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Abstrak 

Dioscorea bulbifera L. (Dioscoreaceae) merupakan salah satu tanaman invasif yang menciptakan 

masalah lingkungan. D bulbifera mengandung alelopati yang memengaruhi proses fisiologis pada 

spesies lain. Penelitian ini bertujuan untuk mengetahui pengaruh alelopati berbagai konsentrasi 

ekstrak daun dan umbi D. bulbifera L. terhadap perkecambahan biji Shorea selanica (Lam.) Blume. 

Metode yang digunakan adalah Rancangan Acak Lengkap (RAL) dengan sepuluh perlakuan dan 

tiga ulangan. Perlakuan yang diberikan adalah perbedaan konsentrasi ekstrak D. bulbifera 25, 50, 

75, 100%, dan kontrol. Berdasarkan hasil uji skrining fitokimia, semua metabolit sekunder dalam 

ekstrak daun menunjukkan hasil yang positif. Senyawa golongan saponin, tanin, flavonoid, dan 

steroid/terpenoid terdeteksi dengan kuat sedangkan senyawa alkaloid kurang kuat. Senyawa fenol 

tersebut adalah fenol, 1,2-benzenediol (dalam ekstrak daun) dan fenol, 1,2-benzendiol, 1,4-

benzendiol, dan 2-metoksifenol (dalam ekstrak umbi). Berdasarkan uji perkecambahan, ekstrak 

metanol umbi dan daun D. bulbifera berpengaruh nyata terhadap daya kecambah, koefisien 

kecepatan berkecambah, dan koefisien keserempakan berkecambah S. selanica. Konsentrasi yang 

menurunkan viabilitas biji terendah adalah pada konsentrasi 75% dan 100% dengan rata-rata daya 

kecambah 10,00 ± 6,32 % (pada ektrak umbi) dan 0,00 ± 6,32 % (pada ektrak daun). 

Kata kunci: Alelokimia; Dioscorea bulbifera L.; Perkecambahan; Shorea selanica (Lam.) Blume 

Abstract  

Dioscorea bulbifera L. (Dioscoreaceae) is one of the most unutilized invasive plants. This plant contains 

allelopathy that affects the physiological process of native species. This study aimed to discover the type of 

allelochemical in D. bulbifera and its effect on seed germination of Shorea selanica (Lam.) Blume. The 

method used was a Completely Randomized Design with ten treatments and three replications. The treatment 

given was the different concentration of D. bulbifera extract of 25, 50, 75, 100%, and control. Based on 

phytochemical screening tests, saponin, tannin, flavonoid, and steroid/terpenoid compounds were detected in 

leaf and tuber extract. The total phenolic in leaf extract was more significant than that in the tuber extract of 

D. bulbifera but the type of phenolic compounds was lower. The phenolic compounds were phenol, 1,2-

benzenediol (in leaf extracts) and phenol, 1,2-benzendiol, 1,4-benzendiol, and 2-methoxyphenol (in tuber 

extracts). Based on the germination test, it was found that the methanol extract from the tubers and leaf of D. 

bulbifera significantly affected the germination capacity, coefficient rate of germination, and simultaneity 

coefficient of germination of S. selanica. It was found that treatment of concentration of 75% and 100% 

resulted in the lowest seed viability reduction with an average germination rate of 10.00 ± 6.32% (in tuber 

extracts) and 0.00 ± 6.32% (in leaf extracts). 
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INTRODUCTION 

Invasive plant species have become a 

global problem that causes adverse impacts on 

ecosystems, the economy, and human health. 

Increased invasion is one of the leading causes 

of biodiversity loss (Inderjit, Seastedt, 

Callaway, Pollock, & Kaur, 2008; Rastogi, 

Rawat, & Chandra, 2015). In fact, some 

invasive plants containing allelopathy might 

affect the physiological processes of native 

species and soil microorganisms which 

eventually cause impact on biodiversity 

(Lorenzo, Hussain, & González, 2013). 

Chemical compounds from allelopathy 

(allelochemistry) can be released into the 

environment through various mechanisms such 

as evaporation from leaves, roots and 

exudation from washing falling leaves and 

waste plants (Albuquerque, Santos, Lima, 

Filho, & Nogueira, 2011). Allelopathic 

compounds from a plant directly or indirectly 

can affect other plants' growth and production, 

both positively/stimulating and 

negatively/inhibiting, by releasing chemical 

compounds into the environment (Singh, 

Batish, & Kohli, 2003). Previous studies have 

shown that allelopathy in invasive plant 

species can affect other plants, including Aster 

lanceolatus Willd. (Nešić et al., 2016), 

Clidemia hirta (Ismaini, 2015), Imperata 

cylindrica (Yanti, Indriyanto, & Duryat, 2016), 

Spartina alternifolia (Duan, Liang, Li, & Zhou, 

2015), and Abutilon theophrasti (Šćepanović et 

al., 2007). One of the invasive species that 

inherits native plant communities is Dioscorea 

bulbifera L. 

