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Abstract. Alharits L, Hemelda NM, Yasman, Handayani W. 2020. Allelopathic activity of Dendrophthoe pentandra as a potential
bioherbicide to inhibit seed germination and seedling growth of Eleusine indica. Nusantara Bioscience 12: 33-39. Dendrophthoe
pentandra (L.) Mig. is a common parasitic plant in Southeast Asia. As a parasitic plant, it exhibits phytochemicals important for
infecting its host, which may be potential as bioherbicide. This study was aimed to evaluate allelopathic activity of D. pentandra (stem
and leaf extracts) to control Eleusine indica (L.) Gaertn. seed germination and growth. Methanolic extracts of D. pentandra stem and
leaf (0, 1, 2, 3, 4 and 5 mg/mL in water) were treated on E. indica seeds in a petri dish for 10 days. After 10 days, germination of treated
E. indica seeds was significantly reduced and reached >80% inhibition at 5 mg/mL. Moreover, E. indica roots were more sensitive
compared to E. indica shoots, indicated by root inhibition >50% at 1 mg/mL and reached >90% inhibition at 5 mg/mL. Leaf extract
presented stronger inhibition than stem extract, but not significant. It may be related to the higher accumulation of phenolic and
flavonoid compounds in leaf extract than in stem extract. This is the first report of allelopathic activity in D. pentandra to inhibit E.
indica germination and growth. Therefore, further study in a greenhouse, as well as metabolism effects of D. pentandra on the target

weeds are important to provide comprehensive evaluation of D. pentandra potential as bioherbicide.
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INTRODUCTION

Weeds are one of the problematic issues in agriculture.
Weeds are responsible for crop yield loss because they
compete with the crop plants, harbor pests, and reduce the
seed crop quality (Zimdahl 2007). In India, weeds are
reported responsible for economic losses about USD 4420
million only from rice yield loss (Gharde et al. 2018).
Synthetic herbicides are often selected as the solution in
controlling weeds. However, their long term usage brings
adverse effects on both human and environment (Qasem
2011).

For those reasons, bioherbicides are considered as an
alternative solution to reduce the use of synthetic
herbicides. As bioherbicides contain natural compounds,
they are harmless to both human and environment (Dayan
and Duke 2014). One of the potential sources for
bioherbicidal compounds comes from plants. Plants
produce allelochemicals, such as phenols, tannins, (Zaidi et
al. 2008), alkaloids, saponins (Widiyastuti et al. 2011),
terpenoids, flavonoids (Shaikh et al. 2016), and coumaric
acid (Selvi et al. 2018). Those compounds are reported to
have herbicidal traits, such as able to inhibit cell division
(Soltys et al. 2011) and decrease photosynthetic rate of
other plants (Chen et al. 2018).

Dendrophthtoe pentandra (L.) Mig. is a common
parasitic plant in Southeast Asia (Giesen et al. 2006) with
broad spectrum of host plants (Sunaryo 2008). Despite

being an undesirable plant, D. pentandra is reported
containing many potential biocompounds, such as
alkaloids, flavonoids, saponins and triterpenoids (Fitrilia et
al. 2015), also exhibits many bioactivity, such as
antioxidant (Fitrilia et al. 2015), anti-diabetic (Fitrilia et al.
2017), anti-bacteria (Anita et al. 2014) and anti-cancer
(Yee et al. 2017). Based on its chemical contents, there is a
possibility that D. pentandra is potential for bioherbicide.

There is no information yet about D. pentandra
allelopathic activity. However, some of parasitic plants are
reported possessing allelopathic or herbicidal activity
(Zaidi et al. 2008; Othman et al. 2012; Sumariono et al.
2016), including one of D. pentandra related species, D.
falcata (Priya and Neelamegam 2016). Moreover, like any
other parasitic plants, D. pentandra branch clusters along
with the infected host branches are often pruned to remove
them from the host trees (Lichter et al. 1991; Maffei et al.
2016). They were then treated as less economically
valuable organic trashes for mulch or compost production
(Watson 2018). Such condition provides abundant sources
of D. pentandra that would be perfect for D. pentandra
utilization as bioherbicide.

