http://www.pjbs.org PIB S ISSN 1028-8880

Pakistan
Journal of Biological Sciences

ANSIner

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Pakistan Journal of Biological Sciences @ (8): 1406-1410, 2006

ISSN 1028-8880
© 2006 Asian Network for Scientific Information

Effect of Salinity, Mineral Ions and Organic
Solutes Contents on Vicia faba L.

Muhammad A. Zayed and Mamdouh 1. Elamry
Faculty of Science, EL-menoufiya University, 32511 Shibin El-Kom, Egypt

Abstract: The effect of different concentrations of NaCl on growth, mineral ions and organic solutes content
of Vicia faba were mvestigated. Experimental measurements were made after 50 days of growth in vessels
containing Hoagland nutrient solution under controlled climate conditions. The NaC1 salinity induced changes
in the growth criteria of the Vicia faba plant. However there is a gradual decline in these parameters by
increasing salinity in the culture media. This reduction was more pronounced at the higher doses of the salt.
It was also observed that proline, saccharide and soluble protemn contents increased m the shoot juice of the
investigated plant. Glycolic and citric acids were slightly affected by increasing salinity in the nutrient solution,
whereas oxalic, succinic and fumaric acids were significantly increased up 0.0, 4.3 and 2.5 times of the control

samples.
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INTRODUCTION

Saline soils are very common 1n regions of arid and
semi-arid climate, due to the high evaporation process, a
well as due to the low transport of soluble salts to the
areas and/or rivers as a result of low ranfall. Saline
conditions have reported to affect nodule mtiation and
growth as well as mineral ions and organic solutes of host
plants (Sprent and Sprent, 1990). A condition of ion
excess within the plant has been considered an important
factor that limits growth under saline conditions.
Studies effects of an excessive ion concentration on
growth, mineral 1ons and organic solutes contents and
Onkware, (2000) have shed some light on the mode of
salimty inmjury. Gorham et al. (1985) attributed the
inhibitory effects of salinity on plant growth to water
stress, resulting from low osmotic potentials of the soil
water as well as to 1on toxicity or nutritional imbalance.
Ionic balance, enzymatic activity and hormonal balance
were also disturbed by salt stress (Paraksh et al., 1982,
Cramer et al., 1986; Ben-Hayyim et al., 1987).

The present study aims to know the extent to which
Vicia faba plants can tolerate the salt stress.

MATERIALS AND METHODS
Seeds of Vicia faba of the same size and color were

germinated in November 2003 in quarz sand. One week old
seedlings of uniform size and appearance were transferred

into Hoagland nutrient solution containing NaCl to
maintain osmotic potential-0.05,-0.1,-0.2, -0.4, -0.8,-1.6
and -2 MPa (by using osmometer 800 Slamed). Nutrient
solution in black vessels, (1.5 L) were replaced every four
days initially and every two days after two weeks culture.
Nutrient solution pH 6.8 was checked every two days and
adjusted by using buffer if necessary (Fig. 1). The vessels
ere aerated thoroughly all over the experimental period
and kept under temperature of about 30°C during the day
and about 20°C at the might with relative humidity
fluctuating between 50 and 80%.

Light intensity, light duration was nearly similar to
the conditions of natural habitats, 16 h light 8 h dark.
There were 16 replicates for each treat and the

Fig. 1: The effect of different concentrations of NaCl
solution on the growth of Vicia faba 1..
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experiment was arranged in a randomized design. Plants
were harvested after 7 weeks. Roots were washed with
distilled water. Shoot and root lengths were measured.
Dry mass of shoots and roots were determined, osmotic
potentials by using osmometer, proline contents were
analyzed following the procedure of Bates ez al (1973)
and the contents of saccharides organic acids were
determined by using gas chromatography, Proline, Suger
and Orgnic acids were determined in the juice of the
squeezed fresh shoot system. Tissues were dried in a
forced air oven at 80°C for 48 h and ground m Wiley Mill
(40 mesh). Samples were ashed for 3 h at 500°C HCl and
filtered (Whatman No. 42). The sample was diluted further
with glass-distilled water and mixed 10:1 with La,O, HCI
solution. The concentrations of calcium, magnesium,
sulphur and Sodum were determmed by atomic
absorption spectrophotometry and of potassium by flame
emission. Phosphorus concentration was determined from
the same sample using a molybdovanadate reaction
(Greweling, 1976).

Nitrogen was determined in micro-kjeldahl digest of
dried and round plant material using an Orion ammonia
1on-specific electrode (model 95-10) Power. Choloride was
measured by titration method after. Values for all nutrient
analyses were converted to milliequivalent diy weight of
plant material.