Dioscorea bulbifera L. (Dioscoreaceae) 

belongs to the Global Weed Compendium and 

is an invasive plant that creates environmental 

problems in many parts of the world. 

According to Santosa et al. (2014), D. 

bulbifera (a collection plant) has spread out 

from some Bogor Botanical Garden areas by 

rapidly climbing a host tree, covering its 

branches and twigs, and reducing 

photosynthetic activity of a host plant. The 

other studies have shown that D. bulbifera 

influenced seed germination. Extracts of tubers 

and leaves of D. bulbifera successfully 

inhibited the germination of Polyalthia 

littoralis seeds (Oksari, Susanty, & Wanda, 

2019). D. bulbifera extracts could also reduce 

the germination rate of Amaranthus palmeri 

(Julia, 2014). Moreover, D. bulbifera is one of 

the most dominant invasive species in the 

Bogor Botanical Gardens which is harmful for 

the collection plants that become its host such 

as from the Dipterocarpaceae (Santosa et al., 

2014). 

The seeds of Shorea selanica (Lam.) 

Blume (Dipterocarpaceae) are recalcitrant 

(germinate quickly); hence they cannot be 

stored for a long time. Storage will reduce seed 

viability (ability to germinate) (Tata, Wibawa, 

& Joshi, 2008). Furthermore, S. selanica is a 

species with critical conservation status 

(critically endangered) (Ashton, 1998); native 

species of Maluku which has a distribution 

area from Maluku to the southwest of the 

region; and predominantly found at the 

lowland forest on well-drained soils at altitude 

of 150 m above sea level (Panjaitan, 

Wahyuningtyas, & Ambarwati, 2011). 

Currently, red meranti species such as S. 

selanica has become a promising type of 

meranti for planting programs, such as 

commercial planting, rehabilitation of 

degraded forests and reforestation of 

conservation area. Besides, the wood of S. 

selanica has been used as construction wood, 

boat decks, and torch material in the Maluku 

region (Panjaitan et al., 2011). The amount of 

wood utilization, its critical conservation status 

(critically endangered), the limited distribution 

area, and the recalcitrant nature of the seeds are 

reasons why the effort to support the 

preservation of S. selanica is urgently needed, 

namely by conserving seeds through utilization 

of the allelochemical of D. bulbifera for 

inhibiting its seed germination. 

MATERIALS AND METHODS 

This research was conducted from March 

2019 until May 2020 at the Biology and 

Chemistry Laboratory of the University of 

Nusa Bangsa and the Bogor Botanical 

Gardens-LIPI (Seed Bank). 

Materials 

The materials used in this study were 

plant parts (tubers and leaf) of D. bulbifera, 

seeds of S. selanica, methanol, chloroform, 

ammonia, 2 N H2SO4, Mayer Reagent, Wagner 

Reagent, Dragendorff Reagent, ethanol, 

anhydrous acetic acid, concentrated H2SO4, 
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Mg, concentrated HCl, distilled water, 1% 

FeCl3, tannic Acid, 5% Na2CO3, and Folin-

Ciocalteu Reagent. 

The equipment used in this study 

included a set of glassware, spray bottles, 

mortars, ovens, hot plates, water bath, 

binocular microscope, spectrophotometers, 60 

mesh sieves, shakers, and petri-dish, growth 

chamber, GC-MS, and filter paper. 

Procedure 

1. Extraction of Leaf and Tuber of D. 

bulbifera 

Fresh leaf and tuber of D. bulbifera 

(approximately 3.5 kg) were collected 

randomly from around Botanical Garden 

Conservation Center-LIPI, washed thoroughly, 

chopped, dried in an oven at temperature 60 C 

until dry (72 hours). The dried leaf and tubers 

were mashed to powder and sieved with 60 

mesh sieves. As much as 500 g of leaf and 

tuber powder was extracted with 2,000 mL of 

methanol at room temperature for ±3 days to 

be further evaporated to vaporize the 

remaining methanol in the extract. 

