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Nutrient absorption and water purification by rice (Oryza sativa L.), canna (Canna indica 
L.), reed (Phragmites communis Trin.), and umbrella plant (Cyperus alternifolius L.), 
grown by the floating culture system, were compared under different pH conditions in natu
ral water. The pH of the rooting zone in natural water changed due to the increase in the 
CO2 concentration associated with root respiration, which was achieved by placing the 
roots in a plastic pot attached beneath the float to isolate the roots from the outside water. 
The absorption of nutrients (N and P) by umbrella plants was higher than that by the other 
plant species and was not inhibited by high pH values. In addition, the absorption of nutri
ents (N, P, K, and Fe) by umbrella plants increased with the application of a slow-release 
fertilizer to the basal part of the roots. As a result, umbrella plants grown with fertilizer 
displayed a strong water purification effect, regardless of the pH values. On the other hand, 
nutrient absorption by rice was severely inhibited by high pH values when fertilizer was 
applied. This was because the absorption of Nand P increased with fertilizer application, 
while the absorption of Fe by rice was markedly reduced under high pH conditions, result
ing in iron deficiency. Therefore, we suggest that species tolerant to high pH conditions, 
such as umbrella plants, should be selected and that fertilizer should be applied to those 
plants, although the levels of the nutrients contained in the fertilizer should not exceed 
those corresponding to the absorption capacity of the plant, for improving water quality in 
closed natural water bodies with high pH values. 

Key Words: fertilizer application, floating culture, nutrient absorption, pH, water purifica
tion. 
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The floating culture system was originally developed 
to produce crop plants on the surface of lakes and rivers 
by using rafts (Song et al. 1991, 1995; Agata et al. 
1998). This system can also be applied to water purifica
tion by allowing plants to absorb nutrients from natural 
water. In previous studies, we investigated the suitability 
of this system for various cereal and weed plants and 
found that umbrella plant (Cyperus alternifolius L.) and 
canna (Canna indica L.), perennial crops native to tropi
cal and subtropical regions, displayed a strong capacity 
for water purification (Miyazaki et al. 1995,1997; Agata 
et al. 2000). Water purification efficiency in those plants 
was enhanced by the application of a slow-release fertil
izer to the basal part of roots, which was related to the 
root development (Miyazaki et al. 1999). However, the 

water purification efficiency of rice plants grown by the 
floating culture system was reduced by high pH values 
that are characteristic of closed natural water bodies 
(Miyazaki et al. 2000). Therefore, in the present study, 
we compared the effect of the pH in natural water on the 
water purification efficiency between rice and some 
water purification plants grown under different condi
tions of fertilizer application. We attempted to determine 
the conditions required for practical use of this system 
in a natural water area with high pH. 

I To whom correspondence should be addressed. E-mail: 
miyazaki@cc.kochi-u.ac.jp 

MATERIALS AND METHODS 

Plant materials and culture conditions. Rice 
(Oryza sativa L., cv. Nipponbare), canna (Canna indica 
L.), reed (Phragmites communis Trin.), and umbrella 
plant (Cyperus altemifolius L.) were cultivated until 
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transfer by the following methods: Rice plants were 
grown in a nursery box until the 3.5-3.9-leaf stage for 
22 d after sowing by conventional methods. Seedlings of 
reed and umbrella plants were sampled from a riverbed 
and were adjusted to an even length by cutting the top 
and roots. Sprouted tubers weighing 50-60 g were col
lected in canna. 

The floating culture experiment for these plants was 
conducted in a concrete water reservoir (7 X 7 X 0.9 m) 
placed outside from June 10 to September 18, 1999. The 
water in the reservoir consisted of natural water that had 
not been exchanged for more than decades. During the 
experimental period, the water was also not exchanged 
although rainwater came into the reservoir. 

Eight foam polystyrene boards (180 X 90 cm, and 5 
cm in thickness each) as floats were put on the surface 
of water. Rice, reed, and umbrella plants with two seed
lings, canna with one tuber were transferred to holes 
opened at a 23 cm X 23 cm spacing in the floats (8 X 4 
holes in a board) and were fixed at their base with foam 
(Fig. lA, floating culture; FC). Two foam polystyrene 
boards were used for each species. All the floats were 
connected to each other and the total area of the floats 
accounted for 26% of the area of the reservoir. 

