
INTRODUCTION
Prior to 1993, taro (Colocasia esculenta) was a major export 
commodity for Samoa, with markets in New Zealand, 
Australia and the USA. In 1993, an incursion of taro leaf 
blight (TLB, caused by Phytophthora colocasiae) destroyed 
all taro crops, causing local food shortages and halting 
exports (Hunter et al. 1998). Regional breeding programmes 
have since produced new taro cultivars with significant 
tolerance to the disease. Local supply has been restored and 
the export market is expanding (Singh et al. 2012).

TLB is characterised by leaf lesions, which may coalesce 
to destroy large areas of lamina (Singh et al. 2012). Since 
the disease was first recorded in Indonesia in 1900 by 
Raciborski (Packard 1975), there have been isolated 
reports of P. colocasiae causing rot in taro corms; however, 
symptom descriptions differ widely. Butler and Kulkarni 
(1913) recorded ‘dry rots’ on C. antiquorum (= C. esculenta), 
and Gomez (1925) described a ‘soft rot’ of corms in the 
Philippines. Jackson and Gollifer (1975) described corm rots 
on C. esculenta ‘Akalomamale initoa’ in the Solomon Islands 
as “light brown, firm, often with a distinct margin”. Uchida 
and Trujillo (2015) found that the rot in taro corms in 
Hawai’i was faint tan in colour and ‘rubbery’, later becoming 
brown to purplish with no distinct border and difficult to 
detect externally. These differences in symptoms may be 
the result of observations on different Colocasia species, 
or the consequence of mixed infections. Although TLB 
has been present in Samoa since 1993, corm rots caused 
by P. colocasiae have not been recorded under natural 
conditions in Samoa.

The only detailed study of P. colocasiae corm rots is that 
of Jackson and Gollifer (1975). In that study, no symptoms 
developed when pre-harvest corms were inoculated either 
by mycelial plugs in wounds or by sporangial suspensions 
applied to the surface of corms, however, the corms could 
be artificially infected through wounds after harvest.  
Phytophthora colocasiae was able to infect corms naturally 
through the wounds caused when cormels and roots were 
removed after harvest. Copper oxychloride sprays applied 
during the growing season controlled leaf infection and 
subsequent storage rots.

To our knowledge the only published figures of  
P. colocasiae corm rot of taro are those given in Jackson and 
Gollifer (1975). They are in black and white and it is not 
possible to distinguish fine detail of the symptoms.

In this study, a corm inoculation method was developed 
in physical containment laboratories in New Zealand (P. 
colocasiae is absent from New Zealand) based on the methods 
used by Jackson and Gollifer (1975) for P. colocasiae on taro, 
and those of Rojas et al. (2014) for P. infestans on potatoes.

MATERIALS AND METHODS
Method development in New Zealand
From December 2015 through to January 2016, pink-fleshed 
taro grown in Samoa (25 corms), and white-fleshed taro 
grown in Fiji (40 corms) were sourced from vegetable stores 
in Auckland, New Zealand. The cultivar names are unknown, 
and will be referred to hereafter as Samoan pink and Fijian 
white; however, the Samoan cultivar is likely to have been 
Talo Salani and the Fijian cultivar is likely to have been ‘Niue’ 
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(known in Fiji as Tausala ni Samoa).
Corms of similar size and free from surface damage or 

visible rots were selected. Surface soil was removed from 
corms and the corm surface sterilised by submersion in 
3% sodium hypochlorite (NaOCl) for 30 minutes and then 
rinsed twice in sterile water.

Phytophthora colocasiae isolate Pc60, originally collected 
from leaves of taro in Sikkim, India in 1998, was used as 
inoculum. The culture was grown on V8 juice agar (Hine & 
Aragaki 1963) at room temperature (c. 21°C) under natural 
light for 5 d before use. The isolates used in this study are 
held in long-term storage in the New Zealand Institute for 
Plant & Food Research (Mt Albert, Auckland) Phytophthora 
colocasiae culture collection.

Six plugs of corm tissue 10–20 mm deep were removed 
from each corm with a sterile 5-mm diameter cork borer. 
Wounds were made on opposite sides of the corm in the 
apex, middle and basal regions of the corms (Fig. 1). Four 
wounds were inoculated with a 5-mm diameter plug of agar 
taken from the edge of a P. colocasiae colony. Two wounds 
on each corm were inoculated with a sterile plug of V8 juice 
agar and served as controls. For each inoculation site, the 
plug of corm tissue was returned and sealed with petroleum 
jelly (Vaseline, USA).

