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ABSTRACT 
Rodent tuber (Typhonium flagelliforme (Lodd) Blume) is one of the medicinal 

plants used for anticancer treatment, but the information on the cultivation of the plant 
is limited. The objectives of this research was to study the effect of light intensity and 
concentration level of paclobutrazol on growth and yield of rodent tuber. This research 
was conducted at Puspiptek Serpong, Tangerang Selatan, Indonesia. This experiment 
arranged in a split plot design with three replications. The main plot is light intensity (35, 
55, and 100%). The sub plot is concentration level of paclobutrazol (0, 50, 100, and 150 
ppm). Paclobutrazol applied as soil drench at one month after planting. In each 
application 500 ml solution was used. Variables observed consisted of plant height, 
number of leaves, leaf length, leaf width, leaf and tuber fresh weight; and leaf and tuber 
dry weight. Data were analyzed using analysis of variance and Duncan Multiple Range 
test at 5%. The result showed that interaction between light intensity and paclobutrazol 
affected the whole observed variable. Dry weight of tuber under 35% light intensity was 
lower than those in other light intensity for all treatments of paclobutrazol. Full sunlight 
intensity showed better dry weight in all treatments of paclobutrazol. However the dry 
weight decreasing significantly at 150 ppm paclobutrazol, but still higher than those in 
35% light intensity. Therefore, rodent tuber is better cultivated under full sunlight and 
55% light intensity with 100 ppm paclobutrazol. 
 
INTRODUCTION 

Cancer has become one of the deadliest disease in the world. Rodent tuber 
(Typhonium flagelliforme (Lodd) Blume) is one of traditional medicine used to combat 
cancer. Some research showed that rodent tuber extract has cytotoxic effect to cervix 
cancer cell (HeLa cells) (Da’i et al. 2007) and breast cancer cell (Putra et al. 2011). Rodent 
tuber is also used for cough and asthma (Zhong et al. 2001). 

Every part of the rodent tuber, such as leaves, stem, tuber or root contains anti-
cancer metabolites (Choo et al. 2011). Bioactive compounds in rodent tuber are 
flavonoid (Yunahara et al. 2012), alkaloid (Nobakht et al. 2010), sterol (Lai et al. 2010), 
saponin (Syahid 2008), cerebroside and glycoside (Huang et al. 2004). 
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Photosynthesis limited by environmental factors 
such as water, CO2, light, temperature (Flexas et al. 
2006) and growth retardant (Tanis et al. 2015). When 
the photosynthetic activity gripped by stress, plant 
growth and tuber formation (Ghosh et al. 2002) will be 
disrupted. 

Geng et al. (2013) stated that reduced light 
intensity would increase chlorophyll content 
specifically chlorophyll b, decreased photosynthesis 
rate and crop production. Full light intensity tends to 
increase crop yield and tuber formation. 

Paclobutrazol is a retardant which its active 
compound (triazole) could inhibit gibberellin 
biosynthesis. Paclobutrazol application could decrease 
stem and branch growth as well as increase abscisic 
acid and chlorophyll content (Chaney 2005). Some 
research showed that the application of paclobutrazol 
is able to increase tuber yield. Sambeka et al. (2012) 
reported that paclobutrazol 125 ppm sprayed at 6 
Weeks After Planting (WAP) could increase tuber yield 
per plant and per plot. Kozak (2002) also reported that 
Gloriosa rothschildiana shoot cultured in Murashige 
and Skoog (MS) medium supplemented by sucrose and 
paclobutrazol could induced and increased tuber 
formation.  

The information of rodent tuber cultivation is still 
limited. Therefore, this research was conducted to 
study the sunlight intensity and paclobutrazol 
application to the growth and yield of rodent tuber. 

 
METHODS 

Research was conducted at Experimental Field of 
Center for Agricultural Production Technology – BPPT, 
Puspiptek Serpong, Banten (67 m above sea level). Split 
plot design with three replications was used in the 
experiment. The main plot is light intensity (35, 55 and 
100%) and the sub plot is paclobutrazol concentration 
(0, 50, 100 and 150 ppm). Each experimental unit 
consisted of three polybags and each of them is 
planted with one rodent tuber plant. 

Seedling derived from tuber shoot. Only tubers 
with good quality are used as the source which were 
compact, free from defect, pest and disease. Tubers 
are cleaned under tap water and put in rice hull 
medium in a sunlight free room. Watering was 
conducted regularly. New shoots emerged at 2 WAP. 
Tuber with one shoot are cut and planted in each 
polybag. Plant media used are soil and manure (1:1) in 
a 40-cm diameter polybag. Application of paclobutrazol 

conducted with soil drench and foliar spray at one 
Months After Planting (MAP). 

Vegetative variables (plant height; leaves 
number, length and width) were observed every two 
weeks. Harvesting was conducted at 3 MAP. Yield 
variables consisted of leaves and tuber fresh and dry 
weight. Data analyzed by using Analysis of Variance 
(Anova). Duncan Multiple Range Test was conducted 
for mean separation (Gomez & Gomez 1995).  

