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Summary

Experiments were conducted to determine the effect of diluted sea water on the
growth and fruit quality of muskmelons grown in different salinity soils. Two
kinds of soil were used as a soil medium, one, a new soil, which was a virgin
paddy soil, and the other, a used soil, salinized at different levels in which tomatoes
had been cultured. The plant height, leaf dry weight, fruit fresh weight, and
soluble solids were markedly decreased at 1,000ppm Cl in new soil, whereas they
gradually decreased in used soil as sea water concentrations were increased from
0 to 1,000ppm Cl. The visual salt injury, such as necrosis on the leaves and
wilting of leaf margins, appeared at 1,000ppm Cl in new soil, and from 250 to
1,000ppm Cl in used soil. The Na, Ca, Mg and Cl content in leaves tended to increase
in both new and used soils with increasing sea water concentrations. The CI in
fruit increased from 250 to 1,000ppm Cl in new soil, and from 0 to 1,000ppm Cl
in used soil with increasing sea water concentrations. The Cl, exchangeable Na, K
and Mg, and EC value in the soil increased as sea water concentrations increased,
although Cl and exchangeable K content in the new soil from 0 to 250ppm Cl was

not significantly different.

Introduction

Data from the survey of ions in soluble
salts causing salinity (Cl-, Na*, SO,?-, Kt
Mg?* and Ca?") in well water (10) indicates
that much which is available for irrigation
in the coastal greenhouse crop area in the
Shizuoka Prefecture is high in salt content.
Also, these data show that these salts result
from sea water contamination. Muskmelons
(Cucumis melo L. cv. ‘Earl’s Favourite’),
one of the main crops in the Shizuoka
Prefecture, appear affected by the use of
salt contaminated well water for irrigation.
Relative to its economic importance, there
is only a modicum of information on salt
tolerance of muskmelon, cv. ‘Earl’s Favourite’
(9, 17). In the current experiments sea water
was used as a source of excess soluble salts
to determine how much salinity muskmelons
could tolerate and the effect on fruit quality
in soil culture. Moreover, salts in well water
accumulate in the soil bed as muskmelons have
been succesively grown using the same steam-—
sterilized soil. Therefore, another purpose
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of this study was to evaluate the effect of
diluted sea water on the growth of musk-
melons grown in different salinity soils.

Materials and Methods

Planting.

Experiment I (New soil experiment). Four-
leaf seedlings ‘Summer No.2, strain of Earl’s
Favourite’ grafted on ‘Barnett Hill Favourite’
rootstock, were planted in wooden boxes (40
X40%x20cm) filled with new Iwata paddy soil
and placed in the greenhouse on June 20, 1974.
The volume of the soil was 14 liters to which
7 liters of semi-decomposed rice straw were
added. Seven g N from rape-seed cake, 10g
P,O; from calcium superphosphate and rape-
seed cake, 10g K,O from K,SO, and rape-
seed cake, and 40g CaO from Ca(OH), were
applied to the soil as total amounts of a basal
fertilizer and 3 top dressings.

Experiment II(Used soil experiment).Four-
leaf seedlings comparable to those in Experi-
ment I were planted in wooden boxes filled
with used Iwata paddy soil in which tomatoes
had been grown and had received applications
of diluted sea water solutions for 4 months
prior to starting this experiment (13). Five g
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Table 1. Cation concentrations, pH and EC in relation to sea water diluted with tap water.

Sea water concns Cations (ppm)
Osmotic pH EC
Cl concns potential % K Na Ca Mg (mg5/em)
(ppm) (bars)
0 0 0 0 0 0 0 7.00 0.14
50 —0.07 0.25 1 25 1 3 7.19 0.29
100 —0.14 0.50 2 50 2 6 7.35 0 46
250 —0.33 1.25 6 126 5 16 7.58 0.91
500 —0.66 2.50 11 252 10 32 7.62 1.66
1, 000 —1.32 5.00 22 504 20 63 7.52 2.99
Sea water 20,500ppm Cl 445 | 1082 | 33 | 1,262 | 8.89 33.10

N from rape-seed cake, 2.27g P,O; from cal-
cium superphoshate and rape-seed cake, 10g
K,O from K,SO, and rape-seed cake, and 8g
CaO from Ca (OH), were applied to the soil.
The soil was steam-sterilized at 80° to 90°C
for 30 minutes. The other experimental pro-
cedures were the same as Experiment I.

