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ABSTRACT

Momordica cochinchinensis (Gac fruit) grows as perennial climbers and dioecious plants, where it can be cultivated from
seeds, root tubers, and root vine cuttings. Rooted vine cuttings are more reliable than seed propagation, which can be affected
by dormancy and delay production. The application of auxin group of hormones such as Indole acetic acid (IAA), Indole-3-
butyric acid (IBA), and Naphthaleneacetic acid (NAA) in certain concentrations shown good results in inducing root initiation
faster and effective. However, experimental data and information on the plant growth hormone application on M. cochinchinensis
vine cuttings propagation are not very extensive, especially in Malaysia. Thus, the objective of this study was to determine
the effect of different concentrations of IAA, IBA, and NAA on M. cochinchinensis vine cutting propagation. The design of
the experiment is a randomized complete block design in a factorial experiment, with five replications. The treatments comprised
three types of plant growth hormone, IAA, IBA, and NAA with 0, 500, 1000, and 3000 ppm concentrations. Data recorded
were surviving rate or percentage of rooting, root numbers per rooted cutting, means of root length, length of longest root,
total root length per rooted cuttings, sprouting percentage, and sprouting length. The vine cutting treated with IBA and NAA
1000 ppm has shown a considerably positive effect in root formation and sprouting.
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INTRODUCTION

Gac fruit, Momordica cochinchinensis Spreng is one
of the underutilized species of the Cucurbitaceae
family (Joseph & Bharathi, 2008). Gac fruit is a
large, bright red fruit (Kuhnlein, 2004) that also
known as ‘the fruit from heaven’ in South-East Asia
(Voung et al., 2006), due to its acclaimed properties
in enhancing longevity, vigour, and vitality.
Momordica cochinchinensis is a perennial vine
climber and produces up to 60 fruits weighing 1-3
kg each in one season (Shadeque & Baruah, 1984;
Muchjajib & Muchjajib, 2013). Recent studies
showed that this fruit had a high carotenoid
content, especially lycopene and Beta-carotene.
The M. cochinchinensis aril has natural levels of

lycopene about five times the concentration of
that found in tomatoes (Vuong, 2000). There is
great potential that M. cochinchinensis could be
promoted as a highly nutritious fruit. Cultivation
of the underutilized M. cochinchinensis would
potentially improve livelihoods and could meet
the increasing demand for M. cochinchinensis as a
health product.

The M. cochinchinensis can be cultivated from
seeds or root tubers and grows as dioecious vines
that are separate male and female plants (Vuong,
2000). Rooted vine cuttings can also be used for
propagation and are more reliable than production
from seeds, which can be affected by dormancy and
a long lead time into production. One issue for
seedling production is that the plant gender can only
be identified when flowers develop (Parks et al.,
2013), as recent techniques of gender identification
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of seed using DNA technology are still in their
infancy (Sarkar et al., 2017). Two to three node
cuttings from M. cochinchinensis vine give better
rooting, plant growth, and yield (Ram et al., 2002).
However, the cuttings should be taken from
vigorously growing mother plants at the early
flowering stage and before axillary flower buds
emerge. Though many workers have mentioned
seed dormancy as the main factor limiting the
cultivation of spine gourds (Ram et al., 2001) and
proposed rooted vine cuttings as an alternative
propagation tool, there are no reports on the
ratooning behavior of such propagules. The
application with plant growth hormone on mid
and top-level cuttings showed positive results in
inducing roots on M. cochinchinensis vine cutting
(Joseph & Bharathi, 2008).

Cuttings of some species root readily without
an auxin treatment, while cuttings of other species
benefit from auxin treatment through the enhanced
promotion of rooting; benefits may be dependent
upon the species and cultivar, type of plant
hormones used, environment condition during
cutting propagation, time of year, and other factors
(Griffith, 1998, Hartmann et al., 2002). Altering
hormonal activity within a plant using plant growth
hormones has been proved to positively improve
plant germination, growth, and development
(Hopkins & Hüner, 2004). The factors that control
plant growth behavior in response to plant growth
hormones include the type of plant, type of
stimulant, amount of stimulant applied, the timing
of application, stage of growth, and location of
stimulant application (Kambaska & Santilata, 2009).
It is widely common to use growth regulators
(hormones) for inducing root formation and
application to the bottom of the cuttings almost
always results in faster and more rooting. Indole-3-
butyric acid (IBA) is considered the best artificial
hormone used because it is nontoxic to plants over
a wide range of concentrations. However, the
application of other hormones, too, has given good
results such as indole acetic acid (IAA) and
naphthaleneacetic acid (NAA) (Ludwig-Müller et
al., 2005; Isfendiyarolu & Ozeker et al., 2009) and
Indole-3-butyric acid (IBA).

