
عنوان البحث 
Physiological aspects of tolerance in Atriplex halimus L. to NaCl and drought

أسماء الباحثين 

Nemat Alla M.M., 
Khedr A.A., 
Serag M.M., 
Abu-Alnaga A.Z. 
Nada R.M.

بيانات الباحثين 

Botany Department, Faculty of Science, Mansoura University, Damietta, Egypt

e-mail: mamnematalla@mans.edu.eg

Abstract

Forty-days-old seedlings of Atriplex halimus were treated either with NaCl (50, 300 and 550 mM) for the following 30 days or with 15% PEG for the following 10 days. 50 mM NaCl significantly increased shoot fresh and dry weight and height, nevertheless, 300 or 550 mM NaCl seemed with no effect. On the other hand, these growth parameters were not affected by drought after 3 or 6 days but were reduced after 10 days. The gas exchange parameters (photosynthetic rate, stomatal conductance and transpiration rate) were increased by 50 mM NaCl but decreased by 300 and 550 mM. These parameters were decreased in response to drought only after 10 days from withholding water. In contrast to Na+, K+ was significantly decreased by NaCl but not by drought. The time-course effect revealed that phosphoenol pyruvate carboxylase (PEPC) protein was doubled in response to NaCl after 1 and 5 hours and continued thereafter, higher than control while drought had no significant effect. Rubisco seemed unchanged neither by NaCl nor by drought. It could be concluded that, the decrease in fresh weight might be attributed to the decrease in water content. Moreover, the decrease photosynthesis could result from a decrease in stomatal conductance, a protective mechanism against water loss to improve water use efficiency. These findings indicate that Atriplex halimus tolerates NaCl and drought through decreasing growth, reducing gas exchange parameters to improve water use efficiency, uptake Na+ and, saving, if any, the photosynthetic enzyme particularly PEPC.

Keywords: 

Atriplex halimus, drought, gas exchange, growth, NaCl, PEPC, tolerance

Published In: 

Acta Physiol. Plant., 33, 547-557 (2011)

References  
Bajji M, Kinet JM, Lutts S, 1998. Salt stress effects on roots and leaves of Atriplexhalimus L. and their corresponding callus cultures. Plant Sci. 137: 131–142.

Bouraima S, Vidal J, Lavergne D, Hoarau A, Champigny M-L, 1987. Effects of sodium chloride stress on phosphoenolpyruvate carboxylase, NADP-malic enzyme and ribulose-1,5-bisphosphate carboxylase in shoots of pearl millet. Phytochemistry 26: 1329-1332 

Bradley PM, Morris JT, 1991. Relative importance of ion exclusion, secretion and accumulation in Spartina alterniflora Loisel. J. Exp. Bot. 42: 1525–1532.

Brown CE, Pezeshki SR, 2007. Threshhold for recovery in the marsh halophyte Spartina alterniflora grown under the combined effects of salinity and soil drying. J. Plant Physiol. 164: 274-282.

Chaves MM. 1991. Effects of water deficits on carbon assimilation. J. Exp. Bot. 42:1–46.

Chaves MM, Flexas J, Pinheiro C, 2009. Photosynthesis under drought and salt stress: regulation mechanisms from whole plant to cell. Ann. Bot. 103: 551–560.

Chen S, Li J, Wang S, Fritz E, Hu¨ttermann A, Altman A, 2003. Effects of NaCl on shoot growth, transpiration, ion compartmentation, and transport in regenerated plants of Populus euphratica and Populus tomentosa. Can. J. For. Res. 33: 967–975

Debez A, Chaıbi W, Bouzid S, 2003. Physiological responses and structural modifications in Atriplex halimus L. plants exposed to salinity. In: Cash Crop Halophytes: Recent Studies: 10 Years After the Al Ain Meeting.  H. Lieth and M. Moschenko (Eds.) pp. 19–30. Kluwer Academic Publishers, Dordrecht, The Netherlands.

