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Summary
This study aimed to determine the variation in metal resorption, mobilization and accumulation in various parts of Vitis vinifera L. In contrast to N and P, the
metal resorption is undesirable for plants. Root, stem,
tendril, leaf and fruit samples were collected in green
and senescence periods. Metal concentrations were determined by ICP-OES. Resorption efficiency and proficiency values of metals were calculated. Results showed
Cr toxicity in organs of Vitis vinifera. All the metals mobilized among organs. Except Mn and Pb, resorption
occurred for metals in various organs. Results indicated that metals were resorbed from various organs and
accumulated in other plant tissues, especially in roots
and leaves. Mn and Pb weren't reabsorbed from any
organ and tended to accumulate especially in leaves.
Due to leaf abscission, high metal content in senescent
leaves is good for growth of V. vinifera and harmful for
sustainability of soil and ecosystems.
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Introduction
It is known that fertilizers and pesticides are used in
agricultural fields and cause metal contaminations in crops.
Because metals lead to various damages in metabolism,
metal pollution is a vital problem for organisms. So, this
necessitates the testing food materials and determining the
metal contents.
Element contents in plants are regulated by several
mechanisms such as photosynthesis, nutrient uptake and
resorption. While photosynthesis and nutrient uptake enable
plants to get new nutrients, nutrients in plants tissues are
conserved by resorption. Mobilization of elements from
senescent organs to durable organs in plants is called resorption. The resorption mechanism is important for nutrient
conservation and plant growth. There are two measures of
resorption, resorption efficiency (RE) and proficiency (RP).
RE is the difference in nutrient contents between green and
senescent organs (Aerts 1990). RP is the remaining nutrient
concentration in senescent organs (Killingbeck 1996). There

are many studies on resorption (Aerts 1990, Fife et al. 2008,
He et al. 2020, Zheng et al. 2020). Because of their importance for plant growth, previous studies mostly focused on
leaf N and P resorption (Kutbay et al. 2003, Kumar and
Singh 2005, Nongbri and Barik 2020). But, little is known
about resorption of metals in different plant organs, which
is important for metal accumulation.
Metals are important elements in ecosystems because
some of them are essential nutrients for organisms in low
concentrations (Cu, Fe, Mn, Zn, Ni, Mo, Co); they become
toxic above certain concentrations and the others are toxic even at very low concentrations (Rengel 1999). They
threat organisms by causing damages and ecosystems by
disturbing the balance of chemicals and processes. They
are derived from several sources such as traffic, industrial
and agricultural activities. Associated with urbanization,
industrialization and population increase, metal pollution
became one of the basic problems in ecosystems. Metals
in agricultural fields basically come from traffic, pesticides
and fertilizers in most regions. Because of its importance,
numerous studies were carried out on metal pollution on the
accumulation of metals in different plants (Sharma et al.
2008), biomonitoring the pollution (Karavin et al. 2014),
determining the effects of metal sources (Alagić et al. 2015),
and their effect on organisms and environment (Zheng et al.
2007). There are a few studies on resorption of metals which
are quite important in order to determine their accumulation
in plants and health of plants (Killingbeck and Costigan
1988, Nieminen and Helmisaari 1996). In contrast to N and
P resorption, metal resorption in plants is undesirable. More
metal resorption from senescent organs means more metal
accumulation in plant tissues.
Fruits and leaves of V. vinifera L. are used as food and
raw material for vine, cosmetics and medicines. Determining the rates of metal resorption in different organs of
V. vinifera is important for growth, crop quality and health.
Accumulation of metals in plant tissues year by year may
cause increased heavy metal concentrations in plant tissues
and this may cause damages in plants and organisms and
even death of plants in the long term. Additionally, resorption
mechanism is important for sustainability of ecosystems
because this process determines the amount of elements
which added to the soil by means of abscission. So, the
objectives of the study were (1) to determine how metals
mobilize and accumulate in different parts of V. vinifera and

Correspondence to: Dr. N. Karavin, Amasya University, Health Science Faculty, Nursing Department, Amasya University Campus
Ipekkoy, Amasya, Turkey E-mail: nnecli@gmail.com
© The author(s).
This is an Open Access article distributed under the terms of the Creative Commons Attribution Share-Alike License
(http://creative-commons.org/licenses/by-sa/4.0/).

