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Abstract 

Both the beneficial and the adverse effects of various nickel level supplements on growth and chlorophyll content of canola plants 
were evaluated while either urea or ammonium nitrate was supplied as the sole N source in the nutrient solutions. This study was arranged 
in completely randomized with three replications. Treatments included nutrient solution cultures containing urea and ammonium 
nitrate at the rate of 84 mg N L-1 separately as nitrogen sources with four nickel levels as NiSO4.6H2O at the rates of 0, 0.01, 0.05 and 
0.1 mg Ni L-1. Plants were allowed to grow for 6 weeks then leaves chlorophyll content and shoots and roots fresh and dry weight were 
determined. Both plant growth and leaves chlorophyll content of the urea-fed plants increased significantly with the increase in nickel 
content up to 0.1 mg Ni L-1. However, root fresh and dry weight increased up to 0.01 mg Ni L-1 and started to decrease with further 
increase in solutions nickel content. Nickel did not affect these parameters with plants supplied with ammonium nitrate significantly. In 
these plants, the optimum nickel level for shoot growth and leaves chlorophyll content was 0.05 mg L-1 and for root fresh and dry weight 
was 0.01 mg Ni L-1. Further increase in Ni concentration reduced growth. As a whole, plants received urea plus nickel performed better 
than those received ammonium nitrate plus nickel.
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Introduction

Urea is the most common forms of combined nitrogen 
fertilizer used in today’s agricultural practices worldwide 
(Varina and Obrerza, 1993). In Iran, of the 2052 thou-
sand tons of nitrogen fertilizer used in 2004, 1727 thou-
sand tons (84%) of which was in urea form (Malakouti, 
2004). Before being hydrolyzed to ammonia and carbon 
dioxide by urease, urea can not be used in plant metabo-
lism directly (Ciurli et al., 1999). High levels of urea are 
toxic to plant metabolism causing leaf burn (Krogmeier 
et al., 1989). One of the ways to overcome urea toxicity 
in higher plants is using nickel to increase urease activity 
(Bekkari and Pizelle, 1992; Marschner, 1995). Therefore, 
urea utilization must be accompanied by urease action.

Although urease was purified for the first time by Sum-
ner in 1926, it is about 34 years that the role of nickel as 
the structural component of this enzyme has been recog-
nized (Dixon et al., 1975). After Dixon and coworkers 
discovery, attentions started to focus on the role of nickel 
in plant metabolism. In 1976, Polacco and also in 1978 
Gordon and co-workers reported the enhancing effects 
of nickel on plant growth and development when grown 
hydroponically and supplied with urea as nitrogen source. 
Shimada and Ando (1980) reported that when tomato and 
soya plants were grown in hydroponic cultures with insuf-
ficient nickel and supplied with urea as nitrogen source, 

urea was accumulated in their tissues and developed leaf 
tip necrosis. The role of nickel in urea metabolism in plant 
was reported by Walker and his co-workers in 1985. Many 
scientists have reported the beneficial effects of nickel on 
plants (Mengel and Kirkby 1978; Andreeva et al., 2001). 
Witte and Co-worker (2002) studied the effects of urease 
activity on nitrogen distribution and nitrogen loss after 
spraying potato plants with urea. They found a good cor-
relation between urease activity and 15N-metabolism. In 
this study, nitrogen metabolism was evaluated on the basis 
of NH3 accumulation.

Tan and Co-workers (2000) investigated the effects 
of different nickel levels on growth and N-assimilation in 
tomato plants supplied with urea and nitrate as two differ-
ent sources of nitrogen. Urease activity in leaves and roots 
of plants grown without nickel regardless of the form of 
nitrogen supplied, decreased significantly (Gerendas and 
Sattelmacher,1999). 

Studies on the effects of nickel supply on growth, ure-
ase activity, urea accumulation and soluble amino acids in 
wheat, soya, rape, cucurbit, sunflower and rye have shown 
that without nickel, urease activity in all these six plants 
is very low resulting in considerable urea accumulation 
and also in lower plant dry weight and nitrogen content 
(Gerenedas and Sattelmacher,1997). In these plants, lim-
ited urease activity due to low nickel supply resulted in ni-
trogen deficiency symptoms. Besides the role of urease in 
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using 1M NaOH or 1M HCl. Plants were allowed to grow 
for six weeks. Before harvesting, the leaves chlorophyll 
content was determined by portable chlorophyll meter 
(SPAD-502 Minolta). Plants were harvested and were 
divided into shoots and roots. The shoots and roots fresh 
weights were determined. These plant materials were then 
dried immediately in an oven at 70 C° for 72 hours, and 
were then ground to a fine powder in a Wiley mill to pass 
through a 20-mesh sieve. The total Ni content in shoots 
and roots were determined by ICP (Inductively Coupled 
Plasma). 

