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THE USE OF SALINE AND ALKALINE WATERS IN

GREENHOUSES

V. G. BELLER, R. B. HAGEMAN and E. L. HARTMAN, Stillwater

A plentiful supply of a reasonably pure water is of importance in
greenhouse growth. Such waters are limited in many sections of Okla­
homa. Sodium, calcium, and magnesium chlorides occur in deep well
waters and in rivers and springs near our salt deposits, calcium sulphate
in the leachings from our gypsum hills, and magnesium sulphate in many
of our shallow wells. The bicarbonates are general in the western part
of the State. Waters as saturated as ocean brines are not uncommon.
Under the circumstances it is not surprising that greenhouses frequently
encounter difficulties.

The danger of these waters in field irrigation has been given con­
siderable attention but not so much information is available in regard
to the greenhouse problem. Yet in greenhouses the problem is more dUfi­
cult due to frequent waterings, shallow beds, salt accumulation, rapid
evaporation, and year-round concentrated production. The study here
reported was planned to determine the toxic lim its of these salts, singly
and in combination, under greenhouse conditions.

METHOD
Tomatoes and geraniums were used in the tests. The soil was a mix­

ture of loam and compost. The salts used in the preparation of the so­
lutions were sodium bicarbonate and the chlorides and sulphates of sodium,
calcium, and magnesium.

The plants were grown in 6" pots and watered daily. Records were
made of the average amount of water used, the length of life, general ap­
pearance, and dry weight for each concentration of solution. At the end
of the experiment the plants were clipped at the ground level, dried, and
the plants and soils analyzed by methods recommended by the Associa­
tion of Official Agricultural Chemists.

OBSERVATIONS
1. Plants receiving high concentrations of salts stopped growing,

their leaves turned yellow and began to fall. Lower concentrations of
salts produced similar conditions at a later date.

2. Injury to plants was characterized by lower leaves dying, and
this condition was especially pronounced in plants receiving sodium bi­
carbonate.

3. Plants receiving sodium and magnesium sulphate maintained a
dark green color until injury was very pronounced.

4. Leaves of plants receiving chloride salts turned yellowish green
though they did not wUt.

5. In all cases where injury was noted, the amount of water utilized
by the plants was reduced.

6. Plants receiving salts did not wilt as readily as the checks.
7. Plants receiving sodium chloride and sulphates had fewer and

smaller leaves.
8. The son receiving sodium bicarbonate developed a thick, black,

top crust, while that treated with sodium and magnesium sulphate formed
a white covering.



T
A

B
L

E
1

• 0
A

n
o

lj
l.

u
01

tO
fll

.(J
to

p
la

n
t.

(t
J
ry

)

L
E

N
G

T
H

T
O

T
A

L
S

A
L

T
C

O
N

e.
O

J'
or

W
A

D
R

T
O

T
A

L
D

R
Y

P
L

A
N

T
P

LA
1\

"T
P

L
A

N
T

P
~
'
"

S
A

L
T

L
IJ

'B
A

D
D

E
D

W
E

IG
H

T
A

SH
C

a
N

a
..

p.
p.

Il
L

d
ay

s
g

al
.

I!
D

.
%

%
%

%

C
o

n
tr

o
l

N
o

n
e

A
li

ve
5.

3
14

.9
0

19
.7

5
2.

18
2

0.
61

5
0.

76
3

N
aC

I
80

00
93

2.
3

6.
18

40
.8

1
2.

57
3

8.
91

7
0.

&
81

N
aC

l
60

00
89

2.
1

5.
87

42
.9

9
2.

07
3

8.
62

7
0.

85
0

N
aC

l
'1

00
0

78
1.

5
3.

86
41

.6
6

1.
99

7
8.

14
0

0.
70

9
C

aC
I,

30
00

88
2.

0
7.

31
38

.2
5

8.
01

4
0.

54
4

0.
67

0

C
aC

"
50

00
86

1.
8

5.
38

39
.4

0
8.

92
6

0.
30

5
0.

48
4

~
C

aC
I,

70
00

68
1.

8
4.

13
37

.2
2

8.
21

8
0.

27
6

0.
54

1
~

N
aH

C
O

.
30

00
78

1.
6

5.
.8

2
24

.5
1

1.
68

8
5.

