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ABSTRACT 

The study was conducted to investigate the op- 
timal hormone treatment for rooting in bitter 
melon and the effect of defoliation on rooting 
and polyamine levels. Commercial preparation 
(diluted 1:10 and 1:20) gave extensive rooting 
within five days after treatment. The presence of 
leaf with the stem cutting was necessary for op- 
timal rooting as defoliation drastically reduced 
rooting even when the rooting time was ex- 
tended from 5 to 10 days. The presence of leaf 
also promoted the levels of putrescine three 
days after the hormone treatment just at the time 
of root emergence. Cuttings that did not have 
leaf did not show an increase in putrescine lev- 
els and did not produce roots. Spermidine levels 
also increased in the cuttings that rooted but 
there was no change in the levels of spermine in 
the cuttings that rooted. It appears that putre- 
scine and spermidine play a role in regulating 
rooting in bitter melon cuttings. The vegetative 
propagation conditions described show that it is 
a practically viable technique for small growers 
to produce large number of plantlets at the farm 
for selection and cultivation. 
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1. INTRODUCTION 

Bitter melon (Memoridica charantia L.) is also known 
as bitter gourd and is grown in tropical and subtropical 
climates of India, Pakistan, China and other South Asian 
countries as vegetable for food and medicinal purposes 

[1-3]. It has a bitter taste but is still considered a culinary 
delicacy in Indian-subcontinent for its special taste and 
high nutritive value, and therefore, it is generally sold as 
a premium priced vegetable [1-4]. 

In addition to being a high valued vegetable, bitter 
melon is used for numerous medicinal purposes and is 
renowned for its antidiabetic or glucose lowering effects 
[5-7]. Various fraction of bitter melon extracts have been 
shown to increase glucose uptake and improve insulin 
resistance which are important factors for controlling 
Type-2 diabetes [8,9]. Although it is most widely used to 
control diabetes, bitter melons powders and extracts from 
fruits and seeds have also been used to improve digestion, 
manage HDL-cholesterol levels, treatments for ulcers, 
hypertension, microbial and viral infections, intestinal 
inflammation, and obesity [3,5,7,10-16]. 

Owing to its importance as prized vegetable and effec- 
tive herbal medicine, researchers have been interested to 
improve its propagation, production, and processing 
techniques. For example, molecular techniques have 
been developed to identify different cultivars and then in 
vitro cultivation techniques were developed for mass 
propagation of selected cultivars and to use these meth- 
ods for genetic transformation [1,17,18]. Grafting tech- 
niques have been developed to produce cultivars tolerant 
to flooding, and hormonal roles have been tested for ma- 
nipulating budding and flowering in bitter melon [19- 
21].  

Propagation through tissue culture has the advantage 
of mass production and the ability to produce possible 
transformations but the technique requires sophisticated 
laboratory facilities. This study was conducted to de- 
velop optimum conditions for rooting bitter melon cut- 
tings for mass production of plantlets with minimum 
facilities at the farm. Our preliminary experiments indi- 
cated that presence of a leaf on the cuttings may be an 
important factor in rooting success. Therefore, experi- 
ments were conducted to evaluate the role of leaf on 
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rooting. In addition, changes in polyamine levels in the 
rooting zone of the cutting were also measured because 
polyamine have previously been implicated in the root- 
ing phenomenon [22,23]. The results of these studies are 
described here.  

2. MATERIALS AND METHODS 

2.1. Plant Material and Rooting Experiments  

Bitter melons grown in field at USDA-ARS facility in 
Weslaco were used as a source for obtaining cuttings for 
the rooting experiments in this study. Cuttings were 
dipped in appropriate hormone concentration in the field 
(see below) and the cuttings were placed in locally de- 
signed rooting setups (Figure 1(a)) which were then 
brought to greenhouse.  

The bottom plastic pots (9 × 9 × 9 cm) of the rooting 
systems were filled with a mixture of perlite:vermiculite 
(1:1) moistened with deionized water. Typically, a cutting 
was cut 5 cm below, and 1 cm above, a node with a leaf. 
About 3 cm of the basal portion of the cutting below the 
leaf was dipped in appropriate concentration of the hor- 
mone and planted in the rooting medium described above. 
Normally, a 4 - 5 cm wide leaf was left attached to each 
cutting, except for the defoliation experiments. Immedi- 
ately after planting the cutting (2 cuttings per pot), a 
clear plastic cup (8.5 cm diameter and 11 cm tall) was 
placed on top of the cuttings. This cup was sprayed with 
water and then securely placed in the perlite:vermiculite 
(1:1) mix of bottom plastic pot to maintain high humidity 
around cutting and the leaf (Figure 1(a)). 

