1 Improving Cultivation of Gac Fruit

Xuan T. Tran' and Sophie E. Parks?
'The North Vietnam College of Agriculture and Rural Development,
Hanoi, Vietnam; ?Central Coast Primary Industries Centre,
NSW Department of Primary Industries, Ourimbah, Australia

Abstract

The demand for the Gac fruit is increasing, particularly for the processed food and health industries, but there is
a need for improving the cultivation of Gac to meet this demand. Until recently, this crop was underutilized and
generally grown in domestic gardens only. Recent research provides us with a greater capacity to propagate and
grow the fruit-producing female plants, increase pollen availability with pollen storage, improve fruit set with
hand pollination, manage fruit size in plant production and control fruit quality during postharvest. This new
knowledge will permit the production of this nutritious fruit at a larger scale and help to conserve this diverse

species.

Introduction

The species Momordica cochinchinensis Spreng.
has several common names including Gac (Viet-
nam), Fak kao (Thailand) and Bhat kerala (India)
(Kubola and Siriamornpun, 2011) and is en-
demic to a number of regions in South-East Asia.
Gac is a perennial species of the Cucurbitaceae
family, and it is dioecious with male and female
flowers on separate plants. Traditionally, the fruits
are collected from the wild or are cultivated from
seed or hardwood cuttings in home gardens and
are grown over a lattice with the flowers being
naturally pollinated by insects. After harvesting
the fruit, the main stem of the plant is cut back to
about 20 cm above the ground and then regrown,
producing fruit again the next year. The plants
may produce fruit for up to 15 years.

Several areas of progress have been made
through horticultural research on Gac to address
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challenges in cultivation and postharvest. For
example, one major challenge when growing
from seed is not knowing the sex of the plant
until the flowers have bloomed. Effective alter-
natives include vegetative propagation by vine
cuttings from plants of known sex, which in one
study produced a crop with fruit in less time
than for cultivation from seed (Joseph and Bhar-
athi, 2008), and grafting female plants on to
seedling rootstocks (Tran et al., 2020). Other
areas of progress include research highlighting
that pollen can be cool-stored and used in hand
pollination, the effects of fruit load on fruit size
and the effect of harvest time on fruit matur-
ation and quality during storage (Tran, 2017).
This chapter provides an overview of some
practices in cultivation and postharvest that
can be used as the basis for further develop-
ments in the commercialization and conservation
of this species.
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Biological Characteristics
of the Gac Plant

Species diversity

M. cochinchinensis is a highly variable species
with morphological and genetic differences
(De Wilde and Duyfjes, 2002; Wimalasiri et al.,
2016) that in Vietnam is potentially due to the
outcrossing nature of this genus and its adapt-
ability to local conditions (Wimalasiri et al.,
2016). This diversity lends itself to selection for
cultivation in different climates, with Gac grown
in the temperate north and central areas, as well
as the tropical south of Vietnam.

Plant breeding is an area of research that
can be used for improving the cultivation of
Gac. New varieties may be possible with bisex-
ual flowers obtained on a single plant using
the technique of female homosexual crosses
(Sanwal et al., 2011), which would increase
the efficiency of fruit production. Plant breed-
ing is also a promising technique to improve
the characteristics of fruit quality since the
size of fruit can be increased when M.
cochinchinensis is used to pollinate Momordica
dioica (Mohanty et al., 1994) and the effect of
genotype on the concentration of carotenoids
in the Gac fruit has been demonstrated (Nanta
etal., 2020).

Role of plant parts in crop production

Stems and roots

Gac is a perennial climber with high dry matter
production and the plant height can reach up to
25 m (Joseph and Bharathi, 2008) (Fig. 1.1a).
The stems, as semi-hardwood or hardwood cut-
tings, play an important role in traditional
propagation, particularly in multiplying the fe-
male plant for fruit production. The utilization
of young stems as softwood cuttings in propaga-
tion may be beneficial when the hardwood or
semi-hardwood cuttings are limited (Tran et al.,
2020). In general, the structure of the stem in-
cludes 20 vascular bundles (Shethi et al., 2017)
depending on its location (Do and Tran, 2011).
The stem is flexible in structure as a result of the
wide intercellular spaces between the bundles.

