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Nitrate Requirement and the Quantitative Management 
Method of Nutrient Solution sased on the Nitrate Supply 

in Hydroponic Culture of Spinach Plants 

Haruki TAKEI *・料 and Shigetoshi SUZUKI * 

Abstract The nitrate absorption， timing and interval of nitrate supply， growth and quality of spinach plants grown in 

hydroponics were examined to evaluate the possibility of the quantitative nutrient management (QNM) of nutrient solution 

in hydroponic culture of spinach plants. The amount of nitrate required for their growth to commercial size (z 25 g F明乃

was estimated to be 649 mg/plant by the direct measurement of nitrate absorption by spinach plants grown in the nutrient 

solutions containing different N03 concentrations (2， 4， 6， 8， 10 me/L) regulated by the EC-based nutrient management 

(ECNM). Plants were supplied with the two different total amounts of N03 (649 or 425 mg/plant) at different timing and 

intervals by QNM， and then their f詑shweight and nutrient absorption were compared with the plants grown with ECNM. 

From these experiments， it became evident that spinach plants of commercial size could be cultivated with QNM by 

supplying the total amounts of nitrate required for their growth at the beginning of cultivation， and that the amount of nitrate 

was approximately 400 mg/plant. In QNM， nutrients concentration in the nutrient solution decreased to almost zero at the 

end of experiment， and nitrate content of spinach leaves at harvest was lower than the minimum level permitted. 

Key words: deep flow technique (DFT)， hydroponics， nitrate ion， spinach (Spinacia oleracea Lよquantitativenutrient 

m叩 agement(QNM) 

ホウレンソウの養液栽培における硝酸塩要求量と硝酸塩施用に基づいた培養液の量的管理法(竹井美樹打率-

鈴木茂敏*)

要約 ホウレンソウの養液栽培における培養液の量的管理の可能性を評価するため，湛液水耕法で育てたホウレンソウ

の硝酸塩吸収，硝酸塩施用の時期と間隔，成長と品質を調べた 異なる濃度の硝酸イオン濃度 (2，4， 6， 8， 10 me/L) 

の培養液を用いてEC管理法で栽培し硝酸イオン吸収量と成長量との関係を調べた結果，可販サイズ(約25g)の成長

に必要な硝酸イオン量は1株あたり 649mgと推定された 園試処方の塩類組成に基づいて一定量の硝酸イオン量を施用

し施用時期と間隔の影響を調べた結果， 1個体あたり425mgの硝酸イオン量を栽培開始時に全量施用する方法でも栽培

が可能であることが明らかとなった.また，この時栽培終了時の培養液中栄養素濃度は著しく低下し肥料の施肥効率が

著しく高まり，葉中硝酸イオン濃度も低下した

キーワード:ホウレンソウ，養液栽培， ri甚液水耕，量的管理法，硝酸イオン
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Introduction 

In the conventional method of nutrient management in 

hydroponics， the levels of nutrients in nutrient solution are 

controlled to be maintained at optimum EC， the values of 
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which are determined by crop species， developmental stages， 

environmental conditions， and growing seasons. This method 

is particular1y applicable for the open and non-circulating 

systems of nutrient supply， because the newly prepared 

nutrient solution of optimum EC， pH， and nutrient 

composition can be supplied directly to crop plants over the 

whole cultivation period without higher risk of the spread of 

root diseases. However， surplus solution is drained into the 

environment， resulting in pollution of surface water and 

ground water. Meanwhi1e， in a c10sed system ofhydroponics， 

however， it becomes very difficult to maintain the optimum 

nutrient composition at the constant level because of different 
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degrees of absorption of nutrients by crop plants; depletion 

and accumulation of nutrients in the nutrient solution are 

often observed during the course of cultivation， resulting in 

several times of renewal of a whole amount of nutrient 

solution. Wi白叩 expensivecomputerized system equipped 

with a variety of sensors for specific mineral ions， however， a 

precise control of nutrient levels in the nutrient solution of 

the closed system would be possible. To avoid these problems 

occurring in the system， the quantitative nutrient 

management (QNM) system was proposed by several 

researchers in the hydroponic culture of tomato plants 

(Kageyama， 1991; Terabayashi et al.， 1996; Kidono and 

Suzuki， 2006; Nakano et α1.， 2006; 2010)， spinach plants 

仰aruoetα1.， 2001)， melons (Pardossi et α1.， 2002) and 

chrysanthemums (Kageyama et al.， 1987， Kageyama and 

Konishi， 1992; 1996， Kageyama et al.， 1993; Kageyama et al.， 

1995; Shima et al.， 1995) as an approach to an alternative 

method to conventional nutrient solution management. In 

QNM， plants are supplied with a limited amount of nutrients 

needed for their growth. In spinach plants， Maruo et al. 

