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Abstract

The study aimed to control fruit rot disease in durian cv. ‘Monthong’ caused by Lasiodiplodia sp. The
symptomatic parts of the fruit were collected and the fungal pathogen—Lasiodiplodia sp.—was isolated using
the tissue transplanting technique to obtain a pure culture for further testing. The experimental plan was
designed as a completely randomized design (CRD). There were 4 treatments in total: 1) Treatment 1 (T1) was
dipping inoculated durian fruit in the 100% concentration of mangosteen peel fermented solution; 2) Treatment
2 (T2) was dipping inoculated durian fruit in Trichoderma harzianum in sterilized water, concentration 10°
spore/ml.; 3) Treatment 3 (T3) was washing inoculated durian fruit with a 0.3% concentration solution of sodium
bicarbonate (NaHCO,; mixed with potassium permanganate (KMnQ,); and 4) Treatment 4 (T4) was dipping
inoculated durian fruit in sterilized water (inoculated control). The results showed that T3 was able to inhibit
the growth of Lasiodiplodia sp. more than the other treatments. T3 showed 72% growth inhibition as fruit rot
symptoms were observed on the 9" day after incubation. Consequently, primary infection after the first
exposure to the pathogen was the slowest and durian had the least damage, accounting for 22% of the total
fruit production. This level of damage is not considered to be an economic loss for ‘ Monthong’ durian
production. The damage value was also lower by 56% than that of the inoculated control. Through correlation
analysis, high growth inhibition of Lasiodiplodia sp. was associated with less fruit damage (r=-1.00). Meanwhile,
both T1 and T2 were able to inhibit the growth of Lasiodiplodia sp. only with 44% after inoculation, and with
44% fruit damage of the total production. Whereas T4 (control treatment) had the fastest primary infection
duration that was detected on day 6 after inoculation and maximum fruit damage equaled to 78%. It can be
concluded that by washing fresh fruit of durian cv. ‘Monthong’ after harvest in the 0.3% concentration of

sodium bicarbonate mixed with potassium permanganate solution (T3) before packing and transporting to a
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container pickup truck without air conditioning system could be a better method among others to control and
delay fruit rot disease of durian caused by Lasiodiplodia sp. This fruit rot control method is also found to be

economical and safe for producers, consumers, and the environment.
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Introduction
Durian (Durio zibethinus Murr.) is commonly known as the ‘king of tropical fruits’. It is a large perennial
fruit plant and can grow and yield well in humid tropical climates (OAED, 2020). ‘Monthong’ is the most popular

