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Abstract  

The aim of our study was to examine potentials of different white poplar (Populus alba L.) 
genotypes to extract nickel in tissue culture. Shoot tips of four clones (Villafranca, L-12, L-80 and 
LBM) were cultivated on solid growing medium with addition of different nickel concentrations (0, 10-6, 
10-5, 10-4 and 10-3 M) for two different periods: five and seven weeks. Investigated parameters included: 
length of the longest shoot, biomass production, photosynthetic pigment concentrations in the leaves, 
nitrate reductase activity and nickel concentration in shoots. The presence of nickel in higher 
concentration had significant inhibitory effect on accumulation of fresh mass and especially on the 
photosynthetic pigments content. The presence of nickel in the concentration of 10-3 M caused serious 
disturbance of growth and decay in investigated clones. All genotypes significantly increased 
accumulation of nickel on the medium with 10-4 M, while on the medium with 10-5 M Ni2+ increase of 
biomass accumulation was achieved. Obtained results suggest that genotypes L-80 and L-12 could be 
used in phytoremediation of sites contaminated with nickel in lower concentration. 
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1. Introduction 

Nickel holds a special place among heavy metals. This metal is an essential, biogenic 
element, necessary for plant life. As its concentration in dry plant mass is about 0.001µmol/g 
it is classified as microelement (EPSTEIN [1]). Nickel is considered as an essential element 
primarily because it functions as an irreplaceable component of urease. Urease is responsible 
for the hydrolysis of urea synthesized in the metabolism of amino acids and nucleotides 
(GERANDAS & al. [2], SEREGIN & KOZHEVNIKOVA [3]), and achieve strong impact on 
nitrogen metabolism as well as on growth and development in plants (POLACCO &t al. [4], 
WITTE & al. [5]). On the other side, effect of nickel on nitrat reductase varies, depending on 
plant species, genotype and growing conditions (GAJEWSKA & SKŁODOWSKA [6], 
MATRASZEK [7], MORAES & al. [8]). In very low concentrations, nickel could positively 
affect the growth of some species, such as wheat, cotton, tomato, pepper and potato 
(MISHRA & KAR [9]). According to POLACCO [10], NiSO4 in concentration of 10-4 M 
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strongly stimulated urea-supported growth in suspension cultures. Agar used in tissue culture 
contains about 10 to 50 μM of nickel per kg (SCHOLTEN & PIERIK [11]).  

However, high concentrations of Ni2+ in growing medium may turn toxic to plants. 
Visual symptoms of nickel toxicity are foliar necrosis. Excess Ni2+ affects mineral nutrition, 
as well as photosynthesis and respiration (CARLSON & al. [12]). In three poplar genotypes, 
PILIPOVIĆ & al. [13] reported inhibitory effect of nickel in higher concentration. MIZUNO 
[14] showed that the nickel toxicity is influenced by soil type and plant species. According to 
REICH & al. [15], nickel ions limit absorption of nutrients from soil and block their transport 
and utilization in important metabolic processes, especially photosynthesis and respiration, 
gradually causing plant welting and eventually decay. Nickel limits not only iron translocation 
but its adoption as well (VYSLOUŽILOVÁ & al. [16]). ELEIWA & NAGUIB [17] showed 
that in concentrations from 10-4 М to 10-7 М nickel significantly decreased fresh and dry 
mass accumulation in soybean. 

Nowadays, high quantities of nickel are released to the environment. This is conditioned 
by the development of industry, activities in mines, smelters, production of alloys, use of 
fertilizers, pesticides, as well as by dumping the destructive waste (ALLOWAY [18]). Nickel 
is relatively stable in water solutions and can migrate easily in the soil and within plant 
(PULFORD & al. [19]), which is positive for phytoextraction but negative for the pollution 
control. CHOJNACKA & al. [20] found relatively high bioavailability of nickel expressed 
through relatively high nickel accumulation in plants grown on soil with relatively low 
content of this heavy metal. Also, OSMA & al. [21] found that among seven examined heavy 
metals, iron, copper and nickel had the highest relative abundance in tomato fruits sampled 
from different urban and rural zones in vicinity of Istanbul (Turkey). 

