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ABSTRACT. The objective of this study was to investigate the effects of var-
ious concentrations of NaCl (0, 1, 3, 5 bars) as a salinizing agent on growth,
pigment content and concentration of some minerals in kidney bean plants
grown in sand culture. Also, particular interest was focused on effects of
treatment on the stressed plants sprayed with any of the two amino acids
(proline and phenylalanine) to test whether these amino acids can alleviate,
or at least modify, the pattern of changes induced by the salinization treat-
ments.

Generally, a significant reduction in all parameters studied of kidney
bean was induced by salinization. Spraying with any of the two amino acids
was generally effective in ameliorating the adverse effect of salinity on
growth, pigment content and concentration of nutritive elements K, Ca,
Mg, P and N, especially at the relatively moderate and high salinity levels (3
and 5 bars).

Introduction

The salt tolerance of plants and the changes in their physiological activities and
growth have received considerable attention by some authors!!¢l. In this respect,
other authors recorded a considerable accumulation of free proline in plants exposed
to water stress or salinityl’9). Also Singh ez al.['% mentioned that resistant varieties of
barley exposed to osmotic stress accumulated more proline than non-resistant ones
and addition of oxogenous proline helped the non-resistant varieties to overcome the
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stress. In addition, Heikal and Shaddad!!!}, Shaddad and Heikall'?], and Thakur and
Rail®3 reported that exogenous applications of proline reversed the negative effects
of stress conditions in some glycophytes.

In view of these findings, it was of interest to study the effects of some exogenously
added amino acids on some salt-sensitive plants. Therefore, the aim of the present
study was to evaluate the interactive effects of salt stress and the amino acids, proline
and phenylalanine on growth pigment content and minerals content of kidney bean
plant.

Material and Methods

Seeds of kidney beans ( Phaseolus vulgaris var. strike) were used. The seeds were
sown in perforated plastic pots, each containing two kgs of soil, composed of mixed
sieved, acid washed sand and peat moss (3:1 by volume). The pots were irrigated
with tap water till complete emergence. The pots were divided into four groups of
five pots each, then watered with ¥4 strength Hoagland nutrient solution containing
various concentrations of NaCl equivalent to the stress levels 0,1,3, and 5 bars. Every
two days, each group was irrigated with the respective saline solution. Two seedlings
per pot were left to grow in green house at about 25°C at a soil water potential near
field capacity. In order to prevent accumulation of salts, the soil in each pot was
leached every 10 days with excessive amount of tap water.

Another experiment was carried out simultaneously to evaluate the effect of the
amino acid proline or phenylalanine and sodium chloride on kidney bean plant. In
this experiment another group of kidney bean plants was treated with different saline
solutions as mentioned above. In addition, hence were sprayed with 100 ppm proline
or phenylalanine. Two spray applications were carried out, the first (10 ml for each
pot) after one week and the second (15 ml for each pot) after two weeks of saliniza-
tion. The spray applied with a small atomizer, completely covered all the leaves, but
did not drip. ‘

At the end of the experimental period (5 weeks), the photosynthetic pigments
(chlorophyll a, chlorophyll b and carotenoids) were: determined using spec-
trophotometric method recommended by Metzner et al.['4. Also, shoots and roots of
treated plants were harvested and weighed. They were oven-dried at 70°C to con-
stant weight. :

The dry samples were ground into fine powder and assayed for minerals determi-
nation using the wet digestion methodl!*l. The flame photometer absorption method
was used for Na, K, Ca and Mg determinations using atomic absorption flame photo-
meter of the type Shimadzu AA-670/G U-A. Phosphorus was determined colorimet-
rically using the phosphomolybdate methodl!). Total nitrogen was also determined
colorimetrically by the method adopted by Deloryl'”] using Nessler reagent.

