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MEDIA SUMMARY 

Outstanding new research by DPI&F scientists at the Queensland Depmiment of Primm·y 
Industries and Fisheries Centre for Wet Tropics Agriculture, South Johnstone in northern 
Queensland has lead to the control of the two destructive diseases, root rot and black spot 
of papaya. Ninety percent of Australia's papaya is currently grown in North Queensland. 

The most impo1tant of these diseases is root rot caused by the fungus 'Phytophthora' 
which causes a decay of the tap-root and plant losses as high as 80%. Laboratmy, 
glasshouse and field studies during the last 6 years have shown that to combat this soil­
borne disease, growers must adopt an integrated approach by: 
• ensuring adequate drainage and the removal of surface water from the paddock 
• transplanting papaya seedlings during the drier months of the yem· into 50-75 cm high 

single row mounds 
• a single application of the fungicide Ridomil Gold 250® in a 40 cm wide band to the 

soil just prior to transplanting, and fortnightly foliar sprays with the plant defense 
activator Agrifos Supa 600®. 

• practicing in-crop hygiene eg. the removal of disease-affected fiuit from the paddock 

The fungicides Ridomil Gold 250® and Agrifos Supa 600® are now registered for use on 
papaya. 

The fungal disease black spot causes leaves to die prematurely, reducing yield and 
causing sunscald on fiuit. The fungus can also cause unsightly spots on fiuit making them 
unmm·ketable. Papaya growers have for many years claimed that the chemicals 
recommended for the control of black spot were ineffective. Recent research confirmed 
this belief and consequently new more effective chemicals were identified and developed. 
The fungicides Score® and Bravo WeatherStik® are now registered for use on papaya. 
Not only do growers now achieve an improved level of disease control but the number of 
chemical sprays has reduced by as much as 50% which is a win for both the growers and 
the environment. 

This project was facilitated and funded by Ho1ticulture Australia Limited (HAL) in 
pm·tnership with the papaya industry and conducted by the Depmtment of Primary 
Industries and Fisheries at the Centre for Wet Tropics Agriculture at South Johnstone. 
The Australian Government provides matched funding for all HAL's R&D activities. 

For more information contact Lynton Vawdrey, Depmtment of Primary Industries and 
Fisheries, Centre for Wet Tropics Agricultme, South Johnstone, telephone 07 4064 1130, 
email: lynton.vawdrey@dpi.gld.gov.au. 
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TECHNICAL SUMMARY 

Phytophthora root rot and the foliar disease black spot are major constraints to fiuiher 
development of the Australian papaya industry. Phytophthora palmivora which causes a 
decay of the tap root and eventual death of the plant is widespread in the papaya growing 
areas of far no11hem Queensland. In laborato1y, glasshouse and field experiments, 
metalaxyl-M and potassium phosphonate were evaluated for the control of Phytophthora 
root rot. In laboratory tests, potassium phosphonate at rates 0.02-0.1 g/L was inhibitory 
to the mycelial growth of two isolates of P. palmivora and totally suppressed mycelial 
growth at 0.12 g/L. Mycelial growth resumed when colonies were placed on fresh 
unamended culture plates. In glasshouse experiments, 16-week-old plants sprayed with 
potassium phosphonate at 6 and 12 g/L were less affected by root rot than plants sprayed 
with potassium phosphonate at 3 g/L. Potassium phosphonate had no effect at reducing 
root rot in 8 and 12-week-old seedlings. 

In a 2005 field experiment, metalaxyl-M (0.625 g/m2
) at transplanting followed by 

fortnightly sprays of potassium phosphonate (6 g/L), and fortnightly sprays of potassium 
phosphonate (12 g/L) alone resulted in 97% and 93% plant survival respectively 
compared to 24% of plants in untreated plots. Potassium phosphonate caused minor 
temporary bleaching of some leaves at rates of 3 g/L or more. In a 2007 field experiment, 
none of the plants treated with pre-transplant applications of metalaxyl-M at 1.25 g/m2 

and fo1inightly spray applications of potassium phosphonate at 6 and 12 g/L developed 
root rot at first commercial harvest. Plots treated with pre-transplant applications of 
metalaxyl-M at 0.625 and 1.25 g/m2 alone and in combination with foliar sprays of 
potassium phosphonate at 6 g/L had fewer plants affected by root rot than untreated plots. 
Plants treated with potassium phosphonate alone at 6 and 12 g/L were also less affected 
by root rot than untreated plants. 

Under severe disease pressure, the disease black spot caused by the fungus 
Asperisoporium caricae causes affected leaves to curl, become necrotic, brittle and die 
resulting in extensive defoliation and sunburn on fruit. Lesions on fruit begin as small 
black spots which can enlarge to 2-6 mm in diameter. In a 2004 field experiment, 
chlorothalonil, difenoconazole and pyraclostrobin were shown to give effective control of 
black spot. In 2007, these chemicals were re-evaluated alone and in spray programs 
designed to prevent the development of fungicide resistance. In 2007-8, off-label permits 
were obtained for difenoconazole and chlorothalonil for the control of black spot of 
papaya. An off-label permit is currently being sought for the use of pyraclostrobin. 
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INTRODUCTION 

The northern Queensland papaya industry (latitudes 16.48°s to 17 .26°S) valued at $15-20 
million comprises some 90% of all papaya (Carica papaya) grown in Australia. 
However the diseases Phytophthora root rot and black spot are major constraints to 
fmiher development of the industry. 

The soil-borne pathogen Phytophthora palmivora, which causes fruit rot and decay of the 
tap root and eventual plant death is widespread in the growing area (Vawdrey 2001). 
Previous research (HAL Projects FR321 and FR02003, Vawdrey et al. 2004) identified 
that an integration of cultural practices ie. time of planting and use of mounds, and the 
use of the chemicals metalaxyl-M and phosphonic (phosphorous) acid (chemical formula 
H3PO3) present as monohydrogen-di potassium phosphite, hereafter referred to as 
phosphonate can significantly reduce the incidence of root rot. 

Initial symptoms of black spot caused by the fungus Asperisporium caricae, develop on 
the upper surface of young leaves as small water-soaked spots which later become 
greyish-white in colour. Black conidial masses form on these lesions on the underside of 
leaves. Under severe disease pressure, affected leaves curl, become necrotic, brittle and 
die resulting in extensive defoliation. Lesions on fiuit begin as small black spots which 
can enlarge to 2-6 mm in diameter. 

Research conducted by Peterson and Grice (1996) lead to the registration of the curative 
fungicide tebuconazole for the control of black spot. However Peterson and Grice (1996) 
expressed a concern that high disease pressure may influence the efficacy of these 
chemicals. For a number of years this issue of poor disease control under high disease 
pressure has been confomed by many growers. In addition, there is the possibility of a 
loss of sensitivity to tebuconazole which has been repo1ted in the management of yellow 
Sigatoka of banana (Grice and Peterson 2002). Results from a field experiment 
conducted in 2004 showed the chemicals difenoconazole and pyraclostrobin were more 
effective than tebuconazole. The protectant fungicide chlorothalonil was shown to be as 
effective as tebuconazole at controlling black spot. 