Since growth by seedling takes time to
germinate, the cutting propagation technique could
fasten the growth and produce fruits early (Duke &
duCellier, 1993). Auxin is a common and prevalent
phytohormone used in stem cutting propagation of
tree species to promoting adventitious roots (Kesari
et al., 2009). Although IAA, IBA, and NAA were
proven effective in promoting rooting depends on
plant species (Kesari et al., 2009) however there has
been no report on the rooting performance of M.
cochinchinensis vine cutting. Thus, the objective of

this study was to determine the effect of different
concentrations of Indole-3-acetic acid (IAA), Indole-
3-butyric acid (IBA), and naphthaleneacetic acid
(NAA) hormone treatments on M. cochinchinensis
vine root cutting propagation.

MATERIALS AND METHODS

The study was conducted in the Tapak Semaian
Universiti Malaysia Terengganu (UMT). A high
humidity environment (60-80% RH) with 50% shade
was provided in the propagation area where the
intermittent mist was supplied for 15 min twice a
day, at 8.00 am and 3.00 pm every day. The stock
plant at Ladang 10, University Putra Malaysia was
used as planting material. Cuttings with two nodes
were taken between 15 and 20 cm in length with a
basal diameter of between 3 and 6 mm. On each
cutting, one leaf was retained and cut in half. The
base of the cutting was cut diagonally with a scalpel
to ensure a clean wound. Cuttings were dipped into
Indole-3-acetic acid (IAA), Indole-3-butyric acid
(IBA), and naphthaleneacetic acid (NAA) hormone
treatments with 4 levels of concentrations (0, 500,
1000, and 3000 ppm). The controls were not treated
with the hormone. Each of these three treatments
was replicated 12 times, in 12 polybags for each
treatment. The media type used in polybag is a
potting mix (2:1:1 topsoil: sand: peat moss). The
cuttings were placed in a propagation greenhouse
and watered with overhead sprinklers.

The experiment was conducted using the
randomized complete block design, arranged in a
factorial experiment, with five replications. The
treatments comprised three types of rooting
hormone, i) Indole-3-acetic acid (IAA), Indole-3-
butyric acid (IBA), and naphthaleneacetic acid
(NAA) × 4 levels of concentrations (0, 500, 1000,
and 3000 ppm) applied on M. cochinchinensis
cuttings. Data were analyzed using the analysis of
variance (ANOVA), and significant treatment means
were separated by Duncan’s multiple range test
(DMRT) at p<0.05 (SAS, version 9.3).

Data were taken after 5 weeks for surviving rate
or percentage of rooting (the number of rooted
cuttings divide by total planted cuttings and
multiply with 100), root numbers per rooted cutting
(the number of roots divide by total rooted cuttings),
means of root length (cm) per rooted cutting (total
root length divide by total rooted cuttings),  length
of longest root, total root length per rooted cuttings,
sprouting percentage, sprouting length and root
dry weight (g) per rooted cutting (total dry weight
divide by total rooted cuttings). Cuttings with an
adventitious root measured 3 mm in length were
considered rooted.
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RESULTS AND DISCUSSION

There was a significant interaction effect between
plant growth hormone and concentrations on
surviving rate, several roots, and sprouting
percentage of M. cochinchinensis root vine cuttings
(Table 1). Thus, the results and discussion would
focus on the relationship between the surviving
rate, the number of roots and sprouting percentage,
and concentrations of each hormone (IAA, IBA,
and NAA). However, there was no significant
relationship between surviving rate, number of
roots, and sprouting percentage with 4 levels of
concentrations. On the other hand, there was no
significant interaction effect between three types of
plant growth hormone and 4 concentrations levels
on longest root length, total root length means of
root length, and shoot length of M. cochinchinensis
root vine cuttings (Table 1). The highest surviving
rate showed in Figure 1a are M. cochinchinensis root
vine cuttings treated with IBA and NAA 1000 ppm,
where the surviving rate for both treatments is
95.8%. The optimal plant growth hormone used for
propagation according to the highest surviving rate
are IBA and NAA 1000 ppm for M. cochinchinensis
root vine cutting. Rooting of cuttings could be
increased after treated with IBA, NAA, or a com-
bination of the two (Blythe et al., 2004). However,
a study by Parks et al. (2013), showed that the
survival of M. cochinchinensis cuttings improves
from 53 to 77% with IBA 3000 to 5000 ppm.

