Biochemical and physiological responses of peppermint (Mentha piperita
L.) plant to heavy metal stress in urban areas
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Introduction A

Urban agriculture, as one of the basic features of urban planning, helps to increase the quality
of urban life due to its cultural, economic and social benefits. However, po
metals in cities causes the accumulation of these metals in different parts of ants and
also the risk of consuming them for food in urban green spa&

Material and methods

This study was conducted to assess the amount of heavy tion and its effect on
some biochemical and physiological properties of pepper (Mentha piperita L.), in
Mashhad city in 2021.The experiment was carried outyas a factorial in the form of randomized
complete block design in three replicat‘d‘The (location) were phase 4 Park (with
high degree of contamination) and Nasim ®ark (with ee of contamination). The second
factor was the times of harvest (Junel5, Julyl st ¥9). At the time of every harvest
aitsg, W
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The results of analys‘oalar'an indi effect of location was significant on all
traits except fo i fect of harvest time was significant on all
traits except for peeOXxi ivitymand the yleld of essential oil. However, the interaction of

locationand harves i only on phenol, flavonoid, proline, cadmium and lead

The results indi e ascorbate peroxidase, catalase and peroxidase activities were
oreover, the highest activities of ascorbate peroxidase, catalase and
rded in phase 4 + first harvest. Heavy metals cause the production of
nd also increase the activity of antioxidant enzymes. However, the
chlorophyll a, b, carot@noid and total chlorophyll contents were higher in Nasim. Thus, the
highest contents of , Chlp, Chlotai and carotenoid were observed in Nasim + first harvest.
The higher amount of chlorophyll and carotenoids in the first harvest is due to the optimal
growth conditions such as day length and sunlight and ambient temperature. In addition, total
phenol, flavonoid, proline, Cd and Pb elements indicated a reducing trend in phase 4 compared
to Nasim Park in different harvest times, but the amount of these traits were higher in the first
harvest than in the subsequent harvests. Increased amount of total phenol in the first harvest
can be related to the high air temperature at the first harvest which caused stressful conditions
in this stage. Proline production also improves under heavy metal stress in order to protect the
plant against toxicity. Nevertheless, the percentage of essential oil showed an increasing trend
via enhancing the absorption of Pb and Cd in phase 4 compared to Nasim Park. The higher
percentage of essential oil in phase 4 can be due to the lower growth of leaves due to the

peroxidase were re
reactive free radical



presence of more heavy elements in this area. In general, despite the fact that only the
concentration of Pb was higher than the world standard level in both parks, the contamination
with Cd and Pb (especially Pb) was more in phase 4 than in Nasim Park, which was a factor in
diminishing the growth traits of peppermint plants. In a case of harvest times, the first harvest
recorded better growth characteristics and higher absorption of heavy metals due to the higher
strength of the plant, while in the third harvest, due to spending more energy for re-growth, it
had lower growth characteristics and weaker absorption of Pb and Cd metals.
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k PI‘4 Par Nasim Park

193 96

189 92

0.657 191 91

0.629 191 93
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Table 2. Analysis of variance of antioxidant enzymes, tighoil and the concentration of heavy
elements under the influence of different treatments. ificant difference at the probability
level of one percent, five percent a e ‘respectively.
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SOV Lead al oil % al oil Ascorbate  Catalase  peroxidase
functio peroxidase
n
Sl
Block 0.007" 3.387 0.006™  0.0007™ 0.0005" 0.0003" 0.0005"
(A) o
Location 1.280" 379320  0.672"  0.0012" 0.088™ 0.0288™ 0.02738™
(B) cuslsyy
Harvest 0.2038™ 264.48™ 0.206™  0.0002™ 0.013™ 0.003™ 0.0153"
oley X ol
AxB 0.316™ 41.41" 0.007"  0.0001" 0.0001" 0.0001" 0.003™
(228
Error 0.020 2.7 0.005 0.0003 0.0003 0.0002 0.004
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Rest of Table 2. Analysis of variance of physiological and biochemical traits under the influence of different
treatments. **, * and ns indicate a significant difference at the probability level of one percent, five percent and no
significant difference, respectively.
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S.0vV T Proline Phenol  Flavonoid Chlorophyll Chlorophyll Carotenoid Total
a b chlorophyll
Sol 2
Block 0.000004" 0.261" 0.221™ 0.002"™ 0.0004" 5.99™ 0.003"
(A) o 1
Location 0.0598™ 68.44™ 41.40™ 1.0804™ 0.1352™ 0.080" 2.85™
(B) sl )
Harvest 0.0025™ 4.46™ 3.88™ 0.0760™ 0.0469™ 0.005™ 0.318™
oles X ol 2
AxB 0.0004™ 378" 162 0.0004" 0.0003"™ 0.0015" 0.232™
s 10
Error 0.0007 3.176 0.26 0.0048 0.0015 0.0005 0.009
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Fig2. The interaction of location (Nasim and phase 4 Parks) and different harvests (B1 June%, B2 July 5, B3
August 5) on the activity of catalase enzyme (min/mg of protein)
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Fig 5. The interaction of location (Nasim and phase 4 Parks) and different harvests (B1 June 2 July 5, B3
August 5) on the content of chlorophyll b (mg/g FW)
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