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Summary

Muskmelons were grown under the same environmental conditions to determine
levels of salt tolerance in different media.

increasing sea water concentrations in sand and soil cultures.

Plant height at harvest decreased with
The relative plant

dry weight and fruit fresh weight were greatest in nutrient solution culture,

followed by soil culture and least in sand culture.

The relative fruit fresh

weights at 1,000 ppm Cl as compared to 0 ppm Cl in sand, soil and nutrient solution

cultures were 66.2, 70.5 and 91.1%, respectively.

roots decreased,

and Cl content in each plant part,
increased with increasing sea water concentrations in each medium.

Osmotic potential of leaves and
and Na and Mg in leaves
The relative

Cl and Na content in leaves was highest in sand culture and lowest in nutrient

solution culture.

with increasing sea water concentrations.

Cl and exchangeable Na in soil and sand, and EC of soil increased

Anion and cation content, and EC of

media were greater in soil culture than in sand culture.

Introduction

Because the salinity of well water origi-
nated from sea water (11), salt tolerance of
muskmelens (Cucumis melo L. cv. Earl’s
Favourite) was determined in sand, soil and
nutrient solution cultures by applying diluted
sea water (14, 15). These experiments show-
ed that the marginal diluted sea water
concentration which decreased the fruit
weight was 250ppm Cl in sand and soil
cultures, and 2,000 ppm Cl in nutrient solu-
tion culture. Also,
toms began to appear at 250 ppm Cl in sand
culture and 1,000 ppm Cl in soil and nutrient
solution cultures.

the salt injury symp-

Thus, muskmelons seem-
ed to be most tolerant to diluted sea water
in nutrient solution culture, less tolerant
and least tolerant in sand
culture. Differences in salt tolerance may
be induced by environmental factors, such
as light intensity, day length, temperature
of room and medium, humidity, total soil
moisture stress, and salt accumulation in
media (1, 8 9, 19) and the plant characteris-
tics, such as top-root ratios,

in soil culture,

root system,
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and the stage of growth at which salinization
occurred (3, 4, 10). The previous experi-
ments were carried out at different times
using diluted sea water with tap water in
soil culture and with base nutrient solution
in sand and nutrient solution cultures.
Therefore, in this experiment muskmelons
were grown under the same environmental
conditions at the same time to determine
differences in salt tolerance and major ele-
ments in plants grown in different media.

Materials and Methods

in a factorial
arrangement involving 4 levels of diluted
sea water, and 3 kinds of culture media.
Thus there were 12 treatments, each having
5 replications, with a total of 60 single
plant plots. Sea water taken at Miho sea-
side was diluted with base nutrient solution
to make 4 treatment levels (0, 250, 500 and
1,000 ppm Cl) as shown in Table 1. The
media were Takamatsu light clay paddy soil,
taken at Shizuoka, Tenryu River sand and
nutrient solution in soil, sand and nutrient
solution cultures. Fourteen liters of the soil
mixed with 7 liters of decomposed rice straw,
or 14 liters of the sand were put into a

Treatments were applied
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Table 1. Cation concentrations and EC in relation to sea water diluted with

base nutrient solution. **

Sea water concentrations*® I

Cations (ppm)

EC

(o) Osmot(lgal;—:so)tennal % K Na Ca Mg (mO/em)
0 —0.69 0 235 44 232 46 2.43
250 —1.02 1.25 241 170 237 61 3.03
500 —1.35 2.50 246 296 242 78 3.87
1,000 —2.02 5.00 257 548 252 109 4.96

* : Sea water contains 20,500ppm Cl, 445ppm K, 10,082ppm Na, 393ppm Ca

and 1,262ppm Mg.
** : Composition of base nutrient solution

; Na,HPO,-12H,0=0.5mM, K,SO;=

3mM, Ca(NOy);-4H,0=4 mM, MgSO,;-7H,;0=2mM, and minor elements

(Mn, Fe, Zn, Cu, B and Mo). pH=

wooden box (40x40x20cm). Four-leafed
seedlings, cv. Spring No. 3 of Earl’s Favour-
ite grafted on Barnett Hill Favourite root-
stocks, were transplanted into boxes in sand
and soil cultures on April 19, 1976. The
treatment solution was applied to the media
1 or 3 times a day whether it was cloudy
or sunny, from April 16 to harvesting (early
July). No solution was applied on rainy
days. In nutrient solution culture, each

6.0

treatment solution was put into 13 liter
pots, and identical seedlings with sand and
soil cultures were transferred to the pots
on April 19, 1976. The solution was replaced
every 2 weeks for the first 6 weeks and
every week after that and aerated continu-
ously. To maintain a constant solution
volume tap water was added to pots to
compensate for transpiration losses. The
experiment was carried out under uniform

Table 2. Effect of sea water concentrations on growth of muskmelons grown in different media.