(2001) proposed a QNM method by which spinach plants 

were to be grown with a low concentration of nutrient solution 

by the daily supply of a limited amount of nutrients estimated 

from the measurement of its daily uptake. They proposed 

advantages of their QNM method in hydroponics and 

summarized as follows: (1) the improvement of the efficiency 

of nutrient usage， (2) the reduction of the negative 

environmental impacts， (3) the facilitation of growth control 

in the fruit vegetable production， (4) the reduction of nitrate 

content in leafy vegetables， and (5) the reduction of 

physiological disorders through the effect on the ionic 

balance. 

The QNM system was based on the idea that crop plants 

were to be supplied according to the nutrient demand with a 

limited amount of nutrients required for their growth during 

the cultivation period， and hence it becomes important to 

estimate the total amount of nutrients required for a crop 

plant and to determine the timing of nutrient supply. Total 

amount of nutrients required during the period of cultivation 

can be estimated (1) on the basis of their concentrations in 

plants at harvest and (2) by the direct measurement of 

nutrient absorption by plants grown up to a commercial size. 

In the QNM method proposed by Maruo et al. (2001)， 

nutrients were supplied every day according to their nutrient 

supply program in which daily uptake of nutrients were 

estimated from growth pa抗ern，nutrient composition， and 

days to the harvest of spinach plants. Likewise， tomato plants 

were reported to be hydroponically grown by QNM method 

with the daily supply of a small amount of nitrogen to regulate 

leaf area index (LAI) at optimum (Hosoi and Hosono， 2005) 

and with the daily supply of nutrients according to the 

average amount of water absorbed daily for three days 

preceding the harvest (Nakano et al.， 2010). Thus， daily or 

shorter interval supply of nutrients appears to be highly 

required during a long-term culture of tomato plants. 

However， Terabayashi et al. (2004a; 2004b) reported that a 

weekly supply of N0
3
' and PO/ during the fruiting stage did 

not decrease fruit yield of tomato plants and Kageyama 

(1991) reported that the yield and nitrogen content of tomato 

plants grown hydroponically in a two-truss culture were 

unaffected by the supply of total amount of nitrogen required 

for tomato plants at the beginning of the experiment. 

Similarly， quantitative supply of potassium at 12-day interval 

during fruiting stage did not affect fruit grow仕1of tomato 

plants in a two-truss culture (Kidono and Suzuki， 2006). 

These results indicate the possibility of short-term production 

of tomato fruits with QNM method by which nutrients are 

supplied at longer intervals or only once at the beginning of 

culture. 

In case of leaf vegetables such as spinach plants， grow出

regulation of the crop plants in the stage of vegetative grow吐1

becomes most important in cultivating practices for their 

higher yield and quality， and thus the regulation would be 

considered much simpler than仕latof tomato plants， in which 

both vegetative and reproductive growth progress in plants 

after the onset of floral growth on the first truss. Hence， 

these facts indicate the possibility that spinach plants can be 

cultivated hydroponically by the QNM method with longer 

intervals of nutrient supply. 

Nitrate is the m司jorform of nitrogen absorbed by spinach 

plants (Ikeda and Osawa， 1980) and plays critical roles in 

their growth and development， thereby affecting yield and 

quality. In this paper， we report the possibility of the simplest 

QNM method of supplying a whole amount of nitrate required 

for spinach growth at the beginning of the hydroponic 

cultivation. 

Materials and Methods 

After overnight imbibition with running tap water， spinach 

(Stinacia oleracea L.) seeds were sown in a 200-cell tray (10 

mL/ cell) filled with premixed soil (vermiculite : peat moss : 

carbonated rice hull= 5 : 4 : 1， v/v/v) and germinated in a 

glasshouse in the Tempaku Campus of Meijo University. 