106

N. Karavin and İ. Batın

(2) the resorption rates of metals in various organs. It was
hypothesised that metals may be absorbed from senescent
organs and these may cause accumulation of metals in durable tissues of V. vinifera.
Material and Methods
This study was carried out in three vineyards in Nevşehir, Turkey. Leaf, stem, root and tendril samples were
collected from eight grapevines in each vineyard in mature
green and senescence periods. Fruit samples were collected
only in the green period. Organ samples of green and senescence periods were collected from same grapevines. Organ
samples were dried in a drying oven at 75 °C until constant
weight was reached and milled. For each organ, two of the
eight samples were pooled and mixed. The metal analyses
were done in these four mixtures of organ samples. The
microwave method was applied to milled organ samples
for dissolution (Altundağ and Tüzen 2011). Metal concentrations were determined by ICP-OES. RE of metals were
calculated as
Mgreen - Msenescent
RE (%) =
x 100
Mgreen
where the RE, Mgreen and Msenescent expressed resorption
efficiency (%), metal concentration of plant tissues in the

mature green period (µg·g-1) and in the senescence (µg·g-1),
respectively. Resorption proficiency (RP) of metals (µg·g-1)
was determined as residual metal concentrations in senescent leaves (Yuan et al. 2005). Since there isn't any direct
relationship between soil nutrient content and resorption of
nutrients and metals, soils of the vineyards weren't analyzed
(Madejon et al. 2004, Tang et al. 2013).
Statistical analyses were done by using SPSS (20). The
differences in metal concentrations between green and senescent periods were determined by Independent sample T-test.
Differences in metal concentrations among organs were
examined by one-way ANOVA and Tukey post-hoc test.
Results
All the metal concentrations varied among organs both
in the green and senescence period (Fig. 1). In the green
period, maximum accumulation occurred in roots for Co and
Fe, in leaves for Cu, Mn and Pb, and in stem for Cr. In the
senescence period, maximum metal accumulation occurred
in leaves for almost all of the metals.
Most of the metals mobilized from one organ to another
and their concentrations varied between green and senescent
periods (Fig. 1). Decrease in element concentrations in the
senescent period compared with the green period indicates
resorption of elements from senescent organs. Metal con-

Fig. 1: Mean metal contents of V. vinifera organs in green and senescence period. Different big letters indicate the significant differences
in metal concentrations of organs between green and senescent period and different small letters indicate the significant variation in
metal concentrations among organs at P ≤ 0.05 level.

Resorption, mobilization and accumulation of metals
centrations in senescent organs indicate also resorption
proficiency.
According to the results, except Mn and Pb, other
metals were translocated from various organs to anothers.
Mn and Pb tended to accumulate in organs, especially in
leaves (Fig. 2). Co was resorbed from roots (46 %), stems
(77 %) and tendrils (33 %). Cr resorption occurred only in
stems (72 %).Cu was resorbed from stems (51 %), tendrils
(19 %) and leaves (25 %). Fe was resorbed from roots (12
%) and tendril (47 %).
Discussion
According to the results, Cr was in toxic levels while the
other metals in different organs were within normal values
which was reported by Kabata-Pendias and Mukherjee
(2007). There isn't any Cr uptake mechanism because Cr is
not an essential element and it is taken up along essential
elements (Singh et al. 2013). High Cr accumulation in plants
causes reduction in growth and biomass, and structural
damages (Singh et al. 2013). Cr toxicity is important both
for crop quality and health of organisms. Additionally, Cr
toxicity affects seed germination, seedling growth, senes-

