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THE EFFECTS OF FRUIT MATURITY AT HARVEST ON
DISEASE DEVELOPMENT IN LYCHEE DURING STORAGE
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ABSTRACT : At harvest, lychee fruit of three maturity levels : M3 (31-60% surface red), M4
(61-90% surface red) and M5 (91-100% surface red), were either trcated with hot benomyl (500
ppm at 52°C for 2 min) and air dried, or left untrcated prior to PVC wrapping in punnets, and
storage at 5°C. The fruits were assessed weckly between 2 and 5 wecks after harvest.

Browning of the pericarp and discase development were absent from fruit of M4 and M5
maturity levels 2 weeks after harvest, while > 50% skin browning had developed on the M3 fruits.
Browning had appeared on all fruits by 3 wecks after harvest. Similar levels and spectra of fungi
were recorded from fruits of the three maturity levels, and were more prevalent in fruits that were
not dipped in hot benomyl. Cladosporium sp. and Fusarium sp. were the most commonly detected
fungi. Treatment in hot benomyl appeared to give greater control of side lesions than stem eand
lesions.
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INTRODUCTION

Lychee (Litchi chinensis Sonn.) is native to southern China. The fruit is
round with a diameter of about 30 mm. The surface of the pericarp has an
attractive red color. The inside is a single seed surrounded by film translucent
white flesh. The pericarp turns brown and fruit deteriorate rapidly after harvest.
In storage many kinds of organisms were found to grow on fruit. These
organisms caused fruit decay and became unmarketable. Latcly, some
investigations were done with cold storage and fungicidal treatment of lychee
fruit in order to expand the shelf life of the commodity after harvest. The
objectives of this study were to 1) determine the stage of maturity at harvest in
relation to fruit deccay factors, 2) evaluatc hot benomyl treatment and cold
temperature storage for controlling contaminate fungi, and 3) determine the
genera of contaminate fungi after interval of storage times.

MATERIALS AND METHODS

Lychee (Litchi chinensis Sonn.) fruit cv. Hong Huay werc selected for
the study of discase development during storage. At harvest, fruit of three
maturity levels: M3 (31-60% surface red), M4 (61-90% surface red) and M5 (91-
100% surface red) were considered as a trecatment involved in the experiment.
Another treatment was also proposed to prolong the shelf life or decay control of
the fruit by dipping the fruit into the hot benomyl solution at the temperature of
52°C with the concentration of 500 ppm for a period of 2 minutes of time.
After trcated, 20 fruits of cach treatment were kept in the foam punnets prior to
wrapping with PVC film. Then the punnets werc kept in the temperature and
moisture controlled chamber at 5°C and relative humidity of 90-95% for 0, 2, 3,
4 and 5 wecks. All treatments were replicated two times. The study thus involved
60 punnets.

Fruits of each punnet were scored for quality. It was assumed, from the
beginning of the study, that high-quality lychee especially those of M5 were
fruits that retained the natural red color, showed no evidence of browning, and
tasted like freshly harvested fruit. In M3 and M4, the red skin color of the
pericarp was a little lighter than the MS one. After the cold storage for 2, 3, 4

253



The Effects of Fruit Maturity at Harvest on Disease Development

and 5 weeks, color of the pericarp was scored on a scale 0-10 : 0 = no
browning; 10 = 100% of pericarp area was brown. Then ten fruit samples of
cach week were taken for the isolation of any fungal contaminants. Four 3 x 3
mm picces of tissues from stem end, pericarp and fleshy part were transplanted
and cultured on potato dextrosc agar (PDA). The growth and species of fungi
were obscrved and identified possibly to the genus.

RESULTS

After the punnects of lychee fruit were stored in the cold condition for
two weeks, browning was observed on the skins of fruit of M3 in both of non
dipped and dipped in hot benomyl trcatments, whereas no sign of browning was
developed on M4 and MS. Interestingly, in this second week, fungicide did not
possess any cfficacy to prolong the attractive color of fruit skin. In opposition,
the fungicide was scemingly accelerated the pericarp to become browner than the
onc not treated (Table 1).

In the third, fourth and fifth wecks of all three maturity levels, the
fruit of hot benomyl treatment also turned browner than the control treatments.
Morcover, it was noted that in the last week of the observation, fruit of M3

were completely brown when compared with the rest (Table 1).