2. Qualitative Phytochemicals Assessment 

of The Leaf and Tuber of D. bulbifera 

Tuber and leaf extracts were tested for 

bioactive content based on a modified method 

(Harborne, 1984) and analyzed by GC-MS 

(phenol compound), allowing identification 

through a total ion chromatogram graph. 

Alkaloids 

A total of 1 mL of leaf and tuber extract 

was added with 5 mL of chloroform and 5 mL 

of ammonia, put into a test tube, divided into 

three, added with three drops of 2 N H2SO4, 

and left for several minutes to separate. The 

top of each filtrate was taken and tested with 

Mayer, Wagner, and Dragendorff Reagents. 

Samples contain alkaloids if they produce 

white, red, and brown deposits after the 

addition of Mayer Reagents, Dragendorff 

Reagents, and Wagner Reagents, respectively. 

Steroids/Terpenoids 

A total of 1 mL of leaf and tuber extract 

was added with 3 mL of ethanol and 5 mL of 

anhydrous acetic acid. Later, 10 drops of 

concentrated sulfuric acid were added 

(Liebermann-Burchard). Changes in color 

from purple to blue or green indicate the 

presence of steroids; the appearance of a 

brownish-red color between the surfaces 

suggests terpenoids. 

Flavonoids 

A total of 1 mL of leaf and tuber extract 

was added with 3 mL of ethanol and further 

heated. Then, 0.1 g of Mg and two drops of 

concentrated HCl were added. The red color in 

the ethanol layer indicates the presence of 

flavonoids. 

Saponin 

A total of 1 mL of leaf and tuber extract 

was put in a test tube, then heated in a water 

bath contained 10 mL of distilled water. The 

filtrate was shaken and allowed to stand for 15 

minutes. Durable (stabile) formed foam 

indicates the presence of saponins.  

Tannin 

A total of 1 mL of leaf and tuber extract 

was added with 10 mL of distilled water, 

heated in a water bath, and added with 2–3 

drops of 1% FeCl3. The appearance of green, 

dark blue, or greenish-black colors indicates 

the presence of tannins. 

Total Phenolic Content 

Measurement of total phenolic content 

carried out in this study was a modification of 

the method introduced by Andarwulan, 

Fardiaz, Wattimerz, and Shetty (1999). 

Preparation of tannic acid standard was 

conducted by dissolving 0.1 g of tannic acid 

into distilled water using a 25 mL measuring 

flask. Standard solutions at concentrations of 0, 

25, 50, 75, 100, and 125 mg/L were made. The 

total phenolic content test was done by 

dissolving 5 mL of extract in a 25 mL 

measuring flask filled with distilled water to be 

homogenized using a shaker. A total of 1 mL 

of the solution was taken and added with 1 mL 

of 50% Follin Ciocalteu, allowed to stand for 5 

minutes, added with 1 mL of 5% Na2CO3, and 

homogenized in the dark for 1 hour. The 

absorbance value was measured at 725 nm 

wavelength using a UV-VIS spectro-

photometer. 
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3. The Effect of Tuber and Leaf Extracts of 

D. bulbifera L. on S. selanica Seed 

Germination Test 

Preparation, Characterization, and 

Measurement of Seed Moisture Content 

The fruits of S. selanica that have been 

ripe physiologically were selected and further 

extracted. Moreover, the uniform seeds were 

selected, washed with clean water, and dried. 

Characterization of fruits and seed was 

descriptively described based on direct 

observation. The seed characters observed 

using a binocular microscope were the number 

of wings, color, weight, length, width, the 

thickness of seeds, and internal seed structure. 

Measurement of moisture content of seeds was 

done using the International Seed Testing 

Association (ISTA) of Constant Temperature 

Oven Method (2015). The formula applied to 

determine the seed moisture content (MC) is 

MC= (M3-M2)/(M2-M1) x 100%. In which 

M1 is the weight of the container used, M2 is 

the weight of the seed and the container before 

being placed in the oven, and M3 is the weight 

of the seed and container after being placed in 

the oven. 

Seeding 

The seeds were soaked in leaf and tuber 

extract of D. bulbifera for 60 minutes. Seeding 

was carried out in the growth chamber, and 

filter paper was used as the germination media. 

After soaking in the extracts, the seeds were 

taken and planted to result in ten seeds/petri 

dish. Observations of variable were conducted 

every two days. 

Variables observed in this study were 

germination capacity, first-day germination, 

last day germination, germination rate, and 

coefficient of simultaneity of germination. The 

formula used to calculate germination capacity 

(GC) is GC= n/N x 100%. In which, n= seeds 

that germinate; N= seeds that are germinated.  

