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Table 1-Analysis of variance (mean of squares) of impact of cadmium and lead on the qualitative and quantitative traits in
the first harvest of Mentha piperita L.
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CV (%)

ns, * and **: non-significant and significant at 5 and 1 probability level
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Table 2-Means of cadmium and lead effects on the qualitative and quantitative traits in the first harvest of Mentha piperita L.
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Cd—60 F‘L?’-Lﬁ- 5 —W.)Lg
ppm 61.12 b 28.62° 31.76 b 309.6 bede 82.58 cdef 12.41 b 24 be
Pl Ar —peedlS
Cd-80 ppm 60.46 > 2831° 31420 292.3 cde 80.59 def 12.28 be 238 be
Cd— f‘L;ﬂ_L;ﬂ_ Voo —W.)Lg
100 ppm 59.80% 28.00° 31.08 b 286.% 78.61 ¢f 12.15 e 2.38 be
L
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*Means in treatments followed by similar letter are not significantly different at 5% probability level, using
Duncan's Multiple Range Test (DMRT).
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Table 3- Analysis of variance (mean of squares) of impact of cadmium and lead on the qualitative and quantitative traits in
the second harvest of Mentha piperita L.
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J weight of ~ Weight height leaf per node per essential oil
df plant plant main stem
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Replication
oS * k% * ns * *k k%
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reatment
s
salesl 24 12.68 2.69 10.75 366.00 18.21 0.42 0.004
Error
(Mo2) 9.58 9.58 8.79 10.75 10.05 8.81 6.28 5.04
CV (%)

ns, * and **: non-significant and significant at 5 and 1 probability level
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Table 4- Means of cadmium and lead effects on the qualitative and quantitative traits in the second harvest of Mentha piperita
L

adlw &L&S)‘ Sy o
o ) ol ) a3 5 1318

g )7 039 S 3 ( aBlw 4> 0,5 dlaxi ol

Lo (55) (2%) Main stem (s, Number of leaf o (s 3)5
Fresh weight of  Dry height(cm) ol per plant Number of node Leaf essential
plant (g)  weight (g) Leaf area per main stem oil (%)
(em?)
.mL:J a a a a a a b
Control 43.02 23.64 39.78 2313 2313 57.33 127 «
"‘“éil\o';;:l’g 30.0  * 1993 b 3176 % 1941 1941 ® 49.75 abe 129 s
| —
fgizvop;;“ 3783 ¢ 1901 b 3030 ° 1904 b 1904 b 48.83 e 120 @
P‘Léjjé_wag 3755 * 1859 ° 2974 ° 199.2 ®  199.2 a® 51.01 @ 1.21 =@
ppm
"Léjgo'_“*"” 3637 * 1818 ° 2883 b 1817 ° 1817 ° 46.63 bc 118
-oU ppm
"‘Léjgo"“’*"” 363 1801 ° 2860 b 1774 > 1774 ° 456 b 1.16
-6U ppm
"Léjl\o'o'_“"*"“ 3646 ¢ 1822 > 285 b 1830 b 1830 ° 46.96 ¢ 1.18
- ppm
"‘;,iﬁg'o'p;;’” 3865 @ 19.04 > 3100 b  199.6 ab 199.6 ab 51.23 @ 125 @
| Yoo -0
P(;Eooppﬁ: 3862 @+ 1872 b 3067 1918 b 1918 b 49.06 e 122 @
"‘;,1“22’0'“'”” 37.68 ¢ 1800 b 3078 b 1867 b 1867 ® 48.10 ‘¢ 124 ®
- ppm
P‘;;g‘(\)o Ty 36.12 2 1724 b 30.10 © 186.6 186.6 b 47.8) be 123 ab
- ppm
"‘;iﬁ;g'o"*”” 3672 ° 1695 b 2896 ° 1792 b 1792 45.98 be 122
- ppm
"ﬁ)ﬁ;g'o'p‘p;’” 2894 b 1731 b 2775 b 1741 % 1741 °® 4147 ¢ 1.06 ©
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*Means in treatments followed by similar letter are not significantly different at 5% probability level, using
Duncan's Multiple Range Test (DMRT).
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Introduction

Industrialization has been the cause of environmental pollution and one of significant pollutant is that of
heavy metals. These hazardous elements can cause to water and soil pollution. These metals can accumulate in
the food chain and create damages for human and livestock. Researchers revealed that increasing Cd, Pb, Cu, Mn
and Zn concentrations caused to decreasing of shoot fresh weight and essential oil yield. Scavroni et al (2005)
indicated that peppermint was able to accumulate the heavy metals in shoot tissues but did not enter into
essential oil. Therefore study the effect of heavy metals on morphological and quantitative traits of medicinal
plants is essential.

Materials and methods

The experiment was done in the research greenhouse of the Agricultural Faculty of Ferdowsi University of
Mashhad in 2011.The treatments were arranged basis on a randomized block design with three replications.
Treatments were included T1:0, T2:10 ppm cd , T3:20 ppm cd,T4:40 ppm cd,T5:60 ppm cd, T6:80 ppm cd
¢d,T7:100 ppm cd,T8:100ppm pb, T9:300 ppm pb, T10: 600 ppm pb, T11: 900 ppm pb, T12: 1200 ppm pb and
T13: 1500 ppm pb. Peppermint was cultivated with uniform weight rhizomes harvested from the research farm
of Ferdowsi University of Mashhad. Every rhizome had two buds and six rhizomes were planted in pots of
dimensions 30x50x35 cm. Treatments were irrigated with cdcl, and pbel, with the administered doses and
control was irrigated with distilled water. Plants were harvested two times at the first stages of flowering. The
essential oil percentage was measured with 30 grams of dried leaves by Clevenger device.

Results and discussion

Increasing cadmium and lead concentrations caused a decline of fresh and dry weight, main stem height, leaf
area per plant, leaf number per plant, number of nodes per plant and essential oil percentage compared to the
control. At the first harvest, increasing doses of Cd caused a decrease of fresh weight. This decline was 18.16%
at 100 ppm Cd and was 24.55% at 1500 ppm Pb compared to the control. At the second harvest, fresh weight
declined by 15.24% and 32.72% compared to the control at 100 ppm cadmium and 1500 ppm lead, respectively.
At the highest concentrations of Cd and Pb, dry weight of peppermint was dropped 22.92% and 25.88% at the
first harvest. For the second harvest, decreased dry weights were 39.01% and 26.77% compared to the control,
respectively. Stancheva et al (2010) revealed that increasing cadmium and lead concentrations caused to the
shoot and root weights of sage (Salvia officinalis L.) declined by 15 and 10%, respectively. They mentioned the
glutathione-ascorbate cycle plays a vital role in neutralizing the destructive effects of ROS in sage. In this cycle,
guaiacol peroxidase, ascorbate peroxidase and catalase enzymes increase and lead to diminish the ROS activity.
In the same doses of cadmium and lead (100 ppm), cadmium had a more reductive effects than lead for all traits
except for essential oil at the first harvest. This event is due to more toxicity of cadmium compared to lead. The
toxicity threshold of cadmium and lead was reported 5 and 30 mg kg'. Tirillini et al., (2006) reported that
hypericin content in essential oil of hypericum perforatum L. was not affected by chrome stress.
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Conclusion

Essential oil, fresh and dry weight of peppermint did not show any significant change when the
concentrations of cd and pb were maximum, so it seems that peppermint can be cultivated in polluted water or
soil with cadmium and lead.
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