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                             Summary 
 Experiments were conducted to determine the effect of diluted sea water on the 

germination, growth and yield of tomatoes. 
 1) The germination percentage of tomato seeds decreased even at 100 ppm Cl 2 

days after the test was started. The germination percentage in 6 days was not 
significantly different among 0 to 1000 ppm Cl. Yet, germination at 2000 and 3000 
ppm Cl was 80.5 and 21.5%, respectively, and was significantly lower than among 
0 to 1000 ppm Cl. 
 2) Transpiration rate of tomatoes transferred to diluted sea water with Hoag-

land's soln decreased with increasing sea water concns. 
 3) Tomato seedlings were grown in water culture with sea water diluted with 

Hoagland's soln for 40 days from the 2 leaf stage. The fresh wt of leaves was 
greater at 250 and 500 ppm Cl than that at 0 and 100 ppm Cl. The fruit wt was 
greatest at 0 ppm Cl. One plant died at 6000 ppm Cl. The osmotic potential of 
leaves decreased with increasing sea water concns. 
  4) Tomatoes were grown in sand culture with sea water diluted with Hoagland's 
soln. Chlorosis and necrosis occurred on the lower leaves at 2000 ppm Cl. These 
symptoms were markedly severe at 3000 ppm Cl and developed from lower to upper 
leaves. One plant died during the growing period at 3000 ppm Cl. Fresh wt of 
leaves and fruit yields decreased with increasing sea water concns. The leaf con-
tent of Cl and Na increased with increasing sea water concns. 
  5) Tomatoes were grown in soil culture with sea water diluted with tap water. 
The marginal necrosis in lower leaves was found at the higher concn of sea water. 
However, plants did not wither even at 3000 ppm Cl. Fresh wt of leaves and 
fruit yields decreased as sea water concns increased. The content of N, P, K, Na, 
Mg and Cl in the leaves tended to increase with increasing sea water concns. The 
content of Cl, exchangeable Na and Mg, and EC value of the soil increased as sea 
water concns increased.

            Introduction 

 High salt content in well water is one of 
the problems of greenhouse and plastichouse 

growers in Shizuoka Prefecture. It is obvious 
that high salt content in well water is caused 
by sea water contamination (14). Crops 
appear affected by the use of salty well water 
for irrigation. There are many studies on 
salt injury or salt tolerance in which inor-

ganic salts were used as a source of excess 
soluble salt. However, few studies reported 
have used sea water containing NaCI and 
other salts. 

  Tomatoes were studied because it is one of 
the main crops at Miho, Shimizu, where the
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highest salinity was detected (14). A 50% 
reduction in yield was observed at 3500 ppm 
Cl by Osawa (17). It was desirable to know 
how much salinity would affect the fruit pro-
duction of tomatoes or how much salinity to-
matoes could tolerate. 
 Bernstein and Hayward (4) stated that the 

effect of salinity on plant growth may vary 
depending on the stage of plant development. 
Therefore, this study was carried out to de-
termine the effect of various concns of di-
luted sea water on the germination, transpira-
tion rate, and growth and yield of tomatoes 
in water, sand and soil cultures. 

        Materials and Methods 

 The experimental methods in this study
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were similar to those previously described 

(16). Table 1 and 2 show cation concns, 
EC, pH and osmotic potential when diluting 
sea water with Hoagland's soln or with tap 
water. 
 Experiment I. - Seed germination : Fifty 

seeds, cv. `Tohko,' were placed on filter pa-

per in a petri dish. The filter paper was mois-
tened with 7 levels (0, 100, 250, 500, 1000, 
2000 and 3000 ppm Cl) of sea water diluted 
with distilled water. Seeds were incubated 
at 25°C. The sea water used was autoclaved 
to prevent seeds from rotting. The diluted 
sea water treatments were replicated 4 times. 
The number of germinated seeds was record-
ed 2, 3, 4, 5, 6 and 12 days after starting 
the test. 
  Experiment II. -Transpiration rate: Toma-
toes were grown in water culture with Hoa-

gland's soln until Sept. 9, 1974, when the

second cluster bloomed, in the greenhouse. 
Uniform tomato seedlings were transferred to 
containers with 10 levels of sea water diluted 
with Hoagland's soln as shown in Table 1 on 
Sept. 9, 1974. Total weight of tomato plant, 
nutrient solo and container was measured by 
a platform scale every 2 hrs from 8 : 00 am 
to 6 : 00 pm and the loss in weight recorded. 
Transpiration rates were measured on Sept. 
10, 11 and 12, 1974, and calculated from the 
difference in the measurements. 