Table 1. Browning scores of the pericarp of lychee fruit harvested at three
maturity levels and treated with hot benomyl and held in punnets
covered with PVC film for 5 weeks at 5°C; 0 = red, 10 = very

brown.
Treatment Week/mecan score

2 3 4 5
M3, no dip 1 45 75 9.5
M3, dipped in hot benomyl! 5 6.5 85 100
M4, no dip 0 45 70 75
M4, dipped in hot benomyl! 0 6.0 75 8.0
M5, no dip 0 6.5 75 75
MS5, dipped in hot benomyl! 0 7.0 8.0 8.0

' 500 ppm, 52°C, 2 min.
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Isolations of organisms werec prepared from fruit samples after storage in
cold condition for 0, 2, 3, 4, and 5 wecks. The following organisms were
detected : Botryodiplodia sp., Cladosporium sp., Fusarium spp., Penicillium sp.
Pestalotia sp., unknown with white and grey mycclium colony, bacteria and no
growth. In M3 fruit, Cladosporium sp. and Cladosporium sp. growing together
with Fusarium sp. were predominant among the fungi detected from the non-
application of benomyl treatment (Table 2). However, when benomyl treated fruit
were similarly examined, hot benomyl showed promisc of being able to reduce
the frequencies of fungi detected and more frequencics of no growth were
obtained (Table 3). Resembling patterns of results of fungal organisms as
ascertained in M3 fruit were also found in M4 and M5 fruit units (Table 4, 5, 6
and 7). Data of all contaminated organisms in 5 wecks between treated and non-
treated with hot benomly were compared and presented in Table 8 and 9. Results
emphasized that units trcated with hot benomyl were generally in better condition
in terms of less frequencies of contaminated fungi than thosc not treated.
Besides, in non-treated trcatments of M3 and MS fruit, higher numbers of
Cladosporium sp. were attained to grow on the fleshy part than those of pericarp
and stem end (Table 8).
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Table 2.  Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M3 maturity level of lychee fruit without
fungicidal treatment and stored at 5°C for 5 weeks.

Storage time
Fungus 0 Week | 2 Weeks | 3 Weeks | 4 Weeks 5 Weeks
S P F|S P F|S P F|S P F|S P F
1. Botryodiplodia sp. | - - - |- - =-|- - =-|=- 2 =|=- - =
2. Cladosporium sp. - 3 6(2 2 4|3 3 4|1 5 5|3 5 4
3. Fusarium sp. - 4 2|- - =-|- 4 - - == - =
4. Penicillium sp. - = = = -] - <= - 2|- - -
5. Pestalotia sp. - = e = ] - -] - -]- 3 -
6. Cladosporium sp.
+ Fusarium sp. o - -|8 8 -|7 - ~-|8 3 1|7 2 -~
7. Fusarium sp. +
Penicillium sp. - - == = |- - =1 - |- - -
8. Unknown (white
and grey colony) - - =-|- - 4|~ - 484|- - =-|- - -
9. No growth - - 1}|- - 2|- - - = 2|- -
10. Bacteria -3 1|l- - -|- 3 |- - -]- -
Total 10 10 10 {10 10 10 |10 10 10 (10 10 10 |10 10 10
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Table 3.  Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M3 maturity level of lychee fruit dipped
in hot benomyl at 500 ppm, 52°C, 2 min. and then stored at 5°C

for 5 weeks.
Storage time
Fungus 0 Week | 2 Weeks | 3 Weeks | 4 Weeks | 5 Weeks
S P F|S P F|s P F|S P F|S P F
1. Botryodiplodia sp. | - - -| - - -|3 - -|- - ~-|- - 4
2. Cladosporium sp. |3 - -|- - -|- - -6 - -1 9 -
3. Fusarmm sp. (1) |3 - -{3 1 -|4 - -|- - -[- - -
4. Fusarium sp. (2) P R I (i R I
S. Pestalotia sp. 2 1 - - -l2 1 -!- - |- 1 -
6. Cladosporium sp.
+ Fusarim sp. ()| 2 - ~-|- - =-|- 4 -1 - =19 - -
7. Unknown (white
and grey colony) |- - -|- - -|- - ~-[- - -]- - -
8. No growth - 5102 910|]- 510(31010|- - 6
9. Bactcria - 4 |- - -|- - |- - =-/- - -
Total 10 10 10|10 10 10|10 10 10|10 10 1010 10 10

Table 4. Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M4 maturity level of lychee fruit without
fungicidal treatment and stored at 5°C for 5 weeks.