Salinity treatment and harvest in Experi-
ment I and II.

The treatment solutions, 0, 50, 100, 250, 500
and 1,000ppm Cl, were made by diluting sea
water with tap water. Each treatment solution
level was based on the survey of the Cl con-
tent of well water (10) and that in the pre-
vious tomato experiment (13). Table 1 shows
cation concentrations, EC, pH and osmotic
potential in relation to diluted sea water solu-
tions. Each diluted sea water solution was ap-
plied to the soil medium from June 21 to Aug.
24. The treatments were replicated 6 times.
These treatments were made 2 or 3 times
(approximately 1 liter/plant/time) on clear
days and 1 or 2 times on cloudy days. There
was no treatment on rainy days. Muskmelons
were harvested on Aug. 26. Plant height, dry
weight of leaves, stems and roots, and fresh
weight and soluble solids of fruit were mea-

sured at harvest. Plant height was also mea-
sured on July 10. The main elements in leaves
and soil chemical properties were determined
at the end of the experiment. All analyses
used were described in a previous paper (12).

Results

Growth.

Experiment I. Growth data are given in
Table 2. Plant height at harvest was not sig-
nificantly different between 0 and 250 ppm Cl,
but decreased at 500 and 1,000ppm Cl. Plant
height on July 10 and leaf dry weight at har-
vest were depressed only at 1, 000ppm Cl. Fruit
fresh weight decreased with increasing sea
water concentrations from 250 to 1,000ppm
Cl. Tt was 100, 84.5, 73.9 and 49. 3% at 0, 250,
500 and 1,000ppm Cl, respectively. Fruit sol-
uble solids were little affected by diluted sea
water concentrations. The leaf color was light-
est at Oppm Cl and became darker as sea
water concentrations increased. A slight in-
jury (necrosis) was observed on the upper
leaves at 1,000ppm CI after Aug. 1.

Experiment II. Table 3 shows the growth
data. Plant height on July 10 decreased as sea
water concentrations increased from 100 to

Table 2. Effect of sea water concentrations on the growth, fruit weight and soluble solids of muskmelons grown in
new soil.
Sea water concns Plant height(cm)* Leaf dry | Stem dry | Root dry Fruit
_ 1 conen - *051@7 weight welg)ht w(eég)ht Fre.s};]t 501;,5,1,3
(ppm) pz)lt)(;?:;al July 10 At harvest (8) (g w(eég) ! s(o%l)s
0 0 1052 108? 44. 42 17.22® 1.022 1, 3192 12. 4°
50 —0.07 973b 1022® 43.12 21.32 0.962 1,3732 13. 03P
100 —0.14 992b 1013 44. 42 20. 42 0. 962 1, 1892P 13. 32
250 —0.33 8gabe 95abe 42.7* 19.22 0.922 1, 114°¢ 13. 32
500 —0.66 82be 8gbe 40.12 19.32 1.002 975¢ 13.02b
1, 000 —1.32 76¢ 82¢ 28. 6° 13.0° 0.922 6504 12.6°

* : Mean separation in columns by Duncan’s multiple range test, 5% level.
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Table 3. Effect of sea water concentrations on the growth, fruit weight and soluble solids of muskmelons grown in
used soil.
Sea water concns Plant height (cm)* Leaf dry Stem dry | Root dry Fruit
Cl concns Osmotic i weight weight weight Fresh Soluble
potential July 10 At harvest (g) (8) (8) weight solids
(ppm)
(bars) i € (€3]
0 0 1162 1202 52.72 23.22 1.472 1, 1562 13. 63
50 —0.07 1052 106° 51.32 22.72 1.532 1,0512® 14.12
100 —0.14 90° 99® 45.72° 22.52 1.20° 1, 1082 13.92
250 —0.33 74¢ 81¢ 38.7b 19. 22 0.98¢ 947° 13.1°
500 —0.66 574 72¢ 28.2¢ 14.5° 0. 784 691¢ 12.7¢
1, 000 —1.32 454 72¢ 18. 4¢ 9.3¢ 0.634 465¢ 12.0¢

*: The same as Table2.