For comparison with mycelial inoculation, five additional 
corms of each taro cultivar were inoculated with a sporangial 
suspension produced by flooding 5-day-old cultures with 
sterile water. Corms were inoculated with 0.2 mL sporangial 
suspension (c. 2 x 103 sporangia/mL) in a similar manner, 
with two controls of sterile water.

After 7 days of  incubation in a dark humid chamber at 

room temperature (c. 21°C), the inoculated corms were cut 
transversely though each inoculation site and examined for 
rots.

Where symptoms were observed, isolations were made 
from representative lesions onto a selective medium, 
modified from Jeffers and Martin (1986), consisting of corn 
meal agar (CMA; Difco, MI, USA) amended with 2 mg/L 
carbendazim, 250 mg/L ampicillin, 10 mg/L rifampicin, 5 
mg/L pimaricin and 100 mg/L pentachloronitrobenzene 
(CARPP medium) (Tyson et al. 2014). Isolations were 
incubated at room temperature (c. 21°C).

Symptom development studies in Samoa
In March 2018, freshly harvested corms of three TLB-
tolerant taro cultivars, Talo Fusi, Talo Salani and Samoa 2 
(also known as Samoa lua), were sourced from Fugalei 
market in Apia, Samoa. Corms were selected, prepared 
and inoculated using the corm inoculation methodology 
developed in this study.

Due to biosecurity concerns, P. colocasiae isolate Pc96, 
originally from leaves of Samoa 2 collected from Malaemalu, 
Samoa in 2015, was used as inoculum for the Samoan 
infection studies. Incubations for inoculum growth and 
corm infection were at laboratory temperature (c. 27–30°C) 
for 7 d. Six corms of each cultivar were used for the infection 
and symptom development studies, and the experiment was 
repeated twice.

Corm rots were measured with a ruler from the base of the 
wound, directly inwards to the edge of the rot (as indicated 
in Fig. 2). Results were analysed using Analysis of Variance 
(ANOVA). Differences between individual treatments were 

Figure 1 Transverse sections of Samoan pink taro corms, inoculated with Phytophthora colocasiae. 
Locations 1, 2, 4, 5 inoculated with isolate Pc60. Control locations 3 and 6 inoculated with a clean 
V8 juice agar plug and empty, respectively.
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determined using Fisher’s Least Significant Difference (LSD, 
P=0.05). All analyses were conducted using Minitab version 
16.

Where symptoms were observed, isolations were made 
from the margins of representative lesions onto CARPP 
medium and incubated at room temperature (27–30°C).

RESULTS
Method development
The mycelial inoculation method was successful in initiating 
rots in corms imported into New Zealand. Rots in Samoan 
pink were tan and firm, sometimes with light pink areas 
and often with an irregular brown margin (Fig. 1); rots in 
Fijian white were similar, with irregular, diffuse margins, 
although occasionally a darker brown. No symptoms were 
seen at any of the control inoculation points. Inoculations 
with sporangia did not result in consistent corm infection, 
suggesting that a high inoculum load is needed for infection; 
therefore mycelial plugs were used in subsequent symptom 
development studies undertaken in Samoa.

Symptom development studies
The inoculation of corms in Samoa with mycelial plugs 
successfully initiated rots in all three cultivars. P. colocasiae 
was re-isolated from representative lesions and identified 

using standard morphological techniques, satisfying Koch’s 
postulates. The control inoculations did not develop rots. 
Rots were clearly visible on the surface of the corm as darker 
brown patches centred on the inoculation sites (Fig. 3).

Internally, rots in corms of Talo Salani were firm and 
light brown with indistinct margins, sometimes with light 
pink areas, and irregular dark vascular strands extending 
from the rot into the healthy flesh (Fig. 2). Occasionally the 
asymptomatic flesh in advance of the rot had a yellow tinge. 
Rots became darker brown over time. The rots in Talo Fusi 
were similar, although sometimes being a darker brown 
initially, with yellowing of tissue in advance of the rot. 
There was a significant difference in the rate of colonisation 
between Talo Fusi and Talo Salani (Table 1).