2.2. Preparation and Application of Rooting 
Hormone  

Commercially available “Liquid Rooting Concentrate” 
manufactured by DIP’N GROW (Clackamas, Oregon 
97015, USA) was used in these studies. The concentrate 
was diluted as indicated in each treatment before use. 
The concentrate contained 1% indole-3-butyric acid and 
0.5% naphthalene acetic acid; and 98.5% inert ingredi-
ents. For comparative studies, a laboratory mixture of the 
two hormone was prepared from reagent grade com-
pounds supplied by Sigma Chemical Co. The cuttings 
were dipped for 10 seconds in appropriate dilution before 
planting in the rooting medium.  

Scoring. At various intervals after hormone treatment 
the cuttings were scored for the extent of rooting by two 
individuals following the scoring guide shown in Figure 
1(b). A unified score was recorded for each cutting; and 
twenty replicate cuttings were scored for each treatment. 

2.3. Polyamine Analysis 

Polyamine extraction. Polyamines were extracted from  
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Figure 1. (a) The design of the rooting units used to induce 
rooting. The pots were filled with potting mix supplied by 
SunShine Co. The clear plastic cups were sprayed with distilled 
water to keep high humidity; (b) The rooting stages that were 
used as a guide for scoring extent of rooting in response to 
different treatments.  
 
the lower 3 cm portions of cuttings three days after hor- 
mone treatments. At this point, the cuttings with leaves 
were swollen and had emerging roots, while cuttings 
without leaves were devoid of such signs. The portions 
of root samples were immediately frozen in liquid nitro- 
gen and then pulverized in liquid nitrogen before extrac- 
tion following our standard method [24]. About 300 mg 
aliquot of the frozen powdered leaf material was mixed 
with 8 mL of 5% perchloric acid. The mixture was soni- 
cated for 30 seconds and shaken overnight at 4˚C, and 
then centrifuged at 5000 g for 45 min. The resulting su- 
pernatant liquid was purified by ion exchange chroma- 
tography as follows. A slurry of the resin AG50-X8 was 
poured into a glass column (9 mm × 100 mm) where the 
slurry settled to 50 mm height. Before pouring the resin 
slurry into column, it was equilibrated for 2 h with 5 bed 
volumes of starting buffer consisting of 0.7 M sodium 
chloride in 0.1 M sodium phosphate (dibasic) solution. 
The column was first eluted with 10 mL of starting 
buffer and then 2 mL of extract was added at the top of 
the resin column. After the extract was absorbed in the 
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resin, the column was washed with different solvents in 
the following order: three mL of starting buffer followed 
by 2 mL of MilliQ water and then 3 mL of 1 M HCl. The 
polyamine bound to the resin was then eluted with 5 mL 
of 6 M HCl at the rate of 0.5 mL/minute. The eluents 
containing polyamines were collected in 2 mL microfuge 
tubes and then dried using a speedvac. The dried samples 
were either derivitized as described below or stored at 
–80˚C until use. 

Derivatization of polyamines. The dried samples 
were reconstituted in 0.2 mL MilliQ water and combined 
with 1.2 mL of dansyl chloride and 0.6 mL of saturated 
sodium carbonate solution in a 15 mL tube. The mixture 
was vortexed and was heated at 50˚C for 1 h in the dark. 
After allowing the mixture to cool to room temperature, 
a 0.3 mL aliquot of proline (100 mg/mL of water) was 
added and allowed to incubate in the dark for 30 min. 
After centrifugation, 4 mL of toluene was added to the 
supernatant liquid and the mixture was vortexed and 
centrifuged briefly to allow separation of phases. The 
organic layer was discarded and the aqueous layer con- 
taining the derivatized polyamines was dried in a speed- 
vac. The dried sample was reconstituted in 0.2 mL of 
methanol. This reconstituted sample was used for HPLC 
analysis as previously described [24].  

High performance liquid chromatography of poly- 
amines. The derivatized polyamines from the extracted 
tissue were separated using Waters Symmetry C18 (5 μm 
particle size) column (3.9 mm × 150 mm) maintained at 
25˚C during chromatographic runs. A 10 µL sample was 
injected into the HPLC for analysis. The column was 
eluted at a flow rate of 1 mL/min with a gradient of sol- 
vent system made up of HPLC grade methanol (solvent 
A, 60%) and MilliQ water (solvent B, 40%). The elution 
was started with solvent mixture comprising of 60% A 
and 40% B. The component A was linearly increased up 
to 95% in 23 minutes and then maintained isocratically 
for 7 minutes. The polyamines were detected with a fluo- 
rescent detector at 365 nm wavelength and excitation of 
510 nm wavelength for emission. For quantitative meas- 
urement of different polyamines in the extracts, regres- 
sion curves were developed using known standard com- 
pounds. 

