
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The Safe Movement of Musa Germplasm 

D.R. Jones* 

Abstract 
The INIBAP Transit Centre in the Laboratory of Tropical Crop Husbandry at the Katholieke 

Universiteit Leuven, Belgium, holds the world's largest in-vitro collection of Musa germplasm under 
slow growth conditions. One of INIBAP's key functions is to provide superior land races and 
improved germplasm to Natural Agricultural Research Systems (NARS) for evaluation. Accessions 
are distributed either as in-vitro rooted plantlets or as proliferating tissue. This eliminates many 
disease risks, but viruses pose a problem as they can be carried in tissue culture without symptom 
expression. Accessions are tested for viruses at INIBAP Virus Indexing Centres, which are located at 
CIRAD-FLHOR Cvlontpellier, France), the Queensland Department of Primary Industries (Brisbane, 
Australia) and TBRI (Pingtung, Taiwan) before distribution. The main concerns are banana bunchy 
top virus, banana streak virus, banana bract mosaic virus and cucumber mosaic virus, but uncharac­
terised viruses may also be present INIBAP will follow the new FAO and IPGRI technical guidelines 
for the safe movement of Musa germplasm, which are very similar to protocols currently employed 
at INIBAP Virus Indexing Centres. 

GERMPLAS\f EXCHk'fGE has always been one of the most 
important functions of the International Network for 
the Improvement of Banana and Plantain (INIBAP). 
The focus of this activity is INIBAP's Transit Centre in 
the Laboratory of Tropical Crop Improvement at the 
Katholieke Universiteit Leuven, Belgium. Here, Musa 
accessions representing the diversity of the genus are 
stored under slow growth conditions (15 ± 1°C, 2000 
lux) as part of INIBAP's Musa germplasm conser­
vation network. 

Each accession is represented by 20 tissue culture 
tubes, which are all regularly checked for contamin­
ation. When the number of tubes is reduced to 12 by 
attrition, the accession is placed under optimum 
growth conditions (28 ± 2°C, 50()() lux) and reacti­
vated. After multiplication, 20 tubes are reestablished 
in the collection. 

Under slow growth conditions, accessions are sub­
cultured only once a year on average (De Smet and Van 
den houwe 1991). However, while some can be stored 
for 615 days, others need to be subcultured every 60 
days (Van den houwe et al. 1995). Differences in 
storage potential relates to the genomic composition of 
the accession. Cultivars in the East African Highland 
group (AAA 'Mutika/Lujugira') and AAB banana 
types (other than plantain cultivars) can be stored 
much longer than all other genotypes. In general, wild 
Musa species need to be subcultured the most fre­
quently, with M. balbisiana having the shortest storage 
time (Van den houwe et aI. 1995). 

* International Network for the Improvement of Banana and 
Plantain (lNIBAP), Pare Scientifique Agropolis, 34397 
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The Transit Centre started its activities in 1985 with 
a core collection of 17 accessions. Today, over 1000 
accessions of wild species, land races, hybrids and 
genetic variants (developed through somaclonal and 
mutation breeding) are held at the Transit Centre, mak­
ing it the largest in-vitro Musa genebank in the world. 

Germplasm Distribution 

Since 1985 the number of requests for germplasm from 
NARS, universities, regional institutes, international 
institutes and botanical gardens has been steadily 
increasing (Figure 1). In recent years the Transit 
Centre has also been involved with the supply of 
germplasm for multiIocational trials in association 
with INIBAP's International Mum Testing Program, 
for muItilocational taxonomic studies related to INI­
BAP's Musa Germplasm Information System and for 
the duplication of part of the collection in Taiwan for 
safety reasons. 

The general distribution of germplasm falls under 
INIBAP's Musa Germplasm Exchange System. 
Requests for material are either sent to INIBAP's 
Regional Coordinators in the Latin America/Caribbean 
and AsialPacific regions or to INIBAP's Germplasm 
Officer at headquarters in Montpellier, France. 
Requests to Regional Coordinators are forwarded to 
the Germplasm Officer, who, after determining if the 
accessions are available and virus tested, passes the 
order onto the officer in charge of the Transit Centre. 
Copies of this order are faxed or mailed to individuals 
or organisations requesting the germplasm for their 
information. 