After germination， seedlings were grown in the glasshouse 

and supplied with a half strength of the nutrient solution 

containing 2.25 me/L of MgSO 4・7HzU， 1.5 me/L of 

NH4H2P04， 0.75 me/L of Ca(H2P04)2・HzU， 3 me/L of 

Ca(NO)2・4HzU， 3 me/L of KN0
3 
and microelements. 
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Concentrations of microelements were as follows: Fe(llI) 

EDTA; 20.0， H3B03; 2.85， MnCl2・4HzU;1.81， ZnS04.7HzU; 

0.22， CuS04・5HzU;0.05，別H4)6MoP24・4HzU;0.02 mg/L. 

These levels of microelements were maintained during 

cultivation in Experiment 1-3 (see below). The pH was 

adjusted to 5.5. When the fifth leaf emerged， one to three 

seedlings were transplanted into a pot of black vinyl meshes 

(diameter 6 cm， height 10 cm)五lledwith a mixture of 

granulated rock wool and carbonated rice hull (8 : 2， v /v). 

Fourteen pots were placed in a closed circulating deep flow 

technique (DFT) hydroponic system consisting of a nutrient 

solution pool (60 cm in length， 60 cm in width and 5 cm in 

depth) and a nutrient solution tank (45 L) placed under the 

pool. Nutrient solution pumped up at the rate of 5 L/min from 

the tank overflowed the pool and flowed down into the tank. 

Thereafter， plants were subjected to various treatments as 

described in Experiment 1-3. The total amount of nutrient 

solution in the system was 35 L in Experiment 1 or 20 L in 

Experiment 2 and 3， being maintained by adding ground 

water. Temperature in the solution tank was controlled at 

about 20
0

C in winter with an electric heater or below 25
0

C in 

summer with a stainless cooling tube through which ground 

water was running. 

After 14-22 days of cultivation， plants were harvested and 

separated into organs for the measurement of fresh weight， 

dry weight， leaf nitrate level and content of mineral elements. 

Fresh samples were dried in a ventilated oven at 70
0

C for 3 

days and ground into powder with a pestle and mortar to pass 

through a 0.35-mm sieve. After being digested by the 

standard method of wet-acid digestion with nitric acid and 

perchloric acid Gones， 2001)， the mineral contents of the 

samples were analyzed by using a flame photometer (ANA-

10KL， Tokyo Photo-electric) for K and Na， and an atomic 

absorption spectrophotometer (AA-125， Yanaco) for Mg and 

Ca. P content was analyzed with the vanadomolybdate 

method (Ito and Kimura， 1990). 

Exteriment 1. Amount 01 NO 3- required lor a commerciαl 

Table 1. Nutrient composition of nutrient solution used in Experiment 1. 

me mglL 

A solution MgS04・7Hp 3 369 

K2S04 87 
KCl 4 296 

B solution Ca(H2P04)3・H20 3 378 

C solution NaN03 2 170 
4 340 
6 510 
8 680 
10 850 

troductio汎 olstinach.

Seeds of‘Novel'ぐrakiiSeed) were sown on September 13， 

2002 and germinated seedlings were transplanted to the 

granulated rock wool pots (one seedling per pot) on October 

16. Thereafter， plants were grown with the nu仕ientsolutions 

containing different levels of N0
3
-; i.e. 2， 4， 6， 8， 10 me/L 

(Table 1). The levels of N0
3
-were measured with a compact 

ion meter (Caddy Ion C-141， Horiba) and maintained by 

adding NaN03 
every 2-3 days. Other elements were also 

replenished every 2-3 days with the nutrient solution 

containing no N0
3
-until the EC value returned to the original 

level. The pH was adjusted to 5.5 every 2-3 days. 

EXteriment 2. Ellects ollimited suttly 01 NO 3-on yield， mineral 

absorttion， and quality 01 stinach tlants. 
Seeds of‘Orai'ぐrakiiSeed) were sown on Oct. 7， 2003 and 

germinated seedlings were transplanted to the pots (three 

seedlings per pot) on Oct. 22. Plants were grown in DFT for 

22 days， being supplied with the total amount of N03-(649 

mg/plant) required for growing to commercial size， the 

values of which was obtained in Exp.1， by three different 

methods of nutrient supply. In the first method， 1/8 aliquot of 

the total amount of N03-was supplied every 3 days (ATMふ

supply). In the second method， the total amount of N03-was 

supplied during 22 days of growth period according to the 

cumulative absorption of N03-by spinach plants grown with 

the nutrient solution containing 8 me/L of nitrate in Exp. 1 

(CAN-supply). In the third method， the total amount of N03 
was supplied at the beginning of the experiment (TAN-

supply). The mineral composition of nutrient solution used in 

this experiment was based on the Enshi formula as shown in 

Table 2.， and the amount of elements other than N03-was 

also quantitatively supplied. The pH was adjusted to 5.5 every 

2-3 days. 