Poplars are tree species which are often used in phytoremediation because they have 
vigorous growth, tolerate low fertility soils, have highly developed root system which can 
reach the ground water and they transpire high quantities of water (AITCHISON & al. [22]). 
They can, directly or indirectly, phytoremediate several types of pollutants in several 
ways, such as: phytoextraction, phytodegradation, phytovolatilisation and rhizodegradation 
(PILIPOVIĆ & al. [23]). It is proven that poplars could be successfully applied in the 
remediation of different contaminants (LUX & al. [24]; KALIŠOVA-ŠPIROCHOVA & 
al. [25]; BOJARCZUK [26]; PILIPOVIĆ & al. [27]; PILIPOVIĆ & al. [13]; KATANIĆ & 
al. [28]). White poplars are also proposed as biomonitor species for trace elements in 
contaminated riparian forests (MADEJO & al. [29]). 

The aim of this study is to examine the effect of nickel on growth and some 
physiological parameters of four white poplar genotypes in tissue culture, in order to evaluate 
their potential to be used in phytoremediation projects. 

 
2. Material and Methods 

 
In vitro plant cultivation 

Four white poplar genotypes: Villafranca (originated from Italy; examined under the 
label L-111/81) and L-12, L-80 and LBM (selections of Institute of lowland forestry and 
environment, Novi Sad, Serbia) were selected for the test because their growth vigor in tissue 
culture has already been proved (KATANIĆ & al. [24]; KOVAČEVIĆ & al. [26]). Axillary 
buds from trees of different ages in the dormant period were used. Shoots were multiplied on 
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Aspen Culture Medium (ACM) (AHUJA [27]) with addition of 20 mg/l adenine-sulphate, 100 
mg l-1 myo-inositole, 0.5 mg l-1 benzylaminopurine (BAP), 0.02 mg l-1 α-naphthaleneacetic 
acid (NAA). Nickel was added to the growing medium in the form of nickel sulphate 
hexahydrate. Microshoots 1.0-1.5 cm long, were used for the establishment of experiments. 
There were five shoot tips cultivated per jar and 3-5 jars per treatment. The average values per 
jar were used as data for further statistical analysis.  

Temperature in the growth room was 26±2 ºC, while photoperiod of 16/8 h was provided 
by white fluorescent tubes.  

 
Measured characteristics 

Experiment was set up in three separate trials.  
In the first trial shoot tips about 1.5 cm long, were placed on the growing medium with 0, 

10-5 and 10-4 M Ni2+ and cultivated for five weeks. Thereafter the shoot length, fresh biomass 
production and leaf concentration of photosynthetic pigments were measured. The 
concentration of chloroplast pigments - chlorophyll a (Chl a), chlorophyll b (Chl b) and total 
carotenoids were determined spectrophotometrically (WETTSTEIN [28]).  

In the second trial the same growing medium was used. Cultivation lasted seven weeks 
and the following parameters were measured: shoot length, fresh biomass production and 
nitrate reductase activity in the leaves. Nitrate reductase activity (NRA) was determined 
according to HAGEMAN & REED [29]. 

In the third trial microshoots were grown on the same medium with addition of 10-3, 10-4, 
10-5, 10-6 and 0 M Ni2+ for five weeks. The concentration of nickel in shoots was determined 
by atomic absorption spectrophotometry (VARIAN AAS 240 FS).  

Statistical analysis was made using the Duncan’s multiple range test in STATISTICA 12 
(STATSOFT INC. [34]).  

 
3. Results and discussion 

The effect of 10-3 M Ni2+ appeared to be lethal. These results are in concordance with 
RABIE & al. [35] and HEWITT [36] who found that high concentrations of nickel caused 
chlorosis followed by necrosis, decay of young leaves and apical buds, as well as the reduction 
of nutritive elements’ adoption.  

Effects of media with 0, 10-5 and 10-4 M Ni2+ on growth parameters after five- and seven-
week cultivations showed both stimulatory and inhibitory effects. Significant inhibitory effect 
was achieved in fresh biomass accumulation in the treatment with 10-4 M Ni2+ after five 
weeks of cultivation. The effect was particularly evident in genotypes L-12 and L-80 which 
had significantly lower biomass compared to control. However, this effect was not significant 
after seven weeks of cultivation. Lower shoots’ biomass in the treatment with 10-4 M Ni2+ is 
in the accordance with results of PILIPOVIĆ & al. [13] obtained on black poplars. Also, 
MOLAS [37] found that inhibitory effect on morphological and anatomical characters of in 
vitro cultured cabbage increased with the nickel concentration in the medium from 2 to 7.6 
10-5 M.  In our research lack of significant difference between treatment with 10-4 M Ni2+ and 
control after seven weeks is probably caused by decrease in Ni2+ concentration in the media 
after fifth week of cultivation, as a result of its uptake (Figure 1, Table 1). 
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*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at α=0.05 
 

Figure 1. Effect of nickel on fresh biomass per explant in examined poplar clones after 5 and 7 weeks 
of in vitro cultivation - average value for clones and nickel concentration*) 

 
Generally, significant stimulatory effect of treatment with 10-5 M Ni2+ was noted after 

seven weeks of cultivation, particularly in clones L-12 and L-80. According to the results this 
effect was achieved mostly between fifth and seventh week of cultivation.  