Gac has tuberous roots (Shethi et al., 2017)
(Fig. 1.1b). The roots include the bark and pil-
lard, with the cork in the bark accounting for
4.5-5.4% of the thickness of the roots. The pil-
lard is 80-85% of the root diameter (Do and
Tran, 2011), and these are used in some trad-
itional medicines in Vietnam (Do, 2004).

Leaves and flowers

Gac leaves are dark green with three or five
lobes (Herklots, 1972; Wimalasiri et al.,
2016) (Fig. 1.2a and b) depending on their lo-
cation (Wimalasiri et al., 2016), and petioles
are glandular and robust (Shethi et al., 2017).
The leaf is alternifolius with a diameter of
12-20 cm, and the lobes are split into one-
third to one-half the area of the blade (Do,
2004). The thickness of the leaf is 143-314
um (Do and Tran, 2011) and the epidermis
has a single layer of barrel-shaped cells with a
cuticle (Shethi et al., 2017). The petiole anat-
omy in the transverse section of the petiole is
parabolic.

The number of flowers per plant varies and
may be up to 70 flowers. In general, the female
flower number is less than the number of male
flowers per plant. The first flower is in full bloom
90-100 days after planting and opening (anthe-
sis) usually takes place in the early morning
(Bharathi and John, 2013). The flower takes
more than 2 h to open and the female flower is
receptive for 24 h (Maharana and Sahoo, 1995).
The duration of flowering from bud to full bloom
can be less for female flowers (19-22 days) than
for male flowers (20-24 days) (Vijay et al., 1977).
Male flowers tend to appear prior to the main
flush of female flowers and pollen can be scarce
when required for pollination (Parks et al.,
2013a).

The female flower can be detected by a
bulge at the base of the flower, which is the un-
formed fruit (Singh and Vawra, 1988). The bract
is small, and sepals are oblong (4-10 mm long).
Gac flowers are imperfect flowers which contain
either a stamen (male) or a pistil only (female)
(Fig. 1.3a and b). The flower is large (7.5 cm
across) and cream in colour with five petals and
three inner petals (Bharathi and John, 2013).
The flower is solitary with a dark bract on the
base. The length and width of the calyx are 1.8
and 1.4 cm, respectively.
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Fig. 1.1. Gac branches (a) and roots (b).

(a)

b

Fig. 1.2. Gac leaves: (a) with three lobes; (b) with five lobes. (From Wimalasiri et al., 2016, reprinted with
permission from Springer Nature.)

PTRTRN

Fig. 1.3. Gac flowers: (a) male flower showing three stamens; (b) female flower showing an ovary with
three styles.

Fruit Vietnam and Thailand, and oblong or tapered

fruits as in the north of Vietnam (Wimalasiri

Gac is a large fruit with varied shapes, including et al., 2016). The fruit is generally 15-30 cm in
globular or oval fruits as observed in the south of  length and 8-25 cm in diameter (De Wilde and
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Duyfjes, 2002) (Fig. 1.4). The fruit stalk is 5-12
cm long (Bharathi and John, 2013). The compo-
nents of Gac fruit include the skin, yellow
pulp, aril and seed. The fruit generally weighs

Fig. 1.4. Gac fruit.

350-2500 g depending on variety and timing of
the season, with smaller fruits towards the end
of the season (Tran, 2017).

In general, Gac fruits are harvested at ma-
turity (90-100 days after pollination) (Bharathi
and John, 2013; Tran et al., 2016). The skin of
Gac fruit is sparsely spiny or densely covered in
soft spines, the length of a spine being 10 mm.
The skin is dark green when immature and
turns orange or red when ripening. The skin
contains carotenoids including lutein, with
higher concentrations compared with the aril or
pulp (Kubola and Siriamornpun, 2011).

The largest component of Gac fruit is the
yellow pulp or mesocarp (Fig. 1.5) and accounts
for 43% (Tran et al., 2016) to 49% of the total
weight (Kha, 2010). It includes some caroten-
oids but at a lower concentration compared with
the skin or the aril (Aoki et al., 2002; Kubola and
Siriamornpun, 2011).

