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Abstract

Lead is a heavy and toxic metal that can enter soil and water through industrial activities, chemical fertilizers,
and urban pollution, ultimately being absorbed by plants. The aim of this study was to investigate the effects of
different lead concentrations on growth, protein content, and ascorbate peroxidase activity in quinoa
(Chenopodium quinoa) cv. Sadough. Quinoa plants were treated with 0, 400, and 600 pM lead. After harvest,
root and shoot length, fresh weight, total phenolic content, protein content, and ascorbate peroxidase activity
were measured. The results showed that increasing lead concentrations in the growth medium had a significant
negative effect on all measured parameters. Root and shoot length, as well as fresh weight, were significantly
reduced, indicating impaired plant growth and decreased accumulation of organic matter. In addition, the
reduction in protective compounds such as phenolics reflected a weakened plant defense mechanism against
stress. Moreover, protein content and ascorbate peroxidase activity decreased in a concentration-dependent and
significant manner compared to the control group, indicating the harmful effects of lead on vital biochemical
processes and the plant’s antioxidant defense systems. The findings of this study demonstrate that the presence
of lead in the growth medium substantially disrupts plant growth and biochemical health. These results
emphasize the importance of controlling metal pollution in the environment to maintain plant performance and
resilience.
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Extended Abstract

Introduction

Heavy metals are among the most
important soil and water pollutants due to
their high chemical stability, non-
degradability in the environment and
ability to bioaccumulate. These metals
gradually enter natural ecosystems through
industrial, agricultural, mining and fossil
fuel activities and accumulate especially in
agricultural soils. Among these metals,
lead (Pb) is one of the most toxic non-
essential elements that has no biological
role in plant growth and development, but
its presence even at low concentrations can
cause serious disturbances in the
physiological and biochemical processes
of plants. By entering plant cells, lead
disrupts the ionic balance, prevents the
absorption of essential elements such as
calcium, iron and magnesium, and induces
oxidative stress, causing the production of
reactive oxygen species (ROS) including
hydrogen peroxide (Hz0,). If left
unchecked, these species damage vital
macromolecules such as lipids, proteins
and DNA, leading to impaired
photosynthesis, reduced cell division and
ultimately plant growth arrest. In contrast,
plants naturally have antioxidant defense
systems that include enzymes such as
ascorbate peroxidase (APX), catalase and
superoxide dismutase (SOD) as well as
non-enzymatic compounds such as
phenols, flavonoids and ascorbate. APX
plays a key role in the ascorbate-
glutathione cycle and prevents the
accumulation of H,O, in the cell by
reducing it to water. However, under
conditions of severe lead stress, this
defense system may become paralyzed and
unable to protect the cell from oxidative
damage.

In recent years, quinoa (Chenopodium
quinoa Willd.) has attracted global
attention as a cereal-like plant with high
nutritional value and relative tolerance to
non-salinity stresses. It has been proposed
as a strategic option for future food
security due to its complete protein, fiber,
vitamins, and minerals, as well as its
ability to be cultivated under adverse
conditions (such as saline or arid soils).
However, there is limited information on
how indigenous quinoa cultivarsespecially
the cultivar ‘Sadooq’ cultivated in Iran,
respond to heavy metal stress such as lead.
Previous studies have mainly focused on
foreign cultivars such as ‘Puno’ or
‘Titicaca’ and have shown that the
physiological responses of quinoa to lead
differ between cultivars. Therefore,
investigating the behavior of the cultivar
‘Sadooq’ under lead stress conditions will
not only help to better understand the
mechanisms of tolerance or sensitivity of
this cultivar, but also may provide
guidance for agricultural decisions in
contaminated areas. In this study, the
effect of different lead concentrations on
growth, protein content, photosynthetic
pigments, APX enzyme activity, and
phenolic compounds in Sadouq quinoa
was investigated to evaluate the role of
these biochemical indicators in response to
lead stress.

Methods

The experiment was conducted under
greenhouse conditions in a completely
randomized design with three biological
replications. Quinoa plants of the Sadouq
cultivar were grown in perlite medium and
lead treatments (as lead nitrate) were
applied at three concentrations of 0
(control), 400 and 600 pM. Also, the
protective effects of B-carotene, gallic acid
and NaCl were investigated separately and
in combination with lead. After the end of
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the growth period, traits including root and
stem length and fresh weight, chlorophyll
and carotenoid content, total protein
content, APX enzyme activity, total phenol
content and antioxidant capacity (by
DPPH method) were measured. Data were
analyzed using SPSS software and one-
way ANOVA test and comparison of
means based on Duncan's test at 5% level.

Results and Discussion

The results showed that increasing lead
concentration led to a significant decrease
in fresh weight and length of roots and
stems, with roots being more affected than
stems. The growth reduction was
accompanied by a decrease in chlorophyll
a, b, and carotenoid content, indicating
damage to chloroplast structure and the
photosynthetic system. Also, the total
protein content in aerial tissues was
significantly reduced. The activity of the
APX enzyme which plays a key role in the
removal of hydrogen peroxide was also
significantly lower in lead-stressed plants
than in the control. In contrast, the total
phenol content and antioxidant activity
(DPPH) in lead-treated plants slightly
increased, probably indicating the
activation  of  secondary defense
mechanisms. B-carotene and gallic acid
treatments were able to partially reduce
these negative effects, so that both plant
growth was improved and the levels of
antioxidant enzymes and pigments were
maintained. The findings of this study are
consistent with previous studies that have
shown that lead inhibits plant growth by
inducing oxidative stress and disrupting
nutrient uptake. The decrease in APX in
the Sadouq cultivar indicates that the
antioxidant system of this cultivar is easily
paralyzed by high concentrations of lead
unlike some foreign cultivars in which
APX was increased in other studies. This
difference could be due to the unique

genetic characteristics of the cultivars. On
the other hand, the positive effect of -
carotene and gallic acid in modulating lead
stress highlights the importance of using
natural  antioxidant  compounds in
managing plant cultivation in
contaminated soils. These compounds
probably protect cellular structures by
neutralizing reactive oxygen species or
activating defense genes.

Conclusion

Lead significantly impairs the growth and
physiological performance of quinoa cv.
Sadooq. These damages are mainly due to
the disruption of the antioxidant system
and the reduction of the activities of key
enzymes such as APX. However, the use
of antioxidant compounds such as -
carotene and gallic acid can be used as a
practical strategy to reduce the toxic
effects of lead under field conditions.
These findings not only contribute to a
better understanding of the mechanisms of
tolerance/sensitivity in Sadooq, but also
can be used in future planning for plant
cultivation in areas contaminated with
heavy metals.
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