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

germination of muskmelon seeds, the seedling growth, and the growth in sand and 
nutrient solution cultures. The germination rate was not significantly different 
from 0 to 5, 000 ppm Cl and decreased at 6, 000 ppm Cl 7 days after starting the 
germination test. Fresh weight of whole seedlings grown in sand for 16 days after 
germination decreased as sea water concentrations increasaed. Whole plant and 
fruit fresh weight in sand and nutrient solution cultures decreased with increasing 
sea water concentrations. The salt injury was observed at 250 to 1, 000 ppm Cl in 
sand culture and at 3, 000 to 5, 000 ppm Cl in nutrient solution culture. The degree 
of injury became more severe with increasing sea water concentrations. Osmotic 
potential of leaves, and transpiration rate and amount decreased as sea water 
concentrations increased. Root osmotic potential was higher than that of leaves. 
Content of Na in leaves and Cl in each plant part increased with increasing sea 
water concentrations. In nutrient solution culture the Na and CI accumulated most 
in stem, followed by roots and fruit, and accumulated least in leaves. Na and Cl 
content in leaves was markedly high at 5, 000 ppm Cl in nutrient solution culture 
because fruit did not set due to poor growth.

            Introduction 

 It is obvious that the salinity (C1, Nat, 
SO42-, K+, Mg2+ and Cat) in the well water 
of greenhouse growers in the Shizuoka Pre-
fecture is relatively high and originated from 
sea water (13). Therefore, an experiment 
on muskmelons (Cucumis melo L. cv. Earl's 
Favourite) was made in soil culture by ap-

plying diluted sea water solutions. From 
this experiment the fresh weight of fruit 
was found to decrease with increasing sea 
water concentrations from 250 to 1, 000 ppm 
Cl (18). It is well known that the salt 
tolerance of plants, the salt injury symptoms 
and the degree of injury vary with the cul-
ture medium, the amount or kinds of excess 
salt, variety of crops, climate and so on. 
Because little information was found on salt 
tolerance of muskmelons (18, 22, 24) the 

present experiments were conducted to deter-
mine the effect of diluted sea water on the 

growth of muskmelons in sand and nutrient
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solution cultures. In addition, the effect of 
diluted sea water on seedling growth in sand 
culture, and germination and root elongation 
of the seeds were examined. 

        Materials and Methods 

 Experiment I (Seed germination). Fifty 
seeds, cv. Spring No. 3 of Earl's Favourite 
were placed on filter paper in a petri dish. 
The filter paper was moistened with 10 levels 

(0, 100, 250, 500, 1, 000, 2, 000, 3, 000, 4, 000, 
5, 000 and 6, 000 ppm Cl) of sea water diluted 
with distilled water. Seeds were incubated 
at 25°C. Treatments were replicated 5 times. 
The number of germinated seeds and the root 
elongation were recorded .2, 3, 4 and 7 days 
after starting the test. 

  Experiment II (Seedlings). Fifteen ger-
minated seeds, cv. Fall No. 1 of Earl's Fa-
vourite were planted in a wooden box (40 x 
40 x 20 cm) filled with sand on Sept. 3, 1975. 
Seedlings were gradually thinned to 9 uni-
form plants per box by Sept. 13. Six levels 

(0, 100, 250, 500, 1, 000 and 2, 000 ppm C1) of
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sea water diluted with base nutrient solution, 
as shown in Table 1, were applied to the 
sand medium from Sept. 4 to 19, at which 
time the plant growth was measured and the 
sample taken. Treatments were replicated 
5 times. 
 Experiment III (Sand culture). A uni-
form muskmelon seedling, cv. Spring No.3 
of Earl's Favourite grafted on Barnett Hill 
Favourite rootstock in the 4 leaf stage was 
transplanted to a wooden box (40 x 40 x 20cm) 
filled with sand and placed in the greenhouse 
on May 29, 1975. Six levels (0, 50, 100, 
250, 500 and 1, 000 ppm Cl) of sea water di-
luted with base nutrient solution, as shown 
in Table 1, were applied to the sand medium 
once or twice a day according to the sand 
medium moisture from May 31 to Aug. 8, 
at which the muskmelons were harvested. 
Treatments were replicated 5 times. At the 
end of the experiment records were taken of 
salt injury symptoms of plants, top and root 

