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Table 1. Isolation percentage of each fungus found in necrotic feeder roots.

Fungus isolated % total isolations

Fusarium oxysporum 34.3a+

Pythium irregulare (DAR 34697) 14.7b

Pythium ultimum (DAR 34968) 18.3b

Phytophthora macrochlamydospora (DAR 68376) 10.4b

Rhizoctonia solani 16.2b

Other* 6.1bc

* Mostly saprophytes such as Geotrichum sp., Trichoderma sp.
+ Percentage followed by a common superscript are not significantly different

(P < 0.05).
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Summary
Custard apples (Annona cherimola Mill
× Annona squamosa L.) are grown in
Australia for the fresh fruit market. Sev-
eral fungal diseases affect this crop and
poor fruit quality is the main reason for
low domestic demand. Growers’ experi-
ence suggests that poor fruit quality is
associated with poor root health. Un-
thrifty trees showing sparse, yellow fo-
liage and having few or no feeder roots
often produce fruit which, when ripe,
exhibits internal browning or grittiness
in the flesh around the seeds.

This paper reports investigations into
the cause of poor root health in
cherimoya (A. cherimola Mill) rootstock
commonly used by the custard apple in-
dustry. No evidence was found linking
spiral (Helicotylenchus sp.) or dagger
(Xiphinema sp.) nematodes to poor
health of feeder roots. Pot trials indi-
cated that Mastigo-mycete fungi
(Pythium sp. and Phyto-phthora sp.)
could damage the roots of cherimoya
seedlings. However, field treatments to
control these fungi and nematodes
failed to improve root health or fruit
quality compared to non-treatments.

Introduction
The custard apple (Annona cherimola Mill
× Annona squamosa L.) cv. African Pride,
is grown for the Australian fresh fruit
market with some export to south-east
Asia and Canada (George et al. 1987). The
main fruit diseases affecting production
are cylindrocladium fruit spot (Cylin-
drocladium colhounii Peerally), black can-
ker (Phomopsis anonacearum, Bondartzeva-
Monteverde), purple blotch (Phytophthora
palmivora (Butler Butler), and anthracnose
(Glomerella cingulata (Stonem.) Spauld
and Schrank var. minor Wr) (Purss 1953,
Simmonds 1966, Hutton and Sanewski
1989). However, problems such as skin
blackening (George et al. 1987) and poor
internal fruit quality are responsible
for reducing consumer confidence and

lowering demand for custard apples on
domestic markets.

Industry reports suggest that poor in-
ternal fruit quality is associated with poor
root health, irrespective of type of root-
stock used. Ripe fruit from unthrifty trees
often show internal browning and gritti-
ness or woodiness of flesh surrounding
the seed which is not corrected by increas-
ing fruit calcium and boron levels (au-
thors unpublished data). Trees with these
fruit display symptoms of sparse, yellow
foliage, similar to those of iron deficiency
and have few feeder roots within 0–20 cm
topsoil. Feeder roots are often stubby
with localized necrotic areas along their
length. These symptoms are distinct from
those described for bacterial wilt (Mayers
and Hutton 1987), armillariella  (armill-
aria) root rot (Anon 1982) or a condition
known as thatching (Gomez 1983). Dam-
age to feeder roots appears to be consist-
ent with that caused by root-stinging,
ectoparasitic nematodes, as described by
Blake (1958) and/or soil borne fungi. The
burrowing nematode (Radopholus similis
L.) has been associated with tree decline
in Queensland (O’Brien and Stirling 1991).

The aim of this work was to investigate
the cause of poor root health of custard
apple cv. African Pride, grafted on to
cherimoya (A. cherimola Mill) rootstock
and attempt to improve fruit quality
through field treatments to prevent root
damage.

Materials and methods

Fungal isolations
Fungal cultures were isolated from feeder
roots of 36 unhealthy 10 year old custard
apple trees cv. African Pride, grafted on
to cherimoya rootstock. Roots were col-
lected by digging 0.5 m inside the canopy
dripline to a depth of 25–30 cm.

