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Alliaceae

Allium scabriscapum Boiss. Ge IT
Allium fibrosum Regel Ge IT
Allium sp. Ge -
Amarylidaceae

Ixiolirion tataricum (Pall.) Herb. & Traub Ge IT
Apiaceae

Echinophora platyloba DC. He IT (End.)
Eryngium billardierei Delar. He IT,ES
Eryngium bungei Boiss. He IT (End.)
Eryngium thyrsoideum Boiss. He IT
Ferula ovina Boiss. He IT
Scandix aucheri Boiss. Th IT
Asteraceae

Achillea wilhelmsii K. Koch He IT,ES
Acroptilon repens (L.) DC. He IT,ES
Anthemis gayana Boiss. Th IT (End.)
Artemisia aucheri Boiss. Ch IT
Artemisia sieberi Besser Ch IT,ES
Centaurea gaubae (Bornm.) wagenitz He IT (End.)
Centaurea ispahanica Boiss. He IT (End.)
Centaurea virgata Lam. He IT,ES
Cichorium intybus L. He Cosm
Cirsium arvense (L.) Scop. He IT
Cirsium congestum Fisch. & C.A.Mey. ex DC. He ITM
Cousinia alexeenkoana Bornm. He IT (End.)
Cousinia bornmuelleri C. Winkl. He IT (End.)
Cousinia cylindracea Boiss. He IT
Cousinia eriobasis Bunge He IT (End.)
Cousinia lasiolepis Boiss. He IT
Cousinia multiloba DC. He IT (End.)
Cousinia sp. He -
Cousinia sp. He -
Echinops elymaiticus Born He IT (End.)
Echinops robustus Bunge He IT (End.)
Gundelia tournefortii L. He ITM
Hertia angustifolia Kuntze Ch IT
Lactuca glauciifolia Boiss. Th IT
Lasiopogon muscoides DC. Th IT,ES
Launaea acanthodes subsp. tomentella (Rech.f.) N.Kilian He IT (End.)
Onopordum heteracanthum C.A. Mey. He IT
Outreya carduiformis Jaub. & Spach He IT
Scariola orientalis (Boiss.) Sojak He IT
Scorzonera mucida Rech.f., Aellen & Esfand. He IT (End.)
Scorzonera tortuosissima Boiss. He IT (End.)
Senecio vernalis Waldst. & Kit. Th IT,M,ES
Tanacetum polycephalum Sch.Bip. He IT,ES
Taraxacum bessarabicum Fisch. He IT
Tragopogon buphthalmoides Boiss. He IT

Tragopogon caricifolius Boiss. He IT (End.)
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Boraginaceae
Lappula barbata Gurke Th IT,ES
Lappula microcarpa Gurke Th IT,ES
Lappula sessiliflora (Boiss.) Gurke Th IT,ES
Nonea caspica G.Don Th IT,ES
Rochelia disperma (L.) Wettst. Th IT
Rochelia macrocalyx Bunge Th IT
Brassicaceae
Aethionema elongatum Boiss. Th IT
Alyssum bracteatum Boiss. & Buhse He IT (End.)
Alyssum heterotrichum Boiss. Th IT,ES
Alyssum linifolium Stephan ex Willd. Th ITM
Alyssum szovitsianum Fisch. & C.A.Mey. Th IT
Arabis aucheri Boiss. Th IT,ES
Chorispora tenella DC. Th IT,ESM
Clypeola dichotoma Boiss. Th IT
Clypeola jonthlaspi L. Th IT,SS,ESM
Conringia persica Boiss. Th IT
Descurainia Sophia (L.) Webb ex Prantl Th Cosm
Erysimum repandum L. He IT
Fibigia umbellata (Boiss.) Boiss. He IT
Isatis cappadocica Desv. He IT
Lepidium persicum Boiss. He ITM
Matthiola ovatifolia Boiss. He IT (End.)
Moriera spinosa Boiss. Ch IT
Pseudocamelina glaucophylla N.Busch He IT (End.)
Caryophyllaceae
Acanthophyllum bracteatum Boiss. Ch IT (End.)
Acanthophyllum glandulosum Bunge ex Boiss. Ch IT,ES
Acanthophyllum gracile Bunge ex Boiss. Ch IT
Acanthophyllum microcephalum Boiss. Ch IT
Acanthophyllum squarrosum Boiss. Ch IT (End.)
Buffonia macrocarpa Ser. He IT (End.)
Buffonia oliveriana Ser. He IT
Dianthus crinitus Sm. He IT
Gypsophila acantholimoides Bornm. Ch IT (End.)
Holosteum glutinosum Fisch. & C.A.Mey. Th IT
Minuartia meyeri Bornm. Th IT
Silene commelinifolia Boiss. He IT
Chenopodiaceae
Anabasis aphylla L. Ch IT
Eurotia ceratoides C.A.Mey. Ch IT
Kochia prostrata (L.) Schrad. Ch IT
Kochia stellaris Moq. Th IT
Noaea mucronata Asch. & Schweinf. Ch ITM
Salsola kali L. Th IT
Salsola tomentosa ( Moq.) Spach He IT
Seidlitzia rosmarinus Bunge ex Boiss. Ch IT
Convolvulaceae
Convolvulus fruticosus Pall. Ch IT
Crassulaceae
Pseudosedum multicaule (Boiss. & Buhse) Boriss. He IT
Cyperaceae
Scirpus holoschoenus L. Ge IT,ES
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Ephedraceae

Ephedra intermedia Schrenk & C.A.Mey. Ch IT
Euphorbiaceae

Andrachne telephioides L. He IT,M
Euphorbia heteradena Jaub. & Spach He IT
Fabaceae

Alhagi persarum Boiss. & Buhse He IT
Astragalus biovulatus Bunge Th IT
Astragalus callistachys Buhse Ch IT
Astragalus floccosus Boiss. Ch IT
Astragalus globiflorus Boiss. Ch IT
Astragalus glaucacanthos Fisch. Ch IT
Astragalus gossypinus Fisch. Ch IT
Astragalus macropelmatus Bunge Th IT
Astragalus microphysa Boiss. Ch IT
Astragalus oxyglottis Steven ex M.Bieb. Th IT (End.)
Astragalus podolobus Boiss. & Hohen. Ch IT
Astragalus schistosus Boiss. & Hohen. He IT
Astragalus spachianus Boiss. & Buhse He IT
Astragalus supervacaneus Greene He IT
Astragalus tribuloides Delile Th IT
Astragalus verus Olivier Ch IT
Onobrychis melanotricha Boiss. He IT
Onobrychis psoraleifolia Boiss. He IT
Trigonella monantha C.A.Mey. Th IT
Geraniaceae

Erodium cicutarium (L.) L Her. ex Aiton Th IT,M,ES
Geranium persicum Schonb.-Tem. Ge IT,M,ES
Geranium tuberosum L. Ge IT,M,ES
Iridaceae

Iris songarica Schrenk Ge IT
Lamiaceae

Ajuga chamaecistus Ging. ex Benth. Ch IT (End.)
Eremostachys laevigata Bunge He IT (End.)
Eremostachys macrophylla Montbret & Aucher He IT
Lagochilus macracanthus Fisch. & C.A.Mey. Ch IT (End.)
Marrubium crassidens Boiss. He IT
Mentha longifolia Huds. He IT,SS,ES,M
Nepeta oxyodonta Boiss. He IT (End.)
Perovskia abrotanoides Kar. He IT
Phlomis olivieri Benth. He IT
Salvia atropatana Bunge He IT
Scutellaria multicaulis Boiss. subsp. multicaulis He IT (End.)
Scutellaria pinnatifida A. Ham. subsp. Alpina (Bornm.) Rech. F. He IT
Stachys inflata Benth. He IT,ES
Teucrium orientale L. He IT
Thymus daenensis Celak. Ch IT (End.)
Ziziphora clinopodioides Lam. Ch IT (End.)
Ziziphora tenuir L. Th IT,ES
Liliaceae

Gagea gageoides (Zucc.) Vved. Ge IT
Tulipa biflora Pall. Ge IT
Papaveraceae

Hypecoum pendulum L. Th IT,ES

Papaver bornmuelleri Fedde He IT (End.)
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Papaver commutatum Fisch., C.A.Mey. & Trautv. Th IT
Roemeria hybrida (L.) DC. Th IT
Plumbaginaceae

Acantholimon aspadanum Bunge Ch IT (End.)
Acantholimon scorpius Boiss. Ch IT (End.)
Poaceae

Arrhenatherum kotschyi Boiss. Ge IT
Boissiera squarrosa (Sol.) Nevski Th IT,ES,;M
Bromus danthoniae Trin. ex C.A.Mey. Th IT
Bromus tectorum L. Th IT,ES,M
Bromus tomentellus Boiss. He IT,ES
Cynodon dactylon (L.) Pers. He Plur
Enneapogon persicus Boiss. He IT
Eremopoa persica (Trin.) Roshev. Th ITM
Eremopyrum bonaepartis (Spreng.) Nevski Th IT
Eremopyrum distans (K.Koch ) Nevski Th IT,ES
Henrardia persica (Boiss.) C.E.Hubb. Th IT
Heteranthelium piliferum Hochst. ex Jaub. & Spach Th IT,SS
Hordeum glaucum Steud. Th ITM
Hordeum vulgare L. Th IT
Lolium rigidum Gaudin He IT
Melica persica Kunth He IT
Oryzopsis barbellata (Mez) Bor Th IT
Poa bulbosa L. Ge IT,ES
Poa sinaica Steud. He IT,SA
Poa trivialis L. He IT,ES
Stipa barbata Desf. He IT,ES
Stipagrostis plumosa Munro ex T.Anderson He IT
Taeniatherum crinitum (Schreb.) Nevski Th IT,ES,M
Polygonaceae

Atraphaxis spinosa L. Ph IT
Polygonum paronychioides C.A.Mey. He IT
Rumex conglomeratus Murray He IT,ES
Ranunculaceae

Adonis aestivalis L. Th IT
Consolida rugulosa Schrodgr. Th IT
Delphinium jacobsii Iranshahr He IT
Ranunculus sceleratus L. He IT
Resedaceae

Reseda buhseana Mull.Arg. He IT (End.)
Rosaceae

Cotoneaster discolor Pojark. Ph IT,ES
Potentilla elvendensis Boiss. He IT (End.)
Rubiaceae