  Experiment III. - Water culture: A uni-
form tomato plant, cv. `Kyoryoku-beiju,' in 
the 2 leaf stage (28 days old) was transferred 
to each 3.5 liter pot, with 10 levels of sea 
water diluted with Hoagland's soln as shown 
in Table 1. The experiment was continued in 
the greenhouse for 40 days, May 9 through 

June 19, 1974. Treatments were replicated 5 
times. Diluted sea water soln was replaced

Table  1. Cation concns and EC 

water or sand culture.

in relation to sea water diluted with nutrient soln used in

Table 2. 

in

  Cation concns, pH and EC 

soil culture.

in relation to sea water diluted with tap water used
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every 2 weeks and aerated continuously. Tap 
water was added to keep the water in pots at a 
constant 3.5 liters. At the end of the experi-
ment, measurements were made of plant height, 
and fresh wt of each plant part, and osmotic 

potential of leaves and roots. 
 Experiment IV. -Sand culture: A uniform 

tomato seedling, cv. `Kyoryoku-beiju,' in the 
5 leaf stage was transplanted to a wooden 
container (40 X 40 X 20 cm) filled with sand 
and placed in the greenhouse on Jan. 10, 1974. 
Eight levels (0, 50, 100, 250, 500, 1000, 2000 
and 3000 ppm Cl) of sea water diluted with 
Hoagland's soln were applied to the sand me-
dium from Jan. 11 to Apr. 30, after which 
all fruits were harvested. These treatments 
were made twice on clear days and once on 
cloudy days. There was no treatment on 
rainy days. Treatments were made 7 times. 
Plants were pinched at the 3 rd upper leaf of 
the 5 th fruit cluster. Each cluster had 4 
fruits. After all fruits were harvested, plant 
height, fresh wt of leaves, stems and roots

were measured. The major elements in the 
leaves were analyzed as described previously 

(16). 
 Experiment V. -Soil culture: A uniform 

tomato seedling was transplanted in each wood-
en container filled with paddy soil on Jan. 
10, 1974. The following fertilizers -8 g N, 
log P205, log K20, 30g Ca0 and 2g Mg0-
were applied to all soils as a basal fertilizer 
and 4 top dressings. Treatments consisted of 
8 sea water levels diluted with tap water. 
The main elements in the leaves and the chem-
ical properties of thesoil were determined at 
the end of the experiment, using the same 
methods described previously (16). The other 
experimental methods were identical with the 
sand culture experiment. 

               Results 

 Germination (Table 3) : The germination 

percentage 2 days after starting the test was 
42.5% at 0 ppm Cl and decreased with in-
creasing sea water concns. The percentage was

Table 3. Effect of sea water concns on the germination percentage of tomato seed (%).

Table 4. 

water

Effect of 

culture

sea 

(g.

 water concns on the 

H2O lost/g. leaf dry

transpiration rate 

wt).
of tomatoes in
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0.5% at 2000 ppm Cl and 0% at 3000 ppm Cl. 
The differences in the germination percentage 
decreased with time. The germination per-
centage between 0 and 1000 ppm Cl 6 days

after starting the test ranged from 98.0 to 
96.5 % and was not significantly different. 
Although at 2000 ppm CI the germination per-
centage was 0.5% after 2 days and 80.5% 
after 6 days, 96% seeds germinated after 12 
days and the percentage was not significantly 
different from 0 ppm Cl. Germination was most 
suppressed at 3000 ppm Cl, showing 0, 21.5 
and 70.0% after 2, 6 and 12 days, respectively. 

  Transpiration rate : Transpiration rate meas-
urements were expressed as g. water lost 

per g. dry wt of leaves and shown in Table 
4 and Fig. 1. The greatest transpiration rate 
was observed at 0 ppm Cl followed by 500 

ppm Cl. There was no significant difference 
from 0 to 1000 ppm Cl in measurements on 
Sept. 12. Transpiration rate decreased with 
increasing sea water concns over 2000 ppm Cl. 
 Water culture: As shown in Table 5, the 

plant height at harvest was highest at 250 
ppm Cl followed by 100 and 500 ppm Cl. The 
plant height at 0 ppm C1 was lower than at 
250 ppm Cl and the same as at 1000 ppm C1. 
The leaf, stem and root fresh wt at 250 and 
500 ppm Cl was greater than at 0 and 100 

ppm Cl. However, the fruit fresh wt was 
greatest at 0 ppm Cl followed by 100, 250 and, 
500 ppm Cl. The whole plant fresh wt was 

greater between 0 and 500 ppm Cl. The plant 
height, fruit fresh wt and fresh wt of each 

plant part decreased between 1000 and 6000 
ppm Cl with increasing sea water concns. 
Plants grown between 0 and 4000 ppm Cl 
were more healthy, more vigorous and a 
darker green as sea water concns increased 
during the early growth of the experiment.

