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Introduction
   Th is article introduces agricultural and horticultural 
producers to the role and function of the newest identifi ed 
essential plant nutrient, nickel (Ni).

  Th e criteria for essentiality of elements for plant growth 
and development were established by Arnon and Scott 
(1939) and Meyer and Anderson (1939; please also see 
Bennett 1993). An essential nutrient is defi ned as follows:

• A given plant must be unable to complete its life cycle in 
the absence of the nutrient (life cycle = vegetative state, 
fl ower, seed production).

• Th e function of the element must not be replaceable by 
another element.

• Th e element must be directly involved in plant me-
tabolism or must be a component of an essential plant 
constituent (e.g., nitrogen [N] is a constituent of proteins 
and chlorophyll).

    Based on these criteria, Brown and colleagues (1987) 
determined in the late 1980s that Ni is an essential nutrient 
for both monocotyledons and dicotyledons. However, 
American Association of Plant Food Control offi  cials 
did not recognize Ni as essential until 2004. Nickel is the 
seventeenth element recognized as essential for plant 
growth and development (Liu 2001). Plants’ Ni requirement 
is the lowest of all essential elements at < 0.5 mg per kg 

of dry weight, making it an essential plant micronutrient. 
Nickel is required for plants at such low concentrations 
that analytical technologies were not available until the 
mid-1970s.

    Nickel is unique among plant nutrients because its func-
tions in plant growth and development were described in 
detail before Ni was added to the list of essential elements. 
Nickel is a key component of selected enzymes (described 
below) involved in N metabolism and biological N fi xation. 
Plants suff ering from Ni defi ciency show necrosis initiating 
from the tip of the leaf (Figures 1–4). Th is symptom can 
be reversed or corrected by applying a dilute Ni solution 

Figure 1.  Severe leafl et tip necrosis due to nickel defi ciency in 
nitrogen-fi xing plants
Credits:  Reproduced by permission from Patrick Brown, University of 
California, Davis
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(Figure 5). In 1945, W. A. Roach and C. Barclay obtained 
the fi rst evidence that Ni signifi cantly increased yields of 
potato (Roach and Barclay 1946), bean, and wheat grown 
in the acidic sands found in Romney Marshes of England, 
which have very low concentrations of manganese (Mn), 
Ni, and zinc (Zn). Similar soils are prevalent in the south-
eastern United States, including Florida.

Functions of nickel in plants and 

symptoms of nickel defi ciency
   Nickel is a functional constituent of seven enzymes. 
Among the seven, urease (EC 3.5.1.5) (i.e., urea amidohy-
drolase) is extremely important to N metabolism in plants. 
As a Ni-metalloenzyme, urease assists in the hydrolysis of 
urea. Nickel works as a cofactor to enable urease to catalyze 
the conversion of urea into the ammonium ion, which 
plants can use as a source of N. Without the presence of 
Ni, urea conversion is impossible. Nickel is accumulated 
in plant organs or tissues, such as leaves. In 1983, D. L. 
Eskew and his colleagues reported that legume plants 
grown in nutrient solutions containing ammonium nitrate 
as the N source developed necrotic lesions on the leafl et 
tips (Figure 2). Th e crop plants accumulated 2.5% urea 
dry weight in the leaves. Th e leaf tip necrosis symptom of 
Ni defi ciency is even more frequent and extensive when 

Figure 2.  Nitrogen-fi xing cowpea seedlings grown hydroponically 
with (left) or without (right) nickel and supplied with no inorganic 
nitrogen source. Without nickel, cowpea plants developed 
pronounced leaf tip necrosis and marked yellowing. These symptoms 
closely resemble those of nitrogen defi ciency.
Credits:  Reproduced by permission from Patrick Brown, University of 
California, Davis

Figure 3.  Ni-defi cient pecan develops “mouse ear,” a symptom of 
nickel defi ciency.
Credits:  Reproduced by permission from M. L. Wells, University of 
Georgia, 2010

Figure 4.  Branches of Ni-suffi  cient (left) and Ni-defi cient (right) pecan 
plants
Credits:  Reproduced by permission from Bruce Wood, USDA-ARS, 
Byron, GA

Figure 5.  Eff ect of spring foliar application of Ni on severity of mouse-
ear symptoms of pecan trees. The branch on left side of the tree was 
sprayed with nickel (II) sulfate (3.35 g Ni L-1 as NiSO4•6H2O) Ni, whereas 
the right branch of the tree was not treated.
Credits:  Reproduced by permission from Bruce Wood, USDA-ARS, 
Byron, GA
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plants are highly dependent on biological N fi xation for 
their N. Th is concentrated urea kills leaf cells, resulting 
in the development of necrotic lesions on the legume leaf 
tips (Figure 2). Nickel-defi cient cowpea develops similar 
symptoms of leaf chlorosis and leaf tip necrosis (Figure 3). 
Th ese symptoms suggest that urea is formed during normal 
N metabolism, regardless of the original N source. Applica-
tion of Ni increases leaf urease activity and prevents urea 
accumulation.