The Gac seeds are covered by an aril of deep
red colour when mature (Fig. 1.6). The mature
red aril has the highest nutritional value of all
fruit parts, with lycopene, carotene and other
bioactive compounds at high concentrations.
The proportion of aril has been recorded previ-
ously as 10, 18, 24.6 and 30% of fresh fruit
weight (Ishida et al., 2004; Dang et al., 2010;
Kha, 2010; Tran et al., 2016). Gac also contains

Fig. 1.5. Gac pulp.
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bioactive substances such as protein that may
inhibit tumour development of some cancers.
Furthermore, vitamin E, fatty acids and flavon-
oid glycosides have been found in Gac fruits
(Sarma et al., 2011). The carotenoids in Gac aril
are responsible for the orange or red colour of
the dish “Xoi Gac'.

Seed

The grower must consider the unpredictable
ratio of male and female plants when Gac seeds
are utilized as a source for propagation, since the
ratio of male to female seeds described in one
study was 1:10 (Maharana and Sahoo, 1995).
The number of seeds per Gac fruit is between
about 10 and 50. The seed shape is circular,
ovate or elliptic, 2.6—2.8 cm diameter and 5-6 mm
thick (Fig. 1.7), and the seedcoat is lumpy and
has undulating edges (Handique, 1988; De
Wilde and Duyfjes, 2002; Somporn et al., 2009).
When fruits are young, the seedcoat is soft and
white, and it develops into a brown or black col-
our when mature. In general, the number of Gac
seeds does not change during fruit development
(Tran et al., 2016). The seed weight from tested
Vietnam varieties was shown to be greater than

that of seeds from Thailand (Wimalasiri et al.,
2016).

Gac seeds can be stored for 6 months in the
refrigerator (Singh and Vawra, 1988). However,
the seed weight declines following prolonged
storage and eventually becomes unviable (Tran
etal., 2020).

Cultivation Practices to Optimize
Yield and Fruit Quality

Propagation

Currently, the sex of Gac seedlings can only be
identified when flowers develop (Parks et al.,
2013a), presenting a challenge when propagat-
ing by seed, but more-efficient, large-scale
production is a possibility for Gac using the com-
bination of seed production and grafting. To
grow a Gac crop from seed, seed needs to be vi-
able and germinated at an optimal temperature
(Table 1.1). The use of hormone dips is useful to
strike large numbers of female softwood cuttings
and the female scion can be grafted on to seed-
ling rootstock of unknown sex to ensure the

Fig. 1.7. Gac seed.
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Table 1.1. Key characteristics of Gac propagation using three methods. (From Tran, 2017)

Method Requirements

Qutcomes

Seed germination ~ Temperature range: 25-35°C

Seed age: <6 months for seed stored under

Time to >90% germination: 7-8 days
Approximate time to planting: 35 days

ambient conditions (21°C, 60-70% RH)

Cuttings

Semi-hardwood No hormone required

Softwood IBA hormone concentration: 3-5 g/l
Grafting

Top wedge Rootstock age: 4 to 8 weeks old

Slice Rootstock age: 4 to 8 weeks old

Survival rate: > 71% for both types of
cuttings
Time to planting: 50 days

Survival rate: >85% for both grafting
methods
Time to planting: 45 days

supply of fruiting plants. Further, the grafting
techniques of insert, slice and wedge have been
successfully used for Gac (Joseph and Bharathi,
2008; Tran et al., 2020).

Seed germination

Gac seeds from ripe fruits can be sown directly,
and well-developed seedlings can be transplanted.
They can be sown on to trays of coir to a depth of
3-5 cm for germination prior to planting out
(Tran et al., 2020). Gac seeds germinate at be-
tween 25 and 35°C with a maximum germin-
ation rate occurring at 30°C (Tran et al., 2020).
The seed radicle starts to emerge within 48 h
and is visible at the soil surface within 4-5 days
after sowing at the optimal temperature.

Seed dormancy is defined as the failure of a
viable seed to germinate completely under fa-
vourable conditions (Bewley, 1997), and Gac
seed has a reputation for being dormant. Trad-
itionally, the steaming of Gac seeds in the dish
‘Xoi Gac’ was used as a method to overcome seed
dormancy. Further, removal of the Gac seedcoat
increased germination from O to 89% (Pandey
et al., 2013). However, recent studies have dem-
onstrated that Gac seed can germinate well
without treatment (Parks et al., 2013a; Tran
et al., 2020). Even Gac seeds stored for up to
18 months (21°C, 60% relative humidity (RH))
have a greater than 50% germination rate and
only lose viability after 30 months of storage
(Tran et al., 2020).

