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Abstract: Metals are a natural part of terrestrial systems occurring in soil, rock, air, water and organisms.
Copper, however is essential to plant metabolism in trace amounts. Copper (Cu) is an essential micronutrient
for growth and development of plants and plays a significant role in many physiological process. Copper
enrichment in agricultural soils is due to an intensive use of copper sulphate for more than 100 years in order
to fight fungi development. It can also be due to the input of sewage sludge, fertilizers, pesticides and
herbicides. In high concentrations it can become toxic for plants especially it decreases crop yield. This review
summarizes the heavy metals (CuSo,) on maize (Zea mays L.) for morphological, biochemical and chemical
attributes. Copper stress gradually depressed shoots length, roots length and number of roots with increasing
Cu levels in MS media. Fresh and dry weight of maize fodder increased with C\u application but decreased at
their higher combinations. The main action of Cu is at the whole plant level in reduced growth and at the organ

level in leaf symptoms.
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INTRODUCTION

Unrestricted mining, municipal waste disposal
practices and extensive use of agrochemicals have
resulted in the addition of large amounts of heavy metals
at many places of the world [1, 2]. Increased amounts of
heavy metals (HM) in soil and, consequently, in forage
and foodstuffs when penetrate into living organisms
produce mutagenic, teratogenic, carcinogenic or toxic
effects. Though a higher concentration of HM may cause
adverse effects, the biota still may require some of these
elements but they are required in trace quantities, not in
large quantities [3, 4]. Some heavy metals are essential
micronutrients for plants but in most of plant species their
excess may result in metabolic disorders and growth
inhibition [5]. These metals persist indefinitely in soil so
they are causing an ever-increasing threat to human
health and agriculture [6]. Metal toxicity actually depends
on plant species as these species exhibit considerable
genetic variation in their ability in tolerating amounts and
the concentration of specific heavy metals [7]. Excessive
amount of heavy metals in growth medium causes an
apparent damage of plant tissues and this damage can be
used as an indicative of toxic effects of metals [8]. Corn

ranks third in the global cereal production and is utilized
as food, feed and fodder. Large quantities of corn are
used in extracting oil, manufacturing cellulose products
and mild abrasives. Different studies are reporting
different mechanisms that are responsible for tolerance
or sensitivity of different plant species to heavy metals
[1, 8-10]. Metal tolerance in plant can be defined as
avoidance of metal uptake or its accumulation in plant
tissues without developing any toxicity symptoms. On the
other hand sensitive species may lack this mechanism and
show toxicity symptoms and poor development. The
present study was aimed at determining heavy metal
tolerance in corn and to draw parallels between tolerance
and metal accumulations. Heavy metal tolerance was
tested at germination and seedling growth of corn as
these are the key events for the establishment of plants
under any prevailing environment [11].

Growth inhibition is a general phenomenon
associated with most of heavy metals [12, 13]. The
tolerance limits for HM toxicity are specific for different
species even for every variety of cultural plants [14, 15].
Metal toxicity in plants has been reported by various
authors [13-16]. However, results of these investigations
are rather contradictory, as the nature of HM effect
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depends on the species, variety and age of plants and the
concentrations, duration of effect, physical and chemical
properties of contaminants [16]. The aim of the work was
to investigate the effect of different Cu doses on the
growth of maize seedlings.

Copper (Cu) is an essential micronutrient for growth
and development of plants and plays an important role in
many physiological process. Like most micronutrients,
Cu is also needed in small amounts by the plant. At
cellular level, Cu plays an essential role in signaling of
transcription and protein trafficking machinery, oxidative
phosphorylation and iron mobilization [17]. Moreover,
Cu is required in biological systems as a structural
component. It can inhibit plant growth at higher
concentrations in soil so it can act as a stress factor
causing physiological responses [18]. Excess of Cu
concentrations alters protein function and enzyme activity
and so it may induce a significant toxic effect [19].
Toxicity may result from the binding of metals to
sulfhydryl groups in the protein. It leads to the inhibition
of activity or disruption of the structure [20]. It was
proposed that, Cu interferes with the biosynthesis of the
photosynthetic machinery modifying the pigment and
protein composition of photosynthetic membranes
[21, 22]. Copper can also substitute for Mg in chlorophyll
present in both antenna complexes and reaction centers,
so it damages the structure and function of chlorophyll
[23]. In addition, excess Cu concentrations are said to
generate oxidative stress due to an increase in the levels
of reactive oxygen species (ROS) within subcellular
compartments [24].