durian cultivar in Thailand (Somsri, 2017) due to its ability to grow in every region of the country, and is a
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cultivar that has a mild smell and sweetness, delicious taste, and has more antioxidants than other cultivars.
Its flesh is fine, dry, and full-bodied creamy, light-yellow color. In addition, ‘Monthong’ has the taste that is not
too sweet (Bangkok Post, 2021; DAT, 2011); has small and aborted seeds (Wiangsamut et al., 2021); and has
many bioactive compounds in its fruit flesh that are beneficial to human health (Ketsa et al., 2020). In 2020,
there was a total of 132,362 ha of planting area but only 126,586 ha yielded with 1,111,928 tons (8.78 t/ha) of
fruits. The fresh fruit for domestic consumption was 435,505 tons while the export volume of fresh durian was
655,362 tons that valued at 1,366.75 million USD. The fruit demand from the international market is still
ongoing—especially in China, being the main and largest importer (57.92%) of fresh durian market in Thailand
(OAE, 2020). According to the NBACFS (2013), the qualification of ‘Monthong’ for export must be based on the
following requirements: fresh fruit with attached peduncle; hard pulp, tip burn, and wet core must not exceed
5 %; its fruit quality has 3 classes— 1) Extra class: 4 fertile lobes/fruit, 2) Class I: at least 3 fertile lobes and 2
unfertile lobes/fruit, and 3) Class II: At least 2 fertile lobes and 2 unfertile lobes/ fruit with good shape; fruit
weight is between 1.5-6 kg/fruit; a minimum of 32% dry flesh weight at harvest. And the natural fruit ripening is
between 6-9 days after harvest (Wiangsamut & Wiangsamut, 2023). However, exporters are confronted with
inevitable problems on crop quality and diseases such as Lasiodiplodia theobromae which causes fruit rot on
postharvest fruits (Ismail et al., 2012) such as bananas, rambutans, mangosteens, and durians (Chirawut et al.,
2015; Sangchote & Pongpisuta, 1995). Lasiodiplodia theobromae is the most common fungal disease found in
87% of durians (Theerawongpinyo et al., 2021). This disease infects on the pericarp of the durians; Sangchote
et al. (1996) reported that surface disinfection could not reduce disease incidence. The symptoms of this
disease are very similar to those caused by P. palmivora, which resulted to misunderstanding that the symptoms
are caused by such infections (Sangchote, 1991). This disease can be found from the immature fruiting stage
and during the month before harvest, or at the harvest period. According to the DOA (2020), fruit rot was found
during the ripening of durian after it was harvested. Similarly, fruit rots happened during the transportation
causing farmers to suffer enormous financial damage and lack of confidence from consumers and buyers
especially from importing countries of durian; one main reason why most farmers opted for chemical use in
killing said diseases. However, this consequently made the fungus resistant to chemicals (Ferrin & Wadsworth,
1992) preventing future mold removal from being effective. Chemicals also affect the activity of other
microorganisms useful in the soil (Kitjaideaw et al., 2000) and a cause of pollution to the environment
(Disthaporn, 1997) increasing maintenance cost of durian trees. In addition, the export of fresh Thai durian had
some major trading partners, such as China, introduced measures that farmers and exporters must comply to.
Farmers are then conformed to the standard of good agricultural practices (GAP) in producing quality durian,
that is free from any diseases. For this reason, the researchers aimed to study the methods in controlling fruit
rot after harvest, by testing the inoculated durians in treatments with: a) mangosteen peel fermented solution,
b) Trichoderma harzianum in sterilized water, and c) sodium bicarbonate mixed with potassium permanganate

solution. The said products for control solution are locally available which not only makes it easily accessible
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for farmers, but can also be self-made. This study could be a guideline to reduce chemical use, as well as
promote safe and effective methods for managing the production of durian cv. ‘Monthong’ at postharvest

period.

Materials and Methods

Experimental place and experimental design

The experiment was performed at The Royal Project Chanthaburi Fruit Development Center in the
subdistrict of Tha Luang, Makham District, Chanthaburi province, Thailand; in the months of July to August of
2021. The experiment was laid out in a completely randomized design (CRD). The treatments consisted of four
control methods of fruit rot on durian cv. ‘Monthong’: dipping in the 100% concentration of mangosteen peel
fermented solution (treatment 1 or T1); dipping in Trichoderma harzianum in sterilized water (treatment 2 or
T2); washing in a 0.3% concentration of sodium bicarbonate (NaHCO;) mixed with potassium permanganate
(KMnQ,) solution (treatment 3 or T3); and dipping in sterilized water as inoculated control or control treatment
(treatment 4 or Td). Each treatment had nine replications where there was one durian cv. ‘Monthong’ per
replication, totaling of 36 fruits; all fruits were 121 days old after full bloom (anthesis) and fruit weights were
between 2.33-2.50 kg/fruit. All of the tested durians cv. ‘Monthong’ were qualified for export according to the
National Bureau of Agricultural Commodity and Food Standards in 2013.

Preparation of mangosteen peel fermented solution, Trichoderma harzianum, and sodium
bicarbonate mixed with potassium permanganate

A 100% concentration of mangosteen peel fermented solution was prepared by mixing the 10 L of
mangosteen peel fermented solution with the 10 ml of surfactant (Apsa-80). Trichoderma harzianum in
sterilized water was prepared by mixing the 10 L of sterilized water with the 200 g of live culture of T. harzianum,
(10% spore/ml). This was done by rubbing the spores from the culture medium in sterilized water. When the
spores had been completely isolated, they were filtered with a thin white cloth. Then, all the isolated T.
harzianum in sterilized water was mixed with 10 ml of the surfactant (Apsa-80). Note that Trichoderma
harzianum was provided by the Department of Agriculture to be used in the study. The 0.3% concentration of
sodium bicarbonate mixed with potassium permanganate solution was prepared by mixing the 20 ¢ of sodium
bicarbonate with 10 g of potassium permanganate and then dissolved in 10 L of sterilized water that mixed

with 10 ml of the surfactant (Apsa-80).

