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Effect of Commercial Organic Nutrient Solutions
on Growth and Chemical Composition of Lettuce
under Agricultural Soilless System

M. Z. El-Shinawy and Sh. M. Gawish’
Hort. Dept. and Soils Dept., Faculty of Agric, Ain Shams
Uiniv., Shobra EI-Khima, Cairo, Egypt.

HIS STUDY was conducted during 2003/2004 and 2004/2005

scasons at the Experimental Farm of the College of Agriculture
and Veterinary Medicine, King Saud University, Al-Qassim and
Fuculty of Agric., Ain Shams Univ., Shobra Ei-Khima, Cairo, Egypt,
to evaluate the effect of different nutrient solutions on mineral
accumulation and growth of lettuce plants grown under two soilless
culture system (hydroponics and sand cultures).

The first solution was inorganic source (control), while the second
sofution was box solution, the third was star solution and the fourth
was fruit growth solution as organic sources (commercial solutions).

The highest yield was observed with inorganic fertilizer followed
by fruit growth solution. The same response was found with head
fresh yield and chlorophyll content of plant leaves. This is true for
cither hydroponics or sand cultures treatment; the yields with
hydroponics were, however, higher than with those in sand culture.

There was a high correlation between concentration of nitrate in
solution of the growth medium and in leaves; the cooper solution
treatment was the highest content of nitrate, while the Star solution
treatment was the lowest.

This study suggested that both box and fruit growth solutions can
be possibly used satisfactory for organically based hydroponic
formuta as safe sources, with relatively low nitrate content, for the
required nutrients by plant, human, and environment.

Keywords: Lettuce, Inorganic nutrient source, Organic nutrient source.

Foods have always been considered beneficial for human health maintenance.
Among those thought to have high nutritional and medicinal value is lettuce; a
vegetable which contains essential dietary minerals .

Some of the leaf crops for human consumption have been found to accumulate
excessive NO;™ and are possibly responsible for methemoglobinemia, particularly
in babies (Keeney, 1982). Crops known to accumulate excessive NOj’ in the forage
with overlay liberal fertilization include spinach, lettuce and dill (Olson and Kartz,
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1982). The adverse effect of high NOy™ is actually due to NO," produced through
reduction in the intestine of some animals and human infants during the first few
months of life. Nitrite is rapidly absorbed into blood where it oxidizes the Fe of
hemoglobin to the ferric state forming methe-moglobin which cannot function in
oxygen transport. Moreover, some circumstantial evidence relating exposure to
either NO; or NO; to the incidence of cancer is available. Santanaria and Elia
(1997) reported that despite the contribution of vegetables to human health,
consumers are worried because some cultivation techniques, e.g., the presence of”
pesticide residues or excessive nitrate content might reduce the quality of the
product. Smith and Hadley (1989) cited that there is an increasing interest in the
use of organic N sources as fertilizers for the production of vegetable crops and in
particular for the production on “organic grown” advantages of organic N
fertilizers over inorganic N salts. Recently, Al-Redhaiman et al. (2005) suggested
that the application of chicken and rabbit manures to lettuce plants under soilless
system can be used as relatively safe sources for the required nutrients by plant,
human, and environment.

The question of hydropnic nutrition of crops by organic means, instead of
employing inorganic salts of different types, has been raised many times
throughout the recent years, but perhaps more frequently during the past half -
decade. The demand for organic plant food materials arises for several reasons
such as desire of some growers and consurners to avoid chemical fertilizers
along with increasing cost of artificial salts or compounds.

Therefore, the goal of this study was to investigate the influence of different
nutrient sources on mineral accumulation and growth in the leaf tissues of lettuce.

Material and Methods

This study was conducted at the Experimental Farm of the College of
Agriculture and Veterinary Medicine, King Saud University, AL-Qassim Branch
and Faculty of Agric., Ain Shams Univ., Shobra El-Khima, Cairo, Egypt. The
experiment was conducted in the greenhouse, under hydroponics and sand
cultures in two successive seasons df 2003/2004 and 2004/2005. Seeds of
lettuce, cv. Calona from S & G, Holland, were germinated in a mixture of peat
moss and vermiculite (1:1v/v). The seedlings were produced in mesh pots
supported by the pot rims, in PVC channels after, approximately, 14 days from
germination. Such seedlings were then spaced at 6.5 inch (19 ¢cm) within the
rows (PVC) giving 10 heads per 6- foot row (30 plant in plot); 30 | plastic
containers each containing 25 | of aerated nutrient solution were used for
supplying two channels in which the nutrient solution was recirculated. Four
nutrient solutions were used as treatments. The first nutrient solution (check)
contained inorganic sources {Cooper, 1979) and consisted of Ca (NOs),, 0.575;
KNO,, 0.331; Mg (NO,), 7H,0, 0.219; KH, PO, 0.0828 and K,80,, 0.1466
{g/1). The micro nutrients were supplied to this solution as Fe - EDDHA 16;
MnSQ,. 7H,0, 2.44; H;BOs, 0.68; ZnS0O,. 7H,0, 0.176;CuS0,. 3H,0, 0.156 and
(NH;) 6 MO7044 0.148 (mg/l). The second solution represented the box solution

