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Table 1. Specific characters in the experimental soils’ used

Texture %Sand %Silt %Clay Chlorine Sodium Potassium Phosphore %Total %Organic %Nutralized pH of Electrical %Saturation Depth

available available available available Nitrogen ~ Carbon materials  paste conductivity cm
PPM PPM PPM PPM dS/m
Si-L 19 67 17 4 1/3 190 9 0/13 1/32 20/3 77 171 46/6 0-30
Si-L 25 56 19 57 33 320 715 0/15 1/44 15/6 74 6/8 45/2 0-30
Si-L 3 73 16 105 107 130 3 0/09 0/73 17 715 10/3 40/3 0-30
Si-L 2 79 11 221 212 260 6/5 0/14 1735 17 716 18/2 48/6  0-30

ol oo plmil sloj IS oS 12 bawgs S ialesl

= Soils were collected from different areas of the Agh-ghala in Golestan Province, Iran.
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Fig. 1. The proline content in root and shoot of two colza cultivars (Hyola 401,
PF 7045.91) after growthing in soils<"with different electerical conductivity.
Each column is the mean of four replicates and vertical bars represent S.E.
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Fig. 2. The chlorine content in root and shoot of two colza cultivars (Hyola 401,

PF 704591) after growthing/in soils with different electerical conductivity.
Each column is the mean of four replicates and vertical bars represent S.E.
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Fig. 3. The sodium content in different organs of‘two colza cultivars (Hyola 401,

PF 7045.91) after growthing in soils with different electerical conductivity.
Each column is the mean of four replicates and vertical barstepresent S.E.
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Fig. 4. The potassium content in different organs of two colza cultivars (Hyola 401,

PF 704591) after growthing in soils with different‘electerical conductivity.
Each column is the mean of four replicates ‘and vertical bars represent S.E.
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Fig. 5. The calcium content in different organs of two colza cultivars (Hyola 401,

PF 704591) after growthing in soils with different electerical conductivity.
Each column is the mean of four replicates and vertical bars represent S.E.
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PF 704591) after growthing in soils (with different electerical conductivity.
Each column is the mean of four replicates and vertical bars represent S.E.

A g8 waly g gt (ol )3 Lape ol il 4 az g5 L ecnl e
3 S S g s [y Sl PES, Sl eSTHyola 03, 6500 2 0bj ()95 )9 sy o
5 O sl posieie 5 el 0108 (B5b 5l 5 ol oad ol ()T g, S 5 4Bl
Lol (6598 e 3 PF o8 5 it
055 (ol o e Hlmides o e b (Joe SIS g jlade
Jlade 9 LaysslS el g gamme duslio b puimon . all sod puows 1add (IS 00isS ol 00
9 Cslay93lS ggazme I yiin IS laie a5 058 o0 alamde 3 g3 o aBle g Aty y0 IS
L o3, 59 ol 45 aemy e Sl A Sl IS jlade 5 i Loy esSlS ggeme 1S o
slaphlys GFagams Il (als el (a8lo 5 ady)) Jomly slaphal )0 I8 ()l
ohlLSes g @tad/ la as an g L (o (nl bbb e (Lo ) (s 5imgtd Lol
5 ol 41059570 (6 S Cownl 4> ,0 5 B napus o Sey bl (Schmidt er al. 1993)

ailoe (6 yomsl Lolul 0l ol 55, 595 Crane ]

Y



fSen 5 b3 Wao

&L

D5 Azl po Sl (e 54-5T Sl 4 olie ali>dle g

é‘)] ol isls ssuLH»M) 03; sG!JaLw u")i I.SQ 9 LSLL')B e ISO ZG@»\})& GSLSZJ
..\_‘>‘5 s@h‘ é‘)] olim)‘b su|3_> Q‘Mﬁ)" oli..ul.t ‘w raLQJ‘ 9 ulf)f ..\}‘5 ‘(5'°>{"""‘

A



References

ALPASLAN, A. and GUNES, A. 2001. Interactive effects of boron and salinity
stress on the growth, membrane permeability and.mineral composition of
tomato and cucumber plants. Plant and Soil 236: 123-128.

ASHRAF, M., NAZIR, N. and MCNEILLY, T. 2001. Comparative salt tolerance of
amphidiploid and diploid Brassica species. Plant Sci. 160: 683-689.

BATES, L.S., WALDREN, R.P. and TREARE, I.D. 1973. Rapid determination of
free proline for water stress studies. Plant and Soil 39: 205-207.