The formula applied to calculate the 

germination rate (x) is x= ∑n x 100/∑(t x n). In 

which, n= seeds that germinate, t= day when 

the seeds germinate. The formula used to 

calculate the coefficient of simultaneity of 

germination= ∑n x 100/∑{(T-t)2 x n)}; where 

T= ∑(t x n)/∑n; Σn= the total number of seeds 

germinate; and t x n= n seeds that germinate on 

day t. 

Research Design 

The research applied a completely 

randomized design. Storage treatment of S. 

selanica (P) seeds: immersion of seeds to be 

stored with leaf and tuber extract of D. 

bulbifera  (concentrations of 0%, 25%, 50%, 

75%, and 100%) for 60 minutes with three 

replications. Each experimental unit consisted 

of 10 seeds, with a total of 300 observation 

units. 

Data analysis 

 The data obtained were analyzed using 

the Statistical Tool for Agricultural Research 

(STAR) program for variance testing with (F 

test) at 5% significance level. If the F test 

shows a significant effect, then the mean is 

further tested by Duncan's Multiple Range Test 

(DMRT) at the 5% level. 

RESULTS  

Secondary Metabolites in Dioscorea 

bulbifera L. Extract 

In this study, the source of allelopathy 

used was the leaves and tubers of the invasive 

plant D. bulbifera. Phytochemical screening 

tests were applied to identify secondary 

metabolites in the tubers and leaves of D. 

bulbifera extracted in methanol (Table 1).  

Table 1. Phytochemical screening test results 

Name of test 
Results 

Leaf Tuber Method 

Saponin + + Froth test 

Tannin + + FeCl3 

Flavonoid + +  

Steroid/terpenoid + + Liebermann-Burchard 

Alkaloid + - Mayer 

 + - Wagner 

 + - Dragendorff 

Description : (+) = the presence of phytochemicals; (-) = the absence of phytocemicals 
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Phenolic Compounds in Methanol Extracts 

of Leaves and Tubers of Dioscorea bulbifera 

L. 

 Phenolic compounds in the methanol 

extract of leaves and tubers of D. bulbifera 

were determined quantitatively and 

qualitatively. Quantitative determination was 

expressed in total phenolic value, while 

qualitative determination was expressed in the 

type of phenolic group of compounds. The 

total phenolic value of the extract was 

expressed as a tannic acid equivalent (TAE).  
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Figure 1. Tannic acid standard calibration curve tanat 

Total phenolics in leaf and tuber extracts 

were tested using tannic acid standards at a 

wavelength of 725 nm. The regression value 

obtained from the tannic acid standard curve 

was 0.9809, with a linear equation y = 0.149x - 

0.038 (Figure 1). Based on the calculations 

using a standard calibration curve of tannic 

acid, the results obtained are shown in Table 2. 

Table 2. Results of total phenolic calculations 

Sample Absorbance 
Concentration 

(mg/L) 

Total phenolic 

(mg TAE/g extract) 

Leaf 0.6160 4.389 2.19 ± 0.13 

Tuber 0.2475 1.916 0.96 ± 0.01 
 

 The phenolic compound in the 

methanol extract of leaf and tuber of Dioscorea 

bulbifera L. was determined using Gas 

Chromatography-Mass Spectroscopy (GC-

MS). Some phenolic compounds detected in 

GC-MS are shown in Table 3. Thus, the 

content of phenolic compounds obtained in this 

study was found to have allelopathic activity 

potential as seen from its effect on the 

germination of S. selanica seeds (Table 5). 

Characterization of Seeds of Shorea selanica 

(Lam.) Blume  

Seed characterization aims to provide 

information about the characteristics or 

morphological characters of germinated seeds 

(Figure 3). Information on seeds' moisture 

content of seeds can indicate the group or type 

of seed germinated. 