In every case, at least, three replicates were used and the data were statistically
analysed to calculate the least significant difference.
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Results
Fresh and Dry Weights

Fresh and dry weights of kidney bean as influenced by salinization levels and
amino acid treatments are given-in Table 1. The results showed that fresh and dry
weights of shoot and root systems, as well as of the whole plant, were reduced with
the rise of salinization level. This reduction was more pronounced at relatively mod-
erate and high salinity levels (3 and 5 bars).

TaBLE 1. Effect of salinization levels and proline or phenylalanine treatments on fresh and dry weight
yields (g/plant) of kidney bean. -

Fresh weight - - Dry weight
Amino acid Salinization -
treatments level (bars) Shoot Root Whole Shoot Root Whole
plant plant
Reference 0 12.15 2.20 14.35 1.58 | 020 1.78
control 1 11.43 2.25 13.68 | 1.45 0.19- 1.64
3 822 || 153 9.75 1.05 0.15 1.20
5 6.70 13071 800 | 085 01| 0.9
0 13.74" | 235 16.09° | 1.69° 0.21 1.90°
prcling 1 12.84° | 2.34 15.18° | 1.67 0.21 1.88"
3 1098 | 2.08 | 13.06° | 137 | 0.8 1.55" -
5 9.37* 1.60 1097 1" 121770157 136
0 13040 | 224 | 1528 | 165 | 0.20 1.85
Phimvialaninie 1 11,73 2.31 14.04 157 | 0.20 177
y 3 1034 | 1.74 12.08 | 1.26° 016 | 1.42°
5 8.67 | 143 10.10" | 1.05° 0.13 1.18°
L.S.D. 5% 0.44 0.35 0.63 0.07 ' {-10,03 0:11

*Significant differences as compared to the reference control plants.

Generally, spraying with proline or phenylalanine resulted in a significant increase
in the values of fresh and dry weights of shoots and roots as well as of the whole plant
at all salinization levels as compared to those of reference control plants. The in-
crease in fresh and dry weight of roots of plants sprayed with phenylalanine was non-
significant at all salinity levels. It can be noticed that, spraying with proline solution
was more effective in increasing growth than spraying with phenylalanine solution at
all salinization levels. Furthermore, it can be noticed that plants grown at the lowest
level of salinization (one bar) and treated with proline exhibited better growth com-
pared to the reference control plants (0.0 NaCl).

Photosynthetic Pigments ,

From the data given in Table 2, it can be seen that the content of pigment fractions
and consequently of the total pigment content of salinized kidney bean plants were
significantly decreased with the rise of salinization level. This decrease was more
pronounced at relatively moderate and higher levels of sodium chioride (3 and 5
bars). o
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TABLE 2. Effect of salinization’levels and proline or phenylalanirie treatments on pigment content (mg/g
dry weight) of Kidney béan léaves: o Co : - :

Amino acid i salinization i Total
treatments | level(bars) ; ~Chl.a £H.b 5 grof. pigments

Reference Lo 1132 | 793 ] 5.16 24.41
control M1 19.83 6.69 | 3.72 20.24

3 156 523 . 3.84 16.63

5. 1720 458 3.65 15.43

0! £ 1163 845 ! 6.06" 26.14

e 19.92 7.37 5.06" 2235

 protine ¢ . | 3. L9.50" | 7.037 5.15° 21.68

[ - 1 9.40 6.41° 4.04 19.85°

i v : . i

: . i'.;O ! 12.08 712 5:86" 25.06

Phenylalanine »;l : _10.12’ 6.37 5.13° 21.62

} 3 9.67 4.96 4.88° 19.51°

L S 868 | 520 408 17.96°

L.S.D.5% .. 093 09 | 062 215

“Significant differences compared to the reference control plants.

Spraying with any of the two amino acids (proline or phenylalanine) induced a
stimulatory effect on the content of pigment fractions as well as total pigments. This
stimulatory effect was more pronounced in ¢ase of total pigniént content of plants
sprayed with proline than those sprayed with phenylalanine. It can also be noticed.
that the change in chlorophyll b content in plants sprayed with phenylalanine was
nonsignificant compared to the reference control plants.