Asperula arvensis L. Th IT,ES
Callipeltis cucullaris Steven Th IT
Crucianella gilanica Trin. He IT
Gaillonia bruguieri A.Rich. ex DC. Th IT,SS
Galium tricornutum Dandy Th IT
Scrophulariaceae

Scrophularia deserti Delile Ch IT
Scrophularia striata Boiss. Ch IT
Verbascum songaricum Schrenk He IT,ES
Tamaricaceae

Tamarix ramosissima Ledeb. Ph Plur
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Thymelaeaceae
Dendrostellera lessertii Tiegh. Ch IT
Valerianaceae
Valerianella triplaris Boiss. & Buhse. Th IT
Valerianella vesicaria Moench Th IT,ES
Zygophylaceae
Peganum harmala L. He IT,ES,M
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Sample A:

1/gte gag ttt aga cat goa aag cat gtt LoC LYC CLY goC TCL agc 444 gLc Cac aag cca
6l|caa cLt cgt gta gLc gUC aga agc Cfy TUC TAc Cta LOC Agt tya agc coa tat ooy gre
121l|ctt got taa goc Lot aag ctht Caf CCA ACC Caa bog gag tya acc aat tod gaa agc cag
181|atc cac coc tga ggc caa ota gaa ot gac cay ooc LOC aaa agy aga gad god s gog
24l|tat aas ccy acy CUY AYY CAY ACA LYC LOL LUC CCY A0y UCt CUA OCY C8a LAt oy TLe
301|aaa gat Loy aty gt CAC J¥a ALL CLO Caa LLC aca cta oyt 4tc goa TLL COc Lyc gt
361|ctt cat oyt LOC gay A¢c 0aa gat atc Yt LUt tUa gay Lty CoL LLy gLt aad att goc
4z1|agt tas tag caa toa aag CLt cag agt Ty gLt STy aca gty gLt agc ACt gt gta tas
481|gca tgo cAd agc goc ACT JAt goa At At cas att ALt TUC ACC agC TLY Caa gta cas
541|tty ggo aaq coa att goc Ty CLg JCa OOt aad goa Oy 4ac aya tag gLt cgc att gty
601|gtt tta ata att caa tga LOC TLC COC agy Lo acc tac gya aac Ott gLt acy act Tt
B&6lact

Sample B:

1|gte gat acy aga tac aty caa toa agc aty Chh oot 9ot LOY otc cta acc agy toc toa
6l|gac aca act tog LUt afy CAC Coa aag gyt gtt got acc tat coa gLt gag ooc ttacyy
1Z1|gtec coa gtt taa goc oL gLy OLE CAf 00A ACC Cad toa ack tYC att gat tyy gay gao
181|cay ate cac coc tga toc ooy SLL gag caa aca cgy caa got tac toa atg aag agt aag
241|agy gat gat ooy Lot aaa cog acy oty agy cag aca toc Lok Lot cog agd agt cga gog
301|caa tat gog £oo aaa gat togaty gbt cac ggaatt otg caa tho aca cta gt ate goa
361/ttt cgo tyc gttt oLt cat ogt tyc gag agc caa gat ate ogt tgt tya gag ttyg ttt tog
4z1|tty gay act goc Ut tas cgy cad ooa aay CLh cad agt thy gbt tac toa thy bt got
481|caa toy Ot gta OOt aay tag JCC g¥a CAc Jot LYC gog gL cga oot aac ghc ggt aca
541|caa ata gadg agt gog TOD LOT JUT TLY CAC AL Cad TUa TOC TLC COC agd TLC act tac

601 giga aac ctt gtt acyg act tttact
s s Scenedesmus obliquus 43; 4 A JIy Scenedesmaceae o3) sl 31 ol i~ 6\*“‘3; »ITS1 4t Jig ¥ _}§.~

sl b g5 10 Desmodesmus cuneatus, Hegewald 2002 4 ; +B

R 29 > Desmodesmus cuneatus y Scenedesmus obliquus J}Lﬂ& S o bl S dp s -F Jyu

(P>0.05) Cal Jls gan SMst| pute S

P (U Desmodesmus cuneatus — Scenedesmus obliquus
Saturated
C14:0 Myristic 0.154° 0.2894°
C16:0 Palmitic 19.2421° 17.0224°
C18:0 Stearic 3.9820° 2.2359°
C20:0 Arachidic 1.8626° 1.1440°
C22:0 Behenic 0.3597° 0.0477°
Monounsaturated
Cl4:1n5 Myristoleic 0.1221° 0.0552°
Cl16:1n7 Palmitoleic 0.4624° 0.3575"
C18:1n9 Oleic 17.9576 25.4679°
C18:1n7 Vaccenic 4.0077° 1.0128°
Polyunsaturated
C18:2n6 Linoleic 15.4528° 4.8955°
C18:3n3 a-Linolenic 16.4033° 9.2719"
C18:3n6 y-linolenic 0.1285° 0.1799"°
C18:4n3 Stearidonic 0.3339 0.3654°
C20:4n6 Arachidonic 0.5395% 0.1387"
C20:5n3 Eicosapentaenoic 0.1542° 0.1696°
C22:5n6 Docosapentaenoic NC 1.0083°

C22:6n3 Docosahexaenoic 0.5588* 0.2223"




WY Sl a3l oslad cpsler Jlo ¢ LS ulidios

Slenlial OLSAl o3l glst ool Calides (gla i 40
Sy o J55 4 dde 5 RFLP oSS

S8 g Kl
05,5 Sl 5 Ja Cmlem Ly o]
5 Laod T oSy sy 5 amy )l o tils it
S ey plasil g aa g )| oils T Ol il
3315 L 4 55 e 55 ol OLlid )8 s Sl akins
S 5 S s gl ()L 035 m o) Sl

Py

XO-Y¥ Y Sl

() i ) aabOLL (VFVD) ¢ g plat
OlamaY OloeaY Aty oDl 3137 o8zl
Ol )

ol OFAY) . ¢ ST550 500 s ol oo
L arl 53 Olals 31 5y o o e sl S

NFAITY:(F)NY

Ajah, P. O. (2010) Mass culture of Rotifera
(Brachionus  quadridentatus [Hermann,
1783]) using three different algal species.
African Journal of Food Science 4(3): 80-
85.

Baldwin, B. G. (1992) Phylogenetic utility of
the internal transcribed spacers of nuclear
ribosomal DNA in plants: an example from
the Compositae. Molecular Phylogenetic 1:
3-16.

Ben Amotz, A., Katz, A. and Auron, M. (1982)
Accumulation of -carotene in falotolerant
Algae: purification and characterization of

S S5 585 50 Sla el (o (] 3

Scenedesmaceae o3l 5ls 3L 5 Jlws § 55 5 <035
S s G2 3 Y L T S50 (oo
O 3 e G ) 53 4, S 4 Sge S S
Looslgls onl glaeS (guuesy yo 1y 35 oI
L4y 185 IDNA SITS b iy 5l oslizl
(Baldwin, 1992; Lewis and Flechtner, s otilu,
G533 5 g lold Cnal 4 4 5 Ly 2004)
4 o,L3l L 5 Scenedesmaceae o3l gl glaas &

by e glaas § o 53 odd odalie JI g glacsls

&b

VU (sla0 580, g2 andllas (VWAP) o ¢y 5l
(55l o8 ils iyl pmlid )8 4abobl Okt
Ol colisle S

Cob ol eSSl oy (VYAY) .z esl50las,
S35 S el alie 5 NS el YU
byl el )8 asboL L ccadites sla
Ol Ol g oKl

adlas (VYVF) . 5 s S8 5. by 00 ¢ Sllaka
5 i e vyl aml s Sl 55 16

B-carotene rich globules from Dunaliella
bardawil  (chlorophyceae). Journal of
Phycology 18: 529-557.

Boersma, M. and Vijverberg, J. (1995)
Synergistic effects of different food species
on life-history traits of Daphnia galeata.
Hydrobiologia 307: 109-115.

Brown, M. R., Jeffrey, S. W., Volkman, J. K.
and Dunstan, G. A. (1997) Nutritional
properties of microalgae for maricuture.
Aquaculture 151: 315-331.

Chomrung, A. (2000) Nutritive value of
diatoms two species as food for juvenile,



\al ... Desmodesmus cuneatus s Scenedesmus obliquus _J sl S Sl 45}? 93 gle S5l s olelis
Haliotis asinina Linnaeus. M.Sc. Thesis. aquaculture. FAO Fisheries Technical
Burapha University, Chomburi. Paper.

Christin, S. and Karlsson, J. (2009) Lepage, G. and Roy, C. C. (1984) Improved

Zooplankton feeding on algae and bacteria
under ice in Lake Druzhby. East Antarctica
Polar Biology 32: 1195-1202.

Girard V. (2009) Evidence of Scenedesmaceae
(Chlorophyta) from 100 million-year-old
amber. Geodiversitas 31(1): 145-151.

Grung, M., D’Souza, F. M. L. Borowitzka, M.,
and Liaaen-Jensen, S. (1992) Algal
carotenoids 51. Secondary carotenoids 2.
Haematococcus pluvialis aplanospores as a
source of (3S, 3'S)-astaxanthin esters.
Journal of Applied Phycology 4: 165-171.

Guillard, R. R. L. and Ryther, J. H. (1962)
Studies on marine plankton diatoms I.
Cyclotella nana Hustedt, and Detonula

confervacea (Cleve). Canadian Journal of
Microbiology 8: 229-239.

Haq, W., Zarina, A., Masud-ul-Hasan, M. and
Shameel, M. (2008) Taxonomic study of
the family Scenedesmaceae (Volvocophyta
shameel) in certain North-Estern area of
Pakistan. Proceedings of the Pakistan
Academy Science 45(1): 23-30.

Hegewald, E. and Hanagata, N. (2002)
Validation of the new combinations of
Coelastrella and Neodesmus and the
description of the new subfamily
Desmodesmoideae of the Scenedesmaceae
(Chlorophyta). Archiv fir Hydrobiologie,
Supplement 143 [Algological Studies 105]:
7-9.

Katircioglu, H., Beyatli, Y., Aslim, B.,
Yiiksekdag, Z. and Atici, T. (20006)
Screening  for  antimicrobial  agent

production of some freshwater. The Internet
Journal of Microbiology 2(2).

