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Table 1- Analysis of variance for the effects of cadmium on some growth characteristics of Spinacia oleracea L.

UL 5 Sl 6257

in vitro
T REESLY & s Jgb Sp ol S ndsb S slaws sl a=s O ds e
Ay S, Petiole Leaf width Leaf Leaf df S.0.V.
length length number
Root dry Leaf dry eng g
weight weight
0.1™ 1.3** 0.04* 0.6™ 0.08" 11" 4 Mﬁsls clale
Cd
concentration
0.04 0.02 0.01 0.04 0.05 1.2 10 sialasl ol
Error
29.1 7.8 7.1 10.6 10.2 15.3 14 CV.

il 1Y 570 Jloixl mhaw 1o s S g (65l (pre B 5525 pas (i 5 4y s g % NS

ns,* and ** are non-significant and significant at P<0.05 and P<0.01, respectively.
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Table 2- Mean comparison for the effects of cadmium concentration on some growth characteristics of Spinacia
oleracea in vitro

ﬁﬁ):«fﬁﬂ.&d j)&-ﬁ"&}j (Cm)gfw:d}b (Cm)ﬁ,up,r— rx.a:lsw
Leaf number per Leaf dry weight Petiole length Leaf width Cd concentration

plant (8) (cm) (cm) (mgL™)

102 2.72 1.6 2.32 0

7.6% 2.0 1.5° 2.1% 1

7.0 1.9° 1.3° 1.6° 2

5.6° 1.3¢ 1.52 1.5° 3

5.3b 1.0¢ 1.52 1.4° 4

2.9 0.37 0.28 2.9 LSD 1%

JML@LSD u‘}n)TwLw'J.u)':v:au\_e)J\;?\ S99 (a.)& oMJQL:.;MLMa u_'e)f

Means with in a column followed by the same letters are not significantly different based on LSD test.
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Table 3- Analysis of variance for the effects of cadmium on enzyme activity and cadmium concentration in root
and leaves of Spinacia oleracea L. in vitro.
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Cadmium Cadmium Al 035,4a  Catalase 50 sows 83150 S.o.V.
concentration concentration
of leaf of root MDA H202 SOD df
145™ 192" 1289 898" 0.01” 0.001" 4 p5edlS il
Cd
concentration
5.3 0.69 126 31 0.001 0.0001 10 ialesT ozl
Error
2.3 7.3 6.1 2.9 1.8 2.6 CV.

Dl ge 1Y 9 10 Jleisl mhaw jo )l pxe 5 ()l giee ST 8929 pue oS 5 4y a5 % NS
ns,* and ** are non- significant and significant at P<0.05 and P<0.01, respectively.
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Table 4- Mean comparison for the effects of cadmium concentration on leaves and root cadmium content and
enzymatic activities of Spinacia oleracea in vitro
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F.Wt)
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8.8° 7.8b 178P¢ 179 0.1° 0.05° 1
9.9b 9.3b 172 191°¢ 0.1° 0.04° 2
192 172 1942 201 0.19% 0.04° 3
18° 16° 18220 2112 0.27° 0.03" 4
2.1 5.9 2.9 14.5 0.08 0.025 LSD 1%
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Means with in a column followed by the same letters are not significantly different based on LSD test
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Table 5- Analysis of variance for the effects of lead concentration on lead content and growth characteristics of Spinacia
oleracea L. in vitro
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ns,* and ** are non- significant and significant at P<0.05 and P<0.01, respectively.

Table 6. Analysis of variance for the effects of lead on enzymatic activity of Spinacia oleracea L. in vitro.
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ns,* and ** are non- significant and significant at P<0.05 and P<0.01, respectively
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Table 7- Mean comparison for the effects of lead on some physiological traits of Spinacia oleracea L. in vitro
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Means with in a column followed by the same letters are not significantly different based on LSD test.
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Table 5- The means for Bio-concentration factor (BCF) amount of lead and cadmium in the leaves of Spinacia oleracea.
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Abstract

This experiment was conducted to evaluate the effects of different concentrations (0, 1, 2, 3 and 4 mg L)
of lead (Pb) and cadmium (Cd) in vitro on the growth characteristics, enzymatic activity and Pb and Cd
compositional content of Spinacia oleracea as CRD with three replications. The seeds were cultivated on
MS medium and the traits were measured after 40 days. The results revealed that the highest
malondialdehyde, H,O2 and the highest Cd content in leaves and roots were observed with 3 and 4 mg L
Cd treatments. The greatest data for catalase and SOD were recorded with four mg L™ Cd and control
plants, respectively. The highest data for the leaves number and width was recorded in control plants not
receiving Cd and Pb treatments. The results also showed that with any increase in Pb treatment levels, the
amounts of MDA, CAT, SOD and H>O> were increased, correspondingly. The highest lead content was
measured in the leaves and roots of plants treated with 4 mgL™ of Pb. The results for bio-concentration
factor showed that spinach could be considered as an excellent candidate for the phytoremediation of both
Cd and Pb.
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