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ABSTRACT

The present paper highlights the nutrient accumulation in dominant macrophytes during pre and post
monsoon periods from Kongba River, Manipur (latitude 23.80° N to 25.68° N and longitude 93.03° E to
94.78° E) during the study period (2006-2007). The higher value of standing state (nutrient accumulation)
of N, P, K of macrophytes from different sites may be mainly due to its accretion of the maximum
standing crop biomass in the study period. The nutient accumulation in pre-monsoon and post-monsoon
period were found in the order N>K>P. The range in shoot and root of N accumulation from five sites of
Konga River among macrophytes was found to be between 549.003 to 2153.95 mg m?, 4.48 to 159.05
mg m’ %, Similarly, the range in shoot and root of P and K accumulation in macrophytes from Kongba
River varied between 29.37 t0231 mg m, 0.3888 to 21.09 mg m™and 1.939 to 1576.30 mg m?, 2.6 to
77.95 mg m respectively. Thus, the study revealed that macrophytes store nutrient during the growth
period and release after the senescence. Also, it plays a very significant role in reducing the absorption
rate of N and P in the water and thus, improving the water quality of the river. Removal of aquatic plant
biomass with its accumulated nutrient is an alternative technique for reducing nutrient lower and may
help the system to minimize abuses of biological and chemical effect.
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INTRODUCTION

A key resource that is often limiting in aquatic systems is the availability of nutrients for macrophyte
growth. In recent years, the amount of nutrients of anthropogenic origin are increasingly finding their way
into water bodies worldwide, which has resulted in declines of macrophyte diversity and changes in
community structure (Phillips et al., 1978; Vitousek et al., 1997; Bedford et al., 1999; Tracy et al., 2003).
Some invasive species are all to increase in nutrient availability and out-compete native species that
cannot respond in a similar fashion (Burke & Grime, 1996; Vitosek et al., 1997; Kennedy et al., 2009).
Most of the existing studies of river show an increase in nutrient loading and concentration until the 80’s
and an ulterior stabilization or decrease due to an improvement in water management (Radach & Patsch,
2007; Littlewood & Marsh, 2005). Macrophytes are considered to be the main biological component of
constructed wetlands and play an important role in wetland succession (Wu et al., 2011). Helophytes
mainly take up nutrients from the sediment, floating and submerged aquatic macrophytes, such as Azolla
spp. or Myriophyllum spp., can also take up nutrients from the water layer (Best and Mantai, 1978; Van
Kempen et al., 2012). By regularly harvesting these plants, nutrients may be removed from the system.
The aquatic biomass can then be used in various bio-based applications, for instance, as a bio-fertilizer or
as fodder for livestock (Hauck, 1978; Biswas and Sarkar, 2013). Tang et al., (2017) reported that aquatic
macrophytes can be used for waste water polishing Macrophytes can be important transient storage with
high nutrient turnover, and by providing quiescent conditions for the setting of seston. However, given
wide range of influences upon macrophytes in rivers it is possible that, for many species, sediment
characteristics are of minor importance providing macrophytes are able to anchor firmly and there are no
phototoxic effects (Clarke, 2002). This preliminary analysis of the correlations between nutrient and
macrophyte and between nutrient in sediment and status of rivers is complex one, partly because of the
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effects of a wide range of environmental variables and partly because rooted macrophytes can absorb
nutrients from the riverbed sediment and the water column (Clarke and Wharton, 2001).

The present investigation is based to understand the nutrients concentration in dominant macrophytic
plant tissues and their accumulation in pre and post monsoon periods from various sites of Kongba River.

Description of the Study Sites

The present work was carried out on Kongba river of Manipur (Latitude 23.80°N to 25.68°N and 93.03° E
to 94.78° E Longitude) which has about 120kms” catchment areas. It rises from Kongba Maru and it
meets at Kongba Meilombi with Imphal River and finally reaches Myanmar and joins Chindwin River.
Five sampling sites were selected during the study period 2006 (Nov) to 2007 (Nov) on the Kongba River

viz., Site |- Khundrakpam Village, Site l11-Kongpal, Site I1l- Kongba Bazaar, Site IV- Kongba Ucheckon
and Site V- Kiyamgei (Figure 1).
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Fig 1: Location map and study area

MATERIALS AND METHODS
The concentration of the nutrients like Nitrogen (N), Phiosphorus (P), and Potassium (K) in the
macrophytes were analysed periodically by using standard methods as described by Jackson (1973),

Misra (1968), Wilde et al., (1974). Carbon accumulation was calculated on biomass dry weight multiply
by concentration of the nutrients.
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RESULTS AND DISCUSSION

