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Submersed macrophytes are real w ater plants because they are rooted in sediment and

can complete their grow th and reproduction inside the overlying w ater. Providing a linkage

between w ater and sediment, they have the closest interaction w ith w ater environment. T his

interact ion is very complicate partly because sediment are not only served as a base of physical

at tachment . Recent at tent ion has focused on the effects of submersed macrophytes on sedi�
ment redox, nut rient statues and the effects of sediment organic composit ion on macrophyte

g row th. This line of invest igat ion has been thoroughly reviewed by Barko et al. ( 1991) .

Long�term ecolog ical records of the decline of submersed macrophytes in the progress of

eut rophication have suggested that sediment may play an important role for the decline due to

it s close relat ions to macrophyte grow th and distribut ion. Therefore, more concerns should

be g iven to the inhibitory ef fects of fertile sediment on submersed macrophytes w hen nutri�
ents are excessive for their grow th. How ever, this line of investigation and experiments are

relat ively w eak up�to�date.
� � In this review the author synthesize available informat ion of the inhibitory ef fects of
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fert ile sediment on the growth of submersed macrophytes to suggest possible mechanism re�
ferred. Speculat ive views are made to test in the further researches. T he aim is to contribute

to the restorat ion and management of submersed vegetat ion in eutrophic w aters.

1 � General impacts of eutrophication on macrophytes

Eutrophicat ion caused by increased loading of nutrients to the waters from its catchment

areas either through point source effluent or non�point source surface runof f, w hich affects

submersed macrophyte community as a kind of exogenous disturbance. In shallow lakes, eu�
t rophicat ion generally comprises tw o factors: 1. H igh availability of nut rients, especially ni�
t rogen and phosphorus, and 2. Enhanced accumulat ion of org anic mater by accelerated pri�
mary production of the w ater column. Impacts of eutrophicat ion on rooted submersed macro�
phytes generally include shading by phytoplankton and epiphytes ( Jupp and Spence, 1977;

Phillips et al. 1978; Sand�Jensen and Borum, 1984) , DIC stress by the photosynthesis of

dense phytoplankton ( Jones et al. , 1983; Tw illey et al. , 1985; Vadineanu et al. , 1990) ;

phy totox in formed in low redox sediment due to high content of organic substances and their

decomposit ion ( Barko and Smart , 1986; Barko et al. , 1991; Chamber and Kalf , 1985; De�
laune et al. , 1984) , carbohydrate starving due to increased t issue nutrient loading and anaer�
obic respirat ion of roots ( Brandle and Craw ford, 1987; Cizkova�Koncalova et al. , 1992;

Sorrell and Dromgoole, 1987) , reproductive failure ( Tw illey et al. , 1985) and combined ef�
fects of eutrophicat ion ( Moss, 1983) . In this sense, the st ress of fert ile sediment , as it di�
rectly affects macrophyte g row th, carbohydrate reserve and even surv ive, may be the impor�
tant cont ribut ing factor in the decline of submersed vegetat ion in the process of eut rophica�
t ion.

2 � Effects of sediment physics

It has been suggested that influence of sediments on the grow th of submersed macro�
phytes m ight be due to physical propert ies rather than chemical composit ions ( Sculthorpe,

1967) . Texture, for ex ample, can be important in relat ion to the rooting depth of species

w ith dif ferent abilities to physically penet rate sediments ( Denny , 1980) . Texture is general�
ly related to sediment trophic statues. Ext remely sandy or otherw ise coarse�tex tured sedi�
ments of oligotrophic or running w aters can be considered as nutrit ionally poor subst rata for

macrophyte g row th, while f ine�textured sediment containing high level accumulat ions of or�
ganic matters in productive standing water is fertile substrata. Sediment texture is related to

it s bulk density. Sandy and muddy sediments have high and low densit ies respectively. Re�
duced macrophyte biomass g row th w as found to occur in the both ends of the density spec�
t rum. Low density sediment�related macrophyte g row th reduct ion w as also suggested due to

nutrient limitation caused either by increased dif fusion resistance of nutrients for the plant to

uptake ( Barko and Smart , 1986) , or by low nutrient bulk content on the basis of decreased
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sediment density ( Delaune et al. , 1984) . However, this explanat ion cannot apply to the re�
duct ion of submersed macrophyte grow th in eutrophic w aters for the suff icient nutrient sup�
ply in w ater column.

