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Mikania scandens a rapidly spreading weed of asteraceac was characterised through analysis of
moisture content, bioorganics including photosynthetic pigments (chlorophylls and carotenoids),
primary metabolites (total soluble sugar, total protein and lipid), total phenol and major elements
(carbon, nitrogen, phosphorous, calcium, potassium and iron) in various bioparts. The distribution of
primary metabolites followed almost similar pattern irrespective of the bioparts (lipid < protein <
soluble sugar). Phenol remained high in the leaf. Major elements recorded a distribution pattern with
C>N>Ca >K>Fe>Na>Pinleaf, C>N>Ca>K >Fe>Na>P instemand C>N>Fe>K>Ca
> Na > P in root. Bioassay conducted with aqueous extract/ leachate/ dry powder extract on the
germination of Vigna radiata exhibited significant decrease in the rate of germination, radicle and
shoot length, MGT, Gl and VI as compared to control irrespective of the treatments viz., concentration
and biopart. Same biopart of the weed exhibited differential allelopathic effect on the radicle and
shoot growth of the legume. The treatment of fresh stem extract of the weed even at lower concentration
(1%) showed significant reduction in shoot length.
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Introduction

Weeds comprise an indispensable group of plants which
grow vigorously among the useful crop species in
agricultural fields, abandoned lands and road sides.
Taxonomic distribution of invasive angiosperms revealed
that about 1348 species are serious agricultural weeds of
which 1041 are wide spread and 381 are threatening
natural invaders' and out compete native species for
resources such as nutrients, light, physical space, water or
food. Invasive weeds impair the structure, composition
and function of natural and semi-natural ecosystems. The
detailed understanding of the morphology, anatomy,
phenology and reproductive behaviour of introduced
weeds help device specific methods for their control.
Mikania scandens is a rapidly spreading weed belonging
to asteraceae which successfully establish in a vast area
by competing with the native species and exhibit
allelopathic potential. The term allelopathy denotes the
production of specific biomolecules by one plant that can
induce suffering in, or give benefit to, another plant?,
Allelopathic activity may be detrimental/ stimulatory on
germination and growth of recipient species. Systematic
characterisation of this invasive weed remains few and
fragmentary which prompted the present investigation. The
present study envisages the analysis of moisture content
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and bioorganics which are biologically significant
macromolecules including photosynthetic pigments viz.,
chlorophylls and carotenoids, primary metabolites viz.,
total soluble sugar, total protein and lipid, total phenol,
elements viz., carbon, nitrogen, phosphorous, calcium,
potassium and iron in various bioparts of M. scandens
and the allelopathic activity of the weed on the germination
of Vigna radiata.
Material and Methods

Mikania scandens (L.) Willd (Synonyms Eupatorium
scandens L. ; basionym and Willoughbya scandens (L.)
Kuntz) is a tropical creeper belonging to Asteraceae,
luxuriantly distributed at field margins and stream banks.
Whole plant with root system intact was collected from
its natural habitat and leaves, stem, root and flowers were
separated and used for analyses. The analyses were
performed following standard methods viz., estimation of
moisture 3, total soluble sugars *, total protein®, lipid®, total
phenol’, photosynthetic pigments®, carbon®, total
phosphorous ° and major elements . The concentration
factor of the elements in various bioparts of the weed was
computed against the elemental constitution of the soil.

The main bioassay generally followed to

establish the effect of allelopathy is seed germination test’.
The aqueous extract of the weed sample was prepared by
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grinding the weighed plant part viz,, leaf and stem in cold
distilled water at room temperature, filtered through muslin
cloth and used as stock solution. Leachate and dry powder
extract was prepared by soaking the weighed plant part in
known quantity of distilled water, stirring continuously,
kept for 24 hours, filtered and the resultant stock solution
was stored under refrigeration. The extract/ leachate was
serially diluted and used for the bioassay. Healthy seeds
were placed in each Petri plate lined with filter paper,
moistened with the known concentration (1, 5, 10 and
15%) of fresh extract, leachate and aqueous dry powder
extract (as per w/v basis) as per treatment against distilled
water as control and kept at room temperature. Rate of
germination, root and shoot length was measured. The
experiment was conducted in duplicate. The results were
subjected to statistical analysis. Vigour Index (VI) was
calculated by multiplying the germination percentage with
dry matter production. Mean germination time (MGT)"
and germination index (GI) was calculated as per
formulae :

MGT = Y(Dn) ¥ n  n= the number of seeds
germinated on day D , D= number of days counted from
the beginning of the germination test

GI =P/t P=final percentage of germination, t=
time to reach 50% germination.