Ideal conditions have not been determined
for Gac seed. Seed age affects germination and
one study demonstrated that the youngest seed
(6 months) had greater germination proportions

compared with older seed (30 and 18 months)
(Tran et al., 2020). The germination proportion
of the Gac seed declined by more than 45% from
6 to 18 months and those stored for over
2.5 years (30 months) lost their viability completely.
It appears that seed storage during that study
(21°C, 60% RH) did not provide ideal conditions.
It is not known if Gac seed is desiccant-tolerant
or desiccant-sensitive, which will dictate the
conditions required. Most cucurbits are desiccant-
tolerant and require drying to a moisture content
of about 5% for long-term storage (Nerson, 2007).

Cuttings

Traditionally, Vietnamese farmers use Gac cut-
tings from plants that have yielded well for
5-6 years as mother plants. Cuttings called
‘hom’ are prepared from semi-hardwood or
hardwood stems that are 0.5-2 c¢cm thick. They
are cut into 30-40 cm lengths having four or
five nodes and are de-leafed. The cuttings are
planted directly into the soil, or a plastic tub
containing soil or sand, and the stems root
within about 20-30 days. This propagation
method is successful for increasing the number
of female plants but requires a large biomass of
mother rootstock and this may not be as eco-
nomical for commercial propagation as striking
softwood cuttings.

The survival and rooting rate of cuttings of
a range of species depend on several factors
including selection of the softwood cutting ma-
terials, environmental conditions during propa-
gation and the use of rooting hormones (Hartmann
et al., 2002). Commercially, auxins are commonly
applied to stimulate the rooting of cuttings in
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liquid, powder or gel formulations, containing
indole-3-butyric acid (IBA), 1-naphthaleneacet-
ic acid (NAA) or a combination of the two
(Blythe et al., 2004). The use of rooting hor-
mones for Gac cuttings is promising. In another
cucurbit, watermelon, shoot tip and one-node
cuttings dipped in IBA solution improved vegeta-
tive growth of shoots and produced an early yield
compared with the seedling control (El-Eslamboly,
2014). Further, in the same genus M. dioica
Roxb., the rooting of cuttings increased when
they were treated with IBA hormone powder
(Ali et al., 1991). For Gac, when dipped in IBA
(3-5 g/l), the survival of softwood cuttings
increased from 53 to 77% (Tran et al., 2020).

Grafting

Grafting is a potential technique to salvage un-
wanted male Gac plants by using them as ma-
ture rootstock material. Grafting of the Gac
plant has been demonstrated previously using
the insertion grafting technique of female scion
union with male rootstock with a high rate of
success; 25 fruits were harvested per grafted
plant compared with 16 fruits for seed-grown
and 8 fruits for plants propagated from cuttings
(Joseph and Bharathi, 2008). These grafted
plants also required less space (4—5 m?) and less
time for growing compared with plants that
were grown from seed or cuttings (Joseph and
Bharathi, 2008). Seedlings are used as a root-
stock source for grafting of many related species
including cucumber, watermelon and squash
(Traka-Mavrona et al., 2000; Mohamed et al.,
2012; Colla et al., 2013). This method can save
time and increase the number of fruiting plants
in production, as well as provide other benefits
including disease resistance.

Gac rootstock needs more than 20 days
from emergence to reach an appropriate stage
for grafting (Tran et al., 2020). Generally, cucur-
bit grafts use rootstock material of a younger
seedling stage (10-20 days) (Traka-Mavrona
etal., 2000; Amin and Mona, 2014). But the age
of the rootstock and the methods of grafting will
affect the success of the grafts (Medagoda and
Kumari Chandrarathna, 2007; Solomon et al.,
2012).In Gac, younger rootstock of 4 to 8 weeks
old compared with 12 weeks increased the sur-
vival rate of the grafts and the shoot length of
grafting combinations (Tran et al., 2020).

Plant production

Gac can be grown in tropical (south Vietnam
and Thailand) and temperate (north and central
Vietnam) conditions (Wimalasiri et al., 2016)
and can tolerate a range of soil types. Generally,
the Gac plant is commonly grown in well-drained
soils amended with fertilizer. The optimal fertil-
izer requirements for Gac have not been estab-
lished but in several studies, this crop performed
well on the standard nutrient regime used for
cucumber production and so cucumber require-
ments can be used as a guide (Parks et al., 2013b;
Tran, 2017). The optimal temperature for Gac
growth is 25-30°C but in more temperate
regions it is deciduous and will senesce during
autumn before reshooting in spring.