Fig. 2: Mean RE (%) values of metals in organs of V. vinifera.
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cence, pigment status, and nutrient contents of crop plants
(Bishnoi et al. 1993, Sharma and Agrawal 2005). Cr toxicity
also influences other organisms which feed on V. vinifera,
especially humans.
Metal concentrations in senescent organs were also resorption proficiency values of metals. Lower metal concentrations in senescent leaves indicate more proficient usage
of metals and high resorption rate of metals. Because RP is
not dependent on temporal variation and sampling date, it
is reported as a more useful resorption parameter than RE
(Killingbeck 1996). However, this may be useful for other
nutrients such as N and P because the resorption of these
elements was examined by various studies (Aerts 1990,
Kutbay et al. 2003, Kumar 2005, Fife 2008). But, resorption
of metals is still unclear and there isn't any determinant value that indicates proficient usage of metals. So, comparing
metal concentration in green and senescent plant parts may
provide useful information about resorption of metals. Because of this reason, resorption rate was mostly evaluated
by considering RE values of metals in the current study. The
remobilization rate of metals in V. vinifera varied widely.
Only Cu was resorbed from the leaves of V. vinifera. It was
also resorbed from stems and tendrils and accumulated in
roots. Because it is an essential nutrient, the resorption of
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Cu is important and useful for plant growth. Cu is required
for chlorophyll formation, effective in photosynthesis by
regulating CO2 uptake and as component of enzymes, cofactor for some of the metalloproteins etc. (Saleem et al.
2020). By its resorption mechanism, V. vinifera becomes
less-dependent to new Cu uptake in the growing season.
Several factors may decrease Cu uptake such as soil structure, amount of organic materials and usage of fertilizers.
In such a case, resorption of Cu provides an advantage to
V. vinifera. However, resorption of Cu also leads to accumulation in V. vinifera tissues. Because it is also a toxic element
in high concentrations for plants, this mechanism may lead
to Cu toxicity later especially in polluted environments. In
this study, mean Cu concentrations were below the average
content of Cu for plants (10 µg·g-1 dry weight) (Baker and
Senef 1995, Yruela 2005). So, there was no Cu toxicity
for V. vinifera.
Cu resorption from leaves of different plant species
was also reported by Killingbeck and Costigan (1988) and
Harvey and Driessche (1999). In the study of Maillard et
al. (2015), Cu was widely remobilized in most of the species. However, Shi et al. (2011) did not determine leaf Cu
resorption in nine deciduous and evergreen species. Nieminen
and Helmisaari (1996) found an increase in Cu content in
senescent leaves of Pinus sylvestris L.
Co resorption was determined in roots, stems and
tendrils of V. vinifera. It tended to accumulate in leaves.
As a result, considerable amount of Co was removed from
V. vinifera tissues by means of litterfall.
Cr was only resorbed from stems and accumulated in
roots, tendrils and especially leaves. Cr toxicity in V. vinifera
might be decreased by means of fall of tendrils and leaves.
In addition, Fe resorption occured in roots and tendrils
and it tended to accumulate in leaves. A certain amount of
Fe was lost through defoliation. When it is thought that Fe
is an essential element for plant growth, removal of it by this
way indicated no efficient usage by V. vinifera.
Accumulation of metals in plant tissues are threatening
plant survival. Because Mn and Pb are toxic elements, the
lack of Mn and Pb resorption from senescent organs to durable organs in V. vinifera is advantageous for growth (Bora
et al. 2020). Accumulation in leaves provided decrease in
Mn and Pb concentration through abscission. Thus, these
harmful elements were removed from plant tissues.
It was known that relationships among elements affect
mineral content of plant tissues. There are synergistic and
antagonistic relationships between elements. These relationships may play a role in mineral uptake, translocation
and remobilization of plants and cause differences in RE
and RP of elements.
Residual metal concentrations in senescent organs
indicate metal addition to the soil by means of abscission.
High amounts of metals in senescent organs are good for
plant health, but detrimental to soil and ecosystems. Plant
litter which contains high amounts of metals such as leaves
of V. vinifera decompose and metals are released to soil.
On the other hand, metals in plant litter may cause slow decomposition. Several studies reported lower decomposition
rates based on metal pollution and it was found that polluted
litter decomposed more slowly than unpolluted litter (Berg