growth, fruit fresh weight and soluble solids. 
Major nutrient elements and osmotic poten-
tial of each plant part, and the chemical 

properties of the sand were determined as 
described previously (16). 
 Experiment IV (Nutrient solution culture). 

A uniform muskmelon seedling, cv. Spring 
No. 3 of Earl's Favourite grafted on Barnett 
Hill Favourite rootstock in the 4 leaf 
stage was transferred to each 13 liter pot,

with 6 levels (0, 1, 000, 2, 000, 3, 000, 4, 000 
and 5, 000 ppm Cl) of sea water diluted with 
base nutrient solution on Apr. 19, 1976. 
The experiment was continued in the green-
house until July 8. Treatments were repli-
cated 6 times. The diluted sea water solu-
tion was replaced every one or two weeks 
and aerated continuously. At the end of 
the experiment, the same measurements as 
in Experiment III, plus transpiration rate 
and amount were measured as described pre-
viously (17). 

               Results 

 Seed germination (Table 2). The germina-
tion rate 2, 3 and 4 days after starting the 
test was significantly higher at 0 to 3, 000 

ppm Cl than at 4, 000 to 6, 000 ppm Cl. After 
7 days it was not significantly different from 
0 to 5, 000 ppm Cl. Germination was most 
suppressed at 6, 000 ppm Cl, showing 22. 0, 
76. 0, 84.0 and 88.4% after 2, 3, 4 and 7 days, 
respectively. Root elongation of germinated 
seeds was greatest at 100 and 250 ppm Cl 
followed by 0 and 500 ppm C1. Root elonga-
tion tended to become shorter with increasing 
sea water concentrations above 1, 000 ppm Cl. 
 Seedlings (Table 3). As shown in Table 

3, plant height of seedlings, number of 
leaves, and fresh weight of leaves, stem and 
whole seedlings were greatest at 0ppm Cl 
and decreased as sea water concentrations

Table 1. Cation concentrations and EC in relation to sea water diluted with base nutrient solution. *
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increased. 
 Sand culture 
 Growth (Table 4). Whole plant and fruit 

fresh weight were greatest at 0 and 50 ppm 
Cl and decreased with increasing sea water 
concentrations from 100 to 1, 000 ppm Cl. Plant 
height, and fresh weight of leaves, stem 
and roots were similar to the whole plant 
fresh weight. Soluble solids of fruit were 
higher at 250 to 1, 000 ppm Cl than at 0 to 
100 ppm Cl. The salt injury, such as wilt-
ing of leaf margins, and chlorosis and necrosis

on the leaves, was observed at 250 to 1, 000 

ppm Cl and became more severe with increas-
ing sea water concentrations. 
 Osmotic potential and Cl content of each 

plant part (Table 5). Osmotic potential of 
leaves and roots decreased with increasing sea 
water concentrations. Fruit osmotic poten-
tial was not affected by treatments. Root 
osmotic potential was higher than that of 
leaves. Cl content in the plant parts increased 
as sea water concentrations increased. The Cl 
was highest in roots followed by leaves and

Table 2. Effect of sea water concentrations on the germination rate of muskmelon seeds (%)

Table 3. Effect of sea water concentrations on the growth of muskmelon seedlings in sand culture.