CHANDLER, S.F. and THORPE, T.A. 1987. Characterization of growth, water
relations and proline “accumulation in sodium sulfate tolerant callus of
Brassica nupus L..cv. Wester (Canola). Plant Physiol. 84: 106-111.

CHARTZOULAKIS, K. and KLAPAKI, G. 2000. Response of two green house
pepper<hybrids to NaCl salinity during different growth stages. Scientia
Horticulturae 86: 247-260.

CRAMER, G.R., LAUCHL, J., LAUCHL, A. and EPSTEIN, E. 1987. Influx of Na,
K, and Ca into roots of salt-stressed cotton seedlings: Effects of
Supplemental Ca. Plant Physiol. 83: 510-516.

DIX, P.J., MCLYSAGHT, V.A. and PEARCE, R.S. 1984. The potential of cell
cultures for the production of salt tolerant cultivars. Efficiency in Plant
Breeding. W. Langer, A.C. Zeve & N.G. Hogenboom (eds), pp. 219-222,

Pudoc, Wageningen.

54



Effects of different saline conditions on proline and ion content of two colza cultivars

DURGAP RASAD, KM.R.,, MUTHHAKUMARASAMY, M. and
PANEERSELVAM, R. 1996. Changes in protein metabolism induced by
NaCl salinity in soybean seedlings. Indi. J. Plant Physiol. 1 (2): 98-101.

EL-HENDAWY, SE., HU, Y. and SCHMIDHALTER, U. 2005. Growth, ion
content, gas exchange, and water relations of wheat genotypes differing in
salt tolerances. Australian Journal of Agricultural Research 56 (2): 123-134.

GARCIA-SANCHEZ, F., JIFON, J.L., CARVAJAL, M. and SYVERTSEN, J.P.

2002. Gas exchange, chlorophyll and nutrient contents relation to Na* and cl
accumulation in sunburst mandarin grafted on different rootstocks. Plant Sci.
162: 705-712.

GARY, B.K. and GUPTA, 1.C. 1998. Physiology of:salt tolerance of arid zone
crops. IV. Rapeseed and Indian mustard. Current-Agriculture 22 (1-2): 1-20.

GHOULAM, C., FOURSY, A. and FARES, K. 2002. Effects of salt stress on
growth, inorganic ions and proline accumulation in relation to smotic
adjustment in five sugar beet cultivars. Environ. Exp. Bot. 47: 39-50.

GIBON, Y., SULPICE, R. and LARHER; F. 2000. Proline accumulation in Canola
leaf discs subjected to osmotic related tostress is the loss of chlorophylls and

to the decrease of mitochondrial activity. Plant Physiol. 110: 469-476.

GOUIA, H., GHORBAL, M.H. and TOURAINE, B. 1994. Effects of NaCl on flow
of N and mineral ions and on NO™ reduction rate within whole plants of salt-
sensitive bean and salt-tolerant cotton. Plant Physiol. 105: 1409-1418.

GRATTAN, S.R. and GRIERE, C.M. 1992. Mineral element and growth response
of plants. growth in saline environment. Agric. Ecosyst. Environ. 38:
275-300.

GRIEVE, C.M. and WALKER, R.R. 1983. Uptake and distribution of chloride,
sodium and potassium ions in salt-treated citrus plants. Aust. J. Agric. Res.
34:133-143.

GUERRIER, G., DELUMEAU, O., RENARD, M. and LAVAL-MARTIN, D. 1998.
Proline metabolism and NAD Kinase activity in soybean calli during short-

and long-term exposures to light and NaCl. Biologia Plantarum 40 (1): 1-9.

55



M. Ghorbanli et al.

HE, T. and CRAMER, G.R. 1992. Growth and mineral nutrition of six rapid-
cycling Brassica species in response to seawater salinity. Plant and Soil 139:
285-294.

KISHOR, K.P.B., HONG, Z., MIAO, C.H., AHY, C.A. and VERMA, D.P.S. 1995.
Overexpression production and confers osmotolerance in transgenic plants.
Plant Physiol. 108: 1387-1394.

KUEH, J.S.H. and BRIGHT, S.W.J. 1982. Biochemical and genetical analysis of
three proline accumulating barley mutants. Plant Sci. Lett. 27: 233-247.
LLOYD, J., KRIEDEMAN, P.E. and SYVERTSEN, J.P. 1987. Gas exchange,
water relations and ion concentrations of leaves on'salt stressed Valencia

crange Citrus Sinesis (L.) Osbeck. Aust. J. Plant Physiol. 14: 387-396.