Isolation of durian fruit rot pathogen (Lasiodiplodia sp.)
Fruit rot sample of durian was collected—the symptomatic parts infected with Lasiodiplodia sp. of
the fruit— by observing the wound symptoms as water-soaked lesions on the exocarp which had brown to

black color. In addition, gray mycelium of the fungus was found in the wound area and were isolated by tissue
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transplanting technique on water agar (WA). The fungi were purified and maintained on potato dextrose agar
(PDA) and stored at 4°C on slant PDA. The isolated Lasiodiplodia sp. was identified based on microscopic (40x)

structures of the fungus.

Durian fruit incubation and treatment test

The conidial suspension at 10° spore/ml of the pathogen was prepared. Afterwards, all 36 uninfected
durians (except their peduncles) were inoculated by dipping shortly (5 seconds/durian) in the prepared conidial
suspension to obtain all the inoculated durians. These were then placed on clean plastic pallets for 14 hours.
The inoculated durians were equally divided into 4 groups (9 inoculated durians per group, or per treatment)
as follows:

1) First group, nine inoculated durians with their peduncles were dipped shortly in the 100%
concentration of mangosteen peel fermented solution (T1) for 10 seconds. Afterwards, they were placed on
clean plastic pallets to drain off the solution and then blew them with a fan until the outer pericarp surface of

the fruits dried (Figure 1);

Figure 1 Tested durians were placed on clean plastic pallets to drain off the solution then blew with a fan

until the outer pericarp surface parts dried before packing

2) Second group, nine inoculated durians with their peduncles were dipped for 10 seconds in the
prepared T. harzianum in sterilized water (T2). Subsequently, they were placed on clean plastic pallets to drain
off the solution until the outer pericarp surface part dried naturally, without blowing. After which, all durians
were packed in boxes with dimensions of 25 cm wide x 35 cm long x 20 cm high with holes on the sides for

ventilation; 1 durian per tightly-closed box (Figure 2);
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Figure 2 Packaging of durians: (a) durians being packed in fruit boxes; (b) packaged durians ready to be

transported

3) Third group, nine inoculated durians were washed in the 0.3% concentration of sodium bicarbonate
mixed with potassium permanganate solution (T3) then gently brush over the solution on the entire durian.
After that, they were washed with clean water, placed on clean plastic pallets, blew with a fan until the outer
pericarp surface part dried, and then packed in boxes;

4) Fourth group, nine inoculated durians were dipped for 10 seconds in the prepared sterilized water
as the control treatment (T4). All 36 tested durians were stored in a closed dark room with a temperature of
26-32°C, similar to a freight (cargo) truck or a container pickup truck without air conditioning (Figure 2a), and

then data were gathered.

Data collection

Data such as growth inhibition, fruit damage, fruit ripening duration, and primary infection were gathered
every day for 10 days after harvest (or inoculation). Growth inhibition was computed from the fruit damage of
inoculated control minus the fruit damage of treatment, multiplied by a hundred, and then divided by the fruit
damage of inoculated control and recorded in a unit of percentage. Primary infection duration was counted
from the day of fruits inoculated with Lasiodiplodia sp. until the day of fruit rot onset (by the appearance of
bruise with black spots on the outer pericarp of the fruit); recorded in a unit of days. Fruit damage was computed
from a number of infected fruits, multiplied by a hundred, and then divided by the total number of fruits;
recorded in a unit of percentage. Fruit ripening duration was determined by counting the number of days from
the day of fruit harvest at maturity stage until its ripening stage, when durian started to emit smell on the first
day of the ripening; recorded in a unit of days. All gathered data were statistically analyzed using Statistix 8.0
program; Duncan's multiple range test (DMRT) at 0.05 probability levels. The relationship among growth

inhibition, primary infection, fruit damage, and fruit ripening duration was done through correlation analysis.
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Results

Morphological identification of pathogen on durian fruit rot

After isolating the fungi that cause fruit rot in durian, it was found that in the early stages, the mycelium
grew rapidly covering the durian peel in white and then it changed to a grayish-black color (Figures 3a-b). After
being classified by morphology, the cause was found to be Lasiodiplodia sp. After cultivating the fungi at 7 days
on PDA medium (Figures 3c), it was found to produce immature non-septate conidia with no separating walls
and no color (blue in conidia is the dyed color) (Figure 3d). Later, they changed into mature conidia, brown-

black in color with one septum and rough, irregular edges along the length (Figures 3d).