Storage time

Fungus 0 Week 2 Weeks | 3 Wecks | 4 Weeks 5 Weeks

S P F|S P F|S P F|S P F|S P F

1. Cladosporium sp. 1 6 3/|- 1 6|3 2 5(2 5 7|4 8 -

2. Fusarium sp. 7 2 |- - -|- - =|l1 2 2- - -
3. Cladosporium sp.

+ Fusarium sp. 2 2 7/i10 8 -7 8 -7 3 -|6 2 -
4. Unknown (white

and grey colony) T i e I R

5. No growth - = =-|=-1 4|- - 5|- - 1|- -1

Total 10 10 10|10 10 10|10 10 10|10 10 10|10 10 10

257



The Effects of Fruit Maturity at Harvest on Disease Development

Table 5. Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M4 maturity level of lychee fruit dipped
in hot benomyl at 500 ppm, 52°C, 2 min. and then stored at 5°C
for 5 weeks.

Storage time
Fungus 0 Week | 2 Weeks | 3 Weeks | 4 Wecks | 5 Weeks
S P F| S F|S P F|S P F|S P F
1. Cladosporiom sp. | - - -|1 3 1|- 3 -|2 4 2[2 8 6
2. Fusarium sp. -3 - -5 1 -|8 4 2|2 - -~
3. Pestalotia sp. 2 - - -]la - -f- - |- - -
4. Cladosporium sp.
+ Fusarium sp. - - =13 1 -|- = ~|=- - 4|- - -
5. Cladosporium sp.
+ Pestalotia sp. 1 - |- - =-|- - |- - -|- - =
6. Unknown (white
and grey colony) | - - -|- - ~-|[- - ~-| - - =-|5 2 3
7. No growth 2 6 10 6 1 6 10]- 2 2|1 - 1
8. Bacteria - 2 -l = = -|=-= - |/« - == - =
Total 10 10 10|10 10 10|10 10 10|10 10 10|10 10 10

Table 6. Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M5 maturity level of lychee fruit without
fungicidal treatment and stored at 5°C for 5 weeks.

Storage time

Fungus 0 Week | 2 Weeks | 3 Weeks | 4 Weeks A 5 Weeks

S P F|S P F|S P F|S P F|S P F

1. Botryodiplodia sp.| - - 8 - - 1 1] - -1 - - 2

2. Cladosporium sp. 2 2 - 1 2 3| - 911 1 3

3. Fusarium sp. 6 1 -|- - ~-|~- - 4|- - 119 2 1
4. Cladosporium sp.

+ Fusarium sp. 2 7 -|7 9 -8 7 -J110 7 -|- 4 -~

5. Pestalotia sp. e e I T L e
6. Unknown (white

and grey colony) - - = - - - = == - == 2 3

7. No growth - - 2|- - - - 2= = =|= = -

Total 10 10 10|10 10 10 (10 10 10 |10 10 10 (10 10 10
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Table 7. Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M5 maturity level of lychee fruit dipped
in hot benomyl at 500 ppm, 52°C, 2 min. and then stored at 5°C
for 5 weeks.

Storage time

Fungus 0 Week 2 Weeks | 3 Wecks | 4 Weeks 5 Weeks

S P F|S P F|S P F|S P F|S P F

1. Botryodiplodia sp. | - - -|- - -|4 4 - |- 4 - |- - -
2. Cladosporium sp. 2 - -3 3 1|- - 1|2 - 2|5 5 2
3. Curvularia sp. - - |- - - -1 - =-|- - 4
4. Fusarium sp. - 2 -|/5 2 ~-|6 - -4 - |- - -
5. Pestalotia sp. 1 - =-|- - -|- = =-|1 - == - -

6. Cladosporium sp.

+ Fusarim sp. ()| 4 - -|- 3 -|- - =-]|- 4 4|- 5 -
7. Unknown (white

and grey colony) - - == = -] - -|- - 4|4 - 3
8. No growth 3 810/2 2 9/- 6 8|3 2 -|1 - 1

Total 10 10 10|10 10 10 (10 10 10 |10 10 10 |10 10 10

Table 8. Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M3, M4 and M5 maturity levels of ly-
chee fruit without fungicidal trecatment and stored at 5°C for 5
weeks. Isolations were done on weeks : 0, 2, 3, 4 and 5.

