




















Table 1. Occurrence of losses of imported papaya in

Japan from September 1986 to May 1987.

Month  Numberof Number of damaged fruit (%)

Table 2. Occurrence of rotted papaya fruit imported to
Japan from September 1986 to May 1987.
Month No. of No. of rotten fruit (%)
inspected Stem end Surface
fruit
Sep. 14121 108 5
(0.8) (0.04)
Oct. 20707 434 17
2.1) (0.08)
Nov. 21308 195 7
0.9) (0.03)
Dec. 24903 202 10
0.8) (0.04)
Jan. 11098 106 7
1.0 (0.06)
Feb. 14234 70 3
0.5) 0.02)
Mar. 18307 53 124
(0.3) (0.7)
Apr. 21864 6 50
(0.03) (0.1
May 11241 31 8
0.3) 0.07)
Total 157783 1205 231
Average 0.76) (0.15)

inspegted Physiological Mechanical Diseases
fruit disorders injury
Sep. 14121 115 231 113
0.8) (1.6) (0.8)
Oct. 20707 174 350 451
0.8) 1.7 2.2)
Nov. 21308 144 728 202
©0.7) (3.4) 0.9)
Dec. 24903 480 899 212
(1.9) 3.6) (0.9)
Jan. 11098 153 167 113
1.4) (1.5) (1.0)
Feb. 14234 64 102 73
0.4) 0.7 (0.5)
Mar. 18307 50 155 177
(0.3) 0.8) (1.0)
Apr. 21864 102 115 56
(0.5) (0.5) 0.2)
May 11241 79 21 39
0.7 0.2) 0.3)
Total 157783 1361 2768 1436
Average 0.9) (1.8) 0.9
Decay of fruits

Table 2 shows the results of the inspection of
imported fruits immediately after customs clearance.
Sites of diseases were divided into the stem end and
other surfaces of the fruit.

The overall average occurrence of stem-end rot
(0.76%) was significantly higher than that of disease
on other parts of the fruit surface (0.15%). Stem-end
rot was most prevalent during September—January,
with the highest incidence (2.1%) in October. The
highest incidence of diseases on other surfaces
(0.7%) occurred in March. However, no tip decay
was observed.

Stem-end rot

Stem-end rots encountered could be classified into
five types on the basis of appearance.

Type I: A central portion of stem end begins to
soften, decays, and turns black within several days.
Decay spreads rapidly to a peripheral region where
abundant black spherical pycnidia are formed.
The pycnidia then successively exude white and
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blackish-green conidiospores from the tip as they
mature; grey-coloured velvety aerial hyphae grow
thickly when moist.

Type II: Black, spherical pycnidia are formed
when the disease has advanced. These successively
exude conidiospores from their tip. Although decay is
similar to that of Type I, the site of decay can be dis-
tinguished because it becomes pale ivory-white in
colour.

Type III: The stem end that initially softens,
spreading water-soaked spots to a peripheral region,
which becomes dark brown and grows thick, orange-
coloured conidial layers.

Type IV: Although white-coloured hyphae grow
thickly on the stem end and water-soaked spots are
recognisable in a peripheral region, decay progresses
more slowly and is dry.

Type V: The stem end initially exhibits a water-
soaked condition, and decay gradually spreads in the
form of a black colour when subepidermal pycnidia
are formed. Decay due to this fungus is similar to that
of Type II, but can be distinguished by its black col-
our as the disease advances.



When the decays investigated were classified by
types.
Surface rot was Type I: 0.03% and Type II: 0.12%
throughout the investigation period. Type II did not
occur during September—February, but suddenly
appeared in 124 fruit in March.

Stem-end rot Type I showed the highest incidence
at 0.39%, followed by Type II: 0.16%, Type III:
0.13%, Type IV: 0.06%, and Type V: 0.02%. The
results of this study indicated that October—Febru-
ary was the period of highest incidence of stem-end
rot in imported papaya (Table 3).

Pathogens of stem-end rot

Isolates were obtained from the sites of the differ-
ent types of diseases and grown on a PDA medium.
The colours and conidial morphology of the colonies
were as follows:

Type I isolates were white with few aerial mycelia,
but became blackish-brown with more aerial mycelia
3 days after incubation, forming black pycnidia under
fluorescent light 5 days after incubation.

Type II isolates were white to yellow with few
mycelia. Pycnidia were formed, however, under fluo-
rescent light.

Type II isolates were greyish-white, forming an
orange-coloured conidial pile.

Type IV isolates were white, cotton-wool-like myc-
elial tufts, forming conidia 5 days after incubation.

Type V isolates were greyish white, but turned
blackish-brown 3 days after incubation, forming pyc-
nidia under fluorescent light.

Morphological characteristics of pathogens and
their identification

When isolates from the sites of stem-end rot were
inoculated into the stem end of papaya, colonies with
the following characteristics were obtained.

Type I: Pycnidia were black, ostiolate, globose,
140-260 pum diameter. Conidia were initially 1-celled,
hyaline, 20-30 X 14-16.4 um (av. 25.6 x 14.4 pm).
Mature conidia were 1-septate, cinnamon to fawn,
ellipsoid-oblong, 20-27.2 x 12-159 um (av.
24.9 x 13.3 um). On the basis of these morphological
features, this particular fungus was identified as Lasi-
odiplodia theobromae (Patouillard) Griffon & Maub-
lanc (Syn. Botryodiplodia theobromae Pat.).

Type II: Pycnidia were dark, ostiolate, nearly
globose, 150-400 um. Conidia were hyaline,
1-celled, of two types, a-conidia ovoid to fusiform,
5.4-7.7 X 1.8-2.7 pym (av. 6.2 X 2.2 ym). B-conidia
filiform, curved or bent, 12.8-20.5 X 0.7-1.2 pm
(av. 17.4 X 0.9 um). This fungus was considered to
belong to a yet to be determined species of the
genus Phomopsis.

Table 3. Occurrence of five types of stem-end rots on imported papaya fruit from 1986 to 1987
Month Total no. of Rotted types of stem end
fruits Total Type I* Type I Type III Type IV Type V
Sep. 14121 108 81 6 11 10 0
Oct. 20707 434 237 84 77 23 13
Nov. 21308 195 97 36 24 33 5
Dec. 24903 202 88 43 46 19 6
Jan. 11098 106 55 36 10 4 1
Feb. 14234 70 22 23 17 4 4
Mar. 18307 53 21 17 10 4 1
Apr. 21864 6 5 1 0 0 0
May 11241 31 14 10 7 0 0
Total 157783 1205 620 256 202 97 30
(0.76) (0.39) 0.16) 0.13) (0.06) 0.02)

aType 1, Lasiodiplodia
bType II, Phomopsis etc.
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Type III: Acervuli were disc-shaped or cushion-
shaped, waxy, subepidermal, typically with dark
spines or setae at the edge or among the conidio-
phores. Conidiophores were simple, elongate. Conidia
were hyaline, 1-celled, ovoid or oblong, to falcate par-
asitic, 14.1-19.7 X 3.6-5.4 um (av. 16.7 x 4.9 pym).
No perfect stage was recognised, however, in either
case. From these morphological features, this fungus
was identified as Collectotrichum gloeosporioides
(Penzig) Penzig et Saccardo.

Type IV: Microconidia were 1-celled, ovoid or
oblong, 7.5-16.4 x 3x5.9 ym (av. 13.8 x 4.3 pm).
Macroconidia were 3-5 celled, slightly curved or
bent at the pointed end. This fungus was identified as
Fusarium solani (Martius) Saccardo.

Type V: Pycnidia were dark, globose, septate,
immersed in host tissue, ostiolate, 104-208 pm.
Conidia were hyaline, 2-celled, ovoid to oblong,
6—10 X 2—4 pm in size (av. 7.7 X 2.7 um). This fun-
gus was identified as Ascochyta caricae Patouillard.

Measures to Control Stem-end Rot of
Papaya Caused by L. theobromae

Since the use of postharvest agricultural chemicals is
strictly restricted in Japan, no agent has so far been
approved for application to papaya.

vapour heat treatment is compulsory for killing
eggs of fruit flies in papaya imported into Japan. In
addition, hot water treatment for anthracnose has
been introduced in recent years.

Akamine (1953) reported that hot water treatment
is effective for inhibiting anthracnose and this tech-
nique was first put into practice in Hawaii in 1964,
for papaya bound for the U.S. mainland. However,
the efficacy of this treatment for pathogens other than
anthracnose has yet to be confirmed. Thus, the occur-
rence of stem-end rot of papaya after hot water and
vapour heat treatment were studied. Also investigated
was the possibility of damage to papaya from the
high temperatures required by these treatments.

Effect of hot water and vapour heat treatment

The effect of hot water and vapour heat treatments
on stem-end rot caused by L. theobromae was stud-
ied.

Materials and methods

Experiment I: 50 papaya fruit were subjected to (a)
hot water alone, (b) vapour heat treatment, or (c) hot
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water + vapour heat. The stem ends of these fruit were
inspected at room temperature (26°+1°C) during stor-
age over several days. Immediately after harvest, the
fruit were immersed in hot water at 48.9°C for
20 minutes, and then cooled with cold tap water.
Vapour heat treatment (b) continued until the centre of
the fruit reached 47.2°C. Vapour heat treatment (b) was
performed after hot water treatment (a), followed by the
combined hot water and vapour heat treatment (c).

Experiment II: In an attempt to clarify the effect of
hot water and vapour heat on L. theobromae during the
initial stage of infection, a conidial suspension was
inoculated on the stem end and fruit were treated with
hot water and vapour heat on day 1 and day 2 following
inoculation. A conidial suspension (4 X 10° pcs/mL) of
L. theobromae was inoculated on the stem ends of
papayas, which were then allowed to stand at room
temperature (26° + 1°C) for 1-2 days before being
treated with hot water, hot water + vapour heat, or
vapour heat treatment. The development of stem-end
rot was tracked over time, with the mean degree of
decay determined in accordance with established indi-
ces (0—4) of decay: 0 = no decay; 1 = initial hyphal
growth and beginning of flesh softening; 2 = hyphae
rapidly growing, with established and expanding
decayed fresh; 3 = decayed area expands, surface tis-
sue darkens as a result of initiation and development of
pycnidia and acervuli; 4 = one third or more of fruit is
decayed sporulation has begun.

Results

Experiment I: Figure 1 shows the results of (a) hot
water, (b) vapour heat, and (c) hot water + vapour
heat treatments of fruit immediately after harvest.
Although 4% of non-treated fruit were beginning to
decay 5 days after harvest, no disease was recognised
at all in the fruit treated with hot water, vapour heat
alone, or combined hot water and vapour heat. How-
ever, by day 7, 10-14% of fruit treated with hot water
or vapour heat alone had begun to decay, indicating
that the progress of decay was faster than in the fruit
given the combined treatment with hot water and
vapour heat (Fig. 1).

When the type of stem-end disease was investi-
gated, L. theobromae was the most abundant fungus
detected, followed by C. gloeosporioides, and Fusar-
ium sp. However, L. theobromae and C. gloeosporio-
ides were less abundant in the fruit treated with hot
water and vapour heat than in the non-treated fruit,
while C. gloeosporioides in particular was absent in
the fruit treated with hot water (Table 4).