Debez A, Saadaoui D, Ramani B, Ouerghi Z, Koyro H-W, Huchzermeyer B, Abdelly C, 2006. Leaf H+-ATPase activity and photosynthetic capacity of Cakile maritima under increasing salinity.  Environ. Exp. Bot. 57: 285–295

Demmig B, Bjorkmann O, 1987. Comparison of the effect of excessive light on chlorophyll fluorescence (77 K) and photon yield of O2 evolution in leaves of higher plant. Planta 171: 171–174.

Duan DY, Li WQ, Liu XJ, Ouyang H, An P, 2007.  Seed germination and seedlings growth of Suaeda salsa under salt stress. Ann. Bot. Fennici. 44: 161-169.

Flexas J, Diaz-Espejo A, Galme´s J, Kaldenhoff R, Medrano H, Ribas-Carbo M, 2007. Rapid variations of mesophyll conductance in response to changes in CO2 concentration around leaves. Plant Cell Environ. 30: 1284–1298.

Flowers TJ, 1972. Salt tolerance in Suaeda maritima (L.) Dum. J. Exp. Bot. 23: 310–321.

Garcia-Legaz MF, Ortiz JM, Garcia-Lindon A, Cerda A, 1993. Effect of salinity on growth, ion content and CO2 assimilation rate in lemon varieties on different rootstocks. Physiol. Plant. 89: 127–142.

Glenn EP, Brown JJ, 1998. Effects of soil salt levels on the growth and water use efficiency of Atriplex canescens (Chenopodiaceae) varieties in drying soil. Am. J. Bot. 85: 10-16

Hansen EH, Munns DN, 1988. Effect of CaSO4 and NaCl on mineral content of Leucaena leucocephala.  Plant and soil 7: 101-105.

Hatch MD, Osmond CB, 1976. Compartmentation and transport in C4 photosynthesis. In (Eds C.R. Stocking and U. Heber) Transport in Plants. III. Intracellular Interactions and Transport Processes. Encyclopedia of Plant Physiology, New Series. 3: 144.184. 

De Herralde F, Biel C, Savé R, Morales MA, Torrecillas A, Alarcón JJ, Sánchez-Blanco MJ, 1998. Effect of water and salt stress on the growth, gas exchange and water relations in Argyranthemum coronopifolium plants. Plant Sci. 139: 9–17.

Hu Y, Burucs Z, von Tucher S, Schmidhalter U, 2007. Short-term effects of drought and salinity on mineral nutrient distribution along growing leaves of maize seedlings. Environ. Exp. Bot. 60: 268–75.

Kefu Z, Hai F, San Z, Jie S, 2003. Study on the salt and drought tolerance of Suaeda salsa and Kalanchoe claigremontiana under iso-osmotic salt and water stress. Plant Sci. 165: 837-844.

Khan MA, Ungar IA, Showalter AM, 2000. Effects of Salinity on Growth, Water Relations and Ion Accumulation of the Subtropical Perennial Halophyte, Atriplex griffithii var. stocksii. Ann Bot. 85: 225-232.

Laemmlli EK, 1970. Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature 227: 680-5. 

Lawlor DW, Cornic G, 2002. Photosynthetic carbon assimilation and associated metabolism in relation to water deficits in higher plants. Plant Cell Environ. 25: 275–294.

Li B, Chollet R, 1994. Salt induction and the partial purification/characterization of phosphoenolpyruvate carboxylase protein-serine kinase from an inducible crassulacean-acid-metabolism (CAM) plant, Mesembryanthemum crystallinum L. Arch Biochem Biophys. 314: 247-254. 

Lutts S, Kinet JM, Bouharmont J, 1996.  NaCl-induced senescence in leaves of rice (Oryza sativa L.) cultivars differing in salinity resistance. Ann. Bot. 78: 389-398.

Majumdar S, Ghosh S, Glick BR, Erwin B, Dumbrof T, 1991. Activities of chlorophyllase, phosphoenolpyruvate carboxylase and ribulose-l,5-bisphosphate carboxylase in the primary leaves of soybean during senescence and drought. Physiol. Plant. 8: 473-480. 

Martınez JP, Kinet JM, Bajji M, Lutts S, 2005.  NaCl alleviates polyethylene glycol-induced water stress in the halophyte species Atriplex halimus L. J. Exp. Bot. 56: 2421–2431.