Effect of CuSO, on Seedling, Root and Shoot of Zea
mays: The seeds of maize were applied with varying
concentration of copper sulphate. It indicated that
Germination of Z. mays seed was not affected by CuSO,.
Similarly, the rate of germination was constant both in the
absence and presence of CuSO, [25]. Germination
frequencies of maize seeds and length of the maize axial
organs were treated with different copper solutions was
presented [29]. A statistically significant increase of
germination rate, as compared with control seeds, was
observed for seeds treated with solutions of copper.
Under physiologically advantageous amounts of copper,
no significant increase of root growth was observed.
Moreover, high quantities of copper had a tendency to
decrease shoot length [29].

Maize cultivars were grown on MS media
supplemented with different concentrations of Cu. Some
showed better responses to copper stress. While some

41

showed higher shoots and roots length [36]. Fresh and
dry weight of maize fodder increased with the copper
application but decreased at their higher combination [37].

In the case of CuSO, the seeds started germination.
The growth of root and shoot was high at control level
and it was low at some treatments. There was a marked
difference at varying concentration of CuSO, on Z. mays
[25]. While in the case of copper after germination, growth
distinctions in the root system of maize seedlings were
rather obvious. High amounts of copper resulted in root
growth inhibition as compared to control plants [29].

Plant growth distinction was even more pronounced.
Copper ions stimulated seedling growth at low
concentrations but resulted in growth suppression at the
higher ones [29]. Plant death was resulted under the
exposure of high concentration of copper. Nonetheless,
strong yield reductions, proving a toxic effect of copper
on maize growth and for the aerial plant for corn [38].

A significant root growth inhibition was resulted on
the exposure of maize seedlings to copper solutions,
though shoot growth remained less affected. A low
copper concentration stimulated an increase of root fresh
weight [29]. The effect of copper on shoot-to-root ratio
variation was more pronounced. Moreover, exposure to
copper increased the content of abscisic acid and induced
stomata closure [35].

Excess Cu results in a reduction in plasma membrane
integrity in plant roots and it is thought that this is the
mechanism by which Cu toxicity retards root [8, 43, 44].

The above discussion showed that copper has no
influenced on Z.mays seeds. This insignificant effect of
copper indicated that seeds use reserved food material
during germination but not metal ion [26]. Therefore, the
presence of small concentration of heavy metals in the
culture medium cannot account for inhibition of
germination in Z. mays [26]. These results are consistent
with other herbaceous species like Triticum vulgare and
Avena sativa [27] and in arboreal gymnosperms Piceae
rubens and Abies balsamica [28]. However the effect of
copper was more significant on root and shoot growth of
Z. mays [28].

In general, a copper physiological concentration
stimulates the growth of the young plants. However, the
suppression of growth processes and biomass
accumulation (especially in roots), leaf area reduction and
water misbalance was caused by higher concentrations of
copper. A decrease of transpiration and water content
plants under the influence of Cu was observed [30-33].
The effect of Cu on water exchange was evidenced by the
reduction of leaf size [34] and stomata [29] and by a
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decrease of turgor [34], the inhibition level depends on
the chemical nature and concentration of a heavy metal.
Copper toxic effect actualizes via denaturalization of the
metabolically relevant proteins [30].

Copper toxicity has a significant effect on root
growth and form, often before any effect on above-
ground growth [40]. Copper toxicity can be associated
with a purpling of foliage [39] but this is not apparent in
all species [41]. Common symptoms of Cu toxicity to
plants are plant growth reduction and inhibition of plant
development [42].

CONCLUSION

Metal toxicity issues in plants and soils are a
significant problem throughout the world. The effect of
CuSo4 on seedling of maize is insignificant while it is more
prominent on root and shoot of maize plant. Seeds use
reserved food material during germination but not metal
ions. In general, the growth of young plant is more when
the copper concentration is high but minimum at low
concentration (especially in roots). At this level leaf area
reduce and water misbalance also occurs. This all depend
upon the chemical nature and concentration of copper.
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