Fmther research into the efficacy of metalaxyl-M, phosphonate, difenoconazole and 
chlorothalonil and the maximum residue levels for metalaxyl-M and phosphonate was 
conducted to satisfy off-label permit requirements of the Australian Pesticide and 
Veterinary Medicines Authority (APVMA). This rep011 describes an in vitro study into 
the sensitivity of two isolates of P. palmivora recovered from root rot affected plants to 
various concentrations of phosphonate and an in plan ta study into the effect of plant age 
on the efficacy of phosphonate on papaya. Two field experiments conducted during 
2005-6 and 2006-7 evaluated the efficacy of metalaxyl-M and phosphonate alone and in 
combination and at various rates of application against Phytophthora root rot. Two 
residue data experiments were also conducted for phosphonate and metalaxyl-M. In 
2005, an in vitro experiment assessed the sensitivity of the black spot organism to the 
triazole fungicides tebuconazole and difenoconazole. In 2007, a field experiment re­
evaluated the efficacy of difenoconazole, pyraclostrobin and chlorothalonil alone and in 
spray programs designed to prevent the development of fungicide resistance. 
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MATERIALS AND METHODS 

Phytophthora-related experiments 

Sensitivity of P. palmivora to phosphonate in vitro 
Concentrations of phosphonate (0, 0.02, 0.04, 0.06, 0.08, 0.1 and 0.12 g/L) were 
prepared, passed through a 0.2 µm Millipore® filter before being added to autoclaved 
0.5% Difeo® cornmeal agar after it had cooled to 42° C. Ten replicate culture plates (90 
mm diam.) were poured for each phosphonate concentration. Plugs of inoculum, 4 mm in 
diameter were taken from the edge of actively growing cultures of two isolates of P. 
palmivora (accessions 1057 and 1139) growing on cornmeal agar (CMA) and placed 
mycelium face down and centrally on the surface of the phosphonate amended CMA 
plates. The plates were incubated at 26° C in the dark for the duration of the experiment. 
Colony diameters were measured daily. 

Plant age x rates ofphosphonate in p/anta 
This experiment examined the effect of plant age and rates of application of potassium 
phosphonate as Agrifos Supa 600 on root rot severity and fresh weight of papaya roots. 
Previous pot experiments showed that phosphonate applied to young seedlings only 
delayed the onset of disease (unpublished data) whereas a significant level of control was 
achieved in more mature plants grown in the field (Vawdrey et al. 2004). 

Inoculum preparation and plant inoculation A modification of the method of Tsao 
(1971) was used to produce chlamydospores of P. palmivora in liquid culture. Two 
inoculum plugs (5 mm diam.) of a papaya isolate of P. palmivora taken from the margin 
of a 4 day-old culture grown on CMA were transferred to 125 mL Ehrlenmyer flasks 
containing 25 mL of a liquid medium. The broth medium used was repmied by 
Mircetich et al. (1968); it consisted of 100 mL of Campbell's V-8 juice, 2 g CaCO3 and 
900 mL distilled water. The V-8 broth (Miller 1955) was cleared by filtering twice 
through 3 layers of muslin and vacuum filtered through Whatman No. 54 filter paper. 
Prior to the addition of the inoculum plugs, the liquid medium was sterilised in an 
autoclave for 15 min at 121 ° C. 

Cultures grown in the liquid broth were incubated at 22° C in the dark resulting in the 
formation of mycelial mats. After 14 days incubation, the mycelial mats were submerged 
under aseptic conditions with 75 mL of sterile distilled water before being incubated at 
18° C (Tsao 1971) for a finiher 28 days. The resultant chlamydospore-bearing mycelial 
mats were placed in 100 mL sterile distilled water and mascerated at high speed for 1 min 
in a Waring blender. The mycelial fragments and chlamydospores were separated by 
passing the suspension 3 times through a nest of sieves (106, 75 and 38 µm in diameter) 
with the chlamydospores being collected on a 38 µm sieve before being suspended in a 
small quantity of water. The mean concentration per mL of a chlamydospore suspension 
was assessed from spore counts of 3 replicate samples. 

Assessment of disease severity Root rot severity ratings and the fresh weight of 
roots were conducted as plants died, and on surviving plants 4 weeks after inoculation 
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with P palmivora. Root rot severity was assessed using the following scale: 1, no root 
rot; 2, minor rot of feeder roots only; 3, minor rot of tap root only; 4, minor rot of tap 
root, secondary, and feeder roots; 5, severe rot of the tap root, minor rot of feeder and 
secondary roots; 6, severe rot of tap root, secondary and feeder roots; 7, complete rot of 
roots and death of plants. Fresh weights of roots were recorded by excising the roots 
from the stem and carefully washing and blotting them dry on absorbent paper before 
weighing. Sections of diseased roots from affected plants were surface sterilized in 70% 
ethanol for 1 min, rinsed in sterile distilled water and blotted dry with sterile paper then 
transferred to P10ARP Phytophthora-selective medium (Jeffers and Martin 1986). The 
plates were observed for the growth of P. palmivora from the root sections after 
incubation in the dark at 26° C for 72 h. 

Plant establishment and treatment application Eight, 12 and 16-week-old papaya 
plants of the Phytophthora susceptible cultivar lB were established in 20 L plastic planter 
bags containing 12 kg of pasteurised potting mix (2:1:1, peat moss:perlite:washed river 
sand). Each pot was fe1tilized weekly with 0.8 g of Aquasol® and plants were hand 
watered as required. Fo1tnightly foliar sprays with phosphonate at 3, 6 and 12 g/L were 
commenced 7 days prior to inoculation with P. palmivora. Sprays were applied to the 
foliage of plants of the appropriate age using a knapsack sprayer. Distilled water was 
sprayed on the untreated control plants. Plants were inoculated by applying a 300 mL 
suspension of 15450 chlamydospores of P. palmivora to the soil surface in each pot. 

Field experiments 

Field experiments were established in October 2005 in a red-brown light clay (Innisfail 
Series) soil on the South Johnstone Research Station near Innisfail, Queensland and in 
October 2006 in a kraznozem soil on Mr. Joe Zappala's Mena Ck prope1ty near Innisfail. 
In each experiment, 9-week-old papaya seedlings (Hybrid lB) were transplanted from 
pasteurised potting mix into 50 cm high mounds in the experimental area. As the hybrid 
used was dioecious, 4 plants were planted at each plant position to allow the 
establishment of 100% female datum plants in each plot. Plots contained a single row of 
12 plant positions (10 datum plant positions and 2 guard plant positions) with a single 
row of unsprayed plants separating treatments. Plants were irrigated as required using a 
single line of mini-sprinklers. 

2005 experiment 
In May 2005, a cover-crop of the Phytophthora susceptible host blue lupin (Erwin and 
Ribeiro 1996) was established at the experimental site prior to transplanting papaya to 
increase disease levels and improve the distribution of the pathogen in the soil. The soil 
was ploughed, rotary-hoed to a fine tilth and blue lupin seed (74 kg/ha) coated with root 
nodule bacteria 'Nodulaid 100®' Group G inoculum was broadcast with a Viacom® 
spreader then covered with soil using a tractor-drawn root rake. The lupin plants were 
grown for 3 months before being ploughed-in on the 28 August. The experimental site 
was then rotaiy-hoed and mounds formed in preparation for the transplanting of the 
papaya seedlings on the 26 October. The site was then divided into 36 plots (18 m x 4 m) 
consisting of 9 treatments and 4 replications airnnged as a randomised complete block. 
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The fe11iliser program consisted of a basal application of Nitrophoska Blue Special® at 
the rate of 600 kg/ha, and 6 side dressings of urea (16.0 kg/ha) and potassium nitrate 
(68.0 kg/ha) as the plants grew. 

Treatment application and data collection One day prior to transplanting, metalaxyl 
was broadcast evenly in a 40 cm band on the surface of the mounds of the appropriate 
plots and lightly raked into the soil. All fortnightly foliar applications of phosphonate 
were commenced immediately after transplanting. The first four foliar sprays were 
applied with a knapsack and the remaining six applications were made with a shoulder­
mounted misting unit (Efco ®). Spray volumes increased from 76 to 278 L/ha as the 
plants grew. Plant infection counts were recorded as plants showed symptoms of wilting 
resulting from a decay of the tap root. Diseased plants were cut just above ground level 
and moved to the inter-row. Samples of diseased roots were obtained from each root rot 
affected plant and isolations conducted as described previously. Plant heights (cm) were 
recorded 4 and 6 weeks after transplanting. The experiment was concluded on the 20 
March some 4 weeks prior to the first commercial harvest due to the destructive effects of 
a categ01y 5 cyclone. 

2006 field experiment 
The experimental site was located in an area where plant losses due to Phytophthora root 
rot were severe in the previous crop of papaya. The trial-site was rotary-hoed and 
mounds formed in preparation for the transplanting of the papaya seedlings. The site was 
then divided into 36 plots ( each 18m x 4m) consisting of 9 treatments and 4 replications 
atTanged as a randomized complete block. Plots contained a single row of 12 plant 
positions (10 datum plant positions and 2 guard plant positions) with a single row of 
plants separating treatments. 