The planting season of Gac is February to
March in north Vietnam or at the beginning of
the rainy season (May or June) in central and
south Vietnam. The planting distance is 3—4 m
between plants and 4-5 m between rows. In
home gardens, Gac is often grown next to fences,
bamboo shrubs or under large trunks so the Gac
plant can climb. Otherwise, it needs a trellis to
support the heavy fruit and to keep it off the
ground where it would be prone to rotting upon
softening and ripening.

Gac can be grown in the greenhouse in
temperate areas to avoid dormancy in winter
(Parks et al., 2013a). Previously, Gac has been
grown hydroponically in a soil-less substrate of
coir and using fertigation with a complete nutri-
ent solution used for cucumber with a pH of
6.0-6.5 and electrical conductivity (EC) of 1.2
dS/m up until flowering and an EC of 2.4 dS/m
during fruit development. The bags or pots were
placed 2 m apart and plants grown up a horizon-
tal trellis with wires placed at 2.8 m above the
ground. When the main stem reached the top
wire, the growing point was trained to let the
plants develop horizontally and cover the truss
(Parks et al., 2013a).

Pollination

Ctenoplectra bees have been identified as the in-
sect pollinator of Gac in India (Schafer, 2005).
However, in nature, the pollen dispersal is limited
by short flight ranges of these bees (Wimalasiri
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et al., 2016). Further, bees are less active during
overcast conditions so pollination may be reduced,
and hand pollination has been recommended to
improve fruit set (Maharana and Sahoo, 1995).
Moreover, male flowers tend to bloom earlier
than female flowers (Parks et al., 2013a) and
since their flowering times may not always coin-
cide, pollen availability may be scarce. Therefore,
storage of pollen may be useful to provide a pol-
len source when male flowers are not available.
Furthermore, these practices may be used to
produce Gac in greenhouses that lack insect pol-
linators. Ultimately, stored pollen would reduce
the need for unproductive male plants within
the crop and maximize the number of female
plants.

Gac female flowers can be pollinated by
hand with fresh or stored pollen (Fig. 1.8). The
male flowers are collected, then the petals are re-
moved. The stamen of the male flower is directly
dabbed on to the stigma of the female flower, or
a paintbrush or swab is used to gently swirl
around the stamen and carefully touch pollen
on to the stigma. After pollination, a mesh bag
can be used to support the fruit weight on the
vine. Gac flowers open in the morning. Under
natural conditions pollen is viable for only 36 h,

while female flowers are receptive for 24 h
(Maharana and Sahoo, 1995); but experience
shows the best time to fertilize the flowers is within
an hour or two after bloom (Tran, 2017). The aver-
age percentage of fruit set using this technique
with fresh pollen can be 97% (Tran et al., 2021).

Gac pollen can be stored for use in pollin-
ation when male flowers or pollinators are
scarce. Pollens are gently collected by using a
brush or swab and are placed in vials. When
stored in a fridge or freezer for up to 8 weeks,
a fruit set of 73% can be achieved without re-
ducing the content of carotenoids in the aril
but fruit weight and oil content of the aril can
be compromised (Tran et al., 2021). Protocols
to dry the pollen to an inactive state, prior to
storing, are yet to be developed for Gac and
this needs to be addressed in order to minim-
ize damage to pollen in storage (Tran et al.,
2021).

Fruit load

In several species, increasing crop load has been
shown to affect fruit size; for example, a low crop

Fig. 1.8. Gac fresh pollen.
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load in cherimoya (Annona cherimola Mill.) pro-
duced heavier fruits (Gonzalez and Cuevas,
2008) and manual removal of cherries in-
creased fruit size (Sanhueza and Elorriaga,
2010).

Similarly, in Gac, the fruit load relating to
the number of leaves per fruit, the fruit pos-
ition on the plant or harvest date can impact
fruit size. One study has indicated that fruit
weight at harvest declined as the season pro-
gressed (Parks et al., 2013a), which may
relate to earlier developing fruits being
stronger sinks than later developing ones,
as has been shown in melon (Nerson, 2004).
In further work, an increasing distribution of
dry matter to fruits relative to leaves was asso-
ciated with smaller fruit size, less aril and
fewer seed numbers (Tran, 2017). The largest
fruits contained the highest weights of aril,
the most seeds and the best-quality aril in
terms of high total soluble solids (TSS) values

compared with smaller fruits (Table 1.2).
These characteristics, as they are easily as-
sessed, have potential as a benchmark of high
quality in the marketplace.

