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Abstract: Relatively little is known about the role of Ni in plant nutrition, physiology and metabolism, especially in woody 
perennial species. Preliminary results in 2004 in 28 samples of various fruits of several regions of Greece, showed that 
in 10 samples Ni concentration was zero. The scope of this research was to make a first attempt to investigate whether 
the previous results was a result of Ni deficiency in the soils or an inability of certain species to absorb Ni from the soil. 
The research was carried out in two orchards with different soil Ni concentrations. In both orchards, the higher Ni 
concentration in apple fruits was measured for the cultivar Red Chief. However, leaf Ni concentration of the same cultivar 
wasn’t so high indicating that the translocation and redistribution of Ni to the fruits is a characteristic of this cultivar. 
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1. INTRODUCTION 

The discovery in 1975 that nickel (Ni) is a compo- 
nent of the enzyme urease [1], which is present in a 
wide range of plant species, led to renewed scientific 
interest on the role of Ni in higher plants. Its essentiality 
to higher plants was proposed by Brown et al. [2]. 
Nickel belongs to metals showing considerable mobility, 
in particular at acid soil environment [3]. There is a 
relative abundance of Ni essentially in all soils (>5 kg 
ha-1) whereas low levels thought to be needed by 
plants (about 1–100 ng g-1 dry weight) [4]. Several 
researchers have reported growth responses of plants 
to Ni fertilization under field conditions. Ni-deficient 
soybean (Glycine max L.) accumulate toxic levels of 
urea in their leaflet tips because of a depression in 
urease activity in their leaves [5]. Walker et al. [6], 
working with cowpeas (Vigna unguiculata L.), suggest- 
ed that Ni participates in N metabolism of legumes 
during the reproductive phase of growth. Ni-deficient 
tomato plants (Lycopersicon esculentum L.) developed 
chlorosis in the newest leaves and, ultimately, necrosis 
of the meristem [7]. Whereas many proteins contain Ni, 
Ni nutrition of higher plants and its physiological signi- 
ficance, especially to woody perennials, have received 
little attention [8]. There are several enzyme systems 
(NiFe-hydrogenase, carbon monoxide dehydrogenase,  
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acetyl-CoA decarbonylase synthase, methyl-coenzyme 
Mreductase, superoxide dismutase, Ni-dependent gly- 
oxylase, aci-reductone dioxygenase, and methyleneu- 
rease) in bacteria and lower plants that are activated by 
Ni [9]; however, the activation of urease appears, to 
date, to be the only enzymatic function of Ni in higher 
plants [10].  

Relatively little is known about the role of Ni in plant 
nutrition, physiology, and metabolism, especially in 
woody perennial species. Ni deficiency of pecan (Carya 
illinoinensis) [Wangenh.] K. Koch is the most well known 
deficiency in trees. Morphological symptoms of Ni 
deficiency in pecan were also reported [11]. However, 
there is a dearth of information regarding the influence 
of Ni deficiency on metabolism and associated bio- 
chemical symptoms of woody perennial species. Ni 
concentration in leaves of various plant species ranges 
from 0.05-5 mg kg-1 dry weight. N concentration of soils 
has a high correlation with plant Ni concentration since 
Ni is absorbed easily from the plant’s roots and is 
mobile inside the plants [12]. Ni concentrations >10 mg 
kg-1 are considered toxic in sensitive species and >50 
mg kg-1 in tolerant species [13]. 

Preliminary results in 2004 in 28 samples of various 
fruits of several regions of Greece, showed that in 10 
samples Ni concentration was zero (Stylianidis unpub- 
lished data). The scope of this research was to make a 
first attempt to investigate whether the previous results 
was a result of Ni deficiency in the soils or an inability 
of certain species to absorb Ni from the soil.  
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2. MATERIALS AND METHODS 

The research was conducted in two orchards in 
Naoussa area in northern Greece (long. 220 12’ 0’’ E; 
lat. 40029’04’’N; elevation 270m). In the first orchard 
(A) of 1.5 ha, the peach cultivars Sun Crest and Andross 
were cultivated grafted on GF677 rootstock. The trees 
were 12 years old, trained as an open vase shape and 
planted at 3.5 x 4 m apart. At the same orchard the 
apple cultivars Jonagold, Red Chief, Golden Delicious 
and Firiki were cultivated grafted on M26 rootstock. 
The trees were 15 years old, trained as a palmette and 
planted at 3.5 × 3m apart. In a second orchard (B) of 3 
ha located in another nearby area the apple cultivars 
Golden B, Firiki, Lutz Golden, Starckrimson, Golden 
Delicious, Imperial Double Red Delicious and Red Chief 
were cultivated. The trees were 18 years old, grafted 
on M26 rootstock, trained as a palmette and planted at 
3.5 × 3m apart. Soil analyses data of the two orchards 
are given in Table 1. Leaf samples for leaf analyses 
were collected in mid July. Leaves were collected from 
the middle of moderately vigorous shoots from each 
tree around the periphery, at shoulder height. Fruit 
samples were collected at the harvest period of each 
cultivar. All samples were initially washed once with tap 
water and twice with distilled water. Leaf samples were 
dried in a forced draft oven at 68°C for 72h and ground 
in a mill to pass a 30 mesh screen. Fruits were freeze 
dried. Nickel was measured in ICP mass spectrometry 
after extraction with DTPA [14].  