Roots were washed thoroughly in run-
ning water to remove all adhering soil.
Feeder roots (1.0–1.5 mm diameter)
showing necrosis were cut into 2 cm
lengths, surface sterilized in 10% sodium
hypochlorite for 3 minutes, rinsed in ster-
ile water for 1 minute and damped dry on
tissue paper. Five sections were trans-
ferred onto each of 200 petri dishes con-
taining Tap Water Agar (WA). No antibi-
otic was added to the agar. Subcultures
were made after four days at 25°C onto
both Corn Meal Agar (CMA) and Potato
Dextrose Agar (PDA). Cultures were
grouped according to identification and
presented as a percentage of total isola-
tions.

Root inoculations of potted seedlings –
pathogenicity tests
Cherimoya seeds were germinated in a
soil-less potting mix on a heat bed set at
28°C. Seedlings (10 cm tall) transplanted
into new 5 L plastic potting bags contain-
ing steam sterilized sand, were grown in
a glasshouse at 25 ± 5°C for 5 months.
Plants were fertilized with soluble fertiliz-
er (Aquasol; 23:4:18) every 2 weeks at the
rate of 1 g/L of water. One hundred and
twenty seedlings of similar size and
health were randomized into 6 groups.
Five groups were inoculated with one of
the fungi listed in Table 1. Mycelium of
Rhizoctonia solani and Fusarium oxysporum
produced on PDA and of Phytophthora
macrochlamydospora, Pythium ultimum and
P. irregulare produced on CMA, were
used as inoculum. Roots were inoculated
by removing each seedling from its pot,
incorporating two petri dish (80 mm di-
ameter) cultures of the appropriate fun-
gus into the sand and repotting so the root
system was surrounded by inoculum.

The uninoculated group were removed
from their bags and immediately repotted
without addition of inoculum. Plants
were grown on for five months before
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Table 3. Mean number of parasitic nematodes per 200 g soil.

Fungicides
(metalaxyl and quintozene)

Nematicide Absent Present Mean
(fenamiphos)

Absent 180 (23) 179 (39) 179a* (23)
Present 67 (30) 128 (39) 97b (29)
Mean 123 (23) 153 (28) 138

* Means with similar superscript not significantly different (P < 0.05).
(s.e. of mean in brackets)

Table 2. Effect of fungal isolates on root growth of 10 month old cherimoya
seedlings.

Fungal isolate Mean dry weight of roots (g)

Rhizoctonia solani 8.73a*
Fusarium oxysporum 5.13b

Phytophthora macrochlamydospora (DAR 68376) 3.62bc

Pythium irregulare (DAR 34697) 3.52bc

Pythium ultimum (DAR 37968) 1.92c

Control 5.23b

* Means with similar superscript are not significantly different (P < 0.05).

harvest. Feeder roots were cultured as
above to reisolate the fungi. A dry matter
determination was made of the root mass
of all seedlings. Data on the effect of the
various fungi on root growth were
analysed by the Waller Duncan K - Ratio
‘t’ Test (Duncan 1975).

Field trial
A seven year old block of 36 custard ap-
ple cv. African Pride, grafted onto
cherimoya rootstock, was selected at
Alstonville NSW (29°S, 153°E). Six treat-
ments were applied using six single tree
replications per treatment. The initial
treatments consisted of:
1) a nematicide, 5.0 g m-2 fenamiphos (as

Nemacur 100 G®),
2) a combination of fungicides, 5 g m-2

metalaxyl (as Ridomil 50 G®) plus 5.6 g
m-2 quintozene (as Purasoil 750®),

3) treatments 1 and 2 combined and
4), 5) and 6) the three controls.

These treatments were applied under
the tree canopy out to the drip line in De-
cember 1988. From August 1989 a second
nematode treatment was substituted for
one of the three control treatments. This
treatment consisted of applying etho-
prophos at 2 g m-2 (as Mocap 100 G®). In
addition, application rates for fenami-
phos and metalaxyl were halved. These
treatments were reapplied in January
1990. In August 1990 the fungicide treat-
ment containing metalaxyl and quinto-
zene were substituted by a foliar treat-
ment of phosphorus acid. This treatment
consisted of applying 1 mL of H3P03 L-1

(as Fosject 200®) to run-off every
two months. This treatment and the
nematicide treatments (every six months)
were continued until April 1992.

