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Figure 3. Effect of fumigation exposure periods on SO, residues (whole fruit), surface fungal growth, and SO, injury of longans.
Residues were analysed immediately after fumigation. Columns in each treatment represent fungal growth assessed on

days 4 (H) and 7 (Q).

residues ranged from 200-300 ppm and 1500-2500 ppm
(data shown in Fig. 5) for the whole fruit and the rind,
respectively. At such a rate, SO, concentration remain-
ing in the chamber at the end of the fumigation period
was about 1.5%. The recommended rate for lychee cv.
Honghuai and cv. Emperor is 75-125 mL SO,/kg and
for cv. Khom, 125 mL SO,/kg, and the residential head-
space SO, concentrations 0.3-0.45 and 0.65%, respec-
tively. A linear relationship between application rates
and sorption of SO, by the fruit, calculated from the
difference between the SO, applied and the remaining
headspace SO, in the chamber, is illustrated in Figure 7.
Figure 8 plots SO, residues obtained by theoretical cal-
culation and by direct SO, assaying. Some 30-65% of
applied SO, can be accounted for. Our results indicate
that there are important equilibria between the amount
of SO, applied, and sorption of the fruit, and the SO,
residues detected on the fruit.

Correct fumigation requires the establishment of an
SO, concentration sufficiently high to result in an
effective SO, level on the rind, thus providing a desira-
ble degree of control of fungal growth on the fruit sur-
face throughout the marketing period. The concentration
should be such as to avoid SO, injury symptoms on the
rind, tainting of the aril, and unnecessarily high residue
levels. A high level of SO, on the rind appears to steril-
ise the fruit surface, as indicated by the occurrence of
recontamination on longan and lychee fruit with storage,
where Penicillium sp. rather than Botryodiplodia spp.
became the predominant fungus on the fruit surface.
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Figure 4. Relationship between SO, application rates and

SO, residues (whole fruit) of fumigated lychees (cv.
Honghuai and Khom) and longans (cv. Do).
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Figure 5. SO, residues on fumigated longan fruit stored at 22°C. SO, application rates (mL/kg) indicated on curves.

Variations from standard fumigation procedures are
often unavcidable during commercial operations. For
example, when burning sulfur is used as a source ot'SOz,
the SO, concentration increases gradually in the cham-
ber. Splitting the SO, gas injection was used to simulate
such a condition in our test chamber. Table 5 indicates
that longan fruit receiving split SO, injections had resi-
due levels similar to those having one injection, pro-
vided sufficient fumigation time after the last injection
was allowed. Timing of fumigation duration (a mini-
mum of 20 minutes) should begin only when sulfur has
been completely burnt.

Table 5. Comparison of single and split application of SO,
on residue levels (ppm) in longan

Application method Whole fruit Rind Aril
30 mL for 20 min 320 1950 1
30 mL for 40 min 370 2250 8
15 mL for 10 min plus 210 1350 <l
15 mL for 10 min

15 mL for 20 min plus 340 2050 2
15 mL for 20 min

3 mL for 2 min, applied 200 1300 |
10 times

Table 6 illustrates residue levels of longan samples
from subsequent scale-up experiments where fruit were
fumigated at a recommended rate using a large fumiga-
tion chamber. Residues determined immediately after
fumigation showed a consistent agreement with the
experimental data obtained in glass jars. The dosage of
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SO, to be administered into a fumigation chamber
depends upon: (1) the sorption of the fruit and the
amount to be fumigated; (2) the size of the room or,
more precisely, the free-space in the room; and (3) the
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Figure 6. Relationship between SO, application rates and
SO, sorption by lychees (cv. Honghuai and Khom)
and longans (cv. Do).



Table 6. Maximum SO, residue levels (ppm) estimated from logan fruit samples in a scale-up trial
Sample no. Day 02 Day 1 Day 2
whole rind aril whole rind aril whole rind aril
| 280 1850 6 180 1300 14 140 920 4
2 230 1730 7 160 1320 5 130 1010 N
3 380 2650 20 240 1590 31 150 1080 7
4 290 1950 11 210 1440 8 130 880 4
5 280 1960 8 160 1210 9 150 1040 12
6 270 2050 10 200 1330 14 140 960 6
7 260 1820 8 180 1150 13 110 900 5
8 230 1690 7 190 1350 8 130 880 10
9 260 1940 4 150 1190 4 120 1100 8
10 260 1840 7 180 1290 20 - - -
Calculated 565 3970 20 400 2740 30 300 2100 15

MRL

4 Residues analysed immediately after fumigation at a recommended rate for longan

sorption by containers and packaging matcrials and the
room surface, and losses through leakage. Allowances
will also have to be made for the fruit stalks which were
found to be more absorbent than the fruit (data not

shown). The quantity of SO, needed is a combination of

the space dosage (8) and the commodity dosage (M).
The weight of SO, required can be calculated from the
fellowing equation:
weight of SO, (g) S+M

(AXBXC)y+(DXE)

where A = the concentration of SO, to maintain %
B = the free space in the room, in litres
C = weight(ing)of 1 Lof SO,, at 30°C,
2574 ¢/L
D = weightof fruit, in kg
E = sorption of fruit, in g/kg

and weight of sulfur to be burnt = weight of SO,/2.