Nutrient concentrations of N, P and K in macrophytes from five sites of Kongba River during the pre-
monsoon and post-monsoon periods are depicted in Figures 2 to 4. Nutrient concentration of Nitrogen,
Phosphorous and Potassium in dominant macrophytes viz. Polygonum lapathifolium, Hydrilla
verticillata, Jussiaea repens, Polygonum hydropiper were assessed from site I. The highest nutrient
concentration of N in shoot was exhibited by Hvrdilla verticillata (2.03%) during post-monsoon period
and lowest nutrient concentration was found in Polygonum lapathifolium (1.4%) during the post-monsoon
and pre-monsoon periods respectively. In root, maximum nutrient concentration of N was found in
Jussiaea repens (0.56%) and minimum (0.07%) was found in Polygonum lapathifolium during the post-
monsoon and pre-monsoon periods respectively. The maximum nutrient concentration of P in shoot was
contributed by Hydrilla verticillata (0.30%) and least concentration of P in shoot was exhibited from
Jussiaea repens (0.17%) during the post-monsoon and pre-monsoon periods respectively. In root, highest
nutrient concentration of P was recorded from Jussiaea repens (0.04%) and the lowest nutrient
concentration of P was found in Polygonum hydropiper (0.001%) during the post-monsoon and pre-
monsoon periods respectively.

In shoot, the highest nutrient concentration of K was found in Hydrilla verticillata (1.18%) and lowest
was found in Polygonum lapathifolium (0.02%) during post-monsoon and pre-monsoon periods
respectively.

In root, the maximum nutrient concentration of K was exhibited by Jussiaea repens (0.20%) and the
minimum nutrient concentration was found in Polygonum hydropiper (0.02%) during post-monsoon and
pre-monsoon periods respectively.

Nutrient concentration of N, P and K in dominant macrophytes viz., Alternanthera philoxeroides,
Ceratophyhllum demmersum, Monochoria hastata and Polygonum hydropiper were analysed from site -
Il. In shoot, the maximum nutrient concentration of N was exhibited from Ceratophyllum demersum
(2.73%) during the pre-monsoon period and the minimum was found in Alternanthera philoxeroides
(1.6%) during the pre-monsoon period.

In root the maximum nutrient concentration of N was exhibited from Polygonum hydropiper (0.49%) and
the minimum was found in Monochoria hastate (0.003%) during post-monsoon and pre-monsoon periods
respectively.

The highest nutrient concentration of P in shoot was contributed by Ceratophyllum demersum (0.29%)
during the pre-monsoon period and the lowest nutrient concentration of P in shoot was exhibited by
Polygonum hvdropiper (0.15%) during the pre-monsoon period. The maximum nutrient concentration of
P in root was found in Alternanthera philoxeroides (0.09%) and the lowest was found in the same species
(0.002%) during the post-monsoon and pre-monsoon periods respectively.

In shoot, the highest nutrient concentration of K was found in Ceratophyllum demersum (1.82%) during
the pre-monsoon period and the lowest was found in Monochoria hastata (1.20%) during the pre-
monsoon period. In root, the maximum nutrient concentration of K occurred in Monochoria hastata
(0.38%) and minimum in Alternanthera philoxeroides (0.22%) during post-monsoon and pre-monsoon
periods respectively.

The dominant macrophytes viz., Alternanthera philoxeroides, Jussiaea repens, Polygonum lapathifoluim
and Pistia stratiotes from site-111 were assessed for nutrient concentration (N, P and K). In shoot, the
maximum nutrient concentration of N was found in Pistia stratiotes (3.01%) and minimum in
Alternanthera philoxeroides (1.68%) during the pre-monsoon periods. In roots, the maximum nutrient
concentration, of N was contributed in Pistia stratiotes (0.42%) during pre-monsoon period and the
minimum was exhibited by Jussiaea repens (0.003%) in the same period. The highest nutrient
concentration of P in shoot was shown by Alternanthera philoxeroides (0.27%) during post-monsoon and
lowest by Polygonum lapathifoluim (0.02%) during the pre-monsoon period.

The highest nutrient concentration of P in root was found in Pistia stratiotes (0.11%) and lowest was
found in Polygonum lapathifoliurn (0.004%) during the pre-monsoon period. In K, the highest nutrient
concentration of shoot was reflected by Pistia stratiotes (2.14%) and lowest by Jussiaea repens (1.42%)
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from pre-monsoon periods. The maximum and minimum nutrient concentrations of root were contributed
by Pistia stratiotes as 0.58% and 0.40% from pre-monsoon and post monsoon periods respectively.

The dominant macrophytes viz., Alternanthera philoxeroides, Ceratophyllum demersum, Jussiaea repens
and Polygonum hydropiper from site-1V were analysed for nutrient concentration of N, P and K. In shoot,
the highest concentration of N was found in Ceratophyllum demersum (2.80%) and the lowest in Jussiaea
repens (2.17%) during the pre-monsoon periods.

In root, the maximum nutrient concentration of N was shown by Polygonum hydropiper (0.56%) by
Alternanthera philoxeroides (0.2 1 %) in post-monsoon and pre-monsoon periods respectively. The
maximum nutrient concentration of P in shoot was found in Ceratophyllum demersum (0.27%) and lowest
in Polygonum hydropiper (0.15%) during the pre-monsoon periods.