Plant establishment Papaya seedlings (Hybrid 1B) grown in pasteurised potting mix 
were transplanted into 50 cm high mounds in the experimental area on the 17 October 
2006. Each plant position of 3 to 4 plants was later thinned to 1 plant when flowering 
was initiated (90% female plants in each plot). Plants were irrigated as required using a 
single line of mini-sprinklers. The fe11iliser program consisted of a basal application of 
Nitrophoska® at the rate of 577 kg/ha, and 2 side dressings of urea (15.4 kg/ha) and 
potassium nitrate (65.4 kg/ha) as the plants grew. 

Treatment application and data collection Chemical treatments included metalaxyl-M 
granules as Ridomil Gold 25G® at 0.625 and 1.25 g a.i./m2 applied just prior to 
transplanting and fortnightly foliar sprays of potassium phosphonate as Agrifos Supa 
600® at 6 and 12 g a.i./L applied alone and in combination with metalaxyl-M. 

One day prior to transplanting, metalaxyl-M was broadcast evenly in a 40 cm band on the 
surface of the mounds of the appropriate plots and lightly raked into the soil. Treatments 
involving foliar applications of potassium phosphonate alone (Table 5) were commenced 
immediately after transplanting using a knapsack sprayer. The knapsack sprayer was 
later replaced with a motorized knapsack due to the increase in plant size. Phosphonate 
sprays used in combination with pre-plant applications of metalaxyl-M were commenced 
4 weeks after transplanting. Spray volumes increased from 122 to 277 L/ha as the plants 
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grew. A total of 12 spray applications per treatment were made during the experiment. 
Plant infection counts were recorded as plants showed symptoms of wilting resulting 
from a decay of the tap root. Samples of diseased roots were obtained from each root rot 
affected plant to identify the causal organism. Sections of diseased roots were surface 
sterilised in 70% methanol for 1 min, blotted dry with sterile paper then transferred to 
PDA plus streptomycin sulphate and the Phytophthora-selective medium P 10ARP+H 
(Jeffers and Martin 1986). Diseased plants were cut just above ground level and moved 
to the inter-row. Fruit were sampled from the appropriate treatments in this field 
experiment for residue analysis as per the following protocol. 

Residue data experiments for metalaxyl and potassium phosphonate 

2006 experiment 
Sampling of fruit for chemical residue analysis commenced on the 10 April and 
continued until the 22 May. Fruit was sampled from metalaxyl-M treated plots 28, 21, 
14, 7, 3 and 0 days prior to first commercial harvest. Fruit was sampled from the 
phosphonate treated plots at 0, 3, 7, 14 (first commercial harvest), 21 and 28 days after 
the last spray application of phosphonate. All fruit was harvested at random from each 
treatment (12 whole fruit from each treatment at each sampling time). Untreated fruit 
was also sampled at first commercial harvest only for comparison. Fruit was harvested at 
the standard harvest maturity (first sign of yellow colour) and placed in a deep freezer(> 
minus 10°C) within an hour of harvest. Fruit was dispatched by freezer truck to the 
pesticide section of Queensland Health Scientific Services at Coopers Plains in 
Queensland for residue analysis. A second residue experiment was commenced at a 
different research site in 2007. 

2007 experiment 
A small experiment was established on 6 March 2007 in a black sandy loam soil at the 
Queensland Depatiment of Primary Industries Southedge Research Station near Mareeba 
for the sole purpose of obtaining residue data for metalaxyl and phosphonate. The 
experimental site was located in an area which had been under grass fallow for a number 
of years and had not previously grown papaya. The trial-site was rotary-hoed and flat 
beds formed in preparation for the transplanting of the papaya seedlings. The site 
consisted of 4 treatment plots (each 21m x 4m) with no replication. Plots contained a 
single row of 14 plant positions (12 datum plant positions and 2 guard plant positions) 
with a single guard row of plants either side of the datum row. 

Plant establishment Twelve-week-old papaya seedlings (Hybrid lB) grown in 
pasteurised potting mix were transplanted into 15 cm high flat beds. Each plant position 
of 3 to 4 plants was later thinned to 1 plant when flowering was initiated (90% female 
plants in each plot). Plants were irrigated as required using a single line of mini­
sprinklers. All plots received a basal fe11iliser application of Crop King 55® (13.2% N, 
14.7% P, 12.3% K, 1.5% S) at the rate of 200 kg/ha, dolomite (16.5% CaCO3 and 10% 
MgCO3) at 1100 kg/ha, and 6 applications ofNitrophoska Blue Special (12% N, 5% P, 
14% K) at 55 kg/ha and Super Mo (8.8% P, 11 % S, 0.25% Mo, 20% Ca) at 60 kg/ha 
broadcast along the plant rows during the growing of the crop. 
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Treatment application and fruit sampling Chemical treatments included metalaxyl-M 
granules as Ridomil Gold 25G at 0.625 g a.i./m2 applied just prior to transplanting and 
fortnightly foliar sprays of phosphonate as Agrifos Supa 600 at 6 and 12 g a.i./L. An 
untreated control plot was included for comparison. 

Just prior to transplanting, metalaxyl-M was broadcast evenly in a 40 cm band on the 
surface of the bed of the appropriate plot and lightly raked into the soil. Treatments 
involving foliar applications of phosphonate were commenced on 13 March using a 
knapsack sprayer. The knapsack sprayer was later replaced with a motorised knapsack 
due to the increase in plant size. Spray volumes increased from 125-250 L/ha as the 
plants grew. A total of twenty spray applications per treatment were made during the 
experiment. Sampling of fruit for chemical residue analysis for metalaxyl-M commenced 
on the 21 December and for phosphonate the 4 January 2008 as per the protocol used in 
the 2006 experiment. Fruit was dispatched by freezer truck to the pesticide section of 
Queensland Health Scientific Services at Coopers Plains in Queensland for residue 
analysis. 

Black spot management experiments 

Sensitivity of A. caricae to tebuconazole and difenoconazole in vitro 
Between the months of August and October 2005, populations of A. caricae were 
collected from unsprayed (no fungicides used) backyard grown papaya plants to obtain 
base-line data for populations of the organism. Disease affected leaf material was 
obtained from 21 sites between Mareeba and YungabmTa on the Athe11on Tablelands 
ensuring considerable distance (> 10km) from commercial papaya operations to minimise 
the risk of collecting populations that may have originated from commercially sprayed 
fm·ms. 

A stock solution of 10 000 µg/mL of tebuconazole and difenoconazole (Table 1) was 
prepm·ed from commercial formulations of the fungicides and dissolved in sterile water. 
Stock solutions were diluted (10mL/90mL sterile distilled water) and l0mL was added to 
90mL of2% water agar (WA), cooled to 50°C to achieve concentrations of0.01, 0.1, 1, 
10 and l00µg/mL. Non-amended agar was used as a check/control. The l00mL of 
amended agar was dispensed into 90mm Petri dishes, labelled and allowed to solidify and 
dry. Ten circles approximately 1.0 cm in diameter were marked on the underside of each 
plate. Sensitivity levels of A. caricae to tebuconazole and difenoconzole were 
determined using a germination tube elongation test modified from Molina and Salas, 
1989. Ten lesions from different leaf pieces were used for each test. With the aid of a 
dissecting microscope, a sterile needle was used to transfer spores from a lesion and 
placed on the agar in the centre of a circle marked on the plate. This process was 
continued across all fungicide treatments and for the remaining nine lesions. A sterile 
glass rod was then used to rub across the agar surface in order to separate the spores. The 
WA amended plates were then incubated at l5°C for 48 h as this is the optimum 
temperature required for A. caricae growth. After the incubation period, a compound 
microscope ( 40x objective) was used to scan each circle to locate 10 spores and measme 
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the longest germtubes with the aid of a micrometer scale eyepiece. A total of 100 
measurements were taken for each fungicide concentration. At the conclusion of the 
2007 field experiment, two samples were collected from each of the tebuconazole treated 
plots and untreated plots. Sensitivity testing was conducted on these samples using the 
procedure described above. 

