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Summary

SALAMA F. M., KHODABY S. E. A. & HEIKAL M. M. 1981. Effect of soil
salinity and IAA on growth, photosynthetic pigments, and mineral composition
of tomato and rocket plants. — Phyton (Austria) 21 (2): 177—188. — English
with German summary.

Sand culture technique was applied to investigate the effect of salinity
and IAA on growth, photosynthetic pigments and mineral elements concen-
tration of rocket and tomato plants. At certain salinity levels the growth of the
shoots of the test plants was significantly reduced whether the plants were
treated or not with IAA. The total pigment concentration, and pigment frac-
tions of the leaves were variably affected under the treatments used. Sodium
concentration showed an increased trend by salinization. Potassium level of
tomato shoots exhibited an irregular picture, whereas its level showed an
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increased values in those sprayed with IAA and subjected to — 7 and —10 bars.
Calcium, level in the shoots of the test plants was significantly increased under
the influence of most treatments. Magnesium concentration of tomato shoots
showed an irregular trend, but its level in Rocket was generally increased by
salinity. Phosphorus concentration was significantly decreased by salinization.
Total nitrogen of tomato shoots showed a significant decrease while with
respect to rocket the nitrogen level was significantly increased at certain salinity
levels.

Zusammenfassung

SALAMA F. M., KHODAEY S. E. A. & HEIKAL M. M. 1981. Wirkung des
Salzgehaltes im Boden und von IAA auf Wachstum, Photosynthesepigmente
und Mineralstoffzusammensetzung von Tomate und Rauke. — Phyton (Austria)
21 (2): 177—188. — Englisch mit deutscher Zusammenfassung.

Mittels Sandkulturen wurde der Einfluß von Salzgaben und von IAA auf
das Wachstum, auf Photosynthesepigmente und den Gehalt an Mineralstoffen
der Tomate (Lycopersicon esculentunt) und der Rauke (Eruca sativa) untersucht.
Bei bestimmten Werten des Salzgehaltes war das Wachstum der Testpflanzen
unabhängig von IAA vermindert. Menge und Zusammensetzung der Blatt-
pigmente wurden unterschiedlich beeinflußt. Der Na-Gehalt stieg mit zuneh-
mender Salzgabe an, K ergab bei Tomate ein uneinheitliches Bild, zeigte jedoch
nach Besprühen mit IAA bei —7 bis —10 bar ansteigende Werte. Der Ca-
Gehalt stieg in den Sprossen der Testpflanzen in den meisten Fällen an, der
Mg-Gehalt zeigte an Tomate ein unregelmäßiges Verhalten, stieg jedoch bei
der Rauke mit der Salzgabe an. Phosphor nahm mit zunehmender Versalzung
ab, bei der Tomate auch der Gesamtstickstoff, während dieser bei der Rauke
bei bestimmten Salzgaben anstieg.

(Editor transl.)

1. Introduction

Two of the conspicuous effects of auxin at cellular level are the increase
of the plasticity of the cell wall and the stimulation of respiration. No
satisfactory theory is as yet available as far as the biochemical mechanism
of either of these effects is concerned. Most of the work in this field is
centered along the following lines: a) the attempt to elucidate the primary
step of the hormone action presumably the binding of some macromolecular
species (KEY et at. 1967), b) the understanding of the nature of the changes
of cell wall structure, leading to the increase of deformability (RAY 1967).
Despite lot of researches in the salinity field have claimed that salinization
could show inhibition of the nutrient uptake (EL-SHOUBBAGY & MISSAK
1975, LASHIN & ATANASIU 1972), it has been observed that the salinity
may enhance the nutrient uptake (ASANA & KALE 1965).

Salinity on the other hand, has been found to affect the pigment
content of certain plant species either increasing (DOSTANOVA, 1966) or
decreasing its ratio (GAKTNEB, & MYERS 1963, SHIMOSE 1973).

Treatment by saline solutions has also been found to reduce the growth
(KADDAH & GKOWAIL 1964, HTTTTON 1971).
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In the present work, the influence of Salinity-auxin in relation to
growth, pigment concentration, osmotic pressure, and some mineral
elements composition of tomato and rocket plants is studied.