The highest nutrient concentration of P in root was shown by Jussiaea repens (0.09%) and the lowest was
reflected by Alternanthera philoxeroides (0.002%) during post-monsoon and the premonsoon periods
respectively.

In K, the highest nutrient concentration of shoot was exhibited by Ceratophyllum demersum (1.88%) and
lowest was reflected by Alternanthera philoxeroide (1.60%) during the pre-monsoon periods. The
maximum nutrient concentration in root was shown by Polygonum hydropiper (0.018%) and lowest was
exhibited by Alternanthera philoxeroides (0.002%) during the post-monsoon periods.

Nutrient concentration of N, P an K in dominant macrophytes viz. Alternanthera philoxeroides,
Eichhornia crassipes, Polygonum hydropiper and Polygonum lapathifolium were assessed from site-V.
The maximum nutrient concentration of N in shoot was found in Eichhornia crassipes (2.80%) and least
in Alternanthera philoxeroides (2.03%) during postmonsoon and pre-monsoon periods respectively. The
highest nutrient concentration of N in root was found in Eichhornia crassipes (0.98%) and lowest
(0.28%) in Alternanthera philoxeroides during post-monsoon and pre-monsoon periods respectively. In
shoot, the maximum nutrient concentration of P was exhibited by Eichhornia crassipes (0.33%) and least
by Alternanthera philoxeroides (0.19%) during post-monsoon and pre-monsoon periods respectively.

In root, the highest nutrient concentration of P was reflected by Eichhornia crassipes (0.33%) and the
lowest by Alternanthera philoxeroides (0.001%) during postmonsoon and pre-monsoon periods
respectively.

The maximum nutrient concentration of K in shoot was found in Eichhornia crassipes (2.60%) and the
minimum in Alternanthera philoxeroides (1.82%) from post-monsoon and pre-monsoon periods
respectively. The highest nutrient concentration of K in root was shown by Polygonum lapathifoluim
(0.40%) and the lowest by Eichhornia crassipes (0.04%) from post-monsoon and pre-monsoon periods
respectively.

The nutrients accumulation (N, P, K) have been estimated in dominant macrophytes from the different
study sites of Kongba River and have been given in table 1 to 6. Of the dominant macrophytes from site-l,
Polygonum lapathifolium contributed the highest value of accumulation of Nitrogen in shoot (574 to
696.23 mg m™), of Phosphorous (82 to 117.54 mgm™) and of K (418.2 to 515.3 mg m™). In root, the
maximum values of standing state (Nutrient accumulation) of N (69.93 to 109.11 mg m-2), of Phosphorus
(0.499 to 6.928 mgm-2) and of K (13.32 to 27.71 mg m™) were recorded in Jussiaea repens. In site-1I,
Monochoria hastata exhibited the maximum value of standing state of N and K in shoots (819.39 to
1624.35 mg mZand 453.12 to 888.42 mg m™) respectively. Phosphorous was maximum in Alternanthera
philoxeroides shoots (73.92 to 57.76 mg m™2.

In roots, maximum accumulation of N was exhibited by Alternanthera philoxeroides (4.48 to 10.75 mg m’
%), whereas Phosphorous and Potassium in Polygonum hydropiper (0.388 to 0.40 mg m™) and 2.6 to 38.88
mg m’ respectively.

The dominant macrophyte species from site-111, Pistia stratiotes contributed the highest nutrient value of
standing state in shoots of Nitrogen (549.003 to 817.72 mg m™) of Phosphorous (34.18 to 59.84 mg m™)
and of Potassium (422.31 to 582.08 mg m™) and also in roots as 637 to 56.44 mg m?, 8.19 to 14.78 mg m’
Zand 36.4 to 77.95 mg m? of Nitrogen, Phosphorous and Potassium respectively. From site-1V, the
highest standing state (Nutrient accumulation) of Nitrogen in shoot was exhibited by Alternanthera
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philoxeroides (896 to 2153.95 mg m™), of Phosphorous in Jussiaea repens (29.37 to 112.32 mg m®), of

Potassium in Polygonum hydropiper (1.939 to 2.56 mg m™). In root, the maximum value of standing state
of nutrients was contributed by Polygonum hydropiper viz. for N (56.56 mg m), for P (8.544 mg m?)
and for K (2.56 mg m™).
The maximum value of standing state (nutrient accumulation) of Nitrogen and Phosphorous in shoot from
site-V was contributed by Eichhornia crassipes as 1823.08 to 1940.4 mg m™ and 214.86 to 231 mg m™
respectively, and of Potassium in Alternanthera philoxeroides as 1154.30 to 1576.30 mg m™. In root, the
maximum value of standing state of Nitrogen and Phosphorous was recorded from Eichhornia crassipes
as 139.35 to 159.05 mg m?, and 1.327 to 21.09 mg m™ respectively, whereas, that of Potassium in
Polygonum lapathifolium (36.92 to 55.17 mg m).
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Figure 2: Concentration of Nitrogen (%) in Macrophytes from 5 Sites of Kongba River During Pre-
Monsoon and Post-Monsoon Periods

