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Tama River, originating from the mountains in the western district of Tokyo, exemplifies problems that are typical
of Japanese rivers. Except for the downstream reach close to the river’s mouth, most of the riparian area of the Tama
River was originally stony, covered only with ephemeral annuals. However, a substantial amount of gravels were
excavated from the river bed after the World War II. Then upstream Ogochi dam was constructed in 1957. These
events have led to a series of changes in the downstream riparian environments. Since the 1960s, the floodplain has
gradually become vegetated. Most dominant lianous species was Sicyos angulatus. In last few years, many colonies
of S. angulatus in this floodplain have been replaced by another liana, Pueraria lobata. Today, these two species
apparently compete and dominance of one suddenly switches to the other. In this study we have investigated the
underlying mechanisms of succession and invasion of Pueraria lobata and Sicyos angulatus. It was hypothesized that
hydrological regimes and edaphic factors related to the Tama River floodplain govern the succession and invasion of P.
lobata and S. angulatus. It was also assumed that P. lobata and S. angulatus might have allelopathic potential which

they use as a tool of competition with neighbor species.

To test the above-mentioned hypotheses related to the succession and invasion mechanisms, we observed natural
growing populations of P. lobata and S. angulatus in three sites, viz. Fuchu, Komae and Ohguri, along the bank
of Tama River since April 2008 through April 2010. Edaphic and hydrological parameters (soil particle size, soil
moisture content, organic matter content, total carbon (TC). Total nitrogen (TN), total phosphorus (TP), K, Ca, Mg,
Cu, Zn and total phenolics content of soil) of these sites along with plant parameters viz., aboveground biomass
(AGB), belowground biomass (BGB), phenolic contents of P. lobata and S. angulatus were estimated. A fertilization
experiment was conducted in Fuchu and Ohguri to explore the sensitivity of P. lobata in its early growth period to
N- and P-limitation in soil. Allelopathic phenomenon of P. lobata and S. angulatus was examined by a series of

experiments in laboratory and greenhouse conditions.



In allelopathy study, different organs (leaf, stem, root and seed) of P. lobata were extracted with distilled water or
methanol. Then those extracts were bioassayed against radish and lettuce seeds to examine the sensitivity of the test
species’ (radish and lettuce) germination processes. Aqueous and methanol extracts of P. lobata organs were assayed
for allelopathy using lettuce and radish seeds. Both leaf and root extracts significantly inhibited all of the measured
germination indices (total germination, speed of germination and coefficient of the rate of germination) (all P < 0.01).
When treated with leaf extract, the total germination of both species was ~ 20% less than the control. Furthermore,
the leaf extract significantly reduced the speed of germination to 38% and 53% than that of the lettuce and radish
controls, respectively. Lettuce and radish seeds soaked in leaf and root extracts for 24 h imbibed less water (~ 30% for
both species) than those soaked in distilled water (control), suggesting that a reduction of water imbibition might be
one of the mechanisms of germination retardation. Stem and seed extracts affected neither the water uptake nor the
germination indices of radish and lettuce seeds. P. lobata leaves and roots contain higher amounts of total phenolics
(P = 0.001) and soluble phenolics (P = 0.005) than stems and seeds, consistent with the results of the germination
bioassays. In agar plate bioassays, both litter and rhizosphere soil had phytotoxic effects on the radicle growth of
radish (P = 0.003) and perennial ryegrass (P = 0.001) seedlings. Perennial ryegrass (Lolium perenne) and cobbler’s
pegs (Bidens pilosa) seedlings grown on leaf and root leachate-amended soil gave ~ 40% shorter roots and shoots and

~ 50% less dry weight than those grown in leachate-free soil.

In another study, the allelopathic effects of P. lobata litter on the seed germination and early growth of perennial
ryegrass (Lolium perenne) and cobbler’s pegs (Bidens pilosa) was investigated. The bioassays with various
concentrations (10, 20, 30, 40 and 50 g L) of aqueous Pueraria lobata litter leachates significantly affected the
germination percentages and radicle growth of both species. These parameters decreased progressively when the
seedlings were exposed to increasing concentrations of leachates. Root and shoot length, dry weight, and chlorophyll
concentrations of B. pilosa and L. perenne seedlings were also significantly affected when they were grown in
leachate-amended soil. However, the chlorophyll fluorescence (F / F) values of seedlings subjected to different
concentrations of aqueous P. lobata litter leachates indicated that the mere presence of leachates in soil was not
stressful for the plants. Seedlings of both species were under stress conditions only when grown in soils treated with
higher concentrations of leachates (30, 40 or 50 g L"). A six-week decomposition study of P. lobata litter in soil was
conducted to observe the retention of phenolic content in soil. The results showed that although the concentration of
dissolved organic carbon decreased with increasing decomposition, the phenolic concentration was not significantly
affected when the observation period ended and at that point the soluble phenolics in the soil solution were at a level
(>150 ppm) considered to be allelopathic. This suggests that the phytotoxic properties of P. lobata litter remain stable

in soil systems for a considerable time after incorporation into the soil.

Based on the comprehensive bioassay approach and growth study in soil, it was suggested that P. lobata has
allelopathic effects on its associated species. High concentrations of phenolics in its leaves and roots may play a
leading role in allelopathy, which is primarily consummated by retarding seed germination and seedling growth.
Though in the present research, the allelopathic phenomenon of P. lobata was established, the identification and
quantification of responsible phenolics were not done. Therefore, future research should identify and quantify the

phenolics produced by P. lobata and also determine whether they are phytotoxic alone or in combination.



In allelopathy study, no phytotoxic phenomenon of Sicyos angulatus could be detected. Neither aqueous nor the
methanol extract of S. angulatus organs had significant effects on germination indices of radish and perennial seed
in bioassay study. The phenolic contents of its organs were also very negligible. Therefore, it was concluded that S.

angulatus might not have any allelopathic potentiality.

By physicochemical observations of P. lobata and S. angulatus in tama River floodplain, it was found that higher
soil nutrient concentration favored the biomass production of both species. However, P. lobata can thrive very low
nutrient habitat due to symbiotic association. S. angulatus, on the other hand, grew only in fine sediments with
high organic matter, soil moisture and nutrient content. In N-limited soil, though the biomass yield of Pueraria was
correlated with soil N availability, in N-rich soil, phosphorus is limiting nutrient for it. On the other hand, both N and

P was limiting for S. angulatus.

Both soil factors and flooding regimes affected the succession and competition of liana species in the Tama River
floodplain. Soil factors appeared to be the primary determinant of the pioneering species’ colonization. The vegetation
history of the sites revealed that in coarse sediments, the pioneering successors were rhizomatous plant species like
Phragmites japonica, Miscanthus sacchariflorus etc. which can assimilate nutrients and moisture form very unfertile
soil. Then less tolerant plants like Pueraria lobata invade and by its rapid growth habit and vine nature, outcompetes
pioneering species. Due to huge annual biomass turnover, P. lobata adds a substantial amount of litter into to
inhabiting soil and the soil structure becomes finer and the nutrient and moisture condition of the soil also become
better. Besides, this species make the soil N-rich by adding atmospheric N into soil with the help of RAizobium
bacteria. At this stage less tolerant species like S. angulatus invade the place. When both P. lobata and S. angulatus
co-exist in a place, besides soil factors, their competition is dependent on the flooding condition of that site. Due to
very shallow and superficial root system, S. angulatus cannot stand heavy flood and easily being washed away. P.
lobata, on the other hand is tolerant to washing away by flooding. However, during moderate flooding, fine sediments

trapped by vegetation which favors the growth of both species.
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