RESULTS AND DISCUSSION

The NaC1 salinity induced mostly significant changes
n the growth criteria of the studied plant increasing levels
of salimity affected total dry weight; both shoot and root
lengths as well as on lateral root initial (Table 1).

At -0.4 MPa the dry mass of shoots and roots was
reduced by 30 and 24% with respect to control,
respectively. At -2.0 MPa shoot and root dry mass were
reduced to 12 and 10% of the control, respectively. Tt is to
be mentioned that all NaCl concentrations resulted in a
decrease of growth, at the same time there 1s a significant
changes mcrease in the nutrient solution (Table 1).

The preservation of normal number of lateral root
initials might increase essential supply of cytokinins
which improves its salt resistance (Waisel, 1991).

The decrease 1n dry weight of roots should be
related to the distwbance of metabolic activity.
Spyropoulos (1986) as well as El-Sharkawi and Springuel
(1977) suggested that Trigonella foenomgraecum seeds
its  osmotic potential through reduction m  the
imbibition of salt solution. Flowers et al (1977)
revealed that increased succulence as a protective
adaptive response against salt stress. Current data from
shoots that increasing salimity had a high effect on
shoot to root ratio (Table 1). He and Cramer (1993),
Amin (1999) and Ali (1998) as well as Al-Khateeb (2006)
and Flowers (2004) have shed some light on the mode
of salimity ijury, but the exact mechamsm by which

an  excessiveion concentration suppresses plant
growth is not clear.

NaCl has also been shown to cause extensive
damage to membrane integrity, resulting in severe
injury to the cells (Houle et al., 2001); (Barmett and Naylor,
1966). Table 2 shows that there is a positive correlation
between osmotic values of the wrigation solution and the
concentrations of the organic solutes m plant shoots, the
increase was greater especially in shoots subjected to
high values of salt stress -1.6 and -2.0 MPa.

It has been known that water and salt stress mduce
the accumulation of proline, (Batanouny et af., 1991;
Batanouny and FEbeid, 1981). The role of proline
accumulated in the plant cells as a result of salt stress
could be considered either as a help for resistance against
water and salt stress (Barnett and Naylor, 1966), or as
an indicator of water and salt status in the plant
cells. Several other roles have been suggested for
proline accumulation. These include a role as storage
compound for carbon and mitrogen, (Schobert, 1977,
Singh et al., 1973) has suggested that proline is involved
in preserving the hydration of proteins in dehydrated
tissues, therefore contributed to the survival of cellular
fumctions. The biochemical mechamsm by which proline

Table 1: Effect of NaCl on shoot and root dry weights, shoot and root lengths and shoot/root ratio of Vicia faba after 7 weeks treatment

Shoot dry Root dry
NaCl (wt. g plant™!) (wt. g plant™") Shoot length (cim) Root length (cm) Shoat/root ratio No. of root initials
0.0 1.91+0.12 1.73+0.12 383+1.3 17.8+0.8 2.15 23+2.5
-.05 1.94+0.11 1.75+0.14 32,1422 16.8+1.1 1.91 43+-3.1
-0.1 1.34+0.10 1.23+0.13 27.9+1.3 14.9+1.0 1.87 68+3.6
-0.2 1.1440.04 1.11+0.12 17.241.2 10.1+0.7 17.0 7743.8
-0.4 0.55+0.06 0.41+0.04 6.8+0.27 6.6+0.30 1.03 T1+3.1
-0.8 0.42+0.04 0.35+0.04 4.0£0.32 5.2+0.30 0.77 58+3.0
-1.6 0.27+0.03 0.25+0.03 2.8+0.26 3.9+0.18 0.72 -
-2.0 0.23+0.03 0.19+0.02 1.0+£0.19 1.7+0.22 0.64
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Table 2: The effect of salt stress on water content and accumulation of organic solutes in Ficia faba shoot system

NaCl OP (MPa) Water content (%6) Proline aemoles (g D. wt.) Total soluble protein (mg g D.wt.) Soluble sugars (ing g D. Wt.)
0.0 62.43+2.7 3.8+0.21 5.1+1.7 1.7£0.1
-0.05 59.83+2.4 3.5+0.20 5.5+0.24 1.95+0.12
-0.1 55.71£1.9 4.6£0.23 5.3+0.28 2.46+0.14
-0.2 50.65+2.0 6.71+0.31 72403 3.19+£0.15
-0.4 43.87+1.7 8.4+0.39 8.6+0.29 4.34+0.17
-0.8 38.97+1.5 11.8+0.6 9.1+0.34 5.98+0.18
-1.6 36.74x1.3 13.1+£0.62 11.3+£0.41 6.55+0.27
-2.0 34.81+1.4 19.0£0.9 14.2+0.52 7.28+0.31
Table 3: Organic acid contents (milliequivalent) in the shoot Juice of Vicia faba under salt stress on dry weight bases