Site-1 Site-11 Site-111 Site-1V Site-V
1 Hydrilla 5 Alternanthera 9 Alternanther 13  Alternanthera 17  Alternanthera
verticillata philoxeroides a philoxeroides philoxeroides
philoxeroide
S
2 Jussiaea 6 Ceratophyllu 10  Jussiaea 14 Ceratophyllu 18  Eichhornia
repens m demersum repens m demersum crassipes
3 Polygonum 7 Monochoria 11  Pistia 15 Jussiaea 19  Polygonum
hydropiper hastate stratiotes repens hydropiper
4 Polygonum 8 Polygonum 12 Polygonum 16 Polygonum 20  Polygonum
lapathifoliu hydropiper lapathifoliu hydropiper lapathifolium
m m
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Figure 3: Concentration of Phosphorous (%) in Macrophytes from 5 Sites of Kongba River during
Pre-Monsoon and Post-Monsoon Periods

Site-1 Site-11 Site-111 Site-1V Site-V
1 Hydrilla Alternanthera 9  Alternanthera 13 Alternanthera 17 Alternanthera
verticillata philoxeroides philoxeroides philoxeroides philoxeroides
2 Jussiaea Ceratophyllu 10 Jussiaea 14 Ceratophyllu 18 Eichhornia
repens m demersum repens m demersum crassipes
3 Polygonum Monochoria 11 Pistia 15 Jussiaea 19 Polygonum
hydropiper hastate stratiotes repens hydropiper
4 Polygonum Polygonum 12 Polygonum 16 Polygonum 20 Polygonum
lapathifolium hydropiper lapathifolium hydropiper lapathifolium
Table 1: Anova of N (Pre-Monsoon) for Nutrient Accumulation of the Dominant ~ Macrophytic
Species from Kongba River
Shoot:
Sources of Variation SS df MSS F P-value
Between months 2574084.1 4 643521.030 7.112 2.7
Within months 1354244.1 15 90482.941
Root:
Sources of Variation SS df MSS F P-value
Between months 6739.101 4 1684.775 4.247 2.7
Within months 5950.670 15 396.711
Total
Sources of Variation SS df MSS F P-value
Between months 2918271.000 4 729567.760 7.449 2.7
Within months 14691287.700 15 97941911
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Figure 4: Concentration of Potassium (%) in Macrophytes from 5 Sites of Kongba River during
Pre-Monsoon and Post-Monsoon Periods

Site-1 Site-11 Site-111 Site-1V Site-V
1 Hydrilla 5 Alternanthera 9  Alternanthera 13 Alternanthera 17 Alternanthera
verticillata philoxeroides philoxeroides philoxeroides philoxeroides
2 Jussiaea 6 Ceratophyllu 10 Jussiaea 14 Ceratophyllu 18 Eichhornia
repens m demersum repens m demersum crassipes
3 Polygonum 7 Monochoria 11 Pistia 15 Jussiaea 19 Polygonum
hydropiper hastate stratiotes repens hydropiper
4 Polygonum 8 Polygonum 12 Polygonum 16 Polygonum 20 Polygonum
lapathifolium hydropiper lapathifolium hydropiper lapathifolium

Table 2: Anova of P (Pre-Monsoon) for Nutrient Accumulation of the Dominant Macrophytic
Species from Kongba River

Shoot:

Sources of Variation SS df MSS F P-value
Between months 29260.431 4 7315.108 5.885 2.7
Within months 18645.321 15 1243.021

Root:

Sources of Variation SS df MSS F P-value
Between months 59.774 4 14.944 6.349 2.7
Within months 35.304 15 2.354

Total

Sources of Variation SS df MSS F P-value
Between months 31415.431 4 7853.858 5.707 2.7
Within months 2643.899 15 1376.260
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Table 3: Anova of K (Pre-Monsoon) for Nutrient Accumulation of the Dominant ~ Macrophytic
Species from Kongba River

Shoot:

Sources of Variation SS df MSS F P-value
Between months 2258044.200 4 564511.050 9.738 2.7
Within months 869532.340 15

Root:

Sources of Variation SS df MSS F P-value
Between months 6760.076 4 1690.019 6.566 2.7
Within months 3861.131 15 257.409

Total

Sources of Variation SS df MSS F P-value
Between months 2436872.900 4 609218.217 10.061 2.7
Within months 908301.420 15 60553.428

Table 4: Anova of N (Post-Monsoon) for Nutrient Accumulation of the Dominant Macrophytic
Species from Kongba River

Shoot:

Sources of Variation SS df MSS F P-value
Between months 0.030 4 0.007 4.174 2.7
Within months 0.027 15 0.002

