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Abstract

The overall objective of this study was to improve tomato fruit quality, while maximizing yield. The
variety of ‘Momotaro’ was grown in the basic nutrient solution of 1.6 dS-m™ which was supple-
mented by three levels of seawater with EC 1.0, 2.0 or 3.0 dS*m™. Tomato plants were cultivated in
cool seasons. Plant growth characteristics were compared between treatments, and fruits were classi-
fied to analyse fruit quality characteristics according to ripening stages: MG, Br, Br+3, Br+5, Br+7
and Br+10. Adding seawater generally did not affect the shoot growth parameters such as plant
height, leaf length, leaf width, internode length and chlorophyll content. Adding seawater negatively
affected yield parameters such as the height and weight of fruit, marketable fruit weight per plant
and marketable fruit yield. Therefore, the more yield reduction was obtained with the increasing level
of seawater treatment. Fruit quality was improved by seawater treatment. The degree of the effect for
°Bx degree and sugars were the highest with the EC of seawater 2.0~3.0 dS-m™, and at the
Br+5~Br+7 of ripening stages. The relative abundance of tomato flavor, volatie components, was not
generally affected by the seawater treatment with an exception of 6-methyl-5-hepten-2-one. The rela-
tive abundance of most volatile components increased as ripening progressed. The increment began at
the Br stage and showed the highest increment at the Br+5~Br+7 stages. The results from these exper-
iments suggest that seawater treatment of EC 3.6 dS-m™ for hydroponics is good for improving
tomato quality. Fruit quality is the best at the Br+5~Br+7 ripening stages. It is considered that these
results may be applied for use in hydroponic culture to improve fruit quality with minimum yield
reduction.
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Table 1. Treatments used in the experiment.

Treatment Description
SWO0  Yamazaki solution EC1.6 dS -m™ (Control)
SW1 Yamazaki solution EC1.6 dS-m™!
+ Seawater EC1.0dS -m™!
SW2 Yamazaki solution EC1.6 dS -m™!
+ Seawater EC2.0dS -m™
SW3 Yamazaki solution EC1.6 dS-m

+ Seawater EC3.0dS -m™!

Table 2. Mineral contents in the seawater used in the experiment.
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Table 3. Effect of the adding seawater to the nutrient solu-
tion on shoot growth of Momotaro tomato.

Plant Leaf Leaf Stem Internode
Treatment height length width diameter length
(cm) (cm) (cm)  (mm) (cm)
SW0* 166.8 455 488 10.7 93,0

SW1 1599 444 475 10.2 86.5

SW2 159.9 435 485 10.8 84.2

SW3 161.7 437 46.0 10.2 89.9
ZSWO, No seawater added; SW1, Added 1.0 dS -m™ of sea-
water to the Yamazaki solution (Y.S. 1.6dS-m™); SW2,
Added 2.0dS-m™! of seawater to Y.S. 1.6dS-m™; and
SW3, Added 3.0 dS -m™! of seawater to Y.S. 1.6 dS-m™".
YLength to the 5th internode.
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Fig. 1. Relative chlorophyl! contents in the 5th tomato leaf
from the top as affected by the addition of seawater to the
nutrient solution. Vertical bars indicate SD.
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Fig. 2. Effect of the adding seawater on Na, Cl and Ca concentrations in tomato fruits.
ZSWO, No seawater added; SW1, Added 1.0 dS- m™! of seawater to the Yamazaki solution (Y.S. 1.6dS- m™'); SW2, Added
2.0dS- m™’ of seawater to Y.S. 1.6 dS- m™'; and SW3, Added 3.0dS- m™ of seawater to Y.S. 1.6dS-m™".
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Table 4. Effect of the adding seawater to the nutrient solu-
tion on tomato yield components and fruit characteristics.
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Table S. Effect of the adding seawater to the nutrient solu-
tion on tomato fruit pH.