Kilham, S. S., Kreeger, D. A., Lynn, S. G.,
Goulden, C. E. and Herrera, L. (1998)
COMBO: a defined freshwater culture
medium for algae and zooplankton.
Hydrobiologia 377: 147-159.

Lavens, P. and Sorgeloos, P. (1996) Manual on
the production and use of live food for

recovery of fatty acid through direct
transesterification without prior extraction
or purification. Journal of Lipid Research
25:1391-1396.

Lewis, L. A. and Flechtner, V. R. (2004)
Cryptic species of  Scenedesmus
(Chlorophyta) from desert soil communities
of western North America. Journl of
Phycology 40: 1127-1137.

Monteiro, C. M., Castro, P. M. L. and Xavier,
F. X. (2009) Use of the microalga
Scenedesmus obliquus to remove cadmium
cations from aqueous solutions. World
Journal of Microbiol Biotechnol 25: 1573-
157.

Mutanda, T., Ramesh, D., Karthikeyan, S.,
Kumari, S., Anandraj, A. and Bux, F. (2011)
Bioprospecting for hyper-lipid producing
microalgal strains for sustainable biofuel

production. Bioresource Technology 102:
57-70.

Orlova, T. Y., Stonik, I. V. and Shevchenko, O.
G. (2009) Flora of planktonic microalgae of
Amursky Bay, Sea of Japan. Russian Journal
of Marine Biology 35(1): 60-78.

Pratoomyot, J., Srivilas, P. and Noiraksar, T.
(2005) Fatty acids composition of 10
microalgal species. Songklanakarin Journal
of ScienceTechnology 27(6): 1179-1187.

Trainor, F. R. (1995) The sequence of
ecomorph formation in a phenotypicly
plastic, multispined Scenedesmus species
(Chlorophyceae). Archiv fiir Hydrobiologie
133: 161-171.

Volkman, J. K., Jeffrey, S. W., Nichols, P. D,
Rogers, G. I. and Garland, C. D. (1989)
Fatty acids and lipid classes of ten species
of microalgae used in mariculture. Journal

of Experimental Marine Biology and
Ecology 128: 219-240.

Zachleder, V., Wittenburg, E. and Abarzua, S.
(1986) Factors controlling the inhibitory
effects of 3, 4-benzo (a) pyrene on the



WY Sl a3l oslad cpsler Jlo ¢ LS ulidios

\Al

chlorococcal alga Scenedesmus quadricauda.
Algological Studies/Archiv fuir
Hydrobiologie, Algological Studies/Archiv
fiir Hydrobiologie, Supplement Volumes 43:
281-296.



AP aomies VTR lgs a3l sl ler Jlo (ST (i
WA/ /) e e 35 s
WA/ /Y Dodonn s
WA AN E Dsdomn g1 G056

WSl By b

:fgf O xS Q‘éjf.?l.@T ols” @3919.3)39 =y
9Tl 5 ST g xod (ADy g W
(Helianthus annuus) 13 SOU3T 4l 5 o

(s aabb 5 7 (6 BT (6 g e 9 et Gy D3l L
Ol 0o S ¢l g oSl cp e 0dSisl ¢ pulidi Ty j 03 S

Slaoslizal Sl 40 457 5 55 o o puime OLE 5 Dbl el 515, Sn (51 o S 518 6 5 87
Gl Olse 4y S VL G lile .ol o fus Jasee stz 0 VT 65 4 sl o (b anio s
585 5 Ol gt ) oS 3 domn oo 6 O gt @ il 5 on 4 35500 sled 4 DLALS (51 155
T ey 5 Gy b 5115 oo a5l 105 St s 13 36 o 5 0L gLt
(popen 5 perd Ay g S Dslie G BE S ) sk 4 Ral nl 35 58T RS W o
01> KT lazin ¥ 0lalS .ol 4 5 elol (Heliantus Annuus) o> SouT olE 4ty 5 55 4l4nST (25 Gl
53 (CICL.6H,0) o5 ,S sy IS s oy po ity p5,S7 37 L i o o3ls 2287 (1l Loyl 5 55 oS
plol 1y OLE a5l s 5 sles ol Jsous Lol pon ;¥ g0 Juo Vo 50 ) e/) /0N /o0y ke #
Jpdonn 53,8 Vgmn oa Vo 50 ke &8 505 OUiS ol ikd bl o lad g 5 65550 58 (sla LT
Ot 5l lac ke bl et (akyy Jsb «oSst 5 5 055) abyy by sl gl 2als Corpe 1o
GLid Sl O sl denST]y a5t ls Ol gt 4 4oy dadliTs Ol ldie . CB1 dals 05 5 & S (5413 ne
sl Sy ol 5 8L il dals 05,8 4 Lo (Sol3 gme sb 40 S Y gedon V0 50 Glaclale 55wy
u:,_lpt}gawQ:J,J,’L;\,:,u.;ﬁw\d:,_uﬂ;magf,br,;a,)lsu;u;mjt@ugw\d:;;
Cble 3 Hls e S2alS L olE aty (sla s Oljee 305 OLaS JY ge L Vo 50 slacbale y5 (g ls sae
iy Sy ST (gl gims ol dali 05 5 0 S (613 me sl aale Lo gl )Y g0 Lo +/00)
,c)p,,i_.ﬁ,)%mo\j_,.d‘;t_,,muowJmsp;;_m;u:gpw‘r,;p)w;;aougf
Sl olss Ve e Ve 50 ) Glachle 55 gls gme Sl Bl dacbile i b Hles Cov ¢ JST Sl ST
SlodS 5 Dh ClS G gl ey gr 01 BT gy 53 08 Rk e L Kon O b

.;Mog;swt(‘};}uﬁ);o\3ﬁuT5wn@jwrﬁg&»&_w_,,;(};suox

sldST i (e o sl el (Heliantus Annuus) lejf\:l:ﬂ ‘f}; 1S saolg

SFRARYYY Y 0 ule ol dkalantari@mail.uk.ac.ir 1S s s Sy SLid 1 5 s ki %



WY Sl conb oslad cpsler Jlo ¢ LS ulidion s

V¥

SelS” oS sl Dl 1 5 gl ol gt Bl 1 oS
v p)_f (Barnhart, 1997) 48" s fos & slas
Ol g i o Sl I B b g 851 5 o Sl
i Ol 5 0Ll 6l (555 G500 Jule &S5
(Cohen et al., 1993; Zayed et al., 1998) > 35
Lol o3 o 5 &S e S Tl s S Jlin 3
3o on dil (T slak s S T osbes
(Bishnoi et al., 1993; Barton et al., 2000)
L OLAlE dsy il g e 05, oy slac il
(Bonet et al., 1991; Samantaray ef Jdas ;8
&l - UJS SV glackle 5 J 5@l 1998)
s (] o Sl 4 OS5 Sl g Ol
a0l ol Ay Sl Sl st 253
(Sharma and »}f@ o b 9 u.(..;) g Hlals
Cwaw als Mehrotra, 1993; Zhang et al., 2007)
A e S ke O b /0 5 o5 DL sl s S
2 eSS e S ke Vi B0 5 e e )
o (Panda and Choudhury, 2005) ol ¢S
LS s 34l slge 4 Ll olS 53 05 S
5 OIS 5T (slag 55T 2530 02505 (sl g
(et 55 b e QLS 53 pilalST| i gl
g llal 3y Sl s IS d e Ll 5 e
Gl alS 5 Lse glad s wlnSTT,
(McGrath, 543 0LalE 53 jlucuST|, oS,y sl

1985; Panda and Patra, 1997; Panda and Patra,
1998; Panda and Patra, 2000; Panda er al.,
2002; Panda, 2003; Panda and Choudhury,

2004; Hu et al., 2005; Shanker et al., 2005)
3 et Olpn ol 53 (LS s 8 51 &
9 u.\_o- u).b‘}: €03 g rjl_an Sl BE) u:i.-ﬂ Q‘_}u

-

400

3 ot e LIl 51 a5 8 4 K Sl
(Prasad & 5 o Gl Ko 2o Slo r 0 50
s eazin (C1) o5 S .and Strzaka, 2002)
GLaed VT o frage 51 (S5 5 e 0 S 55,5 Olsl 3
SBQW@N)LSLA%T}&SM‘@
Gl.;a (Panda and Choudhury, 2005) >34 - s,
(55l B (gl Jl mlio ((BLS 5 S5l
o e ol Glelay Lo, s ol (gl
035 L (ST 5515 g op i sl slaST
(Sundaramoorthy et al., 2010) 45 ,ls edge 4
SaS Gl dlu 53 5 sk Ve oy ST Sler A58
il 3 51 o LaSUT 5o o ps Ve fe Ol e
Lo st glad glo Glaans 53 4l 5 &K s
= G 5 oKy 5 S ca sl e L
b sk 4 (Vernay et al., 2008) 3 35 s oslizal
Lo 5 ST S L ol ams slaj desn 53 05 S
4 S el S 0T odae e Lal 55 0 3L
@gwc@suu,spauug@,w
(o Casy S Oslxe (Shanker et al., 2005)
Lsyors LaS Ll on pmmme Concb 5305 S
(e il (LS by sl WIS e 05 )
S35 ey S Ddmn 35 b O yimn S35 0T
Siirs 5 0La S Olul sl e 513U Oliw b
Bt s o 5 Canslin Bl 1 aiate 0T LS
Wl oz g iagn onl Sl L;w,;

ot ST o line SIS o Conb 5305, S
L ps S s S o Si ol Lol cls 55
n (VI) it o b s S 5 () aw b



Vo

(Helianthus anmuus) o3 ST a2y 5 43 4510571 oS Wl i L :(}; S S Ols KT olE 655 58 L

Jj_bu: ok ealaial U'-{"'Lo J}lm L L;JL“JT(r};
Ady 5l ey 35— (Meidner, 1984) Long-Ashton
Halie al_:f Frxe RINy A Q\Al:f sldes dacwyals

Ay S el 4l

4l Job (s 5ol
S s S Lot el L atyy Jsb
i 53 4k sl U 4l Sl ey I b s 6,851
IS A OLSY lag 03 8 o sl ki a3 8

el doly bl 1 5 danlous 4503 53 50k

s 8 IF
iy (DW) &Cis 9 (FW) J_‘f 039 6;0}'&'
ol

P 055 el Ol a5 03,8 T 5l ey
L BPSIID J.s Sartorius s35/,5 L p S o
PRI VPR GREIRE Jr P 3 NU P VTR NG B
22057 53 Lol VY Se s oy o sioe 1T s 58
St 055 U s ¢Sist 5l Kl a5 Ve les
) Cs L L g oK 035 o80T 038 2ol
REIPIRFSING
= bl g OWlae

s lewlﬁ Py ET g W
9 Heath ufi)) a (MDA) A_;HUTJQJH_A o ble
i 6,5 o5l (Y4%A) Packer
Oy CAld omi