 
RESULT AND DISCUSSIONS  

Plant growth is affected by nutrition availability, 
light and plant growth regulator (Gardner et al. 1991). 
Result showed that there is interaction between light 
intensity and paclobutrazol concentration to rodent 
tuber growth and yield.  

 
Plant Height 

Plant height of rodent tuber was affected by light 
intensity and paclobutrazol concentration. Plant height 
correlated linearly with light intensity. It was shown 
that the height growth of rodent tuber under low 
sunlight intensity was relatively higher than those 
under full light intensity. Shading stimulated the height 
growth of rodent tuber to obtain the sunlight. Similar 
result was reported on taro (Djukri 2003). However, 
paclobutrazol concentration showed opposite trend 
(Table 1). This was also reported on sweet potato 
(Sunarlim et al. 2000). According to Cathey (1975) and 
Clifford & Lenton (1979), paclobutrazol act as anti-
gibberellin which could inhibit cell and sub apical 
meristem elongation which shorten the plant length. 

 
Leaves Number 

Light intensity and paclobutrazol concentration 
significantly affected leaves number. Light has 
important role in photosynthesis and respiration. 
Gardner et al. (1991) wrote that low light intensity 
induced the leaves surface to accept low light intensity. 
Under shaded condition, leaves number are more than 
those under unshaded area (Table 1). This might be 
caused by plant effort to catch more sunlight with 
more leaves number.  

 
Leaves Length and Width  

Leaves length and width were increasing with 
the decrease of light intensity. However, the higher 
paclobutrazol concentration caused less leaves length 
and width (Table 2). Salisbury & Ross (1992) explained 
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that low sunlight intensity will decreased leaves 
chlorophyll content and finally decreased 
photosynthesis rate. Under shaded condition, leaf area 
is increasing.  

Paclobutrazol as retardant inhibited gibberellin 
production. Tekalign & Hammes (2005) stated that 
gibberellin increased cell division and accelerate cell 
growth. Therefore, higher paclobutrazol application will 
decreased cell division in leaf meristem which finally 
will decreased leaves length and width. 
 
Leaves Fresh Weight 

Leaves fresh weight under 35% light intensity 
were lower in all paclobutrazol concentration (Fig. 1c). 
Leaves fresh weight under 55% light intensity were 
increasing in 100 ppm and 150 ppm paclobutrazol. 
Leaves fresh weight under full light intensity were 
increasing with the increase of paclobutrazol up to 100 
ppm and then decreasing at 150 ppm. 
 
Leaves Dry Weight  

Leaves dry weight under 35% light intensity in all 
paclobutrazol treatment is lower than those under 55% 
and 100%. Leaves dry weight under full light intensity 

were increasing with the increase of paclobutrazol up 
to 100 ppm (Fig. 1d). Esmaielpour et al. (2011) stated 
that the dry weight of potato leaves increased with the 
increased concentrations of paclobutrazol.  
 
Tuber Fresh Weight 

Rodent tuber is potential for inhibiting breast 
cancer cell (MCF-7 cell) growth (Widowati & Mudahar 
2009). The tuber extract showed more effective 
inhibition than leaf extract (Putra et al. 2012). Rodent 
tuber fresh weight under all light intensity showed the 
highest result in 100 ppm paclobutrazol (Fig. 1a).  

In photosynthesis, the light is converted into 
chemical energy in the form of ATP and NADPH which 
in turn used as energy for changing carbon dioxide into 
sugars and starches in dark reaction and for the 
distribution of photosynthate from leaves into other 
plant organs that have economic value (Sinclair & 
Muchow 1999). Decreasing tuber fresh weight is 
possible due to the decreasing photosynthesis rate 
which resulted in the reduction of photosynthate. 

Table 1. Effect of interaction between light intensity and paclobutrazol concentrations to plant height and 
leaves number of rodent tuber  

Light 
intensity 

(%) 

Paclobutrazol 
(ppm) 

Leaves length (cm) Leaves width (cm) 

Weeks After Planting (WAP) Weeks After Planting (WAP) 

6 8 10 12 6 8 10 12 

35 

0 24.44ab 30.11a 30.11ab 33.11a 9.34b 14.89a 20.33ab 37.78ab 

50 26.78a 31.77a 30.56ab 21.00b 8.89b 12.33abc 15.67ab 27.45bcd 

100 27.44a 29.22a 28.67ab 19.77bc 16.33a 13.78ab 16.88ab 24.00cd 

150 25.78a 29.67a 27.00ab 14.67de 9.56b 14.00ab 12.00cd 16.66de 

55 

0 24.78ab 32.56a 33.00a 34.89a 7.55b 15.11a 22.00a 42.89a 

50 24.22ab 29.55a 27.78ab 18.67bcd 8.33b 16.00a 21.22ab 31.33bc 

100 22.78ab 28.22a 28.56ab 16.00cde 6.89b 11.56abcd 20.45ab 25.11cd 

150 21.00b 26.44a 24.22b 13.67e 7.45b 10.55abcd 12.78abc 17.22de 

100 

0 8.33c 8.22b 5.33c 11.88e 5.22b 5.78cd 4.33cd 17.89de 

50 7.67c 7.77b 3.11c 4.22f 4.33b 4.78d 3.00d 8.33e 

100 9.22c 9.05b 4.72c 4.89f 7.72b 5.78cd 4.94cd 9.83e 

150 9.17c 10.94b 5.72c 6.22f 5.39b 7.83bcd 6.28cd 12.23e 

Note: Means followed by the same letter at the same column is not significantly different according to Duncan Multiple 
Range Test 5%. 
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Tuber Dry Weight 
Tuber dry weight under 35% light intensity in all 