Germplasm can be dispatched as either proliferating 
tissue cultures or rooted plantlets. Normally five cul­
tures or tubes of each are sent. The time required to fill 



an order depends on the type of culture required. 
Because accessions are stored under slow growth con­
ditions and need to be reactivated for multiplication, it 
usually takes two months for proliferating cultures and 
three months for rooted plantlets. Rooted plantlets are 
distributed in Cultu saks® and proliferating cultures, 
which can be used by the customer for further multi­
plication in tissue culture laboratories, in tubes. 
Instructions on how to acclimatise plantlets are 
enclosed with Cultu saks®. All consignments contain a 
Belgium phytosanitary certificate and are sent by 
courier. In the future, details of virus indexing tests 
undertaken on accessions and other pertinent quaran­
tine information will be provided for each accession 
exported. 

There are plans to provide customers with an order 
form on which the germplasm transfer conditions are 
listed. This move is in response to the United Nations 
Convention on Biological Diversity, which recognises 
rights of the country of origin of genetic resources. 

More information on Musa germplasm distribution 
from the Transit Centre is provided by Van den houwe 
and Jones (1994). 

Constraints on the Movement of Musa 

The safe movement of Musa germplasm has been re­
viewed by Stover (1977), who highlighted the dangers 
posed by the transfer of material as suckers and corm 
pieces and emphasised the advantages of tissue cul­
tures. Although tissue cultures eliminate the risk of 
moving pests, fungal and bacterial diseases and nema­
todes because, if present, they would contaminate the 
culture medium, the possibility of transferring virus 
diseases still exists. 
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In 1988 the Food and Agricultural Organisation of 
the United Nations (FAO), the International Board for 
Plant Genetic Resources (IBPGR) and INIBAP organ­
ised a meeting of Musa virologists and quarantine 
experts at Los Bafios in the Philippines to discuss 
issues associated with the international movement of 
Musa germplasm and recommend protocols for ensur­
ing safe transfer. These protocols were reported in 
guidelines edited by Frison and Putter (1989) and 
became the international standards. INIBAP has used 
these guidelines as a basis for movement, but has built 
on the recommendations as new information on Musa 
viruses has become available from partners and collab­
orators. At the time of writing, the FAO, the Inter­
national Plant Genetic Resources Institute (IPGRI) and 
INIBAP were organising another meeting of Musa 
virologists to update protoco!s, which will be pub­
lished in a second edition of the guidelines (see 'Post­
script'). 

Viruses that can be carried in tissue culture have 
been described previously (Jones 1994) and will not 
be reported in detail here. However, the four main 
pathogens of concern are banana bunchy top virus, 
cucumber mosaic virus, banana bract mosaic virus 
and banana streak virus. In '1988, emphasis was 
placed on protocols to detect banana bunchy top virus 
as this was perceived as the major threat at this time. 
In 1990 a workshop in Montpellier, France, was 
organised by INIBAP and the Centre de Cooperation 
Internationale en Recherche Agronomique pour le 
Developpement (CIRAD) with FAO and IBPGR 
involvement to compare banana bunchy top virus 
indexing methodologies and further refine the proto­
cols for the guidelines (Iskra-Caruana 1994). One of 
the recommendations was to hold plants in quarantine 
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Figure 1. Number of accessions distributed from the INIBAP Transit Centre, 1985 to 1994 
(Van den houwe 1995). 
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at 32°C under high light intensity, which are con­
ditions for the optimum expression of symptoms of 
banana bunchy top disease. 

Banana bunchy top disease was originally deemed 
to be of the greatest importance because it is the most 
serious virus disease of Musa and it was not present in 
the Americas where the major export plantations are 
located. However, since 1990, banana streak virus has 
become more of an immediate problem. Previously 
thought to be confined to a few African countries, it is 
now known to occur worldwide, though its signifi­
cance seems to depend on the location. In some 
regions where mealy bug vectors are active, banana 
streak virus is spreading and can cause significant 
losses. but in other areas, symptoms are seen in only 
one or two eultivars and it seems to be spread mainly 
with propagating material. Banana streak virus has 
infiltrated at least three major Musa breeding pro­
grams and, being seed borne, has been found in new 
hybrids. 