Therefore, this study was aimed to evaluate the
allelopathic activity of D. pentandra stem and leaf extract
to control weeds germination and growth. In this study,
Eleusine indica (L.) Gaertn. was selected as the weeds
model because E. indica has been known to disturb many
important crops such as soybean, rice, and corn (Sandoval
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and Rodriguez 2014). This study was also expected to be a
preliminary study of D. pentandra application as a
potential bioherbicide.

MATERIALS AND METHODS

Plant materials

Dendrophthoe pentandra stem and leaf simplicia
collected in August 2018 were used in this study. Leaves
and tender stems of D. pentandra were collected from a
Bauhinia purpurea host tree in Universitas Indonesia
campus, Depok, West Java. All collected leaves were green
and did not show any disease symptoms or herbivore bites,
and only mature leaves were collected. All collected stems
were tender and green, but brownish stems with hard skin
were excluded. Eleusine indica was also collected from
Universitas Indonesia campus, Depok, West Java. Only
inflorescences with mature seeds were collected for
germination test. For identification, a D. pentandra branch
with leaves and inflorescences, and a whole plant of E.
indica were sent to the Indonesian Institute of Sciences.

Experimental design

This study used completely randomized design with
two independent variables: (i) extract sources (stem and
leaf), and (ii) concentration series of 1, 2, 3, 4, and 5
mg/mL of each extract, and three dependent variables: (i)
seed germination, (ii) shoot length, and (iii) root length.
There were total 12 treatment groups, including five groups
treated with various concentrations of stem extract (S1, S2,
S3, S4, and S5), five groups treated with various
concentrations of leaf extract (L1, L2, L3, L4, and L5), one
group of negative control (NC), and one group treated with
herbicide (Calaris) (H). Each treatment group was
performed on three petri dishes consisted of 90 seeds of E.
indica.

Procedures
Sample preparation and extraction

Dendrophthoe pentandra stems and leaves simplicia
were grounded and filtered through T32 mesh filter to
produce uniform-sized powder. The powder was then
extracted by maceration method (Ncube et al. 2008). A
total of 50 g powder of each organ was extracted in 1 L of
methanol for 3 times in 72 hours. The mixture was filtered
and evaporated using rotary evaporator to obtain the crude
extract. Extract was then dried inside the oven at 40°C until
they reached constant weight indicating that the extract was
free from the organic solvent. Both of the extracts were
used for allelopathic activity assay and quantitative
phytochemical measurements.

Eleusine indica seed pretreatment

Eleusine indica seeds were peeled by rubbing them
with hands gently. After the seed coats were completely
removed, the seeds were tested for their viability according
to Kanzler and Van Staden (1984) with some
modifications. Briefly, seeds were immersed in 1% of 2,3,5
triphenyltetrazolium chloride for 24 hours in dark

conditions. Seeds that turned into pink or red were
considered viable and selected for the next step. Viable
seeds were soaked in sterile distilled water for 24 hours for
imbibition, followed by surface sterilization step using
5.25% natrium hypochlorite (NaClO) solution for 10
minutes. Sterile seeds were rinsed with sterile distilled
water 4 times to clean the seeds from NaClO residue. Then,
seeds were dried at room temperature for 1 hour before
proceeded for allelopathic activity assay.

Allelopathic activity assay

Allelopathic activity assay was carried out using petri
dish assay method according to Taban and Saharkhiz
(2015) with some modifications. Briefly, D. pentandra
stem and leaf methanolic extracts were re-diluted in sterile
distilled water into various concentrations (1, 2, 3, 4 and 5
mg/mL) until they reached homogenous condition. A total
of 30 viable and sterile seeds of E. indica were placed on
two layers of filter paper no. 100 in a 9-cm diameter petri
dish. Then, 5 mL of each extract concentration was added
carefully to the filter paper. Petri dish was sealed with
parafilm to prevent volatile compounds escape from the
petri dish. For negative control, 5 mL of sterile distilled
water was used to substitute the extract. Meanwhile, for
positive control, 5 mL of 0.47% herbicide Calaris was used
instead of the extract. Each treatment was carried out in
three petri dishes.