Sy L cble ¢ - Sojlasl gl o
3l (e oy b g oslinal (Vav#) Bradford

A et OT Ol e s 5T

R BN P PSP PG Ty PUVH .
(e 3L Ol e g SBT OWLE 51 5 5 5
DLl D 0ol 55 55 g0 (58 (5 some Ol e I
St a1y S e dis O Sl aS glapls L
(Zayed et al., 1998; Chatterjee and ;1001
o O3l 31 aalas ¢ o) sl Chatterjee, 2000)
5 psbie OLALS Slolis sl b oS I olLlE
0337 GlacS s (g5lueSTL (g,5ts 5 LT 5l eslizal
b a¢ J_{. > ¢ s— ;| 5 (Phytoremediation)
53 1 iy e 4y (6,0 Ol s e
Aol glachile S g p e o tas5 2
22 ST i Ll 5 Al Slaas s e S
S 3l iy 53 0T gz (Ol LT oLS w i
(hyper-accumulatory) ; dad e Sl (s 2

3 S allls aty

b w9y 930
15 KT ¢ g5 ol 55 (ilesT 5) 58 oS
A 30 31 4S5 5 KF84 =B (Helianthus annuus)
Hu ¥ s S g Hd s g a5 ool Slidos
Vo s 4 ool s ols SksT SIRHIC AP
5 b o3y LS ol (g sddenl (5l e Sl
Ll S gy ejle S eas J S Lyl s 5
azin gy b 5T U gl (e wxin Y b Lol
M Jglos Lo 5 gled S 05 oIS g g
= azan gar 51 5 #/6-% au .l L Long-Ashton
§ ool By VY Sle bl ghous b atin ¥ e 4
Vead e el e/ i Lpy ST ble

Wb glie Jpdos) dali 05,8 <SG gy g oo



WY Sl conb oslad cpsler Jlo ¢ LS ulidion s

\%4

oW
Sl oLl o pg 5 308 W31 51 fol> s
Q'éﬁkﬁTQ))éM}
) Job )

J.&)‘JJJSAQML&A\ JQ)JJ)%OL&A
L Hlas Comws OLalE s 0l KT ol 4z, Jsb
)Jé)uwa)lr};)Yy&\'}aéuw
LS el 0,8 OLalE 4 Cud 43 0 e
.M:@owd)b@”
)y &Kl 9§ 039

oL atyy St 5 5 055 pa S Sled
Ve 50 glac ble s Hls e uithLbe;téT
ﬂud\ﬁ}@‘o:ﬁc‘ﬁAMuy@a})Y}ﬁéﬁ
s 3 e olaT B 51 sl Lo bl

Y e SK2)

SLa L o o, 3 1 31 Jolo gl
OIS ;OUST ols™ 50 <0 39le 1 9 (2 bowdion
4y aaTs Uglle

Oljer lasd Sad s 53 05 87 ke 51530,
Sl l g asl 5 ol ST ady, daddTs o Jl
ol 03 4 l5 me Y o o V0 50 oz ble ol
(F JS)
4 (w95

L i S 01, KT ady 85 sl
el S YV e e /e VB s e S
Lac e il gl o 5315 OLES (gls mme ialS

(O JSKa) s odalie dals o5 § b (g ls gme Soslis

RO B Y g 318N

oS 4t 5 alsm ol sy il (5 8 o1
0 3l oalinl Ly g ool (\aV¥) Bates s, )l
A o desl gin Tl Ol s 3510l et
[ JE VU] JEL YR Y 5 [ V-~ - S—"
| S0 5950w 1950050

63 3 Al &S, ST Sl s (sl
OLLen s de pinto o, 51 dewl &K, sKT 5,508

92 UT'-‘ Q‘J:.a ))‘u\}kw\ LS'MV'“)L) oalazul (Y"')
A e dew!
A O80T iy ) 50 P95 U9 Ol iwe s
N DA w9

‘_gu&:r.:).ﬁr);u)_l C}J Lgﬂfo)‘.b\ Lg\j’
51 e A o3lizal a3l S g 3 olS Calies
Al &S 25 53 Laa sed (g 5lwenlaT >l
3 plonil 4ty ) S3L 53 s S GO (5,8 05100
oaws 53 6J_;aj1b\ Sl ol T s @ J gloes
J4 Atomic Absrbtion Spectrometer ! ode

A oslinal I 6T | 528" &L SpectrAA 220

SoboT o 9 4 3205
P ol L slai Sl = b L6 s G
Slagi 53 s bl dals Ol e 405 8 K 5 e
laosls LT .o 4 S Lo ys 1SSV Olse 4 oS Y
0323T 31 &3 SPSS (LT Lij3le 5 51 eslizul L
o3kial b b o Sl 4wslie .03 8 &) 50 ANOVA
ﬁjju):édw\cbjau&bgﬂ)"\')l
Wb Oy o Excel e 51 eslizal b sl pes



(Helianthus annuus) (;l:)ifl:éT 4wy o sileST s Wl e IRy ):;L: :f’; RS L ()lajiftéT £ P IR

A Y e e Ve 50 slacle U e Cow

(9 Ji.‘b) S )‘J‘.SIM LSJLAT

Wy ey
tﬂ‘]‘g‘bdbﬁu."ol_;}_,rjﬁjb)w;‘

OLalE (gl ol 0 59 of et ai ) g 0 lukie

Root Fresh Weight (gr)
o - N w S (%] o ~ ©

0 0.001 0.01 0.1 1 5 10

Cr Concentration (mM)

25

Root Lenght (cm)

0 0.001 0.01 0.1 1 5 10

Cr Concentration (mM)

dglin 0l ST oS iy 5 055 1 ps S 510 31-Y S
oo o Ll LSS L5 S5 0 pa5T bl s 0 SSLee
WLl PLO.0S o 53 13 smn M pude S0l OLSS

gl Ol ST o8 ey Jbo a2y 5,8 56 51-) S
g o pLamit SIS YL 5 oS3l 0 p03T ol La S0

Wl PLO.05 o 53 513 sme 33l oo SSL LSS

06 -
§ ab a
E 051 be be abc c
o c
3 04
3=
£
S 503
® =
QD
2202
o
©
= ot
°
o
[ 04

0 0.001 0.01 0.1 1 5 10
Cr Concentration (mM)

0.6
05 abc
0.4
0.3

0.2

Root Dry Weight (gr)

0.1

0
0 0.001 0.01 0.1 1 5 10

Cr Concentration (mM)

oS s dadlTs O Jle (elpiome 05,8 55 01 -F JSa
IS L s 5SSl 00T bl b 580k e 0015 KT

o 53 Sl3 ime OV pe Kby LSS Do o plon]

Ol ST oS iy Sist 055 psS 50 31-¥ IS
e ol 1SS L S 0 g05T b o il g s

.l P<0.05 !

5 - a _ 84
s H
2 45/ z /] " a a
g ¢ a,, g6
E 351 £ ab ab
5 3 £ %1 X
S 251 § 41
z 2 £ 3
£ 15 2
° be ° 24
a 1 c be be be o ;
g 05 g
€ 0 x o

0 0.001 0.01 0.1 1 5 10 0 0.001 0.01 0.1 1 5 10
Cr Concentration (mM) Cr Concentration (mM)

0l ST oS s aty) s Ol p s S 1 -# IS
e Lol 1SS L s S 0 g05T bl o Sl s
P<0.05 o 55 Jl3 sne Vst puke KLy 0L o5

Sl

003 SUST oS 53 4y o Olie 3,5 516 310 JSs
A ol 1SS Y L S 0 g05T b o il s
P<0.05 o 55 Jl3 e CMest puke SSLs 0L (5~

Sl



WY Sl cnl oslad cpler Jlo (ol mlibi s

YA

Mugwr);)yjﬁéf\' 30 ) glacble
QA Y G JSK8) Gl os g la gre Lol 53l

28 3 (pl qrT p P9 e 8 e S
O KLST obs™ 4l
‘}_lé J_§'| 3] J_.pb- claresls wdb_)\) J:H_;T 6\_’2:
oS iy 53 7 ol e Olje 3 S S
2 s S cbale a5 L as sls ol ofs ST
)‘Y}Jwgﬁ\'jaéuszcub&;&g-
@))Jrj;j_ﬁchd%.@|ab}{)‘:dw
dw|r3;)YH‘;L:AOC~W)JO|AJ§€t’éToE§

(Ve JS8) Sl ol

J= Olosaul 9 Obyekularmad «Obyesul
4

il L 0l ST olS asy ) by ST 0l e
ol 4 G Hlad glad slone 53 05,8 S lale
Ves0 ) slacble ol o ials 5l plis el
O 48 I 53 34 o ims 03,5 Ny b
Wg) s S Shle Il ety Dby STy s
Vo0 Gl hle ol Jhll s el 0L Al
3 ls gme dali 0 8 4 i Y sa o

Cble L s ey IS Sl ST Ol
Sl el 130 glad s 53 05 S

- 97

5 e

5

o 71

£ 6 4

<

£ E 5 |

N

© D 49

o E

5 < 34

>

5 29

a

5 1

o

[ 0+

0 0.001 0.01 0.1 1 5 10
Cr Concentration (mM)

S 06
w
=2
S 0.5 a a
E’ ab
hog ab
H 0.4 4 bc
c
c
8 0.3 c
;-
_‘.‘5 0.2
o
@ 0.1
20
H
[ 0+
0 0.001 0.01 0.1 1 5 10
Cr Concentration (mM)

al_._?Jb@‘)QQ)}LT))J:AJQ‘J‘:AJJ.C};}E;.—AJQ@

ST L 5 oSGl OsasT Selal s 1 S0ks e 015 KT
o 53 3 e Mt pte Kby OLSG s A ol

03 ST olE 55 s Oy ST Oz ps,S 50 31V IS
i Ll LSS YL 5 S0l DT ol o Lo Kils s e
Wl PLO.05 las 53 513 sme 3 oo Kby 0L o5

.l P<0.05
12000 4 9
a
. @ £
£ 10000 1 )
F) 27
= -
< 8000 - 36
E g5
G 6000 - £
5 o 4
o 7]
Q4000 { b <3
o i
8 20001 b b e
« b b g 1
0 : : T x o
0 0001 001 0.1 1 5 10 0 0.001 0.01 0.1 1 5 10
Cr Concentration (mM) Cr Concentration (mM)

oS iy LadllTs 0 Jle slsiome 1 ps S 58 51-F JSs
ST L 5 5SSl OsasT bl s s 1 SGks g lie 01 3T
o 53 3 e Mt pe Sy OLSG Cos s ol