Soil sampling
A 1.0–1.5 kg soil sample was collected
from beneath each tree in the field trial in
April 1989 and in February 1992 as de-
scribed previously for fungal isolations.
Results for effect of soil treatment on
nematode numbers were analysed using
the general linear model L.S.D. proce-
dure.

Nematode counts
Both spiral nematodes (Helicotylenchus
sp.) and dagger nematodes (Xiphinema
sp.) were counted in 200 g of rhizosphere
soil using a modified Whitehead tray
method described by O’Brien and Stirling
(1991). Round, plastic baskets (250 mm
diameter and 60 mm deep) were used
with the inner mesh liner resting 10 mm
off the bottom of the outer container. Af-
ter 48 hours, nematodes were caught on a
38 µm sieve and collected from this in
100 mL of water. Nematode counts were
made from a 10 mL sample using a stand-
ard nine ring nematode counting dish un-
der 50 × magnification.

Root health
Observations were made on roots in cores
sampled (96 mm diameter × 75 mm depth)
from four points under each tree, giving a
total volume of soil of 2.16 × 10-3 m3. The
proportion of visibly healthy and un-
healthy roots was determined by dry
weight and root length. Length of roots
was measured using a Delta-T video
analysis system (Harris and Campbell
1989) installed in an IBM compatible
80286 computer.

Internal quality of fruit
Five fruit were harvested from each tree
and ripened in the laboratory at ambient
temperature (18–23°C). Quality was as-
sessed according to the level of woodiness
around the seed pockets. Woodiness was
rated visually on a scale of 0–5 by two as-
sessors as follows:

0 No defect
1 Slight defect – a few seed pockets

affected
2 Slight to moderate defect
3 Moderate defect
4 Severe defect
5 Very severe defect
On this scale, fruit rated above 2 were

considered commercially unacceptable.

Results

Fungal isolations from necrotic feeder
roots
The incidence of fungi isolated from
necrotic tissue of custard apple feeder
roots are presented in Table 1.

The Mastigomycete fungi (P. irregulare,
P. ultimum and P. macrochlamydospora)
constituted 43.4% of all isolations fol-
lowed by Fusarium oxysporum (34.3%) and
Rhizoctonia solani (16.2%).

Root inoculations of potted seedlings
The effect of inoculating field isolates on
root growth of potted cherimoya seed-
lings is shown in Table 2.

Root growth of cherimoya seedlings
was significantly greater in the presence
of Rhizoctonia solani than in the other
treatments. Significantly fewer roots were
produced by seedlings inoculated with
Pythium ultimum (DAR 37968) than in
uninoculated plants or plants in pots in-
oculated with R. solani or F. oxysporum.
The root mass of plants inoculated with
P. ultimum was similar to that of plants
inoculated with Pythium irregulare and
Phytophthora macrochlamydospora. Only
Pythium ultimum and P. macrochlamydo-
spora were reisolated from necrotic root
lesions.

Field Trial: Effect of chemical treatments
on nematode counts
i. April 1989—The numbers of parasitic
nematodes (Helicotylenchus dihystera and
Xiphinema sp.) present after one applica-
tion of nematicide and fungicides are
shown in Table 3. The only reduction in
nematode numbers occurred when
fenamiphos was applied.
ii. February 1992—The number of para-
sitic nematodes in soil after various soil
treatments is shown in Table 4.

There were no significant differences
between any of the four chemical treat-
ments and the control.

Field trial: effect of chemical treatments
on root health
i. May 1989—Initial results (Table 5)
showed a positive effect of fungicides on
root health. However, the variability of
the root dry weights per volume of soil
was large and only the proportion of
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Nematicides varied in reducing nema-
tode numbers. However, their application
also failed to produce an improvement in
either root health or fruit quality. The
number of nematodes counted in control
plots was extremely low in comparison to
other crops where Xiphinema sp. and
Helicotylenchus sp. are common. For exam-
ple, in pineapples and vegetables, counts
of Helicotylenchus spp. are in the order of
2 000 to 8 000 per 200 g soil respectively
(G.R. Stirling personal communication).

Rhizoctonia solani may form an
ectotrophic mycorrhiza to Annona sp.
Cherimoya seedlings inoculated with R.
solani produced significantly more root
mass than control plants. R. solani has pre-
viously been reported to form mycorrhizal
associations in a range of plants in
Ericaceae and Orchidaceae (Talbot 1971,
Warcup 1985) however, there have been no
previous reports of mycorrhiza in
Annonaceae.