Table 4. Effect of sea water concentrations on the growth of muskmelons in sand culture.
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then fruit. Cl content at 0 ppm Cl was 0. 41, 
1.75 and 0.71 % in leaves, roots and fruit, 
respectively. This C1 seemed to result 
from the reagents and tap water used for 
making nutrient solution, and from the sand 
used as a medium. 
 Major nutrient elements in leaves (Table 
6). Content of Na and P increased with 
increasing sea water concentrations. Total-
N content was lower at 1, 000 ppm Cl, and 
Mg content was higher at 500 and 1, 000 ppm 
Cl. There was no significant difference in 
K and Ca content. 
 Chemical properties of sand at the end of 

the experiment (Table 7). Amounts of Cl

and exchangeable Na and Mg increased, and 
exchangeable Ca content decreased with in-
creasing sea water concentrations. There 
was no significant difference in EC, pH, 
N03-N, P and K levels. 
 Nutrient solution culture 
 Growth (Table 8). The salt injury, such 

as cupping of leaf margins and necrosis of 
leaves, was observed above 3, 000 ppm Cl and 
the degree of injury became more severe with 
increasing sea water concentrations. Plant 
height, fresh weight of leaves, stem, roots 
and fruit, and whole plant dry weight at 
harvest decreased as sea water concentrations 
increased. The growth at 5, 000 ppm Cl was

Table 5. Effect 

     plant part

of 

of

sea water concentrations on the 

muskmelons in sand culture.

osmotic potential and Cl content of each

Table 6. Effect 

      leaves in

of sea water 

sand culture

concentrations on the 

(% of dry matter).

mayor nutrient elements of muskmelon

Table 7. Chemical properties of the sand at the end of the experiment (air dried soil basis).
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most suppressed and the whole plant dry 
weight was 34 g which is 13% of that at 
0 ppm Cl. The fruit at 5, 000 ppm Cl did not 
set due to poor growth. External appear-
ance of fruit became poorer and the fruit 
soluble solids increased as sea water concen-
trations increased. Panel tests showed that 
the taste became saltier with increasing sea 
water concentrations. All panelists reported 
severely salty taste at 4, 000 ppm Cl. 
 Osmotic potential of leaves and roots, and

transpiration rate (Table 9). Osmotic poten-
tial of leaves decreased with increasing sea 
water concentrations. It was especially low 
at 5, 000 ppm Cl showing -24.1 bars. How-
ever, that of roots was not significantly differ-
ent from 0 to 4, 000 ppm Cl and decreased at 
only 5, 000 ppm Cl showing -6.2 bars. Root 
osmotic potential was higher than that of 
leaves. The transpiration amount (g, water 
lost/plant) measured on May 28, a clear day, 
decreased markedly with increasing sea water

Table 8. Effect of sea water concentrations on the growth of muskmelons in nutrient solution culture.

Table 9. 

and

Effect of sea 

transpiration

water concentrations on the osmotic potential of leaves and 

of muskmelons in nutrient solution culture.

roots,

I I I Transpiration rate

Table 10. Effect of sea water 

muskmelons in nutrient

concentrations on the 

solution culture (% of

Na and Cl content 

dry matter).

in different parts of
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concentrations. The transpiration rate (g. 
water lost/g. leaf dry weight) measured on 

July 1 did not decrease so much as the tran-
spiration amount did. 
 Content of Na and Cl in each plant part 

(Table 10). Na and Cl content in leaves, stem, 
roots and fruit increased as sea water con-
centrations increased. Na and Cl in leaves 
were especially higher at 5, 000 ppm Cl than 
at 4,000 ppm Cl. Na and Cl accumulated most 
in stem, less in roots and fruit, and least in 
leaves. Cl content in leaves was much high-
er than Na. The Na and Cl content in leaves 
at 4, 000 ppm Cl was 5.0 and 14.0 times, as 
compared to 0 ppm Cl, respectively. 
 Major nutrient elements in leaves (Table 
11). Total-N, K and Ca content in leaves 
tended to decrease and Mg content increased, 
as sea water concentrations increased from 
0 to 4, 000 ppm Cl. The content of K was 
high, and Ca was low at 5,000 ppm Cl. 