2wl P0.05

003, KT ol 53 4ty JS by ST Oln jr o587 -4 IS
e ol 1SS L S 03T ol b 5 SGks g i
Wl PLO.05 o 53 13 e Bt oo Kby 0L o5



va

(Helianthus anmuus) o3 ST a2y 5 43 4510571 oS Wl i L :(}; S S Ols KT olE 655 58 L

S1Ca”" JLEsl 53 Ly gbome L olS S sal Laily
(Lodeiro et al., 2008) Ll sl slic 5 b

LS S S Slled aly; 50550 el
STk bl o S 3108 o Sl adsl aty, Jsb
3 o gt i S ) @i ST (5 )lane o
9 0L (glo sgd ¢ pemman (Samantaray ef al., 1998)
SLE! S I3l 51 )3 il 5 gn baas; O3 o
s Barcelo .(Samantaray et al, 1989) ol
L iy oles 487 055 S 55155 (V4A9) O, Ces
SIFE 5 s pan dlg el 30 ge s S
a3 5 LS lame 5L OT Ol 6l 4y it
iy SalS ;K05 s s pd e aly )y A, talS
5 Slosgd (dd odaline 55 Lol iags ;5 4S 4y,
5008 oS 5 2 1 s bk 08 o5y

Dl L 5 0l KTty e 5 5 05
4S5l 0L als Hlas slad slows 3 05 S LBl
Byl gme Y ga dea Ve 50 ol kile gl gal
A s sb 4 3 ) S 5 5 05 03 el
VS-S S SICIN [ VST T RN g
I e BB elE 5 055
LA 9 93 (9 = Olman 32 P95 51
45 53 gl g

Sla s o polenl s o bl
S DN 5 gl 5 (Si (55 Al Jae
S8 3 5 o ol S pod Lomdy i o
e K O3l 4 15 5 s (63
5 p) Lgd a OBLE 5 K5 ol Dol S
S5 ol 25 U ailie (gl OLE LOVTVA ol

3l a8 B 3 3 e slony|

X
PO Floow 4l )y uby Sl sl

S S0 AT 3 &S LS 55 a5 At
35 ol 2y e Dpmoa LaS S 228 5
52T 53 s ol e gulol y5b 4 0T 5
Lo 5 i) ol dond Ay s ol y | oo
e ool s s glaasls Lels S
I e P Y S G PRIy

sybee e olS pad 5 by 8 55 Sl 4
(Kocik and Ilavsky, 1994; Shanker et al., 2005;
Sundramoorthy et al., 2010)

Sl b o a5 s SIS e laay

A Gan ol Jel b S o P K
(s ST oL 4ty 11T oy S ki Lol #
Ve 50 slac ke )3T oy, Hlag 4 sls DL
sy b Al la e falST sl )Y e e
slgbal sla 5,135 L 2l om0 JS8) s pi
LS 3wty ddy SralS e (Y00)) O, es
V2 ppm s s Caesalpinia  pulcherima
23 aiyy 5 055 s d b sl Cdllas ey S
oSS 3058 08 e Vo Ll Co glapuS
(Chen and <c_ulasl Ji.;al_fj'.:srb_fdfl_&-
p}f S o aday Ad aalS” Cutright, 2001)
e Jl o i ps S oS Dles Sl 015 o
Loy d T 50 oy (Jolw 0 osb (I
oo J_f (Sundramoorthy et al., 2010) c_.sls
o Ulg e S b g aly ) L) Hles & Sl ol
e 4 s 5 ok o 53 035 e e
2 sl 5 (ALS Lol p3 s S o



WY Sl conb oslad cpsler Jlo ¢ LS ulidion s

e 3 e YU Lo ble 3 olS iy s
L sbas S OLaLS (155 1 (sl gmn 55 LS
Oslite 14 Ll o iomean 23S YL slac bl
G148 a4 asl by 1w (ROS) 0581 Jlad slass S
355 sl oS 555, 4 035 andeo LROS o
P PO W P EIP N PG BY-X By g5 P
(Sandramoorthy et al., 2010)
5SS 35S s slaas £ L ROS sl
Sl A5 5| s 0 S 4 OIS gasms glaimly
i DN 3 5 b O gmms ) 5 )
sty () 48T Lpd o bl 3 ROS 55 o
(Davies et al., s5i o gmien 5 o Sl
£ =S 2001; Karuppanapandian et al., 2009)

ROS (las S Wiy o 45 Conl o S 36 &5
JLKnly 5 JemnST s JSSsT5 05 5hn 1Sy Ao
M T o 4SS U 5 S5 s
(Panda and Patra, 1997; Panda s 4% . thf);

and Patra, 2000; Dixit et al., 2002; Panda,
2003; Panda and Khan, 2003; Panda et al.,
2003; Panda and Choudhury, 2004;

L old 5l OlE Sundramoorthy et al., 2010)
Sl ST 25 3 55 s S e sloc Bl
i n 63 Shos 5 Sl ol o
3248 S glacan dhax 5l add O gl ST,
=2 OT mamen 7255 o sl gilenSTT 25 31
o e Ls Ol e 4y (MDA) daddTs 0 JLs
o e B8 s g T 5 S5l 5
SlLa sty Cbals auiS slae o slie g 3
el e 2158 el 5 J b 5o 80T

(Panda and Choudhury, 2005) 5% » OLS 5

S OLalE Gl s F 5,8 e ) o sl
35 G el ol L (gl 5 cliyls (6 SYL Caslis
Al (6 jamal bl slacd plin 51 ool sz
el Sl slaslydn S 5 ol e opds
(Ghosh and Singh, 2005; J_as o il
3 po S sk sualie Sinhaser al., 2005)
a0 OLaLE 3 K S g s fely 3 5157
(Clemens, 2006) -’J-;gs‘ RIRPw Lg‘a.!}‘:.wf b
o OaLS 55 s b e Bl i o
i L5 o 3,5 YL slacble Uy jles
o L adilie 6 LS (658500 slas 351 2!
Olsie i adex 51 ol 8 i 25 Ja 0 S
Lsloe 013T LISl oS gl ol ol &S5
Sl S 5 0555 e ey s S 5T
O 3 5595 o S o Seble (A5 51 g A
(Rai L2l als= LS foily 2B (sl (555
etal., 2004)
Sine AalS L 0l KT ) 055 5 O e
4S >y smol en Ve Lo v/o ) Chle s
b 05,8 4 Cmns sl Lac bl Lu gl o
9 (Sl smmn 45T s e DLl 55 Sl g
4l aalS ey S 2 s 0l KT ol ey
Sl gima 3 LS S Culods il S ol
Cde s Wl e O YL o ble js o5,
Sl Yzl U 5 La 55 sms o )3 2alS
(Khudsar ef al., 4sb <Sad s, slag 5T ol
A ia i ol sy o3k 51.2001; Panda, 2007)
Y sl bals 55 OIS 5T Glag 5T s e

Glgmmn 53 Rl (23 (udlSe S Olsie 4 0



A

(Helianthus anmuus) o3 ST a2y 5 43 4510571 oS Wl i L :(}; S S Ols KT olE 655 58 L

S Sl b Sl ylas o3 e 31 1) O3S
(Pandey et al., 2005) das (o |, s5lu S|
e S (6l 68 oS Ll K ol 6y ST
o3b a5 o 45T 550 h s O3S T b
(=T alals Ly Ly o 55T alaal s O 5y s
S o 3T SISt

Oljme o =S Cbale 2ol 81 L (s ol o
Wl Sl Sl ST e s Sl sST s pdens
Fomr o 53 L 055U 5 55,5 Sde iy YLz
0 alS” (gl s g alS A 53 5 Lo 5S4 28
S o Tl 2l e 4 b 5 Sl ST
S Dl STl 5 ST s 2
b e 58 by ST s Sy STy ks
Ol jme 53 SalS Y1 (Cho and Seo, 2005)
o eSS Vb GLhle )3 G nl 55 Dby ST
T 5 Kes o8 S35 sl e gl 4 5 o
(Di Cagno et al., Llails Ols KT oS, (glalie
Ols ST 48 ol (Soladllas ol ulul  2001)
p3e03lS Y pe5 S Ve I o o lale 5 pme 5o
sy Olis 5153 DHA/ASC & oo § 51,5
et et Yz Ol ol 65 el 0k i) S
L:>|,¢,m§\uﬁ)>ﬁ?,;5uwj;_;wﬁ
SS9, Sl ST g pbns e 51y ST
S S e, Sy S uT g a3 450 9 (DHAR)
(Di Cagno et al., 2001) I (MDHAR)
Yol (S il (1D LT
£9 5 (phytoremediation)

5 ol i jledal G 4wl 4 a5 L
G ) JoKe s Sl ol slaasly b e

Coliten Lol bl I ol gl (3 ol )3
DL 0ls ST 3 4ty adlTs Ol W5 05 S
<ol p;&ﬁl_; slackls ;5 S 5 plas sl
5 e s O ST oS L (63 e
53 5 4addTs 0l (gl gimn 56 opl w glac bl
0315 il 3l 1y oLid (sl O gl eS|y domss
S ol e ol e s ) () JSE) Sl
Cble s ols KlsT ol asy ST T e
Sl 03 o S G5 8 K S oy
LS 4 gili ST ol sl cadls 15157
Jles slaas S YL s ST Il 30 pd e
s s 03 S SV glac bl 55 05S|
O oSy 5 03,8 ade oL SlauST| ST
Sl e Cal 03l SRl olid sladd
ol B Ly S s s ad) daddTs 0L
01 ST o (Bli (sla 281y o 4 L5 0
D)5 03 48 Wil ps S5 ol AT 5o
Wl ‘.5 olks 35T daddTs o Jle Lok
ST SadlSesly W5 Ol o b Il 5
3l ol Sl o 51T (63 926 Ol jn 5 O30S
3130 4 Il bs Jbm 53 15 6l oS 5,05 5
Iy 5o = Sl shnST) 28 IS (o 5 &
s 535 g0 35T GJES ) Oljae &S ST
oS IS 5T b b g 1 SLS 5 s
51 0lals (Mamdouh, 2007) oS 5L_5s
035 5 5 U S 6l s (25 Glapus S
SO LT S e oslinal 03081 Ja slaai S
5 T sl g5l b SIS ST els (e
ST GladlSsly Wl g e a8 dyls e 51,8