Fig. 1. 

rate

Effect of 

in water

sea water concns on the 
culture (Sept. 12).

transpiration

Table 5. Effect of sea water concns on the growth of tomatoes in water culture.
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However, after that the most vigorous plant 

growth was exhibited at relatively lower con-
cns of sea water (0 to 1000 ppm Cl). Salt 
injury was observed in the lower leaves at 
6000 ppm Cl. Some plants wilted immediate-
ly after transferring to 5000 and 6000 ppm 
Cl of diluted sea water soln. There were 
many more wilted plants at 6000 ppm Cl than 
at 5000 ppm Cl. The osmotic potential of 
leaves and roots decreased with increasing sea 
water concns (Table 6). The leaf osmotic 

potential at 0 ppm Cl was approx. a half that 
of 6000 ppm Cl, but a decreasing rate of the 
root osmotic potential (6000/0 ppm Cl) was 
approx. 3 times and greater than that of the 
leaf osmotic potential. 
  Sand culture: 
 Growth (Table 7) -Salt injury was not found 

at 0 to 1000 ppm C1. However, chlorosis 
and necrosis occurred on the lower leaves at 
2000 ppm Cl. These symptoms were marked-
ly severe at 3000 ppm Cl, and developed

from lower to upper leaves. One plant died 
during experiment at 3000 ppm Cl. The fresh 
wt of leaves and stems was not significantly 
different between 0 and 250 ppm Cl. Howev-
er, over 500 ppm Cl they decreased with 
increasing sea water concns. The fresh wt 
of roots decreased with increasing sea water 
concns over 250 ppm Cl. The incidence of 
blossom-end rot of fruit was relatively higher 
at 0 to 500 ppm Cl (31.0 to 45.0%) than at 
1000 to 3000 ppm Cl (6.2 to 29.0%) . The 
fruit yield was greatest at 0 to 100 ppm Cl 
and decreased with increasing sea water con-
cns from 250 to 3000 ppm Cl. The fruit yield 
was 57.4 and 32.6% less at 2000 and 3000 

ppm Cl, respectively, as compared to the yield 
at 0 ppm Cl. 
 Major elements in the leaves and fruit (Ta-
ble 8) -The content of Na and Cl in the 
leaves increased as sea water concns increased 
from 0 to 250 ppm Cl, but there were no 
significant differences over 500 ppm Cl. The 
K content in the leaves decreased with in-
creasing sea water concns. The content of P 
and Mg in the leaves was relatively higher 
at 1000 to 3000 ppm Cl. The content of C1 
in the fruit was not significantly different at 
0 to 500 ppm Cl, but was higher at 1000 to 
3000 ppm Cl than at 0 to 500 ppm Cl. 

 Soil culture: 
 Growth (Table 9) - The plant height on 

Feb. 28 and at harvest, and the fresh wt of 
leaves, stems and roots were not significantly 
different at 0 to 250 ppm Cl, but they dec-
reased with increasing sea water con~ns over 
500 ppm Cl. The fruit yield was greatest at 
0 ppm 'C1. Even at 100 ppm Cl it was less

Table 6. Effect 

potential of 
culture.

of sea water concns 

tomato leaves and

on the osmotic 

roots in water

Table 7 

of

 Effect 

tomatoes

of 

in

sea water concns on the growth and incidence 

sand culture.

of blossom-end rot fruit
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than at 0 ppm Cl. The percentage of the 
fruit fresh wt compared to 0 ppm Cl was 37. 1, 
28.2 and 20.3% less at 1000, 2000 and 3000 

ppm Cl, respectively. The incidence of blos-
som-end rot of fruit was higher at 100 to 
1000 ppm Cl. The leaves showed lighter green 
at lower sea water concns. However, they 
were darker green and plants were stunted at 
higher sea water concns. Although lower 
leaves showed a marginal necrosis at higher

sea water concns, plants did not die even at 
3000 ppm Cl. The upper leaves wilted at 
1000, 2000 and 3000 ppm Cl though soil mois-
ture was adequate. 
 Major elements in the leaves and fruit (Ta-
ble 10)-N, P, Mg and Cl in the leaves in-
creased as sea water concns increased over 
1000 ppm Cl, and was not significantly differ-
ent between 0 and 500 ppm Cl. Na in the 
leaves and Cl in the fruit tended to increase