The EC50 values (effective concentration required to reduce growth by 50%) for each 
sample was calculated by comparing the germtube growth of 100 germtubes at each 
concentration as a percentage of the unamended treatment against the log10 scale of the 
fungicide concentration. All wild type isolates were averaged and graphed to produce the 
sensitivity baseline for A. caricae to difenoconazole and tebuconazole. 

Field experiment 

The products described in Table 1 were applied in a field experiment conducted during 
2007. The 2007 site was divided into 32 plots (each 15 m x 4 m) consisting of 8 
treatments and four replications arranged as a randomised complete block. Plots in the 
experiment consisted of a single row of 10 plant positions (eight datum plant positions 
with one guard plant position at each end) with a single row of unsprayed plants 
separating treatments. The chemical treatments were applied with a motorised back-pack 
mister (Efco ®). The wetting agent Agral® at the rate of 0.4 mL/L was applied with all 
treatments except chlorothalonil. Papaya seedlings of the cultivar hybrid lB which is 
highly susceptible to black spot were grown in pasteurised potting mix for eight weeks 
prior to transplanting. As the hybrid used was dioecious, three or four plants were 
planted at each plant position to allow the establishment of 90% female plants in each 
plot. Plants were thinned approximately 11 weeks after transplanting to 1 plant per 
position at flowering when the sex could be determined. Plants were irrigated as required 
using mini-sprinkler irrigation. 

Table 1. Common name, product name, formulation and supplier of fungicide 
treatments used in a field experiment to control black spot of papaya. 

Common name Product name 

difenoconazole Score 

chlorothalonil Bravo 

pyraclostrobin Cabrio 

tebuconazole Folicur 

mancozeb Dithane M45 

Formulation A 

250 g/L, e.c. 

720 g/L, s.c. 

250 g/L, e.c. 

430 g/L, s.c. 

800 g/kg, w.p. 

Supplier 

Syngenta 

Syngenta 

Nufarm 

Bayer Cropsciences 

Dow Agrosciences 
Type of formulation; w.p., wettable powder; s.c., soluble concentrate; e.c., 
emulsifiable concentrate. 
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Disease assessments Disease development and the efficacy of each treatment were 
assessed after 11 and 13 spray applications. Assessments were made on five plants per 
plot using the youngest leaf spotted (YLS) method (Stover and Dickson 1970). The YLS 
was determined by counting from the most recent fully expanded leaf to the first leaf with 
10 or more fully developed spots. Disease severity was assessed on the 20 November (2 
weeks after the 13 th spray application) by examining the leaves on 4 plants in each plot. 
Each plant was graded using a modification of Stover's severity scoring system (Stover 
1971). The rating grades used were: 0, no disease symptoms; 1, <l % ofleafwith disease 
symptoms (10 spots per leaf); 2, 1-5% of leaf area spotted; 3, 6-15%; 4, 16-33%, 5, 34-
50% and 6, >50% ofleaf area spotted. A Disease Severity Index (DSI) = [(Sum nb )(N-1) 
x 1] was calculated where n = number ofleaves in each grade, b = grade, N = number of 
grades used (7), and T = total number of leaves graded on each plant. The DSI takes into 
account the age of the spotted leaves on the plant which is important in evaluating overall 
disease intensity (Stover and Dickson 1970). The total number of leaves per plant was 
also assessed. 

Data analysis 
ANOVA was used to analyse percentage papaya survival data following a variance­
stabilising transformation {arc sine [square root(x)]}. Analysis of variance was used to 
analyse the root rot severity, fresh weight of roots and plant height per plot. Where an 
overall treatment effect was found to be significant, pair-wise testing between treatment 
means was done using the protected least significant difference (LSD) test. 

RESULTS 

Phytophthora-related experiments 

Sensitivity of P. palmivora to phosphonate in vitro 
In the in vitro laboratory tests, variability in the measurements of the colony diameters 
was extremely low with standard e1rnrs of the mean of 0-0.89 for isolate 1139 (Fig.1) and 
0-0.76 for isolate 1057 (Fig. 2.). Sensitivity of the two P. palmivora isolates was similar, 
but isolate 1139 did show a greater sensitivity to the phosphonate concentrations than 
isolate 1057. With both isolates, the sensitivity to phosphonate increased with increasing 
concentrations of phoshonate and the growth of P. palmivora decreased with increasing 
concentrations of phosphonate. No growth of P. palmivora was recorded where 
agar/mycelial plugs were exposed to concentrations of 0.12 g/L phosphonate however 
they commenced to grow when later transferred to unamended cornmeal agar plates 
(unpublished data). 
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Fig. 1. Colony diameters of Phytophtlwra palmivora (isolate 1139) grown on 
cornmeal agar amended with various concentrations of potassium phosphonate 
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Isolate 1139 Standard errors of the mean 
12/4 13/4 14/4 15/4 16/4 17/4 18/4 19/4 20/4 21/4 

1. Control 0.00 0.26 0.51 0.43 0.70 0.67 0.42 0.00 0.00 
2. KPO3 (0.02 g/L) 0.00 0.29 0.44 0.18 0.34 0.37 0.14 0.31 0.71 0.89 
3. KPO3 (0.04 g/L) 0.00 0.18 0.26 0.36 0.26 0.20 0.30 0.31 0.44 0.48 
4. KPO3 (0.06 g/L) 0.00 0.00 0.14 0.22 0.34 0.51 0.36 0.52 0.57 0.57 
5. KPO3 (0.08 g/L) 0.00 0.00 0.00 0.18 0.20 0.30 0.40 0.36 0.36 0.26 
6. KPO3 (0.10 g/L) 0.00 0.00 0.00 0.14 0.29 0.40 0.34 0.37 0.37 0.51 
7. KPO3 (0.12 g/L) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Fig. 2. Colony diameters of Phytophthora palmivora (isolate 1057) grown on cornmeal 
agar amended with various concentrations of potassium phosphonate 
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Isolate 1057 Standard errors of the mean 
12/4 13/4 14/4 15/4 16/4 17/4 18/4 19/4 20/4 21/4 

1. Control 0.20 0.20 0.47 0.51 0.26 0.00 0.00 0.00 0.00 
2. KPO3 (0.02 g/L) 0.00 0.30 0.00 0.20 0.29 0.26 0.61 0.47 0.70 0.76 
3. KPO3 (0.04 g/L) 0.00 0.18 0.14 0.40 0.40 0.67 0.57 0.59 0.71 0.38 
4. KPO3 (0.06 g/L) 0.00 0.20 0.37 0.51 0.38 0.57 0.57 0.64 0.57 0.36 
5. KPO3 (0.08 g/L) 0.00 0.00 0.20 0.30 0.38 0.67 0.64 0.51 0.65 0.52 
6. KPO3 (0.10 g/L) 0.00 0.00 0.00 0.14 0.20 0.20 0.34 0.29 0.22 0.18 
7. KPO3 (0.12 g/L) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Plant age and rates ofphosphonate in planta 
Phosphonate caused some bleaching of foliage on plants of all ages. Results showed that 16-
week-old plants sprayed with 0, 3, 6 and 12 g/L phosphonate developed less root rot (P<0.05) 
and had a greater fresh weight of roots (P<0.05) than 8 and 12-week-old plants sprayed with 
phosphonate (Tables 2 and 3). 

Table 2. Effect of plant age and rates of potassium phosphonate on the severity of root 
rot of papaya grown in soil artificially infested with P. palmivora in the glasshouse. 

Rates of potassium phosphonate (g. a.i./L) 

Plant age (wks) OAB 3AB 6AB 12AB 

8 7.0 C 7.0 C 7.0 C 7.0 C 

12 7.0 C 7.0 C 6.8 C 7.0 C 

16 5.2 b 5.4 b 3.0 a 2.2 a 

Phytophthora root rot assessed on a 1 to 7 scale of increasing disease severity. Means 
within rows and columns followed by the same letter are not significantly different (P>0.05). 