Days after harvest
Treatment 0 1 2 3 4 5 6 7
No treatment o 4 — 34
(0)d (0.44) (0.70)
H.w.a 0 © —— 10
(0) (0) (0.20)
HW. + V.H. (0) 0 — 4
(0) (0) (0.06)
V.Hb 0) 0 —— 14
) (0) (0.20)

a Hot-water treatment (48.9°C, 20 min).
b Vapor-heat treatment (47.2°C).

¢ Rate of diseased fruits (%).

d Average of rot index.

Figure 1.  Effect of hot water and vapour heat treatments on the control of stem-end rot
of papaya.

Table 4. Recovery of pathogenic fungi from stem-end rot of papaya by treatments

Treatment L. theobromae C. gloeosporioides Fusarium spp. Unknown
No treatment 20¢ 8 2 4
Hwa 6 0 2 2
HW.+VH 0 0 2
V.HP 2 2 4

2 Hot water treatment (48.9°C, 20 min).
b Vapor heat treatment (47.2°C).
¢ Incidence of diseased fruit 7 days after harvest (%).

Experiment IT: For fruit treated at day 1 after inocu-
lation and stored for an additional 5 days, there was
much less decay in fruit given the combined treatment
than in those treated with hot water or vapour heat
alone (Fig. 2). Further, the decay occurred less fre-
quently in the hot water treatment than in the group
treated with vapour heat. Both the incidence of decay
and the severity of disease were reduced when fruit
were treated 1 day after inoculation rather than 2 days
after inoculation. These results indicate that respec-
tive treatments were markedly more effective when
given at an early stage of infection by L. theobromae.

Temperature increases in fruit due to hot water
treatment

Fruit at different stages of maturity and the rise in
temperature in different parts of fruit were compared
to improve the temperature and time required for hot
water treatment.

197

Materials and methods

Five pieces each of green and half-ripe fruit were
allotted to each experimental group immediately after
arrival in Japan and were allowed to stand for 12
hours at 25°C. A temperature sensor, BS-9, and a
temperature data collector (AM-7002, Anritsu K.K.
Japan) which could take readings at intervals of 0.1
seconds were used to monitor temperature. A sensor
part-inserted in the fruit was sealed with a filler of sil-
icon material (Cemedain K.K. Japan) to prevent it
coming into direct contact with hot water.

Temperature measurement of fruit. A sensor was
hypodermally inserted in the stem end, fruit tip, and
centre of green fruit to a depth of 5 mm and sealed as
described above. The fruit were then immersed in hot
water of 48.9°C for 30 minutes. The temperature at
the various points within the fruit was measured at 1
minute intervals.



Days after harvest
Treatment 0 1 2 3 4 7 9
Md
No treatment 4¢ 76 98
(0.04)f (1.54) (2.28)
Hwb H 4 14 76
(0.04) (0..20) (1.58)
Aa
HW. + VH. N W v 0) 3 58
| | ) (0.08) (0.98)
V.HC H 6 32 90
0.10) 0.72) (2.86)
No treatment 46 98 100
(0.76) (2.92) (3.98)
H.W. | H 2 24 88
0.02) (0.62) (2.46)
B
H.W. + V.H. N W % 4 14 74
(0.04) (0.38) (2.16)
V.H. H 10 92 100
(0.24) (2.78) (3.90)

2 Treatment A : 24 hours after inoculation. B : 48 hours after inoculation.

b Hot water treatment (48.9°C, 20 min).
€ Vapor heat treatment (47.2°C).

d inoculation.

€ Rate of diseased fruits (%).

f Average value of rot index.

Figure 2. Effect of hot water and vapour heat treatments on the control of stem-end rot of papaya caused by Lasiodiplodia

theobromae.

Measurement of temperature at the stem end of
fruit in different stage of maturity. Green and half-
ripe fruit were used. A temperature sensor was
inserted parallel to the stem end to a depth of 5 mm.
The fruit were immersed in hot water at 40, 45, 50
and 55°C for 30 minutes. Sensor temperature was
recorded at 1 minute intervals.

Measurement of temperature at the stem end of
green fruit. Temperature sensors were inserted in the
stem end of green fruit at depths of 5, 10, and 15 mm.
The fruit were immersed in hot water at 45, 50, and
55°C for 30 minutes. Sensor temperature was
recorded at 1 minute intervals.
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Results

Rise of fruit temperature. When green papaya were
immersed in hot water at 48.9°C, temperature at
5 mm depth in the fruit rose most rapidly in the stem
end where it was 46.1°C 10 minutes after immersion.
The fruit tip temperature was 44.3°C and in the cen-
tral hypodermal region it was 43.4°C. When the
stem-end temperature reached 48.6°C, there was still
a difference in temperature of 2.1°C between it and
the central region (46.5°C). The fruit tip temperature
was 47.6°C.

Rise of stem-end temperature of fruit in different
stages of maturity. Ten minutes after immersion, the
temperature of green fruit was found to be higher than



that of half ripe fruit by 1.7°C in hot water at 40°C,
3.8°C at 45°C, 3.2°C at 50°C, and 3.5°C at 55°C.

Rise of stem-end temperature of green fruit. When
green fruit were immersed in hot water at different
temperatures, the temperatures at depths of 5, 10, and
15 mm in the stem end were found to be almost equal
at approximately 30 minutes after immersion. How-
ever, they were lower than the hot water temperature
by 0.1-1.7°C and 1.1-2.9°C at the 10 and 15 mm
depths, respectively (Fig. 3).

5mm
10 mm
15 mm

60 50°C

5 mm

) 10 mm
8 15 mm
[
S
s
[
j=1
£
2
5mm
10 mm
40 15 mm
30 |
0 5 10 15 20 25 30
Time (min.)
Figure 3. Temperature—time profiles at depths of 5, 10,

and 15 mm in green papaya on dipping in hot
water at 45, 50, and 55°C. The shaded areas

denote  thermal death of mycelia of
Lasiodiplodia theobromae by treatment for 20
minutes.

Effect of hot water treatment on the progress of
stem-end rot

The effect of hot water treatment on the progress of
stem-end rot due to L. theobromae was also studied.
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Materials and methods

PB-1, an isolate of L. theobromae obtained from
papaya fruit imported from Hawaii was incubated on
a PDA medium at 25°C for 7 days under artificial illu-
mination with fluorescent light of 1500 Lux (FL20SD,
K.K. Japan). A conidial suspension diluted with steri-
lised water (4 x 103 pc/mL) was used as inoculum.

A conidial suspension was used to inoculate green
fruit on stem ends that had been freshly cut with a
razor blade. At 12, 24, and 48 hours after inoculation,
five fruit at a temperature of 25°C were then
immersed in hot water at 45, 50, and 55°C for 20
minutes and cooled with tap water. After this treat-
ment fruit tissue containing vascular bundles was
removed from the stem end using a cork borer. Discs
were excised at intervals of 5 mm (1: 0-5 mm,
2:5-10 mm, 3:10-15 mm, 4: 15-20 mm and
5: 20-25 mm) from the inoculated stem ends for re-
isolation using a PDA medium. Recovery of L. theo-
bromae was assessed by the presence or absence of
mycelial tufts 2 days after the tissue discs had been
plated onto PDA, when the culture was observed
under the above-mentioned artificial illumination.

Results

L. theobromae was recovered from tissue discs
taken from the inoculated, treated fruit. Pathogens
were re-isolated from the fixed depth of the stem ends
when conidia of L. theobromae were inoculated and
treated with hot water after the designated time. The
results obtained are shown in Table 5. Twelve hours
after inoculation, the pathogen was re-isolated from
40% of discs at 0—5 mm from the stem end of fruit not
treated with hot water and from 20% of 0-5 mm discs
of fruit treated with hot water at 45°C, but not at all
from fruit treated with hot water at 50 or 55°C.

For fruit treated 48 hours after inoculation, L. theo-
bromae was recovered from 60% of the 0—5 mm
discs of the fruit not treated with hot water, but from
only 40% of fruit treated at 45°C, 20% of fruit treated
at 50°C, and from none of the fruit treated at 55°C.

For fruit treated with hot water 48 hours after inocu-
lation, L. theobromae was recovered from 60% of the
0-5 mm discs of non-treated fruit, from 80% of
5-10 mm discs, and 60% of 10-15 mm discs. Recov-
ery of L. theobromae was lower from fruit treated with
hot water at 45°C. L. theobromae was recovered from
80% of 0—-5 mm discs and 40% of 5—-10 mm discs. In
fruit treated at 50°C, L. theobromae was not recovered
from 0-5 mm discs, but it was re-isolated from 80% of
5-10 mm discs and from 40% of 10-15 mm discs.



Table 5. Recovery of Lasiodiplodia theobromae from tissue discs cut from the stem end of papaya fruit immediately after
hot water treatment for 12, 24 and 48 hours after inoculation.

Time after Disc of stem end No treatment Hot water treatment (°C)

inoculation (hours) No. Depth (mm) 45 50 55

12 1 0-5 402 20 0 0
2 5-10 0 0
3 10-15 0 0
4 15-20 0 0 0
5 20-25 0 0 0

24 1 0-5 60 40 40 0
2 5-10 0 0 0 0
3 10-15 0 0
4 15-20 0 0
5 20-25 0 0

48 1 0-5 100 80 0 0
2 5-10 80 40 80 0
3 10-15 60 40 0
4 15-20 0 0 0 0
5 20-25 0 0

2 Rate of detection of L. theobromae (%)

Fruit injury due to high temperatures Results

The effect of hot-water temperature and length of
treatment on the occurrence of fruit injuries has also
been examined.

Materials and methods

Papaya fruit imported immediately after harvest
were treated with hot water followed by conventional
vapour heat treatment at different temperatures. The
occurrence of disorders due to heat and the incidence
of decay at room temperature (23£2°C) were investi-
gated 7 days after arrival in Japan. Hot water treat-
ment was conducted on groups of 56 fruit at 4
different temperatures—46.1°C (115°F), 48.9°C
(120°F), 51.7°C (125°F) and 54.4°C (130°F)—for 10
and 20 minutes.

Disorders due to high temperature were scored
according to the following criteria:

—: No disorder and fruit ripened to entirely yellow

+ : Fruit remained partially green, and did not ripen
to all yellow

+: Did not ripen to yellow colour, and half of the
fruit surface was greyish green in colour

++: Did not ripen to yellow colour but remained

entirely greyish green with light brown spots on

surface of fruit.

No disorders due to high temperature were
observed in fruit treated with hot water at 46.1°C for
10 minutes. However, at higher temperatures, disor-
ders became progressively more pronounced. Half the
fruit treated with hot water at 51.7°C for 10 minutes
did not ripen to yellow colour and 16% had further
disorders. Furthermore, high temperature disorders
and immature peripheral regions were observed in all
fruit immersed at 51.7° for 20 minutes (Table 6).

General Discussion

The use of postharvest agricultural chemicals has
been prohibited on papaya imported into Japan. How-
ever, the application of TBZ is approved for Hawai-
ian papaya bound to the U.S. mainland and its effect
has been presented by Quimio et al.(1975) and Couey
and Farias (1979).