*
Treatments Plant ht. (cm) Fresh wt. (g) Dry wt. of whole
Ne Media Sea (v;/);trﬁré;))ncns May 15 | At harvest Leaves Stem Roots plant (g)
1 0 110° 1172be 324°¢ 2404 22¢ 1884 (100. 0)**
2 Soil 250 110® 1182P 305¢ 2509 22¢ 1829 ( 96.8)
3 500 108b¢ 114bed 345°¢ 2584 23¢ 1834 ( 97.3)
4 1,000 100¢ 109¢ 327¢ 2424 22¢ 157¢ ( 83.5)
5 0 1182 1212 5232b 3112b 50¢ 2842 (100.0)
6 Sand 250 107b¢ 108¢ 492° 305° 36¢ 241¢ ( 84.9)
7 500 1034 108¢ 496° 305° 34¢ 230¢ ( 81.0)
8 1,000 84¢ 90° 367¢ 2504 22¢ 159¢ ( 56.0)
9 0 107b¢ 110¢d 5223b 280° 2002 2682°(100. 0)
10 Solution 250 111b 1192 5682 3302 2072 2702 (100. 8)
11 500 109° 113bed 5372b 3332 169° 250°¢( 93.3)
12 | 1,000 1024 1074 5382b 3312 151 244° ( 91.0)
0 1122 1164 4574 2778 914 2474
Mean Cl concns 250 1104 11548 4554 2954 8gA 2318
500 108 1128 4594 2994 7548 2218
1, 000 95¢ 102¢ 4108 274B 658 187¢
Soil 107% 115% 3252 2477 22Y 178%
Mean media Sand 103Y 107Y 469Y 293Y 35Y 228Y
Solution 107X 112% 541X 319% 182% 258%

* : Mean separation followed by the same letter within columns by Duncan’s multiple range test, 5% level.
** : Figures in parentheses show percentage of Oppm Cl in each medium.
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Table 3. Effect of sea water concentrations on fruit weight and quality of muskmelons grown in different

media (% of dry matter).

T
| reatments Fresh ' (@ Soluble solids External***
resh wt.* (g Salty taste****
No. ‘ Media Sea (v;;trﬁrégncns % appearance
1 0 1,348°d¢ (100. 0)** 14. 7b<d 7.1¢de 0
2 Soil 250 1,284 ( 95.3) 14.92b¢ 7.2¢de 0
3 ! 500 1,242¢f (92.1) 15.72b 7.2¢de 0~0.5
4 1,000 9508  ( 70.5) 15.92 5.6f 1~2
5 0 1,673  (100.0) 14.6¢°4 9.32 0
6 Sand 250 1,494%¢ ( 89.5) 14.5¢4 9.52 0
7 500 1,3324¢  ( 79.6) 14.3¢d 9.02b 0~0.5
8 000 1,108f  ( 66.2) 12.8¢ 6.5¢ 0~0.5
9 0 1,5932%  (100.0) 13. 5d¢ 8.32b¢ 0
10 . 250 1,5512% ( 97.4) 13.9¢de 7.6¢%de 0
Solution
11 500 1,500 ( 94.2) 13.64¢ 7.0de 0
12 1,000 1,451b<d ( 91.1) 13. 8cde 7.9bcd 0.5
0 1,538% 14.34 8.24
B A A
Mean Cl concns 250 1, 443 14.5 8.1
500 1, 358 14.5% 7.78
1,000 1, 170° 14. 24 6.78
Soil 1, 2062 15. 3% 6.8%
Mean media Sand 1, 402Y 14.1Y 8.6%
Solution 1,524% 13.7Y 7.7Y
*,%% : The same as Table 2.
***% : Full score=10.
*¥¥*% : 0=none, 0.5=minimal salty, l=slightly salty and 2=salty.
conditions in the greenhouse until harvest- Whole plant dry weight was relatively
ing. At the end of the experiment measure- small at 1,000ppm Cl in soil culture,

ments were made of plant growth, osmotic
potential of leaves and roots, and chemical
properties of sand and soil. The treatment
solution was sampled and analyzed when
changed. The analytical methods were the
same as described previously (12).