Treatments. Plants were grown with and without 
fertilizer application (hereafter referred to as "fertilized 
and non-fertilized conditions"). Under the fertilized con
ditions, slow-release fertilizer (N, 13%, including N03-

N 6.5% and NH4-N 6.5%; P, 11 %; K, 13%; Longtotal 
100, Chis so Asahi, Tokyo, Japan) was applied at a rate 
of 2 g hill-I in the foam at the time of plant transfer. The 
same fertilizer (2 g hill-I) was also topdressed at 62 d 
after transfer of the plants. 

Another treatment was applied to change the pH of 
the rooting zone. In this treatment, the roots were placed 

B. 

in a plastic pot attached beneath the float to isolate it 
from the outside water during the experiment (Fig. IB, 
root pot culture; RPC). The pH of the water inside the 
pot was expected to be different from that of the water 
outside the pot due to the increase in the CO2 concentra
tion associated with root respiration, based on the fact 
that the pH in natural water generally changes with the 
CO2 concentration (Matsuno 1982; Nakamura 1998) ac
cording to the following equation: 

CO2 + H20 ~ H2C03 ~ H+ + HC03 -

~ 2H+ + C0
3

2-

The water was allowed to be exchanged between the 
inside and outside of the pot only through 2 holes (1.2 
cm in diameter) located at the bottom (see Fig. IB). For 
all the species and treatments, a split-split -plot design 
without replication was adopted. 

Measurements. Plants and residual fertilizer in 
each treatment and species were sampled with three rep
lications on 0, 22, 43, 75, and 100 d after transfer of the 
plants during the experiment. Dry matter weight was 
measured after the samples were dried at 80'C for 3 d. 
Dried samples from 0 and 100 d after transfer were 
milled for nutrient analyses. Samples from the plants 
and fertilizer were digested with sulfuric acid and sali
cylate sulfuric acid, respectively. These acid digestion 
solutions were used for analyses of the nitrogen (N), 
phosphorus (P), potassium (K), and iron (Fe) contents. 
The N content was determined according to the modi
fied micro-Kjeldahl distillation method (Hidaka 1997). 
The P content was determined by the ascorbic acid 
method (Nanzyo 1997). The contents of K and Fe were 
determined by atomic absorption spectrophotometry 
(AA-61OS, Shimadzu, Kyoto, Japan). The amount of 
nutrients absorbed by plants was estimated from the 

Water 
Rooting zone 

-<Ill- Root 
Rooting zone pot 

Fig. 1. Diagram of (A) floating culture (FC) and (B) 
root pot culture (RPC) systems. Exchange of water be
tween the inside and outside of the root pot was restricted, 
and the pH of the water in the root pot decreased as the 
CO2 concentration increased due to the respiration of roots. 

N tt-
FC RPC 
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nutrient contents in plants sampled at 100 d after trans
fer by subtracting the nutrient contents in plants sam
pled. The amount of fertilizer nutrients dissolved was 
calculated from the amount of fertilizer nutrients applied 
by subtracting the amount of fertilizer nutrients that 
remained at 100 d after transfer. Based on these data, the 
water purification effect of the plants grown with fertil
izer was calculated from the amount of nutrients ab
sorbed by subtracting the amount of fertilizer nutrients 
dissolved. 

Water quality in the rooting zone was analyzed 8 
times, every I or 2 weeks, during the experimental peri
od. The dissolved oxygen (~O) concentration, electrical 
conductivity (EC), water pH, and temperature were 
measured by inserting a water checker (U -10, Horiba, 
Kyoto, Japan) directly into the rooting zone. A mini
mum quantity of water was collected from a depth of 20 
cm and was filtered with a filter paper (No.6, Toyo 
Roshi, Tokyo, Japan) for the estimation of the concen
trations of N03-N and NH4-N. The concentrations of 
N03-N and NH4-N were determined by the cadmium 
reduction method and Nessler's method, respectively 
(OR-201O, Hach, Loveland, USA). Kjeldahl N, the sum 
of the concentrations of organic Nand NH4-N, was 
determined by Nessler's method after sulfuric acid 
digestion (OR-20l0, Hach). Total N content was calcu
lated as the sum of the concentrations of Kjeldahl Nand 
N03-N (Somiya and Tsuno 2000). Total P content was 
determined by the ascorbic acid method after persulfuric 
acid digestion (Saizyo and Mitamura 1999). 