1,000 ppm Cl. However, plant height at har-
vest was markedly higher at Oppm Cl than at
other treatments and decreased with increasing
sea water concentrations. Leaf dry weight,
and fruit fresh weight and soluble solids were
greatest at 0, 50 and 100ppm Cl and decreased
with increasing sea water concentrations from
250 to 1,000ppm Cl. Fruit fresh weight was
81.9, 59.8 and 40.29; at 250, 500 and 1,000
ppm Cl, respectively, as compared to the
weight at Oppm Cl. Leaf color became darker

as sea water concentrations increased.
injury, such as necrosis and wilting of leaves,

Salt

became more severe with increasing sea water
concentrations over 250 ppm Cl, after Aug. 1.
Necrosis was observed on the upper leaves at
500 and 1,000ppm Cl. Lower leaf peripheries
wilted at 250 to 1,000ppm Cl. The wilting
became more severe with increasing sea water
concentrations. At the late growing stage,
in late Aug., these symptoms became more
Severe.

Main elements in the leaves and Cl content
in the fruit in Experiment I (Table 4) and
Ezxperiment II (Table 5).

Na, Ca, Mg and Cl content in the leaves

Table 4. Effect of sea water concentrations on the main elemental content in the leaves and Cl content in the fruit
of muskmelons grown in new soil (% of dry matter).
Sea water concns Leaves Fruit
Osmotic
Clconens | Cotential | Total-N* P K Na Ca Mg cl cl
(ppm) (bars)
0 0 2. 342 0. 442 2.18? 0. 14¢ 6. 88¢ 0.87¢ 0.62¢ 0. 664
50 —0.07 2.552 0. 32° 1.812% 0.164¢ 7.500¢ 0.90°¢ 1. 08¢ 0.67¢
100 —0.14 2.50? 0.33% 1.892P 0. 19¢4 7.20¢ 0.92¢ 1.70° 0. 754
250 —0.33 2.432 0. 34° 1.65°¢ 0.29b¢ 8. 022" 1. 04° 2.05° 1.07¢
500 —0.66 2.552 0. 35 1. 20¢4 0. 39 8. 382 1.03° 2. 21 1.62°
1, 000 —1.32 2.542 0. 452 1.11¢4 0. 882 8.732 1.172 3.662 2. 482

* : The same as

Table2.

Table 5. Effect of sea water concentrations on the main elemental content in the leaves and Cl content in the fruit
of muskmelons grown in used soil (% of dry matter).
Sea water concns Leaves Fruit
i Osmotic |
Clconens 1 potential | Total-N* | P K Na Ca Mg cl cl
(ppm) : (bars) ‘
0 ! 0 2.00° 0.27° 1.96°¢ 0. 14¢ 4.78¢ 0.85¢ 0. 894 0.78¢
50 | —0.07 1. 86" 0.33? 2.282b 0.214¢ 4.73¢ 0.86°¢ 1.70¢ 0. 98¢
100 —0.14 2.22° 0. 342 2. 48° 0. 40¢¢ 5.48¢ 0.98%¢ 3.00¢ 1.77°
250 —0.33 2.782 0. 352 1.57¢¢ 0.57¢ 6.87° 1. 14® 3.07¢ 1.75°
500 —0. 66 2.28b 0.323b 1.14¢ 1.17° 8.172 1. 462 4.82° 1.65°
1, 000 —1.32 2.19® 0. 302b 1. 034 | 1.712 8.272 1.592 6. 882 4.272