Results and Discussion

The analysis of moisture, biochemical and elemental
constituents in the invasive weed M. scandens revealed
significant variation among different bioparts such as root,
stem, leaves and flower (Table 1-5). The plant exhibited
comparatively high moisture content among the bioparts
which varied from 36.5% to 87% in flower and stem,
respectively. The physicochemical properties of plant
fluids reflect in many instances the ecological environment
of the plant and its ability to survive under specific
environmental conditions'*.

The distribution of primary metabolites followed
similar pattern of distribution in various bioparts. The
concentration of total protein and lipid followed similar
pattern of accumulation with leaf > stem > flower >root
while soluble carbohydrates recorded a pattern with stem
> leaf >flower> root. The soluble carbohydrate content
remained high in stem (10.96%) while total protein
(11.86%) and lipids (1.6%) in leaveés and a progressive
increase was noticed in the protein content from root to
leaf (root <stem< leaf). Leaf proteins are normally
abundant and have several roles to play as a catalyst and
major sink of nitrogen. High sugar concentrations were
recorded in leaves and stem of Ranunculus aquatilis" and
the concentration of glucose increased with age and

preferentially stored in the internodes of Phargmites
australis', is in agreement with the present study.

The concentration of phenol was high in leaf
(12.20 mg g") as compared to root (5.09 mg g") and stem
(10.81 mg g'). Phenolics have known to possess
antimutagenic, antiglycemic and antioxidant properties V.
The total chlorophyll, chlorophyll a, b and carotenoids
revealed high values in the leaf (0.97 mg g',0.25, 0.72
and 7.69 mg g").

Major elements recorded a distribution pattern
with C>N>Ca >K >Fe>Na> P in leaf, C>N>Ca>K
>Fe>Na>P in stem and C>N>Fe>K>Ca>Na>Pin
root. Carbon was found to be the most abundant element
in the plant and high concentration was noticed in leaf
(814. 0 mg g") as compared to the rest of the bioparts.
Carbon in most plant materials accounts for 43 to 47% of
dry weight and the nitrogen content in Sparaganium,
Typha and Scirpus observed slight variation among the
different parts of the same plant such as shoots and roots'®
remained in unison with the present study. Nitrogen content
varied from 10.01 mg g in flower to 18.97 mg g in leaves
while the concentration of phosphorus remained
comparatively low in the bioparts with a distribution
pattern of flower > leaf > stem >root. Normally plants
take up phosphorous several times greater than the standing
stock of inorganic phosphorous'. Calcium, potassium and
sodium content recorclled high value in the stem (15.93,
11.83 and 2.67 mg g respectively) as compared to the
rest of the bioparts. The concentration of potassium in the
plant was above the normal limit of accumulation in plants
(1 mg Kg'). Mikania sp. played important role in nutrient
cycling and conserved lot of potassium in the biomass
which remained in unison with the results of the Swamy
and Ramakrishnan?. Iron content exhibited higher values
in the roots (8.90 mg g") rather than shoot remained in
agreement with the findings of Ho?'. Shaw and Panigrahy”
opined that the concentration level of a metal generally
decreases in the order of root > stem > leaves > fruit >
seed, when the source of the metal is only soil. Even though
iron is regarded as intermediate between major and trace
elements, its accumulation in the plant body normally
remain higher than most of the elements, which may be
due to its high availability from the soil coupled with its
weak association with humic matter in the soil rendering
organically bound iron also available for
bioaccumulation?. The concentration factor (Table 4) of
nitrogen, potassium and calcium were above unity,
irrespective of the bioparts, indicative of the efficiency of
the weed in the incorporation of the element from the
substratum. ’
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Table 1. Biochemical analysis of Mikania scandens.