Thai longan exporters began to use the sulfur treat-
ment commercially in 1989. It is now in widespread use.
SO, residues were monitored on samples taken from
many trials and commercial shipments during 1989-91.
There was great variation in residue levels in samples
taken from different fumigation facilities (Table 7) and
at various postharvest handling stages (Table 8). In
1991, fumigated longans also began to appear on, and
were well received by the domestic market. In anticipa-
tion of wider use of this technology, a code of ‘good
agricultural practices” was drawn up in 1992 by TISTR.
It is essentially a quality assurance scheme covering:

1. inspection and certification of fumigation facilitics;

2. fumigation process and post-fumigation operational
control; and

3. residue monitoring, reporting, and labelling.

Through this QA scheme it is hoped to promote safe
and effective SO, application techniques to ensure that
operators take into consideration consumer and envi-
ronmental concerns.

Table 7. Variations in SO, residue levels (ppm) of longan fruit samples from three packing houses
Sample No. Packing House A Packing House B Packing House C
whole rind aril whole rind aril whole rind aril

| 490 2180 206 120 800 7 300 1750 40
2 460 1770 258 140 840 13 260 1420 13
3 360 1780 106 160 950 7 180 1780 19
4 560 2460 217 100 670 12 150 910 26
5 420 1870 182 40 240 6 190 1270 13
6 540 2400 230 90 640 11
7 830 3820 176 150 980 12
8 410 2180 72 170 1110 18
9 380 1490 227 60 380 9

10 360 1520 141 G0 410 18
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Table 8. Variations in SO, residue levels (ppm) of longan fruit samples at various postharvest stages

Sample no. Klong Toey Seaport Packer Hong Kong Seaport®
whole rind aril whole rind aril
Container | 300 i860 39 a 85 700 0
A2 380 1970 75 b 65 430 0
3 200 1200 21 b 130 690 50 (by air)
4 150 920 0 ¢ 160 1140 3
5 300 1420 80 d 80 520 0
6 220 1350 9 e 50 290 2
7 220 1540 S f 30 230 0
8 210 1250 I8 f 80 630 1 (by air)
9 270 1280 50 g 110 850 0
10 210 1270 11
Container 1 270 1790 22
B2 310 1820 20
3 390 1780 113
4 260 2000 66
5 370 2100 47
6 350 2230 60
7 470 2370 80
8 360 2000 33
9 310 2150 14
10 340 2000 40
Container | 260 1680 17
Cc2 270 1480 28
3 215 1350 7
4 140 970 3
5 180 1230 1

4 Residues were analysed on samples brought back to TISTR after 2 days.
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Design and Integration of Other Sulfur
Dioxide Application Systems

The experience and understanding of basic principles
gained with the standardised fumigation procedures, and
the development of the high dose—short duration fumi-
gation system, have allowed development of other SO,
application systems at the laboratory scale. These
include the use of SO, release pads, trickle application
of SO, gas, and a sodium metabisulfite liquid dip. The
choice of system and its integration into existing com-
mercial practice is partly science and partly art. While
scientists and some private sector operators are looking
at technical options, there is no real pressure at present
from the major operators to change from the high con-
centration—short duration fumigation system.
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Postharvest Diseases and Disorders —
Session Summary

Chairman: Dr Anna Snowdon, University of Cambridge, U.K.
Rapporteur: Mr Tony Cooke, Queensland Department of Primary Industries, Australia

PostHARVEST pathologists are few in number, in view of the magnitude of the problems
awaiting investigation, particularly in the tropical environment. Current emphasis
throughout the world is on integrated methods of disease control, for reasons of economy,
environmental protection, and public demand for reduced chemical usage.

Conference papers, posters, and discussions illustrated the range of options available,
including aspects of crop husbandry, biological control, and postharvest treatments of
various kinds. But the refinement of control methods depends on a detailed knowledge of
pathogen behaviour (survival, dissemination, and infection mechanisms) as well as an
understanding of host resistance. Concern was expressed that some postharvest programs
do not devote sufficient attention to the fundamentals of pathology. Molecular biology
dominates the research scene.

There is much interest in developing simple “test-kits’ to assist in discase identification,
but there is a worrying decrease in the funding and personnel devoted to classical
taxonomic studies. More support is needed for herbaria and culture collections, both
national and regional, to complement the international initiatives in conserving host
germplasm and thereby sources of resistance genes.

Communications networks between pathologists should be strengthened, so as to
minimise duplication of research and, at the same time, maximise the benefits.
Collaboration is also needed with physiologists working on postharvest disorders.

Efforts should be made to educate the public towards an understanding that the complete
abandonment of chemicals is neither feasible nor desirable, since the alternatives would be
more harmful (e.g. mycotoxins). The burgeoning interest in tropical fruit consumption
needs to be accompanied by increased resources for research into novel methods of
controlling postharvest diseases and disorders.
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