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Abstract 

Salinity inhibited growth, and affected the contents of chlorophylls, carotenoids, 
saccharides, amino acids, proteins, DNA and RNA in broad bean plants. Foliar 
application ofNaH2PO 4 and NaNO3 greatly ameliorated the adverse effects of NaCl. 
This counteraction was associated with an increase in contents of saccharides, 
proteins, DNA and RNA. 

Introduction 

Plants grown in saline conditions showed marked reduction in their metabolism 
which is reflected in growth and yield. Salt toxicity may be partly caused by 
affection of the uptake of essential nutrients (Shaddad 1990). Nucleic acid, protein, 
amino acids and carbohydrate metabolism rather than pigments and growth are 
greatly affected in plant grown in saline conditions (Nieman 1965, Malakondaiah and 
Rajeswararao 1979, Ismail 1991). 

Phosphorus and nitrogen are among the key elements of plant metabolism and 
their uptake by roots is inhibited by salinity (Konda 1947, Bernstein and Ayers 1953, 
Malakondaiah and Rajeswararao 1970, 1979). Foliar application of nutrients has 
been found to be more beneficial under saline condition than application of fertilizers 
to the soil (Malakondaiah and Rajeswararao 1979). Therefore the present work was 
aimed to study the counteraction of NaCI salinity with the foliar application of 
phosphorus and nitrogen on broad bean plants. 

Material and methods 

Broad bean (Viciafaba L.) plants were grown in plastic pots in soil without NaCI 
(control) and under salinization levels corresponding to osmotic potential of NaCI 
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solution of-300, -600, -900 and -1200 kPa. Saline solutions were added to the soil in 
such a way that the soil solution acquired the assigned salinization levels at field 
capacity. Treatments of plants with saline solutions began when seedlings were two 
weeks old. The salinized and non-salinized plants were irrigated every other day with 
1/10 Pfeffer's nutrient solution for two weeks. Then NaI-IzPO 4 and NaNO 3 (I g kg -1) 
solutions were applied three times (5 d intervals) by spraying the shoot system of the 
growing plants (each pot with 20 cm 3 ofNal-I2PO 4 or NaNO 3 solutions). The control 
plants were sprayed with distilled water. A week after the plants were used for 
analysis. 

Dry matter was determined after drying plants in an aerated oven at 70 ~ to 
constant mass. Leaf area was measured by the disk method (Watson and Watson 
1953). The contents of chlorophylls a and b and carotenoids were determined 
spectrophotometrically (Metzner et al. 1965), saccharides were determined by the 
anthrone-sulphnric acid method (Fales 1951). Extraction, separation and estimation 
of nucleic acids were done according to Schneider (1957) using orcinol reagent. 
DNA was estimated using diphenylamine reagent (Bartton 1956). Free amino acids 
were determined according to Moore and Stein (1948) and soluble protein according 
to Lowry etal.  (1951). 

Results 

When broad bean plants were subjected to NaCI, biosynthesis of pigments was 
markedly activated especially under mild salt stress. Spraying with NaI-I2PO 4 or 
NaNO 3 mostly induced no significant changes as compared with the corresponding 
salinization levels, up to the -900 kPa NaCI, above which, there is a marked increase 
in these contents, whatever the lreatments was applied (Table 1). The fresh and dry 
masses of bean plants decreased with the rise of salinity in the culture medium. 
Foliar application of P or N salts resulted, in most cases, in a pronounced increase in 
the values of fresh and dry masses (Table 1). 

Salinity induced a significant decrease in both saccharides and protein contents 
(Table 2). Treatment with any of the two nutrients resulted in their marked and 
progressive accumulation. This stimulatory effect was much more obvious in the case 
of saccharides, whatever the salinity levels used and the plant organ tested. 

More amino acids were accumulated with rise of salinity levels in both shoots and 
roots of broad bean plants. Spraying the shoots with NaH2PO 4 showed in most cases 
the same trend as in control plants (Table 1). On the other hand, spraying with 
NaNO3 mostly resulted in a pronounced reduction in the contents of amino acids 
whatever the salinity levels used. With the rise of NaCI a depression in contents of 
DNA at all salinity levels and in RNA at - 1200 kPa was indicated (Table 1). 
Spraying with NaNO 3 mostly resulted in an increase in DNA and especially in RNA 
as compared with those of the corresponding salinization levels. However, spraying 
with NaI-I2PO 4 did not result in corresponding increase in RNA while in DNA a 
significant increase was induced (Table 1). 
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INTERACTIONS BETWEEN NaCI AND NaI-I:,PO4 OR NaNO3 
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Table 2. Effect of NaCI salinity and treatments with NaI-LzPO 4 and NaNO 3 (1 g kg "l) on saccharides 
and protein contents [g kgq(d.m.)] of broad bean plants. 