68
9

0.
65

6
0 n

N
aH

C
O

.
60

00
48

0.
9

4.
19

23
.2

4
1.

59
7

4.
97

5
0.

60
7

l:IJ

N
aH

C
O

,
70

00
44

0.
7

2.
98

22
.4

7
1.

43
1

5.
65

8
0.

64
8

~
N

a,
S

O
.

30
00

98
3.

4
7.

79
28

.2
1

1.
78

4
4.

86
8

0.
64

9
2 0

N
a,

S
O

.
50

00
10

1
3.

2
6.

56
29

.4
7

1.
60

7
5.

29
1

0.
60

0
a

l

N
a,

S
O

.
70

00
99

3.
1

5.
66

84
.0

2
1.

69
9

7.
08

7
0.

52
7

0
M

1
'8

0
.

80
00

18
9

3.
8

16
.4

7
28

.3
4

1.
01

3
0.

41
7

3.
96

6
~

M
..

S
O

.
60

00
12

6
3.

6
5.

99
25

.8
2

0.
95

4
0.

81
8

3.
88

4
Io

i

M
1'

80
.

70
00

.
10

1
1.

7
3.

47
24

.9
6

0.
81

0
0.

22
9

3.
71

2
~

M
eC

I,
80

00
95

1.
9

7.
28

25
.3

7
1.

79
5

0.
65

3
4.

81
2

0
:M

cC
I,

50
00

78
1.

6
5.

02
27

.2
1

2.
37

7
0.

41
8

5.
12

9

~
M

cC
I.

70
00

78
1.

5
4.

14
27

.6
6

2.
12

6
0.

34
0

4.
73

1

0 II: >



T
A

B
L

E
2

~
A

na
l1

ls
es

01
g
e
r
a
n
~
u
m

p
la

n
ts

(t
Jr

ll)
g

A
Y

E
.

L
E

N
G

T
H

A
V

E
.

T
O

T
A

L

~
U

L
T

C
O

N
e.

O
J'

O
J'

W
A

T
E

R
A

V
E

.
T

O
T

A
L

D
R

Y
P

L
A

N
T

P
L

A
N

T
p'

L
A

N
T

P
L

A
N

T
S

A
L

T
L

IJ
'E

A
D

D
E

D
W

E
IG

H
T

A
S

H
C

a
N

a
K

a
rn C ..

p.
p.

m
.

d
ay

s
g

al
.

P
l·

%
%

%
%

~
N

aC
I

30
00

12
8

2.
90

5.
08

19
.4

5
2.

08
9

2.
64

3
0.

61
8

C

N
aC

I
50

00
12

7
2.

80
4.

14
33

.0
4

2.
41

8
6.

59
0

0.
57

3
Ii'!

l

N
aC

l
70

00
12

4
2.

80
3.

17
20

.4
5

2.
01

6
2.

49
1

0.
62

5
6

C
aC

I.
80

00
12

6
2.

80
5.

79
20

.4
5

3.
41

1
0.

60
3

0.
68

7
~ ...

C
aC

l.
50

00
12

1
2.

80
4.

89
21

.6
1

3.
74

8
0.

74
7

0.
62

0
~ ..

C
aC

!,
70

00
12

1
2.

80
3.

89
18

.7
7

3.
13

4
0.

70
3

0.
65

9
~

N
aH

C
O

a
30

00
14

6
3.

20
5.

26
18

.1
3

2.
07

6
2.

13
5

0.
56

9

N
aH

C
O

a
50

00
14

0
3.

10
3.

78
18

.6
6

1.
88

8
2.

62
7

0.
57

6

N
aH

C
O

a
70

00
14

8
8.

10
8.

78
16

.4
5

1.
90

5
1.

79
1

0.
55

8

N
a,

S
O

.
30

00
18

1
2.

90
7.

82
17

.8
6

1.
87

4
2.

85
4

0.
54

3

N
a,

S
O

.
50

00
13

0
2.

90
5.

42
18

.5
2

1.
88

9
2.

17
8

0.
61

7

N
a,

S
O

.
'1

00
0

12
8

2.
80

4.
11

20
.0

4
1.

93
5

2.
40

8
0.