DISCUSSION
The inoculation method developed in this study was 
successful in initiating corm rots in taro. The symptoms 
induced on the cultivars of taro used here confirm the 
descriptions of Jackson and Gollifer (1975) and Uchida and 
Trujillo (2015) of P. colocasiae infection giving rise to light 
brown firm rots. This work has allowed the pictorial record 
of corm rots to be updated, potentially providing for better 
distinction between corm rots caused by P. colocasiae and 
those caused by other pathogens found in Samoa, for example 
Pythium spp., Botryodiplodia theobromae and Sclerotium 
rolfsii (Gerlach 1988). Pythium spp. cause a distinctive dry 
crumbly white rot with a sharply defined margin (Jackson 
& Gollifer 1975), B. theobromae causes a spongy rot that 
becomes dark-blue to black as it progresses (Ooka 1990) 
and S. rolfsii results in a brown rot that is accompanied by 
brown sclerotia and white mycelial strands on the surface 
(Gerlach 1988).

This study has shown that the appearance of the symptoms 
and the rate of colonisation of corm tissue by the two 
Phytophthora colocasiae isolates used are influenced by taro 
cultivar but further work is required to determine whether 
these results are representative of P. colocasiae in general or 
these isolates only. Also , care should be taken in comparing 
the results of the method development experiment with the 
Samoan infection studies as a different isolate was used in 
each case. All the cultivars used in the infection studies in 
Samoa were selected for commercial production on the basis 
of both acceptable agronomic characters and a high degree 
of tolerance to TLB. Informal surveys and observations of 
commercial crops (Tolo Iosefa, Samoa MAF, pers. comm.) 
have suggested that Talo Fusi consistently has less leaf 
infection than Talo Salani. That difference was not reflected 
in the rates of colonisation of the inoculated corms of the 
two cultivars in the current study.

The infection of taro corms under natural conditions 
appears to be rare. Over the past 110+ years since P. colocasiae 
was first described, there have been only six primary 
records of its occurrence in corms (Butler & Kulkarni 1913; 
Gomez 1925; Jackson & Gollifer 1975; Kulkarni & Sharma 
1975; Packard 1975; Uchida & Trujillo 2015). Phytophthora 
colocasiae has been present in Samoa for 25 years yet there 
has been no record of it causing corm rots.

In Solomon Islands, Jackson and Gollifer (1975) found 
that rots developed on corms when cormels, roots and 
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Figure 2 Transverse section of Phytophthora 
colocasiae inoculated taro corm of Talo Salani. 
Locations 1, 2, 4, 5 inoculated with isolate Pc96. 
Location 3 inoculated with a clean V8 juice 
agar plug, Location 6 empty. The double-ended 
arrow indicates where lesion measurements 
were taken.



debris were removed at harvest. The rots observed at the 
apex of the corm were thought to have been initiated when 
the leaf was removed from the corm at harvest. It is likely 
that sporangia formed on the leaves was the inoculum 
source for corm rot in the Solomons. However, Phytophthora 
species can also be capable of producing oospores.

Phytophthora  colocasiae is a heterothallic species, only 
able to produce the more durable, long-lived oospores by 
the pairing of two compatible mating types (A1 and A2) (Ko 
1979; Ann et al. 1986). However, re-surveying of the mating 
types of P. colocasiae in Taiwan (2006–2007) revealed seven 
homothallic isolates (A1/A2) that were able to form oospores 
in pure culture (Lin & Ko 2008). Studies by Tyson and 
Fullerton (2007) showed that in 1998 there was only one 
mating type (A2) present in Samoa. More recently Mellow et 
al. (2018), working with 54 isolates of P. colocasiae collected 
from the field in Samoa in 2015, confirmed that there had 
been no change, and A2 remained the only mating type in the 

country. In both studies, none of the Samoan isolates formed 
oospores when paired between themselves, confirming that 
the Samoan P. colocasiae population is heterothallic. As a 
consequence, oospores are unlikely to be produced in Samoa 
and form a source of soil-borne inoculum. The only inoculum 
available for natural infection of corms by P. colocasiae in 
Samoa is likely to be sporangia, produced on leaves, being 
deposited on the corm during and after harvest. The extent 
to which this may occur naturally in Samoa, either in the 
field or at harvest, and the conditions that might favour it, 
are the subjects of further study.
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