Sixteen-week-old plants sprayed with phosphonate (6 and 12 g/L) had more healthy 
roots (P<0.05) than 16-week-old plants sprayed with 0 and 3 g/L phosphonate (Table 2). 
Sixteen-week-old plants sprayed with phosphonate (12 g/L) had a greater fresh weight of 
roots (P<0.05) than 16-week-old plants sprayed with 0, 3 and 6 g/L phosphonate (Table 3). 
P. palmivora was recovered from all root rot affected plants. 

Table 3. Effect of plant age and rates of potassium phosphonate on the fresh weight of 
roots (g) of papaya grown in soil infested with P. palmivora in the glasshouse. 

Rates of potassium phosphonate (g. a.i./L) 

Plant age (wks) OA 3A 6A 12A 

8 1.27 C 1.24 C 1.09 C 1.25 C 

12 16.79 C 5.72 C 23.79 C 26.62 C 

16 568.92 b 451.60 b 580.24 b 830.42 a 

Means within rows and columns followed by the same letter are not significantly different 
(P>0.05) 
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Field experiments 

2005 experiment 
The cover-crop of blue lupin germinated well and 3 weeks after emergence following a 
period of wet weather, a significant number of young seedlings scattered throughout the trial­
site wilted and died (Fig. 4.). P. palmivora was recovered from sections of disease roots 
transfeITed to Phytophthora-selective medium. Other diseases recorded prior to the cover­
crop being ploughed-in included crown rot (Sclerotium rolfsii) and stem rot (Rhizoctonia 
solani). 

The transplanted papaya seedlings established well. Phosphonate used as a foliar spray at 12 
g/L only caused minor bleaching of foliage of newly transplanted seedlings following the 
first two spray applications. Plant height measurements conducted on the 20 November (3 
weeks post-transplanting) and 7 December (6 weeks post-transplanting) showed plants 
treated with a pre-plant application of metalaxyl-M (0.625 and 1.25 g/m2

) as M0.625 and 
Ml.25 alone and in combination with f01tnightly applications of phosphonate (6 and 12 g/L) 
as P6 and P12 were significantly taller (P<0.05) than plants sprayed with P6 and P12 alone 
(Table 4). There was no significant difference (P>0.05) in plant heights in P alone treated 
plots compared to the untreated. 

Dry weather conditions over the spring period (Fig. 3.) slowed the development of root rot in 
the earlier part of the experiment (Table 4). The disease assessment conducted on the 14 
December Uust prior to plant thinning) showed that plants treated with M0.625 and Ml.25 at 
transplanting had a lower incidence of root rot (P<0. 05) than plants treated with P alone and 
the untreated. Applications of M0.625 at transplanting plus fo1tnightly foliar sprays of P6 
and applications of Ml.25+P6 and Ml.25+P12 were more effective (P<0.05) at controlling 
root rot in papaya plants just prior to thinning than in plants sprayed with P alone and the 
untreated. 

Fig 3. Mean monthly maximum and minimum temperatures and 
monthly rainfall for the duration of the Phytophtlwra root rot trial 
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Ploughing-in the blue lupin cover crop 

Phytophthora root rot of papaya 

Phytophthora affected blue lupin seedlings 

Treatment differences in the Phytophthora root 
rot control trial 

Fig. 4. The 2005 field experiment examined the effect of metalaxyl-M and potassium 
phosphonate on the management of root rot of papaya caused by Phytophthora palmivora. 

By the 16 March there was a marked increase in the incidence of root rot with 76% of plants 
in untreated plots infected with root rot (Table 4, Fig. 4). Results from this final disease 
assessment showed that applications of M0.625+P 12 was more effective (P<0.05) at 
controlling root rot than M0.625 and Ml.25 alone and the untreated. Plants treated with 
foliar sprays of P6 and P 12 were less affected by disease (P<0.05) than those in untreated 
plots. There was no difference (P>0.05) in the level of disease control by the two rates of 
application of metalaxyl when applied at transplanting alone. P. palmivora was recovered 
from all root rot affected plants. 
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Table 4. 2005 experiment-The effect of rates of metalaxyl-M and potassium phosphonate alone and in combination on the 
incidence of root rot and height of papaya in a field infested with Phytophthora palmivora. 

Treatments Rate of a.i. % papaya survival AB at Plant heights (cm) atA 

14/12/05E 16/3/06F 20.11.05c 7.12.05D 

Untreated - 1.31 e (93 .26) 0.509 C (23.71) 41.95 cd 84.25 de 

Metalaxyl at transplanting 0.625 g/m2 1.53 ab (99.84) 0.982 b (69.13) 45.10 be 88.75 cd 

Metalaxyl at transplanting 1.25 g/m2 1.53 ab (99.84) 0.913 be (62.67) 45.50 be 95.25 abc 

Phosphonate spray 6 g/L 1.44 cd (98.17) 1.057 ab (75.87) 37.95 d 80.00 e 

Phosphonate spray 12 g/L 1.36 de (95.70) 1.294 ab (92.53) 37.50 d 78.25 e 

Metalaxyl + phosphonate spray 0.625 g/m2 + 6 g/L 1.57 a (100.00) 1.158 ab (83.92) 50.45 ab 99.25 a 

Metalaxyl + phosphonate spray 0.625 g/m2 + 12 g/L 1.45 bed (98.56) 1.409 a (97.43) 50.85 a 99.00 ab 

Metalaxyl + phosphonate spray 1.25 g/m2 + 6 g/L 1.57 a (100.00) 1.178 ab (85.35) 46.60 abc 91.75 be 

Metalaxyl + phosphonate spray 1.25 g/m2 + 12 g/L 1.57 a (100.00) 1.284 ab (91.98) 50.35 ab 98.25 ab 

AEquivalent means are presented in parentheses, back-transformed from inverse sine transformation [sin-1(%/100)112
]. 

8Means in the 
same column followed by the same letter are not significantly different (P>0.05). cPlant heights at 3 weeks after transplanting. 
0 Plant heights at 3 weeks after transplanting. EPercentage plant survival at 7 weeks after transplanting. FPercentage plant survival at 
21 weeks after transplanting. 
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2006 experiment 
Potassium phosphonate used as a foliar spray at 12.0 g/L caused only minor bleaching or 
phytotoxicity of foliage of newly transplanted seedlings. However the leaf bleaching was 
temporary and only evident following the first two spray applications. Although periods 
of high rainfall during the experiment favoured the development of disease, the incidence 
of root rot was quite low. The assessment of the number of root rot affected plants by the 
end of the experiment showed 100% survival of plants treated with metalaxyl-M at 1.25 
g/m2 just prior to transplanting followed by fortnightly sprays of potassium phosphonate 
at either 6 or 12 g/L (Table 5). Plants treated with pre-plant applications of metalaxyl-M 
at 0.625 and 1.25 g/m2 alone and in combination with fortnightly foliar sprays of 
potassium phosphonate at 6 g/L were significantly (P<0.05) less affected by root rot than 
untreated plants. Plants treated with potassium phosphonate alone at 6 and 12 g/L were 
less affected by root rot than were untreated plants. Phytophthora palmivora was 
recovered from all plants which developed root rot. 

Table 5. 2006 experiment-The effect of various rates of metalaxyl-M and potassium 
phosphonate alone and in combination on the survival of papaya at first commercial 

harvest in a field infested with Phytophthora palmivora. 

Treatments 

untreated 

metalaxyl-M pre-plant 

metalaxyl-M pre-plant 

potassium phosphonate foliar spray 

potassium phosphonate foliar spray 

metalaxyl-M pre-plant+ phosphonate spray 

metalaxyl-M pre-plant+ phosphonate spray 

metalaxyl-M pre-plant+ phosphonate spray 

metalaxyl-M pre-plant+ phosphonate spray 

Rate of a.i. Percentage 

plant survival 

0.99d (70.2) 

0.625 g/m2 1.43abc (97.9) 

1.25 g/m2 1.49ab (99.4) 

6 g/L 1.27c (90.9) 

12 g/L 1.41abc (97.4) 

0.625 g/m2+6 g/L 1.53a (99.8) 

0.625 g/m2+12 g/L 1.33bc (94.3) 

l.25g/m2+6 g/L 1.57a (100.0) 

l.25g/m2+ 12 g/L 1.57a (100.0) 

Means in the same column followed by the same letter are not significantly different 
(P>0.05). Back transformed means are in parenthesis. 
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Residue data experiments for metalaxyl-M and potassium phosphonate 

2006 experiment 
Levels of phosphonate analysed as phosphonic acid (mg/kg) were well below the 
accepted MRL of 100 mg/kg. Metalaxyl-M residues were less than 0.01 mg/kg. Results 
for metalaxyl-M and potassium phosphonate residues are in tables 6 and 7. 