RESULTS AND DISCUSSION 

Changes in the water quality of the reservoir during 
the experimental period are shown in Table 1. The value 
of the pH increased at 3 weeks after the beginning of the 
experiment, and ranged from 7.3 to 10.1 during the 
experiment. High concentrations of N03-N and NH4-N 
which were observed at the beginning of the experiment, 
gradually decreased and the compounds were hardly 

detected after 1 month. Similar changes in the pH and 
nutrient concentrations are often observed in the surface 
layer in closed eutrophic water bodies, in which the 
increase in pH and the decrease in nutrient concentra
tions are caused by CO2 assimilation and nutrient ab
sorption of algae during the summer season, while high 
nutrient concentrations are detected in the aphotic layer 
because organic matter produced by algae undergoes 
precipitation and decomposition (Saizyo and Mitamura 
1999; Miyazaki et al. 2000). 
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Fig. 2. Changes in pH, DO, and EC values of water in the 
experimental reservoir (FC) and in the root pot culture (RPC). 
Open: non-fertilized conditions; closed: fertilized conditions. 
0, ., rice; 0, ., canna; 0, ., reed; 6, A., umbrella plant. 

Table 1. Changes in water quality in the experimental reservoir during the growth period. 

Water parameters 
Days after transfer 

Average 
2 15 21 34 56 74 85 99 

pH 8.06 7.34 9.05 8.94 8.98 10.13 8.91 8.95 8.80 
EC (mS em-I) 0.26 0.21 0.20 0.16 0.15 0.11 0.12 0.15 0.17 

DO (mg VI) 11.0 6.2 13.9 10.3 10.9 18.4 8.2 10.4 11.2 

Temperature CC) 24.5 25.0 25.1 27.5 29.8 28.7 29.1 27.0 27.1 

Total N (mg L- I) 3.14 0.60 0.00 0.45 0.42 0.92 

NH4-N (mg L- I) 1.29 0.44 0.29 0.11 0.37 0.25 0.46 

N03-N (mg L- I) 0.30 0.07 0.00 0.00 0.00 0.00 0.06 

Total P (mg L- I) 0.24 0.06 0.07 0.00 0.06 0.09 0.09 
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Comparison of the pH, DO, and EC values in the 
rooting zone between the RPC and FC is shown in Fig. 
2. The pH value in RPC was lower than that in FC at 21 
d after the transfer of the plants until the end of the ex
perimental period. The pH value in the rooting zone of 
canna, reed, and umbrella plants in RPC ranged between 
6.2 and 7.4 after 21 d, and it was lower than that in rice 
plants in RPC. The pH value in the rooting zone of rice 
in RPC with fertilizer application was lower than that in 
RPC without fertilizer application. These changes in the 
pH value were similar to those in the DO concentration, 
and there was a significant relationship between the 
changes in the two parameters (r = 0.880, significant at 
0.1 % level). Therefore, the decrease in the pH values in 
RPC was attributed to the increase in the CO2 concentra
tion associated with the decrease in the DO concentra
tion due to root respiration, suggesting that the pH 
values inside the pot decreased with the enlargement of 
the roots. The values of EC in the rooting zone for all 
the plants in RPC were slightly lower than those of the 
plants in FC after 75 d. 