EXteriment 3. Ellects ollimited suttly olNO 3-on yield， mineral 

absorttion，αndquαliか01stinach tlanお.
Seeds of‘Okame' (Takii Seed) were sown on April 14， 

2004 and germinated seedlings were transplanted to pots 

(three seedlings per a pot) on May 10. On May 17， the pots 

Table 2. Nutrient composition of nutrient solution used in Experiment 2. 

me mg/L 

A solution KN03 4 404 

MgS04・7H20 2 246 

NaN03 2 170 

B solution Ca(N03h・4H20 2 236 

Ca(H2P04)3・H20 2 252 
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Table 3. The amount of nitrate absorbed and the absorption concentration of nitrate 
ion in Experiment 2 
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15.6 358 CAN-supply 

16.9 

Z Absorption of nitrate ion was calculated from its decrease in the nutrient solution 

YValues of absorption concentration were calculated by dividing weight of 

absorbed nitrate ion by the volume of absorbed water (me/L). 

426 TAN-supply 

Results 

Eゆerz悦側t1.

Time-dependent changes in EC and N0
3
'level of nutrient 

solution are shown in Fig. l. Five levels ofN0
3
' and EC values 

were maintained at the originallevels by supplying NaN0
3 

and concentrated nutrient solution containing no N0
3
' every 

2-3 days， respectively. Fresh weight of shoot was affected by 

N0
3
' absorption and increased with increasing absorption 

with a maximum ofぉ 649mg/plant (Fig. 2). Compared with 

the plants grown with 2 me/L， N0
3
' absorption was low in 

plants grown with 4 me/L N0
3・

Consideringfrom the 

significant reduction in leaf growth (fresh weight ofleaf blade 

and petiole) in p1ants grown with 4 me/L N0
3
' (data not 

shown)， it appears likely that N0
3
' absorption decreased by 

some physiological problem. From these results， it becomes 

evident that a broad absorption range ofN0
3
' absorbed (勾400-

700 mg/plant) is required for the production of commercial 

size (勾25g F羽ワ ofspinach plants during 22 days of growth 

period. Sodium content of foliage leaves was 0.51 % on the dry 

weight basis in the plants grown with 10 me/L N0
3
' (data not 

30 

were placed in the DFT system. These plants were grown for 

14 days， being supplied with N0
3
' by three methods. In the 

first two methods， the total amount of N0
3
' (649 mg or 425 

mg/ plant) were supplied at the beginning of the experiment 

(T釧 (649)ー andTAN (425)切 pply).In the third method， 

plants were grown with nutrient solution containing 16 me/L 

of N0
3
' (EC 2.4 dS/m， EC-control). This concentration of 

N0
3
' was the average absorption concentration of N0

3
' of the 

plants supplied with 649 mg N0
3
' per plant at the beginning 

of Experiment 2 (Table3). The concentration of N0
3
' and EC 

were adjusted every 3 days by adding new nutrient solution. 

The pH was adjusted to 5.5 every 3 days. 

The levels ofN0
3
' in leaves were measured with a compact 

ion meter (Caddy Ion C-141， Horiba). Leaves sampled at 

harvest were ground with a pestle and mortar and the 

resulting homogenates were squeezed through four layers of 

gauze. The filtrates were used for N03-determination. 
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Fig. 2. Relationship between shoot fresh weight and N0
3
' 

absorption. Different le仕ersindicate significant differences by 
Duncan's multiple range test (pく0.05).

Fig. 1. Changes in EC values (a) and N0
3
' concentration (b) of 

nutrient solution in Experiment 1. 
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negligible. shown). According to Osawa (1961)， growth of spinach plants 

was inhibited above 2.5% of sodium ion in the leaves， 

indicating that the toxic effect of sodium ion on the plants is Expeγtm叩 t2. 