Table 6. Metalaxyl-M as Ridomil Gold 25G in papaya fruit 

Lab. Reference Sample Reference Days before first 
Metalaxyl-M 

(mg/kg) 
harvest 

07KE4664 Met_day 28 28 <0.01 
07KE4665 Met_day 21 21 <0.01 
07KE4666 Met_day 14 14 <0.01 
07KE4667 Met_day 7 7 <0.01 
07KE4668 Met_day 3 3 <0.01 
07KE4669 Met_day 0 0 <0.01 
07KE4670 Met blk 0 (untreated) <0.01 

Table 7. Potassium phosphonate as Agrifos Supa 600 in papaya fruit 

Lab. Reference Sample Reference Days after treatment 
Phosphonate analysed 
as 2hos acid ( mg/kg) 

07KE4650 Pl¾_day0 0 22.4 
07KE4651 Pl¾_day 3 3 19.9 
07KE4652 P1%_day7 7 18.0 
07KE4653 Pl¾_day 14 14* 19.6 
07KE4654 Pl¾_day 21 21 14.5 
07KE4655 Pl¾_day 28 28 16.1 
07KE4656 Pl¾ bile untreated <2.5 
07KE4657 P2%_day 0 0 31.8 
07KE4658 P2%_day 3 3 31.1 
07KE4659 P2%_day 7 7 35.5 
07KE4660 P2%_day 14 14* 27.5 
07KE4661 P2%_day 21 21 28.4 
07KE4662 P2%_day 28 28 30.0 
07KE4663 P2% blk untreated <2.5 

*First commercial harvest 
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2007 experiment 
Levels of phosphonate analysed as phosphonic acid (mg/kg) were well below the 
accepted MRL of 100 mg/kg. Metalaxyl-M residues were less than 0.01 mg/kg. Results 
for metalaxyl-M and potassium phosphonate residues are in tables 8 and 9. 

Table 8. Metalaxyl-M as Ridomil Gold 25G in papaya fruit 

Lab. Reference Sample Reference Days before first harvest 
Metalaxyl-M 

(mg/kg) 
08KE852 Met_day 28 28 <0.01 
08KE853 Met_day 21 21 <0.01 
08KE854 Met_day 14 14 <0.01 
08KE855 Met_day 7 7 <0.01 
08KE856 Met_day 3 3 <0.01 
08KE857 Met_day 0 0 <0.01 
08KE858 Met blk 0 (untreated) <0.01 

Table 9. Potassium phosphonate as Agrifos Supa 600 in papaya fruit 

Lab. Reference Sample Reference Days after treatment 
Phosphonate analysed 
as phos acid (mg/kg) 

08KE838 P1%_day0 0 17.4 
08KE839 P1%_day 3 3 17.7 
08KE840 P1%_day 7 7 18.4 
08KE841 P1%_day 14 14* 18.2 
08KE842 P1%_day 21 21 17.1 
08KE843 P1%_day 28 28 16.2 
08KE844 P1% blk untreated <2.5 
08KE845 P2%_day 0 0 40.7 
08KE846 P2%_day3 3 36.1 
08KE847 P2%_day 7 7 47.6 
08KE848 P2%_day 14 14* 38.5 
08KE849 P2%_day 21 21 36.7 
08KE850 P2%_day28 28 37.0 
08KE851 P2% blk untreated <2.5 

*First commercial harvest 

Black spot management experiments 

Sensitivity of A. caricae to tebuconazole and difenoconazole invitro 
Results of the base-line laboratory test conducted in 2005, showed a significant difference 
in the sensitivity of the two triazole fungicides with the effective concentration required 
to reduce growth by 50% (EC5o) as being 2 ppm for difenconazole and 14 ppm for 
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tebuconazole (Fig. 5.). No results were obtained from the A. caricae infected samples 
collected from the tebuconazole and untreated plots at the conclusion of the 2007 field 
experiment as little to no germination was observed at the end of the incubation period. 
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Fig. 5. Average sensitivity of21 'wild' populations of papaya black spot 
(Asperisporium caricae) to difenoconazole and tebuconazole. Genntube 

growth is expressed as a percentage compared to the control (no fungicide). 

Field experiment 

In the 2007 experiment, black spot was evident after the fomth spray application. 
Although the cool-cold weather from June until the end of September favoured the 
development of a severe black spot epidemic, the level of disease in the experiment was 
light-moderate (Fig. 6). It is felt this was largely due to a reduced disease pressure from 
neighbouring papaya farms because of the use of chlorothalonil (Emergency Use Permit 
9261) to control the disease. Disease levels were relatively uniform across the 
experimental area with the most severe leaf damage occurring in the unsprayed guard 
rows. Two spotted mite damage on leaves was of concern midway through the 
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experiment, however consecutive weekly applications of the insecticides abamectin 
(unregistered), clofentezine (unregistered) and dicofol provided effective control. 

The Youngest Leaf Spotted (YLS) data obtained after 11 and 13 spray applications 
(Table 10) proved an accurate guide as to the development of black spot within the 
experiment. After 11 sprays, difenoconazole and pyraclostrobin alone and in spray 
programs with chlorothalonil were more effective (P<0.05) at controlling black spot than 
tebuconazole, mancozeb and the untreated. Chlorothalonil was more effective (P<0.05) 
than mancozeb and the untreated. After 13 sprays, plants sprayed with difenoconazole 
alone and pyraclostrobin alone and in a spray program with chlorothalonil were less 
effected (P<0.05) by black spot than plants sprayed with tebuconazole, mancozeb and the 
untreated. 

After 11 spray applications there were more leaves in the fungicide-treated plots than the 
untreated. At the conclusion of the experiment, there were more leaves in the 
difenoconazole and the pyraclostrobin program treated plots than in the chlorothalonil, 
mancozeb and the untreated. Chlorothalonil and mancozeb treated plots had more leaves 
than the untreated plots. 

The DSI recorded after 13 spray applications (Table 10) confirmed most of the results 
from the YLS assessments. This result was largely due the continued development of the 
disease in the trial area. The DSI assessments showed plants sprayed with 
difenoconazole and pyraclostrobin were less affected by black spot than those plants 
treated with tebuconazole, mancozeb and the untreated. The difenoconazole program and 
the pyraclostrobin program proved more effective at controlling black spot than 
mancozeb. 

Fig. 6. Light to moderate leaf damage caused by Asperisporium caricae 
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Table 10. Effect of fungicides on black spot of papaya in a field experiment in 2007 following assessments for youngest 

leaf spotted, total number of leaves per plant and disease severity after 11 and 13 spray applications. 