Banana streak virus has been detected in 45 ac­
cessions held at the Transit Centre. In contrast, banana 
bunchy top disease has not been found in any ac­
cessions, probably because symptoms of this disease 
are obvious and diseased plants would be avoided by 
most scientists in the field during selection for con­
servation and experimentation. Also, although the 
existence of latent and mild infections of banana 
bunchy top virus has been advocated (Su, Wu and 
Tsao 1993), there is still no unequivocal proof that 
they exist in the field. It is possible that false positive 
reactions in antibody tests, which may be associated 
with the absence of an antioxidant in the extraction 
buffer, may account for these claims. Latent infec­
tions have been reported in plantlets in tissue culture 
(Drew et al. 1989), but this is not a 'natural' environ­
ment and infected plants develop symptoms when 
grown in vi vo. On the other hand, a characteristic of 
banana streak virus infection is the periodicity of 
symptoms expression. Plants may not show symp­
toms on all leaves and, for several months at a time, 
emerging leaves may be symptomless or show only 
slight symptoms (Jones and Lockhart 1993). There­
fore, it is more likely for plants affected by the banana 
streak virus to be selected for shoot-tip culture, propa­
gation and distribution than plants with banana 
bunchy top disease. 

In Honduras, symptoms become apparent only dur­
ing the cooler months and at other times infected 
plants can be symptomless. For this reason, INIBAP 
no longer advocates holding banana plants at 32°C in 
quarantine; it believes that they should be kept at 
2S-28°C, which is thought to be more appropriate for 
the development of banana streak virus symptoms. 
This temperature range is optimal for Musa growth 
and is also believed more suited to the expression of 
cucumber mosaic virus and banana bract mosaic virus 
symptoms. 
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INIBAP's Virus Indexing Centres 

INIBAP has developed a virus indexing system 
based on recommendations made at the FAO, IBPGR 
and INIBAP meeting on the safe movement of Musa 
germplasm held in Los Banos in 1988 (Prison and 
Putter 1989). Three Virus Indexing Centres have 
been established with key partners with expertise in 
Musa viruses. These centres are contracted to under­
take indexing of Transit Centre accessions on INI­
BAP's behalf and are funded by grants from the 
Virus Indexing Centre host country. The three cen­
tres are located with the Queensland Department of 
Primary Industries, Brisbane, Australia (officer in 
charge: Dr John Thomas), CIRAD-FLHOR, Mont­
pellier, France (officer in charge: Dr Marie-Line 
Caruana) and TBRI, Chiuju, Taiwan (officer in 
charge: Dr Sin Wan Lee). Five plantlets of each 
accession to be indexed are sent to a Virus Indexing 
Centre. All are grown in a quarantine glasshouse, but 
only four are indexed; the fifth is held in reserve in 
case of the death of a test plant. The indexing pro­
cedures followed at Virus Indexing Centres have 
been outlined by Jones and Iskra-Caruana (1994). 

It is believed that the four plants are a representative 
sample of the material held in the Transit Centre as 
they are derived from cultures in a number of tubes, 
which in turn were produced from one introduced 
shoot tip. If the origi nal germplasm in the Transit Cen­
tre were infected, then it is believed that at least one, 
and most likely all, of the test plants would carry the 
virus. Although it could be argued that, by chance, all 
of the plantlets sent to an indexing centre could be 
derived from primordial cells that have avoided con­
tamination by a virus that infects other cultures of the 
same accessions, INIBAP believes that this is highly 
unlikely in practice. In 95% of cases, all test plants of 
an infected accession at Virus Indexing Centres have 
been found with virus. In the other 5%, three or two of 
the plants were infected, 

If an accession originates in a country where banana 
bunchy top disease is known to occur, then plantlets of 
that accession are sent to two Virus Indexing Centres. 
This was one of the original recommendations made at 
the 1988 meeting in Los Banos and was advocated 
because of the importance of banana bunchy top dis­
ease and the possibility of latent strains of the banana 
bunchy top virus. PlantIets of an accession from 
countries where the banana bunchy top virus does not 
occur are sent to one Virus Indexing Centre. Plants are 
indexed twice during a 9-12 month period in quaran­
tine for banana bunchy top virus and cucumber 
mosaic virus for which antisera are commercially avail­
able. This usually occurs after three months growth 
and before release. Accessions from the Americas are 
not indexed for banana bunchy top virus as the virus is 
not present on the continents. During quarantine, leaf 
sap is extracted, partially purified and examined under 



the electron microscope for virus particles. Immuno­
sorbent electron microscopy is also undertaken if 
banana streak virus is suspected as antisera to several 
strains have been supplied to Virus Indexing Centres 
by Dr B.E. Lockhart. 