2. Mater ia l s and Methods

Introduced american tomato (Lycopersicum esculentum) and local breed
rocket (Eruca saliva) were used. The seeds were sown in plastic pots of
1400 g air dry soil (sand/clay 2 :1 v/v). In order to regulate the distribution
of the irrigating solutions a perforated plastic tube was introduced through
the soil at the pot center. Plants were allowed to grow for 10 weeks at a soil
water potential near field capacity. During this period plants were watered
with 100 ml portions of full strength Hoagland nutrient solution (HOAG-

LAND & ARNON 1950). Five plants were left to grow per pot. Stress levels
(<]>a) were chosen at —3, —7, and —10 bars in addition to the control
(—0.3 bar). The test plants were twice sprayed with 50 p. p. m. IAA solution
(2 ml for each pot). For each treatment three pots were assigned at random.

Saline solutions were prepared according to (LAGERWERFF & HOLLAND

1960), and provided as irrigating solutions to adjust <\iB to the desired level.
A mixture of calcium chloride and sodium chloride was used, to prevent
the toxic effect of sodium ions. The sodium adsorption ratio (SAR) was
fixed at 12.5% in all solutions in order that their effects become mainly
osmotic (LAGERWERFF & EAGLE 1961).

Treatment of plants with saline and IAA solutions began when seedlings
were 8 weeks old. Plants were allowed to adjust to their ^-levels for a
period of 2 weeks. At the end of the experimental period transpiration was
measured gravimetrically by weighing the pots at fixed times: 7, 10 a. m.,
1, 4, and 7 p. m. The osmotic pressure of leaf sap was measured by the
cryoscopic method (WALTER 1949) and details on this were described by
(EL-SHARKAWI & ABDEL RAHMAN 1974).

Also the photosynthetic pigments were extracted and determined
spectrophotometrically (METZNER et at. 1965). To determine the dry weight,
shoots of the test plants were cut and dried in an aerated oven at 80° C
until constant weight, and the water content was calculated. The dry
samples were then ground into a fine powder which consequently assayed
for mineral ions determinations. The flame photometer method (WILLIAMS &
TWINE 1960) was used for sodium and potassium determinations.

Total nitrogen was estimated by the modified micro-Kjeldahl method
(PAECH & TRACEY 1956). Likewise, phosphorus was determined colour-
imetrically (WOODS & MELLON 1941). On the other hand, calcium and
magnesium were assayed by the versene titration method (SCHWARZEN-

BACH & BIEDERMANN 1948).

Abbreviations: <\>B = the osmotic potential of the soil solution; IAA =
indole acetic acid; chl. = chlorophyll.
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3. Results
Salinity has induced variable changes in the growth, osmotic pressure,

transpiration, pigment concentration, and mineral composition of tomato
and rocket plants as shown in Tables 1, 2, 3 and 4.
3.1 Growth:

The shoot growth of the test plants is represented as fresh and dry
weight (Table 1). Salinity exerted a significant reduction in the fresh weight
whether the plants were treated or not with IAA.

On the other hand, the dry weight of the shoots of the two test plants
showed an irregular trend.

3.2 Water Content:
The shoot water content of each of the two test plants was almost

significantly reduced at all the investigated treatments. The results also
show that the water content of tomato shoots is relatively higher than that
of rocket plants, (Table 1).

Table 1

Mean values of fresh, dry weights (in grammes) and water content (g H2O/g
dry wt.) of Tomato and Rocket shoots as influenced by salinity and IAA

Treatment

Control
Control + IAA
— 3 bar
— 7 bar
—10 bar
- 3 + IAA
- 7 + IAA
- 1 0 + IAA ;ä

L. S. D. at 5%

F. wt

11.30
11.60

9.50*)
7.80*)
6.00*)

10.70
8.20*)
6.60*)
1.23

Tomato

D. wt

0.87
0.93
0.95
0.80
0.78
1.00*)
0.85
0.73*)
0.11

water
content

12.10
11.50*)
8.90*)
8.80*)
6.70*)
9.70*)
8.50*)
8.00*)
0.57

F. wt

14.00
13.30
8.60*)

12.60*)
6.80*)
8.30*)

10.30*)
6.60*)
1.22

Rocket

D. wt

1.30
1.30
0.88*)
1.50*)
0.95*)
0.90*)
1.20
0.79*)
0.14

water
content

9.70
9.20
8.80*)
7.40*)
6.20*)
8.20*)
7.60*)
7.40*)
0.51

*) Significant at 5% level of probability (also in Table 2 — 4).