3. RESULTS AND DISCUSSION 

Nickel concentration of the soil of orchard ‘B’ was 
significantly higher than that of orchard ‘A’ (27.82 and 
2.27 ppm respectively). 

In orchard ‘A’, Ni concentrations in apple leaves 
were higher than peach leaves (Table 2). The highest 
Ni concentration in apple leaves was measured in the 
cultivar Golden Delicious. 

In orchard ‘B’ the highest Ni concentration in apple 
leaves was measured in the cultivar Golden B and the 
lowest in the cultivar Red Chief (Table 3). 

Leaf Ni concentrations of orchard ‘B’ were higher 
than those of orchard ‘A’. The results are in accordance 
with the fact that soil Ni concentration is highly correlat- 
ed with plant Ni concentrations since Ni is absorbed 
easily from the plant’s roots and is a mobile element, 
therefore is translocated easily in the various plant 
organs [15]. 

Table 1: Soil Analyses Data of the Two Orchards  

Parameters Units ‘A’ ‘B’ 

Texture  L SCL 

Clay % 22 26 

pH  7.8 7.2 

EC (mS/cm) 0.43 0.39 

Organic matter % 3.5 1.0 

CaCO3 % 21.3 1.8 

NO3-N ppm 12.6 4.4 

P ppm 41 4.6 

K ppm 56 49 

Mg ppm 448 1040 

Ca ppm >2000 >2000 

Fe ppm 23.6 42 

Zn ppm 12.5 1.4 

Ni ppm 2.27 27.82 

Mn ppm 24.4 31 

Cu ppm 47 3.3 

B ppm 0.21 1.4 

 

Table 2: Nickel Concentrations in Peach and Apple 
Leaves of Orchard ‘A’ 

Peach Cultivars Ni (ppm Dry Weight) 

Sun Crest 1.44±0.21 

Andross 1.16±0.19 

Apple Cultivars  

Golden Delicious 4.13±0.44 

Jonagold 3.47±0.39 

Red Chief 3.28±0.35 

Firiki 3.15±0.38 

 

Table 3: Nickel Concentrations in Apple Leaves of 
Orchard ‘B’  

Apple Cultivars Ni (ppm Dry Weight) 

Golden B 24.45±2.98 

Firiki 21.63±2.45 

Lutz Golden 21.36±2.63 

Starckrimson 20.66±2.39 

Golden Delicious 19.56±2.35 

Imperial Double Red Delicious 18.05±2.21 

Red Chief 16.73±2.01 
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In orchard ‘A’, the highest Ni concentration in apple 
fruits was measured in the cultivar Red Chief, while 
lower concentrations were measured for the cultivars 
Golden Delicious and Jonagold (Table 4).  

Table 4: Nickel Concentrations in Apple Fruits of 
orchard ‘A’ 

Apple Cultivars Moisture (%) Ni (µg/100g Fresh 
Weight) 

Golden Delicious 85.46 2.0±0.31 

Jonagold 84.12 1.9±0.22 

Red Chief 85.34 5.4±0.68 

Firiki 85.46 3.9±0.45 

 
In orchard ‘B’, higher Ni concentration in apple fruits 

was measured in the cultivars Red Chief, while lower 
concentrations were measured for the cultivars Firiki 
and Lutz Golden (Table 5).  

Table 5: Nickel Concentrations in Apple Fruits of 
Orchard ‘B’ 

Apple Cultivars Moisture (%) Ni (µg/100g Fresh 
Weight) 

Golden B 84.45 6.5±0.78 

Firiki 85.92 3.0±0.39 

Lutz Golden 84.16 2.0±0.24 

Starckrimson 85.12 7.0±0.88 

Golden Delicious 84.28 6.3±0.72 

Imperial Double 
Red Delicious 

83.84 6.0±0.71 

Red Chief 85.90 9.3±0.99 

 
In both orchards, the higher Ni concentrations in 

apple fruits were observed in the cultivar Red Chief. 
However, leaf Ni concentration of the same cultivar 
wasn’t so high indicating that the translocation and 
redistribution of Ni to the fruits is a characteristic of this 
cultivar. On the contrary, Ni concentration of fruits of 
the cultivar Firiki in orchard ‘B’ was low but in the 
leaves Ni concentration was high. In other studies, Ni 
concentration in apple fruits ranged from 0.5 µg/100g 
to 9.7 µg/100g of fresh weight [16]. The influence of 
soil geochemistry and irrigation practices among other 
factors may be responsible for the variability of Ni 
concentrations. 