Figure 3 Morphological characteristics of Lasiodiplodia sp. recovered from durian fruit rot: (a-b) Mycelium
growth covering the surface of the durian peel with a white color and changed dark grey into black

color; (c) Colony on PDA at 7 days and; (d) Immature and mature conidia

Growth inhibition, primary infection duration, fruit damage, and fruit ripening duration

The best growth inhibition (72%) was found under T3 (washing in a 0.3% concentration of sodium
bicarbonate mixed with potassium permanganate solution), as compared with the other treatments—T1 (100%
concentration of mangosteen peel fermented solution) (44%), T2 (T. harzianum in sterilized water) (44%), and
T4 (control treatment) (0%) (Table 1).

The primary infection duration caused by Lasiodiplodia sp. was significantly different among the four
treatments. The inoculated fruits that were washed in a 0.3% concentration of sodium bicarbonate mixed with
potassium permanganate solution had the slowest primary infection duration (9 days), followed by the solution

of dipping in a 100% mangosteen peel fermented (8 days), dipping in Trichoderma harzianum in sterilized
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water (8 days), while the inoculated control had significantly the fastest primary infection duration (6 days)

(Table 1).

Table 1 Growth inhibition, primary infection duration, fruit damage, and fruit ripening duration

Control method for fruit rot Growth Primary Fruit Fruit ripening
inhibition infection damage duration
(%) duration (days) (%) (days)
100% concentration of mangosteen peel a4 8b a4 7

fermented solution (T1)

Trichoderma harzianum in sterilized water 44 8b 44 6
(T2)
0.3% concentration of sodium bicarbonate 72 9a 22 7

mixed with potassium permanganate
solution (T3)

Sterilized water or control treatment (T4) 0 6¢ 78 6

F-test ns * ns ns

* In the column of treatment means with the different letter is significantly different at 0.05 probability level (DMRT); ns: In the
column of treatment means is not significantly different at 0.05 probability level (DMRT)

Meanwhile, the slow primary infection duration was associated with less fruit damage (r=-0.86). Fruit
damage was found to be the highest at 78% with only the inoculated fruits (control treatment) were washed
in a 0.3% concentration of sodium bicarbonate mixed with potassium permanganate solution; hence, the lowest
fruit damage at 22% (Table 1). The initial symptoms of a durian infected with Lasiodiplodia sp. were the
appearance of small brown-black lesions on the outer pericarp surface of the fruits. These lesions continuously
expanded until hyphae was found on the outer pericarp of the fruit. The hyphae (white in color) turned into
black color within 7 days. When halving the fruit, its axis was found to be juicy, watery, foul-smelling, and sour.
The lesion later spread progressively as the fruit ripened, and consequently added fruit damage observed at 1,
3, 5, and 7 days after inoculation (Figures 4 and 5). Through correlation analysis, high growth inhibition of
Lasiodiplodia sp. was associated with less fruit damage (r=-1.00). By dipping in the 100% concentration of
mangosteen peel fermented solution and in T. harzianum in sterilized water, fruits were found to have damages
at 44% equally. Fruit ripening duration did not change significantly among the four treatments for fruit rot,

ranged from 6-7 days.
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T1

T2

T3

T4

1 day

Figure 4 Characteristics of the durian after dipping and washing in each treatment: [T1) dipping in 100%
concentration of mangosteen peel fermented solution; T2) dipping in Trichoderma harzianum in
sterilized water; T3) washing in the 0.3% concentration of sodium bicarbonate mixed with potassium