Statistical analysis was performed using analysis of vari-
ance, and the means were separated by Duncan’s multiple 
range test (DMRT) at the 1% and 5% level.

Results and discussion

The shoots and roots Ni content in both urea and am-
monium nitrate-fed plants increased significantly with the 
increase in Ni concentration in the solution (Fig. 1). The 
Ni concentrations in shoots and roots in urea-fed plants 

plants receiving urea as nitrogen source, this enzyme is also 
important for hydrolyzing urea derived from ureides and 
arginine produced in cytokinins metabolism (Reinboth 
and Mothes, 1962; Walker et al., 1985; Polacco and Hol-
land, 1993). Urea produced in these processes will cause 
leaf burn unless detoxified by urease (Eskew et al., 1983; 
Krogmeier et al., 1989; Stebbins et al., 1991). Urease ac-
tivity is also very important when urea is applied as foliar 
spray. Many reports have pointed to the positive effects 
of urea spray on mulberry yield in relation to urease ac-
tivity (Fotedar and Chakrabarty, 1985; Sarker and Absar, 
1995).

When cereal and legumes are grown hydroponically, 
nickel has a positive effect on their performance (Brown et 
al., 1987 a; Eskew et al., 1984). 

The main objectives of the present study are:
The influence of various nickel level on shoot and root 

fresh and dry weight and on chlorophyll content in canola 
plants grown in media containing two N sources (Urea 
and ammonium nitrate). 

Finding the optimum nickel levels for maximum 
growth rate and chlorophyll content for each N-sources 
used.

Materials and methods

This experiment was carried out with canola in a com-
pletely factorial randomized with three replications for 
each treatment. Treatments included nutrient solution cul-
tures containing urea and ammonium nitrate separately as 
two nitrogen sources with four nickel levels (0, 0.01, 0.05 
and 0.1 mg/liter). Deionized water was used to prepare all 
nutrient solutions.

Canola seeds (cv. SLM046) were placed on moist filter 
papers in covered Petri dishes and were allowed to germi-
nate inside phytotron set at 23 C°. After five days, germi-
nated seeds were transferred to half strength Hoagland so-
lution cultures in the greenhouse with average day/night 
temperatures 32/20 C°. The nitrogen source in the solu-
tion cultures was ammonium nitrate. Seedlings with 5-6 
leaves were transferred to 24 polyethylene pots containing 
the complete nutrient solution as given in Tab. 1. 

Nickel was added as NiSO4.6H2O at the rates of 0, 
0.01, 0.05 and 0.10 mg Ni L-1. Solutions were renewed 
weekly and the solutions pH were kept constant at 6.0±0.2 

Tab. 1. Composition of nutrient solution

Nutrient mM Nutrient mM
N(NH4NO3 or Urea) 3 Fe EDDHA 0.02 

K2SO4 2 MnSO4 0.003 
CaCl2 1.5 ZnSO4 0.002 

MgSO4 1 CuSO4 0.001 
NaH2PO4 0.66 H3BO3 0.024 

NH4MO4 0.0001 
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Fig. 1. Effect of nickel concentrations in the nutrient solution on 
the shoots (a) and roots (b) nickel content in canola plants sup-
plied with urea or ammonium nitrate. Different letters refer to 
significant differences at the level of p≤ 0.05 by Duncan’s test.
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Tab. 2. Analysis of variance of parameters measured in canola

Mean of squares (MS)

Parameters df chlorophyll Roots fresh weight Roots dry weight Shoots fresh weight Shoots dry weight
Growth media 1 184.37** 453.09* 2.37 * 1951.21* 39.01 *

Nickel levels 3 90.58** 526.22** 1.31* 945.78ns 19.17ns

Nickel media 3 23.62ns 452.33* 0.05ns 1009.51ns 24.13*

Expt. error 16 16.00 88.92 0.39 360.99 6.76
C.V % - 11.35 18.21 23.94 13.27 16.97

Note:*: Significant at 5% level; **: Significant at 1% level ns: not significant 
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Fig. 2. Effects of Ni concentration on canola, shoots fresh weight(a), shoots dry weight(b), roots fresh weight(c), roots dry weight(d) 
and on chlorophyll content in leaves(e) grown in media containing urea or ammonium nitrate separately. Different letters refer to 
significant differences at the level of p≤ 0.05 by Duncan’s test.