Egypt. J. Hort. Vol. 33 (2006)



EFFECT OF COMMERICAL ORGANIC NUTRIENT SOLUTIONS 21

(organic source) as following: Total organic N, 1.12; total P, 1.12; total K, 4.48;
S, 0.11; Mg, 0.05; Fe, 0.6; Mn, 0.03 and Zn, 0.04%. The third solution
represented the star solution (organic source) as following: Total organic N, 6.0;
total P, 4.2; total K, 10.2; S, 0.24; Mg, 0.06; Fe, 0.14; Mn, 0.1 and Zn, 0.12%.
The fourth treatment was growth fruit solution {organic source) as following:
Total organic N, 3.75; total P, 5.0; total K, 18.75; §, 0.24; Mg, 0.06; Fe, 0.1; Mn,
0.1 and Zn, 0.12%. The characteristics of each diluted nutrient solution were
mentioned in Table 1. On the other hand, the same previous nutrient solutions
were used in four treatments in sand culture technique for comparison between
hydroponics and sand culture technique. The sand culture experiment was
carried out in plastic pots (diameter, 20 cm). The plastic pots were filled with
washed sand. Each pot contained one seedling and each treatment consists of
nine plants. A completely randomized design was used with three replicates of
each solution. The nutrient solutions were completely renewed every 7 days. The
EC of each nutrient solution was about 2.0 dS /m. The pH was adjusted at 5.5 to
6.5 using citric acid for the all organic nutrient solutions, but for the inorganic
solution the pH was adjusted by using nitric and phosphoric acids (3:1 v/v).
After 75 days of growth, the plants were harvested; three plants were randomly
chosen from each plot and plant fresh and dry weights were determined. Total
yields were also recorded. Total chlorophyll was measured at harvest in the
second leaf using Minolta chlorophyll Meter SPAD —501. The samples were
oven dried at 70°C then ground in a blender and stored in glass vials for
elemental analysis. Dried samples were wet ashed using concentrated H,S0, and
30% H;0;. In the digest, nitrogen was determined by steam distiliation
procedure using devarda alloy. Assessment for the nitrogen-NO; was performed
using Cardy NO;-Nitrate Meter Model HORIBA, Spectrum Technologies, Inc.
reported by Al-Moshileh et al.(2004). Phosphorus was measured colorimetrically
using ammonium molybdate procedure; sodium and potassium were determined
with flame photometer and Fe, Zn Mn, Cu, Mg and Ca were measured by atomic
absorption spectrophotometer (Chapman and Pratt, 1961).

TABLE 1. The characteristics of each diluted nutrient solution {1l mml nutrient
solution / 250 mml water).

Parameter Box Star Fruit
solution solutien Growth
solution
pH 6.9 5.5 8.6
Ec 2.1 2.5 2.5

The data were analyzed by analysis of variance and comparison of treatment
means was_carried out using L.S.D range test at the p = 0.05 level of
signmificance. Data were, finally, statistically analyzed according to Sendecor and
Cochran (1980}.
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Results

The characteristics of each diluted nutrient solution were mentioned in Table 1.
The stock solution of fruit growth solution has pH 8.6 while box and star solutions
pH were 6.9 and 5.5, respectively. The pH reflects the nature of material
composition in each solution, The pH of materials in fruit growth solution tends to
have a basic effect while pH both of box and star solutions tend to give an acid
effect. The percentages of total organic material from plant source were 39.2, 24.0
and 22.5 % for box, star and growth fruit solutions, respectively. Also, the total
humus was 8.96, 144 and 15.0 % for box, star and growth fruit solutions,
respectively. Star solution was highest in content of the nitrogen; growth fruit
solution has the higher content of both phosphorous and potassium.

In fact, the differences among the solution compositions fed to variations in
growth of lettuce plants. Table 2 shows that yield, head fresh and dry weights
generally recorded the highest values by application of cooper treatment {check)
in both seasons; the lowest values were recorded with box solution. On the other
hand, the yield, head fresh and dry weights in hydroponics culture was higher
than sand culture. This trend was true with chlorophyll content in lettuce leaves.
Response of nutritional status in letiuce plants for different nutrient solutions was
shown in Tables 3 and 4. The highest concentrations of total nitrogen in lettuce
leaves were found with the star solution in the two studied seasons. The
phosphorous content in fiuit growth solution gave the highest conceniration in
the first season while the inorganic treatment (cooper) was superior in the second
season, The other macronutrients were, generally, highest in their content in
treatments receiving the inorganic nutrient source (cooper); the highest
concentrations of mrcronutrients were obtained with fruit growth. Finally,
hydroponics culture has higher content of N, P, K, Ca, Mg, Mn and Zn than sand
culture; the reverse was true with Fe and Cu.