3 � Effects of organic content

Aquat ic macrophyte beds serve as ef fective t raps for inflow ing dissolved and part iculate

materials ( Wetzel, 1979; Carpenter, 1981) . It has been reported that under condition of

eut rophication, sedimentation of epiphytes and f ilamentous algae can provide considerable

amount of organic materials to sediment ( How ard�Williams, 1981; Moeller and Wetzel,

1988) . It is increasingly evident that macrophyte community composit ion and the spatial dis�
t ribut ion of individual species have been correlated w ith sediment organic matter content

( Macan, 1977) . There is an apparent association during lake aging between increasing sedi�
ment organic mat ter and the decline of rooted submersed aquat ic vegetat ion ( Wetzel, 1979;

Carpenter, 1981) . This in turn inf luences ecosystem dynamics on a broad scale.

It is suggested that the effect of sediment on submersed macrophytes may be in part re�
lated to sediment organic mater content . In experimental invest igat ion, addit ion of low level

of organic mat ter in nutrit ionally poor sediment can st imulate the grow th of macrophytes

( Barko et al. , 1991) , w hile additions of organic mat ter to a fine tex tured inorganic sediment

can substant ially reduce the grow th of submersed macrophy tes ( Barko and Smart, 1983) .

T he causal mechanisms involved remains unknown.

How ever, in wetland species, addit ion of organic mat ter to muddy and fertile subst rate

had no ef fect on plant g row th, while the combined treatment of organic addit ion and exces�
sive nitrogen had resulted in a decline of the g row th ( Cizkova�Koncalova et al. , 1992) . T his

suggests that the organic matter may not direct ly inhibit the plant grow th, it may enhance

other existed grow th st resses instead.

4 � Effects of excessive loading of nutrients in sediment on macrophyte growth

Nutrient contents in sediment interst itial w ater are closely related to the exogenous nu�
t rient loading in the eutrophic w ater column. The ratio of dissolved react ive phosphorus

( DRP) in the sediment interstit ial w ater to that in the open w ater exceeds about 4 ( Pat ter�
son and Brow n, 1979) . Therefore, sediment has much higher P supply for macrophytes

than does eutrophic open w ater. In fert ile sediment or eut rophic w aters, submersed macro�
phytes are characterist ic of luxury consumption of nutrients and thus accumulate excessive

nutrients in their t issue ( Wetzel, 1983) . Decreased macrophyte biomass grow th at t issue

luxury nutrient contents has not yet been reported in literature. However, in an earlier ex�
periment ( N i, 1999, unpublished) , reduced biomass grow th of four submersed macrophytes

at their t issue luxury N and P contents has been observed. It has been clear in terrest rial

plants that accumulat ion of large amount of minerals in the t issues has resulted in smaller cell
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size w ith thicker w alls and slow er grow th rate than normal plants ( M arschner, 1986) . T his

regularity should be applicable to aquatic macrophytes. The critical N and P reported for

g row th requirement of submersed macrophy tes are low : 13mg N g
- 1

DW and 3mg P g
- 1

DW, respect ively ( Gerloff, 1969) .

5 � Effects of excessive nutrients on macrophyte carbohydrate reserve

Photosynthet ic assim ilated carbohydrate is subsequently allocated to dif ferent sinks such

as: supply for respirat ion; synthesis of enzymes; synthesis of structural materials; synthesis

of storage compounds like starch. Among these sinks, storage carbohydrate is part icularly

important for the survival of macrophytes. T he main functions of the reserve are to support

seasonal regrow th and recovery after disturbance such as g razing and shading, and before

photosynthet ic carbohydrate supply can commence ( Cizkova�Koncalova et al. , 1992) . It has

been reported that carbohydrate reserves are also related to macrophyte tolerance to limited

oxygen availability in reducing sediment of eutrophic w ater ( Brandle and Craw ford, 1987) .

T his is because anaerobic respirat ion ( fermentat ion) of roots occurred under reduced condi�
t ion is much less eff icient in carbohydrate use.

T hus, the carbohydrate budget includes three important steps: carbonate assimilat ion in

plant photosynthesis, carbohydrate part ition among different sinks and consumption of stored

carbohydrates. The macrophyte nutrient supplies are considered to affect the carbohydrate

part it ions ( Cizkova�Koncalova et al. , 1992) .