3.3 Osmotic Pressure: ,
Table 2 shows that osmotic pressure of the test plants was almost

significantly increased at all treatments as compared with control, with the
exception of tomato plants sprayed only with IAA where the osmotic
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pressure was significantly decreased, despite in the case of rocket plants
sprayed only with IAA, the osmotic pressure was non-significantly altered.

3.4 Transpirat ion:
Generally, transpiration rate and total water transpired were signifi-

cantly reduced in test plants either treated with salinity or treated with
salinity and IAA in comparison with those of the control.

Transpiration rate and total water transpired of the plants treated
with IAA only were higher than those of control plants. Transpiration rate
shows higher levels in rocket plants than that of tomato ones (Table 2).

Table 2

Effect of salinity and IAA on: osmotic pressure (O. P.) (atmospheres), tran-
spiration rate (T. R.) (mg/g Iff. wt./hr), and total water transpired (T. T. W.)

in g/pot of Tomato and Rocket plants

Treatment

Control
Control+IAA
— 3 bar
— 7 bar
— 10 bar
- 3 + IAA
- 7 + IAA
-10+IAA
L. S. D. at 5%

0. P.

20.87
16.74*)
20.50
24.64*)
23.44*)
20.84
24.80*)
22.84*)
0.74

Tomato

T. R.

78.40
83.70*)
80.80
36.10*)
38.40*)
82.20
60.70*)
55.90*)
4.66

T.T.W.

8.80
9.70
7.10*)
2.80*)
2.30*)
8.70
4.00*)
4.00*)
1.06

O.P.

20.84
21.24
22.24*)
24.64*)
24.84*)
24.40*)
21.64*)
23.64*)
0.66

Rocket

T. R.

145.20
184.60*)
146.20
116.70*)
117.10*)
179.10*)
117.80*)
111.10*)
14.00

T.T.W

21.90
25.30*)
12.70*)
14.50*)
8.00*)

15.10*)
12.70*)
7.40*)
3.03

3.5 Pigment Concentration:
The total pigment concentration and pigment fractions (chl. a, chl. b,

and carotenoids) as mg/250 mg fr. wt of tomato leaves were increased only
in plants treated with IAA only as well as in those grown under water stress
(—3 bar) and treated with IAA. Otherwise, the total pigments and pigment
fractions were decreased. The ratios of a/b were approximately unchanged
at all treatments as compared with control. This means that the changes in
the biosynthesis of chl. a were in parallel with those of chl. b.

On the other hand, total pigments and pigment fractions of rocket
plants were significantly increased at all treatments, except those grown at
—3 bar stress, where pigment concentration was significantly reduced
(Table 3). It could be observed that plants grown at the various levels of
water stress and treated with IAA were mostly of high pigment concentra-
tion as compared with those plants non-treated with IAA. It could be also
emphasized that the biosynthesis of chl. a was in parallel to that of chl. b.
(Table 3). . . . . .
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Table 3
Effect of salinity and IAA on photosynthetic pigments and pigment fractions

(mg/250 mg If. f. wt.) of Tomato (a) and Rocket plants (b)

Treatment

Control
Control+IAA
— 3 bar
— 7 bar
—10 bar
- 3 + IAA
- 7+IAA
— 10+IAA
L. S. D. at 5%

Treatment

Control
Control + IAA
— 3 bar
— 7 bar
—10 bar
- 3 + IAA
- 7 + IAA
-10+IAA
L. S. D. at 5%

a = chl. a; b

a

3.10
3.50*)
3.30
2.00
2.10*)
3.50*)
2.70*)
2.30
0.31

a

2.90
3.00
2.50*)
3.20*)
3.30*)
3.10*)
3.80*)
3.40*)
0.19

= chl. b; c =

a) Tomato
b

1.30
1.60*)
1.20
0.73*)
0.60*)
1.40
1.20
0.87*)
0.24

b) Rocket
b

1.00
1.10*)
0.90*)
1.10*)
1.20*)
1.20*)
1.10*)
1.20*)
0.10

carotenoids.

c

0.67
0.69
0.79*)
0.47*)
0.61
0.72
0.50*)
0.59*)
0.08

c

0.79
0.88*)
0.72*)
0.84*)
0.93*)
0.75
0.98*)
0.88*)
0.04

a+b + c

5.00
5.70*)
5.30
3.20*)
3.30*)
5.60*)
4.40*)
3.80*)
0.54

a+b + c

4.60
4.98*)
4.10*)
5.10*)
5.40*)
5.10*)
5.90*)
5.50*)
0.33

a/b

2.40
2.20
2.80
2.60
3.80
2.60
2.80
2.70
N. S.

a/b

3.00
2.90
2.80
2.90
2.80
2.50
3.70
2.80
N. S.