Mineral Composition

The influence of various salinization levels and amino acid treatments on the con-
tents of some elements in the tissues of kidney bean plant are presented in tables 3
and 4. ' : SR

Sodium content of shoots and roots of kidney bean increased significantly and
progressively with the rise of salinity level. However, its accumulation was compara-
tively less in shoots than in roots (Tables 3 and 4). Contrary to sodium, the concent-
rations of the other nutritive elements tested (K, Ca, Mg, P, N) generally decreased
in both shoots and roots with the rise of salinity level.: , Tt

Spraying with either protine or phenylalanine prohibited-the accumulation of
sodium, regardless of the salinization level or the plant organ analysed. The mag-
nitude of this reduction was relatively higher in plants sprayed with proline, in com-
parison with those subjected only to corrésponding levels of salinization (reference
control). Spraying with any of the two amino acids generally. induced a significant in-
crease in the concentrations of most of the nutritive elements tested in both shoots,
and roots. This was especially true at the relatively moderate and higher levels,of
NaCl (3 and 5 bars) compared to the control plants. This stimulatory effect was more
pronounced in plants sprayed with proline than in those sprayed with phenylalanine.
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TaBLE 3. Effect of salinization levels and proline or phenylalanine treatments on the content of some nut-
ritive elements in kidney bean shoots. Data are expressed as mg/g dry weight.

Amino acid . Sélinization

treatments level (bars) Na k Ca Mg P N
Reference 0 123 | 2673 | 2865 | 1533 5.47 39.56
control 1 517 | 2538 | 2564 | 14.59 4.90 38.97
3 1573 | 2246 | 2218 | 13.00 4.51 37.03

5 2459 | 19.87 | 2105 | 12.29 4.01 32.63

0 1.00 | 2823 | 2829 | 15.80 5.52 40.09

Proline b 395 | 2687 | 2630 | 1595 | 5.20 41.11
mn 3 1207 | 2475 | 26,000 | 15.19° | 6.61" | 41.04
5 19.22° | 2333 | 25.28° | 1449 | 6.05 | 36.36°

0 111 | 2756 | 2917 | 1600 | 5970 | 40.82
Pheriialanine 1 407 | 2614 | 2593 | 1597 | 560 | 41.92°
enylatant 3 12.84° | 2443 | 2563 | 1474 | 579" | 39.30

5 19.91° | 23.09° | 2481 | 13900 | 544 | 34.90
L.S.D.5% 0.70 0.67 1.23 1.23 0.48 271

‘Significant differences compared to the reference control plants.

TaBLE 4. Effect of salinization levels and proline or phenylalanine treatments on the content of some nut-
ritive elements in kidney bean roots. Data are expressed as mg/g dry weight.

Amino acid Salinization

treatments level (bars) Né K Che. Mg P N
Reference 0 137 | 2318 | 2079 | 1218 | 499 | 2891
control 1 623 | 2237 | 1847 | 1187 | 410 | 29.99
3 1740 | 1814 | 1622 | 1209 | 350 | 27.96

5 2729 | 1562 | 1455 | 1100 | 341 | 25.22

, 0 124 | 25.49° | 2124 | 1243 | 487 | 3050
Prolin 1 475 | 2264 | 2049 | 1164 | 440 | 3003
Toune 3 1329° | 2214 | 19.18° | 1284 | 7.08° | 3133
.5 208 | 17600 | 18.12° | 13.100 | 695 | 2871

0 127 | 2395 | 2132 | 1241 | 484 30.93

Biictiviadarine 1 494 | 2271 | 1995 | 1219, | 4.93 | 3035,
chyalemine 3 13.89° | 2095 | 18.85° 13.74 6.13 | 31.68

5 2301 | 17.027 | 18.01° | 582" | 29.21°

L.S.D.5% ‘ 1.06 1.40 122 | 086 0.39 3.13

*Significant differences compared to the reference control plant

Discussion

In the course of our experiment, we found that salinity induced a significant de-
crease in the values of the parameters tested (growth, pigment content and mineral
compOSmon) of kidney bean.