              Discussion 

  Diluted sea water, up to 3, 000 ppm Cl, 
did not delay initial emergence and did not 
decrease the ultimate germination rate below 
5, 000 ppm Cl. It seemed that there is no 

general relation between the salt tolerance 
of a plant during the later stage of growth 
and that of seeds during germination (1, 5). 
Muskmelon seeds were more tolerant of sa-
linity than tomato seeds (17) and less tolerant 
than green soybean seeds (16). The salt 
tolerance of plants during germination might 
be related to the size of seeds from these 
experiments. 
  It was found that lower concentrations, 

250 or 500 ppm Cl, of diluted sea water 
stimulated the seedling growth of green soy-

beans (16) and vegetative growth during the 
early growth stage of tomatoes (17). Simi-
lar results were obtained by other investiga-
tors (8, 21, 25). However, muskmelon seed-
lings were largest at 0 ppm Cl when ex-

pressed by plant height or fresh weight of 
whole seedlings in the present experiment. 
Also in pre-nutrient solution culture (12), 
the vegetative growth was not stimulated by 
lower concentrations of diluted sea water. 
These results may indicate that the response 
of muskmelons to diluted sea water is some-
what different from tomatoes and green soy-
beans. 

 Soluble solids of fruit tended to be higher 
with increasing sea water concentrations in 
sand and nutrient solution cultures. This 
result may be related to the fruit size and 
weight. This reason is that small fruit must 
concentrate the soluble solids, and salinity 
did not seem to affect the content of sucrose, 

glucose and fructose (19). 
  Salt injury was observed above 250 ppm 
Cl in sand culture, and above 3, 000 ppm Cl 
in nutrient solution culture. In these cases, 
leaf Na and Cl content was 0.41 and 1.53% 
at 250 ppm Cl in sand culture, and 0.66 and 
2.95% at 3,000 ppm Cl in nutrient solution 
culture, respectively. In a soil culture ex-

periment (18), the minimum Na and Cl 
content in leaves where the salt injury was 
observed was about 0.5 and 3.0%, respec-
tively. In both soil and nutrient solution 
cultures, the injury seemed to be correlated 
with leaf Na and/or Cl content and to be 
induced by more than 0.5% Na and/or 3.0% 
Cl. However, the result in sand culture 
was not identical with soil and nutrient 
solution cultures. The relationships be-

Table 11. Effect of sea water 

nutrient solution culture

concentrations on the major nutrient elements 

(% of dry matter).

of muskmelon leaves in
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tween the injury and leaf Na and/or Cl con-
tent were disputable in these experiments, 
although leaf Na and/or Cl content may affect 
the degree of injury. Much more Na and 
Cl would have been accumulated in injured 
leaves because analyses were made of pooled 
samples. Ehlig and Bernstein (6) reported 
that high concentrations of Cl in the sub-
strate caused the marginal burn on mature 
strawberry leaves and Na also produced some 
marginal burn. However, Bernstein et al. 
stated that there was no relationships be-
tween Cl content and salt tolerance in green 
beans (3), and that growth responses attrib-
uted to salinity were due primarily to phys-
iological scarcity of water rather than to 
any derangement in mineral nutrition, al-
though the Cl content showed the best rela-
tionship to the reduction in size of the lettuce 

plant (2). Shimada (23) also suggested that 
the reduction of cucumber fresh weight was 
due to a functional disorder of water absorp-
tion mechanisms in roots by high salinity 
and that visible symptoms of leaves were 
due to accumulation of excess salts. 