NaCl O P. (MPa) Glycolic acid Oxalic acid Succinic acid Fumaric acid Tartaric acid Citric acid
0.0 8.28+0.42 17.76+0.86 15.07+£0.75 40.06£2.5 16.0£0.8 8.44+0.32
-0.4 9.03+0.43 31.40+1.7 15.91+0.76 65.60+3.28 19.28+0.83 8.39+0.37
-0.8 10.12+0.43 63.21+2.65 32.0141.09 71.82+4.20 29.90+1.44 9.28+0.41
-16 11.30£045 121.2145.06 39.38+2.29 83.51+4.49 41.18+1.81 9.63+0.39
-2.0 11.704+0.44 136.40+£7.13 66.0443.18 98.434+5.81 75.4740.66 9.43+0.40
Table 4: Effect of salt stress on element contents {Milliequivalent) (d.m.)} in Ficia faba shoots and roots

Organ treatment, (Mpa) N r 3 Ca Mg K Na Cl
Shoot

0.0 235 355 268.2 60.9 38.2 99.36 14.35 53.5
-0.05 450 48.7 286.9 60.7 34.4 80.38 19.14 1183
-0.1 599 55.8 2994 58.9 29.4 77.03 29.1 1324
-0.04 728 62.3 3243 534 252 70.8 39.6 163.4
-0.8 771 72.0 417.9 40.3 209 51.3 58.3 177.5
Root

0.0 97 46.5 168.4 55.8 30.4 102.2 87 39.4
-0.05 86 49.4 180.9 43.9 26.1 97.1 17.8 64.8
-0.1 124 30.7 2121 36.9 21.0 80.36 383 90.1
-0.4 189 80.3 424.2 304 203 62.1 54.3 121.1
-0.8 197 91.6 2994 27.9 17.3 45.4 76.5 160.6

15 accumulated m plants 13 not understood. Studies by
Singh et al (1973) on barley and Boggess and Stewart
(1976) on vean, indicates that water stress may enhance
the synthesis from glutamic acid. Taeger and Meyer (1977)
has suggested that the proline accumulated within water-
stressed plants may be involved in osmotic adjustment
as a compatible solute.

The total scluble protein and soluble sugar were
greatly increased nearly three times and four times of the
control respectively. It 18 well known that injury by
salimty affects greatly the protoplasmic protemns and/or
sugar synthesis. This mcrease in both components might
play a positive role in osmoregulation mn turn exert a
positive role in the alleviation of the imposed salt stress
(Osmond, 1976; Handa et al., 1983) using cultured tomato
and pepper cells, respectively adapted to water stress,
found that the concentration of sugars in the cells
increased with the degree of adaptation to salinity
concentration as high as 600 mM in the cells.

Small but significant increases in the free pools of
amino acids found predominantly in protemns (cytokine,
valine, 1soleucine, leucine, tyrosine and phenylalanine)
may indicate that severe stress has intered with protein
synthesis or tumover, as suggested in other studies on
bean (Lopez-Berenguer et al., 2004) cotton (Mecmichael

and El-More, 1977) and sunflower (Lawlor and Fock,
1977) but evidently not in barley leaves (Singh et al,
1973, Keiffer and Ungar, 1997).

Organic acids compositions for the plant under study
were also affected by salt stress condition. Table 3 shows
that the large increase (nearly 8.0 fold in oxalic acid and
4.5 fold in suceinic acid and 2.5 folds in fumaric acid) with
stress.

Organic  acids were accumulated in  under salt
stress, tlus may be due to the deviation in the main
cycles such as Krab cycle or glycolysis pentose
phosphate and glycolate cycles.

It can be suggested that the increase in organic acids
1in could be on the exense of anabolism (biomass gain) and
used as compatible solutes beside proline and soluble
sugars to keep the water balance between the cytoplasm
and vacuole, (Boggess and Stewart, 1993). Oxalic acid,
succinic acid and Fumaric acids are the more dominant
acids in the plant cells. The amounts of glyconic and citric
were comparatively smaller, but in all cases the values,
under stress, dramatically increased (at lest two tunes).