Table 3. Types of phenolic compounds in leaf and tuber extracts 

No. Sample extract Types of phenolic compounds 

1 Leaf Phenol 

  1,2-Benzenediol 

2 Tuber 2-Methoxyphenol 

  Phenol 

  Hidroquinon (1,4-Benzenediol) 

  1,2-Benzenediol 
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Figure 2. Chemical structure of phenolic compounds in methanol extracts of leaf and tuber of D. 

bulbifera

 
Figure 3. Shorea selanica (Lam.) Blume Seed 

Table 4. Recapitulation of the effects of concentration, extracts and their interactions on several 

Shorea selanica germination parameters 

Parameters 

Factors 

Concentration 

extract 

Source extract 

(leaf and tuber) 
Interaction 

Germination capacity * * * 

Coefficient of rate of germination * * * 

Coefficient of simultaneity * * * 

Note: *= Significantly different (F <0.05); ns= not significantly different (F >0.05) 

Table 5.  Recapitulation of test result of the effect of leaf and tuber extracts of D. Bulbifera on 

some germination parameters of S. selanica  

Concentration of tuber 

and leaf extract 

Germination 

capacity (%) 

F= 7.28  p= 0.0009 

Coefficient rate 

of germination 

F= 11.51   p= 0.0001 

Coefficient of 

simultaneity 

of germination 

F= 7.21    p= 0.0009 

Source extract: tuber D. Bulbifera  

0 90.00a ± 6.32 0.1700bc ± 0.0334 0.8042a ± 0.1228 

25 50.00b ± 6.32 0.1584bc ± 0.0334 0.8596a ± 0.1228 

50 36.67c ± 6.32 0.2244ab ± 0.0334 0.6080ab ± 0.1228 

75 10.00d ± 6.32 0.2500a ± 0.0334 0.5376b ± 0.1228 

100 10.00d ± 6.32 0.1310c ± 0.0334 0.4878b ± 0.1228 

Source extract: leaf D. Bulbifera  

0 93.33a ± 6.32 0.1621a ± 0.0334 0.8417a ± 0.1228 
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Concentration of tuber 

and leaf extract 

Germination 

capacity (%) 

F= 7.28  p= 0.0009 

Coefficient rate 

of germination 

F= 11.51   p= 0.0001 

Coefficient of 

simultaneity 

of germination 

F= 7.21    p= 0.0009 

25 16.67a ± 6.32 0.1429a ± 0.0334 0.9259a ± 0.1228 

50 0.00c ± 6.32 0.0000b ± 0.0334 0.0000b ± 0.1228 

75 0.00c ± 6.32 0.0000b ± 0.0334 0.0000b ± 0.1228 

100 0.00c ± 6.32 0.0000b ± 0.0334 0.0000b ± 0.1228 

Note: Numbers followed by the same letter are not significantly different at p <0.05 using DMRT

Effect of Leaf and Tuber Extracts of 

Dioscorea bulbifera L. on Shorea selanica 

(Lam.) Blume Seed Germination 

Based on the results of the analysis of 

variance (Table 4), it is known that the 

concentration of the extract, allelopathic 

sources, and interactions significantly affected 

the germination capacity, coefficient of the rate 

of germination, and coefficient of simultaneity 

of germination. To say, all concentrations of 

methanol extract from the leaf and tuber of D. 

bulbifera influenced the germination of S. 

selanica seeds. 

Based on the result of DMRT test at 5% 

significance level, methanol extract from the 

tubers and leaf of D. bulbifera significantly 

affected the germination capacity, coefficient 

of germination rate, and coefficient of 

simultaneity of germination. Furthermore, leaf 

methanol extract was observed to have greater 

effect on S. selanica seeds than tubers (Table 

5). 

DISCUSSION 

Secondary Metabolites in Dioscorea 

bulbifera L. Extract 

Secondary metabolites, including 

allelochemicals, are found in nature, one of 

which is obtained from the release of chemical 

compounds in plant tissues such as leaves, 

stems, roots, flowers, seeds, pollen, rhizomes 

shoots, and tree bark (Weston & Duke, 2003). 

In this study, the source of allelopathy used 

was the leaves and tubers of the invasive plant 

D. bulbifera. Phytochemical screening tests 

were applied to identify secondary metabolites 

in the tubers and leaves of D. bulbifera 

extracted in methanol. According to Torres, 

Velázquez, and Brito-Arias (2011), methanol 

is used as a solvent in extraction because of its 

polar nature with a polarity index of 5.1. 

Therefore, methanol can extract other 

compounds with a more diverse polarity. 

Secondary metabolites include saponins, 

tannins, flavonoids, steroids/terpenoids, and 

alkaloids. Junaedi, Chozin, and Kim (2006) 

reported that phenolic compounds, terpenoids, 

alkaloids, and steroids have allelopathic 

activity.  

Based on the phytochemical screening 

tests (Table 1), all secondary metabolites in 

leaf extract obtained positive result. Saponin, 

tannin, flavonoid, and steroid/terpenoid 

compounds were strongly detected, while 

alkaloid compounds were less strong. This 

result was indicated by the intensity of the 

concentration of different solutions. In tuber 

extracts, saponin, flavonoid, and 

steroid/terpenoid compounds were strongly 

detected, while tannins were less strong. 

