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Effect of Dissolved Oz Levels in a Nutrient Solution on the Growth and Mineral Nutrition of
Tomato and Cucumber Seedlings
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Faculty of Bioresources, Mie University, Tsu, Mie 514

Summary

The root systems of tomato (Lycopersicon esculentwm Mill,, cv. Hausu-Momotaro) and

cucumber (Cucumis sativus L., cv. Sharp I) seedlings were subjected to four different dis-
solved O3z (DO) levels in nutrient solution for 8 days under artificial light conditions. The
DO levels were kept constant at 1, 2, 4 and 8 ppm, and the solution temperature was
controlled at 22 and 30°C for tomato and at 25 and 33°C for cucumber.

1. Growth of tomato plants at 1 and 2 ppm DO was inferior to that at higher DO
levels, irrespective of solution temperatures.

2. Growth of cucumber plants was slightly retarded even at 1 ppm when the solution
was held at 25°C. At 33°C, the growth was significantly .inhibited at 1 and 2 ppm DO
levels, similar to tomato. '

These results suggest that to control the vegetative growth of young plants in DFT by
means of the DO level, lowering the DO level to about 2 ppm is appropriate for tomato.
For cucumber, however, it seems necessary to lower the DO level well below 1 ppm to
control effectively its vegetative growth. Possible causes of the difference in the tolerance
to low DO levels between tomato and cucumber are discussed as to the morphological

changes and iron-induced oxygen radical formation in the roots.
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Fig. 1. Effect of the DO levels in nutrient solution on the growth and leaf water content in tomato seédlings grown at -
22°C (O} and 30°C (@). Values with the same letter on a graph are not significantly different at P =0.05.
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Fig. 2. Effect of the DO levels in nutrient solution on the growth and leaf water content in cucumber seedlings grown at
25°C () and 33°C (@). Values with the same letter on a graph are not significantly different at P =0.05.
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Table 1. Effects of dissolved O; (DO) levels in nutrient solution on mineral concentrations
in the leaves and roots of tomato plants grown at 22 C.

Organs® DO level N P K Ca Mg Fe Mn 7n
(ppm)
(g-100 g'dw) (ng-g’dw)
1 2.26° 0.70? 2,04 3.15% 0.52° 186.4° 31.32 10.9°
Upper 2 443° 0.82° 2.50° 3.40° 0.72° 233.2°¢ 412° 144¢
leaves 4 5.08° 0.92° 3.53¢ 4.94° 0.87° 302.0 ¢ 52.3° 13.0°¢
8 5.05° 0.87° 3.01° 4.52° 0.92° 202.8° 92.3¢ 75°
1 2.50° 0.29° 1.53° 5.74° 0.70° 144.0° 65.0° 8.0°
Lower 2 353 0.50° 2.24 8,53 1.14° 193.2° 86.4° 8.7°
leaves 4 3.63° 0.63° 2.75° 7.83° 1.28° 214.1¢ 59.6 134°¢
8 3.86° 0.55° 243° 8.19° 1.31° 168.6° 93.7¢ 7T
1 4.46° 1.78° 4.78° 1.10° 1.15° 2602.3 ¢ 715.3° 44.7°
Roots 2 5.13° 1.60° 6.00° 1.14° 0.97° 2857.5¢ 850.2° 49.8°
4 4.98™ 1.29° 6.12° 1.24° 0.86° 2223.8°  11126° 356
8 463® 0.81° 5.28° 1.17% 0.86° 1202.1° 808.5° 339°

Leaves were divided into upper and lower leaves at the middle leaf node.
¥ Values in a column with the same letter are not significantly different at p = 0.05.

Table 2. Effects of dissolved O; (DO) levels in nutrient solution on mineral concentrations
in the leaves and roots of cucumber plants grown at 25 C.