*: The same as Table2.
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Table 6. Chemical properties of the soil at the end of the new soil experiment (Air dried soil basis).
Sea water concns Exchangeable cations (me/100g)
Osmotic NO;-N* | P(Truog) Cl EC(1:5) pH
Cl concns potential (ppm) (ppm) K Na Ca Mg (ppm) [(mP/cm) (H:0)
(ppm) (bars)
0 0 5.8° 2752 0. 85¢ 0. 45¢ 10. 772® 1.084 79°¢ 0.724 6.612
50 —0.07 3.6° 2632 0.87¢ 0.75¢ 11.102 1.13¢4 153¢ 0.89¢d 6. 622
100 —0.14 8.0° 2632 0.78¢ 1.07¢ 10. 393b¢ 1.23¢4 278¢ 0.90¢4 6.70?
250 —0.33 6.2b 2872 0.94¢ 2. 25¢ 10. 392b¢ 1.39¢ 378¢ 1.07¢ 6.782
500 —0.66 9.7 2782 1. 26b 3. 80P 9.84%¢ | 2.03° 1,410 | 1.41° 6.642
1, 000 —1.32 25. 32 2672 1.492 5.212 9.57¢ 2.392 2,2012 1.682 6.702
*: The same as Table2.
Table 7. Chemical properties of the soil at the end of the used soil experiment (Air dried soil basis).
Sea water concns Exchangeable cations (me/100g)
Osmoti NO;-N* | P(Truog) Cl EC(1:5) pH
Clconens | -oR0He) | (ppm) | (ppm) K Na Ca Mg (ppm) |[(mOfem) |  (H:0)
(ppm) (bars)
0 0 3.8° 141% 1.06¢ 0. 80° 10. 202 1.29¢ 1514 1.23¢ 5. 68¢
50 —0.07 3.20 139> 0.784 1. 38¢ 10. 442 1. 32¢ 220¢ 1.24¢ 5.71¢
100 —0.14 3.9 1420 1.12¢ 2.385¢ 9.962b 1.664 620° 1. 41b¢ 5.83b¢
250 —0.33 3.8 137° 1.39% 3.26° 9. 20b¢ 2.00¢ 1,017® 1.60° 5. 98P
500 —0.66 15.82 1702 2.062 5.04° 8. 39¢ 2.59% 1, 8862 1.65° 6.212
1, 000 —-1.32 17.22 1782 1.922 6. 302 8. 48¢ 3.25% 2,1332 2.10* 6. 322
* : The same as Table2.
tended to be higher with increasing sea water Discussion

concentrations in both Experiment I and II.
The content of Cl in the fruit was not signif-
icantly different from 0 to 100ppm Cl, but
increasd as sea water concentrations increased
from 250 to 1,000ppm Cl in Experiment 1. In
Experiment II Cl increased with increasing
sea water concentrations and concentrated
approximately 2.5 times at 1,000ppm Cl, as
compared to 100, 250 and 500ppm Cl. The
content of K decreased as sea water concen-
trations increased. There were little significant
differences in N and P content.

Soil chemical properties in Experiment I
(Table 6) and Experiment II (Table 7).

The amount of Cl, exchangeable Na, K and
Mg, and EC value increased with increasing
sea water concentrations, although Cl and K
content between 0 and 250 ppm Cl was not
significantly different in Experiment I. The
content of NO,-N accumulated at relatively
high sea water concentrations as compared to
Oppm Cl. The pH value in Experiment II
increased and Ca content decreased with in-
creasing sea water concentrations. There was
no significant difference in available P and
pH in Experiment II.

Similar trends in the plant growth and the
main elements in leaves were observed between
Experiment I and II. For example, plant
height, leaf dry weight and fruit fresh weight
decreased at relatively higher sea water con-
centrations, and Na, Ca, Mg and Cl in the
leaves tended to increase with increasing sea
water concentrations. However, the growth
was much more depressed in Experiment II
than in Experiment I. The relative fruit fresh
weight in order of increasing sea water con-
centrations from 0 to 1,000ppm Cl was 100,
104.0, 90.1, 84.5, 73.9 and 49.3% in Ex-
periment I, and 100, 90.9, 95.8, 81.9, 59.8
and 40. 29 in Experiment II, respectively. Also
leaf dry weight and plant height at 1, 000ppm
Cl at harvest were reduced as much as 35.6
and 24.19, in Experiment I, and 65.1 and
40.0% in Experiment II, respectively. The
main elements in leaves were higher in Ex-
periment II than in Experiment I at comparable
sea water concentrations. The Na and Cl in
the leaves at Oppm Cl were almost the same
between Experiment I and II. However, as
compared to Oppm Cl the increment of Na and
Cl at 1,000ppm CI was 6.3 and 5.9 times in
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Experiment I, and 12.2 and 7.7 times in
Experiment II, respectively. Moreover, leaf
Na and Cl content at 1,000ppm Cl in Ex-
periment I was 0.88 and 3.66%, respectively,
and markedly increased as compared to 0.39%
Na and 2.219; Cl at 500ppm Cl. On the con-
trary they gradually increased in Experiment
II. Ayoub (1) reported that when the percent-
age of Na in bean roots exceeded about 1.2~
1. 49, leaf Na content increased as the root Na
concentration increased. Although the root Na
content was not determined in these studies,
this interaction might occur due to the dif-
ference of soil exchangeable Na. Salt injury
symptoms were observed at 1,000ppm CI in Ex-
periment I, and at 250 to 1,000ppm Cl in Ex-
periment II. These symptoms appeared to be
induced by the excess Na and Cl accumulation
in the leaves. The Na and Cl concentration
levels were more than 0.5 and 3.0%, respec-
tively, and the degree of injury increased as
they increased.