Alkaloid compounds was not yet found in the 

tuber extract. Secondary metabolites found in 

the tuber and leaf of D. bulbifera have the 

potential as allelochemicals. As confirmed by 

Walton and Brown (1999) and Rice (1974), 

plant metabolites and allelochemicals can be 

further divided into three major groups: 

phenolic, terpenoids, and alkaloids. 

This is consistent with the results of 

Adeosun, Arotupin, Toba, and Adewole (2016) 

which showed that the ethanol extract of the 

tuber of D. bulbifera did not contain alkaloids. 

In the study of Oksari et al. (2019), D. 

bulbifera leaf and tuber extracted in distilled 

water also did not contain alkaloids. Those 

previous studies had similar results depicting 

that alkaloids are not synthesized as secondary 

metabolites in the leaves and tubers of D. 

bulbifera. The compounds detected strongly in 

the leaf and the tubers of D. bulbifera were 

flavonoid compounds. Flavonoids are one of 

the largest classes of phenolic compounds. In 

plants, phenolic compounds can be simple 

phenols, anthraquinones, phenolic acids, 
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coumarin, flavonoids, lignin, and tannins 

(Harborne, 1987). The existence of this 

phenolic compound needs to be further 

investigated concerning its role as an 

allelochemical compound. 

Phenolic Compounds in Methanol Extracts 

of Leaves and Tubers of Dioscorea bulbifera 

L. 

The total phenolic in leaf extract was 

more significant than that in the tuber extract 

of D. bulbifera (Table 2). Hence, the leaf 

extract contains higher total phenolic content. 

It is possibly due to the existence of organ that 

plays an essential role during photosynthesis in 

the leaves since leaves contain chloroplasts 

that function to capture sunlight. Exposure to 

sunlight will increase the production of 

secondary metabolites; however, excessive sun 

exposure will decrease causes the production 

of secondary metabolites (Ibrahim & Jaafar, 

2012). 

Oksari et al. (2019) reported that the 

leaves and tubers of D. bulbifera extracted in 

distilled water had a smaller value compared to 

the results of this study. This difference might 

be caused by environmental factors, solvent 

factors, and the amount of extract used. Borges 

et al. (2013) mentioned that environmental 

factors, such as soil composition, temperature, 

rainfall, and ultraviolet radiation can affect the 

concentration of phenol components. Also, 

polar solvents like water could attract more 

polar phenolic compounds than non-polar 

phenolic compounds. According to 

Abdelwahab et al. (2009), the total phenolic 

content will be different if extracted with other 

solvents. 

The GC-MS is a method of separating 

organic compounds using two compound 

analysis methods (Table 3). Gas 

chromatography is a spectroscopic technique 

which separates mixtures based on the 

different migration rates of constituent 

components. Gas chromatography is 

commonly used to identify a compound in a 

gas mixture and determine the compound 

concentration in the gas phase. Mass 

spectroscopy is a method for obtaining 

molecular weight by finding the ratio of mass 

to charge of ions whose charge is known by 

measuring the circular orbit radius in a uniform 

magnetic field (Pavia, Lampman, Kriz, & 

Engel, 2006).  

In this study, phenolic compounds in leaf 

extracts consisted of only two types, namely 

phenol and 1,2-benzenediol. However, total 

phenolic content in leaf was higher than that in 

tuber. Tuber extract had 4 types of phenolic 

compounds with two compounds that were 

similar to phenolic compounds in leaf extracts, 

namely phenol and 1,2-benzenediol, while the 

other compounds were hydroquinone (1,4-

benzenediol) and 2-methoxyphenol (Figure 2). 

The mechanism of allelopathy will be related 

to the content of phenolic compounds in a 

plant. It will be closely related to the enzymes 

released by the plant and its physiological 

processes (Einhellig, 2004).  

Characterization of Seeds of Shorea selanica 

(Lam.) Blume  

Based on observations of morphological 

characters, S. selanica seed is an oval-ellipse 

shape with ptero (wing) (Figure 3). The seeds' 

length ranged from 17.40 to 20.05 mm with an 

average of 18.6625 ± 0.759523 mm; seed 

diameter ranged from 9.20 to 11.60 mm with 

an average of 9.991667 ± 0.754933 mm, while 

seed weight ranged from 0.5399 to 0.9665 g 

with an average of 0.697883 ± 0.123719 mm. 