Organs® DO level N P K Ca Mg Fe Mn Zn
(ppm) - -
(g-100 g 'dw) (pg-g'ldw)

1 5.40° 1.15% 343 3.63¢ 0.51° 85.1°¢ 454°¢ 50.1°
Upper 2 5.36 1.24° 3.44° 348 047 100.0° 56.2 ¢ 53.0°
leaves 4 5.40° 1.24° 342 3.33° 0.48% 73.8° 156° 68.2°

8 5.26° 1.19° 341° 3.07 0.49% 70.8° 1217 83.0°

1 473 1.01° 4.08° 7.02° 0.86° 125.3° 1154 ¢ 62.8"
Lower 2 453 1.18° 3.93* 6.65" 0.82° 139.1° 123.74 55.1°
leaves 4 473° 1.21° 3.95® 6.31° 0.85™ 95.8° 455° 84.8°

8 467 1.26° 3.86° 6.15° 0.84° 91.5° 22.2° 95.9¢

1 5.15° 0.95° 838 0.65* 0.15° 432.8° 600.1 ¢ 2024°
Roots 2 5.11° 1.07 9.82¢ 0.71° 0.16° 1885.7 € 3484 °

4 4.99 1.02° 8.86° 0.69% 0.17° 644.7° 201.4°

8 4.54° 1.10° 7.93° 0.67® 0.19° 601.0° 1476%

Leaves were divided into upper and lower leaves at the middle leaf node.
¥ Values in a column with the same letter are not significantly different at p = 0.05.
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Table 3. Effects of dissolved Oz (DO) levels in nutrienf solution on mineral concentrations
in the leaves and roots of cucumber plants grown at 33 C.
Organs® DO level N P K Ca Mg Fe Mn Zn
(ppm) )
(g:100 g "dw) (ng-g dw)

1 5.07% 1.08° 3.13% 2.52° 0.41° . 9694 49.8°% 7472
Upper = 2 5.46° 1.09° 3.17° 2.44° 0.41° 92.1°¢ 58.4° 80.6°
leaves 4 5.64° 1.10° 3.15° 3.18° 0.50° 786° 65.3°¢ 75.1
8 5.63° L11# 3.23° 3.21° 0.56° 85.0° 9509 80.3°
1 4.56° 0.83° 2.97° 5.05% 0.70° 114.1° 106.5° 64.9°
Lower 2 4.58° 0.89° 3.14° 5.07* 0.68° 119.8° 1264° 83.1°
leaves 4 547° 0.87* 3.50° 6.08" 0.85° 121.6° 150.8°¢ 90.8°¢
8 548" 0.96° 3.82° 5.97" 0.90° 18L1° 1950°  1007¢
1 4.38° 0.85% 7.99° 0.90% 0.21% 1872.8°¢ 302.2° 140.0°
Roots 2 4.80° 0.88° 8.15° 0.93™ 0.26° 1466.8°  1048.1°¢ 163.8°
4 4.80° 0.92° 748 0.91* 0.28° 997.32 849.6° 173.0°
8 467° 1.08° 6.56° 0.95° 0.28° 951.8% 14664 ¢ 246.6°

Leaves were divided into upper and lower leaves at the middle leaf node.
¥ Values in a column with the same letter are not significantly different at p = 0.05.

Table 4. Effect of adventitious roots in the aerial space above the solution level on the growth of cucumber seedlings grown

for 8 days ip nutrient solution with the DO levels of 1 and 4 ppm and solution temperature of 25 C.

Fresh wt. of

Treatment Fresh wt. of adventi- Fresh wt. of Fresh wt.
tious roots in the whole plant of leaves roots in
DO Adventitious aerial space nutrient sol.
~(ppm)  roots in (g-plant™) (g-plant™!) (g-plant™) (g-plant™)
1 Air space’ 0.69°¢ 113.19° 35.59° 37.32°%
1 Solution® 0.00° 118.91 % 36.94° 42.08"
4 Airspace 0.30° 120.34° 37.94° 33.16°

Air space ; adventitious roots were developed in the aerial space. Solution ; all adventitious roots were submerged in nu

trient solution.

.Y Values in a column with the same letter are not significantly different at p = 0.05.
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