Maturity level
Fungus M3 M4 M5

P F S P F S P F
1. Botryodiplodia sp. 2 ~ - - - - 1 11
2. Cladosporium sp. 18 23 10 22 21 8 8 22
3. Fusarium sp. 8 3 8 4 2 |15 3 6
4. Penicillium sp. - 2 - - - - - -
5. Pestalotiasp. 3 - - - - - 2 1

6. Cladosporium sp.

+ Fusarium sp. 40 13 1 32 23 7 27 34 @ -

7. Fusarium sp. +

Penicillium sp. - - - - - - - -

8. Unknown (white

and grey colony) - 8 - - 9 - 2 3
9. No growth - 10 - 1 11 - - 7
10. Bacteria 6 3 - - - - - -
Total 50 50 50 50 50 50 50 50 50
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Table 9. Frequency of isolation of fungi obtained from stem end (S), pericarp
(P) and fleshy part (F) of M3, M4 and M5 maturity levels of ly-
chee fruit dipped in hot benomyl at 500 ppm, 52°C, 2 min and
then stored at 5°C for 5 weeks.

Maturity level
Fungus M3 M4 MS'
S P F S P F S P F

1. Botryodiplodia sp. 3 - 4 - - - 4 8 -
2. Cladosporium sp. 10 9 - 5 18 9 12 8 6
3. Fusarium sp. 10 1 - 23 5 2 15 4 -
4. Curvularia sp. - - - - - - - - 5
5. Pestalotia sp. 9 3 - 6 2 - 2 - -
6. Cladosporium sp. +

Fusarjum sp. 12 4 - 3 1 4 4 12 4
7. Cladosporium sp. +

Pestalotia sp. - - - 1 -
8. Unknown (white

and grey colony) - - - 2 3 4 - 7
9. No growth 6 29 46 20 32 9 18 28
10. Bacteria - 4 - - 2 - - - -

Total 50 50 50 50 50 50 50 S0 50

DISCUSSION

Stagec of maturity of lychee fruit at harvest did appear to be related to
the browning of the pericarp when fruits were kept in cold condition at 5°C. In
this study, it was obviously indicated that the pericarp of early harvested fruit
turned brown sooner than the late harvested one. Hot benomyl treatment did
produce some damage to the pericarp of fruit of all stages of maturity. Our
result in the investigation agreed with the work of Scott and his colleagues,
(1982), in which they mentioned that when fruit were exposed to water or
benomyl at 56 °C for 4 min, scrious damage of the skin occurred and pigment
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was leached from the fruit. However, in different trcatment, thcy obtained a
contrary result and concluded that after cight days of storage, a benomyl dip
(0.05% at 52°C for 2 min) followed by packing the fruit in punnets and over-
wrapping with PVC film is suggested for controlling rotting, browning and loss in
weight at temperatures of 20-30°C. Recently, (1990), Snowdon wrote that in
storage of lychee fruit at 5°C for a month, chilling injury may occur. She also
said that the red color may be rctained best at 7° to 10°C. In our case, the use
of cold temperature cnabled to kecp a good skin color of M4 and M5 fruit with
and without dipping in hot benomyl for at least up to 14 days. Actually, lychee
deterioratc rapidly after harvest. Scott et al. (1982) reviewed that at ambient
temperatures of 20-30 'C, browning of the pericarp can occur within 24 hours of
harvest. Therefore, in the finding of this experiment,if the fleshy quality and
flavor did not lessen, the temperaturc at 5°C would do better in kecping the
freshness of lychee for more than two weeks.

Fungal cultures of Cladosporium sp., Fusarium sp. and Cladosporium sp.
growing together with Fusarium sp. werc predominatc among the fungi obtained
on fruit after stored for up to 5 weeks. The finding of this test assured that the
usc of hot benomyl treatment could reduce the number of frequencies of
contaminate fungi on the fruit after storing for a period of time. As in Australia,
Scott, et al. (1982) made a conclusive remark that bunches of fruit could be
scparated into single fruits, dipped in hot benomyl (0.05% at 52°C for 2 min),
then packed in punnets and over-wrapped with a suitable plastic film. With these
trecatments, fruit should be better able to withstand shipment by surface transport
to more distant markets.
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