    Ni defi ciency also results in delayed nodulation and 
reduced effi  ciency of N fi xation. Th is fi nding suggests 
leguminous plants might have a unique requirement for 
Ni. Th erefore, for leguminous crops such as green bean and 
cowpea, Ni fertilization might be needed, particularly for 
those soils with high Zn or copper (Cu) concentrations, or 
with pH > 6.7 (Brown 2006).

    In Ni-defi cient pecans, a key morphological symptom 
of Ni defi ciency is the development of “mouse-ear” leaves 
(Figures 3 and 4). On branches of Ni-defi cient pecans, 
leaf expansion is both delayed and decreased, bud-break 
is greatly reduced, and leaves present bronzing, chlorosis, 
resetting, and tip necrosis (Figures 1–4). It seems likely that 
these symptoms are linked to oxalic and lactic acid toxicity, 
which accumulates because Ni defi ciency disrupts pecan’s 
carbon metabolism. Bai and colleagues (2006) demon-
strated that Ni-defi cient pecan plants accumulated twice 
as many organic acids as Ni-suffi  cient plants. Th ey found 
that lactic acid increased 3.2-fold and oxalic acid increased 
2.4-fold, compared to levels in Ni-suffi  cient pecans. Th ese 
accumulations disrupted the conversion of certain organic 
acids to other metabolites necessary for normal growth 
and development. Th is disruption of carbon metabolism 
might also be associated with diminished plant resistance to 
certain diseases (Graham et al. 1985).

    Additionally, a positive eff ect of Ni application on disease 
tolerance has been clearly documented. It is thought that Ni 
may either exert a direct phyto-sanitary eff ect on pathogens 
themselves, or that Ni may stimulate plant disease resis-
tance mechanisms. Although Ni’s mode of action in plant 
protection is unclear, it was shown that direct application 
of Ni to the roots of cowpea, which contained only 0.03 mg 
kg-1 Ni dry weight, eff ectively reduced leaf-fungal infection 
by 50% (Brown 2006).

Bioavailable form of nickel
 Human use of Ni has been traced as far back as 3500 BC. 
However, it was fi rst isolated and classifi ed as a chemical 
element from Kupfernickel by the Swedish mineralogist and 

chemist, A. F. Cronstedt, in 1751. Nickel has fi ve valences: 
0, +1, +2, +3, and +4. Among these, only Ni2+ is considered 
an available form for plants.

Nickel concentration in soils
   Nickel comprises approximately 3% of the earth’s crust 
composition and is the twenty-fourth most abundant 
element. Total Ni concentration commonly ranges from 
5 to 500 mg kg-1, with an average of 50 mg kg-1 in soils. 
However, Ni concentrations in dried biosolids (also referred 
to as treated sewage sludge) or soil near metal refi neries 
range between 24,000 and 53,000 mg kg-1. Soils for crop 
production contain 3–1,000 mg kg-1. Because Ni2+ is the 
available form of Ni for plants, total Ni concentration is not 
a useful measure for Ni bioavailability. Positive 2-valence Ni 
ion (Ni2+) readily oxidizes and becomes unavailable. Th us, 
plants grown in high pH soils are vulnerable to Ni defi -
ciency. Additionally, excessive use of Zn and Cu may induce 
Ni defi ciency in soil because these three elements share 
a common uptake system. Over-liming, which raises pH 
excessively, also causes soil to be defi cient in plant-available 
Ni. Th us, in soils that have high pH, either naturally or 
artifi cially, Ni fertilization may be needed to ensure good 
crop quality and yield.

Soil testing for nickel
   Several soil test methods have been tried for predicting 
the crop’s need for Ni fertilizer. Many extractants have 
been employed to determine the soil’s concentration of 
exchangeable Ni, including diethyltriaminepentaacetic acid 
(DTPA), BaCl2, Sr(NO3)2, and ammonium acetate. Th e 
DTPA method is the most commonly used and eff ective 
for a variety of soils. However, standards for Ni-defi cient 
soils have not been established. Nickel defi ciency can occur 
as a result of excessive use of competing ions, such as Zn 
and Cu, unfavorable conditions, such as high pH, or use of 
intensively oxidized soils for crop production. In Florida, 
the background level of Ni in agricultural surface soils 
statewide has been reported as 8 mg/kg, which is much 
lower than that of agricultural surface soils (17 mg/kg) 
and soil in general (50 mg/kg) nationwide (Ma et al. 1997). 
However, there has been no survey for Ni nutrition in crop 
production. No one knows whether there is a Ni defi ciency 
problem in plant industries or not because Ni is a new 
micronutrient. However, pecan plants grown in Georgia 
have recently shown typical symptoms of Ni defi ciency 
(Wells and Harrison 2010). Th e information and photos 
included in this publication may help the Florida plant 
industries identify and correct this nutrient disorder.
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Nickel uptake and transport
 Plants have two transport systems (Brown 2006): low affi  n-
ity and high affi  nity. With the low-affi  nity transport system, 
plants can absorb Ni2+ ions at the low concentration of 
4.4 ppb, which is approximately 0.6 ounces Ni per million 
gallons of water. With the high-affi  nity transport system, 
plants can take up 1.8 parts per million (ppm) of Ni2+ ions, 
which is 237.7 ounces per million gallons of water. Nickel 
is readily re-translocated within the plant, probably as a 
complex with organic acids, such as citrate, at pH < 5, or 
an amino acid, such as histidine, at pH > 6.5. When plants 
experience Ni defi ciency, the symptoms usually show up 
fi rst on mature leaves (Figures 2 and 3). Also, due to the 
transportability of Ni2+ ions, up to 70% of Ni in the shoots 
can be transported to seeds (Brown 2006).

