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Fig. 1. Cross section of leaf in control and 180 pM treatments. A & B: abaxial epidermis and cuticle of leaf
in control (A) and 180 pM treatment (B) plants in flowering stage; C & D: midrib of control (C) and 180

pM treatment (D) plants in flowering stage; F & E: cross section of stem in control (E) and 180 pM
treatment (F) plants in shooting stage.
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Table 2. Influence of Pb pollution on stem structural of M.chamomilla in different stages of development
oS dohe e adile cwlks Caoles Coles  amas,bd Jld Wl ki ke hd bl L

(Uses,50) £ JsSHs Cag el sl szl S Wl GRessSe)
GogySee) oS (GRagSw)  GRegySan)  (eg)Soe)  (Fog)See)  (hag i)
diameter

developmental Pb thickness of thickness  thickness of vascular xylem  phloem pithof diameter
stages concentration epidermis  of cuticle  of cortex system  diameter diameter  stem of stem

uM um
oaoasle 0 7.52a 0.68 a 4134 ¢ 7091a 30.22a 10.52a 49549a 600.35a
shooting 60 7.17b 0.69 a 44.08 b 6544b 27.44b 10.01b 48546b 583.54b
120 622¢ 0.72 a 54.48 a 4725d 23.61c 9.16¢c 47693b 576.07b
180 6.16 ¢ 0.73 a 55.86a 4455d 22.08c 891c 46838c 567.57c¢
240 6.97b 0.70 a 45.03 b 60.26c  26.12b 998b 481.69b 578.92b
e 0 7.56 a 0.68 a 43.12 ¢ 7191a 31.22a 11.72a 496.82a 601.85a
flowering 60 723 a 0.69 a 45.64 b 66.01b 28.56b 11.21b 491.37a 585.14b
120 6.23b 0.72 a 55.68a 49.58¢c  2471c 10.59c¢ 479.22b 578.74b
180 6.12¢ 0.73 a 56.79 a 4722c¢  23.09c 10.02d 469.32c¢ 568.52c¢
240 7.01b 0.70 a 46.36 b 63.18b 27.13b 11.18b 482.16b 579.65b

P <0/01 a5)las o ls (sime gl Sl ygo3] ooy el o ool (ylis S e g, b (ygim 50 50 a5 la Sl
Within each column, means followed by the same letter are not significantly different at the 0. 01 level of
probability by Duncan's multiple range tests.
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Table 1. Influence of Pb pollution on root structural of M.chamomilla in different stages of development.

o885 Jole e ale &35 o il b @ozvgl i ST il s Ay, ks
(Js09,5) (o9 ySn0) (o9 y50) (09 yS0) (o9 y5n0)
Pb diameter of
developmental concentration central vascular diameter of diameter of Leaf area
stages (uM) (um) xylem (pum) phloem (um) (um)
&5 0 25931 ¢ 170.47 ¢ 53.69 a 624.77 ¢
rosette 60 263.20b 17943 b 52.85b 630.10 b
120 263.90 b 184.61b 50.38b 632.33b
180 268.89 a 194.63 a 4545 ¢ 641.96 a
240 267.64 a 189.81 a 47.26 ¢ 638.36 a
spodsl 0 270.31 a 188.54 a 54.54 ¢ 630.11 ¢
shooting 60 267.05b 183.36b 55.36b 638.57b
120 264.81 be 180.10 be 56.55b 642.36 ab
180 264.59 ¢ 177.36 ¢ 57.71 a 644.73 a
240 266.61 be 183.84 b 55.74b 638.76 b
XTI 0 270.43 ¢ 189.40 ¢ 56.05 ¢ 635.84 ¢
flowering 60 274.76 ab 193.64 ab 58.51 ab 650.00 a
120 273.31b 192.67b 57.57b 645.36b
180 272.88b 192.55b 57.63 b 644.57b
240 276.60 a 19537 a 59.44 a 651.83 a

P =0/01) 55,105 515 cmo gles ,S5ls 051 Lulaol p il sas oals (lid S pidie Bgym b (g 50 50 a5 olan Sl
Within each column, means followed by the same letter are not significantly different at the 0. 01
level of probability by Duncan's multiple range tests.
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Fig. 2. Cross section of root in control (A); 180 pM treatment in rosette stage (B); 180 nM treatment
in shooting stage (C); 240 pM treatment in flowering stage (D). phloem:ph; xylem: xy; space:S.
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Table 4. Lead concentrations in root and shoot of M. chamomilla in different stages of

development.
32855 J=lye Oy dale Pb concentration in 3O e dalE
stages of Pb concentration (root) Ay, shoot)  lsa alusl (flower) s
development
(M) Jges,50e
&5, 0 2.1e 1.8¢ -
rosette 60 10.4d 46d -
120 39.7¢ 6c¢ -
180 108 a 12.8a -
240 70.4b 8.6b -
203l 0 7.6c¢ 1.4d -
shooting 60 20.8b 19¢ -
120 20.5b 29b -
180 259a 3a -
240 2040 2.1c -
XTI 0 1.1d 0.6¢ 09d
flowering 60 9.4b 37b 4c¢
120 53¢ 2.1d 17.8 a
180 238 a 42a 55b
240 75b 35¢ 3.6¢c

Within each column, means followed by the same letter are not significantly different at the 0. 01 level
of probability by Duncan's multiple range tests.
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Abstract

In recent decades, increased human industrial activities and enormous fertilizer application in
agriculture section has promoted heavy metal release into the environment. Pb is one of the
most prominent heavy metal contaminant in the ecosystem. In spite of its global importance,
there is little knowledge regards mechanisms of lead toxicity in plants. Regarding industrial
and medicinal importance of Matricaria chamomilla, the response of this species to lead
toxicity was investigated at rosette, shooting and flowering stages. To examine this, plants
were transplanted to hydroponic culture at rosette stage and were exposed to different Pb
nitrate treatments including 0, 60, 120, 180, 240 pM. Plants were harvested after completing
each developmental stages for analysis and studying. The results revealed that the root Pb
concentration was greater than that of above ground parts at all studied stages. Examining
leaf, stem and root cross sections showed that increased Pb absorption caused similar changes
in leaf and stem anatomy at all investigated stages. However, Pb influence on root anatomy
was dissimilar at different developmental stages, so that Pb pollution increased the diameter
of xylem and vascular tissues at rosette stage but it reduced these traits at shooting stage.

Keywords: Pb pollution, Matricaria chamomilla, rosette, shooting, flowers anatomical
studies.
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