The effect of RPC on dry matter production is shown 
in Fig. 3. Numbers in parentheses in Fig. 3 indicate the 
ratio of dry weight in RPC to dry weight in FC, for the 
plants sampled at 100 d after transfer. Under non-fertil
ized conditions, RPC exerted a significant effect on the 
dry weight of canna, reed, and umbrella plants, although 
the dry weight of rice was low in both RPC and FC. On 
the other hand, under fertilized conditions, RPC exerted 
a negligible effect on the dry weight of canna, reed, and 
umbrella plants, although it markedly affected the dry 
weight of rice. The difference in the reactivity of rice 
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ORPC 
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between the two fertilizer conditions was partly due to 
the lower pH values in the rooting zone of rice grown 
with fertilizer compared with rice grown without fertil
izer application (Fig. 2). However, this did not explain 
the reason for the difference in the reactivity of canna, 
reed, and umbrella plants between the two fertilizer con
ditions, in which the pH values were not different, while 
the effect of RPC on the dry weight was clearly differ
ent. These results indicated that the effect of RPC on the 
root function varied considerably with the plant species 
and nutrient conditions associated with the fertilizer. In 
this experiment, RPC decreased the DO and EC values 
(Fig. 2), but did not decrease the dry matter weight of all 
the plant species (Fig. 3). Therefore, we consider that 
RPC did not cause the shortage of oxygen and nutrients 
for the growth and nutrient absorption. 

Nutrient absorption was compared among the plant 
species grown by the RPC and FC systems for the esti
mation of the water purification efficiency (Fig. 4). 
Numbers in parentheses in Fig. 4 indicate the ratio of 
nutrient absorption in RPC to nutrient absorption in FC, 
although some ratios were not indicated because nutri
ent absorption by plants in FC was negligible. The ab
sorption of N, P, K, and Fe by the umbrella plants was 
higher than that by the other species (except for K in 
canna) and was hardly inhibited by high pH values 
under the FC conditions. Moreover, the absorption of Fe 
by the umbrella plants in FC was higher than that by the 
umbrella plants in RPC when fertilizer was applied. In 
the canna and reed plants, the absorption of Nand K 
was not inhibited by high pH, while the absorption of P 
and Fe was inhibited under the fertilized conditions. In 
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Fig. 3. Total dry weight of plants grown by RPC and FC systems with and without fertilizer application. Numbers in parentheses 
indicate the ratio of dry weight in RPC to that in FC for the plants sampled at 100 d after transfer, although the ratio was not always 
indicated because the dry weight of the plants in FC was negligible. Bars indicate standard errors. 
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this experiment, there was no difference in the absorp
tion of Nand P by the umbrella plants between RPC and 
FC, suggesting that there was no difference in the diffu
sion of fertilizer nutrients between the RPC and FC sys
tems. 

Compared with the canna, reed, umbrella plants, the 
absorption of N, P, K, and Fe in rice was strongly influ
enced by RPC, especially when fertilizer was applied. 
This is because the absorption of N, P, and K increased 
with fertilizer application, while the absorption of Fe in 
the rice plants in FC was strongly inhibited by high pH 
values. These differences in the amount of nutrients 
absorbed appear to have led to severe iron deficiency. As 
a result, the rice plants in FC under fertilized conditions 
died at the early vegetative stage due to severe chlorosis, 
while the rice plants in RPC under fertilized conditions 
reached the maturity stage and produced grains. 

The differences in the nutrient absorption capacity 
exerted a remarkable effect on the water purification 
efficiency (Fig. 4). The absorption of N, P, and K by the 
umbrella plants exceeded the amount dissolved from the 
fertilizer (indicated by a dotted line in Fig. 4), indicating 
that water purification was effective. In addition, the 
purification effects associated with the absorption of P 
and K were more pronounced in the umbrella plants 
grown with fertilizer than in those grown without fertil
izer. On the other hand, in the case of rice, the water 
purification effect of N, P, and K was less conspicuous. 
Above all, in rice, the water purification effect of N 
under both pH conditions could not be observed, pre
sumably because the amount of N in the water was 
much lower than that required for the growth of rice. 
Actually, the amount of N absorbed by rice in this 
experiment was lower than that previously recorded in 
eutrophic water (Song et al. 1994; Miyazaki et al. 2000). 