Development of the canopy in balance with
fruit development is important to maximize the
size of fruit, since allocation of excess biomass to
fruit growth may adversely affect the crop
(Heuvelink, 1997). Preliminary work has shown
that the most marketable Gac fruits (>1.5 kg)
are associated with at least 100 leaves per fruit
(Tran, 2017) (Fig. 1.9).

In practice, within a greenhouse setting,
the position of these fruits on the same plant
was spaced by at least three or four nodes along
the stem and this ensures that the fruit size is
not below commercial quality (Tran, 2017).
However, further research is required to better
define sink—source relationships for Gac and to
provide a guide for this crop in a range of grow-
ing conditions.

Table 1.2. Effect of fruit load on some quality characteristics of Gac fruit. (From Tran, 2017.)

Fruit number/ Fruit weight TSS of aril Developed Undeveloped
plant mean (g) Aril proportion (°Brix) seed number seed number
1 2072.95 + 82.722 0.16 + 0.01° 15.4 + 0.6° 45.0 +5.12 1.5+0.72
5 1261.94 + 57.33° 0.13 £ 0.01° 14.3 £ 0.32° 412 + 2.8 2.6 +15?2
9 937.31 £ 92.16°° 0.12 +0.01° 12.8 £1.2° 276 +3.2° 1.8+0.22
9-10 794.44 + 86.57° 0.11 £ 0.01° 12.3 £ 0.6° 25.8 +4.9° 1.2+04°

Data are presented as mean =+ standard error (n = 5).

abeValues within a column with unlike superscript letters were significantly different by the Least Significant Difference

test at P < 0.05.
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Fig. 1.9. Relationship between fruit weight and average leaf number per fruit. The four heaviest fruits
were from plants with one fruit and the lowest four fruit weights were from plants with nine or ten fruits.
(From Tran, 2017,
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Postharvest practices
to improve fruit quality

Maturity stages and quality characteristics

Gac fruit ripening includes colour changes
to skin (green to orange and red), pulp (white to
yellow), aril (yellow to red) and seed (white to
black), as well as reducing firmness of fruit.
Traditionally, consumers in Vietnam generally
prefer firm Gac fruits, 1.2-2 kg in weight, with a
red skin and thick dark-red aril around the seeds
(Tran, 2017). Some previous studies report three
stages of fruit maturity (green, medium ripe and
fully ripe) (Dang et al., 2010; Kubola and Siria-
mornpun, 2011), but more recent work has ex-
plored the relationships between the external
measures of fruit quality, such as skin colour
and firmness, and the nutritional qualities of the
aril inside the fruit at five stages of maturity. This
has led to simple and quantifiable indicators of
fruit quality and clear definitions of maturity
(Tran, 2017) (Table 1.3).

The quality of Gac fruit is strongly affected
by its maturity at harvest. In general, ripening
commences on the vine in the fruits that are
harvested at a mature stage (M3) and following
harvest in less-mature fruit (M2). The appear-
ance of yellowing on the fruit skin spines (M2) is
a sign that the maturation process has com-
menced. At the M4 and M5 stages, fruits are
ripe and soft, contain the highest concentration
of carotenoids in the aril (Dang et al., 2010;
Kubola and Siriamornpun, 2011; Tran et al.,
2016) and could be considered best for con-
sumption. Preliminary research suggests that
Gac fruits can be picked semi-ripe at the M3
stage, which is firm enough for transportation
but ripe enough to continue ripening, without
compromising quality, following purchase by
the consumer.

Simple indices of internal fruit quality may
be suitable as commercial tools to assess the
marketability of Gac fruit. The skin colour of
Gac fruit has a positive correlation with quality
indices including TSS and the carotenoid and oil
contents. Also, TSS of the aril and fruit firmness
correlate with the contents of carotenoids and
oil in the aril. TSS may be particularly useful
since it can easily be measured in the aril juice
using a hand-held refractometer (Tran et al.,
2017). The total seed number and titratable

acidity of aril were not shown to be suitable indi-
ces of quality (Tran et al., 2016).