Root vine cuttings treated with IAA and NAA
3000 ppm, and NAA 500 ppm showed the highest
number of roots. Approximately higher by 54 to

Table 1. Main and interaction effects of different types of hormone and concentration (0, 500, 1000, and 3000 ppm) on the
surviving rate, number of roots, longest root length, total root length, mean root length, sprouting percentage and shoot
length of Momordica cochinchinensis root vine cuttings

Surviving Number Longest Total root Means root Sprouting Shoot
Factor rate of root length length length percentage length

(%) roots (cm) (cm) (cm) (%) (cm)

Hormone (H)
     IAA 78.13b 21.8ab 22.57a 209.6ab 10.57a 75.0b 25.87a

     IBA 87.85a 17.5b 24.27a 177.65b 10.74a 84.4a 27.08a

     NAA 80.56b 23.7a 22.69a 222.43a 10.42a 76.4b 19.53a

Concentrations (C) (ppm)
      0 79.17b 12.33c 24.38a 137.78b 11.43a 75.0b 16.00b

    500 79.63b 25.72a 23.64a 236.53a 9.90a 76.38b 18.83b

    1000 88.43a 19.17b 23.78a 199.73a 11.28a 84.73a 31.86a

    3000 81.48b 26.83a 20.89a 238.85a 9.69a 78.24b 29.93a

Significance

Hormone (H) * ns ns ns ns * ns

Concentrations (C) * * ns * * * ns

H × C * * ns ns ns * ns

* Significant at p<0.05.

63% number of roots than control (Figure 1b).
However, there were no significant differences
between control and root vine cuttings treated with
IBA 1000 ppm and 3000 ppm and IAA 3000 ppm.
This could be because a longer period is required
for IBA to induce rooting compared to IAA or NAA
(Krisanthini et al., 2006). It was also shown in
Table 1 that the total root length of vine cutting
treated with 500, 1000 and 3000 ppm of the
hormone were 31% to 42.3% higher than control.
The reason M. cochinchinensis vine root cutting
treated with IAA had a lower surviving rate than
IBA might be because it breaks down quickly in the
plant.

The highest sprouting percentages were root
vine cuttings treated with IBA and NAA 1000 ppm,
90 to 93% sprouting respectively (Figure 2c). Both
treatments also were not significantly different with
vine root cuttings treated with IBA 500 ppm where
it showed 83% sprouting (Figure 1c). In contrast,
the lowest sprouting showed in this study was root
vine cuttings treated with NAA 500 ppm, with 61.1%
sprouting (Figure 2c). Sprouting percentages have
a similar graph trend with surviving rates. In Table
1, vine root cutting treated with IAA, IBA, and NAA
1000 ppm showed a higher sprouting percentage
with IBA is higher than IAA and NAA by 9.4% and
8%, respectively.

Momordica cochinchinesis vine root cuttings
treated with IBA and NAA showed some improve-
ment in rooting and shooting percentage. Auxins
have a significant role in adventitious root
development on cuttings by promoting lateral
roots initiation and enhanced the transport of
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carbohydrates to the basal portion of the cuttings
(Stefan & Rasmussen, 2016). Optimum endogenous
and exogenous auxin levels could lead to successful
adventitious root formation and the development
of cuttings (Ludwig-Müller, 2000; Kochhar et al.,
2005). Synthetic auxin application on cuttings
such as IBA can increase rooting percentage and
number of adventitious roots per rooted cutting
(Patricio et al., 2006; Kesari et al., 2009; Lemay et
al., 2009) since it is non-toxic to plants over a wide
range of concentration (Hartmann et al., 2002).
However, exogenous IBA may improve rooting up
until a certain con-centration, since higher IBA
concentration may become toxic (Titon et al., 2003;

Rambaran, 2013). Therefore, it is important to
configure the optimum concentration for M.
cochinchinesis vine root cutting. According to
Kesari et al., (2009), the effectiveness in adventitious
root formation was in the order of IBA > NAA > IAA
when applied singly in Pongamia pinnata.

The process of adventitious root formation is
influenced by several internal and external factors.
Among the internal factors, the most important role
is ascribed to phytohormones, especially the auxins.
It is generally accepted that auxins have a certain
role in rooting initiation (Stefancic et al., 2005).
Auxins control growth and development in plants,
including lateral root initiation and root gravity
response. Many studies have shown that exogenous
application of auxins results in increased initiation
of lateral roots and that lateral root development is
highly dependent on auxin and auxin transport
(Chhun et al., 2003). This study has established that
a more-efficient, larger-scale propagation system
for M. cochinchinensis is possible using cuttings
propagation techniques. Few resources will be
required to achieve these greater efficiencies and
could be implemented in regional areas to take
advantage of local genetic diversity in M.
cochinchinensis, more likely to be suited to the
local growing conditions (Sthapit et al., 2008).

CONCLUSION

This study effectively distinguishes the application
of plant growth hormones with four concentration
levels on vine propagation cutting. The con-
centration and plant growth hormone recommended
would be IBA and NAA 1000 ppm since the
cuttings showed significant results in improving the
surviving rate and sprouting percentages, which are
higher than 90%. This showed that NAA and IBA
have more effect on stimulating adventitious roots
than naturally occurring or synthetic IAA. Further
research should be carried out on different cutting
types, media, and environment to achieve greater
impact of productivity and higher surviving rate.
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Fig. 1. Surviving rates (a), number of roots (b), and
sprouting percentages (c) of M. cochinchinensis vine
cuttings treated with 4 concentration levels of IAA, IBA,
and NAA. (n = 6).
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