Spraying NaCI Saccharides Proteins 
[-kPa] soluble insoluble soluble insoluble 

shoot root shoot root shoot r o o t  s h o o t  root 

0 0 14.44 4.65 162.83 45.20 54.5 24.60 68.9 63.1 
300 15.33 6.99* 80.00** 84.82** 40.8** 30.50** 52.1"* 60.8** 
600 12.72 6.13 71.83"* 57.27** 47.9** 28.50** 66.6** 60.7** 
900 10.11" 7.58** 63.65** 56.46** 58.1"* 22.80** 60.1"* 37.0** 

1200 6.23** 6.80* 60.11"* 45.26 58.2** 21.50"* 46.1"* 36.9** 
NaH2PO 4 0 37.64** 23.49** 192.90'* 132.60"* 59.3** 34.70** 125.0"* 66.0** 

300 38.74** 38.27** 221.63"* 130.30"* 58.5** 36.30** 78.6** 53.4** 
600 24.88** 29.56** 221.84"* 126.70"* 58.1"* 36.60** 76.3** 55.4** 
900 25.12"* 33.12"* 109.84"* 98.50** 69.8** 38.20** 86.4** 57.4** 

1200 19 .20"  17.59"* 86.89** 103.20"* 65.6** 31.20"* 39.0** 61.2"* 
NaNO 3 0 18 .66"  11.77"* 245.44** 277.30** 63.4** 39.30** 33.9** 35.8** 

300 21.54"* 27.02** 217.80"* 202.70** 51.5"* 31.90"* 42.6** 97.3** 
600 17.96 12.56"* 264.82** 152.20"* 59.7** 38.50** 41.2"* 102.0"* 
900 15.55 9.09** 173.19" 152.20"* 67.7** 35.20** 37.5** 70.2** 

1200 15.10 9,09** 157.23 79.26** 62.9** 36.60** 30.6** 34.4** 

L.S.D 5 % 3.92 2,08 10.34 6.51 1.23 0.401 0.48 0.13 
L.S.D. 1% 5.28 2,80 13.93 8.77 1.66 0 .540 0.65 0.18 

Significance of differences to control: * -P = 0.01; ** -P  = 0.05. 

Discussion 

Salinity caused a great reduction in fresh and dry matter production, saccharides, 
protein, DNA and RNA contents. This was accompanied with a considerable 
increase in pigment and amino acids contents. The adverse effects of  NaCI could be 
mainly due to its toxicity (Lashaye and Epstein 1971, Munns et al. 1979) and/or 
water deficit (Meiri and Poljakoff-Mayber 1971, Ahmed et al. 1980). The observed 
losses in saccharides as well as in proteins in plants treated with only NaCI were 
accompanied with a marked and progressive increase in the total free amino acids 
content, thus salinity may stimulate their conversion into amino acids (Stewart et al. 
1966) and/or inhibit amino acid incorporation into proteins (Barnett a n d  Naylor 
1966, Handa et  al, 1983, Devitt et al. 1987). In addition, the reduction of  DNA and 
RNA levels in the variously salinized broad bean plants might be the primary effect 
of  salinity (Nieman 1965). Thus it can be said that NaC1 accelerates the degradation 
of  microsomal and ribosomal RNA and depressed synthesis of  proteins (Rauser and 
Hanson 1966). The recorded promotion in growth after spraying salinized broad bean 
plants with NaH2PO 4 or NaNO 3 may be due to the marked and progressive increase 
in soluble saccharides as well as soluble proteins (Eaton 1949, Ergle and Eaton 1957, 
Ismail 1991) which contribute to osmotic adjustment. 
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In conclus ion,  the foliar application o f  nutr ients  m ay  be a promis ing  approach for 
improvement  the cult ivat ion o f  plants under  NaCl  salinity. 

References 

Ahmed, A.M., Heikal, M.M., Zidan, M.A.: Effect of salinization treatment on growth of some 
leguminous plants. - Can. J. Plant Sci. 69: 713-720, 1980. 

Barnett, N.M., Naylor, A.W.: Amino acids and protein metabolism in Bermuda grass during water 
stress. - Plant Physiol. 41: 1222-1230, 1966. 

Berustein, L., Ayers, AD.: Salt tolerance &five varieties of carrots. - Prec. amer. Soc. hort. Sci. 61: 
360-366, 1953. 