In conclusion, in orchard ‘B’ having higher Ni soil 
concentration than orchard ‘A’, both in leaves and 

fruits, Ni concentrations were higher than those of 
orchard ‘A’. In both orchards, the higher Ni concentra- 
tions in apple fruits were observed in the cultivar Red 
Chief. From the above preliminary results it appears 
that the studied cultivars showed a different capacity of 
Ni absorption from the soil but also a different capacity 
for translocation and distribution of the element in 
leaves and fruits. However, further research is needed 
for the study of Ni absorption, translocation and 
distribution of various fruit trees.  

REFERENCES 

[1]  Dixon NE, Gazzola C, Blakely RL, Zerner B. Jack-bean 
urease. A metalloenzyme. A simple biological role for nickel. 
J Am Chem Soc. 1975; 97: 4131-4133. 
http://dx.doi.org/10.1021/ja00847a045 

[2]  Brown PH, Welch RM, Cary EE. Nickel: a micronutrient 
essential for higher plants. Plant Physiol. 1987; 85: 801-803.  
http://dx.doi.org/10.1104/pp.85.3.801 

[3]  Brown PH. Nickel. In Barker AV, Pilbeam DJ, Eds Handbook 
of plant nutrition. Boca Raton, FL: CRC Press Taylor & 
Francis Group 2006; pp. 395-410. 
http://dx.doi.org/10.1201/9781420014877.ch14 

[4]  Bai C, Reilly CC, Wood BW. Nickel deficiency disrupts meta- 
bolism of ureides, amino acids, and organic acids of young 
pecan foliage. Plant Physiol. 2006; 140: 433-443. 
http://dx.doi.org/10.1104/pp.105.072983 

[5]  Eskew D, Welch R, Norvell W. Nickel in higher plants. Plant 
Physiol. 1984; 76: 691-693. 
http://dx.doi.org/10.1104/pp.76.3.691 

[6]  Walker CD, Graham RD, Madison JT, Cary EE, Welch RM. 
Effects of nickel deficiency on some nitrogen metabolites in 
cowpeas (Vigna unguiculata L. Walp.). Plant Physiol. 1985; 
79: 474-479. 
http://dx.doi.org/10.1104/pp.79.2.474 

[7]  Checkai RT, Norvell WA, Welch RM. Investigation of nickel 
essentiality in higher plants using a recirculating resin-buffered 
hydroponic system. Agron Abst. 1986; 195. 

[8]  Thomson AJ. Proteins containing nickel. Nature 1982; 298: 
602-603. 
http://dx.doi.org/10.1038/298602a0 

[9]  Mulrooney SB, Hausinger RP. Nickel uptake and utilization 
by microorganisms. FEMS Microbiol Rev. 2003; 27: 239-261. 
http://dx.doi.org/10.1016/S0168-6445(03)00042-1 

[10]  Gerendas J, Polacco J, Freyermuth SK, Sattelmacher B. 
Significance of nickel for plant growth and metabolism. Z 
Pflanzenernaehr Bodenkd. 1999; 162: 241-256. 
http://dx.doi.org/10.1002/(SICI)1522-
2624(199906)162:3<241::AID-JPLN241>3.0.CO;2-Q 

[11]  Wood BW, Reilly CC, Nyczepir AP. Mouse-ear of pecan: a 
nickel deficiency. Hort Sci. 2004; 39: 1238-1242.  

[12]  Nikoli T, Matsi T. Evaluation of certain Ni soil tests for an 
initial estimation of Ni sufficiency critical levels. J Plant Nutr 
Soil Sci. 2014; 177: 596-603. 
http://dx.doi.org/10.1002/jpln.201300558 

[13]  Marshner H. Mineral nutrition of higher plants. Academic 
Press, London. 2003. 

[14]  Sumner M, Miller W. Cation exchange capacity and ex- 
change coefficients. In Sparks DL, Ed. Methods of soil analy- 
sis: Part 3. Chemical methods, SSSA. 1996; pp. 1201-1229. 



18     Journal of Agriculture Food and Development, 2015, Vol. 1 Sotiropoulos et al. 

[15]  Liu G, Simonne E, Li Y. Nickel nutrition in plants. 2011; 
http://edis.ifas.ufl.edu 

[16]  Guardia M, Garrigues S. Handbook of mineral elements in 
food. Chichester, UK. John Wiley & Sons 2015. 

 
 
Received on 27-10-2015 Accepted on 19-11-2015 Published on 17-12-2015 
 
 
 
© 2015 Sotiropoulos et al.; Licensee Revotech Press. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction 
in any medium, provided the work is properly cited. 

 