permanganate solution, and; T4) control treatment]
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Figure 5 A durian infected with Lasiodiplodia sp. at 7 days after inoculation: a) the white and brown bloom in
the middle of the lesion is hyphae that have formed on the surface of the lesion, and; b) halved

durian, pinkish-white hyphae were found in the middle of the fruit axis

Discussions

By washing the inoculated fruits in a 0.3% sodium bicarbonate mixed with potassium permanganate
solution, the maximum growth inhibition of Lasiodiplodia sp. for controlling fruit rot on durian cv. ‘Monthong’
was obtained, as compared with the other treatments (dipping in a 100% concentration of mangosteen peel
fermented solution, Trichoderma harzianum in sterilized water, and the control treatment). Due to the 0.3%
concentration of sodium bicarbonate mixed with the potassium permanganate solution having alkaline property
with pH 8.28 that inhibited growth of Lasiodiplodia sp., which slowed down the primary infection duration
(r=0.86). As a result, the inoculated durians had the slowest primary infection duration and the lowest fruit
damage compared with the control treatment. Similar to Saha et al., (2008), fungus grow at pH 3.0-8.0 and
optimum growth was observed at pH 6.0. Tea root extract supplemented potato dextrose agar medium with
pH 6.0 was the most suitable for production of conidia of L. theobromae at 28°C. Under complete dark
conditions, sporulation was poor and was delayed until 20 days. Mycelial growth had a little variation under
different light conditions, but light induced sporulation. Alam et al. (2001) likewise suggested that light was not
necessary for growth of L. theobromae but it enhanced sporulation—L. theobromae grew and sporulated at
10-40°C; the optimum being 25-30°C. These temperature ranges were similar to the closed dark room in a
container pickup truck without air conditioning, a common practice for domestic transportation of durian in
Thailand. Eng et al. (2003) correspondingly cited that the growth density of Botryodiplodia theobromae was
affected at temperatures above 40°C.

Growth inhibition of Lasiodliplodia sp. was poor in an acidic solution with pH 4.1 of a 100% concentration

of mangosteen peel fermented solution compared with alkaline solution with pH 8.28 of a 0.3% concentration
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of sodium bicarbonate mixed with potassium permanganate solution. This result was similar to Jumpeeruang
et al. (2012) who reported that a 3% concentration of ammonium bicarbonate solution and sodium bicarbonate
were alkaline that could inhibit the spore germination of L. theobromae by more than 90% in papaya. A 2%
concentration of sodium bicarbonate could control well for fruit rot of apple caused by Botrytis cinerea.
Moreover, Halee & Supavititpatana (2012) recorded that the 0.1% concentration of potassium permanganate
solution had 68.69% efficiency for reducing methomyl residue in Chinese kale vegetable.

Trichoderma harzianum in sterilized water enabled the 44% growth inhibition for controlling fruit rot of
durian cv. ‘Monthong’ caused by Lasiodiplodia sp. compared with the inoculated control. Rusin et al. (2021)
also discussed that the use of T. harzianum decreased the re-isolation of L. theobromae in the grapevines.
Kwangtid & Sangchote (2002) also recounted that the application of T. harzianum in the form of powder at 2.5
kg/tree together with, and without, rice straw cover on the ground under the durian tree; there was only 25%
infected fruit rot found under a tree with powder together with rice straw cover, while it was 75% infection for
trees with the powder without rice straw cover. This therefore suggested that T. harzianum could control fruit
rot well caused by Phytophthora palmivora. However, when the inoculated fruits were cured by dipping in T.
harzianum in sterilized water and in 100% concentration of mangosteen peel fermented solution, there were
more fruit damages (44%) and faster primary infection duration (8 days) compared with washing in 0.3%
concentration of sodium bicarbonate mixed with potassium permanganate solution.

Fruit ripening duration of mature durian cv. ‘Monthong’ when stored at room temperature (26-32°C)
ripened within 4-8 days. OAED (2020) further reported that under room temperature conditions (28-30°C),
mature durians ripened within 4-7 days. As the durian ripened, the respiration rate and ethylene (C,H,)
production increased to peak and then declined. As a result, chemical composition changed, the total soluble
solids and the sugar content increased, which made the durian flesh taste sweeter and had a specific smell
(Jansanthea et al., 2019). After which, pericarp turned yellow, fruit cracked open, and flesh was soft and soggy
that it was impossible to eat; fruits are then more susceptible to fungal invasion and begin to degrade by cell
death (Alexander & Grierson, 2002; OAED, 2020).