Table 8 

in

 Effect of sea water concns on the major 

sand culture (% of dry matter).

elements of tomato leaves and Cl content in the fruit

Table 9 

of

 Effect 

tomatoes

of 

in

sea water concns on the growth and incidence 

soil culture.

of blossom-end rot fruit

Table 10. Effect of sea water 
in soil culture (% of dry

concns on 

matter).
the major elements of tomato leaves and C1 content in the fruit
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with increasing sea water concns. Ca was 
considerably higher at 2000 and 3000 ppm Cl 
than at 0 to 1000 ppm Cl. 
 Chemical composition of the soil (Table 11) 

- The amount of Cl , P, exchangeable Na 
and Mg, and EC value increased with in-
creasing sea water concns. N03-N and ex-
changeable K were higher at 2000 and 3000 

ppm Cl and between 1000 and 3000 ppm Cl, 
respectively. 

              Discussion 

 The effect of salinity on the plant growth 
is related to the stage of plant development 
at which the salinity is imposed. For exam-

ple, it has been reported that salinity delays 
germination, but does not appreciably reduce 
the final percentage of germination (12, 16, 
19). In the present experiments diluted sea 
water containing 2000 ppm Cl decreased the 

percentage of tomato seed germination 6 days 
after starting the test, but did not affect the 
final percentage of germination 12 days after 
starting the test. However, at 3000 ppm Cl 
both final percentage and the rate of germi-
nation decreased. Diluted sea water may af-
fect the seed germination in 2 ways: (i) by 
decreasing the ease with which seeds may 
take up water and thereby decreasing the 
rate of water entry; and (ii) by facilitating 
the intake of ions in sufficient amounts which 
cause changes of certain enzymatic or hor-
monal activities within seeds (1, 2, 8, 10). 
These physico-chemical effects upon the seed 
seem to result in a slower rate of seed emer-

gence and a lower percentage of germination. 
 Dumbroff and Cooper (7) observed that with 
tomatoes salt tolerance does change during

ontogeny, and osmotic stress (-6 bars) is 
most deleterious to plants when applied dur-
ing early growth, particularly during the suc-
culent seedling stage. In the water culture 
the growth at 250 and 500 ppm Cl was supe-
rior to that at 0 ppm Cl (Table 5), even 
though young seedlings were transferred to 
diluted sea water solns. The content of Cl, 
Na and Mg in the diluted sea water soln was 
markedly increased with increasing amounts 
of sea water. The osmotic potential of sea 
water diluted with Hoagland's soln ranged 
from -0.69 bars at 0 ppm Cl to -8.63 bars 
at 6000 ppm Cl and the osmotic potential at 
250 and 500 ppm Cl was lower (-1.20 and 
-1 .35 bars, respectively) than that employed 
by Dumbroff and Cooper. Therefore, it appear-
ed that these ions stimulated growth at 250 

and 500 ppm Cl in water culture. Shourbagy 
and Wallace (20) reported moderate levels of 
Na (5 and 10 me/l) increased an average of 
28% in the yields of 5 varieties of barley 
when grown in soln culture. Osawa (18) also 
stated that stimulative effects of 1000 or 2000 

ppm NaCI on the vegetative growth of such 
crops, pak-choi, cabbage, radish, chinese cab-
bage, celery and tomato might be due to Na 
in most cases. Similar results were noted by 
other investigators (9, 12, 21). 
 Salt tolerance values should also be consid-

ered in the portion of the plant to be market-
ed. The yield of tomato was greatest at 0 

ppm Cl in water culture, below 100 ppm Cl 
in sand culture and at 0 and 50 ppm Cl in 
soil culture. These Cl concns were lower 
than those that resulted in maximum growth 
of tops in each culture. The effect of salinity 
on fruit yields does not always parallel vege-

Table 11. Soil chemical propertie at the termination of the tomato experiment.
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tative growth (12, 17). Nieman (15) consid-
ered that photosynthetic activity per unit leaf 
area was not suppressed by NaCI and photo-
synthate is generally not a limiting factor in 
the growth of salt-stunted plants. 
 Based on the observation that leaf area per 

unit fresh wt might vary with salinity (13), 
the transpiration rate in the experiment II 
was expressed on a leaf wt basis. In addition 
to the reduced leaf area, the osmotic poten-
tial of the medium was decreased and the 
total water stress of the medium increased 
with the salinity. Therefore, evapotranspira-
tional losses by tomatoes became smaller with 
increasing sea water concns. 
 Leaf analyses revealed that Cl, Na, Mg and 