 
Table 1. Effect of nickel on fresh biomass and shoot length of different white poplar clones  

after 5 and 7 weeks of in vitro cultivation 

Clone (Ni2+) 
(M) 

Fresh biomass 
per explant 

after 5 weeks (g) 

Fresh biomass 
per explant 

after 7 weeks (g) 

Shoot length 
after 5 weeks 

(mm) 

Shoot length 
after 7 weeks 

(mm) 
0 0.144 abcd* 0.182 bc 20.40 a 26.20 c 

10-5 0.163 abc 0.248 bc 27.28 a 28.36 c 
 
 
LBM 10-4 0.057 d 0.079 c 22.76 a 21.64 c 

0 0.222 a 0.247 bc 31.52 a 29.01 c 
10-5 0.181 abc 0.632 a 25.80 a 44.76 a 

 
 
L-12 10-4 0.101 bcd 0.120 c 28.84 a 31.12 bc 

0 0.212 a 0.253 bc 30.80 a 33.12 abc 
10-5 0.218 a 0.545 a 30.40 a 43.24 ab 

 
 
L-80 10-4 0.086 cd 0.151 bc 23.20 a 25.52 c 

0 0.144 abcd 0.235 bc 23.60 a 27.84 c 
10-5 0.192 ab 0.339 b 23.72 a 31.28 bc 

 
 
L-111/81 10-4 0.098 bcd 0.176 bc 24.00 a 32.64 abc 
*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at 
α=0.05 
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Stimulatory effect of nickel in lower concentrations was found in some plant species, but 
with the increase in nickel concentration the stimulatory effect decreases and toxicity increases 
(CROOKE & al. [38]; ABDEL LATIF & al. [39]). MISHRA & KAR [9] found positive 
effects of low nickel concentrations on growth of wheat, cotton, paprika, tomato and potato. 
SEREGIN & KOZHEVNIKOVA [3] proved positive effect of low nickel concentrations on 
the root growth. ZORNOZA & al. [40] showed that the simultaneous supplement of NO3

- and 
NH4

+ ions in the water culture of sunflower caused the decrease of the nickel toxicity, while 
the lower nickel concentrations even stimulated plants growth. Other authors also confirmed 
stimulating  effect of nickel on plants’ growth, and increment of dry mass and yield 
(NICHOLAS & THOMAS [41]; HEWITT [36]; RABIE & al. [42]). Stimulating effects of 
low nickel concentration obtained in our study are in accordance with these results and 
support further work on this issue. 

In general, highest and lowest biomass were recorded for genotypes L-12 and LBM, 
respectively. After seven week-cultivation, genotypes L-12 and L-80 achieved significantly 
higher fresh biomass on the medium with 10-5 M Ni2+ than on other two examined media. 

There were no significant differences in shoot length among examined nickel concent-
rations after five and seven weeks, while genotypes differed significantly after seven weeks. 
The differences between control and 10-4 M Ni2+ treatment were more obvious for fresh 
biomass than for shoot length, suggesting that biomass production suffered stronger 
inhibition during the first five weeks. It seems that the inhibitory effect was more intense for 
multiplication rate than for the shoot growth (data not shown). After seven weeks number of 
microshoots of the clone L-12 was higher on the medium with 10-5 M Ni2+ compared to 
control. The positive effect of  lower nickel concentration on shoots’ length and biomass in 
genotype L-12 confirms the results reported by MISHRA & KAR [9], POLACCO [10] and 
ZORNOZA & al. [40], according to whom nickel had a favorable effect on some plant 
species (Figure 2, Table 1). 