Results

Growth and fruit quality (Table 2 and 3)
The early growth as expressed by plant
height on May 15 was restricted at 1,000
ppm Cl in each medium, especially in sand
culture. Plant height at harvest decreased
with increasing sea water concentrations in
sand and soil cultures. Fresh weight of
leaves, stem and roots was markedly decreased
at 1,000ppm Cl as compared to Oppm
Cl in sand culture, and tended to be greater
at 250ppm Cl in nutrient solution culture.
There was no significant difference in fresh
weight of plant parts in soil culture.

and decreased with increasing sea water
concentrations in sand and nutrient solution
cultures. The whole plant dry weight as
expressed by percentage of Oppm Cl was great-
est in nutrient solution culture, followed
by soil culture and then sand culture. The
salt injury symptom, a wilting of leaf mar-
gin, was slight at 1,000 ppm CIl in sand and
soil cultures. Fruit fresh weight decreased
with increasing sea water concentrations in
each medium. The decrement was greatest
in sand culture. Fruit fresh weight at 1,000
ppm Cl as compared to 0 ppm Cl, in sand, soil
and nutrient solution cultures, was 66.2,
70.5 and 91.1%, respectively. There was
no distinct difference in soluble solids of
fruit in the same medium. Scores of exter-
nal appearance were higher in sand culture
than in the others. They decreased at 1,000
ppm Cl in sand and soil cultures. Fruit taste
was slightly salty at 500 ppm Cl in sand and
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soil cultures, and at 1,000 ppm Cl in nutrient
solution culture. In soil culture the taste
at 1,000 ppm Cl was saltier than at 500 ppm
CL

Osmotic potential of leaves and roots and
Cl content in plant parts (T able 4) Osmotic
potential of leaves and roots decreased with
increasing sea water concentrations in sand
and soil cultures, and was not significantly
different in nutrient solution culture. The
osmotic potential in nutrient solution culture
was higher than in sand and soil cultures.
Cl content in each plant part tended to
increase with increasing sea water concentra-
tions in each medium. Cl content in leaves
at 1,000 ppm Cl as compared to Oppm Cl in
sand, soil and nutrient solution cultures was
6.7, 4.8 and 3.1 times, respectively. Salty
taste of fruit seemed to be correlated to the
Cl content in fruit.

Major elements in leaves (Table 5) Na
and Mg content in leaves increased with
increasing sea water concentrations in each
medium. The increment of Na was greater
in sand culture than in other cultures. At

Table 4.
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1,000ppm Cl as compared to Oppm Cl in
sand, soil and nutrient solution cultures,
there was 2.9, 1.6 and 1.5 times as much
Na, respectively. K content in soil and sand
cultures, and Ca content in soil and nutrient
solution cultures decreased as sea water
concentrations increased. There were no
significant differences in total-N and P con-
tent among the same medium.

Chemical properties of soil and sand at
the end of the experiment (Table 6) Cl
and exchangeable Na content in soil and sand
cultures, exchangeable Mg, NO;-N, and EC
value in soil culture increased with increas-
ing sea water concentrations. However,
EC value, NO,-N and exchangeable Mg were
not significantly different in sand culture.
Cations and anions, and EC value were
greater in soil culture than in sand culture.

Discussion

The actual values of leaf, stem, root and
fruit fresh weight, and whole plant dry
weight were greatest in nutrient solution
culture, followed by sand culture and then

Effect of sea water concentrations on osmotic potential of leaves and roots, and Cl

content in leaves, roots and fruit of muskmelons grown in different media.

Treatments Osmotic potential* (bars) Cl (% of dry matter)

No. Media csoiin‘:a(t:;m ch Leaves Roots Leaves Roots Fruit

1 0 — 9.7d¢ — 6.3 0.48f¢ 1. 854 0. 234

2 Soil 250 —11.5¢ —7.1° 1. 20° 3.07° 0. 26°4
3 500 —11.93b¢ — 7.8 1. 69° 3.902 0. 32bcd

4 1,000 —12.82 — 8.2 2,282 3.962 0. 622

5 0 —10. 14 — 5.44 0.35f¢ 0.77¢ 0. 25¢4
6 Sand 250 —11.3¢ - 7.1P 1.11¢4 2.26¢ 0. 463b¢
7 500 —11.6b¢ — 7.8% 1.71° 3.270 0. 42abed
8 1,000 —12.5%> — 8.6% 2.342 3.742 0. 443bed

