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The Influences of Gas/Liquid Phase Ratios in the Root - zone on Vegetative Growth and Fruit Yield of
Tomato Grown in Wet - sheet Culture
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Summary

Effects of gas/liquid phase ratios in the root-zone on vegetative growth and fruit yield of tomato
(Lycopersicon esculentum Mill.) were investigated. The plants were grown in a wet-sheet culture, in
which a part of the root system is directly exposed to the atmosphere. Ratios of the gas/liquid phase in
the root-zone were: 0 % (whole roots were submerged in the nutrient solution), 25 %, 50 %, 75 %,
and 100 % (the entire root system is developed on the wet sheet and exposed to the atmosphere). The
oxygen concentration in the nutrient solution ranged from 1.9 to 3.0 ppm during the growth period.

Enlarging the gas phase area in the root-zone up to 50 % increased the dry weight of shoots and
roots. Leaf expansion was suppressed both at 0 and 100 % gas phase. Fruit yield and weight were
heavier when the gas phase exceeded 50 %, whereas the percentage of dry matter and soluble solids
decreased. Photosynthetic rate of leaves was significantly lower at the 0 % gas phase, while total root
respiration increased as the gas phase was increased to 75 %.

These results indicate that partial exposure of roots to atmosphere promoted physiological activity of
whole root system in hydroponics. Tomato roots in the non-aerated nutrient solution were injured by
oxygen deficiency, whereas roots maintained only on the wet sheet suffered from water stress. Hence,
for stable growth of tomato plants, their roots need exposure to both the liquid and gas phases.

Key Words: gas phase, hydroponics, root respiration, tomato, wet- sheet culture.
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Fig. 1. Wet-sheet culture (WSC) system for the cultivation of
single - truss tomato.
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Fig. 2. Schematic diagrams showing the ratio of gas/liquid
phase in root- zone. 0%plot: whole roots are submerged
in the nutrient solution, 100%plot: whole roots developed
on the wet sheet and exposed to the atmosphere.
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sheet culture.
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Fig. 3. Effects of gas/liquid phase ratios in the root-zone on
fruit yield and single - truss tomato. [§, fruit yield; 4, fruit
weight. Vertical bars LSD at P=0.05. “LSD on fruit weight.
YLSD on fruit yield.

Effects of gas/liquid phase ratios in the root—zone on the growth of single - truss tomato in wet-

Percentage of Leaf area Dry weight (g/plant) .

Growth atage 2 S/R
gaseous phase (cm®/plant) Leaf Stem Root

0% 917b¥ 3.7a 1.7a 0.7c 8.0

25% 1373a 4.4a 2.0a 1.4b 4.5

Floweringx 50% 1188a 4.2a 1.7a 1.3b 4.6

75% 1207a 4.3a 1.7a 1.8a 34

100% 912b 3.7a l.4a 1.82a 29

0% 1658¢ 10.0c 7.9b 7.3c 2.5

25% 2928b 14.8b 9.7a 10.8b 23

Harvest" 50% 3183ab 18.7a 9.5a 12.2b 23

75% 3674a 20.7a 10.3a 12.9a 2.4

100% 3128b 18.9a 8.9ab 14.3a 1.9

“Shoot dry weight/root dry weight.

¥Values followed by the same letter within same measurements are not significantly different at P=0.05.
*Mesurements were carried out on 27 April. Values are the mean of 8 repetitions.
“Mesurements were carried out on 15 June. Vaiues are the mean of 16 repetitions.
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Table 2. Effects of gas/liquid phase ratios in the root- zone
on fruit quality of single - truss tomato in wet - sheet

culture.
Soluble solids .
Percentage of  Dry matter tent Citrate content
conten
aseous phase  percent (% +100m1™!
gaseous p percent (%) (Brix %) (mg )
0% 7.1%a" 6.8%a 574%a
25% 6.0b 5.9b 587a
50% 5.1c¢ 5.1d 481b
75% 5.1¢ 5.4c 528ab
100% 5.3¢c 5.4¢ 528ab

“Values are the mean of 15 to 19 fruits.

YValues followed by the same letter within same measurements
are not significantly different at P=0.05.

*Values are the mean of 5 to 8 fruits.

Table 3. Effects of gas/liquid phase ratios in the root- zone
on photosynthesis. *
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Percentage of the gaseous phase Percentage of the gaseous phase

Photosynthesis

Percentage of gaseous phase _
geote P (¢ mol CO;+m™ %+ sec ')

0% 19.3'p*
25% 27.4a
50% 29.1a
75% 27.7a

100% 28.6a

“Measurements were conducted on the uppermost leaves during
fruit development.

YValues are the mean of 12 leaves.

*Values followed by the same letter within same measurements
are not significantly different at P=0.05.

Fig.4. Effects of gas/liquid phase ratios in the root-zone on
mineral contents of tomato fruit. A, fresh weight basis;B,
whole fruit basis. Vertical bars represent LSD at

P=0.05(n=21).
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Fig.5. Effects of gas/liquid phase ratios in the root—zone on
respiratory rate of tomato root segments. , roots in the
gaseous phase;. , Toots in the liquid phase. Measurement
was carried out flowering stage. Roots were divided in
6cm intervals from the basal part of stem. A, 0- 6 cm;B, 6
-12cm; C, 12-18 ¢cm; D, 18-24 cm; E, 24 cm. Values
are the mean of 3 to 5 measurements = SD.
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Fig. 6. Effects of gas/liquid phase ratios in the root—zone on
respiration of whole root. , in the gaseous phase; [JJj .
roots in the liquid phase. Measurement was carried out at
flowering stage. Values are the mean of 3 to 5 measure-
ments. Different letters represent significant differences at
P=0.05.
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