Nitrate concentration in plant tissue was shown in Table 4; the ‘cooper
solution treatment was the highest in content of nitrate, the box solution was the
lowest. Also;-in hydroponics culture, nitrate content in lettuce tissues was higher
than that of sand culture.

Discussion

Elevated nitrate levels in plants at harvest are uneconomical in relation to
nitrogen utilization and are also undesirable nutritionally. It may be worth to
mention that the actual Ievel of nitrate must be less than 4500 mg kg™ fresh weight
(European Economic Community, Gent, 2003). Also, Kobryn (1996) reported that
the type of growing medium, the relevant possibilities of fertilization and nutrient
element uptake have significant influence on the yield and its quality; especially on
the postharvest nitrate content in the lettuce head. This is clear from the high nitrate
conterit of the cooper ireatment, compared with other treatments, as a result of
nitrogen form which was nitrate. This is different from the organic nitrogen form
which was the main source in the other treatments. On the other hand, box solution
treatment seems to be safer compared with other treatments where nitrogen
concentration was the lowest in their nutrient selutions.
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TABLE 2. Effect of the studied treatments on the head fresh and dry weights, yield
and chlorophyll content of lettuce plants.

Treatments First Season
Chlorophyll Head fresh | Head dry Yield
(Spad ) weight weight Kg/plot
glplint g/plant
Hydroponics(H)
Control 36.2 281 1062 {. 9.04
Star 343 221 9.99 7.13
Box ' 336 168 8.83 5.42
Fruit Growth 342 259 10.1 835
L.S.D 0.05 0.10 8.80 0.10 0.009
Sand culture (5)
Control 36.3 m - 6.44 3.59
Star 337 97.8 5.78 315
Box ' 310 8§77 5.29 2.82
Fruit Growth 320 90.5 5.43 2.92
L.S.D 0.05 0.15 124 0.14 0.013
L.S.D 0.05 H*S 0.21 17.6 0.20 0.019
Second Season
Hydroponics(H}
Control 349 376 3.7 - . 12.1 ¢
Star 339 250 1.2 8.05
Box 333 203 9.73 6.55
Fruit Growth 343 307 12.1 9.89
L.S.D 0.05 0.03 373 0.09 0.03
) Sand culture (S}
Control : 378 100 603 | - 325
Star 340 95.1 580 | 292
Box 321 88.7 5.03 2.89
Fruit Growth 346 91.2 5.22 3.06
L.S.D 0.05 0.03 52.8 013 - 0.05
LSDOOSH*S 004 . | . 747 018 0.07
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TABLE 3. Effect of the different nutrient solution sources on the contents of macro and

microelements in lettuce plants during the two studied growing seasons.

Treatments First Season
Hydroponics(H) N P K Ca Mg Fe Mn Zn Cu
%o Yo Yo Yo Yo pm _| ppm | ppm | _ppm
Control 4.32 0.89 4.91 0.76 0.65 828 | 248 | 397 | 484
Star 4.34 0.79 332 0.75 0.51 67.6 | 203 | 365 6.35
Box 3.15 0.79 3.33 0.68 0.50 84.6 | 26.1 | 264 { 7.24
Fruit Growth 31.83 0.92 4.64 0.66 043 104 | 342 | 678 8.3l
L.S.D 0.05 0.014 ' 0001 | 0.009 | 0.003 0005 | 196 | 1.92 | 2.32 0.21
Sand culture (S
Control 279 0.59 3.54 0.67 0.45 162 | 100 | 21.1 12.8
Star 3.09 0.71 278 0.69 0.45 109 | 128 | 274 6.88
Box 2.14 0.63 117 0.69 0.36 106 | 10.3 10.8 12.6
Fruit Growth 2.66 0.71 3.23 0.66 0.44 169 | 26.0 | 57.1 12.9
L.S.D .05 0.028 | 0.002 0.13 0.004 0007 | 272 | 271 | 329 | 030
LSDO00OSH*S | 0039 | 0.003 | 0.018 } 0006 | 0.001 38.5 | 384 | 4.65 043
] Second Season .
Hydroponics(H) N P K Ca Mg Fe Mn Zn Cu
Y% %o % % %% m i ppm | ppm | ppm
Control 3186 0.95 5.41 0.87 0.72 863 ¢ 250 | 40.5 791,
Star 4.38 0.68 421 0.75 0.54 76.3 | 207 [ 39.1 7.75
Box 329 0.78 4.20 0.73 047 82.9 | 244 20.0 777
Fruit Growth 3.71 0.75 524 081 0.58 105 | 35.5 | 697 881
L.S.D 0.05 0.223 | 0.0008 | 0.006 | 0.006 | 0.0006 } 129 | 2.04 | 0.990 | 0.02
Sand culture (S
Control 2.40 0.63 3154 0.74 0.52 160 | 11.7 | 235 10.8
Star 2.68 (.34 3.19 074 .39 104 | 167 | 268 8.81
Box 233 0.50 3.51 (.65 0.37 111 11.1 19.4 9.20
Fruit Growth 241 041 3.12 0.74 0.49 163 21.6 37.7 14.7
L.S.D 0.05 NS 0.001 | 0.009 | 0.0008 | 0.0009 | 183 | 408 | 140 | 0.029
L.S.D .05 H*S 0.44 NS 0013 | 0001 | 00012 | 259 | 408 | 1.99 | 041