9 0 — 8.8 — 3.3¢ 0. 27¢ 0. 308 0.214

10 Solution 250 —9.1° — 3.1° 0.53f 0.93¢f 0. 27¢4
11 500 — 9.0 — 3.2 0.904¢ 1.11ef 0. 413bcd

12 1,000 — 8.8¢ — 3.8° 0.83¢ 1.17¢ 0.522b

0 — 9.5 — 5.0P 0. 37P 0. 970 0.23¢

250 —10.68 — 5.8 0.95° 2.09° 0. 338C

Mean Cl concns 500 —10. 95 — 6.3° 1. 438 2,768 0.38®

1,000 —11. 4% — 6.94 1.824 2.96% 0.534

| Soil —11.5% — 7.3% ‘ 1. 41X 3. 20% 0. 36%

Mean media Sand —11. 4% — 7.2% 1.38% 2.51Y 0. 39%

Solution — 8.9Y — 3.4Y ‘ 0.63Y 0. 882 0. 35%

* : The same as Table 2.
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Table 5. Effect of sea water concentrations on certain elements in leaves of muskmelons
grown in different media (% of dry matter).
Treatments
Total-N* P K Na Ca Mg
No. Media Sea water
. concns(ppm Cl)
1 0 2.59¢ 0.384¢ 0. 542 0.19f 7.273b¢ 1.724¢
2 Soil 250 2.61°¢ 0. 35¢ 0. 482 0. 27¢de 7.1323b¢ 1.754¢
3 500 2. 89ab¢e 0. 35¢ 0.22¢¢ 0.26¢°4¢ 7.072b¢ 1.84¢4d
4 1,000 2.79b¢ 0. 36 0. 08¢ 0.30¢ 6.82¢d 1.96°¢
5 0 2.73b¢ 0. 49¢¢ 0. 442° 0. 161 7.293b¢ 1.85¢4
6 Sand 250 2.79b¢ 0. 53¢ 0.50? 0.22d¢ 7.662 1.87¢¢
7 500 2.862b¢ 0.50¢4 0. 482 0.39° 7.502b¢ 2.02°
8 1, 000 2.72b¢ 0. 43¢de 0.27bcd 0. 462 7.413b¢ 2.26?
9 0 3.253b 1.15° 0.582 0.20¢f 7.522b 1.67¢
d d bed d
10 Solution 250 3.322 1.272 0. 22°¢ 0. 27¢de 6.95"¢ 1.84¢
11 500 3.182P 1. 202 0.22¢4 0. 284 7.092b¢ 1.96b¢
12 1,000 3.062b¢ 1.27 0.322b¢ 0.30¢ 6.414 2.222
0 2.85% 0.674 0.524 0. 18¢ 7.36% 1.75¢
A A B B A C
Mean Cl concns 250 2.91 0.72 0. 40 0.25 7.25 1.82
500 2.984 0.68%4 0.31B¢ 0.314 7.22% 1.94B
1, 000 2.86% 0. 694 0.23¢ 0.36% 6.878 2.15%
Soil 2.72Y 0. 36% 0.33Y 0.26Y 7.07Y 1. 827
Mean media Sand 2.77% 0. 49Y 0. 42% 0.31% 7. 46% 2.00%
Solution 3.20% 1.22% 0.34Y 0.26Y 6.99Y 1.92Y
* : The same as Table 2.
Table 6. Chemical properties of soil and sand at the end of the experiment.
Treatments Exchangeable cations(me/100g)* NOs-N | P(Truog) Cl EC(1:5) pH
| .| Sea water
No. ) Media ‘ concns (ppm Cl1) K Na Ca Me (ppm) (ppm) (ppm) [(mT/em)| (H,O0)
1 0 2.58?2 1.27¢ | 10.272 3.93¢ 50° 442 91efl  1.01¢ 4.42°
2 Soil 250 2.692 2.89¢ | 10.712 4.23b 622 432 777¢ 1.76° 4.522
3 : 500 2.602 4.86* | 10.04° 4.35° 602° 472 1,050° 1.84° 4.722
4 l 1,000 2.55% 6.43* | 10.092 4.632 712 38ab 1,800 2.292 4. 432
5 0 0. 48° 0. 298 1. 56° 0.37¢ 12¢ 26°¢ 7f 0.32¢ 4.932
6 Sand 250 0.51° 0.53f8 | 1.34° 0.35¢ 16¢ 25¢ 73f 0. 334 4. 422
7 500 0. 49° 0.75¢f | 1.18° 0.38¢ 15¢ 26°¢ 1779¢| 0. 364 4.612
8 1,000 0. 47° 0.95¢ 0. 89® 0. 424 15¢ 30° 2624 0.37¢ 5.142
0 1.534 | 0.78° | 5914 | 2.158 318 347 49° | 0.67¢ 4.68%
Mean Cl 250 1.60A | 1.71° | 6.03% | 2.294B 39AB 344 425¢ | 1.048 4.474
concns 500 1.554 2.81B 5.584 2.37AB 38AB 374 6148 1.108 4.674
1,000 1.514 3.69% | 5.497 2.524 434 354 1,0314 1.334 4.794
. Soil 2.60% | 3.87% |10.28% | 4.28% 61X 43% 930% | 1.72X 4.52%
Mean media
Sand 0.49Y 0.63Y 1.23Y 0.38Y 14Y 27Y 130Y 0.35Y 4.78%