Bybordi A. and M. N. Geibi / Not Sci Biol 1 (1) 2009, 53-58

56

Nickel content increased significantly in both shoots 
and roots with the increase in nickel concentration in nu-
trient solution (Fig.1). Nickel is readily taken up by plants. 
Up to a certain concentrations, the rate of nickel uptake 
is positively correlated with the external nickel concen-
trations (Morrison et al. 1980). The Ni concentration in 
shoots and roots of urea-fed plants were more than those 
supplied with ammonium nitrate. These results show that 
plants growing in media containing urea, application of 
nickel will probably result in higher urease activity and 
thus more urea-N will be available to the plants. Also the 
Ni concentrations were more in roots than in shoots in 
both urea and ammonium nitrate-fed plants. Besides nick-
el availability in the solution, the actual nickel content in 
plants depends on the plant species, plant parts and veg-
etative stage of plants (Gerendas and Sattelmacher, 1999). 
Accumulations of heavy metals by plants are known to be 
species specific and also depend on plant organs and plants 
developmental stage (Ovcharenko, 1997 and Kabata-Pen-
dias 2001).

Although in growth media containing ammonium 
nitrate, nickel did not affect the parameters studied sig-
nificantly (Fig. 2), the positive responses to certain nickel 
levels could be attributed to detoxification of urea pro-
duced in various metabolic pathways in plants (Reinboth 
and Mothes, 1962; Polacco and Holland, 1993). Urea 
produced in these metabolic pathways will result in urea 
toxicity if urease activity is limited by nickel deficiency 
(Eskew, et al., 1983; Krogmeier et al., 1989 and Stebbins 
et al., 1991). The positive nickel effects on shoot fresh and 
dry weight and the amount chlorophyll were at the third 
nickel level (0.05 mg L-1). Roots fresh and dry weights 
were the highest at the second nickel level (0.01 mg L-1) 
and started to decrease at higher concentrations (Fig. 2). 
Further nickel increase in growth media will result in nick-
el toxicity. At relatively high concentrations, nickel inter-
feres and competes with essential divalent cations absorp-
tion such as Fe, Mg, Ca and Mn by plant roots (Clarkson 
and Luttge, 1989). 

Nickel supplement promoted the growth of urea-fed 
plants, and the growth promotion is probably due to the 
improvement of urea-N assimilation. The positive nickel 
effects on shoot fresh and dry weight and the amount of 
chlorophyll were at the fourth nickel level (0.1 mg L-1). 
Roots fresh and dry weights were the highest at the second 
nickel level (0.01 mg L-1) and started to decrease at higher 
nickel concentrations, (Fig. 2). The difference between 
shoots and roots responses to nickel levels is probably due 
to more roots sensitivity to higher nickel levels (Grendas 
and Sattelmacher, 1997 and 1999; Tan et al., 2000; Witte 
et al., 2002). In this study, chlorophyll concentration in 
urea-fed plants increased when nickel was added to the 
media. The increase in chlorophyll content demonstrates 
strongly the improvement in urea-N assimilation by the 
nickel supplement, because chlorophyll is an N-contain-

were more than those in ammonium nitrate-fed plants 
and also the Ni concentrations in roots were more than 
the Ni concentration in shoot in both urea and ammo-
nium nitrate-fed plants. The highest Ni content (14.03 µg 
kg-1 Dw) occurred in the roots of urea-fed plants grown in 
solution containing 0.1 mgL-1 Ni.

The effects of nickel levels on various parameters in 
canola, grown in nutrient media supplied with ammoni-
um nitrate or urea are presented in Tab. 2. 

The effects of N-sources (ammonium nitrate or urea) 
on the parameters studied, except for chlorophyll content 
were significant at 5% level and on chlorophyll content 
was significant at 1% level. Also the effects of nickel levels 
on chlorophyll content and roots fresh weigh were signifi-
cant at 1% level, and on roots dry weight was significant 
at 5% level and on shoots fresh and dry weight was not 
significant. The effects of interaction between growth me-
dia and nickel levels, except for roots fresh and shoots dry 
weight were not significant and on roots fresh and shoots 
dry weight were significant at 5% level.