WY Sl conb oslad cpsler Jlo ¢ LS ulidion s

AY

C}h_w JLasl 5 od (Caglie oLl g a8 s
Sl (6l ST A ls 1y b SIS 5 YL
St O ) i r e o LS|
lodds g,148 (’U (hyperaccumulator) otas e
Sl oias paz Sy OLaLE (68U 4 g pgde
o7 ord B 55 o T Gblis 51 Ol (g5l
ol 0l )| il Oltiatils Low 5 oYLl

(Baker and Brook, 1989; Cunninghum et al.,
1995; Salt et al., 1995; Chaney et al., 1997)

pmol/kg o bale 53 Jle Olals iy ol - esS
(Davies et al., 2001) Sl o &Sis O35V 0
UCJ;CA?JJH)\_ELMM&\)JJL;B)J
Q‘ngﬁ_‘é’jd@dMaMw&_’f)b
B o pslie oS S Ol e 4 1 0 ST
C—’.L—*‘L—’GL—"‘ o=l S e fﬁj—{&:‘i’.‘—‘”
>, — s—=s (Y+++) Hossner y Shahandeh
U155 STV n g b olE S 0l e 4 Ol KT
..))\.) C_,.B.{UG.A}:JGJJ‘.}\) p;ﬂ&‘){b}i:uﬁ@ﬁ
a1y 01 KT 0l g n bl gl ol ol ol
slgdeg 5,5 2 VGelE (ol b oS S 0l

Y

S xo>
S Ol 5 o G ) ) Jol b 4 A S L
JENTS RPN M PINCIAER | B g Pty
diyy 55 platgm 5 S5 g5 sla e ls 5 Ul
SV YU e ble s bl o,k ols SoksT ol
Jos i) oS lgn S5 Olsie 4 (s ST Y sn Ao 0

j‘.)ﬁwag@)ﬁém;b\;\j)ﬁwcaaf

oS laai; 5o 039S Olje o i 1YM
03,5 ke Bl 5 Sl Bl mea Ol ST
g ade) 03 poed (2l Ol Gledd Slad glome s
o 3l e SLa 158 Ll sl a3
SLaphsl b anlie ;5 OWLE iy y3 05 S 6 i
s Barbosa J“)‘)—? S INGW P U . S ) DU
c,sﬁ@)ﬁ(j;@?;d};ﬁ(\‘uv)ob&w
93 ¢S edaline (’ﬁ; L, 45 Genpia americana
Sy oS laaile 5 &S s p3S o S -
— (Y+++)Hossner s Shahandeh .55 , =S
Indian mustard 5 ols KLssT 4 uss §° 5,058
Slapll b auslie 53 4l 53 1) 05 S Ol o il
(1) 5,5 S ol 0ks 5518 Linls mamd g0
o)l o Gl 53 5558 dole ol s
255l e BL OLLS iy el slad sho
54 o (ol S 4k slad v sla 5 ST
g et J5 STy (Mangaberia et al., 2006)
35h g0 al g0 OT L olE & ol o slgn den L 5
S g g a5 Ll (Clemens, 2006)
@l slaphlan Codaty ) p3 0y S YL
5 0LE SIS Gl 53 ey e 5 4 (015 ST
S S k53 055 G0 s gl bed S
035 oS o 25 53 015 KT o8 ol 25l
Ll 03 S 51351
Sl 51 s 0 S o Uy O st
2! (Chen and Cutright, 2001) & 15 1, ¢Sl
Sl a8 A e o | S8 0L (o g
J=B sl AL (555 0 LT Odile 0di 5 LS,

OLal 51 S5 55 05,8 ( S 056 pl 5o da>e



AY

(Helianthus anmuus) o3 ST a2y 5 43 4510571 oS Wl i L :(}; S S Ols KT olE 655 58 L

S 5035 e 1y pd plin (K0 36 ol 5V
Gl a0 1y 33T GLadlSOsly O s ¢ 1S 25
e oS SIS BT ot 2 45 Sl o3l 231
by ST (gl pmen il bl 54 > 5 L cod 5o
Wl o3l il 33l 1y gli sladd O gl ST,
R Dl b 4 pglie DS (61 oS il G
e L G ot 53 0l ST oS 513 5 5
o B YL polie 55,5 5l cads; 5o e S 56 YL
Jlie s oly ool 515 Sl 0357 (6,8 sl ol pm ol
35 ) 3ol o303 DL Caglie pg ST Ko Sl
Caglio oy S 6 4 fasmze QLS w55 Wil 5 oo
o et Sl G b B b 1S L
A5 VU e oL S ity 53 ps S 51 VL
Gl omlin SIS Ol KT 0l g5 o kS 0

35 b 3 S Phytoremediation

s (Heliathus — annuus) o)s Kl5T oL_S )5

L’"}i’L”Tﬁfbu-i‘C"":ij‘w—M
b s o iils iyl wlis )8 abObl

.Q‘Jil cob;

Baker, A. J. M. and Brooks, R. R. (1989)
Terrestrial higher plants which
hyperaccumulate metallic elements. a review
of their distribution, ecology and
phytochemistry. Biorecovery 1: 81-126.

Barbosa, R. M., Almeida, A. F. and Mielke, M.
S. (2007) A physiological analysis of Genipa
Americana L.: a potential phytoremediator
tree for chromium polluted watersheds.
Environmental and Experimental Botany 61:

a0 Ol e 013 KT 4 03,5 (o ok
Slo g ety St 5 5 0 Sl (b Shals
SLa o 3,5 oylil Laain ; 0l g5 5 WS
s S5 Ol 315 LS ol plowil 6550 50
sl falS s S VL Gl ble jles Cow olS
Olgs ooy adoy G 5 g 5 (Sl gma s 2alS .l
53 0LE Sla s 5l ook s s e o
Ole 53 Sl 31 (B ,b 5l cdls o, S S0 L 25
s ol e V5 oo 003 S Lol 5o k) s
Sl Joles VU gl Ble 305 8 5l o5 LS
é@w‘ﬂ)wwbjﬂ-’}ﬁ“e‘ﬂ‘;
SIS 5T S 5 e Sl .l 03l 13
3Ol ST ydns 5 Ol ST b 51 olS 4ty
e b d GBI U ol sl Od oS,
SLacble oS Jl s el o5 S (6,8 o o5 S

&b
() s ezl s 5 ol .C_,_g-JLaT (A

i sLa i 4 0L Cueglie (slapnsSa
Ol Ccd\_!ub REE= PN ¢ LL;Q\S Ao 5
g (dglie d‘“ﬁJJ‘é osils

Aiy a8 S 18 31 gy OYM) O 55

ibatign 5 S5 5 58 sla el 51 S

246-271.

Barcelo, J., Poschenrieder, C. and Gunse, B.
(1986) Water relations of chromium VI
treated bush bean plants (Phaseolus
vulgaris L. cv. Contender) under both
normal and water stress condition. Journal
of Experimental botany 37: 178-187.

Barnhart, N. (1997) Chromium and its soils in
the proximity of the old tannery waste



WY Sl conb oslad cpsler Jlo ¢ LS ulidion s

A¥

lagoon. International Agrophysics 15: 121-
124.

Barton, L. L., Johnson, A. G. and Wagener B.
M. (2000) Inhibition of ferric chelate
reductase in alfalfa roots by cobalt, nickel,
chromium and copper. Journal of Plant
Nutrition 23: 1833-1845.

Bates, S. (1973) Rapid determination of free
proline for water stress studies. Plant and
Soil 39: 205-207.

Bishnoi, N. R., Chugh, L. K. and Sawhney, S.
K. (1993) Effect of chromium on
photosynthesis, respiration and nitrogen
fixation in Pea (Pisum sativum L.)
Seedlings Journal of Plant Physiology
142:25-30

Bonet, A., Poschenrieder, C. and Barcelo, J.
(1991) Chromium III ion interaction in Fe-
deficient and Fe-sufficient bean plants. 1.
Growth and Nutrient content. Journal of
Plant Nutrition 14: 403-414.

Bradford, M. M. (1976) A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle
of  protein-dye  binding.  Analytical
Biochemistry 72: 248-254.

Chaney, R. L., Malik, M., Li, Y. M., Brown, S.
L., Angle, J. S. and Baker, A. J. M. (1997)
Phytoremediation of soil metals. Current
Opinion in Biotechnology 8: 279-284.

Chatterjee, J. and Chatterjee, C. (2000)
Phtotoxicity of cobalt, chromium and
copper in cauliflower. Environmental
Pollution 109: 69-74.

Chen, H. and Cutright, T. (2001) EDTA and
HEDTA effects on Cd, Cr and Ni uptake by
Helianthus annuus. Chemosphere 45: 21-
28.

Cho, U. and Seo, N. (2005) Oxidative stress in
Arabidopsis thaliana exposed to cadmium
is due to hydrogen peroxide accumulation.
Plant Science 168: 113-120.

Clemens, S. (2006) Toxic metal accumulation,
responses to exposure and mechanism of
tolerance in plants. Biochemistry 88: 1707-
1719.

Cohen, M. D., Kargacin, B., Klein, C. B. and
Costa, M. (1993) Mechanism of chromium
carcinogenicity and toxicity. Critical
Reviews in Toxicology 23: 255-281.

Cunningham, S. D., Berti, W. R. and Huang, J.
W. (1995) Phytoremediation of
contaminated soils. Trends Biotechnology
13:393-397.

Davies, F. T., Puryear, J. D., Newton, R. J,,
Egilla, J. N. and Grossi, J. A. S. (2001)
Mycorrhizal fungi enhance accumulation
and tolerance of chromium in sunflower
(Helianthus annuus). Journal of Plant
Physiology 158: 777-786.

de Pinto, M. C., Tommasi, F. and De Gara, L.
(2000) Enzymes of the ascorbate
biosynthesis and ascorbate-glutathione
cycle in cultured cells of tobacco Bright
Yellow 2. Plant Physiology and
Biochemistry 38: 541-550.