Low carbohydrate reserve at high nutrient supply has been w idely observed. In w et land

species, it was pointed out by Cizkova�Koncalova et al. ( 1992) that high nitrogen supply

acted as the main predisposing factor for reed decline. In rooted submersed macrophytes, Ni

( 1999, unpublished data) observed that three species grow n on unfertile sediment had higher

carbohydrate contents than on fert ile one w hen their tissue P content at unfert ile sediment

w as low er than the crit ical value required for grow th ( P limit condition) . It has been w ell

documented for root and tuber crops that ex cessive nit rog en supply decreased accumulat ion of

carbohydrate reserves in storage organs ( M arschner, 1986) . It w as also reported that de�
creased reserve carbohydrate accumulat ion at excessive nutrient supply coincided w ith a de�
lay ed sw itch f rom vegetat ive to generat ive phase of macrophyte grow th ( Kuhl and Kohl,

1992) .

Even not further affected by excessive tissue nutrient accumulation, carbohydrate re�
serve of submersed macrophytes in eutrophic w aters is already at very low level. Compare to

the ranges from 5 � 30% DW in low trophic w aters ( Best , 1977) , carbohydrate of sub�
mersed macrophytes only ranges from 2 � 9% DW in high t rophic w ater or fert ile sediment

( Ni unpubliched data) . T his low level is caused by decreased photosynthet ic assim ilat ion at

intensive shading and DIC deplet ion from w ater column by phytoplankton; decreased reserve

allocat ion at high nutrient supply; and increased consumption of carbohydrate by anaerobic
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fermentat ion of roots. The ex tremely low reserve carbohydrate caused by the combined ef�
fects of eutrophicat ion is very crit ical for macrophyte to survive under disturbing environ�
ment .

6 � Effects of reducing sediment

Sediment redox potentials ( Eh) were reported to decrease w ith increasing org anic sub�
stance and increased loading of nutrient into sediment in product ive eutrophic waters. Sedi�
mentat ion of the organic materials results in high oxygen demanding and low Eh of sediment .

Recent invest igat ion show s a decrease of Eh at increasing ex tractable P loading of sediment

(Andersen and Jensen, 1992; Sondergaard, M. , 1990) . Its mechanism may be closely re�
lated to regenerat ion of sedimentary P at reducing condition. Reduced sediment in eutrophic

w ater of high product iv ity w as potent ially phytotox ic ( Ponnamperuma, 1972; Sanderson and

Armstrong , 1980) . Although submersed macrophy tes are reportedly capable of adapting low

Eh to certain extent by transporting photosynthetic orig inated oxygen through the intercellu�
lar lacunae to their roots ( Amstrong, 1978) , or by formation of nontox ic end products in

root� s anaerobic fermentat ion ( Penhale and Wetzel) , this mechanism seems to be ineffect ive

in fert ile sediment of eut rophic waters ( Carpenter et al. , 1983; Chen and Barko, 1988) .

In low Eh sediment , biomass growth w as reported to reduce due to high concentrat ion

of soluble reduced iron manganese and sulfides ( Jones, 1975) , org anic acids and other organ�
ic substances such as methane, ethylene, phenols and alcohol ( Yoshida, 1975) , and by indi�
rect ef fects of organic contents on sediment density ( Barko and Smart , 1983) .

According to more recent studies ( Barko and Smart, 1986; Barko et al. , 1986, 1991) ,

however, reduced macrophyte biomass in fert ile sediment w as related more to high organic

content than directly to sediment redox potent ial.

Influences of macrophy te roots on sediment Eh are considered to be inef fective in eu�
t rophic w ater ( Carpenter et al. , 1983) . This inf luence is determined by amount of radical

ox ygen losses f rom plant lacunae to rhizosphere. Lacunae oxygen is photosynthesis g enerat�
ed. It was stated by Barko et al. ( 1991) that oxygen release rates appeared to be sim ilar ( in

unit root mass) across a broad range of submersed macrophyte taxa in dif ferent trophic wa�
ters. T his fact can explain w hat observed by Wigand et al. ( 1979) that rhizosphere Eh of

deep�rooted submersed macrophyte species was significant ly higher than that of shallow�root�
ed and root less species. How ever, as reported in many marine and freshw ater macrophytes

that ox ygen release rates are several times greater in the light than in the dark ( Sand�Jesen et

al. , 1982; Carpernter et al. , 1983; Smith et al. , 1984; T hursby, 1984) , lacunae oxygen

supply is expected to decrease in eutrophic water due to increased shading of both phyto�
plankton and epiphytes. In addition, increasing oxygen demanding of root respirat ion w ill al�
so consume considerable amount of lacunae oxygen reserve. These m ight cause decreased

macrophyte root oxygen release in eutrophic w aters.
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