Since the use of postharvest agricultural chemicals
for imported fruits and vegetables has been taken up
as a social problem by the mass media in recent
years, the application of vapour heat, hot water, radi-
ant rays, etc. not using agricultural chemicals is now
being considered. Above all, heat has long been used
for sterilising seeds.
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Table 6. Thermal injury to papaya fruits by hot water treatment

Temperatur 46.1 48.9 51.7 54.4
e (°C)
Time (min) No? 10 20 10 20 10 20 10 20
-b 98° 100 82 98 68 32
+ 18 2 32 52 0
+ 16 34 0 0
++ 0 0 0 0 0 0 66 100 100
2 No treatment.

b Thermal injured fruit (—:none, =:fruits remained partially green, +:grey-green colour on half fruit surface, ++:grey fruits remained

green with no sign of ripeness).
¢ Rate of injured fruit (%).

The so-called single dipping method of immersing
fruits in hot water at 48.9° for 20 minutes combined
with vapour heat treatment mainly designed to kill
fruit flies is now being used for Hawaiian papaya to
be imported into Japan. Although no effective means
of eliminating stem-end rot in papaya has been devel-
oped, our studies have shown that hot water treatment
is much more effective than vapour heat treatment in
reducing stem-end rot.

The development of the main pathogens of stem-
end rot of papaya, such as L. theobromae, C. gloe-
osporioides, etc., was reduced following the com-
bined use of hot water and vapour heat treatment. In
particular, it was found that decay due to C. gloe-
osporioides no longer occurred after hot water treat-
ment, confirming a report of Akamine (1953).

When conidia of L. theobromae were inoculated at
the stem end of fruit and treated with hot water for 1
and 2 days, the occurrence of stem-end rot was mark-
edly reduced in fruit that were treated 1 day after
inoculation. Since stem-end rot decreased in papaya
treated with hot water and vapour heat immediately
after harvest of fruit, it was considered that the treat-
ment should remain effective until the fruit reach the
market.

Further detailed investigations on the temperature
and time required for treatment revealed that the
pathogen was killed when fruit were treated with hot
water at 50°C for 20 minutes 12 hours after conidia
of L. theobromae had been inoculated onto the stem
end. It took about 10 minutes for the temperature to
reach 47°C or higher at a depth of 5 mm inside the
stem end. Although L. theobromae in the stem end at
a depth of 0—5 mm was killed when fruit were treated
at 50°C for 20 minutes 48 hours after inoculation, it
was not eradicated at depths of 5-15 mm. It took
about 10 minutes for the temperature to exceed 47°C
at a depth of 5 mm in fruit immersed in hot water at
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50°C, but the temperature did not exceed 47°C at
depths greater than 10 mm. The results clearly
showed that more than 10 minutes treatment would
be required for the stem-end temperature at 10 mm to
become higher than 47°C to eradicate L. theobromae
using hot water treatment.

However, papaya can be damaged by excessive
temperatures during hot water treatment, causing a
major problem in the market. Although less injury
developed when fruit were immersed in hot water at
48.9°C for no more than 20 minutes, the incidence
and severity of injury became worse when treated at
51.7°C for 10 minutes. Diseases were detected in 16%
of the fruit, which did not ripen to yellow colour. Fur-
thermore, not all the fruit turned yellow when
immersed in hot water at 51.7°C for 20 minutes.

The above results indicated that fruit often develop
injury due to hot water, necessitating precise manage-
ment of temperature and the time required for treat-
ment. Rapid treatment of fruit; at 48.9°C for 20
minutes immediately after harvest will cause less
injury, and should prevent stem-end rot due to L. the-
obromae.
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Effect on Stem-end Rot and Anthracnose Levels of Dipping
Mango Fruit in Host-defence-promoting Compounds

Zainuri*, D.C. Joyce*, A.H. Wearing*, L.M. Coates} and C.M. Crossley*

Abstract

Anthracnose and stem-end rot are the major postharvest diseases of mango. The causal pathogens may
infect fruit in the field and remain latent during subsequent fruit development. Both diseases are usually
controlled by pre- and postharvest fungicide treatments. However, in view of public concern about health
risks and the possibility of pathogens developing resistance to fungicides, it is important to explore
alternative control measures. To this end, an experiment was conducted to determine if treatment with the
host-defence-promoting compounds, salicylic acid and potassium phosphonate, would induce fruit
resistance to stem-end rot and anthracnose. Mango cv. Kensington Pride fruit were treated with 0, 10, 100,
and 1000 mg/L salicylic acid or potassium phosphonate as a series of three preharvest dips and one
postharvest dip. Ripening (colour, firmness) and disease (severity, incidence) parameters were assessed at
various intervals during shelf life at 23°C. Neither salicylic acid nor potassium phosphonate treatments
reduced disease incidence or severity under the conditions of this experiment. For both pathogens, disease
symptoms (lesions) appeared when the fruit started to ripen, as indicated by colour and firmness changes.
There were no significant treatment effects on colour or firmness changes. These results suggest that
salicylic acid and potassium phosphonate did not induce host resistance mechanisms. However, to fully test
this proposition, further investigation of the effect of these chemicals on levels of antifungal compounds in

POSTHARVEST diseases of fruits and vegetables
caused by pathogen infection are a serious concern to
fresh produce industries. Diseases result in major
losses of total production. Anthracnose and stem-end
rot, which are caused by Colletotrichum gloeosporio-
ides and Dothiorella dominicana, respectively, are
the main postharvest diseases of mango in ASEAN
countries (Pordesimo et al. 1984) and Australia
(Coutts et al. 1987; Johnson et al. 1993). The causal
fungi can infect the fruit during the growing period
but remain quiescent. Symptoms become apparent
during ripening and storage (Snowdon 1990; Johnson

* Department of Plant Production, The University of
Queensland, Gatton College, Queensland 4345, Australia.

1 Plant Protection Unit, Department of Primary Industries,
80 Meiers Road, Indooroopilly, Queensland 4068, Aus-
tralia.
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et al. 1991). Pre- and postharvest fungicide treat-
ments are usually applied to control these diseases.
However, in view of public concern about health
risks associated with fungicide treatments and the
possibility of pathogens developing resistance to fun-
gicides, research effort has been directed towards
finding alternative control measures (Johnson and
Sangchote 1994; Tuzun and Kloepper 1995).
Manipulating host resistance is one of the strategies
that hold promise for control of postharvest diseases
(Adikaram 1990). Host resistance can be induced by
applying physical, chemical, or biological inducers
(Wilson et al. 1994). Chemicals such as salicylic acid
have been shown to induce resistance in some horti-
cultural crops, including orange and potato (Gaur and
Chenulu 1982), banana (Ram and Vir 1986), kiwifruit
(Poole and McLeod 1994), and cucumber (Marry et
al. 1995). Salicylic acid plays an important role in



signal transduction leading to resistance (Gaffney et
al. 1993). Phosphonate is another chemical inductant
that has been reported to have antifungal effects
against both oomycete (Coffey and Ouimette 1989)
and non-oomycete pathogens (Heaton and Dullahide
1990). Both studies suggested that this compound
acts by direct inhibition of the pathogen and also by
eliciting the defence response of the host plant.

The aim of the experiment reported in this paper
was to determine if treatment with salicylic acid or
potassium phosphonate would elicit a host defence
response in mango fruit and suppress the develop-
ment of anthracnose and stem-end rot diseases.

Materials and Methods

Mango (Mangifera indica cv. Kensington Pride) fruit
from a commercial orchard near Gatton, Queensland
were used in this experiment. Fruit were treated with O,
10, 100, and 1000 mg/L salicylic acid or potassium
phosphonate as a series of three preharvest dips and one
postharvest dip. Replication (individual fruit) was 20-
fold. Preharvest treatments were applied by dipping
individual fruit on the tree every second week over a
two-month period up to harvest. Fruit were harvested at
the mature green stage, surface sterilised (70% alco-
hol), and air dried. The postharvest dip treatment was
then applied and the fruit were left for 24 hours. The
fruit were then divided into two groups. One group was
inoculated with D. dominicana by placing an inverted
agar plug on which D. dominicana was growing onto
the cut stem end of the fruit, and the other with C. gloe-
osporioides by placing a 25 uL droplet of C. gloeospo-
rivides spore suspension (5 X 10 spores/mL) onto the
fruit surface. Inoculated fruit were next incubated at
25°C for 24 hours, either in boxes covered with plastic
bags (for D. dominicana, or in sealed high humidity
containers (for C. gloeosporioides). Thereafter, the fruit
were allowed to ripen at 23°C and 80 % relative humid-
ity for approximately 2 weeks. During shelf life, fruit
were assessed daily for colour and firmness changes.
Colour ratings were: 1 = 100 % green, 2 =25 % yellow,
3 =50 % yellow, 4 =75 % yellow, and 5 = 100 % yel-
low. Hand firmness ratings were: 1 = hard, 2 = firm, 3
= slightly soft, 4 = soft, and 5 = very soft. Disease inci-
dence and severity were also assessed. Disease severity
was recorded for stem-end rot as the proportion (%) of
the fruit surface affected and for anthracnose as lesion
diameter (mm). Disease incidence was recorded as the
proportion (%) of mango fruit showing stem-end rot
lesions on each day of assessment. Data were analysed
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by analysis of variance (ANOVA) using the Minitab
statistical package.

Results

Salicylic acid and potassium phosphonate treatments
apparently did not induce host resistance. Neither
stem-end rot nor anthracnose disease severity or inci-
dence were reduced (Fig. 1). With the potassium
phosphonate treatments, stem-end rot disease symp-
toms became evident on day 3. With the salicylic acid
treatments, stem-end rot symptoms appeared 4 days
after inoculation. Stem-end rot symptoms were severe
by day 7. Stem-end rot incidence was high for each
treatment. Nonetheless, there was a suggestion in the
data that higher concentrations of 100 and 1000 mg/L
salicylic acid tended to reduce disease incidence
(Table 1). Anthracnose lesions appeared on days 3 and
5 for potassium phosphonate-and salicylic acid-treated
fruit, respectively (Fig. 1). Compared with stem-end
rot, anthracnose symptoms developed slowly.

There were no significant effects of the chemical
treatments on either colour or firmness changes of
fruit inoculated with D. dominicana (Fig. 2). Changes
in colour and firmness, which indicated that the fruit
ripening process had started, became evident 3 days
after inoculation. Similarly, salicylic acid and potas-
sium phosponate did not have significant effect on
colour and firmness changes in fruit inoculated with
the anthracnose pathogen (Fig. 3).

Discussion

Assessment of colour and firmness changes for fruit
inoculated with either D. dominicana or C. gloeospo-
rioides showed that there was no effect of either sali-
cylic acid or potassium phosphonate treatments on
the ripening characteristics of mango fruit. Similarly,
neither salicylic acid nor potassium phosphonate
treatments reduced disease levels. This result contra-
dicts the notion that pre-infection application of
potassium phosphonate can result in protection of
plant tissue against pathogens through activation of
host defence mechanisms (Dercks and Creasy 1989).
Failure to achieve an induced defence mechanism in
this study may have been due to an overriding wound
stress effect resulting from artificial inoculation.
Such an effect might predispose the fruit to disease
development (Hislop et al. 1971; Isaac 1992).