3.6 Mineral Composi t ion :

3.6.1 Sodium:

Sodium concentration in the shoot of plants treated with IAA only
was significantly decreased as compared with the control. Sodium level of
the two test plants was significantly increased at the other treatments
except tomato plants which were treated with IAA and grown at the different
salinity levels, where sodium concentration was non-significantly changed.
Generally tomato shoots were of higher sodium level than those of rocket
plants (Table 4).

3.6.2 Potassium:

With regard to potassium concentration, it could be noticed that
potassium level of tomato shoots showed an irregular trend, however it was
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significantly increased in plants treated with IAA and grown at —7, and
— 10 bars.

Table 4

Changes in mineral composition of Tomato (a) and Rocket (b) subjected to
salinity and IAA treatments. Data are expressed as mg/g dry weight of the

shoots

Treatment

Control
Control + IAA
— 3 bar
— 7 bar
— 10 bar
- 3+IAA
- 7+IAA
— 10+IAA
L. S. D. at 5%

Treatment

Control
Control+IAA
— 3 bar
— 7 bar
—10 bar
- 3 + IAA
- 7 + IAA
- 1 0 + IAA
L. S. D. at 5%

Na

19.80
16.60*)
22.60
26.10*)
26.32*)
19.60
20.30
18.80
2.98

Na

6.50
5.40*)

11.40*)
8.40*)
9.00*)

10.20*)
9.60*)

10.90*)
0.64

a) Tomato

K

27.20
31.80*)
30.00*)
20.00*)
21.30*)
25.50
29.80*)
30.50*)
2.35

Ca

44.70
45.00
49.00*)
71.00*)
67.00*)
51.30*)
62.70*)
58.00*)
3.59

b) Rocket

K

43.80
42.80
41.70*)
43.50
38.50*)
43.50
46.00*)
40.00*)

1.59

Ca

35.70
37.00
37.00
38.50*)
40.50*)
36.70
38.70*)
42.70*)
1.33

Mg

13.60
13.20
12.60*)
10.20*)
17.00*)
11.20*)
14.00
14.80*)
0.88

Mg

7.80
9.40*)
9.00*)
8.10
9.30*)
8.40
7.60
7.20
0.71

P

2.30
1.93*)
1.68*)
1.61*)
1.72*)
1.49*)
1.66*)
1.96
0.07

P

3.20
2.70*)
2.20*)
2.10
1.90*)
2.60*)
2.30*)
2.30*)
0.17

N

23.50
23.90
22.60*)
18.20*)
17.70*)
20.10*)
20.50*)
21.70*)
0.49

N

19.60
19.80
22.10*)
20.80*)
17.70*)
21.70*)
19.20
19.90
0.91

On the other hand, potassium concentration of rocket shoots was
generally decreased at all the investigated treatments with the exception of
those plants treated with IAA and grown at —7 bar, where potassium
concentration was significantly increased as compared with the control
(Table 4).

3.6.3 Calcium:
Table 4 shows that the calcium concentration in the shoots of each of

the two test plants was significantly increased at all treatments, except in
the case of tomato plants treated with IAA only. In rocket plants either
treated or not treated with IAA and grown at —3 bar, calcium level was
non-significantly increased.
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3.6.4 Magnesium:

Magnesium level of tomato shoots showed an irregular trend at all
treatments (Table 4). On the other hand, in case of rocket magnesium
concentration showed an increase in control plants treated with IAA, and
also in plants which were subjected to —3, — 7, and —10 bars. Otherwise
magnesium level of rocket plants treated with IAA and grown at the
investigated salinity levels exerted more or less unchangeable trend
(Table 4).

3.6.5 Phosphorus:

Table 4 shows that phosphorus level of each of the two test plants was
significantly decreased at all treatments, with the exception of those sprayed
with IAA and grown at —10 bar, where the decrease was insignificant as
compared with control.

3.6.6 Nitrogen:

Nitrogen concentration in tomato shoots reflected a significant decrease
at all treatments except the treated control plants with IAA where the
nitrogen level was non-significantly increased, (Table 4).