K content differed between sand and soil cul-
tures. Leaf Cl and Na content in sand cul-
ture was higher than in soil culture. For 
example, leaf Cl content at 0 and 3000 ppm 
Cl in sand culture was approx. 4 and 1.5 
times higher than in soil culture. However, 
the increment of leaf Cl and Na content was 

greater in soil culture than in sand culture. 
Leaf Na content at 3000 ppm Cl in soil 
culture was 12 times as compared to 0 ppm 
Cl, but that in sand culture was only 3.6 
times. Capacities for differential uptake or 
translocation of Na, Ca, Mg and Cl in leaves 
were evident in sand and soil cultures. Leaf 
Cl and Na content tended to increase almost 
linearly with increasing salinity between 0 
and 500 ppm Cl in sand culture. Leaf Cl 
and Na content was not significantly different 
among 500 to 3000 ppm Cl and did not 
exceed 6.85 and 2.39%, respectively. However, 
in soil culture the leaf Cl and Na content 
was highest at 3000 ppm Cl. The reduction 
of Na absorption by the presence of Ca was 
demonstrated by several investigators (3, 11). 
However, in the present experiments Ca 
content in the leaves was not reduced by the 
increment of leaf Na content. Therefore, no 
interaction between Ca and Na seemed to be 
found. 

  Accumulation of minerals in leaves may in-
dicate how well the plant adapts to salinity 
stress. Plants growing under saline condi-
tions must adjust to the osmotic potential of 
the soil water (5, 6). The osmotic potential 
of leaves in water culture decreased with the
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decreasing osmotic potential of increasing sea 
water concns. The accumulation of leaf Na 
and Cl content (data not shown) may account 
for the decreasing the osmotic potential of 
leaves. Visible salt injury symptoms, such 
as chlorosis and necrosis, were much more 
evident at 3000 ppm Cl in sand culture than 
in soil culture. The buffer action of the soil 
and the higher leaf Na and Cl content in sand 
culture seemed to be the reasons for this dif-
ference. The difference in plant response to 
the same salinity in sand and soil cultures 
may be taken into consideration as one of the 
experimental approaches when trying to clar-
ify the mechanism of salt tolerance. 
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ト マ ト の 耐 塩 性

糠谷 明 ・増井正夫 ・石田 明

(静岡大学農学部)

摘

希釈した海水が,ト マ トの発芽,生 育,収 量に及ぼす

影響について調査 した.

(1)発 芽試験開始2日 後,C1濃 度 の100ppmに よ

り発芽率は減少 した.6日 後 の発芽率は0か ら1000

ppmC1間 で有意差がなか ったが,2000ppmC1で は

80.5%,3000PPmC1で は21.5%で,0か ら1000PPm

C1よ り低かった.

(2)ホ ーグランド液で希釈された海水で育てられた

トマ トの蒸散量は,海 水濃度が増すにつれ減少した.

(3)ト マ トを本葉2枚 のステージより40日 間,ホ

ーグランド液で希釈された海水で育てた.葉 の新鮮重は

250,500PPmC1で0,100ppmC1よ り大であったが,

果実収量はOPPmC1で 最大であった.6000PPmC1で

枯死株がみられた.葉 の浸透ポテンシャルは海水濃度の

要

増加により減少した.

(4)ト マ トを砂耕で栽培した結果,ク#ロ シスとネ

クロシスは2000ppmC1で は下位葉にみられた.こ れ

らの症状は3000ppmC1で は さらに激しく,下 位葉か

ら上位葉にまで認め られた.3000ppmC1で は枯死株も

みられた.ま た,海 水濃度の増加とともに,葉 の新鮮重

と果実収量は減少し,葉 のC1,Na含 量 は増加した.

(5)ト マ トを土耕で栽培した結果,葉 の周縁ネク官

シスは海水の濃度が高い場合,下 位葉にみ られたが,

3000ppmClに おいても枯死株はなかった.ま た,海 水

濃度の増加とともに,葉 の新鮮重 と果実収量は減少し,

葉のN,P,K,Na,Mg,C1含 量は増加する傾向がみ

られた.実 験終了時の土壌のCl,置 換性Na,Mg含 量

及びECは,海 水濃度が高まるにつれて増加した.