The results of Table 4 reveal, that under salt stress,
the N and P contents m both
slightly increased S has up two folds mcreased, Na and
Cl contents n both shoots and roots were sigmficantly

shoots and roots
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increased, whilst the Ca and Mg contents in both shoots
and roots were reduced to more than 50% of the control,
also K was sigmificantly reduced.

Reduction of plant growth under salt stress 1s
usually attributed to osmotic stress due to a lowering of
external water potential or to specificion effect on
metabolic processes in the cell (Bennett and Adams,
1970, Lynch et al., 1985) suggested that it is the
(Ca)/(total cation) ratio in nutrient solution that influences
growth and Ca sufficiency. Cramer et al. (1986) suggest
that it is the interaction between Ca and Na activities in
nutrient solution that is significant in determining root
growth of cotton in saline solution.

The effect of salimty was significant concerning
Cl, Na, Mg and P of Crololaria aegyptiaca.

Increasing salinity in irrigation was almost associated
with increased accumulation of Cl, Na and P.

On the other hand, there 1s growimng evidence that salt
stress inhibits the uptake and transport of Ca in
nonhalophytes (Lahaye and Epstein, 1969). Ca is essential
to the selectivity of membrane transport Processes, a
function that (Lynch et al., 1985) proposed for its role in
improving salt tolerance (Kabir ef al., 2004) demonstrated
that the ionic component of salt stress displace Ca from
membrance of com root cells and associated with this a
loss of K from the plant tissues and an alterating of K'\Na
selectivity (Kabir ef al., 2004) .

The increase of total 1ons content under severe salt
stress, suggests that vicia faba plant depends on the
accumulation of mineral ions together with the organic
solutes in its cytoplasmic osmoregulation.

ACKNOWLEDGMENTS

The author would like to thank Prof. Dr. M. Runge
Albricht von Haller Tnstitute Goettingen Germany for his
valuable help and for his advice.

REFERENCES

Ali, RM., 1998. Biochemical changes m germinating
Maize subjected to high salimty. Egypt. J. Physiol.
Sei., 22: 391-400.

Al-Khateeb, S.A., 2006. Effect of salinity and temperature
on germination, growth and ion relations of Panicun:
turgidum forssk. Bioresour. Technol., 97: 292-298.

Amin, S.A., 1999. Ecological studies on the plant life in
wadi El-Rayan-El-Fayoum-Egypt. Ph.D  Thesis,
Faculty of Science, Cairo University.

Bamett, N.M. and A W. Naylor, 1966. Ammo acid and
proline metabolism in Bermuda grass during water
stress. Plant Physiol., 41: 1222-1230.

Batanouny, K.H. and 3. Ebeid, 1981. Diurnal changes in
praline content in the desert plants. Oecol. Berl., 51:
250-252.

Batanouny, K.H., KM Zayed and M.A. Zayed, 1991.
Ecophysiological studies on desert plant Xl-water
relation of Retama raetama (Forssk.) growing in the
Egyptian desert. Proceedings of the International
Conference on Plant Growth Drought and Salinity in
Arab Region, December 3-7, 1988, Cairo University,
Egypt, pp: 135-151.

Bates, L.S., R.P. Waldren and L.D. Tayeare, 1973. Rapid
detrmation of proline for water stress studies. Plant
Soil, 39: 205-207.

Ben-Hayyim,G., U. Uzi-Kafkafi and R. Ganmore-neumann.,
1987. Role of mternal potassium in maintaining
growth of cultured citrus cells on increasing NaCl,
concentration. Plant Physiol., 85: 434-439.

Bennett, A.C. and F. Adams, 1970. Calcium deficiency and
ammomia toxicity as separate casual factor of
(NH,) HPO, injury to seedlings. Soil Sci. Soc. Am.
Proc., 34: 225-259.

Boggess, SF. and 1..G. Stewart, 1976. Effect of water
sttess on pralne synthesis from radiochemical
precursors. Plant Physiol., 58: 398-401.

Boggess, SF. and 1..G. Stewart, 1993. Effect of water
sttess on proline synthesis from radiochemical
precursors. Plant Physiol., 58: 398-401.

Cramer, G.R., A. Lauchi and E. Epstemn, 1986. Effect of
NaCl and CaCl, on ion activities in complex ion
nutrient solutions and root growth of cotton. Plant
Physiol., 82: 792-798.

El-Sharkawi, H.M. and L. Springuel, 1977. Germination of
some crop plant seeds underreduced waterpotentials.
Seeds Sci. Technol., 5. 677-688.

Flowers, T.J., P.F. Troke and AR. Yeo, 1977. The
mechanism of salt tolerance in halophytes. Ann. Rev.
Plant Physoil., 28: 309-318.