Plant tissue nickel content
   Th e Ni concentration in plant leaves ranges from 0.05 to 
5 mg kg-1, which is equal to 0.05–5 ppm on a dry weight 
basis. Th e critical Ni concentration in plant tissues required 
for normal shoot growth of urea-fed tomato and zucchini is 
about 1 ppm. Nickel concentrations > 10 ppm are generally 
considered to be toxic to sensitive species or cultivars. Table 
1 contains a Ni-suffi  ciency range for several vegetable and 
fruit crops (Brown 2006).

Nickel fertilization
   As a micronutrient, Ni is required by plants at low 
concentration. Most annual plants have a requirement for 
Ni on the order of 0.5 lbs per acre, compared with nitrogen 
(N) at 80–200 lbs per acre. Application of Ni fertilizers 
(Ni2+) might be needed in the following growth conditions: 
1) urea is the primary N source used for the crop produc-
tion systems; 2) high applications of other metals, including 
Zn, Cu, Mn, iron (Fe), calcium (Ca), or magnesium (Mg), 
have been made for many years; or 3) leguminous crops are 
being grown in soils poor in mineral content or with a pH > 
6.7. Soluble salts like nickel sulfate (NiSO4), which contains 
the Ni2+ ion, are suitable fertilizers to prevent or correct 
plant Ni defi ciency. Applying a foliar spray at a concentra-
tion of 0.03–0.06 ppm Ni is suffi  cient. An application of 0.5 
lbs Ni per acre is all that is required (NIPAN LLC 2011). 
Also, municipal biosolids fertilizer is a good source of Ni. 
Table 2 summarizes Ni fertilizer sources.

Practical take-home messages
• Nickel is the most recently discovered micronutrient; it is 

required in small amounts by plants.

• Leguminous crops like bean and cowpea require more Ni 
than other crops because Ni plays an important role in 
nodulation and N fi xation. 

• If Ni defi ciency occurs, it will likely be associated with 
soils having pH > 6.7 or soils that have received excessive 
applications of Zn, Cu, Mn, Fe, Ca, or Mg. 

• Nickel defi ciency appears as leafl et-tip necrosis, or 
“mouse-ear” leaves.

• Nickel is a challenging plant nutrient with which to work 
because it readily oxidizes to unavailable forms in the soil.

• Th e easiest and most eff ective strategy to correct acute 
Ni defi ciency is foliar spraying with a dilute solution of 
NiSO4 or other water-soluble Ni fertilizer.

• Municipal biosolids can be eff ectively used as a Ni 
fertilizer.
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Table 1.  Adequacy ranges of nickel concentrations in plant tissues for selected vegetable and fruit crops
Ni concentration in plants (mg kg-1)

Plant species Defi cient Adequate Toxic Reference

Cowpea 0.01–0.14 0.22-10.3 TBE1 Walker et al. 1985

Beans TBE TBE 10–83 Macnicol and Beckett 1985

Soybean 0.02-0.04 TBE TBE Eskew et al. 1984

Pecan 0.1 TBE TBE Wood et al. 2004
1TBE = To be established.
Sources: Data from Brown (2006).

Table 2.  Some Ni-containing fertilizers
Fertilizer Formula   or material %   Ni

Nickel   sulfate (also called nickelous sulfate) NiSO4   •6H2O 32.1

Anhydrous   nickel sulfate NiSO4 37.5

Nickel   nitrate Ni(NO3)2   •6H2O 20.2

Nickel   chloride NiCl2   •6H2O 37.2

Nickel(II) EDTA1 complex NiC10H16N2O8 16.7

Nickel   Plus2 Complex 5.4

Sewage   sludge Composite 2.4–5.3
1EDTA = Ethylene Diamine Tetra-Acetate
2Nickel Plus also contains N (5%) and S (3%)
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