Martınez JP, Ledent JF, Bajji  M, Kinet JM,  Lutts S, 2003. Effect of water stress on growth, Na and K accumulation and water use efficiency in relation to osmotic adjustment in two populations of Atriplex halimus L. Plant Growth Regul. 41: 63–73.

Munns R, 2002. Comparative physiology of salt andwater stress. Plant Cell Environ. 25: 239–250.

Munns R, James RA, Lauchli A, 2006. Approaches to increasing the salt tolerance of wheat and other cereals. J. Exp. Bot. 57: 1025–1043.

Munns R, Tester M, 2008. Mechanisms of salinity tolerance. Ann. Rev. Plan. Biol. 59: 651-81.

Murata S, Kobayashi M, Matoh T, Sekiya J, 1992. Sodium stimulates regeneration of phosphoenolpyruvate in mesophyll chloroplasts of Amaranthus tricolor. Plant Cell Physiol. 33:  1247-1250.

Neumann PM, 1995. The role of cell wall adjustment in plant resistance to water deficits. Crop Sci. 35:1258-1266. 
Neumann PM, 1997. Salinity resistance and plant growth revisited. Plant Cell Environ. 20: 1193-98.

Nobel PS, 1988. Environmental Biology of Agaves and Cocti, Cambridge University Press, Cambridge, NY.

Perez-Perez JG, Syvertsen JP, Botia P, Garcia-Sanchez F, 2007. Leaf water relations and net gas exchange responses of salinized Carrizo Citrange seedlings during drought stress and recovery. Ann. Bot. 100: 335–345.

Pitman MG, 1981. Ion uptake. In: Physiology and Biochemistry of Drought Resistance in Plants. L.G. Paleg and D.D. Aspinall (Eds). Pp. 71–96, Academic Press, New York.

Raven JA, 1985. Regulation of pH and generation of osmolarity in vascular plants: a cost–benefit analysis in relation to efficiency of use of energy, nitrogen and water. New Phytol. 101: 25–77.

Redondo-Gomez S, Mateos-Naranjo E, Davy AJ, Fernandez-Munoz F, Castellanos EM, Luque T, Figueroa MA, 2007. Growth and photosynthetic responses to salinity of the salt-marsh shrub Atriplex portulacoides. Ann. Bot. 100: 555–563

Rivelli AR, Lovelli S, Perniola M, 2002. Effects of salinity on gas exchange, water relations and growth of sunflower (Helianthus annuus). Funct. Plant Biol. 29: 1405–1415.

Saliendra NZ, Meinzer FC, Perry M, Thom M, 1996. Associations between partitioning of carboxylase activity and bundle sheath leakiness to CO2, carbon isotope discrimination, photosynthesis and growth in sugarcane. J. Exp. Bot. 47: 907.914.

Shabala L, Cuin TA, Newman IA, Shabala S, 2005. Salinity-induced ion flux patterns from the excised roots of Arabidopsis sos mutants. Planta  222: 1041–1050.

Silveira JAG, Araújo SAM, Lima GPMS, Viégas RA, 2009. Roots and leaves display contrasting osmotic adjustment mechanisms in response to NaCl-salinity in Atriplex nummularia Environ. Exp. Bot. 66: 1–8.

Veselov DS, Sharipova GV, Veselov SU, Kudoyarova GR, 2008. The Effects of NaCl Treatment on Water Relations, Growth, and ABA Content in Barley Cultivars Differing in Drought Tolerance. J. Plant Growth Regul. 27: 380–386.

Zhang HX, Hodson J, Williams JP, Blumwald E, 2001. Engineering salt tolerant Brassica plants: characterization of yield and seed oil quality in transgenic plants with increased vacuolar Na accumulation. Proc Natl Acad Sci USA 98: 12832–12836.

Zhu J, Meinzer FC, 1999. Efficiency of C4 photosynthesis in Atriplex lentiformis under salinity stress. Aust. J. Plant Physiol. 26: 79–86.

Zhu JK, 2001. Plant salt tolerance. Trends Plant Sci. 6: 66–71.

Zhu JK, 2003. Regulation of ion homeostasis under salt stress. Curr. Opin. Plant Biol. 6: 441–445. 