Root:

Sources of Variation SS df MSS F P-value
Between months 7843.254 4 1960.813 2.7
Within months 8628.105 15 575.207

Total

Sources of Variation SS df MSS F P-value
Between months 159432.000 4 387358.012 5.583 2.7
Within months 1040674 15 69378.300

Table 5: Anova of P (Pre-Monsoon) for Nutrient Accumulation of the Dominant Macrophytic
Species from Kongba River

Shoot:

Sources of Variation SS df MSS F P-value
Between months 0.030 4 0.007 4,174

Within months 0.027 15 0.002

Root:

Sources of Variation SS df MSS F P-value
Between months 0.014 4 0.004 3.286

Within months 0.016 15 0.001

Total

Sources of Variation SS df MSS F P-value
Between months 0.053 4 0.013 4.205

Within months 0.047 15 0.003
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Table 6: Anova of K (Post-Monsoon) for Nutrient Accumulation of the Dominant ~ Macrophytic
Species from Kongba River

Shoot:

Sources of Variation SS df MSS F P-value
Between months 13380.000 4 334514.504 5.845

Within months 858404.72 15 57226.981

Root:

Sources of Variation SS df MSS F P-value
Between months 3149.801 4 787.450 4.217

Within months 2800.983 15 186.732

Total

Sources of Variation SS df MSS F P-value
Between months 1361872.000 4 34068.090 6.529