Flowers, T.I., 2004. Tmproving crop salt tolerance. J. Exp.
Bot., 55: 307-319.

Gorham, G.r., R.G. Wyn Y\jone and E. Mcdonnell, 1985.
Some mecchamsms of salt tolerance m crop plant.
Plant Soil, 89: 309-318.

Greweling, T., 1976. Chemical analysis of plant tissue.
Agronomie, 6 1-35.

Handa, S., R.A. Bressan, A.K. Handa, N.C. Carpita and
P.M. Hasegawa, 1983. Solutes contributing to
osmotic adjustment in cultured plant cells adapted to
water stress. Plants Physiol., 73: 834-843.

He, T. and G.R. Cramer, 1993. Salt tolerance of rapid
cycling Brassica sp. in relation to potassium/sodium
ratio and slectivity at the whole plant and callus
leaves. J. Plant Nutr., 16: 1263-1277.

1409



FPak. J. Biol. Sci., 9 (8): 1406-1410, 2006

Houle, G., L. Morel, C.E. Reynolds and I. Siegel, 2001. The
effect of salinity of different developmental stages of
and endemic ammual plant, Aster Ilaurentianus
(Asteraceae). Am. J. Bot., 88: 62-67.

Taeger, HH. and H.R. Meyer, 1977. Effect of water stress
on growth and prolinr metabolism of Phaseolus
vugraris L. Oecologia (Berlin), 30: 83-96.

Kabir, M., M. Karim and M.A. Azad, 2004. Effect of
Ptassium on salinity tolerance of Mungbean
(Vigna radiate 1.. Wilezel) 1. Biol. Sci., 4: 103-110.

Keiffer, CH. and L A. Ungar, 1997. The effect of extended
exposure to hypersaline conditions on the
germination of five inland halophyte species. Am.
J. Bot., 84: 104-112.

Lahaye, P.A. and E. Epstemn, 1969. Salt toleration
by plants: Enhancement with calcium. Science,
66: 395-396.

Lawlor, D.W. and Fock, 1977. Absorption of polyethylene
glycols by plants and their effects on plant growth.
New Phytol., 69: 501-513.

Lopez-Berenguer, C., C.F. Alcaraz and M. Carlos, 2004.
Involvement of sugars in the response of pepper
plants to salimity. Asian J. Plant Sci., 3: 455-462.

Lynch, J, GR. Cramer and Lauchli, 1985 Salt
stress  disturbs the calcium nutrition of barley
(Hordium volgare 1..) New Phytol., 99: 345-354.

Mcemichael, BL. and CD. El-More, 1977. Proline
accumulation m water stressed cotton leaves. Crop
Sci., 17: 905-905.

Onkware, A.Q., 2000. Effect of soil salinty on plant

Loburu delta,

Lake Bogoria National Resen, Kenya. Aust. Ecol.,

25:140-149.

distribution and prodution at

Osmond, C.B., 1976, Ton Absorption and Carbon
Metabolism in Cells of Higher Plants. TIn:
Encyclopaedia of Plant Physiology, N.5., Vol 2 A:
Transport in Plants II, Luttge, U. and M.G. Pitman
(Eds.)., Springer, Berlin, pp: 347-372.

Paraksh, D., T. Chavan and B.A. Karadge, 1982. Influnce
of sodium choride and sodium sulfate salimties on
photosynthetic carbon assimilation mn Peanut. Plant
and Soil, 56: 201-207.

Schobert, B., 1977. Is there and osmotic regularity
mechamsm i algae and higher plants? Theor. Biol.
68:17-26.

Singh, TN., L.G. Paleg and D. Aspinall, 1973, Stress
metabolism. 1- Nitrogen metabolism and growth
i barly plants during water stress. Aust. J. Biol.
Scl., 26: 45-56.

Sprent, JI. and P. Sprent, 1990. Nitrogen Fixing
Organisms Pure and Applied Aspects. Chapman and
Hall London, pp: 256.

Spyropoulos, C.G., 1986. Osmoregulation and sucrose
accumulation in germinated Trigonella foenum-
graecum  (Fenugreek)  Seeds  treated  with
Polyethylene glycol. Physoil. Plant., 86: 129-135.

Waisel, Y., 1991, Adaptation to Salimity. I
Raghavendra, A.S. (Ed.), Phyiology of Trees. John
Wiley, New York, pp: 359-383.

1410



	1406-1410_Page_1
	1406-1410_Page_2
	1406-1410_Page_3
	1406-1410_Page_4
	1406-1410_Page_5
	PJBS.pdf
	Page 1