  Dry matter content of leaves in nutrient 
solution culture was not significantly different 
from 0 to 4, 000 ppm Cl, and only at 5,000 

ppm Cl it decreased. This reduction may 
be caused by the lack of fruit set due to 

poor growth. Decreased top dry matter con-
tent in high salt treatments with some fruit-
ing vegetables was reported by Osawa (20). 
Nieman (15) observed that NaCI increased 
the succulence of some crop plants and stated 
that the increase is a fairly common plant 
response to high levels of chloride salts. 
The increase of tomato leaf water content 
suggests an increase in cell size (8). 
  Osmotic potential of leaves in nutrient 
solution culture was gradually decreased with 
increasing sea water concentrations, and dry 
matter content, except for 5, 000 ppm Cl, was 
not significantly different. At 5, 000 ppm Cl 
the osmotic potential of leaves was markedly 
decreased in spite of decreased dry matter 
content. These results suggest that low 
osmotic potentials of leaves resulted from 
an increase in ion concentrations. Ion up-
take is apparently the predominant factor in 
the osmotic adjustment of the plant sap (4).
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Osmotic potentials of roots were higher than 
those of leaves in sand and nutrient solution 
cultures, and were not significantly different 
from 0 to 4, 000 ppm C1 in nutrient solution 
culture. Root osmotic potential seemed not 
to be related to root Na and Cl content. 
 Osmotic potential of leaves in sand culture 
was greatly decreased at 500 and 1, 000 ppm 
C1 showing -14.5 and -15.0 bars, respec-
tively. In nutrient solution culture it also 
decreased at 4, 000 and 5, 000 ppm Cl showing 
-15 .0 and -24.2 bars, respectively. These 
reductions of leaf osmotic potential were ac-
companied by visible salt injury symptoms 
and a reduction of leaf fresh weight. There-
fore, the degree of salt injury at 4, 000 ppm 
Cl in nutrient solution culture was compared 
to that at 500 ppm Cl in sand culture. 
The osmotic potential of the treatment solu-
tion was -6.0 bars at 4, 000 ppm Cl. That 
of sand solution must be approximately -6.0 
bars, although it was not determined. 

  Lower transpiration rates of salinity-affect-
ed plants have already been reported (9, 10, 
11,14,17). Water consumption of salinity-
affected plants was considerably lower than 
that of the control plants and this may be 
ascribed to lower transpiration rate and smal-
ler transpiration area (14). As shown in 
Table 9, the decrement of transpiration rate 

(g. water lost/g. leaf dry weight) was smal-
ler than that of transpiration amount (g. 
water lost/plant). This could be related to 
the pressure potential in the leaf tissue 
which is generally proportinal to the degree 
of stomatal closure (7, 26). 
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砂耕と養液耕におけるメロソの耐塩性

糠i谷 明 ・増井 正夫 ・石 田 明

(静岡大学農学部)

摘

希釈 した海水が,メ ロンの発芽 と幼植物の生育,並 び

に砂耕 と養液耕におけ るメロソの生育に及ぼす影響につ

い て調査 した.発 芽試験開始7日 後の発芽率は,0か ら

5,000ppmC1に 、おいて有意な差は認め られなか ったが,

6,000ppmC1で は減少 した.発 芽直後 よ り16日 間,砂

耕 で幼植物を栽培 した結果,海 水濃度が 増 加 す る に つ

れ,幼 植物の新鮮重は減少 した.砂 耕 と養液耕におけ る

全植物体 と果実 の新鮮重は,海 水濃度の増加に よ り減少

した.塩 害症状 は,砂 耕 では250か ら1,000PPmC1で,

養液耕 では3,000か ら5,000PPmClで 観察 さ れ た.

要

塩害の程度は,海 水濃度 が増すにつれ て大 とな った.葉

の浸透ポテ ンシャル,蒸 散率,蒸 散量は海水濃度 が増加

す るにつれて減少 した.根 の浸透ポテン シャル は葉 より

も大 であった.葉 中Na含 量 と各部位におけ るC1含 量

は,海 水濃度が増す につれ増加 した.養 液 耕 に お け る

NaとC1は,茎 に最 も多 く蓄積 し,根 と果 実 では茎 よ

り少 な く,葉 への蓄積 は最 も少なか った.養 液耕 の5,000

ppmClに おける葉 中Na及 びC1含 量は,著 し く高 か

った.こ れは生育不 良に よ り果 実が着 生 しなか った ため

であ る.