With respect to rocket shoots, nitrogen concentration was significantly
increased in plants subjected to —3 and —7 bars, while in plants grown at
—10 bar where the nitrogen level showed a significant decrease. On the
other hand, it could be emphasized that rocket plants treated with IAA
and grown at —3 bar showed a significant increase of nitrogen level while
those sprayed with IAA and subjected to salinity levels (—7, and —10bars)
showed non-significant changes in their nitrogen concentration (Table 4).

4. Discussion

The general reduction in the fresh and dry weights of the two test
plants, subjected to salinity or salinity-IAA treatments may be partly
due to the osmotic effect (GREENWAY 1973). The water content of tomato
and rocket plants showed, in the present work, a significant decrease at all
the investigated treatments. In this respect, MEIRI et al. (1971) andHEiKAi
(1977) obssrved also a remarkable decrease in water content in chloride
salinated bean plants. The reduction in tissue water content is expected for
water stressed plants (GATES 1955).

The increase in the osmotic pressure of plants grown at the investigated
salinity levels is in agreement with the results obtained by BERNSTEIN (1961)
and EL-SHARKAWI & SALAMA (1973, 1976). This increase in osmotic pressure
could be as a result of one or more of: increased photosynthesis, or trans-
location, decreased respiration, or conversion of nonsoluble metabolites to
soluble forms.

A conversion mechanism, though being a positive process towards
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adjustment to stress, is rather catabolic in nature and serves to deplete
reserve metabolites and hence leads to impaired growth (EL-SHABKAWI &
MICHEL 1975). The plants which treated and those non treated with IAA,
and grown at the investigated salinity levels showed a reduction in their
transpiration rate. The above result (without using IAA is in agreement with
that obtained by GALE et al. (1967) and BOZOUKE (1975).

The results of photosynthetic pigments eoncentration, showed that,
the plastid pigments of the test plants was variably affected. The pigment
concentration of both IAA sprayed and non-spiayed plants, and subjected
to salinization treatments was generally decreased. These results, in part,
are similar to those observed by (LAPINA & POPOV 1970). On the other hand,
pigment concentration of rocket plants without using IAA was generally
increased, this is supported by the results of HEIKAL (1975) and AHMED et al.
(1977) by using some glycophytic plants.

Some differences in the mineral element composition of the two test
plants were recorded as a result of different treatments. The accumulation
of sodium with the rise of salinity level, particularly in rocket plants is
similar to the results recorded by EL-SHOURBAGY & MISSAK (1975) and
HEIKAL (1977) using some agricultural crops.

The irregular trend of potassium in the tested plants and grown at
salinity effect was also postulated by KADDAH & GHOWAIL (1964) and
RUSH & EPSTEIN (1976). On the other hand, the general decrease of potas-
sium level of rocket plants was also in agreement with the results reached
by RUSH & EPSTEIN (1976) and HEIKAL (1977).

The general increase in the calcium concentration of the test plants is
in agreement with the results obtained by ASANA & KALE (1965) and
HEIKAL (1977).

With regard to magnesium, it could be pointed out that its level did
not exhibit a regular trend, but it varied according to the plant type and
to the treatment used. In this respect, some authors (BIEEHUIZEN &
PLOEGMAN 1967) recorded an increase in magnesium concentration of
salinized plants, while others LASHIN & ATANASIU (1972) and HEIKAL

(1977), on the other hand recorded a considerable decrease. The decrease in
phosphorus concentration of the two tested plants at all investigated treat-
ments seems to be a dominant effect of salinity. Similar results were obtained
by LUNIN & GALLATIN (1964) with some other crop plants.

Total nitrogen concentration of tomato plants seems to be reduced at
all treatments. This reduction is in agreement with the results of HUTTON

(1971) and LASHIN & ATANASIU (1972). With respect to rocket plants,
nitrogen concentration showed irregular trend. This irregularity of nitrogen
level was also observed by COHEN e. al. (1964) and HUTTON (1971). The
general picture appears to imply that, except the sodium and calcium ions,
a reduction rather than promotion in the accumulation of the other estimated
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nutrient elements of the two test plants, is the dominant effect of the salinity
levels used. In addition a reduction in fresh and dry weights, transpiration
rate, and water content were also recorded in plants either treated or non-
treated with IAA and grown at certain salinity levels. This means that the
treatment of salinized plants with indole acetic acid as a plant growth
substance did not counteract the effect of salinity for the studied parameters
of tomato and rocket.
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