Within months 782194.700 15 52146.316

In the aquatic ecosystem, nutrient concentrations are continuously affected by a wide range of physical,
chemical and biological processes resulting in a dynamic water quality status. Macrophytes growing in
the river induce substantial changes in the river ecosystem. Tissue nutrient contents changed from
upstream to downstream sites in the river. Several attempts have been made to relate the extent of nutrient
uptake to concentration in the environment by measuring concentrations of nutrients in plant tissue (Royle
and King, 1991, Robach et al., 1996). The concentration of nutrients in the dominant macrophytes from
the five study sites were found in order: shoot>root. The highest concentrations of nutrients are found in
the submerged and free floating macrophytic plants than the emergent plants. The nutrient concentration
differed slightly for Nitrogen, Phosphorous and Potassium in different plants components i.e. shoot and
root in different macrophytic species. In the Kongba River, nutrient in the plant tissue was highest in
aquatic plants growing in downstream sites than in those of growing upstream. High tissue nutrients were
measured in sites having nutrient-rich environment. The higher value of standing state of N, P, K of
macrophytes from different sites may be mainly due to accretion of the maximum standing crop biomass
in the study period. Nutrient content depends upon absorption capacity of particular nutrient. In the
present work nutrient concentration in shoot and root followed the trend as N>P>K sequence in all the
five sites. In site-1 Nutrient concentration (N, P and K) of root and shoot of the dominant macrophytes
viz. Jussiaea repens, Polygonum lapathifolium and Polygonum hydropiper were found to be highest in
post-monsoon period. The shoot and root of free floating species i.e. Eichhornia crassipes are found to
have the highest concentration among the emergent species except the concentration of K that was noted
in roots of Jussiaea repens. The probable reason for the occurrence of more nutrient concentration during
the post-monsoon period which happens to be the flowering and fruiting period in winter and it might be
also due to the luxuriant uptake of nutrient (Reddy & Tucker, 1983; Vymazal, 2005; Vymazal, 2007; Wu
et al.,, 2011). In site-1l, the nutrient concentration (N, P and K) in dominant macrophytes viz.
Alternanthera philoxeroides, Ceratophyllum demersum, Monochoria hastata and Polygonum hydropiper
varied considerably during the study period. Nutrient concentration of N, P and K was found to be highest
in submerged species i.e. Ceratophyllum demersum during the pre-monsoon that may be attributed to its
prolific growth whereas emergent species viz. Allernanthera philoxeroides, Monochoria hastata and
Polygonum hydropiper were found to have maximum concentration in post-monsoon period. In site-lll,
the nutrient concentration N, P and K in emergent species i.e. Altenranthera hydropiper was found to
have highest concentration in postmonsoon period, whereas free floating species viz. Pistia stratiotes had
maximum concentration in pre-monsoon period which might be due to its flowering and fruiting period in
pre-monsoon period. In site-IV, N, P and K concentration was highest in Ceratophyllum demersum in
pre-monsoon period which was the period for flowering and fruiting while the emergent macrophytes
were found to have high concentration in post-monsoon period (Khan and Shah Manzoor, 2010). When
the plants are young generally the nutrient content are found to be low. In site-V, the dominant
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macrophytes viz. Alternanthera philoxeroides, Eichhornia crassipes, Polygonum hydropiper and
Polygonum lapathifolium were assessed for N, P and K. The macrophytic species viz. Alternanthera
philoxeroides, Eichhornia crassipes, Polygonum hydropiper and Polygonum lapathifolium were found to
have highest concentration in post-monsoon period for N, P and K. The free floating species i.e.
Eichhornia crassipes are found to be highest in N, P and K concentration than the emergent species like
Alternanthera philoxeroides, Polygonum hydropiper and Polygonum lapathifolium. The high
concentration of these elements (N, P and K) in Eichhornia crassipes reduced the absorption rate of N and
P in the water (Petrucio and Esteves, 2000). It was concluded that aquatic macrophytes can be effectively
used in reducing the N and P levels of nutrient enriched waters and can play a very significant role in
removing N and P from water and improve the water quality of river. Soils and sediments are often the
primary source of nutrients (other than o, for rooted macrophytic vegetation, from which by subsequent
decay a nutrient pump, can operate from sediment to water as illustrated in relation to macrophytes stands
of Africa by Howard-William and Lenton (1975) and in Denny (1985), analysis of floating tropical
macrophytes have particular relevance in relation to water-borne nutrient supply and uptake as
demonstrated by invasive water fern Salvinia molesta in a series of freshwaters from Papua New Guinea
to Northern Australia (Room and Thomas, 1986, a, b). Low nitrogen content was often linked to reduced
growth rates, expressed seasonally or latitudinally. Stocks of nutrients in biomass per unit area can be
particularly large in floating papyrus mats, floating grasses and in rooted reedswamps. The chemical
composition study of tropical macrophytes has received considerable attention in four regions: East
Africa (Gaudet 1975, 1977b) Central Southern Africa (Howard —Williams 1972, 1979 a; Howard
Williams and Lenton, 1975; Ittis and Limcolle, 1983), Amazonia (Junk, 1970; Howard- Williams and
Junk, 1976; Junk and Howard —Williams, 1984; Junk and Furch, 1991; Furch and Junk, 1992; Piedade et
al., 1997) and Southern Brajil (Esteves and Barbieri, 1983; Barbieri and Esteves, 1991). Piedade et al.,
(1997) also referred to the issues of macrophyte nutrient interception and release in Amazonia. It is
perhaps not generally appreciated that these plant stocks contain potassium in similar quantities (often
about 1-4% dry weight) to nitrogen. Work on floating macrophytes, especially Salvinia molesta in Papua
New Guinea and Northern Australia (Room and Thomas, 1986a), support this view. There is also
conclusive evidence for N-limitation of Eichhornia crassipes, in the subtropical Parana flood plain
(Carignan et al., 1994). According to Carr (2002), macrophytes increased linearly with increasing
sediment P concentration in the artificial streams, and tissue P concentration peaked at 400ug g™
Biomass did not respond to increasing sediment N concentration, and only a weak relationship was
observed between tissue N and sediment N, with maximum tissue N corresponding to ~140 pg sediment
exchangeable N. Accumulation of nutrients in tissue depends upon the absorption rates in various
macrophytes from both the water and sediment. However, Carpenter and Lodge (1986) proposed that
sediments are the main source of both prosphous and nitrogen in Pampean streams. Water has been found
to be the main source of nutrient in Egeria deasa (Feizzo et al., 2002). The study reveals the mechanism
for the uptake and retention where more efficient for P than for N in F. densa. Pelton et al., (1998),
contended that the water may be a main source of' Phosphorous in lotic environment. Phosphorous
concentration is generally higher in flowing than in quiescent waters, sediments are aerobic and diffusive
boundary levels around plant shoots are thinner. Water was found to be the main source of P in
Potamegeton species and Vallisneria americana (Pelton et al., 1998, Carigan, 1982).The source of N may
be sediment or water in Myriophyllum species (Best and Mantai, 1978, Wersal and Madsun, 2011).

The accumulations of various nutrients in different species were assessed separately for pre-monsoon and
post-monsoon periods.

The accumulation value varied considerably in different species and for all the nutrients the maximum
accumulation of' nitrogen was revealed in Alternanthera philoxeroides during post-monsoon period at site
IV. The nutrient accumulation in various species in shoots and root part varied in pre-monsoon and post-
monsoon periods.

In order to understand the relation between macrophytes and stream nutrients, Statistics was applied to
establish the spatial and temporal variability in macrophytes and its link to water column and to specify
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the nutrients in sediment, water and macrophyte species (Accumulation/concentration). The efficiency of
macrophyte harvesting as eutrophication counted strategy depends upon on the water column of the plants
(Biomass, morphology and reproductive strategy), nutrient concentration flowing / still water,
mineralization and on sediment type. Macrophytes store nutrient during the growth period and release
after the senescence. Removal of aquatic plant biomass with its accumulated nutrient is an alternative
technique for reducing nutrient lower and may help the system to minimize abuses of biological and
chemical effect.

REFERENCES

Barbieri R and Esteves FA (1991). The Chemical composition of some macrophytic species and
implications for the metabolism of a tropical lacustrine ecosystem, Lobo Reservoir, Sao Paulo, Brazil.
Hydrobiologia 213 133-40.