et al. 1991). In V. vinifera, most of the metal content was
found in senescent leaves. Tendrils also contained metals.
By considering this, leaves and tendrils, which constitute
most of the above ground litter layer may decompose more
slowly because of their metal content. Metals in plant litter
may inhibit microbial activity in soils and cause a decrease
in decomposition rate.
Conclusion
In contrast to essential elements, resorption of metals is
undesirable for plant growth and health (Narendrula-Kotha
et al. 2020). This study provides useful detailed information
about metal status of V. vinifera which is one of the most
important crops in the world. Except for Mn and Pb, other
metals tended to be resorbed in several organs of V. vinifera in this study. Because of its strong toxicity, lack of Pb
resorption is very important for growth of V. vinifera. Less
accumulation of metals in fruits and high accumulation of
metals in leaves are vital for organisms that feed on V. vinifera. High accumulation of metals in senescent leaves is good
for growth, but it is harmful for ecosystems because of metal
addition to the environment through abscission of leaves.
Metal resorption from leaves, roots, stems and tendrils of
V. vinifera, which has never been reported previously, were
demonstrated in this study. It was thought that results will
provide useful information for future studies.
Acknowledgements
This study was funded by the Amasya University Scientific
Research Foundation (project no. FMB.BAP.13.047).

References
Aerts, R.; 1990: Nutrient use efficiency in evergreen and deciduous species
from heathlands. Oecologia 84, 391-397.
Alagić, S.Č.; Tošić, S. B.; Dimitrijević, M. D.; Antonijević, M. M.; Nujkić, M. M.; 2015: Assessment of the quality of polluted areas based
on the content of heavy metals in different organs of the grapevine
(Vitis vinifera) cv. Tamjanika. Environ. Sci. Pollut. R 22, 7155-7175.
Altundağ, H. and Tüzen, M.; 2011: Comparison of dry, wet and microwave
digestion methods for the multi element determination in some dried
fruit samples by ICP-OES. Food Chem. Toxicol. 49, 2800-2807.
Baker, D. E.; Senef, J. P.; 1995: Copper. In: B. J. Alloway (Ed.): Heavy
metals in soil, 179-205. Blackie Academic and Professional, London.
Berg, B.; Ekbohm, G.; Söderström, B.; Staaf, H.; 1991: Reduction of
decomposition rates of Scots pine needle litter due to heavy-metal
pollution.Water Air Soil Pollut. 59, 165-177.
Bishnoi, N. R.; Dua, A.; Gupta, V. K.; Sawhney, S. K.; 1993: Effects of
chromium on seed germination, seedling growth and yield of peas.
Agr. Ecosyst. Environ. 47, 47-57.
Bora, F. D.; Bunea, C. I.; Chira, R.; Bunea, A.; 2020: Assessment of the
quality of polluted areas in Northwest Romania based on the content
of elements in different organs of grapevine (Vitis vinifera L.). Molecules 25, Art. 750.
Fife, D. N.; Nambiar, E. K. S.; Saur, E.; 2008: Retranslocation of foliar
nutrients in evergreen tree species planted in a Mediterranean environment. Tree Physiol. 28, 187-196.
Harvey, H. P.; Van Den Driessche, R.; 1999: Poplar nutrient resorption in
fall or drought: influence of nutrient status and clone. Can. J. Forest
Res. 29, 1916-1925.

Resorption, mobilization and accumulation of metals
He, M.; Yan, Z.; Cui, X.; Gong, Y.; Li, K.; Han, W.; 2020: Scaling the
leaf nutrient resorption efficiency: Nitrogen vs phosphorus in global
plants. Sci. Total Environ. 179, 138920.
Kabata-Pendias, A.; Mukherjee, A. B.; 2007: Trace Elements from Soil to
Human. Springer-Verlag, New York.
Karavin, N.; Cansaran, A.; Yıldırım, C.; 2014: Investigation on heavy
metal accumulation of Aesculus hippocastanum L., Platanus orientalis L. and Populus alba L. and determining the pollution levels
in Amasya, Central Black Sea region of Turkey. Fresen. Environ.
Bull. 23, 1080-1084.
Killingbeck, K. T.; Costigan, S. A.; 1988: Element resorption in a guild
of understory shrub species: niche differentiation and resorption
thresholds. Oikos 53, 366-374.
Killingbeck, K. T.; 1996: Nutrients in senecensed leaves: Keys to the
search for potential resorption and resorption proficiency. Ecology
77, 1716-1727.
Kumar, P.; Singh, A.; 2005: N and P resorption efficiency in certain tropical
tree species planted on mine spoil. Indian J. Forest. 28, 371-375.
Kutbay, H. G.; Yalçın, E.; Bilgin, A.; 2003: Foliar N and P resorption and
foliar nutrient concentrations in canopy and subcanopy of a Fagus
orientalis Lipsky forest. Belg. J. Bot. 136, 35-44.
Madejon, P.; Maranon, T.; Murillo, J. M.; Robinson, B.; 2004: White
poplar (Populus alba) as a biomonitor of trace elements in contaminated riparian forests. Environ. Pollut. 132, 145-155.
Maillard, A.; Diquélou, S.; Billard, V.; Laîné, P.; Garnica, M.; Prudent,
M.; Garcia-Mina, J. M.; Yvin, J. C.; Ourry, A.; 2015: Leaf mineral
nutrient remobilization during leaf senescence and modulation by
nutrient deficiency. Front. Plant Sci. 6, 317.
Narendrula-Kotha, R.; Theriault, G.; Mehes-Smith, M.; Kalubi, K.;
Nkongolo, K.; 2020: Metal toxicity and resistance in plants and
microorganisms in terrestrial ecosystems. Rev. Environ. Contamin.
Toxicol. 249, 1-27.
Nieminen, T.; Helmisaari, H. S.; 1996: Nutrient retranslocation in the
foliage of Pinus sylvestris L. growing along heavy metal pollution
gradient. Tree Physiol. 16, 825-831.