The Gac fruit may be climacteric in nature,
shown as ethylene production associated with
fruit ripening (Wills et al., 2007). The con-
tinued postharvest ripening and peak of ethyl-
ene production in fruits harvested at maturity
stage M2 provide evidence for this (Tran et al.,
2016). However, there is limited information
on carbon dioxide production during respir-
ation of Gac fruit which is also a trait of climac-
teric fruit (Wills et al., 2007). In addition, other
measures of ripening need to be investigated,
including flesh softening, texture and colour
changes and the accumulation of organic com-
pounds (Wills et al., 2007). A better under-
standing of the ripening characteristics of Gac
fruit during postharvest will lead to the devel-
opment of guidelines for optimal temperature
and humidity during storage. Where storage
conditions cannot be controlled, predicting the
longevity of fruits will also be possible. Ultim-
ately, better information on ripening will allow
growers and fruit sellers to better control Gac
fruit quality.

Fruit quality in storage

Generally, farmers harvest Gac fruit based on
firmness and skin colour. The fruits are placed in
a cool place and stored for between 1 and 4
weeks. The time between harvest and the con-
sumption of Gac can be weeks and significant
changes in postharvest traits of fruit can occur
during storage which are important to quantify
given the high nutritional value of the aril. For
example, Gac oil extracted from the aril has the
potential to be used as a healthy alternative to
saturated fatty acids in the diet (Kha et al., 2013)
and as an important measure to improve family
health and nutrition in poor households in
Vietnam (Vuong and King, 2003).

Gac fruit harvested prior to full maturity
does not necessarily limit the development of oil,
lycopene and f-carotene contents in the aril,
postharvest. For example, lycopene increased in
aril of semi-ripened fruits after 1 week of storage
to levels similar to those in fully ripened fruits,
and the oil, lycopene and B-carotene contents
reached maximum levels after 12 days of stor-
age at 21°C (Dang et al., 2010). Increase in aril
TSS during storage of Gac fruit also highlights



Improving Cultivation of Gac Fruit 1

Table 1.3. Characteristics of Gac fruit at five stages of maturity. (From Tran, 2017)

Stage WAP Description of maturity stage External appearance
M1 8  Fully green skin, white pulp, light-yellow aril
M2 10  Green skin, spines turning yellow at the top of fruit,

white pulp, yellow or pink aril

M3 12 Semi-ripe, skin starting to turn yellow or orange in
patches, light-yellow pulp, red aril

M4 14 Ripened, fully orange or red skin, yellow pulp, red aril

M5 16 Fully ripe, dark-red skin, dark-yellow pulp, dark-red aril

WAP, week after pollination.
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the potential to promote fruit quality of semi-
ripened fruit postharvest (Tran et al., 2017).
Some research has focused on postharvest
conditions and treatments to delay ripening of
Gac fruit. In one study, the effect of storage tem-
perature of Gac fruit was investigated at three
temperatures (4, 13 and 25°C) and showed that
storage at 4 and 13°C had the least weight loss,
softening and colour change compared with
fruit stored at 25°C, but symptoms of external
and internal chilling injury occurred at 4°C after
25 days, and fruits could not ripen fully (Win
et al., 2015a). In other research, pre-treatment
of Gac fruit with 1-methylcyclopropene (1-MCP)
at 500 nl/l showed a slight effect of delaying
fruit softening during storage at 10°C (Win et al.,
2015Db). Also, coating yellow Gac fruits with
1.0% sucrose fatty acid esters (SFE) and storing
at 10°C and 90-95% RH reduced fruit softening
and respiration rates slightly during 16 days of
storage (Win et al., 2015c). These studies are a

promising indication that postharvest practices
can be developed to extend the storage life of this
fruit.

Conclusion

Our understanding of the responses of the Gac
plant to cultivation practices and of its fruit to
postharvest practices has advanced greatly in re-
cent years. Evidence-based production practices
are sufficiently developed to permit commercial
production of this plant on both a small and a
large scale. Postharvest research also shows
promise in techniques to delay ripening, but fur-
ther research is required to evaluate the effect of
these treatments on fruit quality. As a whole,
these practices can be used as a base for further
developments in the commercialization and
conservation of this species.
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