58
4

M
g

S
O

.
30

00
12

8
2.

90
7.

65
17

.1
4

1.
72

6
0.

70
1

1.
30

2
M

g
S

O
.

50
00

12
1

2.
80

5.
37

18
.0

9
1.

59
4

0.
59

0
1.

50
0

M
g

S
O

,
70

00
12

3
2.

80
4.

39
17

.1
3

1.
73

9
0.

68
6

1.
56

9
M

g
C

I.
30

00
11

9
2.

60
6.

29
17

.4
4

1.
99

3
0.

59
2

1.
37

2
M

g
C

lf
60

00
11

5
2.

30
3.

87
18

.0
0

2.
03

0
0.

72
1

1.
29

6
M

g
C

I.
70

00
12

0
2.

25
3.

67
19

.3
6

2.
13

9
0.

88
6

1.
23

0
C

o
n

tr
o

l
N

o
n

e
A

li
v

e
3.

30
5.

88
17

.3
2

1.
92

8
1.

20
8

0.
60

7
C

o
n

tr
o

l
N

o
n

e
A

li
v

e
3.

10
4.

60
18

.1
6

2.
46

7
0.

95
7

0.
64

9
.. ...



.1 PROCEEDINGS OF THE OKLAHOMA.

RESULTS
The addition of saline waters of various concentrations to tomato

and geranium plants was repeated many times. The average results of
the analyses of plants are presented in tables 1 and 2.

An examination of the tables permits several conclusions to be drawn
for the tomatoes receiving 3000 to 7000 p.p.m. salt solutions:

1. Effect on the percent of ash in the plants:
NaCl > CaCl. > Na,SO, > MgSO, > MgCl. > NaHCO. > Checks

2. Effect on the sodium content of the plants:
NaCl > Na.SO. > NaHCO. > MgCl~ > MgSO, > CaCl. > Checke

3. Effect on the calcium percentage:
CaClz > NaCI > Checks > MgCl2 > N8.tSO. > NaHCO. > MgSO,

4. Effect on the content of magnesium:
MgCl. > MgSO, > Checks > NaCl > NasSO, > NaHCO. > CaCl.

6. Order of toxicity for plants receiving 3000 p.p.m. salt:
NaHCO. > NaCl > MgCl. > CaCl. > Na,SO, > MgSO,

6. Weight of plant:
Checks > MgSO. > Na.SO, > CaCl. > MgCl. > NaCl > NaHC03

7. Water requirement:
Checks > Na,SO, > MgSO. > CaCl. > NaCl > MgCl. > NaHCO.

DISCUSSION
1. There was a difference in salt content of tomato plants at the

time of death in different seasons. This may be explained by the fact
that the higher the transpiration ratio the larger the absorption of salts.

2. The amount of salt absorbed was not in proportion to soil con·
centration because of ionic antagonism.

3. The ash content varied with the degree of saltnity of the soil.
For this reason plants treated with salts contained more ash than did
the checks.

4. Tomatoes were aided in growth by a sltghtly acid soil. The de­
terminations of the soil treated with sodium bicarbonate showed that an
Increase In alkalinity above 7.0 caused injury to the plants.

6. With solutions containing sodium bicarbonate, over 500 p.p.m.
seemed to be objectionable; with other salts, 1500 p.p.m. seemed to be as
much as would permit normal growth.

6. The more permeable the soil the higher the salt concentration
that could be used. Sodium bicarbonate decreased permeabiltty so rapidly
that only small amounts of solutions could be used without injury. More
magnesium and calcium salts could be tolerated without ruining the soli,
as they did not seem to interfere with permeabiltty.

CONCLUSIONS
1. The salts produced substantially the same effects on the geraniums

.. on the tomato plants.
J. The ash content of plants Increased as the concentrations of salt

aoIuttolis were Increased.
3. Check plants grew larger than plants treated with salt solutions.
4. High concentrations of salts stunted growth of the plants, reduced

their water consumption, and produced greatest Injury.
6. The sodium salts, especially sodium bicarbonate, decreased the

permeabUlty of the soil.
8. Certain anions produced striking characteristics: Chloride pro­

duced yellow leaves that did not wilt; and sulphate increased the green
eolor of the leaves, making them darker than the checks.
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