Petri dishes were incubated at growth chamber for 10
days with temperature between 18°C to 28°C, 3350 lux
light, and 12 hours photoperiodism. Germinated seeds were
observed daily. At the end of incubation, total seed
germination, shoot length, and root length was measured.
Only seeds emerging >2mm of embryo were considered
germinated (Tobe et al. 2000).

Total phenolic and flavonoid contents

To investigate the phenolic and flavonoid contents of
stem and leaf extracts of D. pentandra, total phenolic
content (TPC) and total flavonoid content (TFC) analysis
were carried out. Follin-Ciocalteu reagent assay was
performed for TPC measurement (Al-Matani et al. 2015)
with some madifications. Briefly, gallic acid (GA) standard
solutions (12.5, 25, 50, 100 and 200 ppm) were prepared
for GA standard curve. Then, each of stem and leaf crude
extracts (10 mg) was diluted in 10 mL of pro analysis
methanol. Approximately 0.2 mL of extract solution or
standard solution was placed in a 15 mL test tube. After
that, 1.8 mL distilled water and 0.1 mL Follin-Ciocalteu
reagent were mixed to each solution. All solutions were
homogenized and incubated in dark conditions for 5
minutes. Then, 1 mL Na,CO; 5% was added to each
mixture and homogenized with vortex. The mixture was
then diluted with water to reach 5 mL of solution volume.
The mixture was incubated in dark conditions for 60
minutes. The absorbance of extract and standard solutions
were examined against a reagent blank by Uv-Visible
spectrophotometer at 750 nm. Each of the standard
concentrations and extracts was performed in triplicate.
The total phenolic content of D. pentandra stem and leaf
extracts were expressed in Gallic Acid Equivalent



ALHARITS et al. — Allelopathic activity of Dendrophthoe pentandra 35

(GAE)/100g.
The AICIl; assay was performed for TFC analysis
according to Al-Matani et al. (2015) with some

modifications. Briefly, quercetin (Q) standard solutions
(12.5, 25, 50, 100 and 200 ppm) were prepared for Q
standard curve. Each stem and leaf crude extract (10 mg)
was diluted in 10 mL of pro analysis methanol.
Approximately 0.25 mL of extract solution or standard
solution was placed in a 15 mL test tube. After that, 1.25
mL distilled water and 75 uL of NaNOs 5% solution were
mixed to each solution. All solutions were homogenized
with vortex and incubated in dark conditions for 6 minutes.
Then, 150 pL AIClz 10% solution was added to each
mixture. All mixtures were incubated in dark conditions for
5 minutes. Each mixture was added with 0.5 mL NaOH 4%
solution and 275 pL distilled water. The mixtures were
mixed well and the absorbance of each mixture was
examined against a reagent blank with UV-Visible
spectrophotometer at 510 nm. Each of the standard
concentrations and extracts was performed in triplicate.
The total flavonoid content of D. pentandra stem and leaf
extracts were expressed in  Quercetin  Equivalent
(QE)/100g.

Data analysis

Germination and seedling growth data were tabulated at
an examination sheet. Then, the data were analyzed with
one-way analysis of variance (ANOVA) test (p<0.01).
After that, the means values were compared with LSD test
as a post hoc analysis. All statistical analysis was
performed using SPSS software ver. 21.