During the quarantine period, the plants are also 
inspected regularly for symptoms of virus infection. 
When an accession has been cleared by a Virus Index­
ing Centre, the officer in charge notifies the Scientific 
Research Coordinator at INIBAP headquarters in 
Montpellier, who enters the information in a computer 
file and changes the health status classification (see 
'Health Status of Accessions'). 

The list of accessions that are available for distribu­
tion is updated twice a year and is distributed to INI­
BAP's partners and collaborators. 

Health Status of Accessions 

Most accessions sent to the Transit Centre for inclusion 
in the collection are unindexed. However, there have 
been notable exceptions, such as the germplasm col­
lected in Papua New Guinea by the International Board 
of Plant Genetic Resources, the Queensland Depart­
ment of Primary Industries and the Papua New Guinea 
Department of Agriculture and Livestock in 1988-89, 
which was tested for cucumber mosaic virus while in 
quarantine in Brisbane, Queensland. 

Accessions in the Transit Centre are placed in four 
categories depending on their health status. 

1. Available (virus indexed) 
There are accessions held at the Transit Centre that 
have been virus tested to INIBAP standards and are 
available for distribution. In March 1995 there were 
372 accessions in this category. 

2. Unavailable (to be indexed at one Virus 
Indexing Centre) 

These accessions are either from countries where 
banana bunchy top disease is not known to occur, but 
still need to be indexed for other Musa viruses, or they 
are from countries where banana bunchy top disease is 
known to occur, but have been indexed already at one 
Virus Indexing Centre for banana bunchy top virus and 
other Musa viruses. There were 537 accessions in this 
category in March 1995. 

3. Unavailable (to be indexed at two Virus 
Indexing Centres) 

These accessions are from countries with banana 
bunchy top disease and need to be virus indexed at two 
Virus Indexing Centres as a double check. There were 
82 accessions in this category in March 1995. 

4. Virus infected 
These accessions have been found to be infected with 
virus at Virus Indexing Centres. Because they are 
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important accessions, they are being held at the Transit 
Centre awaiting development of therapeutic protocols 
to eliminate the virus. Sixty-two accessions were in 
this category in March 1995. 

Postscript 

A second meeting on Musa virologists and quarantine 
experts took place in Rome on 21-23 June 1995 under 
the auspices of the FAO, IPGRI and INIBAP to update 
the technical guidelines for the safe movement of 
Musa germplasm first developed in 1988. New pro to­
cols were proposed that generally follow those 
currently employed at INIBAP Virus Indexing Centres 
and described in this article. However, recommen­
dations that differ from present procedures were made 
and these will be incorporated in INIBAP's protocols. 
The recommendations are as follows. 
• It was considered that the five plantlets dispatched 

from the Transit Centre to Virus Indexing Centres 
for virus indexing should be selected from seven 
(not twenty) cultures derived from the original 
shoot-tip as this would lessen the risk of test plants 
being unrepresentative of the health status of the 
original accession. The modification will necessitate 
the multiplication of the remaining two cultures of 
the accession to obtain twenty cultures for holding 
under slow growth conditions at the Transit Centre. 

• It was thought that the indexing period at Virus 
Indexing Centres should be reduced from 9-12 
months to 6 months and that indexing should take 
place after 3 and 6 months growth because of 
increased confidence in the reliability of tests to 
detect virus pathogens, even as latent infection. It 
was also agreed that accessions from countries with 
banana bunchy top virus needed to be virus indexed 
at one Virus Indexing Centre only and not two as 
previously recommended. New antisera developed 
by Drs John Thomas and Marie-Line Caruana for 
banana brad mosaic virus will be routinely used at 
Virus Indexing Centres in the near future, together 
with a wide spectrum antiserum for detecting 
banana streak virus by immunosorbent electron 
microscopy developed by Dr Ben Lockhart in an 
INIBAP sponsored project. Partially purified leaf 
sap will still need to be examined under an electron 
microscope to detect particles of uncharacterised 
viruses. 
Germplasm would be tested for all viruses according 

to the protocols specified in the new guidelines. How­
ever, in some instances, tests may be waivered if there 
is strong, reliable evidence that particular viruses are 
not present in the country of origin of the germplasm. 
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