Table 1.  Proportion (%) of mango fruit showing stem-end rot lesions on each assessment day (n=20).

Treatments Day
(mg/L) 0 1 2 3 4 5 6 7
(a) Phosphonate
0 0 0 0 5 15 25 60 65
10 0 0 0 5 10 35 40 65
100 0 0 0 0 5 35 45 70
1000 0 0 0 0 5 30 50 60
(b) Salicylic acid
0 0 0 0 0 i5 25 75 90
10 0 0 0 0 25 40 60 80
100 0 0 0 0 10 25 30 40
1000 0 0 0 0 10 35 45 45
Stem-end rot Anthracnose
40
T e
a (Phosphonate) I ¢ (Phosphonate) -
30 | 7 10
- 8
6‘20 - 16
O
& =
2 44 8
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Figure 1. Effect of dipping mango fruit inoculated with either D. dominicana (a,b) or C. gloeosporioides (c,d) in 0 (@),
10 (W), 100 (A) and 1000 mg/L. (V) potassium phosphonate (a,c) and salicylic acid (b,d) on stem-end rot
[(% affected fruit surface (a,b)) and anthracnose (lesion diameter (mm) (c,d)] disease severity. Vertical bars show
the averaged standard error (n = 1120; 2 chemicals, 4 concentrations, 20 replications, 7 days for stem-end rot; and,
n = 1920; 2 chemicals, 4 concentrations, 20 replications, 12 days for anthracnose).
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Figure 2. Effect of dipping mango fruit inoculated with D. dominicana in (@), 10 (), 100 (A) and 1000 mg/L (V)
potassium phosphonate (a,c) and salicylic acid (b,d) on colour (a,b) and hand firmness rating (c,d). Vertical bars
show the averaged standard error (n=1120; 2 chemicals, 4 concentrations, 20 replications, 7 days).

Results of ethylene physiology studies suggest that
salicylic acid can inhibit ethylene biosynthesis (Les-
lie and Romani 1986; Romani et al. 1989). However,
our results seem not to support this contention. Rip-
ening of control (untreated) and salicylic acid-treated
climacteric mango fruit began around day 34 after
harvest, at about the time when disease symptoms
started to develop.

Loss of resistance of ripening mango fruit to dis-
ease can be attributed, in part at least, to a decrease in
the concentration of endogenous antifungals; such as
5-(12-cis-heptadecenyl)-resorcinol and 5-pentadecyl
resorcinol (Droby and Prusky 1987). Fungitoxic con-
centrations of these compounds are found in the peel
of unripe mango and levels decrease during ripening.
The latent period of fungi in unripe fruit might also
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be related to insufficient host attacking enzyme pro-
duction by the fungi, such as polysaccharide degrad-
ing enzymes (Batman 1976; Droby and Prusky
1986).

Conclusion

Under the conditions of this experiment, salicylic
acid and potassium phosphonate did not appear to
induce host resistance mechanisms in Kensington
mango fruit. However, in order to fully test this
interim conclusion, we propose to determine the
effects of these chemicals on levels of endogenous
antifungal compounds in mango leaf and fruit skin
tissue.
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Figure 3.  Effect of dipping mango fruit inoculated with C. gloeosporioides in 0 (@), 10 (H), 100 (A) and 1000 mg/L (V)
potassium phosphonate (a, ¢) and salicylic acid (b, d) on colour (a, b) and hand firmness rating (c, d). Vertical bars
show the averaged standard error (n=1920; 2 chemicals, 4 concentrations, 20 replications, 12 days).
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Lasiodiplodia theobromae and the Roles of Insects in
Dispersal of the Fungi

H. Nago and M. Matsumoto*

Abstract

Lasiodiplodia theobromae GK-1, a strain isolated from the surface of fruit of the coconut palm, produced
a coconut-like aroma that was identified as 2-octeno-8-lactone, B-phenylethanol, and a compound known
as mellein. Considering the general nature of the secondary metabolite and its potential role for the micro-
organisms producing it, this aromatic compound might have ecological significance as an attractant for
insects, which could then be vectors of the fungal spores. This hypothesis led to isolation of L. theobromae
from the outer surface of a danaid buttertly, Idea leuconoe, which was caught in an area in which there were
many plants infected by L. theobromae. Mellein uptake was investigated by studying the ingesting
behaviour of danaid butterflies (male only) alighting on fungal-infected plant tissues in the field and in an
insectarium. These observations indicated some kind of mutualistic relationship between the butterfly and
L. theobromae, associated with the mellein. Mellein was not major component in the hairpencil (a kind of
sex organ), and the butterfly could breed without the mellein in an insectarium, suggesting the insect could
be independent of L. theobromae. This also suggested the role of the insect in dispersing the fungi may be
rather weak. On the other hand, the fact that the plant tissues infected with L. theobromae outdoors were
rather sound in appearance might indicate a symbiotic relationship between plant and fungi which could
produce a plant hormone of some kind. This also suggests a useful application of the fungus for postharvest
disease control.

SOME strains of Fusarium solani isolated from coco-
nut were described previously (Nago et al. 1993).
These strains accumulated a compound, (R)-(-)-2-
deceno-d-lactone (massoialactone; Fig. 1), with a
coconut-like aroma in the cells as the major com-
pound of the volatile secondary metabolites. We
expected that other types of &-lactone-producing
fungi could be found in the vicinity of coconut palms,
so we tried to isolate some directly from the surface of
green fruits of the tree. The isolated fungus, Lasi-
odiplodia theobromae, produced (R)-(-)-2-octeno-o-

* Department of Food and Nutrition, Setouchi Junior Col-
lege, 2379, Shimokatsuma Takase-cho, Kagawa 767,
Japan.
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lactone and mellein, which were described in detail in
an earlier paper (Matsumoto and Nago 1994). This
paper deals with L. theobromae and its volatile com-
pounds mainly from the aspect of chemical ecology.

OH (¢]
\ \
H H o
~ o) e fe)
CsH1q CaH7 o Me
massoialactone 2-octeno-3-lactone mellein
Figure 1. Massoialactone: 2-octeno- 8 -lactone mellein

In general, the secondary products can have useful
functions for the organisms producing them. The
d-lactones, including mellein, which have a slightly



fruity odour, are supposed to attract insects (or
mites), and may bring the insects into contact with
the spores of the fungus. The spores, attached to the
mobile insects, would be transported to new places
that also attracted these insects, and these new places
could be, in many cases, flowers, fruits, or some edi-
ble substances containing compounds with the same
or similar aromas. Consequently, we can probably
obtain the fungi that have ability to produce these
aromatic substances from insects as well as from
fruits or flowers containing compounds with sweet
aromas like the d-lactones. This was the reason we
selected the coconut as the isolation source when we
attempted to isolate the d-lactone-producing fungi,
F. solani and L. theobromae.

Regarding the relationship between the isolated
fungus L. theobromae and insects, Filer (1969) sug-
gested that the fungi causing sycamore canker were
probably spread by crawling insects, primarily ants,
because insecticide treatment of the trees prevented
infection by the fungi, and large numbers of ants
were observed on untreated trees.

We confirmed that the strain of L. theobromae TFO
30028, which had been isolated from Pandanus bon-
inensis produced 2-octeno-8-lactone and mellein.
Therefore, L. theobromae was expected to be also
isolated from the places Pandanus odoratissmus
(screw-pine; adan in Japanese) grows where we could
have a chance to investigate for the genus Pandanus.

In the meantime, Nishida et al. (1996) discovered
that many males of a giant danaid butterfly, Idea leu-
conoe Ericson, grown outdoors, accumulated mellein
in the hairpencils as a suspected sex pheromone, and
the mellein was characterised as the specific attractant
and exhibited potent phagostimulatory activity for the
male butterflies. The male accumulated mellein in its
hairpencil (a few mg/male), when the butterfly was fed
with the compound. The full significance of the mel-
lein for the life cycle of the butterfly is still unknown,
but Nishida et al. (1990). suggested that the origin of
the mellein might be microorganisms We presumed
that one of these microorganisms would be L. theobro-
mae, because the giant danaid butterfly inhabits tropi-
cal and subtropical coastal regions, in which are also
found the genus Pandanus and coconut palm etc., the
possible host plants for the fungi L. theobromae.

In this study, we selected ants and butterflies as
possible sources of the d-lactone-producing fungi to
test this assumption.
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Materials and Methods

L. theobromae isolation from coconut palm, and
the volatile compounds produced by the fungi

Fresh coconuts imported from the Philippines were
purchased at a local market, as a source of micro-
organisms. They were kept at room temperature for a
month after wiping the surface with an 80% ethanol
solution. The conidia emerging from the pycnidia
that covered almost the entire surface of the fruit
were transferred to melted potato-dextrose-agar
(PDA) medium. L. theobromae GK-1 was the isolate
used in most of the culture experiments.

Ten petri dishes containing 20 mL of PDA medium
were inoculated with the hyphae of the strain GK-1,
and incubated at 25°C for 15 days. The volatiles from
the cultures were isolated and identified using the
method of Nago et al. (1993).

Isolation of 3-lactone-producing fungi from ants

Hundreds of ants (Anoplolepis longipes Jerdon)
which were crawling on the young fruit of the screw-
pine, were caught on the coast at Kinwan (Okinawa
island) in October using a sterile milk bottle and
some sugar as an attractant. Six of them were placed
on a PDA plate, and incubated for 5 days at 25°C. All
the colonies broken out from outer surface of these
ants were isolated.

Isolation of d-lactone-producing fungi from outer
surface of giant danaid butterflies

A butterfly net was washed with 80% ethanol solu-
tion before each butterfly was caught. One male giant
danaid butterfly was caught at Okanzaki (Ishigaki
island) and one on Maedamisaki (Okinawa island) in
October 1991. One male and one female of the but-
terfly were caught at Haemidanohama (Iriomote
island) in February 1993. The entire body of each
dead butterfly was placed on the PDA medium in a
large petri dish (18 cm diam.), before being incubated
at 25°C for 10-20 days. Dominant colonies of the
fungi emerging from the outer surface of each butter-
fly were isolated and identified.

Collection of the suspected host plants of
L. theobromae involved in the danaid butterfly,
and isolation of the fungi from these plants

Five kinds of plants suspected of being host of
L. theobromae were selected in the habitats of the giant



danaid butterfly on Iriomote, Ishigaki, and Okinawa
islands. Parts of each plant collected— leaves, flowers,
involucres, and seed pods—, were placed on the PDA
medium, and incubated at 25°C for 20 days. The L. the-
obromae growing on the PDA plate was isolated and
identified by its characteristic hyphae and conidia, and
also by the volatile compounds produced by the culture.

Qualitative analyses of 3-lactone compounds and
mellein contained in fungal cultures and plant
tissues

Culture conditions for all fungi isolated from ants,
butterflies, and plant tissue, and methods for identifi-
cation of the volatiles produced by these fungi, were
as described in a previous paper (Matsumoto and
Nago 1994). All mellein detected from various
sources was identified by gas chromatography (GC)
and GC-MS compared to the authentic sample
obtained from the culture of L. theobromae GK-1
(Matsumoto and Nago 1994).