At the beginning of the experiment, the EC
value, Cl, and exchangeable Na and Mg in
the soil used in Experiment II were already
higher than in Experiment I and increased
with increasing sea water concentrations due
to an application of corresponding diluted sea
water solutions to the soils. They were also
higher at the comparable sea water concen-
trations at the end of the experiment. There-
fore, the main elements in the leaves and the
growth response might reflect the chemical
property differences between the two soils sim-
ilar to that reported by many investigators
2, 7, 8, 12, 13, 14).

Diluted sea water may reduce plant growth
in 2 ways :1) low osmotic potential and ii)
high concentrations of potentially toxic ions
such as Na, Ca, Cl, and others. It is considered
(15) that the reduction in plant growth is
primarily associated with osmotic potential of
the medium, but in some plants nutritional
imbalance or toxicity of specific ions are also
important factors(4, 16). Although the osmot-
ic potential of the soil solution was not deter-
mined in these studies, it seemed to be de-
creased by applying diluted sea water as the
EC value, Cl and exchangeable Na in the soil
increased by the end of the experiment. The
high EC value and low osmotic potential of

the root medium which inhibited water absorp-
tion were factors restricting growth (3, 18).
It is possible that the much greater growth
reduction in Experiment II than in Experi-
ment I might have resulted from the higher
EC value of the soil.

There was no significant difference in leaf,
stem and root dry weight from 0 to 500ppm
Cl in Experiment I, whereas fruit fresh weight
decreased significantly at 250 and 500ppm Cl
rather than at Oppm Cl. Cl, Na and Mg in the
diluted sea water solution were proportional
to the amounts of sea water. It appeared that
these ions stimulated vegetative growth from
0 to 500ppm Cl, but decreased fruit fresh
weight at 250 and 500ppm Cl. Similar results
were previously reported with tomatoes (13)
and green soybeans (12). In suppressing
growth, salinity may decrease the rate of
photosynthesis per unit leaf area and/or the
utilization of photosynthate in growth (11).
In the case of muskmelons, diluted sea water
may affect the translocation or utilization of
photosynthate rather than photosynthesis
itself as stated by Gauch and Eaton (6).

Salt tolerance of crop plants should be con-
sidered in the plant portion to be marketed. It
was calculated that the sea water concentration
caused a 50%; loss in fruit fresh weight at 986
ppm Cl in Experiment I and 750ppm Cl in
Experiment II. With tomatoes (13), a 50%
reduction in yield was observed at 871 ppm Cl
in soil culture. The concentration which caused
a 50% loss in yield of muskmelon in Experi-
ment I was higher than the tomato concentra-
tion just mentioned. However, these concen-
trations were evaluated only by the fruit
weight. In the case of muskmelon, the quality
should be based on size, weight, fruit shape,
soluble solid percentage, taste, netting, and
so on. Above all, a salty taste may lower
fruit quality. Moreover, only a small decrease
in fruit weight and size makes the price much
lower. On the other hand, the criterion for
deciding the price of sound and ripe tomatoes
generally depends upon the fruit weight except
for economical factors. Therefore, the adverse
effects of diluted sea water at 100 to 500 ppm
Cl were greater in muskmelons than in
tomatoes.
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