Treatmenl 
Rate Youngest leaf spotted after Total leaves per plant after Disease severity 

(g a.i./ha) indexAc 
11 sprays 13 sprays 11 sprays 13 sprays 

difenoconazole (Score) 100 29.2 a 29.8 a 29.1 a 29.3 ab 1.82 a 

pyraclostrobin (Cabrio) 100 29.1 a 27.1 abc 29.0 a 26.4 abc 2.16 ab 

pyraclostrobin program E 
100+1584 28.7 a 28.4 ab 27.7 a 30.0 a 4.67 abc 

chlorothalonil (Bravo) 1584 22.5 ab 22.1 cd 28.2 a 25.3 C 6.75 be 

difenoconazole program0 
100+1584 28.7 a 23.4 bed 27.7 a 25.9 be 7.49 cd 

tebuconazole ( Folicur) 125 15.2 be 19.9 d 29.2 a 26.0 be 11.90 d 

mancozeb (Dithane M45) 1600 10.2 C 14.6 e 28.25 a 25.3 C 18.34 e 

untreated 7.6 C 10.7 e 17.9 b 20.3 d 23.30 f 

AMeans in the same column followed by the same letter are not significantly different (.P>0.05). BYLS rated by counting from 
the most recent fully expanded leaf to the first leaf with 2::10 fully developed spots (n=20). cDisease severity index= [(Sum 
nb)(N-1) x T] x 100 where n=number ofleaves in each grade, b = grade, N = number of grades used (7), and T = total number of 
leaves graded on each plant (n=16). 0 Difenoconazole program: 2 difenoconazole followed by 2 chlorothalonil with a maximum 
of 6 difenoconazole. EPyraclostrobin program: 1 pyraclostrobin followed by 2 chlorothalonil with a maximum of 4 
pyraclostrobin. FWetting agent Agral® at the rate of0.4 mL/L was applied with all treatments except chlorothalonil. 
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Our research into the management of Phytophthora root rot showed that metalaxyl-M at 
transplanting plus foliar sprays with phosphonate provided a high level of control of 
Phytophthora root rot of papaya in seedlings and mature plants. Metalaxyl-M is a most 
active, versatile and broadly used compound known for its rapid uptake by the host and 
good persistence in plant tissue, and curative and protectant prope1ties which provide 
control of many soil-borne diseases such as those caused by Phytophthora (Schwinn and 
Staub 1987). 

Potassium phosphonate at rates 0.02-0.1 g/L was inhibitory to the mycelial growth of the 
two isolates of P. palmivora and totally suppressed mycelial growth at 0.12 g/L. 
Mycelial growth resumed when colonies were placed on fresh unamended culture plates. 
There was also a greater in vitro anti-fungal activity of potassium phosphonate toward 
Phytophthora isolate 1139. Griffith et al. 1993 had shown that the inhibition of growth 
of P. palmivora is directly related to the concentration of phosphite in its mycelium. 
However, the degree to which the same internal phosphite concentrations inhibited P. 
palmivora mycelial growth varied between isolates. The results from our experiment 
agree with those of Griffith et al. 1993 and are imp01tant to our understanding of the 
fungistatic mode of activity of potassium phosphonate and its role in the integrated 
management of Phytophthora root rot. 

Results from our glasshouse experiment which examined the interaction of plant age and 
rates of phosphonate showed that 16-week-old plants were less susceptible to root rot 
than 8 and 12-week-old plants. Ko (1971) also rep01ted that tolerance of papaya roots to 
P. palmivora was directly c01Telated with the age of the plant. Consequently, it is 
therefore imp01tant that growers make use of this age related disease tolerance and 
transplant papaya well before the onset of the wet season and the high disease pressure 
associated with prolonged wet weather. 

Our experiment also showed that spraying 16-week-old plants with phosphonate at 6 and 
12 g/L further reduced the level of disease but the chemical had no effect on 8 and 12 
week-old plants suggesting plant age influenced the uptake and efficacy of phosphonate. 
Consequently, the 16-week-old plants possibly accumulated higher concentrations of 
phosphonate in the roots. Smillie et al. (1989) in their study of the mode of action of 
phosphite on P. palmivora in papaya also refeITed to phosphite uptake being a function of 
seedling size and vigour. It is also possible that phosphonate retained in bleached leaves 
which were more evident on young plants is unlikely to be effectively translocated to 
roots. This information has imp01tant implications for the successful use and timing of 
phosphonate sprays in the field whether used alone or in a program with metalaxyl-M at 
transplanting. 

In our field experiments, sprays with potassium phosphonate at 3, 6, 10 and 12 g/L 
caused some temporary bleaching of foliage. Phosphonate at 1 g/L although not 
phytotoxic to foliage was not as effective as the higher rates in controlling root rot. Other 
researchers have also rep01ted sensitivity to phosphonate in a range of ho1ticultural crops 
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(De Boer and Greenhalgh 1990) and Vawdrey et al. (2004) previously repmted improved 
root rot control with high concentrations of phosphonate. 

Phosphonate resistance in Phytophthora spp. has not been detected in any crop after 25 
years of constant use. However, isolates of Phytophthora cinnamomi which were less 
sensitive to phosphonate in vitro were recovered from beneath avocado trees which had 
been repeatedly injected with phosphonate for some 10 years (Weine1t et al. 1997). 
Despite this, disease control was still excellent possibly because phosphonate elicits a 
defence response in the host (Guest and Bompeix 1990). Even so, measures such as an 
integrated strategy encompassing both chemical and cultural methods are recommended 
to ensure a continuous high level of disease control (Broadbent and Baker 1974). 
Growers are currently encouraged to grow papaya on mounds to create a growing 
environment which is more favourable for the host and less favourable for the pathogen 
(Vawdrey 2004). Restricting the use of phosphonate to critical periods such as during 
prolonged wet weather will help to ensure the chemicals long term availability. As 
phosphonate is water soluble, environmentally and toxicologically benign, its use in the 
control of Phytophthora root rot is well suited to the clean green image promoted by the 
north Queensland papaya industry. Off-label permits for the use of metalaxyl-M and 
potassium phosphonate in papaya have been approved by the Australian Pesticides & 
Veterinary Medicines Authority ( Appendix 1). 

Black spot control experiments 
Although the level of black spot in the 2007 field experiment was considered to be light 
to moderate in severity, there was sufficient foliar infestation to demonstrate treatment 
differences. However the disease intensity was insufficient to demonstrate treatment 
effects on fruit with only a low level of disease on untreated plants. Consequently no 
yield data was collected. All fungicides reduced the severity of the disease on foliage and 
difenoconazole, pyraclostrobin and chlorothalonil used alone and in spray programs were 
superior to the industry standm·ds tebuconazole and mancozeb. The result obtained with 
mancozeb and tebuconazole was most disappointing and supports the view long held by 
growers as to their poor efficacy. 

The failure of the industry standard tebuconazole to control black spot as effectively as in 
previous research may have been due to an increase in disease pressure (Peterson and 
Grice 1996) and/or a reduction in sensitivity to the fungicide (Hewitt 1998). The wild 
isolates of A. caricae obtained from the backyard survey in 2005 revealed a fm· greater 
sensitivity to concentrations of difenoconazole than tebuconazole. Testing for a shift in 
sensitivity at the conclusion of the 2007 experiment was unsuccessful as the conidia of A. 
caricae collected from the tebuconazole and untreated plots failed to ge1minate. The 
warm-hot weather conditions which occurred at the time of the sampling were most likely 
the cause of reduced viability of spores (Peterson and Grice 1996). Although we were 
unable to prove a shift in sensitivity to tebuconazole there is always the concern that this 
will occur. The resistance management strategy approved by the CropLife Australia 
Fungicide Resistance Management Review Group strongly recommends the use of a 
protectant fungicide such as chlorothalonil and no more than 6 sprays of the 'at risk' 
triazole fungicides such as tebuconazole and difenoconazole in any 12 month period 
(Infopest 2003). In the near future, funding will be sought from the papaya industry and 
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chemical companies for the monitoring of shifts in sensitivity to chemicals such as 
tebuconazole, difenoconazole and pyraclostrobin. 

Results from our field experiments have demonstrated the effectiveness of 
difenoconazole and pyraclostro bin in spray programs with chlorothalonil in managing the 
main foliar diseases of papaya in Australia. The programs not only reduce the risk of the 
development of chemical resistance but also remove the lethal effect that mancozeb was 
having on beneficial insects as demonstrated by Fay et al. in HAL project FR98008. Off­
label permits have been obtained for difenoconazole and chlorothalonil (Appendix 1) and 
growers rep01i a much improved level of disease control and a significant reduction in the 
number of spray applications required to give this control. An off-label permit is 
currently being sought for pyraclostrobin. 

TECHNOLOGY TRANSFER- list of publications, meetings and media 
releases related to the project 

Extension articles 

Papaya Post (February 2006) 'Emergency use permits,' pp 4-7. 