Measurement of mellein in plant tissues that were
naturally infected with L. theobromae

Green fruit of the coconut palm, as described in a
previous paper (Matsumoto and Nago 1994), was
again purchased from a local market and, without
artificial inoculation, was kept for 3 weeks until
hyphae of L. theobromae covered about one fifth of
the surface. After being tested for insect attraction in
an insectarium, a 1 cm thick circle of the fruit flesh
weighing about 40 g was cut from the outer part of
the fungal colony of L. theobromae. In the case of
screw-pine and bottle palm, part of a blackened leaf
or leaf sheath which was obtained in Maedamisaki
(Okinawa island) was cut into pieces of 2-4 cm?,
before being steam-distilled and analysed for mellein
by GC. The GC was operated using an OT-FS col-
umn (CBP-1). The mellein was measured by compar-
ison with the peak area of undecano-g-lactone. A
sound part of each plant tissue which had stayed
green was also analysed in the same way.

Mellein content in the hairpencil of giant danaid
butterfly

Males of the giant danaid butterfly were caught in
February 1992 in Chinen (Okinawa island) and Hae-
midanohama (Iriomote island), one and two individu-
als, respectively. Each hairpencil cut from the
butterfly body was steam-distilled. Mellein in the dis-
tillate was measured in the same way as described
above for plant tissues.
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The butterfly-attraction test

The butterfly-attraction test was done in the
Minoo-Koen Insectarium (Osaka). More than 200
giant danaid butterflies were released in a space of
2600 m? (200 m2 x 13 m) together with some other
kinds of butterflies. (1) Purified mellein—the mellein
which was obtained from the culture of L. theobro-
mae—was further purified by silica-gel thin-layer
chromatography. A mini-vial (2 mL) containing
about 5 mg of the mellein was opened inside the
insectarium for about 5 minutes. (2) Plant tissues—
blackened tissues of plants which were infected with
L. theobromae—were placed on the centre of the
floor of the insectarium, together with sound parts of
each kind of plant tissue as a control.

Results and Discussion

Filamentous fungi broken out on the surface of
fruits of coconut palm

The surfaces of three fruits of coconut palm were
almost entirely covered by filamentous fungi with
stromatic and setose pycnidia in which many conidia
were formed. Observing the characteristic uniseptate
conidia, the dominant fungal species was identified
as Lasiodiplodia theobromae (Punithalingam 1976)
which has been known mainly as a postharvest para-
site on some tropical crops, such as papaya, banana,
mango, sugarcane, and others (Punithalingam 1976;
Alvarez and Nishijima 1987).

Identification of aroma compounds isolated from
the culture of L. theobromae

The strain isolated (GK-1) was cultured on PDA
medium in petri dishes at 25°C for 15 days. No pleas-
ant aroma came from the headspace of the culture at 15
days, but heating the culture mats with steam led to
emission of a strong coconut-like odour. The volatiles
were steam-distilled and extracted with methylene
chloride. Qualitatively analysed gas chromatograms of
the extracts from the cultures of 3, 8, and 15 days are
shown in Figure 2. The major peak—compound 2—
was identified as 2-octeno-6-lactone. It showed nega-
tive cotton effect, suggesting an R-configuration like
naturally occurring massoialactone.

Some published studies of the secondary metabo-
lites of L. theobromae have reported mellein, 7-iso-
jasmonic acid, lasiodiplodin, and related compounds,
which are all considered to be fatty acid derivatives
(Aldridge et al. 1971; Miersch et al. 1987, 1989), but



none had reported 2-octeno-8-lactone. The lack of the
2-octeno-O-Tactone in these studies is probably due to
difterences in culture conditions.
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Gas  chromatograms  of the  steam-distillates
from cultures of a swain of  Lasiodiplodia
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octeno-8-lactone: 3= mellein.

Figure 2.

In GC-MS fragmentation, the peak for compound 3
which appears in Figure 2(a) and (b) showed m/z
() T78(83), 160(43), 149(23). 135(28), 134 (100),
132(28). 106(38), 105(30). 104(32), 78(5T). T7(51),
65(20), 63(26), 52(36). 52(53). 43(25). 39(53). these
being identical to that reported for mellein (Nishida ct
al. 1982). The mellein was observed in the cultures of
3 and § days, but it disappeared in the final culture as
shown in Figure 2. The peak compound | was identi-
tied to be B-phenylethanol by GC-MS and GC with
an authentic sample.

Isolation of d-lactone-producing fungi from ants

Six ants (Anaplolepis lorgipes Jerdon) (ashinagaki-
ari in Japanese) that were crawling on a youny fruit of
the screw-p e were caught on Okinawa island, and
placed on PDA medium. Only a few kinds of filamen-

tous fungi grew on the medium, one strain cach of the
generit Fusarium, Trichoderma, and - Aspergillus.
These strains were cultured and the volatiles produced
were investigated in the same manner as described
already. Massoialactone and 6-pentyl-o-pyrone (2.4-
decadieno-8-Tactone) were identified from the cultures
of Fusariun and Trichoderma, respectively.

The expected strain of L. theobromae was not iso-
lated from ant bodies; possibly the isolation of 8-lac-
tone-producing fungi suggests the presence of a
stgnificant ccological relation between ants and 8-
lactone-producing tungi.

L. theobromae isolated from outer surface of the
body of a danaid butterfly

A nuale giant danaid buttertly was caught in Octo-
ber on Ishigaki island, and placed on the PDA
medium in a large petri dish (diameter, 18 cm).
20 days after inoculation, about half” of the medium
was blackened as shown in Figure 3. On these black
stains, characteristic grey byphac were observed. and
the isolated fungal strain, named GD-1, was 1denti-
fied as L. theobromae with its characteristic unisep-
tate comdia, as described above. Other mellein-
producing fungi could not be isolated from the same
source. L. theobromae was also obtained from the
male giant danaid buttertly that was caught at Mac-
damisaki (Okinawa island) in the same month.

Figure 3. Microorganisms growing on potato-dextrose-
agar medium inoculated with a wild male giant
danaid  butterfly,  fdea  leuconoe. The
photograph wus taken from the underside of the
petri dish. Black stains were confinmed o be

caused mainly hy L. theobromae.



Three other individuals of Idea leuconoe (two
males and one female) were caught in Febraary on
Iriomote and Okinawa islands. These buttertlies did
not carry any spoves of L. theobromae. but many col-
onics of the genus Awreobasidinm that were unwit-
tingly discovered to be massoialactone-producing
fungi. emerged from almost every part of the butter-
tlies on the PDA medium. This is probably because
ot the cold scason when L. theobromae and Idea leu-
conoe are inactive, although the two males had mel-
lein in their hairpencils as deseribed later. These
suggest the need of further study on the effect of seu-
sonal changes on the fungal flora.

Butterfly-attractivity « f the mellein obtained from
Lasiodiplodia theobror ae GD-1

1. theobromae GD-1 was cultured on PDA
medium for 7 days. and volatiles were obtained as
described above. Using GC and GC-MS, 2-octeno-o-
lactone and mellein were identified in the volatiles,

as obtained from the strain GK-1. About 5 mg of

mellein. which was purificd by thin-layer silica-gel
chromatography, was obtained from the culture mats

Figure 4.

(300 g) of 15 petri dishes, and used in the butterfly
attraction test. As shown in Figure 4. males of Idea
lenconoe were attracted and ingested the mellein that
was obtained froni the fungi attached to the butterfly.

The host plants of L. theobromae associated with
the giant danaid butterfly

The suspected host plants of the tungt were sought in
the habitat of the butterfly. The parts of selected plants
were placed on PDA plates and incubated at 25°C for
20 days. L. theobromae was tsolated [rom some the
following plants: (1) a seed pod of Parsonsia laevigata
(Hooraikagami, in Japanese: Apocynaceae), on which
the larvae of the butterflies feed exciusively: (2) flow-
ers of Anodendron affine (Sakakikazura, in Japanese:
Apocynaceae); and (3) an ivoluere of Hernandia
ovigera L.(Hasunohagiri, in Japancese: Hernandiaceae)
which the buttertlies fly around. All strains of L. theo-
bromae 1solated from these plants were also confirmed
1o produce mellein, and 2-octeno-d-Tactone.

These facts suggest that many varicties of plants
could be involved with the L. theobromae as the mel-
Jein source for the buttertlies.

Feeding behaviour of male giant danaid butter(lies at purificd mellein produced by L. theobromae. The butterflies

were attracted to the vial and its cap (right), which held purificd mellein (5 mg), and attempted to ingest the
chemical. An emipty vial and its cap (Ieft) were ignored



Ingesting behaviour of male giant danaid butterfly
on plant tissues in the field and also in an
insectarium.

We made efforts o observe the mellein-ingesting
behaviour ol Idea letconoe, outdoors on Okinawa
islands, and in the subtropical insectarium,

Ingestion was observed on a leal of the wild-
orangetree, Tuddualia  asiatica  (sarukakemikan,  in
Japanese: Rutaceae) at a habitat of the butterfly in the
Muedamisaki district. The butterfTy extended the pro-
boscis, and reciprocally spat saliva and ingested it for
something on the Ieal as shown in Figure 5. The same
behaviour was also observed on the leal” of screw-
pine. Pandanus odoratissnus (Adan, in Japanese;
Pandanaceae) (Figure 6). This behaviour is probably
associated with mellein ingestion. because it is quite
stmilar to behaviour shown to a filter paper contain-
ing synthesised chemicals of micthyl o-hydroxyben-
zoate and other compounds similar to mellein, as
obscrved by Nishida et al. (1990).

Figure 5. Feeding behaviour of male giant danaid butterflies
in the field on leaves of the wild-orangetree (A),
and the screw-pine (B, The buttertly extended the
proboscis, released saliva, then ingested the result.
The leal was infected mostly with the fungus
Lasiodiplodia theobromace.
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Feeding  behaviour of a male  giant danaid
butterfly in an insectarium on a coconut (A). and
on a leat sheath of bottle palm (B). Both the fruit
and the leaf sheath (about & week after harvest
were naturally infected with L. theobromac.

Figure 6.

The leat of cach plant to which the butterfly
reacted was brought into the laboratory and a part of
it placed on the plate of PDA medium. More than
904 of the surface of cach PDA medium plate was
covered within 3 days with the hyphac of L. theobro-
mae, and both strains that were isolated from the
wild-orange tree and the screw-pine were also con-
firmed to produce both 2-octeno-8-lactone and mel-
fein. L. theobromae was also isolated trom a part of
the leaf of the wild-orange tree which the butterfly
reacted to, even after being washed with 804 ethanol
solution for about 10 scconds. this suggesting that
L. theobromae was deep within the leat.

L. theobromae was also oblained by transfer (o a
sterile tissue paper from the leaf of the serew-pine 1o
which the butterfly reacted. The paper was first
pressed onto the surface of the leaf using {inger pres-
sure, then the paper with adhering fungal spores
pressed on a plate. Many colonices with characteristic
hyphac of L. theobromae spread out from the point of



contact. This suggests that fungal spores can be easily
transferred to a butterfly’s body when the insect
comes into contact with the surface of an infected
plant leaf. In these experiments on the leaves of wild-
orange tree and screw-pine, we could not isolate
L. theobromae from sound leaves which the butter-
flies showed no interest in. Nevertheless, it is impor-
tant to point out that the leaves that the butterflies did
show interest in also looked rather sound.