RESULTS AND DISCUSSION

Allelopathic activity of Dendrophthoe pentandra
extracts inhibiting Eleusine indica seed germination

Allelopathic activity of D. pentandra stem and leaf
extracts were evaluated based on its ability to inhibit the
germination of E. indica. Both of the extracts showed a
concentration-dependent  germination inhibition. The
germination inhibition was higher gradually along with the
application of higher concentration. Germination of E.
indica seeds was reduced by more than 50% when treated
with >3 mg/mL of either stem or leaf extract. Moreover,
treatment of >4 mg/mL of leaf extract were able to reduce
the germination of more than 90% (Figure 1.A).

Stem extract significantly reduced the germination of E.
indica seeds in the lowest concentration of each extract (1
mg/mL) while leaf extract presented significant reduction
of E. indica seed germination from 2 mg/mL. Both of the
extracts presented stronger inhibition in  higher
concentrations (4 and 5 mg/mL) compared to those in low
concentrations (1 and 2 mg/mL). In addition, high
concentration treatment tended to presented similar
inhibition levels with herbicidal treatment. Leaf extract was
observed to give similar inhibition effects with herbicidal

treatment at 4 and 5 mg/mL. However, on stem extract,
such inhibition was only observed at 5 mg/mL (Figure 1B-
C).

To investigate whether the extract sources (stem or leaf)
affected the germination inhibition of E. indica seeds, one-
way ANOVA was performed to compare the means of
germination of seeds treated with both extracts on each
concentration. The result showed that germination of seeds
treated with stem and leaf extracts did not differ
significantly on each concentration (Figure 1D). However,
leaf extract was able to inhibit more seeds than stem
extract.

Effect of Dendrophthoe pentandra extracts on Eleusine
indica seedling growth

Dendrophthoe pentandra extract treatments did not
only inhibit the germination of Eleusine indica, but also
affected the morphology of the seedlings. Based on
morphological observation, seeds treated with both of the
extracts appeared to germinate and grow shorter shoots and
roots compared to those of negative control treatment
(Table 1). In addition, the color of roots changed from
white to brownish, and appeared darker along with the
higher concentration. In high concentrations, the roots were
even dried and fragile. Similar changes were also observed
in roots of seedlings treated with herbicide.

However, we did not observe any changes in the shoot
color of extract-treated seedlings. Even though the length
of the shoots tended to be shorter, the color still appeared
green, similar to the shoots of negative control seedlings.
On the contrary, in herbicidal treated seedlings, all of the
seedlings were observed having white-colored shoots.

To investigate the effect of D. pentandra stem and leaf
extracts on seedling growth of E. indica, one-way ANOVA
followed by LSD test was performed on the root and shoot
length of treated seedlings and negative control seedlings.
However, only negative control seedlings and seedlings
treated with 1 and 2 mg/mL of each extract were compared.
Seedlings treated with 3, 4 and 5 mg/mL of each extract
were excluded because of fewer seedlings available for
those concentrations.

Stem and leaf extract treatments were observed to
inhibit shoot and root growth of E. indica seedlings. Based
on LSD test, D. pentandra stem and leaf extract did not
significantly affect the shoot growth at 1 mg/mL
concentration, even though the shoot growth was reduced
for more than 10% inhibition in treated seedlings. At 2
mg/mL concentration, leaf extract affected shoot growth
significantly while stem extract did not. Meanwhile, stem
and leaf extract treatments were able to significantly inhibit
the root growth for more than 50% inhibition at the lowest
concentration. However, the effect of both stem and leaf
extract treatments was not significant between 1 mg/mL
and 2 mg/mL (Figure 2A-B). The effect of both extracts
was continuously stronger as the treatment concentrations
were higher.



