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Abstract
Lead is a heavy metal and an environmental pollutant that oA
affects the structure and performance of plants. The purpose
of this research is to study the effect of lead on some
morphological and anatomical features of Calendula ES s bl 4z OblS 48 Ll 51108 e b lelS s Shes
officinalis, as ornamental plants are particularly important
in terms of preventing pollutants from entering the food

5okl 5 a8 Cl ) Jaoes glaed YT 51 5 K (55 e

3G Ll g glosns el 31 pldbe s 4 bsedNT 55,5 5l

chain. For this purpose, an experiment was conducted with 3t S b Shs Fr oo AU e n s
a completely random design and with three repetitions and S b bl ke ol 4 el e Ates oS 3
applying treatments at the stage of 3-4 leaves. The T '
treatments included control, lead with a low concentration A el (St S A e 5o boled Jlasl 5 15 a5 ol
of 2 mmol and high concentration_ of 3.5_ mmol Qf lead. Y0 U5l 5 Sy ¥ oS B U oo ctals ot Lol
After about a month of plants planting, foliar spraying was o B o o

done for a month with an interval of three days. The results QLS Sl Shele S 2o DS S Gy S e e e
of the research showed that plant length, root length and S el Sl S sy e Aol L el S e 4 U sl

leaf length showed a significant difference with the p ) _ o
application of lead heavy metal compared to the control. In L ol gme sl S dsb 5wl dsb elS dsb a5 sl 0l Jayy
stress, the leaf became smaller and the mesophyll Ll 5 55 S ol Ol dals & o e s L5 S L
parenchyma cells became less and thicker. The germination R, .

percentage of the seeds also showed a significant decrease o A it 5 S S e el Sladshe s 0t S
compared to the control. Anatomical study of the stem also PR PPRN PI W S PR PR TN LS VN - VRT GO I Ve P VR P PO
showed that while the diameter of the stem decreased, the
number of vascular vessels decreased in severe stress, but )
they became larger in size. Although lead poisoning had S Iy (5 Cudns o3l Ll cedd eSS s gl
some effects on the mentioned parameters in seedlings,
these seedlings tolerated the effects of poisoning and were B
able to tolerate 2 mM concentration of lead. 3038 Jood L ot gas SIS LaazalS ol Ll el andls lgpaltoes
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Fig 1- The effect of Pb on the total length of the Calendula officinalis



4\ (Calendula OffiCinaliS))l-Q-) Alianod eLﬁf J.m’;bi 9 &)5.‘53)9.0 GLB‘;};.’ ‘_e')g PO U“""' ey

L oS 5 (WWAQ) 0L 5 il nl 5 Loy
S el S SIS Gl S o s
s o8l sV Ol 4 1y g 5 JB Coasl
T e I g T
A a gl cal ddyy L Sl m e Cailes
O ol ol Al Sl Cmiles &S A 0
oy 5 03 Pk Dleped Cuniles Sl (Glaes
5 a3 Cl s WG kw5

53 oy Jsb o mi ealsly U bk ol
O e by ol pae Sl S A sdalin Jall
13 0L e Jpe e Y05 Y 58 e
ke Y70 5 Y 3058 Sles o3 ads, Jsb (Y ISS)
ol Golbme Sl s @ s e s
Slad b oo 31 315 OLES (g5 lal Bl
5038 68 ios gladshe ) 5 et 0
CErmen L o SalS 1) OlS ady; 5 Sles
O ey Jake ool gl sl B
3pher QLIS Wiyy Ad, GalS Caxge s el
ok 3l e ol s (Cenkei et al., 2010)
5> O OLer 5 oy p o s L
oS 53 (WY¥40) Ol 5 51, S8 e 518 olS

Cm))azy; Jsb

o N B O

1

Jse e ¥ e Jse 0 o

S e 4y dsb e 1Y IS
Fig 2- The effect of Pb on the Root length of the Calendula officinalis
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Fig 3- The effect of Pb on the Leaf length of the Calendula officinalis
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Fig 4- The effect of Pb on the Seed germination of the Calendula officinalis
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Fig 5- Calendula officinalis leaf, a) control plant and b) Pb treatment plant (3.5 mmol) X:10
E) Epiderm, P) parenchyma, Ph) phloem, Xy) xylem
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Fig 6- Calendula officinalis stem, a) control plant and b) Pb treatment plant (3.5 mmol) X:10
E) Epiderm, P) parenchyma, Ph) phloem, Xy) xylem
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