Bedford BL, Walbridge MR & Aldous A (1999). Patterns in nutrient availability and plant diversity of
temperate North American Wetlands. Ecology 80 2151-21609.

Best MD and Mantai KE (1978). Growth of Myriophyllum: sediment or lake water as the source of
nitrogen and phosphorus. Ecology 59 1075-1080.

Biswas S and Sarkar S (2013). Azolla cultivation: a supplementary cattle feed production through
natural resource management. Agriculture Update 8 670-672.

Burke MJW & Grime JP (1996). An experimental study of plant community invisibility. Ecology 77
776-790.

Carignan R (1994). Nutrient dynamics in a littoral sediment colonial by the submerged macrophyte
Myriophyllum spicatum. Canadian Journal of Fisheries and Aquatic Sciences 42 1303-11.

Carpenter SR and Lodge DN (1986). Effects of submerged macrophytes on ecosystem process. Aquatic
Botany 26 311-370.

Carr GN (2002). Macrophyte growth and sediment phosphorus and nitrogen in a Canadian Prairie river.
Freshwater Biology 39 525-536.

Clarke SJ (2002). Vegetation growth in rivers influences upon sediment and nutrient dynamics. Progress
in Physical Geography 26(2) 159-172.

Clarke SJ and Wharton G (2001). Vegetation growth in rivers influences upon a sediment and nutrient
dynamics. Progress in Physical Geography 26(2) 159-172.

Esteves FA and Barbieri R (1983). Dry weight and chemical changes during decomposition of tropical
macrophytes in Lobo Reservoir, Sao Paulo, Brazil. Aquatic Botany 16 285-95.

Feijoo C, Garcia ME, Momo O and Toja J (2002). Nutrient Absorption by the submerged Macrophyte
Egeria densa planch: Effect of ammonia and phosphorus availability in the water column on growth and
Nutrient uptake. Limneticca 21(1-2) 93-104.

Furch K and Junk WJ (1992). Nutrient dynamics of submerged decomposing Amazonian herbaceous
plant species paspalum fasciculatum and Echinochloa polystachya. Review in Hydrobiology trap. 25 78-
85.

Gaudet JJ (1975). Mineral concentration in Papyrus in various African swamps. Journal of Ecology 63
483-91.

Gaudet JJ (1976). Uptake accumulation and loss of Nutrients relationships in shallow water in an
African lake Waivasha. Oecologia 49 109-18.

Hauck FW (1978). China: recycling of organic wastes in agriculture, (Food and Agricultural
Organization of the United Nations, Rome, Italy).

Howard Williams C (1979a). The aquatic environment: Il Chemcial and Physical characteristics of the
Chilwa swamps. In Lake Chilwa, (edition) M. Kalk, A.V. Mc Lachalan and C. Howard-Williams, 79-245,
Monogr Biological 35, (Netherland, The Hague: Junk).

Howard-Williams C (1972). Limnological studies in an African swamp: seasonal and spatial changes in
the swamps of Lake Chilwa, Malawi. Archiv fur Hydrobiologie 70 379-91.

Centre for Info Bio Technology (CIBTech)



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2017 Vol. 7 (2) May-August, pp. 77-89/Khangembam and Gupta

Research Article

Howard-Williams C and Junk WJ (1976). The decomposition of aquatic macrophytes in the floating
meadows of a central Amazonian & Varzea lake. Biogeopgraphical 7, 115-23.

Howard-Williams C and Lenton GM (1975). The role of the littoral zone in the functioning of a
shallow tropical lake ecosystem. Freshwater Biology 5 445-59.

Ittis A and Lemolle J (1983). The aquatic vegetation of Lake Chad. In Lake Chad. Ecology and
Productivity of a Shallow Tropical Ecosystem, edition J.P. Carmorze, J.R. Durand and C. Leveque, 125-
43. Monogr. Biological 53. (Netherland, The Hague: Junk).

Jackson ML (1973). Soil Chemical Analysis, (Asia Publishing House, Bombay, India).

Junk WJ (1970). Investigations on the ecology and production — biology of the floating meadows.
(Paspalo-Eichnochloctum) on the middle Amazon I. The floating vegetation and its ecology. Amazonian 2
449-495.

Junk WJ and Furch K (1991). Nutrient dynamics in Amazonian floodplains decomposition of
herbaceous plants in aquatic and terrestrial environments. Verhandlungen des Internationalen Verein
Limnologie 24 2080-4.

Junk WJ and Howard-Williams C (1984). Ecological of aquatic macrophytes in Amazonian. In The
Amazon, edition H. Sioli, 269-93. Monogr. Biolocicae 56. (Netherland, Dordrecht: Junk).

Kennedy TL, Horth A & Carr DA (2009). The effects of nitrate loading on the invasive macrophyte
Hydrilla verticillata and two common native macrophytes in Florida. Aquatic Botany 19 253-256.