 

 
*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at α=0.05 

Figure 2. Effect of nickel on shoot length in examined poplar clones after 5 and 7 weeks of in vitro 
cultivation – average value for clones and nickel concentration*) 
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Concentrations of chlorophyll a, chlorophyll b, chlorophyll a+b and carotenoids in shoots 
were significantly decreased in investigated genotypes, individually and in general, on the 
medium with 10-4 M Ni2+ compared to control. These results confirmed a visual finding that 
shoots grown on this medium became more chlorotic after seven weeks of cultivation. The 
effect of 10-5 M Ni2+ on concentrations of investigated pigments differed among genotypes, 
while its influence in general was not statistically significant (Figure 3). 

 

 
*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at α=0.05 

Figure 3. Ni2+ effect on Chl a, Chl b, Chl a + Chl b and carotenoid content (mg g-1 DM) in the leaves 
of examined poplar clones after 5 weeks of in vitro cultivation - average value for clones and nickel 
concentration *) 

 
In this treatment, genotypes LBM and L-111/81 had higher concentration of Chl a and 

Chl b compared to control. The opposite results were gained for the genotype L-12. This 
genotype had significantly lower pigments content in the treatment with 10-5 M Ni2+ 
compared to control. Concentrations of Chl a, Chl b and carotenoids were significantly higher 
in microshoots of clone L-111/81 than in LBM (Table 2). 
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Table 2. Ni2+ effect on Chl a, Chl b, Chl a + Chl b and carotenoid content (mg g-1 DM)  

in the leaves of different white poplar clones after 5 weeks of in vitro cultivation 

Clone (Ni2+) 
(M) 

Chl a 
(mg g -1 DM) 

Chl b 
(mg g -1 DM) 

Chl a + Chl b 
(mg g -1 DM) 

Carotenoids 
(mg g -1 DM) 

0 2.38 cd* 0.95 de 3.33 de 0.93 de 
10-5 3.30 b 1.39 bc 4.69 c 1.16 cd 

 
 
LBM 10-4 1.28 e 0.47 g 1.74 f 0.66 ef 

0 4.25 a 2.12 a 6.37 a 1.78 a 
10-5 2.00 de 1.25 bcd 3.25 de 0.84 def 

 
 
L-12 10-4 1.21 e 0.60 fg 1.81 f 0.53 f 

0 3.71 ab 1.30 bc 5.01 bc 1.44 bc 
10-5 3.75 ab 1.46 b 5.21 abc 1.36 bc 

 
 
L-80 10-4 1.28 e 0.48 fg 1.76 f 0.66 ef 

0 2.98 bc 1.10 cde 4.08 cd 1.17 cd 
10-5 4.28 a 1.81 a 6.09 ab 1.57 ab 

 
 
L-111/81 10-4 1.61 de 0.82 ef 2.43 ef 0.74 ef 
*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at 
α=0.05 

 
Our results are in accordance with EWAIS [43], ZORNOZA & al. [40] and GAJEWSKA 

& al. [44], who found that the application of excessive levels of Ni2+ could cause a marked 
depression in chlorophyll concentration. 

There were no significant differences in nitrate reductase activity between treatments 
with the exception of genotype L-111/81 where nitrate reductase activity (NRA) was 
significantly lower in the treatment with higher Ni2+ concentration (Table 3). According to 
PILIPOVIĆ & al. [13] with the increase of Ni2+ concentration nitrate reductase activity in 
leaves of some poplars’ genotypes in hydroponics decreased too. 
 

Table 3. Effects of nickel on nitrate reductase activity (NRA µmol NO2 g-1 h-1)  
in shoots of investigated white poplar clones 

Nitrate reductase activity (NRA) (µmol NO2 g-1 h-1) 
Concentration of nickel (M) Clone 

0 10-5 10-4 Average 

LBM 0.2290 ab* 0.1720 bc 0.2070 abc 0.2027 ab 
L-12 0.2210 abc 0.2080 abc 0.2503 a 0.2264 ab 
L-80 0.2200 abc 0.2493 a 0.2723 a 0.2472 a 
L-111/81 0.2387 ab 0.1810 bc 0.1537 c 0.1911 b 
Average 0.2272 a 0.2026 a 0.2208 a  

*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at 
α=0.05 

 
Independently on the treatment, highest and lowest NRA was recorded in genotypes L-

80 and L-111/81, respectively. The difference between these two genotypes was statistically 
significant. 
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*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at α=0.05 

Figure 4. Nickel content in fresh (a) and dry biomass (b) in shoots of investigated white poplar clones 
grown on the media with different nickel concentrations*) 

 
According to Duncan’s test, genotypes LBM and L-12 achieved the highest nickel 

accumulation in general, while L-111/81 and LCM accumulated lower quantities of nickel. 
On 10-6 and 10-5 M Ni2+ media almost the same nickel accumulations were achieved, being 
significantly lower than on medium with 10-4 M Ni2+ and higher than in control. Detected 
nickel presence in biomass obtained in control treatment suggests presence of nickel in the 
medium, probably from agar as it is recorded by (SCHOLTEN & PIERIK [11]). However, 
nickel content in control was almost seven times lower than its content in biomass obtained 
on 10-6 M Ni2+ treatment (Figure 4, Table 4). 

