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Abstract. Concentration of nitrogen, one of the major elements, and ratio of two nitrogen forms (NH;" and NO; ) in the
nutrient solution affect the quality and food safety of fresh vegetable produce. This study was conducted to find an
appropriate strength and NH,":NO;  ratio of a nutrient solution for growth and development of a Romaine lettuce
(Lactuca sativa L. var. longiflora) ‘Caesar Green’, a representative leafy vegetable, grown in a home hydroponic system.
In the first experiment, plants were grown using three types of nutrient solution: A commercial nutrient solution (Peters)
and two strengths (GNU1 and GNU2) of a multipurpose nutrient solution (GNU solution) developed in a Gyeongsang
National University lab. Plants grown with the GNU1 and GNU2 had greater shoot length, leaf length and width, and
biomass yield than Peters. On the other hand, the root hairs of plants grown with Peters were short and dark in color.
Tissue NH," content in the Peters was higher than that of the GNU1 and GNU2. The higher contents of NH," in this
solution may have caused ammonium toxicity. In the second experiment, eight treatment solutions, combining GNU1
and GNU?2 solutions with four ratios of NO; :NH," named as 1, 2, 3 and 4 were used. Both experiments showed more
growth in the GNU2 group, which had a relatively low ionic strength of the nutrient solution. The growth of Romaine
lettuce showed the greatest fresh weight along with low tissue NO;™ content in the GNU2-2. This was more advantageous
in terms of food safety in that it suppressed the accumulation of surplus NOs ' in tissues due to the low ionic strength of
the GNU2 subgroup. In addition, this is preferable in that it can reduce the absolute amount of the input of inorganic
nutrients to the nutrient solution.

Additional key words: ammonium toxicity, blue baby syndrome, home hydroponic system, Lactuca sativa L. var.
longiflora, nitrogen source
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Fig. 1. Appearance of the home hydroponic system (Tiiun L061G1, LG
Electronics Inc., Seoul, Korea) used in the study. The interior
consists of two tiers, each with three compartments. Each compartment
holds one pod or seed kit, and each pod holds 10 plants.
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Table 1. Germination rate, mean germination time, and germination energy of Romaine lettuce as affected by nutrient solutions in the experiment 1.

. . Germination rate
Nutrient solution

Mean germination

Germination energy (GEn®) (%)

(seeds per day) time (day) GE, GE;
GNUTIY 7.8 2.00 a* 6.7 90.0 b
GNU2 7.8 193 b 33 100.0 a
Peters 7.8 1.93 b 33 100.0 a

“GEn, germination energy at day ‘n’ after sowing.
YPeters, GNUI, and GNU2 are the nutrient solutions used in the experiment, and Peters is a commercial nutrient solution.
*Significant differences calculated by Duncan’s multiple range test at p < 0.05.
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Nutrient solution

GNU2

Peters

Fig. 2. Growth at 7 days after sowing of Romaine lettuce as affected by
the nutrient solution. Peters, GNU1, and GNU2 are the nutrient
solutions used in the experiment, and Peters is a commercial nutrient
solution in the experiment 1.
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Fig. 3. Shoot length, and number of leaves of Romaine lettuce at 7 days
after sowing as affected by the nutrient solution in the experiment 1.
The vertical bars represent the SEs of 30 biological replicates (n =
5). Significant differences among treatments are indicated by
lowercase letters at p < 0.05 according to the Duncan’s multiple
range test.
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Fig. 4. Mean pH (a) and EC (b) of the nutrient solution measured for 28
days during the experiment period. Peters, GNU1, and GNU2 are
the nutrient solutions used in the experiment, and Peters is the
commercial nutrient solution. When the pH was out of range
5.6-6.4, it was adjusted to 6.0 (blue line). The vertical bars represent
SEs replicates (7 = 28). Significant differences among treatments
are indicated by lower case letters at p < 0.05 according to the
Duncan’s multiple range test.
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Fig. 5. Growth of Romaine lettuce at 28 days after sowing as affected by
the nutrient solution in the experiment 1. Peters, GNU1, and GNU2
are the nutrient solutions used in the experiment, and Peters is a
commercial nutrient solution.
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Fig. 6. Shoot length (a), leaf width (b), leaf area (c), and number of
leaves (d) of Romaine lettuce at 28 days after sowing as affected by
the nutrient solution in experiment 1. The vertical bars represent the
SEs of 30 biological replicates (n» = 30). Significant differences
among treatments are indicated by lowercase letters at p < 0.05
according to the Duncan’s multiple range test.
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Fig. 7. Contents of chlorophylls a and b (a), and ascorbic acid (AA) and
L-dehydroascorbic acid (DHA) (b) of Romaine lettuce at 28 days
after sowing as affected by nutrient solution in experiment 1. Peters,
GNU1, and GNU2 are the nutrient solutions used in the experiment,
and Peters is the commercial nutrient solution.
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Fig. 8. Tissue contents of NH;" (a), NO,™ (b), and NO;  (c) in the leaf
of Romaine lettuce at 28 days after sowing as affected by nutrient
solutions. Peters, GNU1, and GNU2 are the nutrient solutions used
in the experiment, and Peters is the commercial nutrient solution.
Vertical bars represent SEs of 30 biological replicates (n = 3).
Significant differences among treatments are indicated by lower
case letters at p < 0.05 according to the Duncan’s multiple range test.
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Table 2. Germination rate (GR), mean germination time (MGT), and germination energy (GE) of Romaine lettuce as affected by nutrient solution.

Nutrient solution NO;™ : NH," Cods GRY MGT (day) GE (%)

A) (%) (B) (Seeds per day) GE, GE;
100.0: 0.0* GNUI-1 74 bY 2.1 a 3.34 86.7 b

GNUI 83.3:16.7 GNUI1-2 7.8 ab 2.0 ab 6.67 90.0 b
66.7:33.3 GNUI1-3 7.8 ab 2.0 ab 6.67 90.0 b
50.0:50.0 GNU1-4 7.8 ab 2.0 ab 334 100.0 a
100.0: 0.0 GNU2-1 8.3 ab 19b 10.00 100.0 a

N2 83.3:16.7 GNU2-2 7.8 ab 2.0 ab 334 100.0 a
66.7:33.3 GNU2-3 85a 19b 13.33 100.0 a
50.0:50.0 GNU2-4 8.0 ab 19b 6.67 100.0 a

F-test™ B NS NS NS *

A xB NS NS NS *

“Eight treatment solutions were the GNU1 and GNU2 in combination with four levels of NO; : NH," ratio 100:0, 83.3:16.7, 66.7:33.3 and 50:50

and they as subgroups were named as 1, 2, 3 and 4, respectively.

YGR, Germination rate; MGT, mean germination time; and GEn, germination energy at day ‘n’ after sowing.

xNS, *

- "Nonsignificant or significant at p < 0.05 or 0.01, respectively.

“Significant differences calculated by the Duncan’s multiple range test at p < 0.05.
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Fig. 9. Growth of Romaine lettuce at 28 days after sowing as affected by nutrient solution in experiment 2. Eight treatment solutions were the GNU1
and GNU2 in combination with four levels of NO; : NH;" ratio 100:0, 83.3:16.7, 66.7:33.3 and 50:50 and they as subgroups were named as 1, 2,

3 and 4, respectively.
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Significant differences among treatments are indicated by
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