In a further experiment, another green coconut was
purchased from a local market and, without artificial
inoculation, kept for 3 weeks until its surface was
about one-fifth covered by hyphae of L. theobromae.
The mouldy fruit was then brought into the insectar-
ium. A few minutes after the sample had been put
down, males of the giant danaid butterfly flew to the
mouldy coconut in turn, and each butterfly displaying
ingestion behaviour for 0.5-2 minutes as shown in
Figure 5. Within 10 minutes, about 20 males of Idea
leuconoe came had shown this behaviour. No females
or any other kinds of butterfly showed any interest in
the mouldy coconut. As seen in Figure 6, the males of
Idea leuconoe were interested especially in the
peripheral part of the colony of the L. theobromae
which was growing from the stem end of the fruit.
Male Idea leuconoe displayed the same behaviour in
the insectarium to both blackened leaf of the screw-
pine and leaf sheath of bottle palm, these leaves being
tested about a week after harvest. It was confirmed
that sound leaves and fresh fruit which had no fungi
did not attract butterflies in the insectarium.

Mellein contents in the hairpencils of the
butterflies and in the plant tissues infected with
the L. theobromae, and the attractiveness of these
plant tissues to butterflies

Mellein has been found in many male Idea leuco-
noe butterflies grown outdoors, but indoor grown
males originally lacked mellein (Nishida et al. 1996).
The author also analysed quantitatively the mellein in
the hair pencils of Idea leuconoe caught on Okinawa
and Ishigaki islands in February. The results,
obtained from three individuals collected were: by
mellein content per single hairpencil 110 ng (Haemi-
danohama, Iriomote island), 110 ng (Haemidano-
hama),and 210 ng (Chinen, Okinawa island).

Mellein contents of the plant tissues which were
positive in the insect-attraction test in the insectarium
were measured. These tissue samples were cut into
pieces of 2-10 cm?, and then steam-distilled without
homogenisation. The results of analyses made in the

same way as for the fungal culture are shown in
Figure 7 and the Table 1, in which the results of
insect-attraction test are also shown.

In Figure 7(a), which is the chromatogram of vola-
tiles obtained from the infected fruit of coconut palm,
peaks other than mellein do not appear. Thus, strong
insect-attraction to the infected fruit shown in the Fig-
ure 6A and Table 1 confirms that the male giant dan-
aid butterfly was attracted only to mellein. The
normal parts of these plants, fruit flesh of coconut
palm and leaf of screw-pine, were confirmed to con-
tain no mellein. It was therefore concluded that the
compound in these plant tissues infected with L. theo-
bromae was produced by the fungus. As shown in the
gas chromatogram (Figure 7(b)), the mellein content
of the infected leaf of screw-pine was low, and the
remaining miscellaneous peaks did not exclude the
possibility that that there were other compounds
present attractive to the butterfly in the leaf of screw-
pine. Nevertheless, the weak attractiveness of the leaf
to insects makes this doubtful. The mellein content of
26 ng/cm? in the infected leaf of screw-pine makes it
not unreasonable for a male giant danaid buttertly to
accumulate 110 to 210 ng of the compound in his
hairpencil.

8
Retention time (min)

Gas chromatograph traces of volatiles obtained
from plant tissues invaded mostly by
L. theobromae. (a), from fruit flesh of coconut
palm infected with fungi; (b), from a leaf of
screw-pine infected with the fungus. Extraction
conditions are described in the text. Peak 3 is
mellein

Figure 7.
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Table 1. Mellein content and butterfly-attractivity of infected plant tissues with L. theobromae.

Sample? Part of the plant Weight of sample Mellein content ng/cm?  Butterfly- attractivity®
(mg/em?) (ppm)

Screw-pine Leaf and leaf sheath 96> 26, (0.3) +

Coconut palm Surface part of the fruit 650 7000, (11) +++

Bottle palm Leaf sheath 70° 136, (2) ++

Papaya Whole fruit (12) -

2 Samples were naturally infected with L. theobromae, except for papaya which was inoculated with L. theobromae GK-1.

b With full thickness of sample.

¢ +; poor butterfly attraction
++; good butterfly attraction
+++;excellent butterfly attraction
—; no butterfly attraction

There is thus strong evidence that the mellein in the
hairpencils of male giant danaid butterflies comes
from the mellein produced by L. theobromae in the
infected plants.

As described previously (Matsumoto and Nago
1994), a papaya fruit that was artificially inoculated
with L. theobromae contained 12 ppm of mellein, the
same level as in the fruit of coconut (Table 1). The
mouldy papaya was also brought into the insectar-
ium, but the butterflies did not fly to it. This negative
result may be due to the strong aroma compounds,
such as benzyl isothiocyanate and monoterpene
derivatives, which are found in papaya (Flath and
Forrey 1977).

Mutualistic relation of microorganisms with insect

Many examples of fungus—insect mutualism have
been reported and reviewed, including the case of the
genus Ceratocystis associated with bark beetles as the
vectors of fungal pathogens (Graham 1967; Basham
1970; Beaver 1987; Webber and Gibbs 1989). Fungi,
mostly Ceratocystis, were isolated from adult bodies
of the bark beetles (Kobayashi et al. 1974). There are
very few reports of fungi being found on outer bodies
of insects.

Some cases of insect attractance of microorgan-
isms have been reviewed (Ishikawa et al. 1984;
Grove and Blight 1983). However, cases involving
the relationship between fungus and butterfly have
not reported as far as we are aware. Regarding the
relationship between L. theobromae and insects,
besides the case of ants on sycamore trees described
already, Thapa (1971) observed that L. theobromae
had been introduced by ambrosia beetles into majau
trees, and developed within the tunnels, spreading to
all parts of the trees.
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Qur observation described above suggested the
presence of a kind of mutualistic relationship
between the fungus L. theobromae and the giant dan-
aid butterfly, centring on the compound mellein
which. it was suggested might be a sex pheromone of
the butterfly. However, the mutualistic relation might
be rather weak, because fungal spores can also be dis-
seminated by wind and water (Punithalingam 1976).

Kunesch et al. (1987) reported a similar case of a
mutualistic relationship between a bumblebee wax
moth and a mellein-producing fungus. They discov-
ered mellein as the major component of the male
wing gland pheromone of the bumblebee wax moth,
Aphomia sociella, and a mellein-producing fungus,
Aspergillus ochraceus, was detected in the intestines
of the last-instar larvae. They argued that this might
indicate a biosynthesis of mellein by the fungi present
in the gut of the larva. In the case of the danaid but-
terflies described here, however, most of the mellein
would not be extrinsic, because the butterflies were
attracted to and showed ingesting behaviour to extrin-
sic mellein (Figure 6).

The male of Grapholita molesta, an insect pest of
fruit trees, also has mellein in its hairpencil together
with methyl 7-iso-jasmonate and other compounds
(Nishida et al. 1982). This insect might be also asso-
ciated with L. theobromae or some other mellein-pro-
ducing fungus.

In the fatty-acid metabolites from the culture of
L. theobromae, mellein (carbon number, 10; C10),
(+)-7-iso-jasmonic acid and related compounds
(C12), and lasiodiplodin and its derivatives (C16),
except for 2-octeno-8-lactone (C8), have been shown
to have plant growth regulatory effects (Miersch et al.
1987, 1989. This suggests an association between the
L. theobromae and the host plant. This also suggests



a useful application of the fungus in postharvest dis-
ease control.

Some papers have been published on the chemi-
cal-ecological relationship of ¢, B-unsaturated lac-
tones to insects. Cavill et al. (1968), for example,
obtained massoialactone from one of the formicine
ants of the genus Camponotus collected in Western
Australia. This may also indicate an ecological rela-
tionship between ants and &-lactone-producing
fungi, but we have no further data to support this
contention.
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Durian—Sources of Resistance to Phytophthora palmivora

T.K. Lim*

Abstract

Phytophthora palmivora is the most devastating pathogen of durian. Chemicals are usually employed in
attempts to control the disease, but the outcome is often erratic and unsatisfactory. The use of disease
resistance, an invaluable facet of biological control, forms an important component of an integrated disease
management (IDM) strategy. Resistant durian varieties in Malaysia and Indonesia have been field selected
instinctively by growers down the generations. Recently in Malaysia, three field-tolerant durian hybrids
were released by MARDI. They were produced by crossing a tolerant clone (D10) with a popular but
susceptible clone (D24). Potential sources of Phytophthora resistance can also be found in other Durio
species and allied genera—Coelostegia, Kostermansia, and Neesia—especially those that thrive in damp,
low-lying areas, marshes, and peat swamps. Evidence is provided that the durian—Phytophthora interaction
exemplifies a horizontal pathosystem and that host resistance is horizontal and governed by many genes.
Likewise, resistance in other Durio species and related genera is polygenic. Resistant genes can be
exploited by conventional or molecular plant breeding. The use of gene transformation in the latter
approach is still a distance away in perennial tree crops such as durian. Deployment of resistant rootstocks
in various combinations provides an alternative approach to exploiting resistance in durian. Besides
imparting disease resistance, appropriate rootstock can increase field survival of young plants, increase
habitat adaptability, and enhance precocity of bearing.

DURIAN with its high economic value has been
deservedly deemed as the ‘golden fruit’ of Southeast
Asia. The fruit is also being grown on a small com-
mercial scale in northern Australian (Lim 1995).
Besieged by besotted humans, the durian is also beset
by the ravages of pests and diseases. The most
destructive and economically significant diseases of
durian are caused by the soil-borne fungus, Phytoph-
thora palmivora, which thrives in damp soil. This
oomycetous fungus causes root rot, patch canker,
seedling dieback, leaf rot, and pre- and postharvest
fruit rot on durian (Lim and Chan 1986; Lim 1990). Tt
can be devastating in all the major durian-growing
areas in Southeast Asia and in northern Australia.-

* Horticulture Division, Department of Primary Industry
and Fisheries, GPO Box 990, Darwin, Northern Territory
0801, Australia.
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The Phytophthora palmivora group is cosmopoli-
tan and polyphagous, attacking a wide host range of
economic crops. The strain attacking durian belongs
to the Al mating type and MF1 morphological form
(Lim and Chan 1986). Several fungicides—metal-
axyl-mancozeb mixture, cyprofuram, milfuram and
fosetyl-Al—have given effective control of seedling
dieback (Chan and Lim 1987) but control of the dis-
ease on adult field trees has often been erratic and
unsatisfactory. Moreover, the continual reliance on
pesticides can produce many inimical side-effects
such as the appearance of pesticide-resistant patho-
gens, contamination of soil, water, and other parts of
the environment, and health hazards to humans.

With the rise in environmentally consciousness, we
have seen a shift to more environmental friendly and
socioeconomically acceptable approaches to plant
disease control. Such a strategy is conceptualised in
the systems approach of integrated disease manage-



ment (IDM), a term borrowed from entomology.
IDM takes into account the environment, plant, and
pathogen population dynamics. It utilises all suitable
methods and techniques in a unified manner to man-
age the pathogen to reduce crop losses. IDM does not
mean that chemicals are not used. Rather, it means
judicious use of chemicals in combination with other
biological, physical, and cultural methods. IDM
involves consideration of the growers’ preferences
and productivity, and is especially suitable for tree
crops as they allow for continuity of the DM
approach. The use of resistant varieties is one facet of
biological approaches to disease management.