 
Table 4. Nickel content (in fresh and dry biomass) in shoots of investigated white poplar clones grown  

on the media with different nickel concentrations 

Clone 

 

c(Ni2+ ) 

(М)         

Nickel content in fresh mass 
(mg/kg) 

Nickel content in dry mass 
(mg/kg) 

 0 0,49 de *) 5,75 ef 
 10-6 4,15 cde 48,14 bcdef 
LBM 10-5 6,27 bcd 42,37 bdef 
 10-4 14,91 a 103,31 abc 
 0 1,03 de 9,75 def 
 10-6 6,13 cd 59,73 bcde 
L-12 10-5 3,33 de 36,05 def 
 10-4 11,88 ab 133,48 a 
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 0 0,59 e 5,84 f 
 10-6 3,18 de 30,04 def 
L-80 10-5 3,75 de 40,43 def 
 10-4 9,21 abc 79,56 bcd 
 0 0,44 e 4,89 f 
 10-6 1,41 de 15,64 ef 
L-111/81 10-5 1,82 de 18,82 ef 
 10-4 11,60 ab 98,64 ac 

*) Values with the same letter within same group of treatments do not differ significantly by Duncan’s test at 
α=0.05 

 
Nickel accumulation on 10-6 M Ni2+ medium suggests efficient uptake of nickel by white 

poplar shoots in vitro. However, there was no difference in nickel accumulation on this and 
medium with 10-5 M Ni2+, suggesting that nickel uptake in examined genotypes is intensely 
regulated at that nickel concentration. Regulation of nickel uptake is well elaborated by 
HALL [45] and KANWAR & al. [46]. 

Duncan’s test showed that in general, accumulation of nickel was significantly higher on 
the medium with 10-4 M Ni2+ than in other treatments. Beside the lethal effect of 10-3 M Ni2+, 
nickel in the concentration of 10-4 M showed the strongest inhibitory effect on fresh biomass, 
shoot height, as well as the content of photosynthetic pigments in shoots. Thus, for the white 
poplar genotypes nickel concentration in medium should be used in tolerance tests in the 
future. 

One of the aims of this research was to evaluate the potential of examined genotypes to 
be used in the projects of phytoremediation, based on the characteristics of shoots cultivated 
in vitro. Considering obtained results, these genotypes could be proposed for use in 
phytoextraction, phytostabilization, buffer zone establishment or for simple afforestation of 
contaminated areas. This evaluation was made considering genotype tolerance to examined 
nickel concentrations, as well as the accumulation of nickel. It was supposed that the 
examined genotypes could tolerate even higher concentrations of nickel in soil because nickel 
is far less available in soil. The characteristics that describe the shoot growth and fresh 
biomass accumulation favors genotypes L-12 and L-80, while the photosynthetic pigments’ 
content suggest weaker stress tolerance of LBM, and good tolerance of L-12, L-80 and L-
111/81. The highest accumulation of nickel was achieved by L-12 and LBM. Thus, genotype 
L-12, that was characterized by good growth and high accumulation would be convenient for 
phytoextraction and phytostabilization, as well as for the afforestation of nickel contaminated 
areas. White poplars are characterized by high adaptability. They could be used on more dry 
soils than black poplars and willows, species that are predominantly used in phytoremediation 
projects (PULFORD & al. [19]; PILIPOVIĆ & al. [13]). Additionally, very good sprouting 
ability supports the stability of white poplar stands and plantations and emphasizes their 
utilization. Considering the gained differences among examined genotypes regarding 
tolerance and nickel accumulation, as well as expected lower nickel availability in the soil 
than in the culture medium, in vitro tests could be successfully utilized in the narrowing group 
of candidate genotypes for phytoremediation projects. Final evaluation should be made 
according to the results from the field trials.  
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