3. RESULTS 

The effect of different dilution of the commercial 
rooting hormone on the extent of rooting of bitter melon 
cuttings is shown in Figure 2(a). Ten and 20 times dilu- 
tion of the hormone concentrate significantly increased 
rooting compared to controls with no hormone treatment 
or treatment with high concentration of hormone (i.e. 1:5 
dilution) (Figure 2(a)). The commercial preparation of 
rooting hormone seemed as good as or better than the 

laboratory preparation of the same ingredients at same 
concentrations (Figure 2(b)).  

The presence of leaf with the cutting had profound ef- 
fect on rooting of the cutting (Figure 3). Even when the 
incubation time to evaluate rooting was extended to 10 
days, rooting remained very minimal without leaf (Fig- 
ure 3). 
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Figure 2. (a) The effect of various dilutions (1:5 - 1:10, 
1:20, 1:30 and pure water; i.e., control) of commercial 
rooting hormone on the extent of rooting in bitter 
melon cuttings. The cutting was dipped in the hormone 
dilution for 10 seconds and then incubated for 9 days 
in the rooting system described in Figure 1; (b) Com- 
parison between commercial (C) and laboratory (L) 
prepared hormone dilution with same concentrations 
of active ingredients. 
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Figure 3. The effect of presence and absence of leaf 
on the extent of rooting in bitter melon stem cuttings. 
The cuttings were dipped in commercial hormone 
(1:20) for 10 seconds and then incubated for 10 days.  
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Putrescine levels were significantly increased in cut- 
tings three days after dipping in hormone (commercial 
diluted 1:20) with the leaves compared to initial levels 
(Figure 4). On the other hand similarly cut and treated 
cutting but kept for three day without leaves had signifi- 
cantly lower amounts of putrescine (Figure 4). Sper- 
midine levels also significantly increased in cuttings with 
leaves three days after hormone treatment compared to 
initial levels and also compared to levels in similarly 
treated cuttings but without leaves (Figure 4). There was 
no significant difference in spermidine levels in defoli- 
ated cuttings three days after hormone treatment with the 
initial levels (Figure 4). Spermine levels did not change 
significantly in cuttings with or without leaves three days 
after hormone treatment from the initial levels (Figure 
4). 

4. DISCUSSION 

It has been known for a long time that indole butyric 
acid and naphthalene acetic acid can induce rooting in 
stem cuttings of various plants although concentration re- 
quired would be different for different plants [25]. The 
results from this study, while confirming in bitter melon 
the effect of rooting hormone, they also indicate the con- 
centration that are most effective in promoting rooting. 
The studies also provide information that commercial pre- 
paration of rooting hormone sold in the market are just as 
effective as preparation made from pure compounds in 
the laboratory and this should be valuable information 
for small to medium scale growers of bitter melons. 

Leaf presence may or may not play an important role 
in rooting of specific plant species [25]. For example, 
sweet potato cuttings in our hand rooted just fine (un- 
published results) but absence of leaves in bitter melon 
cuttings drastically reduced rooting even with the hor- 
mone treatment (Figure 3). This is important information 
for growers as well as a valuable tool for researcher try- 
ing to understand the regulatory mechanism of rooting.  
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Figure 4. Comparison of polyamine levels in bitter melon cut- 
tings with and without leaves. The cuttings were dipped in 
commercial rooting hormone (1:20) for 10 seconds and incu- 
bated in the rooting medium until the cuttings with leaves 
showed the emergence of roots (stage 1). The bottom 3 cm of 
cuttings were used analyzing polyamine levels. 

For this purpose, we looked at changes in polyamine 
levels in hormone-treated cuttings in the presence and 
absence of leaves. Polyamines have been implicated in 
vegetative rooting of stem cuttings in different species 
[22,23,26-28]. Thus, consistent with previous reports, 
putrescine levels significantly increased in the bitter 
melon cuttings that were about to root; i.e., cuttings with 
one intact leaf and treated with hormone [23,27,28]. The 
involvement of putrescine levels in rooting of bitter 
melon stem cutting, as shown in other species, is sup- 
ported by the fact that the putrescine levels did not in- 
crease in defoliated cuttings that did not root [23]. The 
role of other polyamines such as spermine and sper- 
midine in regulating adventitious root formation is less 
clear as researchers in 1983 found increased levels of 
these polyamine in mug bean cutting just before rooting 
but later study in 2001 found no such increases, while 
our study with bitter melon shows an increase only in 
spermidine [27,28]. 

In general, the results of this study show that leaf 
presence has a profound effect on the rooting of bitter 
melon stem cutting. Apparently, leaf presence promotes 
rooting through increase in the levels of putrescine, and 
perhaps spermidine, in the rooting zone of the bitter 
melon stem cutting. 
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