36 NUSANTARA BIOSCIENCE 12 (1): 33-39, May 2020

A 100
90
80 | e
0 S < S
= 060
j'l;’ 50
S o [ A~ Stem extract
30
20 —{+— Leaf extract
10
O |_|-7I
0 1 2 3 4 5
Concentration (ing/mL)
B Stem extract C Leaf extract
80 . 80 a
70 { 70 ‘][ a
5 60 T s 60 %
e -
; 50 5% EA) 8 50 o
< A k4 —
T w0 - S 40
E m g
2 30 - e E 30
: 1K E ‘
o] 20 % % od o
‘ U a7
10 é g i; 5/; md 10 A e - d
o L L S
, HAEAENn ) 1l @ & L
‘ ) 5 NC 2 3 4 5 H
NE &.‘onceﬁtraﬁd‘n(1112:‘111L) ) H Concentration (mg/'mlL)
D 30
a a :
Negative
70 {I} {; D control
60 7] Stem
s extract
= 50
2 ™ Leaf
§ 40 extract
53 b B sebicide
~ 20 b
b 77
10 ¢ c % b
0 7
1 2 3 4 5

Concentration (mg/mL)

Figure 1. Germination of E. indica seeds. Germination inhibition (A), germination of seeds treated with stem extract (B), germination of
seeds treated with leaf extract (C), and comparison between germination of seeds treated with stem and leaf extracts in each
concentration (D). NC, negative control; H, herbicide. One-way ANOVA followed by LSD test, p<0.01 was used to determine the

significant differences between groups

To investigate whether the extract sources (stem and
leaf) affected the growth inhibition level, one-way
ANOVA followed by LSD test was performed on the three
groups: water treatment (negative control), stem extract
treatments, and leaf extract treatments on each
concentration of 1 mg/mL and 2 mg/mL. Both of the
extracts presented similar power of inhibition at
concentration of 1 and 2 mg/mL, in both shoot and root
growth (Figure 2C-D).

Phenolic and flavonoid contents of Dendrophthoe
pentandra

As phenolic and flavonoid compounds are often related
to the bioactivity of a plant, the total phenolic and
flavonoid contents were investigated in stem and leaf
extract of D. pentandra. Based on TPC and TFC analysis,
both of the stem and leaf extracts contained similar content
of phenolic and flavonoid extract. However, leaf extract
presented higher in both phenolic and flavonoid content
(Table 2).
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Table 1. Morphological measurement of Eleusine indica seedling growth

Treatment Concentration Number of Shoot Root
(mg/mL) seedlings Length (mm) % inhibition* Length (mm) % inhibition*
Negative control N/A 60 6.90 £ 2.22 0.00 10.77 £5.65 0.00
Stem extract 1 45 6.03+2.14 12.64 3.42 +2.17 68.26
2 44 5.24 £ 1.75 24.05 3.04 £ 2.07 71.81
3 15 3.83+1.85 44.44 1.63 +1.72 84.83
4 16 2.86+0.78 58.54 0.72 £ 0.55 93.36
5 11 2.35+0.93 65.96 0.74 £0.33 93.12
Leaf extract 1 50 6.01 +1.85 12.97 4.42 +1.56 58.94
2 37 4.07 £ 2.00 41.00 2.71+213 74.88
3 14 3.84 £ 1.59 44.36 2.33+1.77 78.38
4 4 2.56 + 1.02 62.93 0.84 £0.10 92.16
5 3 2.36 £ 0.99 65.76 0.40 £ 0.36 96.33
Herbicide 0.47% 2 442 +1.63 35.89 0.74 (0.07 93.12

Note: N/A, not available; *Percentage of inhibition was calculated over negative control values.

Table 2. Total phenolic and flavonoid contents of Dendrophthoe pentandra stem and leaf extracts

Extract sources Total phenolic content (mg GAE/Q) Total flavonoid content (mg QE/g)
Leaf 35.68 £0.51 113.27 £ 4.04
Stem 31.22 £0.74 98.27 £7.51

Note: GAE, gallic acid equivalent; QE, quercetin equivalent
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Figure 2. Dendrophthoe pentandra extracts effect on Eleusine indica seedlings growth. Graphs are presented based on the extract
sources (A-B), and each concentration (C-D). One-way ANOVA followed by LSD test, p<0.01 was used to determine the significant
differences between groups
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Discussion