TABLE 4. Effect of different nutrient sources on the cantent of nitrate (mg/Kg bDwW)
in lettuce plants.

Treatments First Season Second Season
Hydroponics (H)
Control 3900 2950
Star 1333 1633
Box 583 733
Fruit Growth 1766 1766
L.S.D 0.05 375 i15
Sand culture

Control 1566 1600
Star 1533 1466
Box 633 666
Fruit Growth 1100 1566
L.S.D 0.05 531 36t

| L.S.D 0.05 H*S 751 446
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It may be worth to mention that the importance of nitrate content in vegetables
is underlined in the European Commussion Regulation No. 563/2002, which sct the
maximum nitrate levels in the different seasons and cultivation methods for lettuce
and spinach, and by JECFA (Joint FAO/WHO Expert Committee on Food
Additives) which has fixed the acceptable daily intake (ADI) of nitrate between 0
and 3.65 mg kg of body weight (WHO, 1995). According to this ADI, only 100 g
of raw vegetables {with a NO’y concentration of 2500 mg kg fw™"y accounts for an
intake of 250 mg NO';. Hence, if a 60-kg person consumes this amount alone, the
ADI for NO'; will be exceeded by about 14%.

The hydroponics system recorded relatively the highest concentration of
nitrate in plant tissue due to the fact that the lettuce roots in such system were
inserted within nutrient solution; accordingly, the roots were directly contacted
with nutrient solution. In fact, Massantini et af. {1988) mentioned that plants
grown on hydroponics have more mineral salts rather than those of conventional
system whose levels of heavy metals are also higher. Bohme (1995) added that
in the closed type soilless culture system, nutrient management has been based
on the maintenance of relatively high ion concentrations, i.e. high EC, sometimes
with serious environmental impacts (Bohme, 1995). It can lead to luxury ion
uptake and to an imbalance between vegetative and reproductive growth, which
can reduce quality (e.g. low sugar content in fruit vegetables and high nitrate
content in leaf vegetables) (Pardossi et al., 1995).

Nitrogen content of plant tissues fertilized with Star treatment was the
highest due to-presence of relatively high concentration of organic nitrogen
compared with other treatments,

Variations in chlorophyll content of leaves which was highest when plants
were fertilized with inorganic source (cooper solution, check) and lowest with box
solution coincide with both nitrogen form balance and nitrogen concentration in
nutrient solutions. Inorganic source (cooper solution, check) treatment was
followed, in the content of chlorophyll, by the fruit growth solution treatment
whose nitrogen concentration was relatively high in total organic nitrogen.

In fact, mineral nutrition can affect net photosynthesis in various ways (Natr,
1975 and Barker, 1979); mineral nutrients are required for various processes
related to the formation and function of chloreplasts. In green leaf cells, for
example, up to 75% of the total organic nitrogen is located in the chloroplasts,
mainly as enzyme protein. A deficiency of mineral nutrients that are directly
involved in protein or chlorophyll synthesis, therefore, results in the formation of
chloroplasts with low photosynthetic efficiency. The same holds true when there
is a deficiency of a mineral nutrient which is directly involved in either the
electron transport chain or in photophosphorylation.

Of course, increasing nitrogen concentration in the uptake media increased
nitrogen uptake (Abd-Elmoniem, 1986) which, in tumn, increased its concentration
and enhanced chlorophyll content in plants tissues {(Marschner, 1993).
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K, Ca and Mg contents of plant tissues receiving inorganic source (Cooper
solution, check) treatment was highest possibly due to their relatively high
uptake by grown plants compared with that form other treatments (organic
sources) due to variations in nutrition status of the different nutrient cultures.

Finally, it can be concluded that both fruit growth and box solutions can be
possibly used satisfactory for organically based hydroponic formula to produce
healthy lettuce with relatively high yield and good quality representing relatively
low nitrate content in plant tissues.
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