Resistance in Durian
Durian (Durio zibethinus Murr.) varieties

The common and most popular varieties of durian
in Southeast Asia have been field selected over the
years from open-pollinated seedlings resulting from
frequent out-crossing for fruit quality rather than pro-
ductivity or disease resistance. Reports of resistance
in durian to Phytophthora palmivora have been based
in the main on field observations, except for the inoc-
ulation studies by Tai (1971) in Malaysia and, more
recently, by Pongpisutta and Sangchote in Thailand
(1993). Tai (1971), using seedling inoculations,
found that the cultivars D2, D10, D30, and D63 were
tolerant to Phytophthora palmivora, whereas D4,
D24, and D66 were susceptible. Pongpisutta and
Sangchote, using wound inoculation of detached
fruits, reported that the cultivars Chanee, Kob, Gaan-
Yaow, and Monthong were susceptible. Keeratipa-
taragul (1980) reported that two other Thai cultivars,
Luang and Gradumtong, were also susceptible to
Phytophthora palmivora.

Recently, following some 20 years research and
observation, the Malaysian Agricultural Research and
Development Institute (MARDI), released some new
hybrids developed by crossing and selection based on
fruit quality, yield, and resistance to Phytophthora.
Using cultivar D10 as a tolerant parent, and D24 as a
highly susceptible one, three hybrid clones were
released with higher tolerance than D24. MDUR 79
[D24 (female parent) X D10 (male parent)] and
MDUR 88 [D24 (female parent) X D10 (male parent)]
had higher field resistance than the reciprocal cross
MDUR 78 (D10 (female parent) X D24 (male parent)
(Lee 1994; Zainal Abidin 1994). Higher field
resistance was obtained when cultivar D10 was used
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as the male parent, with a canker rating of less than
0.5 compared with a disease severity rating of 2.2 for
cultivar D24 (Table 1). Zainal Abidin (1994) also
found that resistant cultivars had greater canopy area
than the susceptible D24.

Also, the popular clone D145 is susceptible, while
D99 is tolerant to Phytophthora palmivora. Field tol-
erance or susceptibility of the remaining 200 or so
registered Malaysian clones has not been documented
(Lim 1996). The same is true of the immense Indone-
sian varietal gene pool where only a small number
had been reported to show field tolerance to Phytoph-
thora palmivora (Widyastuti and Piamin 1993).
Those with reported field resistance are: Bokor,
Lalong, Mansau, Petruk, Sawarigading, Siriwig,
Si Dodol, Si Hijau, Si Japang, Si Mas, Sukun, Sunan,
Tamalatea, and Tembaga, while Kani (Chanee) was
reported to be susceptible.

Table 1. Field tolerance of MARDI hybrids to patch
canker.

Hybrid Canker rating?
MDUR 79 (D24 x D10) 0.43
23-6 (D10 x D24) 0.45
22-5 (D24 xD 10) 0.63

D9 (D7 x D24) 1.38
15A-6 (D24 x D7) 1.58
MDUR 78 (D10 x D24) 1.78

E33 (D8 x D10) 2.00

F6 (D8 x D24) 212

D24 229

1<l = 0-25% canker, 1.1 to 2 = 26-50%, 2.1 to 3 = 51-75%
Source: Lee (1994)

Other Durio species and allied genera

Malaysia and Indonesia are the centre of diversity
for Durio species and possess 28 of the 29 recognised
species (Kostermans 1958, 1992), while Burma has
one species, Durio mansoni (Gamble) Bakh. Wild
and semi-wild species of Durio and closely allied
genera in the family Bombacaceae provide good
sources of interesting traits like resistance to diseases,
soil type tolerance, stress tolerance (waterlogging),
fruit colour, and precocity of bearing. Their fitness
for survival is high, as they have evolved in a harsh
natural environment that would have been cata-
strophic for the domesticated durian.



Many Durio species that grow in low-lying, damp
places such as marshes, peat swamps, and river banks
which are periodically flooded have not been
exploited as sources of resistance (Table 2). D. cari-
natus Mast. thrives gregariously in the peat swamps
in Peninsular Malaysia and Sarawak; D. lissocarpus
Mast in marshy places in Borneo; D. acutifolius
(Mast.) Kosterm. thrives on sandy soils with high
water tables; and D. excelsus (Korth.) Bakh. is found
on sandy loam soil that is periodically inundated
(Kostermans 1958). Other good sources of resistance
include D. graveolens Becc. (Durian kuning or
Durian burung) which thrives on coastal alluvial soils
that are periodically flooded and also grows in peat
swamps, D. oxyleyanus Griff. (Isu) found in damp
clay-rich alluvium which is frequently flooded, and
D. testudinarum Becc. (Durian kura) which thrives
on low-lying river banks which are periodically inun-
dated (Kostermans 1958; Voon 1994). D. testudi-
narum also has a dwarfing effect on the common
durian which show smaller girth and shorter height
increase (Voon 1994). Unfortunately, the highly
regarded Lai (Durio kutejensis (Hassk.) Becc.) which
is semi-wild, with delectable edible fruits like durian,
cannot withstand waterlogging for even two days
(Voon 1994) and is susceptible to Phytophthora.

There is every likelihood that other species of
Durio (Table 2) that cannot withstand waterlogging
are also tolerant to Phytophthora palmivora.
D. lowianus Scort. ex King and D. mansoni had been
reported to be resistant to Phytophthora, but no
details on procedures and results were provided (Sub-
hadrabandhu et al. 1992). They also reported that
D. mansoni might have a dwarfing effect as root-
stock, since it did not thicken at the same rate as the
scion.

Another potential source of disease resistance can
be found in the closely allied genera of Neesia, Coe-
lostegia, and Kostermansia within the same family.
Kostermans (1958) reported that Coelostegia, Durio,
and Neesia are closely related and that the last two
might well be united, while Kostermansia appears to
be intermediate between Coelostegia and Durio
(Kochummen 1972). Kostermansia malayana Soe-
geng, known as ‘krepal’, has close resemblance to the
common durian and is endemic in Peninsular Malay-
sia in swampy places; Coelostegia griffithii Benth. is
found in lowland forest and sometimes in poorly
drained or semi-swampy soil (Kochummen 1972).
Among the Neesia, 8 species are distributed among
Thailand, Sumatra, Java, and Borneo, while 5 are
found in Malaysia, mainly in the lowland swamp
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forest, e.g. Neesia kostermansiana Soepadmo, Neesia
malayana Bakh., and Neesia synandra Mast.
(Kochummen 1972).

Table 2. Species of Durio and allied genera with potential
field tolerance/resistance to Phytophthora.

Durio acutifolius (Mast.) Kosterm.
Durio carinatus Mast.

Durio excelsus (Korth.) Bakh,
Durio graveolens Becc.

Durio lowianus Scort. ex King
Durio mansoni (Gamble) Bakh.
Durio oxyleyanus Griff.

Durio testudinarum Becc.
Coelostegia griffithii Benth.
Kostermansia malayana Soegeng
Neesia kostermansia Soepadmo
Neesia malayana Bakh.

Neesia synandra Mast.

Resistance Mechanism

Disease resistance or susceptibility is a manifestation
of the constitutive host defence mechanism. The sus-
ceptibility of D24 to Phytophthora palmivora is uni-
form wherever in Peninsular Malaysia or Sarawak the
clone is grown, and the tolerance of D2 is also uni-
formly expressed whether it is grown in Malaysia,
Sarawak, or Cairns (Lim, unpublished data). This
aligns with the work of Tai (1971) and Lee (1994).

These findings indicate that all individuals of D2 or
D24 varieties have an identical level of horizontal
resistance or susceptibility to Phytophthora
palmivora. Thus, on a population basis, the
durian—Phytophthora palmivora interaction repre-
sents a horizontal pathosytem (Robinson 1976) where
there is no differential interaction between the hori-
zontal pathodeme (crop host) and pathotype (physio-
logic races of the pathogen). In other words, on a one-
to-one or host—pathogen relationship, the resistance
in durian is horizontal and controlled by a few to
many genes, i.e. is polygenic, in contrast to mono-
genic resistance which is vertical and controlled by a
single gene (Van der Plank 1984).

That resistance to Phytophthora palmivora in
durian is polygenic is further evidenced by the
immense diversity and heterozygosity of durian



varieties that are produced through natural outcross-
ing which ensures a continuous gene-flow and shuf-
fling of many genes. Likewise, it is also conceivable
that resistance in other Durio species and in the allied
genera previously mentioned is polygenic, horizontal
resistance. The effect of horizontal resistance is that
the rate of disease spread and severity are reduced, in
contrast to vertical resistance that delays the onset of
an epidemic by reducing the initial inoculum (Van
der Plank 1984). The cultivation of mixed cultivars in
a durian plantation also ensures the expression of a
durable horizontal pathosystem.

Exploitation of Resistance Genes
By classical plant breeding

Resistance in durian can be exploited by classical
plant breeding, or by molecular plant breeding using
genetic transformation techniques. In classical plant
breeding, new combinations of genes can be gener-
ated by crossing different varieties and selecting the
progenies for some desirable traits, or transferring a
trait by crossing a cultivar with the desirable charac-
teristic to a recipient plant. This is exemplified by the
development of new hybrids by MARDI in Malaysia
(Lee 1994; Zainal Abidin 1994). Another way is to
select for field resistance by exposing progenies to
disease in the field and selecting for resistant ones, as
has been done instinctively by growers down the gen-
erations. Both involve the uncontrolled, sexual trans-
fer of large pieces of chromosomes containing many
genes (desirable as well as undesirable or detrimen-
tal).

By molecular plant breeding—genetic
transformation

With the rapid achievements in the field of genetic
engineering, or more precisely genetic transforma-
tion, it is now possible to develop new, transgenic
crops by inserting into the genomes of crop plants
desirable genes that have been identified, isolated,
and manipulated (Chrispeels and Sadava 1994). A
gene is a sequence of DNA which encodes for a par-
ticular protein or functional RNA, which confers a
particular trait to a cell expressing that gene. Gene
transformation allows for the transfer of specific
genes from unrelated species, genera or plants or
other living organisms without unwanted traits,
thereby not affecting other production attributes of
the recipient plant. Gene introgression into crops can
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be achieved via two methods—biological and
mechanical. Biological transfer is mediated through
the use of the bacterium, Agrobacterium tumefaciens,
involving t-DNA which carries a gene encoded for
resistance. Mechanical transfer is achieved by coat-
ing beads of gold or tungsten with DNA and shooting
these into an explant using high pressure gas or an
electric discharge.