Parameter (%) Root Stem Leaf Flower
Soluble carbohydrates 1.04+0.57 10.96 +0.80 6.58+ 1.02 8.83+0.03
Total protein 8.20+1.01 10.13+1.13 11.86+1.12 6.21+0.07
Lipid 0.40+0.004 1.30+0.001 1.60+0.04 0.70+0.01
Phenol 5.09+0.09 10.81+0.10 12.20+0.80 6.05+1.25
Table 2. Pigment analysis of Mikania scandens.

Parameter mg g Stem Leaf

Total chlorophyll 0.85+0.01 0.97+0.03

Chlorophyll a 0.20+0.042 0.25+0.001

Chlorophyll b 0.70+0.05 -0.72+0.06

Carotenoids 5.85+0.002 7.69+0.004

Table 3. Elemental analysis of Mikania scandens.

Parameter mg g! Root Stem Leaf Flower
Carbon 510.00+4.13 | 762.00+6.25 814.00+1.18 431.00+3.03
Nitrogen 13.12+0.50 16.20+0.14 18.97+0.97 10.01+0.03
Phosphorous 0.11+0.001 0.13+0.03 0.14+0.003 0.24+0.01
Sodium 2.37+0.31 2.67+0.01 1.50+0.004 1.63+0.10 -
Potassium 6.16+0.02 11.83+1.20 6.30+1.11 5.23+0.90
Calcium 3.03+0.32 15.93+1.01 9.70+0.81 12.06+1.16
Iron 8.90+0.03 4.07+0.002 3.98+0.48 4.09+0.003
Table 4. Concentration factor in bioparts of Mikania scandens.

Parameter Root Stem Leaf Flower
Nitrogen 11.6 20.20 23.70 12.5
Phosphorous 0.05 1.0 1.07 1.05
Sodium 0.50 0.77 0.55 0.60
Potassium 1.73 3.13 1.74 1.42
Calcium 242 11.70 7.13 8.86

Iron -0.45 0.21 0.20 0.21
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Table S. Effect of aqueous extract of Mikania scandens on germination of Vigna radiata.

Treatment | Concentration | % Germination | Root length Shoot length VI MGT GI
Control 100 1.5+ 0.69 2.6+ 0.69 260.0 410 100.0
Leaf 1% 86.60 1.40+ 0.70 1.01£ 0.40 129.9 | 208.7 | 86.60
5% 73.30 0.4+ 0.22 0.8+ 0.50 102.0 87.9 73.30
10% 54.80 0.4+ 0.25 0.7+ 0.26 42.0 60.2 26.60
15% 40.62 0.3+ 0.72 0.8+ 0.27 28.0. 44.6 20.03
Stem 1% 46.60 2.3£0.50 0.9+ 0.63 47.7 149 23.30
5% 53.00 1.9+ 0.50 0.6+ 0.40 27.6 132 26.50
10% 40.00 1.8+ 0.40 0.5++ 0.35 20.0 92 20.05
15% 33.00 1.0+ 0.80 0.43+0.32 13.2 47 16.50
Table 6. Effect of leachates of Mikania scandens on the germination of Vigna radiata.
Treatment [Concentration | % Germination | Root length Shoot length VI MGT GI
Control 100 1.5+ 0.69 2.6+ 0.60 260 1.0 100.0
Leaf 1% 60.03 0.46+ 0.3 1.01£ 0.4 198 7.4 60.03
5% 53.36 0.43+£0.2 0.8+0.4 128 6.5 26.68
10% 53.36 0.38£ 0.4 0.7+ 0.26 80 6.5 26.68
15% 53.36 1.48+ 0.9 0.8+ 0.27 91 7.3 26.68
Stem 1% 66.70 2.3+ 0.5 0.9+ 0.62 150 8.4 66.70
5% 46.69 1.9+ 0.5 0.6 +£0.47 98 6.3 23.34
10% 40.08 1.3+ 0.4 0.55+0.35 58 7.0 20.01
15% 33.35 1.2 +0.3 0.43 +0.32 16 44 16.67
Table 7. Effect of dry powder extract of Mikania scandens on germination of Vigna radiata.
Treatment |Concentration | % Germination Root Shoot VI MGT GI
length Length
Control 100 1.5 +0.69 2.6+ 0.6 260 1.0 100.0
Leaf 1%. 60.03 2.3+ 0.59 23+ 1.6 207 9.0 60.03
5% 60.03 2.0+ 0.61 1.3+ 1.5 104 10.0 60.03
10% 53.36 1.5 +0.26 1.25+ 1.4 100 9.0 30.01
15% 33.35 1.3+ 0.46 1.0+ 0.91 50 35 30.01
Stem 1% 60.03 1.8+ 0.25 1.5+ 0.25 135 10.0 30.01
5% 53.36 1.4 £0.22 1.01+ 0.22 87 7.8 26.68
10% 46.40 1.0 £0.35 0.7 £0.36 80 7.7 23.20
15% 40.0 0.5 £0.72 0.7 £0.36 35 6.3 20.00
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Allelopathic activity- The bioassay conducted with
aqueous extract, leachate and dry powder extract of M
scandens on the germination of Vigna radiata exhibited
variation in rate of germination, radicle and shoot length,
vigour index, mean germination time and germination
index (Table 6,7 and 8). Significant decrease was recorded
in the germination percentage, root length, shoot length
and vigour index as well as length of root and shoot in
radiata with increase in concentration of aqueous extract,
Lower concentration (1%) of the aqueous extract, leachate
and dry powder extract also reduced germination
indicating the allelopathic potential of the weed even at
low concentrations. Germination time was delayed
especially in treatment with leaf extract as compared to
leaf leachate and leaf dry powder extract. The higher
concentration of stem extract/ leachate (5, 10 & 15%)
induced significant reduction in germination percentage
(< 50%) as compared to dry powder extract.