Based on the results shown in Figs. 2-4, it appears 
that the rice plants were highly sensitive to the pH with
in the range of the values recorded in this experiment. 
Therefore, the nutrient absorption of the rice plants was 
remarkably improved in RPC, although the RPC system 
was not suitable for extensive cultivation. On the other 
hand, umbrella plants and the other species were much 
more tolerant to high pH values than rice plants, even 
within the range of pH from 6 to 9, when fertilizer was 
applied. Therefore, we suggest that species with a high 
tolerance to pH should be selected and that fertilizer 
should be applied to those species, although the levels of 
nutrients in the fertilizer should not exceed those corre
sponding to the nutrient absorption capacity of the plant 
species, in order to achieve water purification by the FC 
system in natural water with high pH values. 

The results described above and in other previous 
reports are summarized in a flow chart shown in Fig. 5. 
The water purification effect in the FC increased with 

the application of slow-release fertilizer to the base of 
roots (Miyazaki et al. 1994, 1999). This is because the 
fertilizer nutrients were used for dry matter production, 
resulting in the enhancement of the nutrient demand and 
increase in the nutrient absorption through the expanded 
root system, although the fertilizer nutrients that were 
not absorbed leached into the water. The water purifica
tion efficiency of the umbrella plants varied with the 
amount of nutrients contained in natural water, but was 
not appreciably affected by the pH values (Fig. 4; 
Miyazaki et al. 2000). On the other hand, the water puri
fication efficiency of rice was often severely inhibited by 
high pH values under the fertilized conditions, presum
ably because the high pH values exerted an adverse 
effect on the absorption of Fe compared with that of N 
and P, causing a large difference in the amount of 
absorption between nutrients and resulting in severe iron 
deficiency. Therefore, the growth of rice in the FC sys-
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Fig. 4. Absorption of N, P, K, and Fe during the cultivation 
of plants grown by RPC and FC systems with and without fer
tilizer application. Dotted lines in the figures indicate the disso
lution of fertilizer nutrients. Numbers in parentheses indicate 
the ratio of absorption in RPC to absorption in FC, although 
some ratios were not indicated because the nutrient absorption 
by plants in FC was negligible. Bars indicate standard errors. 



362 A. MIYAZAKI et al. 

Biomass production, Yield 

Plants cultured by 
the floating system 

Nutrient absorption 1---- Nutrients dissolved 
. from fertilizer 

________________________________ (R~s.pjratiQ[l-"-------- ___ \,~-------------------------------------- _______________ _ 
Shading of roots),.: '-.. Water 

CO2/ ,": '-.., ----pUrification 
:' '. Leak 

w:~~rronment 0 _ Nutri~nts contained __ 

................................... co'\~········/0~:~~~~~t:;;ei""················· 
Algae, Microorganisms 1 CO2 assimilation, Decomposition 1 

tern was improved by the application of iron element in 
fertilizer (Miyazaki et al. 2000), In addition, it was 
reported that when rice plants were grown on the sur
face of eutrophic water containing adequate amounts of 
Fe (0,7 mg L -I) and other nutrients (NO}-N, 1.7 mg 
L -I; NH4-N, 1.6 mg L -I; total P, 0.38 mg L-I) under the 
same conditions of plant density, fertilizer, and variety, 
even at a higher pH (7.2) than the optimum pH level for 
rice cultivation (pH 5.5-6,0), the yield was comparable 
to that of rice plants grown in paddy fields (Miyazaki et 
al. 2000). Since these conditions are observed in open 
natural water bodies with continuous inflow and outflow 
of nutrients, in which adequate amounts of nutrients are 
supplied for crop production and since the rise in pH 
with the growth of algae is not appreciable, the rice 
plants may be used not only as water purification crops, 
but also as food crops. 

The pH value in closed natural water bodies changes 
with the CO2 assimilation of algae, the respiration of 
microorganisms and plant roots in the FC system (Fig. 
2; Matsuno 1982; Nakamura 1998). Therefore, we con
sider that in this system, there is a strong interaction 
among the plants subjected to FC, algae, and microor
ganisms through the water environment, such as nutri
ents and pH. This suggests that the removal of nutrients 
in the FC system may inhibit the growth of algae. 
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