Di Cagno, R., Guidi, L. and De Gara, L. (2001)
Combined cadmium and ozone treatments
affectphotosynthesis and ascorbate

dependent defences in sunflower. New
Phytologist 151: 627-636.

Dixit, V., Pandey, V. and Shyam, R. (2002)
Chromium ions inactivate electron transport
and enhance superoxide generation in vivo
in pea (Pisum sativum L. cv. Azad) root
mitochondria. Plant, Cell and Environment
25: 687-690.

Ghosh, M. and Singh, S. P. (2005)
Comparative uptake and phytoextraction
study of soil induced chromium by
accumulator and high biomass weed
species. Applied Ecology and
Environmental Research 3: 67-79.

Heath, R. L. and Packer, L. (1968)
Photoperoxidation in isolated chloroplasts.
1. Kinetics and stechiometry of fatty acid
peroxidation. Archives in Biochemistry and
Biophysics 125: 189-198.

Hu, J., Chen, G. and Irene, M. (2005) Removal
and recovery of Cr (VI) from wastewater by

maghemite nanoparticles. Waters Research
39: 4528-4536.

Igbal, M. Z., Saeeda, S. and Shafig, M. (2001)



AD

(Helianthus anmuus) o3 ST a2y 5 43 4510571 oS Wl i L :(}; S S Ols KT olE 655 58 L

Effects of chromium on an important arid
tree (Caesalpinia pulcherrima) of Karachi
city, Pakistan. Ecology(Bratislava) 20: 411-
422,

Karuppanapandian, T., Sinha, P. B., Kamarul
Haniya, A. and Manoharan, K. (2009)
Chromium-induced accumulation of
peroxide content, stimulation of
antioxidative enzymes and lipid
peroxidation in green (Vigna radiata L. cv.
Wilczek) leaves. African Journal of
Biotechnology 8: 475-479.

Khudsar, T., Mahmooduzzafar and Igbal, M.
(2001) Cadmium-induced changes in leaf
epidermis, photosynthetic rate and pigment

concentrations in Cajanus Cajun. Biologia
Plantarum 44(1): 59-64.

Kocik, K. and Ilavsky, J. (1994) Effect of Sr
and Cr on the quantity and quality of the
biomass of field crops. Production and
utilization of agricultural and forest
biomass for energy, Zvolen, Slovakia.

Lodeiro, P., Fuentes, A., Herrero, R. and Sastre
de Vicente, M. E. (2008) Cr (III) binding by
surface polymers in natural biomass: the
role of carboxylic groups. Environmental
Chemistry 5: 355-36.

Mamdouh, F. A. (2007) Chromium in

receiving environment in Egypt
(Overview).  Electronical Journal of
Environmental, Agricultural and Food

Chemistry 6: 2178-2198.

McGrath, S. P. (1985) The uptake and
translocation of tri- and hexa-valent
chromium and effects of the growth of oat
in flowing nutrient solution and in soil.
New Physiologist 92: 381-390.

Meidner, H. (1984) Class Experiments in Plant
Physiology 156-157.

Panda S. K. and Choudhury, S. (2004)
Changes in nitrate reductase (NR) activity
and oxidative stress in moss Polytrichum
commune subjected to chromium, copper
and zinc toxicity. Brazilian Journal of Plant
Physiology 23:53-70.

Panda, S. K. and Patra, H. K. (1998) Alteration
of nitrate reductase activity by chromium

1ons in excised wheat leaves. Indian Journal
of Agricultural Biochemistry 2(2) 56-57.

Panda, K. S. (2007) Chromium-mediated
oxidative stress and ultrastructural changes
in root cells of developing rice seedlings.
Journal of Plant Physiology 164: 1419-
1428.

Panda, S. K. (2003) Heavy metal phytotoxicity
induces oxidative stress in Taxithelium sp.
Current Science 84: 631-633.

Panda, S. K. and Choudhury, S. (2005)
Chromium stress in plants. Brazilian
Journal of Plant Physiology 17: 95-192.

Panda, S. K. and Khan, M. H. (2003)
Antioxidant efficiency in rice (Oryza sativa
L.) leaves under heavy metal toxicity. Plant
Biology 30: 23-29.

Panda, S. K. and Patra, H. K. (1997)
Physiology of chromium toxicity in plants.

a review. Plant Physiology Biochemistry
24(1): 10-17.

Panda, S. K. and Patra, H. K. (2000) Nitrate
and ammonium ions effect on the
chromium toxicity in developing wheat
seedlings. Proceedings of the National
Academy of Sciences India 70: 75-80.

Panda, S. K., Mahapatra, S. and Patra, H. K.
(2002) Chromium toxicity and water stress
simulation effects in intact senescing leaves
of greengram (Vigna radiata L. var
Wilckzeck K851). Advances in Stress
Physiology of Plants 129-136.

Pandey, V., Dixit, V. and Shyam, R. (2005)
Antioxidative responses in relation to
growth of mustard (Brassica juncea cv.
Pusa Jaikisan) plants exposed to hexavalent
chromium. Chemosphere 61: 40-47.

Prasad, M. N. V. (2007) Sunflower
(Helianthus annuus L.): a potential crop for
environmental industry. HELIA 30:167-
174.

Prasad, M. N. V. and Strzaka, K. (2002)
Physiology and biochemistry of metal
toxicity and tolerance in plants. Plant
Sciences 161: 881-889.

Rai, V., Vajpayee P., Singh, S. N. and



WY Sl conb oslad cpsler Jlo ¢ LS ulidion s

A?

Mehrotra, S. (2004) Effects of chromium
accumulation on photosynthetic pigments,
oxidative stress defense system, nitrate
reduction, praline level and eugenol content

of Ocimum tenuiflorum L.. Plant Science
167: 1159-1169.

Salt, D. E., Blaylock, J. M., Kumar, N.,
Dushenkov, S., Chet, 1. and Raskin, I.
(1995) Phytoremediation: a noval strategy
for the removal of toxic metals from the
environment using plants. Biotechnology
13:468-474.

Samantaray, S., Rout, G. R. and Das, P. (1998)
Role of chromium on plant growth and

metabolism. Acta Physiologiae Plantarum
20: 201-212.

Shahandeh, H. and Hossner, L. R. (2000) Plant
screening for chromium phytoremediation.
International Journal of Phytoremediation
2:31-51.

Shanker, K. A., Cervantes, C., Loza-Taversa,
H. and Avudainayagam, S. (2005)
Chromium toxicity in plants. Environment
International 31: 739-753.

Sharma, D. C. and Mehrotra, S. C. (1993)
Chromium toxicity effects on wheat
(Triticum aestivum L. cv HD 2204). Indian
Journal of Environmental Health 35: 330-
332.

Sinha, S., Saxena, R. and Singh, Sh. (2005)
Chromium induced lipid peroxidation in the
plants of Pistia stratiotes L.. role of

antioxidants and antioxidant enzymes.
Chemosphere 58: 595-404.

Sundaramoorthy,  P.,  Alagappan, C,,
Kaliyaperumal, S. G., Pachikkaran, U. and
Logalashmanan, B. (2010) Chromium
stress in paddy: (i) Nutrient status of paddy
under chromium stress; (i1)
Phytoremediation of chromium by aquatic
and terrestrial weeds. Comptes Rendus
Biologies 333: 597-607.

Vernay, P., Gauthier-Moussard, C., Jean, L.,
Bordas, F., Faure, O., Ledoigt, G. and
Hitmi, A. (2008) Effect of chromium
species on phytpchemical and physiological
parameters in Datura innoxia.
Chemosphere 72 : 763-771.

Zayed, A., Lytle, C. M., Jin-Hong, Q., Terry, N.
and Qian, J. H. (1998) Chromium
accumulation, translocation and chemical
speciation in vegetable crops. Planta 206:
293-299.

Zhang, X. H., Liu, J., Huang, H. T., Chen, J.,
Zhu, Y. N. and Wnag, D. Q. (2007)
Chromium accumulation by the

hyperaccumulator plant Leersia hexandra
Swartz. Chemosphere 67: 1138-1143.






.wlgb‘)w)ogwu,mQduﬁ@o)gﬁdvplé’ﬁ)lg Ol

Al § Al ST 3 o

LS Ha ESTLYIVYYFYFA Y oyl Ol i (5T sl 5 Sy 4y a) JLs A e ke 05 L
ST il (Sl gl il ol (glataT ;s el a Olghl olils aasi V1YYV
et (AL By dloea (o)l ) WS

ool Jlayl 35 (SLES & cerrerreerssnreserssssssss s o ko I 1y aloes Lok
........................................................................................................................................................... B3> gl
..................................................................... )&)}J u»lla.: e)La.m
..................................................... u.:}iz.wb J_}}M :g‘.g:ﬁjfg‘ e U;JLM.:

G55 o asbulsS Ol L —Olgisl o8ty — o o Sl s DL —Olgiwl SLis o 1) SSL Lid oo
wolo b Jloyl AVVESVIFEY @ ey 1S — alS lidn ) alowe 5 — Cows 5 Sl )Ll (ol o1






Journal of Plant Biology, 4™ Year, No. 11, Spring 2012 7

A physiological analysis of sunflower under chromium stress:
Impact on plant growth, bioaccumulation and oxidative stress induction
on sunflower (Helianthus annuus)

Pariya Sadat Pirooz, Khosrow Manouchehri Kalantari * and Fatemeh Nasibi

Department of Biology, Faculty of Science, Shahid Bahonar University, Kerman, Iran

Abstract

Chromium (Cr) is a highly toxic heavy metal for microorganisms, animals and plants. Due to
its widespread industrial use, it has become a serious pollutant in a diverse array of
environments. Excess Cr is a stressful factor for plants that can limit their growth. It can also
induce oxidative stress in plants. In this research, four-week sunflowers which were grown
under controlled greenhouse conditions, were exposed to various concentrations of Cr (0.0,
0.001, 0.01, 0.1. 1.0, 5.0, 10.0 mM) to determine how chromium would affect the growth and
oxidative stress induction in the root part of sunflower. The field survey showed that 5 and
10 mM concentrations of Cr led to lowering growth parameters (such as; length, fresh and dry
weigh) in sunflower's roots. However, the lower concentrations showed no significant
differences compared to the control. In contrast, the content of malondialdehyde as the
oxidative stress indicator, increased in this two high level chromium. In addition, chromium
treated sunflower roots showed increased proloine contents in 5 and 10mM concentrations. In
contrast, protein content reduced in 0.001 mM consentration of chromium compared to the
control. However, reduced ascorbate contents in roots occurred with the increase in
dehydroascorbate and total ascorbate amount under 1, 5 and 10 mM concentration of Cr
treatment. Despite some stress symptoms, sunflower roots accumulated high amount of
chromium, and it seemed that chelation and compartmentation of Cr in the roots was a
tolerant mechanism for sunflower which occurred under chromium stress.