The conclusion from this work is that
nematodes are not the cause of poor root
health of custard apple feeder roots and
that chemical treatment to control both
nematodes and pathogenic mastigomycete
fungi do not improve either root health or
fruit quality during dry seasons. This study
will need to be continued into wetter sea-
sons to confirm these results.
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Table 4. Effect of nematicide and fungicide treatments on number of
parasitic nematodes per 200 g of soil.

Treatment No of Nematode
applications applications

1. Fenamiphos 5  151.8a*
2. Phosphorus acid (H3P03) 10 180.7a

3. Fenamiphos + H3P03 2 167.5a

4. Ethoprophos 4 154.7a

5. Control – 160.0a

6. Control – 147.5a

* Means with similar superscript not significantly different (P < 0.05).

healthy roots was consistent enough to
show significant differences between
treatments.
ii. April 1990—At the second sampling
(Table 6) there was no significant effect of
the treatments, although the benefit from
fenamiphos was close to significant.
Ethoprophos applied first in August 1989
and again in January 1990, provided no
benefit.
iii. May 1991—The dry weight and length
of roots in soil cores collected in May 1991
again showed no significant differences
between treatments.

Field trial: effect of chemical treatments
on fruit quality
i. June 1990 harvest—No significant dif-
ferences were detected in the internal
quality of fruit harvested from different
treatments (Table 7).
ii. 1991 and 1992 harvest—Fruit harvested
in 1992 were of better internal quality

than that in previous years but again
there was no significant effect of treat-
ment (Table 8).

Discussion
Mastigomycete fungi, especially Pythium
ultimum, reduced root growth of
cherimoya seedlings in a replicated pot
trial. However, a four year field trial which
contained treatments to prevent both pri-
mary and secondary fungal root infection,
failed to improve root health or fruit qual-
ity. This may be explained by the extremely
dry seasons experienced during the trial.
For example, during 1990, Alstonville re-
ceived 91% of its average rainfall, but this
declined during 1991 (79%) and 1992 only
63% of the average was received. Such con-
ditions would not favour root infection by
Pythium or Phytophthora species, making it
difficult to demonstrate an improvement
in plant health through preventative
treatments.

Table 5. Dry weight of roots in soil cores collected from trees on 8 May
1989.

Treatment Total Healthy Healthy
kg DM m-3 kg DM m-3 %

Fenamiphos + 2.189 0.555 29.9a*
  metalaxyl + quintozene
Metalaxyl + quintozene 2.146 0.526 29.2a

Fenamiphos 1.765 0.318 26.6ab

Control 1.675 0.258 23.3b

CV – % 35.0 48.6 19.4
Probability 0.36 0.74 0.03

* Similar superscripts are not significantly different (P < 0.05).

Table 6. Dry weight of roots in soil cores collected from trees in April 1990.
Treatments are ranked according to % healthy.

Treatment Total roots Healthy roots Healthy
kg DM m-3 kg DM m-3 %+

Fenamiphos 1.306 0.636 48.4
Fenamiphos +
  metalaxyl + quintozene 1.514 0.639 41.7
Metalaxyl + quintozene 1.587 0.589 36.6
Control 1.218 0.410 33.3
Ethoprophos 1.380 0.406 29.4
CV – % 31.2 46.1 18.3
Probability 0.56 0.22 0.06

+ % healthy data are re-transformed means from the angular transformation used in
analysing the data.

Table 8. Internal fruit quality
ratings for fruit harvested in June
1991 and July 1992.

Treatment 1991 1992

Fenamiphos 0.96 0.41
Phosphorus acid 0.96 0.66
Fenamiphos
+ phosphorus acid 1.12 0.71
Ethoprophos 0.80 0.67
Control 0.93 0.81

CV – % 46.6 52.3
Probability (F) 0.81 0.27

Table 7. Internal fruit quality for
fruit harvested in June 1990.

Treatment Defect rating
(0–5)

Fenamiphos 1.4
Metalaxyl 1.4
Fenamiphos + metalaxyl 1.6
Ethoprophos 1.7
Control 1.6

CV – % 24.3
Probability 0.70
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