Through simple cost and return analysis, the production costs/fruit for T1, T2, T3, and T4 and wash
cost/fruit for T3 were 4.11, 0.69, 0.97 and 0.62 baht/fruit, respectively. Note that 1 USD is equivalent to 34.09
baht on April 9, 2023. Assuming that there were a hundred durians used to compute for their production costs
for each treatment. With these, the production cost of mangosteen peel fermented solution, Trichoderma
harzianum, sterilized water, NaHCO;, KMnO, and Apsa-80 derived from T1, T2, T3, and T4 were 411, 69, 97, and
62 baht/100 fruits, respectively. Based on the data in Table 1, fruit damages under T1, T2, T3, and T4 were 44,
a4, 22, and 78%, respectively. On the other hand, the undamaged fruits under T1, T2, T3, and T4 were 56, 56,
78, and 22%, in that order. These undamaged fruits were qualified for sale to obtain the good selling price in
both domestic and international markets The tested durian fruit weights between 2.33-2.50 kg/fruit which was

in accordance with the NBACFS (2013). Assuming that the selling price of durian cv. ‘Monthong’ for both
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domestic and international markets was the same at 100 Baht/kg. The returns of production derived from
undamaged durians under T1, T2, T3, and T4 were 13,048-14,000 baht/ 56 fruits, 13,048- 14,000 baht/ 56 fruits,
18,174- 19,500 baht/ 78 fruits, and 5,126-5,500 baht/ 22 fruits, respectively. The return of production under T3
was higher than both T1 and T2 by about 28.2% and also higher than T4 by about 43.6-71.8%. Based on the
cost and return of production abovementioned, T3 had the most possibility in controlling fruit rot disease
among durians to be adapted by the durian producers due to its low production cost yet obtained the highest

return.

Conclusions

Based on the results, washing the inoculated fruits in a 0.3% concentration of sodium bicarbonate
mixed with potassium permanganate solution (T3) could contribute to having the 72% maximum growth
inhibition that led to the slowest primary infection duration at 9 days for controlling fruit rot on durian cv.
‘Monthong’ caused by Lasiodiplodia sp. Consequently, there was less fruit damage (22%) accounted for 56%
lower than the control treatment (inoculated fruits only), which was not characterized as economic loss for
“Monthong’ durian production; 35% and above fruit damage was characterized as economic loss. Through
correlation analysis, high growth inhibition of Lasiodiplodia sp. was associated with less fruit damage (r=-1.00).
While the inoculated fruits dipped in the 100% concentration of mangosteen peel fermented solution (T1) and
in T. harzianum in sterilized water (T2), the fungal growth inhibition was 44% with primary infection duration at
8 days and fruit damage of 44%. Whereas the control treatment (T4 or inoculated fruits only) had the fastest
primary infection duration (6 days) and maximum fruit damage (78%). Therefore, by washing fresh fruit of durian
cv. “Monthong’ after harvest in the 0.3% concentration of sodium bicarbonate mixed with potassium
permanganate solution (T3) before packing and transporting to a container pickup truck without air conditioning
system could be a better method of controlling and delaying fruit rot caused by Lasiodiplodia sp. This fruit rot
control method is found to be economical and safe for producers, consumers, and the environment.

Dipping the durians shortly for 10 seconds in the 100% concentration of mangosteen peel fermented
solution (T1) or in Trichoderma harzianum in sterilized water (T2) orin sterilized water (T4) is better than dipping
for a long time. In the case of long-time dipping, there may be an infection around the epicarp (the outermost
layer of a pericarp) that may destroy the durian due to the accumulation of moisture on its epicarp causing
Lasiodiplodia sp. which may then spread quickly. In this study, if durian was dipped for too long in the
unsterilized mangosteen peel fermented solution (T1), the other diseases present from the solution may
accumulate and infect all dipped durians. Thus, it is necessary to shorten the dipping time of durian to just 10

seconds.
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