Dendrophthoe pentandra stem and leaf extracts were
confirmed to have allopathic activity in this study, because
they were able to inhibit seed germination and seedling
growth of Eleusine indica. Allelochemicals of D.
pentandra may be responsible for inhibition of germination
and growth. Allelochemicals are reported to affect
important  physiological processes in  germination.
Nicotiana plumbaginifolia leachate was reported to
decrease the relative water content, giving the effect of
water stress on Zea mays seedlings (Singh et al. 2009).
Moreover, allelochemicals are able to reduce the activity of
enzymes which are important for germination. Eupatorium
odoratum and Beta vulgaris extracts are able to reduce
amylase activity which is important in hydrolyzing
endospermic starch into maltose (Hegab et al. 2008;
Madane and Patil 2017). As the starch is hydrolyzed slowly
because of amylase degradation, germination process will
be delayed (Joshi 2018; Radhakrishnan et al. 2018).

Many works have been established in plant extract
utilization to inhibit E. indica seed germination. Capsicum
annuum water extract was reported to inhibit 100% of E.
indica seed at 20 mg/mL (Chuah et al. 2011), Mucuna
bracteata leaf water extract inhibited 62.5% at 16.7 mg/mL
(Halimshah et al. 2015), and Pueraria javanica leaf water
extract inhibited 70% at 16.7 mg/mL. Compared to those
plants, D. pentandra methanolic extract presented higher
inhibition (>80% at 5 mg/mL). However, the solvent used
for extraction may also affect the level of bioactivity of a
plant extract. Methanol as a solvent is able to extract more
phenolic and flavonoid compounds than water (Do et al.
2013).

Beside inhibiting germination process of E. indica, D.
pentandra extracts also inhibited the seedling growth.
Eleusine indica roots were more sensitive to the extract
treatments than shoots. Treatment with the lowest
concentration inhibited the root growth by more than 50%.
Similar result was also observed in Xanthium strumarium
extract inhibiting the cell division and elongation process
of root apical part (Mukherjee and Dalal 2015). Cell
mitosis inhibition and abnormalities mitosis in root also
observed on Allium cepa root treated by Aglaia odorata
ethyl acetate fraction which disrupted chromatin
organization and mitotic spindle (Teerarak et al. 2012).

Stem and leaf extracts of D. pentandra presented
similar power in inhibiting seed germination and seedling
growth of E. indica even though leaf extract showed
greater inhibition than stem extract. Several studies also
obtained similar results, such as in Melilotus indicus
(Mousavi et al. 2013) and Achillea bieberstenii (Romman
2016), that leaf extract gave more inhibition effect than
stem extract. This different level of inhibition may be
related to accumulation of phytochemical compounds in
leaves. Leaves often accumulate more secondary
metabolites than stems (Chon et al. 2006). The
accumulation of certain secondary metabolites such as
flavonoids, phenols, and tannins in Jatropha curcas, were
reported related to stronger inhibition of germination in leaf
extract-treated seeds than in stem extract-treated seeds
(Tomar et al. 2015).

Those information also support our result that D.
pentandra leaf extract provided more flavonoid and
phenolic compounds than stem extract, which may be
responsible for the difference of inhibition level between
stem and leaf extracts. Naturally, phenolic and flavonoid
accumulation in leaf take a great role in defense
mechanisms against herbivores (Kang et al. 2010) and
allelopathy mechanism (Xuan et al. 2005).

In conclusion, D. pentandra stem and leaf extracts
presented allelopathic activity making them potential for
bioherbicide. The mechanisms of action may be related to
inhibition of germination and root growth. This is the first
report of D. pentandra potential as a bioherbicide.
However, some plant extracts may affect other plants
differently (Radhakrishnan et al. 2018). Therefore, further
studies related to greenhouse trial and the metabolism
effects of D. pentandra on the weeds should be important
to provide comprehensive evaluation of D. pentandra
potential as bioherbicide.
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