Papaya Post (February 2006) 'New and improved disease control,' pp 8-9. 

Papaya Post (June 2006) 'Field evaluation of metalaxyl and potassium phosphonate in the 
management of Phytophthora root rot of papaya 2005/6,' pp 6-12. 

Papaya Post (October 2006) 'Getting the best result from Ridomil Gold 25G and Agrifos 
Supa 600,' pp 11-12. 

A grower handout on the results of the back spot trial was emailed to Innisfail and 
Mareeba growers on the 22 November 2007. 

Papaya Post (April 2008) 'Permits for fungicides still valid'. 

Papaya Australia-Strategic Agrichemical Review Process (2007), Ho1ticulture Australia 
Ltd., Project No. MT07029. 

Grower meetings/Field days/Conferences 

I attended and paiticipated in monthly meetings of the Innisfail Papaya Growers 
Association. 

A grower farm walk on black spot management was held at the Mareeba trial-site on 21 
November 2007. 
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An ACIAR funded scoping study to the Philippines was conducted in December 2007 as 
paii of a collaborative research project to investigate the disease, insect pest and 
nutritional problems affecting papaya in the Philippines and Australia. 

Scientific Publications 

Vawdrey LL and Westerhuis D (2007) Field and glasshouse evaluations of metalaxyl, 
potassium phosphonate, acibenzolai· and tea tree oil in managing Phytophthora root rot of 
papaya in far n01ihem Queensland, Australia. Australasian Plant Pathology. 36, 270-276. 

Vawdrey LL, Grice KRE and Westerhuis D (In Press) Field and laboratory evaluations of 
fungicides for the control of brown spot (C01ynespora cassiicola) and black spot 
(Asperisporium caricae) of papaya in far n011hem Queensland, Australia. Australasian 
Plant Pathology. 

RECOMMENDATIONS 

To effectively control Phytophthora root rot, growers must adopt an integrated approach 
to disease management by: 
• ensuring adequate drainage and the removal of surface water from the paddock 
• transplanting papaya seedlings during the drier months of the yeai· into 50-75 cm high 

single row mounds 
• a single application of the fungicide Ridomil Gold 25G® in a 40 cm wide band to the 

soil just prior to transplanting, and fortnightly foliar sprays with the plant defense 
activator Agrifos Supa 600®. 

• practicing in-crop hygiene eg. the removal of Phytophthora-affected fruit from the 
paddock which is a source of disease inoculum 

The fungicides Score® and Bravo WeatherStik® are now pe1mitted for use on papaya for 
the control of black spot. When applying Score® the following conditions apply. 
• Commence spraying during the cooler months of the year (March-October) 
• Apply via mist machine, air blast sprayer or equivalent 
• Apply a regular schedule of protectant fungicides eg Bravo WeatherStik 
• When disease potential is high, apply 2 consecutive sprays of Score at 14-21 day 

intervals before applying further treatments of a protectant fungicide from a different 
activity group 

• Apply no more than 2 consecutive applications, with no more than 6 applications per 
season 

Bravo WeatherStik® is also permitted for the control of brown spot of papaya. 
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Appendix 1 

Australian Pesticides & 
Veterinary Medicines Authori~ 

PERJllT TO ALLOW MINOR USE OF Al~ AGVET CHE?\llCAL PRODUCT 

PERMIT I\.UMBER -PER9775 

This permit is i%ued to the Pennit Holder in response to an application granted by the APV11A 
under section 112 of the Agvet Codes of the jurisdictions set out below. This permit allows a 
person, as stipulated belO\v, to use the product in the manner specified in this pennit in the 
designated jurisdictions. TI1is permit also allo,vs any person to claim that the product can be 
used in the manner specified in this pemut. 

THIS PER.,ITT IS IN FORCE FROM 14 APRIL 2008 TO 30 JUNE 2009. 

Permit Holder: 
AGA \VARE CONSULTING PTY LTD 
21 Rosella A venue 
STRATHFIELDSAYE VIC 3551 

Persom who can use the product under this permit: 
Persons generally. 

COl\DITIONS OF USE 

Proclucts to be mecl: 
BA YER CHLOROTHALONIL 500 SC FUNGICIDE 
Plus other currently registered products 
Containing:500 g/L CHLOROTHALONIL as their only active constituent. 

CROP CARE BARRACK 720 FUNGICIDE 
Plus other currently registered products 
Contai.ning:720 glL CHLOROTHALONIL as their only active constituent. 

PER.9775 Permit Version 1 Page 1 of 4 
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Australian Pestic:ides & 
Veterinary Medicines Authority 

PERMIT TO ALLOW l\lINOR USE OF AN AGVET CHEl'\IICAL PRODUCT 

PER.MIT !\"UMBER -PER9789 

This permit i1. is;,ued to the Penni! Holder in response to an application granted by the APVMA 
under section 112 of the Agvet Codes of the jurisdictions set out below. This pennit allows a 
person, as stipulated below, to use the product in the manner specified in thi:. pennit in the 
designated jurisdictions. This permit also allows any person to claim that the product can be 
used in the manner specified in this pennit. 

THIS PE&\IIT IS IN FORCE FR.OM 16 NOVE:\IBER 2007 TO 31 OCTOBER 2011. 

Permit Holder: 
AGAWARE CONSULTIKG PTY LTD 
21 Rosella Awnue 
STRATHFIELDSAYE VIC 3551 

Persons who can use the product under this permit: 
Persons generally 

CO1\1)ITIONS OF USE 

Product to be used: 
SCORE FOLIAR FUNGICIDE 
Conlaining:250g!L DIFENOCONAZOLE as its only active constituent. 

Directions for Use: 

Crop 
Papaya 

Permit PER.9789 

Pest 
Black spot (Asperisporium 
caricae) 

Pe,mit Version 1 

Rate 
400 ml./ha (100 g a.i.lha). 
Add wetting agent al 
rates recommended on 
label. 

Page 1 of2 
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Australian Pesticides & 
Veterinary Medicines Authority 

PER.\IIT TO ALLOW MINOR USE OF A ... ~ AGYET CHEJ\IICAL PRODUCT 

PERMIT I\'1Jl\1BER -PERI0286 

This permit is ismed to the Pennit Holder in response to an application granted by the APv°NIA 
under section 112 of the Agvet Codes of the jurisdictions set out below. This permit allows a 
person, as stipulated below, to use the product in the manner specified in this pennit in the 
designated jurisdictions. This permit also allows any person to claim that the product can be 
used in the manner specified in this penniL 

THIS PERi\IIT IS IN FORCE FRQj\f 13 DECEMBER 2007 TO 30 DECEMBER 2008. 

Permit Holder: 
AGAWARE CONSULTIKG PTY LTD 
21 Rosella Avenue 
STR..\.THFIELDSAYE VIC 3551 

Persons who can use the product under this permit: 
Pe-rsons generally. 

COI\l)ITIO~S OF USE 

Procluct to be used: 
RIDOMIL GOLD 25G SYSTEMIC GRANULAR FUNGICIDE and other registered products 
containing 25 g/kg METALAXYL-M as the only active constituent. 

ZEE-MIL 50G SYSTEMIC GRA.c'l"lJLAR FUNGICIDE and other registered products 
containing 50 g/kg METALAXYL as the only active constituent. 

AGRI-FOS 400 PH 7.2 SYSTEMIC FUNGICIDE 
AUS-PHOZ SYSTEMIC FUNGICIDE 
SPRA YGRO SPRA YPHOS 400 SYSTEMIC FUNGICIDE and other registered products 
Containing: 400 g!L PHOSPHOROUS ACID PRESENT AS MONO-DI POTASSIUM 
PHOSPHITE as the only active constituent. 

AUS-PHOZ 600 SYSTEMIC FUNGICIDE 
COUNTRY PHOSPOT 600 SYSTEMIC FUNGICIDE and other registered products 
Containing: 600 glL PHOSPHOROUS ACID PRESEN1 AS MONO-DI POTASSIUJ\1 
PHOSPHITE as the only active constituent. 

PERI0286 Permit Ver;ion 2 Page 1 of3 