In perennial tree crops, it is conceivable that other
traits besides disease resistance are controlled by
polygenes. It is easier to insert discase resistance con-
trolled by a single gene rather than resistance control-
led by many genes. Thus, the development of a
transgenic perennial tree crop may be further away
than the advancement of transgenic herbaceous
annual and biennial crops. Nevertheless, some early
progress in the development of transformation sys-
tems for tree crops, especially in areas of fruit quality
and disease resistance, has been reported (Stomp
1987; Hanover 1987). DNA finger-printing technol-
ogy such as the restriction fragment length polymor-
phism (RFLP) technique, polymerase chain reaction
(PCR) analysis, random amplified polymorphic DNA
technique, and minisatellite DNA probes, has devel-
oped rapidly. It is now possible to accurately identify
genes encoding for particular traits and to use these
molecular markers to develop genetic maps of crops
for cultivar identification, registration, and authenti-
cation; for determination of phylogenetic relation-
ships; and for marker-aided selection of important
traits such as disease resistance at the seedling stage.
However, progress on the use of such technology and
micropropagation techniques such as tissue culture
on tropical perennial fruit trees like durian is lagging.
Hitherto, only one brief report on durian has been
published, on the phylogenetic relationship of the
new MARDI hybrids MDUR 78 and MDUR 79 to
their progenitors using RAPD (Hassan et al. 1993),
and success in micropropagation of durian by tissue
culture has yet to be achieved.

By rootstock manipulation

Rootstocks are important determinants for tree vig-
our control, graft incompatibility, habitat adaptability,
and for imparting pest or disease resistance. Species
of Durio or allied genera as described above would be
excellent candidates to impart disease resistance and
tolerance of damp soils or waterlogged conditions. A
rapid way to harness resistance in durian is to use
these species, cultivars, and related genera as root-
stocks, with the desired clone as scion. Rootstocks can



be used in various combinations. Multiple rootstocks
can be used as an important component in an
integrated disease management strategy if one or all
of the rootstocks is tolerant or resistant to the soil-
borne Phytophthora. Even if none of the rootstocks is
tolerant, the double root systems will increase the
chances of tree survival during its years of field estab-
lishment.

Preliminary observations (Zappala and Lim,
unpublished data) have shown that the use of double
rootstocks increased the survival of grafted seedlings
in the field in 90% of cases after 1 year of field estab-
lishment. They produced healthier, more vigorous
trees even though ordinary seedlings were used as the
second rootstock. The height of the union between
the two rootstocks is important. Multiple rootstocks
can produce better growth and advance maturity by
their more extensive, enhanced root system which
facilitates greater uptake of nutrients and water. The
stronger root system can result in better anchorage
and support, making the tree less prone to wind-
throw by strong winds. In many fruit tree species it is
well documented that rootstock also influences the
precocity of bearing and dwarfing for easier imple-
mentation of cultural practices. Small statured Durio
species provide good sources for precocity (Lim
1996) and could be used directly as dwarfing root-
stocks or used for rootstock breeding. D. testudi-
narum Becc. (identified as synonymous with
D. macrophyllus), which thrives on low-lying river
banks that are periodically inundated, also had a
dwarfing effect on the common durian, yielding
shorter plants of smaller girth (Voon 1994). Sub-
hadrabandhu et al. (1992) reported that D. mansoni,
besides imparting resistance to Phytophthora, might
have a dwarfing effect as rootstock since it did not
thicken at the same rate as the scion. Unfortunately,
trials with these rootstocks in Thailand were discon-
tinued because of the low percentage take of grafts.
Also, scion overgrowth was considered as sign of
incompatibility.

Conclusion

There is a dearth of published information on the use
of resistant durian varieties, Durio species, and allied
genera to control Phytophthora diseases in durian.
The use of resistant planting material for breeding, or
in single or multiple rootstock combinations, is an
important component of IDM in durian and deserves
more research and greater emphasis. More studies are
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needed on their graft compatibility with the common
durian and on their use in the breeding of disease-
resistant rootstock. Besides imparting disease resist-
ance and tolerance, rootstock also influences survival
in field establishment, increases habitat adaptability,
and enhances precocity of bearing.
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Detection and Isolation of Antifungal Compounds from the

Peel of Pomelo (Citrus grandis (L.) Osb.)
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Abstract

Pomelos are quite resistant to diseases after harvest. They can be stored for up to 2 months without disease,
indicating that antifungal compounds may exist in the fruit. It was reported there were many kinds of
preformed antifungal compounds in the flavedo (oily part) of its peel, some of them coumarin derivatives.
No study has been conducted on the antifungal compound in Thai pomelos. The flavedo of three cultivars
of Thai pomelo i.e. “Thongdee’, ‘Kaopan’, and ‘Kaoyai’ was extracted using dichloromethane and the
compounds in the extract separated by PTLC plate using n-hexane: ethylacetate: methanal at a 60:40:10
ratio as the developing solvent. Detection of the antifungal compound in the isolates on the PTLC plate was
done by bioassay with 1 x 109 spores/mL of Cladosporium cladosporioides. Four inhibition bands with
similar Rf from 10 isolation bands were detected from each cultivar. Two of the inhibition bands could be
further separated into 3 and 4 new inhibition bands by the first and second developing solvent
(dichloromethane: toluene: ethylacetate 60:30:10), respectively. The effective band from the second
partition was tested for spectral absorption using a UV spectrophotometer. The maximum absorbance was
found to be similar to that of scopoletin, a derivative of coumarin. Molecular weight and structure
determination using the GC-MS revealed that all bands were impure. However, a comparison of the mass
spectra showed that none of the bands was similar to that of citral. The molecular weight was also much

higher. For further research, the compound will need to be purified and identified.

POMELOS are quite resistant to disease after harvest.
They can be stored for up to 2 months without dis-
ease, suggesting that they may contain antifungal
compounds. Antifungal compounds have been
reported in many citrus fruits. For example, citral,
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limettin, 5-geranoxy, 7-methoxycoumarin, and iso-
pimpinellin have been found in the peel of limes
(Ben-Yehoshua et al. 1992). In pomelo, Ben-
Yehoshua et al. (1988) reported many antifungal
compounds which were derivatives of coumarin i.e.,
osthol (7-methoxy-8-prenylcoumarin), auratene (2,3-
epoxy-7-methoxy-8-prenylcoumarin), 7-[(6,7-epoxy-
3,7-dimethyl-2-octyl) oxy]-coumarin, and 7-geranox-
ycoumarin. Other coumarin derivatives were also
found in the leaf and stem of citrus. Ben-Yehoshua et
al. (1988) reported that unidentified derivatives were
50 times more effective than coumarin. No study has
been conducted on the antifungal compound in Thai
pomelos. This paper reports the occurrence of anti-
fungal compounds in three pomelo cultivars in Thai-
land, at various stages of maturity.



Materials and Methods
The experiment was divided into two parts:

Experiunent I. Extraction of antifungal compound
from the peel of three pomelo cultivars.

Khao-Yai pomelos were harvested from an orchard
in Chiang Mat at 7 and 8 months after anthesis. The
S-month pomelos were divided into two groups: one
was used for the experiment immediately after har-
vest: the other was stored at room temperature for 2
weehks before being used for the experiment. Thong-
dee and Khao-Panne pomelos were harvested from an
orchard in Nakhon-Pathoni, at 8 months after anthe-
sis (pomelo are fully mature 8 months after anthesis)

"xtraction was done by submerging the peel of the
pomelos overnight in dichloromethane. The extrac-
tion was repeated and the extract combined. The
combined extract was evaporated and applied o a
PTL.C plate (silica gel 60 GF245 on 1 mm thick
[ayer). N-hexane:ethylacetate:methanol at a 60:40:10
ratto was used as the developing solvent. The plate
was sprayed with 1 x 10 spore/mL of Cladosporium
cludosporioides and the inhibition zone recorded.

Experiment I1. Second partitioning and
identitication  “ ntifungal compounds

A crude extract from the peel of Thongdee pome-
los was developed on a PTEC plate as above. The 3
bands which had antifungal properties, i.c. band 4
(= 0.36), band 5 (Rt 045, and band 6 and 7
(R=0.48 0.65) were scraped from the plate. Metha-
nol wi s used to remove the compound from the silica
gel. he solution was filtered to remove the silica gel
and the methanol evaporated. The remaining material
was developed on the | " plate again. but with the
developing solvent changed to . -hexane:ethyace-
tatermethanol at a ratio of 60:40:10, or dichlorometh-
ane toluenciethylacetate ad a ratio of 60:30:10, or
dichloromethane:methanol at a ratio of 90:10. The
PTLC plate with the best resolution was tested for
antifungal properties as above.

Antitfungal bands were extracted with methanol
and approximate molecular weight and structural for-
mula detcrmined by gas chromatography--niass spec-
trometry (GC--MS). Spectral absorption propertics
were determined using a UV spectrophotometer.
Results were compared with those of citral and sco-
polatin.
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Result and Discussion

Experiment 1. Extraction of antifungal compound

All groups of "Khao-Yai® pomelo produced 10
bands on the PTLC plate. Inhibition zones were

found at band 4 (Rf = 0.36), band 5 (Rt = 0.45), and
bands 6 and 7 (Rf = 0.48—0).65) in all groups (Fig. 1).
Stmilar extraction bands and nhibition zones were
found at both maturity stages of Khao-Yai pomelo.
and in Thongdee and Khao-Panne pomelo (Fig, 2).
The same bands and inhibition zone also appeared on
the PTLC plate for Khao-Yai pomelos that were kept
for 2 weeks at room temperature.

i - - 1
Figure 1. TLC  bioassay  of  antifungal  compounds
extracted from the peel of three cultivars of Thai
pomelo.

Experiment I1. Second partitioning and
identification of antifungal compound materials

The first developing solvent (N-hexane:ethyace-
tatezmethanol at a ratio of 60:40:10) could separate
band 4 mto § bands (Fig. 3a), three of which had
effective antifungal properties (R = 0.17. 0.37, and
0.67).

The sccond  developing  solvent  (dichlorometh-
ane:toluene:cthylacetate at a ratio of 60:30:10) sepa-
rated band 5 into 6 bands (Fig. 3b), four of which had
effective antifungal properties (Rt = 0.23. 0.32, 0.42,
and 0.51). Bands 6 and 7 were separated into 6 bands,
all of which had antifungal properties.



Band No | Band No 2| Band No Z

Solvent 1 |

Band No | "iand No = 3and No 3

Solvent 2

Figure 2. Sccond partitioning of three active antifungal bands extracted trom the peel of Thongdee cultivar pomelos using
two development solvents: 1. n-hexane:ethylacetate:methanol (00:40:10): 2. dichloromethane:toluenc:cthylacetate
(60:30: 10,
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Figure 3. Absorption spectrum of the compound separated from the second partitioning of (a) band 4, Rf = 0.36, and
(b) band 5, Rf = 0.45 of an extract from pomelo peel.
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The third developing solvent (dichlorometh-
ane:methanol at a ratio of 90:10) was not effective in
separating the extract.

When the material from the effective bands in the
second partitioning was tested for spectral absorption
using a UV spectrophotometer, the maximum absorb-
ances found were similar to those for scopolatin, a
derivative of coumarin. Molecular weight and struc-
ture determination using the GC-MS revealed that all
bands from the second partitioning were impure,
indicating a need for further purification. However, a
comparison of the mass spectra showed that none of
the bands was similar to that of citral. The molecular
weight was also much higher.
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