Although not significant at 1% level, plants growing in 
media containing ammonium nitrate and various nickel 
levels had both the highest shoot fresh and dry weight and 
also the amount of chlorophyll at the third nickel level 
(0.05 mg L-1) but started to decrease at higher nickel con-
centrations. Roots fresh and dry weight were the highest 
at the second nickel level (0.01 mg L-1),(Fig. 2). 

In nutrient cultures containing urea, the effects of vari-
ous nickel levels on canola shoots fresh and dry weight 
were significant at 1% level, and on roots fresh and dry 
weight and also on chlorophyll content were significant at 
5% level. The shoots fresh and dry weight and the amount 
of chlorophyll were the highest at fourth nickel level (0.1 
mg L-1). The canola roots fresh and dry weights were the 
highest values at the second nickel level (0.01 mg L-1) and 
started to decrease with further increase in nickel content 
(Fig. 2).

The interaction effects between media and nickel lev-
els revealed that at fourth nickel level, canola shoots fresh 
weight was higher in plants growing in media containing 
urea than those in ammonium nitrate. However, the differ-
ence was not significant at 5% level. The shoot dry weight 
was higher at third and fourth nickel levels (0.05 and 0.1 
mg L-1) in plants supplied with urea as compared with 
those supplied with ammonium nitrate. At fourth nickel 
level, this difference was significant at 1% level. Both roots 
fresh and dry weight were higher in plants supplied with 
urea than those treated with ammonium nitrate. The dif-
ferences were significant (5% level) at second nickel level. 
However, further increase in nickel supply beyond 0.01 
mg L-1 resulted in a decrease in fresh and dry weight. The 
decrease was lower in plants treated with urea. Plants sup-
plied with urea had higher chlorophyll content at third 
and fourth nickel levels than those supplied with ammo-
nium nitrate. At fourth nickel level, this difference was 
significant at 1% level (Fig. 2).
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Water Research Institute. Ministry of Agriculture, Iran. 

Marschner, H. (1995). Mineral nutrition of higher plants. 
Second edition. Academic Press, London.

ing compound (Barker, 1989). Minotti et al., (1994) dem-
onstrated that the N status in plants can be assessed by the 
measurement of chlorophyll. The growth promotion is 
also attributed to more N-urea assimilation.

The positive nickel effect on plants grown in urea or 
ammonium nitrate solution shown, canola shoots fresh 
weight was higher in plants growing in media containing 
urea than those in ammonium nitrate at fourth nickel level 
(0.1 mg L-1). The shoots dry weight was higher at third 
and fourth nickel levels (0.05 and 0.1 mg L-1). Both fresh 
and dry weight of plants growing in media containing 
urea increased with the increase in nickel concentration 
which is probably related to higher urease activity. Higher 
urease activity and thus improved nitrogen efficiency and 
metabolism have probably contributed to observed differ-
ences. (Gerendas and Sattlmacher, 1997 and 1999; Tan et 
al., 2000; Witte et al., 2002).

 Both canola roots fresh and dry weight were higher in 
plants supplied with urea than those treated with ammo-
nium nitrate. However, further increase in nickel supply 
beyond 0.01 mg L-1 resulted in a decrease in fresh and dry 
weight. The decrease was less in plants treated with urea. 
The inhibitory effect of nickel which started at the third 
nickel level (0.05 mg L-1) could be due to its interference 
with plants metabolism and also to its competing effects 
on essential cations uptake by plant roots (Clarkson and 
Luttge, 1989).

The increase in plants performance receiving urea as 
compared to those grown in media containing ammo-
nium nitrate could be attributed to higher urease activity 
by nickel and thus more nitrogen availability. Total chlo-
rophyll content was also higher in plants supplied with 
urea plus nickel. At 0.1 mg/liter, nickel improved N-urea 
assimilation.

Conclusions

Our results indicate that the amount of nickel required 
for optimum canola growth depends on the forms of ni-
trogen supplied. When supplied with ammonium nitrate 
or urea, the amount of nickel needed is 0.05 and 0.10 mg 
L-1 of nutrient solutions respectively. 
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