Treat i Br  Br43  Br#S Bre7 Br+l0
ment

SWO 408 4.1 431a 438a 4.36ab 4.46a
SW1 400 408 4.19bc 427b 4.33b 4.45a
SW2 4.3 405 420b 430b 440a 4.3%
SW3 419 406 4.15c 428 433b 432

2SWO, No seawater added; SW1, Added 1.0 dS -m™ of sea-
water to the Yamazaki solution (Y.S. 1.6dS-m™); SW2,
Added 2.0dS-m™ of seawater to Y.S. 1.6dS-m™"; and
SW3, Added 3.0 dS -m™! of seawater to Y.S. 1.6 dS-m™".
YMean separation within column by Duncan's multiple range
test at p=0.05.

*Ripening stages are mature green, breaker, breaker+3,
breaker+5, breaker+7 and breaker+10.

Table 6. Effect of the adding seawater to the nutrient solu-
tion on tomato fruit acidity as a citric acid (%).

Fruit

Treat* - -
ment Width Length Weight  Number/

(mm) (mm) €3] 5 plants
SW0 57.0a" 56.6a 105.2a 67.7ab
SW1 54.3a 54.0b 94.6ab  72.0a
SW2 53.6a 53.7b 89.3bc  50.3c
SW3 53.4a 51.5¢ 78.0c 56.7bc

2SWO, No seawater added; SW1, Added 1.0 dS -m™ of sea-
water to the Yamazaki solution (Y.S. 1.6 dS-m™); SW2,
Added 2.0dS-m™ of seawater to Y.S. 1.6dS-m™"; and
SW3, Added 3.0 dS-m™ of seawater to Y.S. 1.6 dS -m™.
YMean separation within column by Duncan's multiple range
test at p=0.05.

Treat” \i6x  Br  Br43 Br45 Br+7 Br+l0
ment

SWO 068 0550 054 066 049ab 038b
SWI 078b 062b 061 061 055ab 039
SW2 078b 083a 0690 062 042 050a
SW3 089 080a 079 065 062 053

Z§WO, No seawater added; SW1, Added 1.0 dS -m™ of sea-
water to the Yamazaki solution (Y.S. 1.6dS-m™); SW2,
Added 2.0dS-m™ of seawater to Y.S. 1.6dS-m™; and
SW3, Added 3.0dS -m™" of seawater to Y.S. 1.6 dS-m™.
YMean separation within column by Duncan's multiple
range test at p=0.05.

*Ripening stages are mature green, breaker, breaker+3,
breaker+5, breaker+7 and breaker+10.
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Table 7. Effect of adding seawater to the nutrient solution
on tomato total soluble solid (%).

Treat (5 Br  Br43 Br+S5 Br+7 Brtl0
ment

SWO 603 5830 690b 777 6.17c 6.03c
SWI 600 680a 8052 890 8.60ab 6.95bc
SW2 570 738 8252 835 7.18bc 8.05ab
SW3 647 757a 887a 7.67 90la 847a

ZSWO, No seawater added; SW1, Added 1.0 dS - m™ of sea-
water to the Yamazaki solution (Y.S. 1.6dS-m™); SW2,
Added 2.0dS-m™ of seawater to Y.S. 1.6dS-m™; and
SW3, Added 3.0 dS-m™ of seawater to Y.S. 1.6 dS-m™,
YMean separation within column by Duncan’s muitiple
range test at p=0.05.

*Ripening stages are mature green, breaker, breaker+3,
breaker+5, breaker+7 and breaker+10.
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Fig. 3. Relative abundance of volatile 6-methyl-5-hepten-2-
one and geranial in homogenates of tomato fruit sampled at
different ripening stages.

*SWO, No seawater added; SW1, Added 1.0dS-m™ of
seawater to the Yamazaki solution (Y.S. 1.6dS-m™);
SW2, Added 2.0dS -m™ of seawater to Y.S. 1.6dS-m™;
and SW3, Added 3.0 dS-m™' of seawater to Y.S.
1.6dS-m™.
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