Burtton, K.: A study of the conditions and mechanism of diphenylamine reaction for the colorimetric 
estimation of desoxyribonucleic acid. - Biochem. J. 62:315-323, 1956. 

Devitt, D.A., Stulzy, L.H., Labonauskas, C.K.: Impact of potassium, sodium and salinity on the 
protein and free amino acid content of wheat grain. - Plant Soil 103: 101-109, 1987. 

Eaton, S.V.: Effect of phosphorus deficiency on growth and metabolism of sunflower. - Bet. Gaz. 
110: 449-464, 1949. 

Ergle, D.R., Eaton, F.M.: Aspects of phosphorus metabolism in the cotton plant. - Plant Physiol. 32: 
106-113, 1957. 

Fales, F.W.: The assimilation and degradation of carbohydrates of yeast cells. - J. biol. Chem. 193: 
113-118, 1951. 

I-Ianda, S., Bressan, R.A., Handa, A.K., Carpit, N.S., Hasegawa, P.M.: Solutes contributing to 
osmotic adjustment in cultured plants cells adapted to water stress. - Plant Physiol. 73: 834-843, 
1983. 

Ismail, A.M.: Salinization Fertilization Interactions in Relation to Growth and Some Metabolic 
Processes of Some Economic Plants. - PhD. Thesis. Assiut University, Assiut 1991. 

Kunda, V.A.: Genezis i Rezhim Solevykh Pochv. II. [Genesis and Regime of Saline Soils. II.] - 
Izdatel'stvo Akademii Nank SSSR, Moskva - Leningrad 1947. [In Russ.] 

Lahaye, P.A., Epstein, E.: Calcium and salt tolerance by bean plants. - Physiol. Plant. 25: 213-218, 
1971. 

Lowry, O.H., Roserbrough, N.J., Farr, A.L., Randall, R.J.: Protein measurement with the folin phenol 
reagent. -J. biol. Chem. 193: 265-275, 1951. 

Malakondaiah, N., Rajeswararan, G.: Foliar absorption of 32p under conditions of salinity and 
alkalinity. - In: Proceeding of Department of Atomic Energy Symposium, Bangalore 1970. 

Malakondaiah, N., Rajeswararan, G.: Effect of foliar application of phosphorus on growth and 
mineral composition in peanut plants (Arachis hypogaea L.) under salt stress. - Plant Soil 52: 
41-48, 1979. 

Meiri, A., Poljakoff-Mayber, A.: Response of bean plants to sodium chloride and sodium sulphate 
desalinization. - Ann. Bet. 35: 837-847, 1971. 

Metzner, H., Ran, H., Senger, H.: Untersuchungen zur Synchronisierbarkeit einzelner Pigmente. 
Mangel-Mutanten yon Chlorella. - Planta 65: 186-194, 1965. 

Moore, S., Stein, W.: Photometric ninhydrine method for use in the chromatography of amino acid. - 
- J. biol. Chem. 17: 367-388, 1948. 

Munns, R., Brady, C.J., Barlow, E.W.R.: Solute accumulation in the apex and leaves of wheat during 
water sts~s. - Aust. J. Plant Physiol. 6: 379-389, 1979. 

Niemm~ R.H.: Expansion of bean leaves and its suppression by salinity. - Plant Physiol. 40: 156-161, 
1965. 

Rauser, W.E., Hanson, J.B.: The metabolic status of ribonucleic acid in soybean roots exposed to 
saline media. - Can. J. Bet. 44: 759-776, 1966. 

565 



H.M. ABD EL-SAMAD 

Schneider, W.C.: Determination of nucleic acids in tissues by pentose analysis. - In: Colowick, S.P., 
Kaplan, N.O. (ed.): Methods in Enzymology Vol. III. Pp. 680-684. Academic Press, New York 
1957. 

Shaddad, M.A.: Effect of NaCI salinization and KCI fertilization on the physiology of bean plants. - 
Bull. Fac. Sci., Assiut Univ. 19: 45-56, 1990. 

Stewart, C.R., Morris, CJ., Thompson, LF.: Changes in amino acid content of excised leaves during 
incubation. II-Role of sugar in the accumulation of proline in wilted leaves. - Plant. Physiol. 41: 
1585-1950, 1966. 

Watson, DJ., Watson, M.A.: Studies in potatoes agronomy. I. Effect of variety seed size and spacing 
on growth, dcvdopment and yield. - L agr. Sci. 66: 241-249, 1953. 

Communicated by Z. ~ESTAK 

566 