paclobutrazol treatment were lower than those under 
55% and 100% light intensity. Under 55% light 

intensity, the increase of paclobutrazol concentration 
tend to increase tuber dry weight. Meanwhile under 
full sunlight intensity, paclobutrazol application 
increased tuber dry weight up to 100 ppm (Fig. 1b). 

Ghosh et al. (2002) stated that shading 
decreased yield dry matter significantly. As the level of 
shade increased, the reduction in yield dry matter also 
increased. This might be caused by the reduction of 
nitrate reductase enzyme that decrease with the 
decrease of light intensity. Nitrate reductase is a 
limited enzyme in nitrogen assimilation, correlated 
with plant growth and regulation and in some plant 
correlated positively with the yield. The decrease of 
tuber production due to reduced light intensity has also 
reported by Oswald et al. (1995); Parman (2010); and 
Lestari et al. (2012). 

Banon et al. (2002) stated that the use of 
paclobutrazol could increase tuber dry weight. 
Paclobutrazol inhibit gibberellin formation and makes 

the tuber become the biggest and strongest 
photosynthesis sink. 

Besides plant yield, secondary metabolites 
become an important consideration in medicinal plant 

production such as rodent tuber. Nobakht et al. (2008) 
stated that major secondary metabolites on rodent 
tuber are alkaloids and flavonoids (part of phenolic). 
Mohan et al. (2008a) reported that total phenolic 
content of rodent from methanol extract (5.69 ± 0.15 
GAE mg g-1 extract) was superior compared with 
dichloromethane, ethyl acetate and hexane extract, 
while total phenolic extract on tuber 5.21 GAE mg g-1 
extract (Mohan et al. 2008b). 

The nature and number of secondary 
compounds produced by the plant species during its 
development depends on internal and environmental 
factors, which can act directly on the synthesis of 
secondary metabolites, or indirectly increase or 
decrease the biomass of plants (Gouinguene & Turlings 
2002). Therefore, it is assumed that light intensity and 
growth retardant may affect the quantity and quality of 
rodent tuber secondary metabolites and may also 
increase or degrade plant biomass. 
 

Table 2.  Effect of interaction between light intensity and paclobutrazol concentrations to leaves length and 
width of rodent tuber 

Light 
intensity 

(%) 

Paclobutrazol 
(ppm) 

Leaves length (cm) Leaves width (cm) 

Weeks After Planting (WAP) Weeks After Planting (WAP) 

6 8 10 12 6 8 10 12 

35 

0 4.89a 6.00ab 5.78a 6.11a 10.11a 11.78a 12.11ab 12.33a 

50 5.50a 6.22a 6.11a 6.33a 11.45a 12.44a 12.56ab 9.89b 

100 5.55a 5.33ab 5.78a 5.78a 11.45a 11.11a 10.89b 9.67b 

150 5.55a 5.67ab 5.22a 4.11cd 10.89a 11.89a 10.67b 7.67bc 

55 

0 5.00a 5.89ab 6.16a 6.45a 10.56a 13.11a 14.00a 13.56a 

50 4.61a 5.45ab 5.50a 5.33ab 10.44a 11.33a 11.56ab 9.56b 

100 5.06a 5.67ab 5.61a 5.56ab 10.45a 12.11a 12.11ab 8.33bc 

150 4.44a 4.89b 5.00a 4.45bc 9.56a 10.89a 10.56b 7.06c 

100 

0 2.39b 1.61c 1.88b 3.06de 4.55b 3.44b 3.11c 6.78c 

50 2.22b 2.11c 1.39b 2.45e 3.89b 3.34b 2.00c 3.00d 

100 3.19b 2.11c 1.61b 2.39e 5.22b 5.00b 3.28c 3.33d 

150 2.64b 2.45c 2.06b 2.61e 4.50b 5.78b 3.61c 3.94d 

Note: Means followed by the same letter at the same column is not significantly different according to Duncan Multiple 
Range Test 5% 
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CONCLUSIONS 
Rodent tuber under 35% light intensity showed 

the lowest dry weight in all paclobutrazol treatments. 
Full light intensity showed the highest dry weight in all 
paclobutrazol treatments. However, the dry weight 
decreasing at 150 ppm paclobutrazol. Therefore, it is 
recommended to cultivate rodent tuber under full light 
intensity or 55% light intensity at 100 ppm 
paclobutrazol. 
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