Leaf aqueous extract induced significant
reduction in radicle length (<lcm) against control while
that of stem remained less toxic (>1 cm). The treatment
of stem extract even at lower concentration (1%) showed
significant reduction in shoot length. Stem leachate showed
lesser as well as gradual reduction in root length as
compared to shoot length. Leaf leachate exhibited
reduction in root length as concentration increased while
shoot length was not affected much. Dry powder extract
of stem inhibited growth of radicle more than leaf extract.
Shoot length failed to establish significant variation in
treatment of stem and leaf dry powder extract especially
at 5 and 10% concentration. VI recorded successive
decrease as the concentration of the extract/ leachate
increased. GI decreased significantly as compared to the
control in all treatments irrespective of the concentration
of treatments as well as the biopart. The water soluble
allelochemicals in the weed extract may change the
environment for the effective germination of the test
species there by causing variation in the pattern of
germination as suggested by Ni ez al. %, The dried samples
of root, stem and leaf extracts of M. scandens at lower
concentrations (1& 5%) was found to be enhancing the
growth of radicle and shoot length. Rice opined that
allelochemicals which inhibit the growth of some species
at certain concentrations may even stimulate the growth
of the same or different species at lower concentrations is
in agreement with the above observation. The allelopathic
potential of a weed varied not only to the environment
factors but also among plant tissues?, is in unison with
the present investigation.

Plant produces different phytotoxic chemicals

which suppress the regenerative capacity of other
plants?’. The growth inhibition caused by allelochemicals
released may be due to its interference with the plant
growth processes or it reduces cell division or auxin
induced growth of roots. In general, all the treatments of
the weed (extract/ leachate) inhibited and delayed
germination of the legume and decreased germination
index which indicated that not only total percentage of
germination had declined but the entire process of
germination was retarded. The present study warrants
further detailed investigation on to the nature of the
allelochemical, characterisation of allelopathic mechanism
at both micro and macro levels, process of release of the
allelochemicals, and its impact on the growth, flowering
and yield of native crop species to become a successful
invader. More over, the control of invader species involves
its eradication/ containment in a specific area especially
through sustainable utilization needs special emphasis.

Acknowledgement .

The authors are highly indebted to The Principal, University

College, Thiruvananthapuram for the facilities provided.

References .