109

Nongbri, L. B.; Barik, S. K.; 2020: Patterns of nitrogen resorption efficiency
among different functional groups of trees in a subtropical forest of
Meghalaya. Tropic. Ecol. 1-8.
Rengel, Z.; 1999: Heavy Metals as Essential Nutrients. In: Heavy Metal
Stress in Plants. Springer, Berlin, Heidelberg.
Saleem, M. H.; Fahad, S.; Khan, S. U.; Din, M.; Ullah, A.; Sabagh, A.
E.; Hossain, A.; Llanes, A.; Liu, L.; 2020: Copper-induced oxidative
stress, initiation of antioxidants and phytoremediation potential of
flax (Linum usitatissimum L.) seedlings grown under the mixing of
two different soils of China. Environ. Sci. Pollut. Res. 27, 5211-5221.
Sharma, R. K.; Agrawal, M.; 2005: Biological effects of heavy metals: an
overview. J. Environ. Biol. 26, 301-313.
Sharma, R. K.; Agrawal, M.; Marshall, F. M.; 2008: Heavy metal (Cu,
Zn, Cd and Pb) contamination of vegetables in urban India: A case
study in Varanasi. Environ. Pollut. 154, 254-263.
Shi, R.; Bässler, R.; Zou, C.; Römheld, V.; 2011: Is iron phloem mobile
during senescence in trees? A reinvestigation of Rissmüller's ﬁnding
of 1874. Plant Physiol. Biochem. 49, 489-493.
Singh, H. P.; Mahajan, P.; Kaur, S.; Batish, D. R.; Kohli, R. K.; 2013:
Chromium toxicity and tolerance in plants. Environ. Chem. Lett.
11, 229-254.
Tang, L.; Han, W.; Chen, Y.; Fang, J.; 2013: Resorption proficiency and
efficiency of leaf nutrients in woody plants in eastern China. J. Plant
Ecol. 6, 408-417.
Yuan, Z. Y.; Li, L. H.; Han, X. G.; Huang, J. H.; Jiang, G. M.; Wan, S.
Q.; 2005: Soil characteristics and nitrogen resorption in Stipa krylovii
native to northern China. Plant Soil 273, 257-268.
Yruela, I.; 2005: Copper in plants. Brazil. J. Plant Physiol. 17, 145-156.
Zheng, N.; Wang, Q.; Zhang, X.; Zheng, D.; Zhang, Z.; Zhang, S.; 2007:
Population health risk due to dietary intake of heavy metals in the industrial area of Huludao City, China. Sci. Total Environ. 387, 96-104.
Zheng, L. L.; Zhao, Q.; Sun, Q. Y.; Liu, L.; Zeng, D. H.; 2020. Nitrogen
addition elevated autumn phosphorus retranslocation of living needles
but not resorption in a nutrient-poor Pinus sylvestris var. Mongolica
plantation. Forest. Ecol. Manage. 468, 118174.

Received February 6, 2020
Accepted June 4, 2020