The average moisture content of P. littoralis 

after direct harvesting was 14.40759 ± 

2.485845%. According to Hong, Linington, 

and Ellis (1998), S. selanica seeds are 

recalcitrant seeds since S. selanica seeds have 

several morphological and physiological 

characteristics as a sign of recalcitrant seeds. 

Effect of Leaf and Tuber Extracts of 

Dioscorea bulbifera L. on Shorea selanica 

(Lam.) Blume Seed Germination 

The response of these chemical 

compounds depends on the concentration of 

the extract used (Einhellig, 1986); because, in 

some cases, allelochemicals can delay plant 

growth at high concentrations and increase 

plant growth at low concentrations (Subtain et 

al., 2014). In this study, it was seen that the 

higher the concentration of the extract, the 

more it inhibited seed germination (Table 5). 

Oksari et al. (2019) showed a similar result of 

extract of the tubers and leaves of D. bulbifera 

at concentrations of 20, 60, 80, and 100% 

which had a significant effect on the 
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germination of Polyalthia littoralis seeds. 

Previous studies of Ahmed, Mashaly, Ziada, 

and Deweeb (2015), Sharma, Rathore, 

Srinivasan, and Tyagi (2014) also indicated 

that a plant extract would significantly affect 

other plants. Simply stated, allelopathy can 

inhibit plant growth due to the release of these 

chemicals (Willis, 2007). 

Allelopathic sources also influence plant 

growth, especially for seed germination. 

According to Rice (1995), some organic 

compounds that are inhibiting at one level of 

concentration can provide a stimulatory effect 

at another concentration level. Hence, different 

sources of allelopathy will lead to different 

impact caused. The source of allelopathy in 

this study is the invasive plant of species D. 

bulbifera L. This plant is known to cause many 

environmental problems expectedly due to the 

release of chemical compounds which affect 

the growth and development of surrounding 

plant. This condition is supported by its rapid 

growth to cover the branches and twigs of its 

host plant which can interfere with the 

photosynthetic activity of the host plant 

(Santosa et al., 2014). 

Furthermore, the source of allelopathy 

found in a plant also shows differences in 

allelochemicals obtained and their effects. In 

this study, the leaves of D. bulbifera produced 

two phenolic compounds, while the tuber 

produced four phenolic compounds (Table 3). 

However, at the same concentration, phenolic 

compounds in leaves had a significant effect 

while those in tubers did not (Table 5) due to 

higher phenolic content in leaves than in the 

tubers (Table 2). Research conducted by 

Oksari et al. (2019) also showed similar results 

(phenolic levels in D. bulbifera leaves were 

higher compared to tubers) despite different 

solvents (distilled water) used. 

Allelopathic interaction could be one of 

the significant factors that contribute to species 

distribution and abundance in plant 

communities besides playing important role in 

the success of invasive plants (Chou, 1999; 

Mallik, 2003; Field, Jordán, & Osbourn, 2006; 

Inderjit, Callaway, & Vivanco, 2006; Zheng et 

al., 2015). In this case, there is a relationship to 

interactions that give rise to competition in 

terms of taking and reducing several growth 

factors (water, nutrients, light) from the 

environment (Rice, 1995; Qasem & Foy, 

2001). This interaction is seen from the effect 

of allelopathy, which is thought to be 

influenced by several factors, including extract 

solvents and test species. This statement was 

supported by Oksari et al. (2019) that distilled 

water extracts from tuber and leaves of D. 

bulbifera on Polyalthia littoralis seed only 

significantly affected germination rate and 

germination speed coefficient; while 

allelopathic sources (leaves and tubers) and 

interactions obtained from D. bulbifera did not 

affect germination capacity, germination rate 

coefficient, and germination simultaneity 

coefficient. Furthermore, allelochemicals are 

selective in inhibiting seed germination and 

will also have different effects on a species' 

seeds (Einhellig, 1994). In the study of 

Nornasuha et al. (2012), methanol extracts 

from the tubers of Dioscorea hispida Dennst 

showed a different response in each test 

species where only one test species was 

inhibited by germination, namely Amaranthus 

sp. Meanwhile, in general, species other than 

Amaranthus sp. (Brassica sp., Cucumis sp., 

and Raphanus sp.) were stimulated by 

germination of methanol extracts from the 

tubers of Dioscorea hispida Dennst. However, 

the allelochemical effect had a significant 

impact on root length in all test species. 