LYNCH, J. and LAUNCHLI, A. 1985. Potassium _transport in salt-stressed barley
roots. Planta 167: 296-307.

MADAN, S., NAINAWATEE, H.S., JAIN, S., JAIN, PXK., MALIK, M.S. and
CHOWDHURY, J.B. 1994. Leaf position-dependent changes in proline,
pyrroline-5-carboxylatereductase activity and water relations under salt-stress
in genetically stable salt-tolerant somaclones of Brassica juncea L. Plant and
Soil 163: 151-156.

MASS, E.V. 1990. Crop salt tolerance.pp. 262-304. In: K.K. Tanji (ed.), Manuals
and reports on engineering 71 ASCE, New York.

MASS, E.V. and HOFFMAN; G.J. 1977. Crop salt tolerance: Current assessment.
J. Irrig. Drainage Div., Am. Soc. Civ. Eng. 103: 115-134.

MORABITO, D.; JOLIVET, Y., PRAT, D. and DIZENGEMEL, P. 1996.
Differences in the physiological responses of two clones of Eucalyptus
microtheca selected for their salt tolerance. Plant Sci. 114: 126-139.

MUNNS; R. and TERMAAT, A. 1986. Whole-plant responses to salinity. Aust. J.
Plant Physiol. 13: 143-160.

PEREZ-ALFOCEA, F., ESTAN, F., CARO, M. and BALARIN, M.C. 1993.
Response of tomato cultivars to salinity. Plant and Soil 150: 203-211.

56



Effects of different saline conditions on proline and ion content of two colza cultivars

PLAUT, Z., MEINZER, F.C. and FEDERMAN, E. 2000. Leaf development,
transpiration and ion uptake and distribution in sugarcane cultivars grown
under salinity. Plant and Soil 278: 59-69.

PORCELLI, C.A.,, BOEM, F.H.G. and LAVADO, R.S. 1995. The K/Na and
rapeseed yield, under soil salinity or sodicity. Plant and Soil 115: 251-255.

PUPISKY, H. and SHAINBERY, I. 1979. Salt effects on the hydraulic conductance
of sandy soil. J. Am. Soc. Soil Sci. 43: 429-433.

PUPPULA, N., FOWLER, J.L., POINDEXTER, L. and BHARDWAJ, H.L., 1999.
Evaluation of salinity tolerance of Canola germination.-J. Janick (ed.), pp.
251-253.

SAIRAM, R.K.,, RAO, K.V. and SRIVASTAVA, G.C. 2002. Differential response
of wheat genotypes to long term salinity stress’in relation to oxidative stress,
antioxidant activity and osmolyte concentration. Plant Sci. 163 (5):
1037-1046.

SCHMIDT, C., HE, H. and CRAMER, G.F.<1993. Supplemental calcium does not
improve growth of salt-stressed Brassicase: Plant and Soil 155/156: 415-418.

SHARIATPANAHI, M., ANDERSON, A., MATUER, C. and TRACE, F. 1986.
Metal uptake by garden herbs and vegetables. Biological Trace Element
Reserch 11: 117-183.

SREENIVASULA, N., GRIMM, B:;; WOBUS, U. and WESCHKE, W., 2000.
Differential response of.antioxidant compounds to salinity stress in salt-
tolerans and_salt-sensitive seedling of foxtail millet (Setaria italica). Plant
Physiol. 109: 435-442.

SUHAYDA, C.G., GIANNINI, J.L., BRISKIN, D.P. and SHANNON, M.C. 1990.
Electrostatic .changes in Lycopersicon esculentum root plasma membrane r
esulting from salt stress. Plant Physiol. 93: 471-478.

UMEZAWA, T., SHIMIZU, K., KATO, M. and UWDA, T. 2000. Enhancement of

salt tolerance in soybean with NaCl pretreatment. Plant Physiol. 110: 59-63.

57



M. Ghorbanli et al.

WEI, Y., GUANGMIN, X., DAGING, Z. and HUIMIN, C. 2001. Transfer of salt
tolerance from Aeleuropus littoralis to wheat (Triticum aestivum L.) via

asymmetric hybridization. Plant Sci. 167: 259-260.

Addresses of the authors: Dr. M. GHORBANLI and Dr. A. SATEEI, Dept. of
Biology, Islamic Azad Univ., Gorgan Branch, Gorgan, Iran and E. MOGHEISEH,
Young Researchers Club, Islamic Azad Univ., P.O. Box 717, Gorgan, Iran.

58