Changes in EC and N0
3
' level are shown in Fig. 3. EC 

values were very high at the beginning of the experiment in 
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containing 16 me/L of Nu
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Fig. 3. Changes in EC values (a) and Nu
3
'concentration (b) of 

nutrient solution in Experiment 2. In ATArヰsupply，1/8 aliquot 
of the total amount of Nu

3
' was supplied every 3 days. In CAN-

supply， the total amount of Nu
3
' was supplied during 22 days of 

growth period according to the cumulative absorption of NU
3 

by spinach plants grown with the nutrient solution containing 8 
me/L of nitrate in Experiment L In TAN-supply， the total 
amount of Nu

3
' was supplied at the beginning of the experiment 
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plant of Nu

3
') on fresh weight of leaf， petiole and shoot. 1ρwer 
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youngest leaves， respectively. ln ATAN叩 pply，1/8 aliquot of 
the total amount of Nu

3
' was supplied every 3 days. In CAN-

supply， the total amount of Nu
3
' was supplied during 22 days of 

growth period according to the cumulative absorption of Nu
3
' 

by spinach plants grown with the nutrient solution containing 8 
me/L of nitrate in Experiment L In TAN-supply， the total 
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3
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Table 4. The efficiency of nutrient application and nitrate content in Experiment 3 

Efficiency of nutrient application (%)Z Leaf ni廿atecontent (mg/L) 

N0
3
- K Ca Mg P 

TAN (649) 83目6 102.3 62.3 81 70.5 2080 aY 

TAN (425) 92.6 105.5 66.l 101目6 79.5 1960 a 

EC-control 55目5 61 47.l 47.7 53.9 2680 b 

Z Effici巴ncyof nutrient applicationニ (decreasedamount of nutrients in nutrient solution / amou凶 ofnutrients supplied) x 1 00 (%) 

YDifferent letters indicate significant diffel官ncesby Duncan's multiple range test (pく 0.05)

TAN-supplied solution and decreased with the time during 

the experimental period. In both ATAN-supplied and CAN-

supplied solution， EC gradually increased and reached the 

comparable level with that of TAN-supplied solution at the 

end of the experiment. A similar trend of changes in N0
3
-

levels and the other macro elements (K， Mg， P， and Ca， data 

not shown) to the trends in EC suggests that excess amount 

of nutrients was supplied by each me出odof nutrient supply 

in experiment 2 and spinach plants absorbed a similar amount 

of nutrients irrespective of the different managements of 

nutrient solution. Plants， supplied with 649 mg/plant of N0
3
-， 

absorbed 397， 358， and 426 mg/plant of N03-in ATAN-， 

CAl'ふ， and TAN-supplied managements， respectivelyぐfable

3). In ATAN-， CAl'ふ， and TAN-supplied plants， the values of 

shoot fresh weight reached to a marketable size (" 25 g F~乃

on the 22nd day after transplanting and were not significantly 

different (Fig. 4). 

Eゅerime抗t3.

The EC values decreased with time during 14 days of 

cultivation in both TAN (649)ー andTAN (425)-supplied 

solutions， whereas decreased EC values in the EC圃controlled

solution were restored to the originallevel (2.4 dS/m) by the 

EC adjustment every three days (Fig.5). Fresh weight after 

14 days of cultivation was 25-30 g and unaffected by the three 

different method of nutrient supply (Fig.6). In TAN 

(425)-supplied treatment， the levels of nutrients in the 

nutrient solution were lowered at the end of experiment and 

the values of nutrient application efficiency were high except 

for Ca2+. The N0
3
-1evels in the filtrates of leaf homogenates 

were 2，080 mg/L and 1，960 mg/L in TAN (649)ーandTAN 

(425)回suppliedplants， respectively (Table 4). The N0
3
-1evels 

of spinach leaves with 92.4 % water content on the fresh 

weight basis C百leStandard Tables of Food Composition in 

Japan， 2005) were calculated to be 1，922 mg/KgFW and 1，811 

mg/KgFW， respectively. These values were lower than that 

of EC-controlled plants. 