Concentration of 75% and 100% was 

found to result in the lowest seed viability 

reduction with an average germination rate of 

10.00 ± 6.32% (in tuber extracts) and 0.00 ± 

6.32% (in leaf extracts) (Table 5). As 

confirmed by Usman, Taiwo, Ogono, and 

Osoniyi (2014), methanol extracts from the 

tubers of Dioscorea dumetorum Kunth affected 

seed germination by 25% (20 mg/mL) to 75% 

(80 mg/mL). Similarly, the study of Sitthinoi, 

Lertmongkol, Chanprasert, and Vajrodaya 

(2017) found that the methanol extract of 

Echinochloa colona L. (Link) had a 50% 

significant effect on germination and growth of 

rice tillers compared to hexane and 

dichloromethane solvents. Therefore, methanol 

has a considerable impact on inhibiting seed 

germination. 

Moreover, as presented in Table 5, leaf 

methanol extract is seen to have more effect on 

S. selanica seeds because the leaves have 

higher phenol content than tubers (Table 2). 
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This can affect germination speed, hence 

inhibiting or slowing down metabolism during 

germination (Ferreira & Borguetti, 2004). 

Based on these studies, the extract of leaves 

and tubers of D. bulbifera could influence the 

germination of plants with recalcitrant seeds. A 

study conducted by Oksari et al. (2019) 

showed that extracts of the leaves and tubers of 

D. bulbifera had effect on P. littoralis seeds. 

Therefore, slow germination of seed might 

indicate the presence of allelochemicals which 

could reduce the speed of distribution and 

translocation of nutrients of endosperm 

components to the embryo. Rice (1974) 

reported that allelopathic effects on plant 

germination and growth can occur through a 

variety of mechanisms including reduction of 

mitotic activity in roots and hypocotyls, 

suppression of hormone activity, reduction of 

ion absorption rates, inhibition of 

photosynthesis and respiration, inhibition of 

protein formation, and decreased permeability 

of cell membranes, also inhibition of enzyme 

action. 

Phytochemical results of allelopathy can 

inhibit plant germination, thus interfering with 

cell division and the mechanism of energy 

transfer besides limiting the absorption of 

water and nutrients (Abu-Romman, Shatnawi, 

& Shibli, 2010). Inhibition of seed germination 

in S. selanica plants was resulted from 

inhibition caused by phenolic compounds 

(flavonoids) in the extract of D. bulbifera. 

Phenolic is the metabolite most frequently 

reported to play a role in higher plants' defense 

mechanisms, with varying toxicity, and 

influences cell function (Haig, 2008). Thus, 

seed germination can be inhibited by plant 

tissue's natural substances (Devlin & Witham, 

1983; Abozeed, 1990; Gill, Nyawuame, & 

Ehikhametalor, 1992). In addition, phenolics, 

terpenoids, and alkaloids released from these 

plants have an inhibitory effect on germination 

and sapling growth (Sahoo, Jeeceelee, 

Lallinrawna, & Muthukumaran, 2015). This is 

consistent with the study results where three 

chemical compounds were found in S. selanica 

leaves, while no alkaloids were observed in S. 

selanica tubers. 

 

 

CONCLUSION 

In this study, the methanol extract of 

Dioscorea bulbifera L. leaves contained 

steroids/terpenoids, alkaloids, flavonoids, 

saponins, and tannins. In contrast, alkaloids 

were not found in the methanol extract of 

Dioscorea bulbifera tubers. Total phenolic in 

leaf extract reached 2.19 ± 0.13 mg TAE/g 

extract, while the tuber extract had a total 

phenolic of 0.96 ± 0.01 mg TAE/g extract. 

Phenolic compounds in leaf extracts were 

observed to consist of two types, namely 

phenol and 1,2-benzenediol. Moreover, tuber 

extract had four types of phenolic compounds. 

Two compounds of the same type as the 

phenolic compounds in leaf extracts were 

found to be phenol and 1,2-benzendiol, while 

the other compounds identified were 

hydroquinone (1,4-benzendiol) and 2-

methoxyphenol. Leaf extract was considered 

more preferable than tuber extract for 

germination S. selanica seed. Methanol extract 

from the tubers and leaves of D. bulbifera 

significantly affected the germination capacity, 

coefficient rate of germination and coefficient 

of simultaneity of germination. Concentration 

of 75% and 100% was found to result in the 

lowest seed viability reduction with an average 

germination rate of 10.00 ± 6.32% (in tuber 

extracts) and 0.00 ± 6.32% (in leaf extracts). 
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