Khan MA and Shah Manzoor A (2010). Studies on biomass changes and nutrient lock-up efficiency in
a Kashmir Himalayan wetland ecosystem, India. Journal of Ecology and the Natural Environment 2(8)
147-153.

Littlewood IG & Marsh TV (2005). Annual freshwater river mass loads from Great Britain, 1975-1994;
estimation algorithm, database and monitoring network issue. Journal of Hydrology 304 221-237.

Mishra R (1968). Ecology Workbook, (Oxford and IBH Publishing Co., New Delhi, India).

Pelton DK, Lervine SN and Braner M (1998). Measurments of phosphorus uptake by macrophytes and
epiphytes from the La Platte River (VT) using 32 p in stream microcosms freshwater. Biology 39 285-
299.

Petrucio MM and Esteves FA (2000). Uptake rates of nitrogen and phosphorus in the water by
Eichhornia crassipes & Salvania auriculata. Revista Brasileira de Biologia 60(2) Sao Carlos.

Phillips GI, Emison D & Maoss B (1978). Mechanism to account for macrophyte decline in progressively
eutrophicated freshwaters. Aquatic Botany 4 103-126.

Piedade MTF, Junk WJ and Long SP (1997). Highly productive C4 macrophytes Eichnochloa
polyetachya on the Amzon flood plain. Functional Ecology 11 60-5.

Radach G & Patsch J (2007). Variability of continental riverine freshwater and nutrient inputs into the
North Sea for the years 1977-2000 and its consequences for the assessment of eutrophication. Estuaries
and Coasts 30(1) 66-81.

Reddy KR & Tucker WF (1983). Productivity and nutrient uptake of water hyacinth, Eichhornia
crassipes: I-Effects of nitrogen source. Economic Botany 73 237-247.

Robach F, Theirbaut G, Tremdiers M and Muller S (1996). A reference system for continental
running waters: plant communities as bio- indicators of increasing eutrophication in alkaline and acidic
water in North —East France. Hydrobiologia 340 64-76.

Room PM and Thomas PA (1986a). Population growth of the floating weed Salvinia molesta: field
observations and a global model based on temperature and nitrogen. Journal of Applied Ecology 23 1013-
28.

Royle RN and King RJ (1991). Aquatic macrophytes in Lake Liddle, New South Wales: Biomass,
nitrogen and phosphorus status, and changing distribution from 1981 to 1987. Aquatic Botany 41 281-
298.

Tang Y, Harpenslager SF, van Kempen MML, Verbaarschot EJH, Loeffen LMJM, Roelofs JGM,
Smolders AJP and Lamers LPM (2017). Aquatic macrophytes can be used for wastewater polishing but
not for purification in constructed wetlands. Biogeosciences 14 755-766.

Centre for Info Bio Technology (CIBTech)



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2017 Vol. 7 (2) May-August, pp. 77-89/Khangembam and Gupta

Research Article

Tracy M, Montante JM, Allenson TE & Hough RA (2003). Long term responses of aquatic
macrophyte diversity and community structure to variation in nitrogen loading. Aquatic Botany 77 43-52.

Van Kempen MML, Smolders AJP, Lamers LPM and Roelofs JGM (2012). Micro-halocline enabled
nutrient recycling may explain extreme Azolla event in the Eocene Arctic Ocean. PLoS ONE 7, 50159,
doi:10.1371/journal.pone.0050159.

Vitousek PM, Finn M, Findlay S & Fischer D (1977). Human domination of earth’s ecosystems.
Science 277 494-499.

Vymazal J (2005). Natural and Constructed Wetlands: Nutrients Metals and Management (Backhuys
Publishers, Leiden, Netherland).

Vymazal J (2007). Removal of nutrients in various types of constructed wetlands. Science of the Total
Environment 380 48-65.

Vymazala J, Kropfelovaa L, Svehlac | and Stichova | (2010). Can multiple harvest of above ground
biomass enhance removal of trace elements in constructed wetlands receiving municipal sewage?
Ecological Engineering 36 939-945.

Wersal RM and Madsen JD (2011). Influences of water column nutrient loading on growth
characteristics of the invasive aquatic macrophyte Myriophyllum aquaticum (Veu) Verdc. Hydrobiologia
665 93-105.

Wersal RN and Madsun JD (2011). Influences of water column nutrient loading on growth
characteristics of the invasive aquatic macrophyte Myriophyllum aquaticum (Vell.) Verdc. Hydrobiologia
665 93-105.

Wilde BA, Voigt GA and lyer JF (1974). Soil and Plant Analysis for True Culture, (Oxford and IBH,
New Delhi, India).

Wu H, Zhang J, Li P, Zhang J, Xie H and Zhang B (2011). Nutrient removal in constructed
microcosm wetlands for treating polluted river water in northern China. Ecological Engineering 37 560-
568.

Centre for Info Bio Technology (CIBTech) E