Reductions in growth parameters (fresh and dry weights) with increasing saliniza-
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tion levels were observed by Huttonl?l, Shaddad and Heikall'?l, and Nerson and
Parisl® working on other glycophytic plants. The inhibitory effect of salinity on
growth may be attributed to the effect of NaCl on several facets of plant activities af-
fected by disturbances in osmotic ad]ustments[18 19, enzyme activities?%l, and photo-
synthesisl21],

The recorded increase in the values of growth parameters of kidney bean induced
by the interactive effect between proline or phenylalanine and salinity stress is in ac-
cordance with the results obtained by Heikal and Shaddad!!!! and Shaddad and Hei-
kall'?l working with other glycophytes. The stimulatory effect of added amino acids
may be attributed to the increase in water uptake, thus maintaining hydration of pro-
toplasml3], |

The inhibitory effect of salinity on the biosynthesis of the photosynthetically active
pigments is in accordance with the results recorded for other glycophytes?2l. In this
connection, Strogonov(? suggested that the reduction in the pigment content could
be probably due to the inhibitory effects of the accumulated ions on the biosynthesis
of the different pigment fractions. Moreover, Strogonov et al.?4 pointed out that sa-
linity affects the forces binding the complex of pigment-protein-lipid in the chlorop-
last structure. These structural disorders may account for such differences in pigment
biosynthesis. On the other hand, Prisco and O’leary!?sl adopted the view that osmot-
ically increased water stress enhances the decay of chlorophyll.

- Treatments with either proline or phenylalanine resulted in a considerable en-
hancement in the biosynthesis of the photosyntheticaily active pigment. This
stimulatory effect is in accordance with the results obtained by Shaddad and Hei-
kall'2l working with maize plants and proline, and Abd El-Samad(?®! working on the
response of some other glycophytes to the amino acids proline and phenylalanine.

The general increase recorded in sodium content at all salinity levels, is in agree-
ment with the results obtained by Heikal ef al.l* working with some oil producing
plants. The extent of sodium accumulation with saline solutions varied among shoots
and roots of kidney bean plants. In this respect, sodium was more accumulated in
roots than in shoots. In accordance with this, Jacobyl?’l reported that, in many
glycophytes, most of sodium was retained in the roots.

The general reduction in the contents of different minerals (K, Ca, Mg, Pand N) in
salinized plants isin conﬁrmlty with the results obtained by some authors using other
plants(+-281.

Spraying with proline or phenylalanine induced a significant reduction in the ab-
sorption and accumulation of sodium in shoots and roots of kidney bean at all salinity
levels used. This reduction is in accordance with the results obtained by Shaddad and
Heikall*! and Abd El-Samad!?6].

On the other side, spraying with any of these two amino acids resulted generally in
a significant increase in the contents of K, Ca, Mg, P and N. This promotion in the ac-
cumulation of these nutritive elements in the salinized kidney bean plants is in agree-
ment with the results obtained by Shaddad and Heikall'2l and Abd El-Samad[?°,
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It is worthy to notice that the reduction in the concentration of sodium in kidney
bean plants treated with proline or phenylalanine was associated with an increase in
phosphorus content. This observation also noticed by Shaddad and Heikal!'?! and
Abd El-Samad?l, In this respect, Gates et al.1?%] stated that the increase in phos-
phorus contents may be associated with some mechanisms for controlling the salt en-
tering the plant roots. Such regulatory mechanisms would require energy expendi-
ture and phosphorus is usually required for the synthesis of metabolic mtermedlates
necessary for the maintenance of this disequilibrium state.

From our data it can be said that the exogenous application of the amino ac1ds pro-
line and phenylalanine can alleviate the inhibitory effect of salinity on kidney bean
plant, within the range studied. However, the role of either proline or phenylalanine
in ameliorating the effect of sahmty is more complicated and still needs further inves-
tigation.
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