Key words: Accumulation, Chromium, Growth parameters, Oxidative stress, Sunflower
(Helianthus annuus)
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Characterization of two unicellular Algae species Scenedesmus obliquus and
Desmodesmus cuneatus from Mahabad dam lake, west Azerbaijan

Zahra Asal Pishe ', Reza Heydari > and Ramin Manaffar '+
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? Department of Biology, Faculty of Sciences, Urmia University, Urmia, Iran

Abstract

During the recent years, unicellular algae have been considered as an important source of
unsaturated fatty acids, carotenoids such as beta-carotene and food and drug supplementaries.
These algae also play important role as live food in breeding of zooplankton, molluscs and
aquatic animals in larval stage. So far many species of different families and generas of
unicellular algae have been rightly introduced for aquaculture industry. The family of
Scenedesmaceae 1s known as one of the important microalgae which belongs to
Chlorophyceae class. This family is identified with several generas which are all important in
aquaculture industry for Artemia, Daphnia and Rotifer breeding. In this research, in order to
obtain laboratory demands of unicellular algae, one the most important fresh water sources of
west Azerbaijan province, Mahabad dam lake was investigated. This study consisted of
morphologic, molecular and nutrition value which resulted in isolation of two species of
Scenedesmus obliquus, Kiitzing 1833 and Desmodesmus cuneatus, Hegewald 2002 of this
family. The study of mass and batch culturing potential and also the fatty acid profile of these
species revealed efficiency of these species for aquaculture industry. However, in spite of
morphologic similarities of the two, the total fatty acids of Desmodesmus cuneatus was found
significantly higher than other species (P<0.05).

Key words: Algae, Desmodesmus cuneatus, Scenedesmus obliquus, Live food, Unicellular
algae
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Optimization of regeneration and transformation of canola
Hyola 308 and RGS003 lines

Reza Goleyjani Moghaddaam, Mostafa Motallebi *, Mohammad Reza Zamani '
and Habib Rezanejad

Department of Plant Biotechnology, National Institute of Genetic Engineering and Biotechnology, Tehran, Iran

Abstract

The objective of the study was to develop an efficient method for shoot regeneration and
Agrobacterium-mediated gene transformation into Brasica napus cultivars, Hyola308 and
RGS003. Different concentrations of benzylaminopurine (BAP) (3.5, 4, 4.5, 5, 5.5 and 6
mg/L) were evaluated for shoot regeneration of petiol cotyledonary explants. Also, the effect
of preconditioning and co-cultivation periods and acetosyringone concentrations were studied
on the Gus reporter gene transformation. The experimental design was factorial based on
completely randomized design with 3-5 replications. Maximum shoot regeneration was
obtained using 3.5 mg/L BAP with 112% for Hyola308 and 120% for RGS003 cultivars. The
transformed plants were screened on kanamycin containing medium and the presence and the
expression of the reporter gene were confirmed by PCR and Gus assay, respectively. The
highest effect on transformation efficiency was observed through 48 h preconditioning and
co-cultivation period and 100 puM acetosyringone for Hyola308 (33%), and 38 h
preconditioning period, 72 h co-cultivation period and 50 uM acetosyringone for RGS003
(38%).

Key words: Canola, Regeneration, Transformation, GUS, BAP
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Expression analysis of dehydrins gene family in barley tolerant and
sensitive cultivars and wild genotype under drought conditions
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Abstract

Dehydrins are known as late-embryogenesis abundant (LEA) proteins Group II, which are
accumulated during low-temperature or water-deficit conditions. They are asumed to play a
role in freezing and drought-tolerance in plants. In order to study the impact of dehydrins in
response of tolerant and sensitive genotypes to drought, one experiment was carried out in a
factorial design based on CRD for a wild ecotype and two barley cultivars in greenhouse. The
barley cultivars including Yusef (HV1) and Morocco (HV2) and wild ecotype (HS) were as
the first factor and irrigation treatment with three levels consisted of normal (70% of water
holding capacity of soil), mild stress (30%) and severe stress (10%) was as the second factor.
Normal irrigation was continued in two leaf stage and then discontinued for plants under
stress to achieve certain level of stress. The samples were collected from the expanded leaves
in vegetative stage for physiological and molecular analysis. Analysis of variance for
physiological characteristics showed that the effect of water stress on all traits and differences
between genotypes were significant, and HV2 had significantly lower dry mater production
and relative water content than the other genotypes. Based on the real time PCR results,
among 13 barley dehydrin genes, except for Dhn8 and Dhnl3, expression of other genes
significantly upregulated under severe drought condition. The expression level of Dhn3,
Dhn7, Dhn9 and Dhnl( was increased in the tolerant genotypes, HV1 and HS, whereas the
expression level of Dhnl and the other genes increased only in Yusof and HS, respectively
that was indicative of the role of dehydrin genes in drought tolerance. The increase of Dhnl2
expression level in wild ecotype through drought condition is reported for the first time in the
current study.

Key words: Barely, Dehydrin, Drought tolerance, Gene expression, Spontaneum
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The effects of methyl jasmonate and salinity on some morphological
characters and flower yield of German chamomile
(Matricaria chamomilia L.)

Fatemeh Salimi and Farid Shekari *

Department of Agronomy and Plant Breeding, Faculty of Agriculture, University of Zanjan, Zanjan, Iran

Abstract

The effect of methyl jasmonate on some morphological characters and flower yield of
chamomile under salt stress was evaluated under greenhouse conditions. The experimental
design was as factorial based on a randomized complete block design (RCBD) with three
replications. In this research, methyl jasmonate (MeJA) sprayed at five levels including, 0
(without spraying or control treatment), 75, 150, 225 and 300 uM and also salt stress applied
at four levels including 2.1 (without adding salt), 6, 10 and 14 dS/m by adding NaCl to each
pot. MeJA sprayed at three growth stages: a) 3 to 4 leaves, b) stem elongation and c)
flowering (anthesis). Results showed that spraying with MeJA and salinity had significant
effects (P<0.05) on all measured traits. The highest leaf area, root and shoot weight and
flower yield, and the lowest, specific leaf weight and root length were obtained in 75 uM and
6 and 14 dS/m salted treatments, respectively. In this treatments root and shoot weight
increased significantly. Shoot weight in other treatments of MeJA showed values that equal
with control treatments. In treatments with higher than 75 uM MelJA, resulted in a reduction
of root weight. However, root weight in plants which treated with MeJA, in all salt levels was
higher than control treatment. It seemed that chamomile might have an enhancement effect on
its growth at mild salinity conditions. There was a positive correlation between leaf area and
flower yield. Therefore, treatments or conditions that induced expansion of leaf area could
increase flowers yield. Results showed that methyl jasmonate enhanced flower yield both in
normal and salt stress conditions.

Key words: Chamomile, Salinity stress, Flower yield, Methyl jasmonate, Root and shoot
weight
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Enhancement of lignan and phenylpropanoid compounds production by
chitosan in Linum album cell culture
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Abstract

Podophyllotoxin (PTOX) is a lignan compound which occurs in a few plant species and has
pharmacological significance for its anticancer activities. Linum album, one of endemic
species in Iran, has PTOX and other lignans. Chitin and Chitosan are the main compounds of
fungal species and as biotic elicitors could be used to improve secondary metabolites. In this
study, we investigated the different concentration effects of chitin and chitosan on cell
growth, PTOX and lariciresinol production in /. album cell culture. Next, we evaluated the
effecr of optimal concentration of chitosan on lignan, phenol, flavonoid, flavonol and lignin
content at different times. Treatment of L. album cell cultures with the 100 mg/L chitosan
increased the production of PTOX and lariciresinol about two times higher than contol.
In addition, Chitosan increased phenol, flavonoid and flavonol. Lignin was increased 2-fold
higher than the control in response to chitosan. To study mechanism of chitosan action,
phenylalanine ammonio-lyase (PAL) and cinnamyl alcohol dehydrogenase (CAD) activity
were investigated. The activity of PAL and CAD enzymes involved in the first steps of the
PTOX biosynthesis was activated by chitosan, reaching a peak within three days after
treatment. Chitosan regulated the production of PTOX, lariciresinol and phenylpropanoid
compounds by effecting on enzymes activity through PTOX biosynthesis pathway.

Key words: Chitosan, Lignan, Linum album, Podophyllotoxin
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Study of flora, life forms and chorotypes of plant elements in pastural
region of Yahya Abad (Natanz)
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Abstract

The Region of Yahya Abad is located at the Southern slops of Karkas mountains with about
area of 6000 hectare, at 35 kilometres southwest of Natanz. The lowest altitude of this region is
2000 m and the highest altitude is 2720 m. The average annual precipitation is 147.22 mm and
mean annual temperature is 15.41 °C. The overall plants of the area constituted 190 species
belonging to 31 families and 129 genera. A total of 18 genera (62%) and 23 species (12%)
belonged to monocotyledons, 111 genera (86%) and 167 species (88%) to dicotyledons. The
most families were Asteraceae (36 species), Poaceae (23 species), Fabaceae (19 species),
Brassicaceae (18 species), Lamiaceae (17 species), Caryophyllaceae (12 species) and Rubiaceae
(5 species). Study of chorology indicated that the most plants were the Irano-Turanian floral
elements (71.1%) and Irano-Turan-Euro-Sieberian floral elements (14.4%), among which 35
species were endemic of Iran. In this research, hemicryptophytes (44.7%), therophytes (29%),
chamaephytes (18.4%), geophytes (6.3%) and phanerophytes (1.6%) made up the most
important life forms, respectively.

Key words: Life forms, Irano-Turan, Flora, Chorotypes, Karkas mountains
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