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Working with Data

Nickel Is an Essential Element for Plant Growth
(Textbook Figure 25.2)
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Nickel is an essential element for plants.

1. Grow barley plants for three generations in hydroponic solutions
containing 0, 0.6, and 1.0 pM nickel sulfate (NiSO,).

2. Harvest seeds from 5-6 third-generation plants in each of the
group:

3. Determine the nickel concentration in seeds from each plant.

4. Germinate other seeds from the same plants in a nickel-free
hydroponic solution and plot the success of germination against
nickel concentration.

There was a positive correlation between seed germination and
nickel concentration. There was significantly less germination at
the lowest nickel concentrations.
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CONCLUSION
Barley seeds require nickel order to germinate and

complete their life cycle.

A.What do the blue points have in common? Why are there five blue
points instead of just one?

B.What is the biological meaning of the zero/zero point?

C.Why didn’t the investigators examine only the plants grown without
nickel in their hydroponic solution?

D. Plant biologists define the critical value for a mineral nutrient as
that concentration in plant tissue that results in a 15 percent
reduction in the optimal yield of the plant. Using maximum
germination percentage in this experiment as the optimal yield,
calculate the critical value for nickel.
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Introduction

For an element to be classified as an essential nutrient in plants, two criteria must be satisfied. Specifically, one must demonstrate that a plant cannot complete its life cycle in the absence of the element, and that no other element can substitute for the test element. To determine if nickel is an essential element for plants, Patrick Brown and colleagues tested whether barley could complete its life cycle in the absence of nickel. The researchers grew barley plants for three generations in nutrient solutions containing either 0, 0.6, or 1.0 μM NiSO4. Seeds from each group were then harvested from 5–6 third generation plants, and the level of nickel present in the seeds was determined. The remaining seeds from the same plants were allowed to germinate, and the success of germination was plotted against nickel concentration. The results indicated a positive correlation between seed germination and nickel concentration. Importantly, no germination was observed at the lowest nickel concentration. Together with results from another study showing that no other element could substitute for nickel, the investigators concluded that nickel is an essential micronutrient. What role does nickel play in plant nutrition? In addition to nickel’s function in the production of viable seeds, other studies have demonstrated that nickel deficiency has a wide range of effects on plant growth and metabolism, including nitrogen metabolism and iron absorption. Further investigations into the function of nickel at the molecular level indicated that nickel is a cofactor for the enzyme urease, a nickel metalloenzyme. It is due to this role as a cofactor for urease that nickel is an essential micronutrient.

Original Paper

Brown, P. H., R. M. Welch, and E. E. Cary. 1987. Nickel: A micronutrient essential for higher plants. Plant Physiology 85: 801–803.

http://www.plantphysiol.org/cgi/reprint/85/3/801
Links
(For additional links on this topic, refer to the Chapter 25 Investigation Links.)
International Plant Nutrition Institute
http://www.ipni.net/
University of Waterloo Retirees Association: What is Plant Nutrition?
http://retirees.uwaterloo.ca/~jerry/orchids/nutri.html
Analyze the Data

Question 1 (from textbook Figure 25.2)
The following graph plots the success of germination against nickel concentration.
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HYPOTHESIS

Nickel is an essential element for plants.

1. Grow barley plants for three generations in hydroponic solutions
containing 0, 0.6, and 1.0 uM nickel sulfate (NiSO,).

2. Harvest seeds from 5-6 third-generation plants in each of the
groups.

3. Determine the nickel concentration in seeds from each plant.

4. Germinate other seeds from the same plants in a nickel-free
hydroponic solution and plot the success of germination against
nickel concentration.

There was a positive correlation between seed germination and
nickel concentration. There was significantly less germination at
the lowest nickel concentrations.
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A. What do the blue points have in common? Why are there five blue points instead of just one?
B. What is the biological meaning of the zero/zero point?

C. Why didn’t the investigators examine only the plants grown without nickel in their hydroponic solution?
D. Plant biologists define the critical value for a mineral nutrient as that concentration in plant tissue that results in a 15 percent reduction in the optimal yield of the plant. Using maximum germination percentage in this experiment as the optimal yield, calculate the critical value for nickel.
Question 2

After three generations of growth in various Ni levels, the production of seeds by barley plants was measured, with the results (mean +/– SD) shown below. Did a lack of Ni for three generations affect seed production or seed weight? What is the evidence for your answer?

	Ni supplied in solution

(uM)
	Total grains/plant

(g/dry wt)
	Total grain weight

(g)

	0
	7.3 +/– 1.3
	175 +/– 26

	0.6
	7.5 +/– 0.9
	179 +/– 35

	1.0
	8.4 +/– 1.5
	195 +/– 41


Question 3

The third generation seeds were then assayed for germination and for Ni content, with the following results:

	Ni supplied in solution

(uM)
	Germination
(%)
	Ni concentration in seed

(ng/g dry wt)

	0
	11.6 +/– 11.6
	7.0 +/– 11.7

	0.6
	56.6 +/– 16.3
	63.8 +/– 21.6

	1.0
	94.0 +/– 8.9
	129.2 +/– 72.7


A. Did the level of Ni overall affect the average rate of seed germination?

B. Did some seeds of plants grown for three generations without Ni not germinate at all? What is the evidence for your answer?
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