1 Curtis C Daehler 1998, Taxonomic distribution of
invasive angiosperm plants. Biological Conservation
84 (2) 167 - 180.

2. Narwal S S 1999, ‘Allelopathy update’. Basic and
applied aspects. Science Publishers: Enfield, NH. 2.
pp. 203-254 ‘

3. IUPAC 1987, Standard methods Jor the analysis of
oils, fats and derivatives. Blackwell Scientific
Publication, Oxford. :

4. Roe JH 1955, J.Bio. Chem. 212.

5. Barnes 1959, Apparatus and methods of
Oceanography. Part-1, Chemical. Interscience
Publishers, Inc. New York. p. 341.

6. Bligh EG and Dyer W J 1959, Rapid method of
total lipid extraction and purification, Can. Jour.
Biochem. Physiol. 37 911-917.

7. Mayr V, Treutter D, Santos Buelga C, Bauer H and
Feucht W 1995, J. Phytochem. 38 (5) 1151-1155.

8. Arnon D I 1949, Plant Physiol. Lancaster 24 1-15.

9. ElWakeel SK and Riley J P 1957, The determination
of organic carbon in marine mud. J. Cons. Intern.
Explor. Mer.22 180 —183.

10. Murphy J and Riley J P 1962, A modified single
solution method for the determination of phosphate
in natural waters. Anal. Chem. Acta. 2731- 36.

11. APHA 1992, Standard methods Jor the examination
of water and waste water. 18th edn., APHA-
AWWA-WPCF, 1134 pp. .



66

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mini et al.

Ellis R H and Roberts E H 1981, The quantification
of ageing and survival in orthodox seeds. Seed Sci.
Technol. 9 373-409

Kendrick R E and Frankland B 1969, Photocontrol
of germination in Amaranthus caudatus. Planta 85
326-329

Gortner RA, Walter F and Hoffman 1992, Botanical
Gazette 74 (3) 308-313.

Janauer G A 1982, The organic and mineral
composition of some aquatic plants. In : Studies on
aquatic vascular plants. Royal Botanical Society of
Belgium, Brussels, 136 — 142.

Klimes L, Klimesova J and Cizokova H 1999,
Carbohydrate storage in rhizomes of Pragmites
australis. The effects of altitude and rhizome age.
Aquat. Bot. 64 (2) 105 -110.

Freedman M J 1997, Agric. Food Chem. 45 (5)
1523-1540

Puriveth P 1980, Decomposition of emergent
macrophytes in a Wincosin marsh. Hydrobiol. 72
231-242.

Templer P, Findlay S and Wigand C 1998, Sediment
chemistry associated with native and non-native
emergent macrophytes of Hudson river marsh
ecosystem. Wetlands 18(1: 70-78.

Swamy P S and Ramakrishnan P S 1987, Contribution
Mikania micrantha during secondary succession

21.

22,

23,

24.

25.

26.

27.

following slash and burn agriculture (Jhum) in North
East India. Nutrient cycling. For. Ecol. Manag, 22
239-249.

Ho Y B 1979, Chemical composition studies on some
aquatic macrophytes in three Scottish Lochs. 2.
Potassium, sodium, calcium, magnesium and iron.
Hydrobiol. 64 209 —213.

Shaw B P and Panigrahy R K 1986, Uptake and tissue
distribution of Hg in some plant species collected
from the contaminated area in India. Its ecological
implications. Arch. Environ. Contam. Toxicol. 15
439-446. ,

Irving H and Williams R J P 1948, Order of stability
of metal complexes. Nature 162 746-747.

Ni G, Song L, Zhang J and Peng S 2006, Effects of
root extracts of Mikania micrantha H. B. K. on soil
microbial community. Allelopathy Journal 17(2)
247-254, :

Rice E L 1984, Allelopathy. Academic Press, New
York.422pp

Shao H, Peng S L, Zhang C and Nan P 2003,
Allelopathic potential of M. micrantha . Chin. J. Ecol.
22 62-65.

Hollis CA, Smith J E and Fisher K F 1982,
Allelopathic effects of common understorey species
on germination and growth of southern pines. For.
Sci. 28 309-315.