Discussion 

In the quantitative management of nutrient solution， 

plants are supplied with a limited amount of nutrients needed 

for their growth to commercial size. Total amount of nutrients 

required during the period of cultivation can be estimated (1) 

on the basis of their concentrations in plants at harvest and 

(2) by the direct measurement of nutrient absorption by 

plants grown up to a commercial size. We estimated the total 

amount of nitrate ion required for spinach growth to be ，，400-

700 mg/plant (Fig.2). As shown in Experiment 2， in which 

spinach plants were supplied with 649 mg/plant of nitrate， 

unabsorbed nitrate remained in the nutrient solution at the 

concentration of 372-558 mg/L， suggesting that plants were 

supplied with an excess amount of nitrate. Plants of ATAN-， 

CAN-， and TAN-supplied plants absorbed 358-426 mg of 

nitrate per plantぐfable3)， indicating that toね1amount of 

nitrate required for their commercial production is " 400 mg/ 

plant. This prediction was confirmed by the fact that the level 

of nitrate in the nutrient solution of TAN (425)幽supplied

treatment decreased to almost zero at the end of this 

experiment (Fig. 5). According to Osawa (1961) and Zhang 

et al. (1990)， nitrogen content of spinach leaves was ，，5% on 

the dry weight basis. Accordingly， a spinach plant of ，，25 g 

Fw， which is a standard commercial size in J apan， and of 92.4 

% water content on白efresh weight basis (百leStandard 

Tables ofFood Composition inJapan， 2005) was calculated to 

contain 0.095 g of nitrogen. Assuming that this amount of 

nitrogen is derived from nitrate supplied during cultivation， 

420.7 mg of nitrate is considered to be absorbed by a spinach 

plant from nutrient solution. From these results， we conclude 

that approximately 400 mg of nitrate is required for the 

production of commercial size of a spinach plant. Similar 

results have been reported by Maruo et al. (2001). 

In the quantitative management of nutrient solution， the 

basic concept of nutrient supply is that crop plants are 

supplied with a limited amount of nutrients at the time when 

they require its adequate amount for their normal growth. 

Accordingly， it would be reasonable to recommend a precise 

control of nutrient supply to crop plants over a whole 

cultivation period using a computerized system equipped 

with a variety of sensors for specific mineral ions. However， 

the simplest method of nutrient supply is to supply a total 

amount of nutrients required for crop growth at the beginning 

of cultivation. As shown in Fig. 4， the values of shoot fresh 
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weight of ATAN-， CAN-， and TAN-supplied plants reached to 

a marketable size (ぉ 25g FW) on the 22nd day after 

transplanting and were not significantly different. These 

resu1ts suggest that the method of TAN-supply is highly 

applicable to the hydroponic cultivation of spinach plants. In 

the method of TAN-supply， the levels of nutrients in the 

medium solution dec1ine during cu1tivation from higher 

levels at the beginning to lower levels at the end of cu1tivation 

(Fig.3). Under these conditions， spinach plants are 

considered to absorb an excess amount of nutrients in the 

ear1y stage of growth and a limited amount of nutrients in the 

later stage of growth. However， the resu1ts of experiment 2 

indicated that spinach yield was unaffected by these 

differences in conditions of nu廿ientabsorption (Fig.4). To 

understand these phenomena， further studies would be 

needed to make c1ear (1) the effect of higher and lower 

nutrient concentrations on nutrient absorption by spinach 

plants and (2) the role of nutrients absorbed excessively 

during仕leear1y stage of growth in the later growth and 

development of spinach plants. 

In the quantitative management of nutrient solution， 

spinach plants are supplied with a limited amount of nitrate， 

resulting in lower levels of nitrate in spinach. Particular1y in 

the spinach plants grown by the method ofTAN-supply， the 

value of nitrate level was lower than the minimum level (3，500 

mg/KgFVIワpermittedin EU (Commission Regulation (EU) 

No. 1258/2011 amending Regulation (EU) No. 188112006 as 

regards maximum levels for nitrates in foodstuffs). This 

resu1t indicates that ni仕a民 accumulationin spinach， which is 

a serious problem for human hea1th (Eichholzer and 

Gutzwi11er， 1998; Ohtsuki and Kikugawa， 2005; Yorifuji et a1.， 

2005)， could be lowered by the method of TAN-supply; the 

method ofTAN-supplywould be expected to improve quality 

of vegetable crops for salad. 

In conc1usion， we propose that the method ofTATもsupply

is the simplest method by which spinach plants containing a 

lower level of nitrate could be produced commerciallywithout 

drainage of nutrient solution containing a large amount of 

nutrients from the hydroponic system to the environment. 
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