* : The same as Table 2.

soil culture, as shown in Table 2 and 3.
However, the relative plant growth as ex-
pressed by percentage of O ppm Cl was most
suppressed in sand culture. The decrement
in soil culture was to some extent less than

in sand culture. For example, the relative
plant dry weight at 1,000 ppm Cl to 0 ppm C]
was 56.0, 83.5 and 91.0% in sand, soil and
nutrient solution cultures, respectively. The
relative fresh weight of plant parts was sim-
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ilar to the results of the plant dry weight.

The plant growth reduction by the applica-
tion of diluted sea water could be associated
with not only higher concentrations of poten-
tially toxic ions but also lower osmotic po-
tential of plants and media (6). It is con-
sidered (5, 16) 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 (7).

It is possible that one of the reasons for
the difference of growth reduction in differ-
ent media is the specific ion effect. There
was an increase in Na content in leaves and
Cl content in leaves, roots and fruit in each
medium when sea water concentrations in-
creased. On the other hand, the descending
order of relative amounts of Cl and Na in leaves
was sand, soil and nutrient solution cultures.
The relative amount of 1,000 ppm Cl com-
pared to Oppm Cl in sand, soil and nutrient
solution cultures for Cl was 6.7, 4.8 and 3.1
times and for Na was 2.9, 1.6 and 1.5 times,
respectively, The order is in the same
relationship as that of relative plant growth.
Therefore, the increased Cl and Na in leaves
seemed to cause some adverse effects on plant
growth as observed by many investigators
@, 8, 12, 13, 14, 15, 17).

Another possible reason for the difference
of plant growth reduction is low osmotic
potential of leaves and roots. The leaf and
root osmotic potential in nutrient solution
culture was markedly higher than in sand and
soil cultures, and was not significantly differ-
ent from 0 to 1,000ppm Cl. These results are
comparable in that the relative plant growth
in nutrient solution culture was greater than
in the other cultures, and the growth was
slightly suppressed even at 1,000 ppm Cl. It
may be due to differences of root system,
root weight and osmotic potential of the
medium between nutrient solution culture
and the others. The plant growth in soil
and sand cultures decreased with decreasing
osmotic potentials of applied diluted sea water
in each medium. However, there was no
significant difference in the osmotic potential
of leaves and roots between soil and sand

As to the result between in sand
and soil cultures, restricting water absorption
induced by high salinity (18) could not be a
cause of plant growth reduction.

The chemical properties of the sand and
soil at the end of the experiment (Table 6)
did not account for the difference in plant
growth suppression between sand and soil
cultures. Although Na and Cl content, and
EC values increased with increasing diluted
sea water concentrations in each medium,
they were higher in soil culture than in
sand culture. This result is contradictory
in that the plant growth was more suppressed
in sand culture than in soil culture. Because
each medium has different physical properties,
these factors should be taken into considera-
tion when the chemical properties between
sand and soil are compared. It is supposed
that the osmotic potential of the medium
solution might be lower in sand culture than
in soil culture (2). This may be suggested
by the fact that Cl and Na content in plant
parts were higher in sand culture than in
soil cutlure.

cultures.
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