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Mineral “Nutrition”

Plants require mineral elements for survival. Not all species require the same complement of minerals in the same amounts, but the differences between species are much less variable than the differences between the amounts of specific minerals within a single species. Each plant requires minerals in various proportions. Large amounts of some minerals (CHOPKiNS CaFe Mg), called macroelements, are essential. Other elements (Mo Cu Zn Mn B Al Cl) are needed in much lower quantities and are therefore called microelements. Microelements may be just as important to survival as macroelements, the amount needed is simply less. In addition to those elements listed above, certain plants need unusual elements (Si, Co, Na, V) for proper growth and survival.
Table 1. Elemental Composition of Plant Tissue (Epstein, 1972 and 1994)
	Element
	Symbol
	Atomic Weight

g mol-1
	Plant Conc

µmol g-1
	Plant Conc

% or ppm
	Atoms rel. to Mo

	Hydrogen
	H
	1.01
	60,000
	6%
	60,000,000

	Carbon
	C
	12.01
	40,000
	45
	40,000,000

	Oxygen
	O
	16.00
	30,000
	45
	30,000,000

	Nitrogen
	N
	14.01
	1,000
	1.5
	1,000,000

	Potassium
	K
	39.10
	250
	1.0
	250,000

	Calcium
	Ca
	40.08
	125
	0.5
	125,000

	Magnesium
	Mg
	24.32
	80
	0.2
	80,000

	Phosphorus
	P
	30.98
	60
	0.2
	60,000

	Sulfur
	S
	32.07
	30
	0.1
	30,000

	Silicon
	Si
	28.09
	30
	0.1
	30,000

	Chlorine
	Cl
	35.46
	3
	100 ppm
	3,000

	Iron
	Fe
	55.85
	2
	100
	2,000

	Boron
	B
	10.82
	2
	20
	2,000

	Manganese
	Mn
	54.94
	1
	50
	1,000

	Sodium
	Na
	22.91
	0.4
	10
	400

	Zinc
	Zn
	65.38
	0.3
	20
	300

	Copper
	Cu
	63.54
	0.1
	6
	100

	Nickel
	Ni
	58.69
	0.002
	0.1
	2

	Molybdenum
	Mo
	95.95
	0.001
	0.1
	1


The table above was derived by measuring the levels of elements found in living plants. While this might be an interesting approach to a study of mineral requirements, it requires an atomic absorption spectrometer and is relatively tedious to carry out. More importantly, the results only indicate the levels actually accumulated and do not indicate how much of the accumulation may be important to the plant.

An inexpensive and empirical demonstration of the essential need for a particular element is to observe growth of plants grown hydroponically in various solutions of mineral-containing waters lacking certain individual elements. This approach was carried out long ago (1850-1930), before the advent of analytical techniques, to establish the list of macro- and micro-elements.

We will use this empirical method. We will prepare solutions of minerals lacking in a single element. Plants will be suspended with their roots immersed in the solutions. Their growth and characteristics will be observed over several weeks. The consequences of deficiency will be demonstrated by comparison with plants held in a solution containing a complete set of minerals. What is an experiment? Do we have one here?

1. You will prepare one complete, one macronutrient- and one micronutrient-deficient hydroponic medium using Table 2 below. The instructor will provide a duty chart to be sure all the media have been made. You might want to circle or highlight the column(s) in the chart for each medium assigned to you.

2. You will use two 7 oz (207 mL) opaque Solo™ cups to prepare each 250 mL batch of your assigned medium. Each team will also prepare one batch of Com(plete) medium. These cups are brand new so you don't have to worry about cleaning them.

3. Label both cups with the name of the medium, your name, and the date.

4. Put 125 mL of distilled water into both cups for the batch.

5. Add the medium components you circled or highlighted in the table below into one of the two cups for the batch. Be sure not to cross-contaminate the pipettes or the component stock solutions! Leave the pipettes standing in the stock solution bottles.

Table 2: Composition of hydroponic solutions to be made. Each stock solution is 1 Molar unless indicated by an *. Volumes to be used are shown as mL stock solution per 250 mL total volume of medium.

	STOCK
	HYDROPONIC  MEDIA

	SOLUTION
	Com
	-N
	-K
	-P
	-Ca 
	-Mg
	-S
	-Fe
	-µs
	-B
	-Mn
	-Zn
	-Cu
	-Mo

	Ca(NO3)2
	1.25
	-
	1.25
	1.25
	-
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25

	KNO3
	1.25
	-
	-
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25

	MgSO4
	0.5
	0.5
	0.5
	0.5
	0.5
	-
	-
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	KH2PO4
	0.25
	0.25
	-
	-
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Fe-EDTA*
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	-
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Micros**
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	-
	-
	-
	-
	-
	-

	NaNO3
	-
	-
	1.25
	-
	2.5
	-
	-
	-
	-
	-
	-
	-
	-
	-

	MgCl2
	-
	-
	-
	-
	-
	-
	0.5
	-
	-
	-
	-
	-
	-
	-

	Na2SO4
	-
	-
	-
	-
	-
	0.5
	-
	-
	-
	-
	-
	-
	-
	-

	NaH2PO4
	-
	-
	0.25
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	CaCl2
	-
	1.25
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	KCl
	-
	1.25
	-
	0.25
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	NH4NO3
	-
	-
	-
	-
	1.25
	-
	-
	-
	-
	-
	-
	-
	-
	-

	H3BO3**
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.25
	0.25
	0.25
	0.25

	MnCl2**
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.25
	-
	0.25
	0.25
	0.25

	ZnCl2**
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.25
	0.25
	-
	0.25
	0.25

	CuCl2**
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.25
	0.25
	0.25
	-
	0.25

	Na2MoO4**
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.25
	0.25
	0.25
	0.25
	-


 * = 42 mg Sequestrene/ml stock solution (=5 mg/ml Fe)

** = 2.86g H3BO3, 1.81g MnCl2·4H2O, 0.11g ZnCl2, 0.05g CuCl2·2H2O, and 0.025g Na2MoO4·2H2O per liter.

6. Pour the solution back and forth between the two cups for the 250 mL batch to equalize the concentrations between the two cups. The even-ness of yellowish iron will help you.

7. Add one 5 oz cup (147 mL) of perlite to each cup. It is good to add this slowly and roll the cup between your hands to settle the perlite into the medium and tap lightly on the table to percolate the medium to the surface of the perlite. Be careful not to crack the plastic cup!

8. Carefully plant five radish (Raphanus) seeds just under the liquid but still visible in the perlite.

9. Observe all of the plants in all of the containers each week. Replenish the volume of solution by adding distilled water. Your observations should be sufficient to distinguish the deficiency symptoms described in the web resource page and lecture.

10. When directed, add the minerals for your recipe (Table 1) to replenish the minerals by adding the correct volume of each stock in the recipe to 50 mL of distilled water. Put half of this batch into each of the two cups. Be sure the right recipe goes into the correct cup!

11. When instructed to terminate the trials, make your final observations. Measure the length of the shoot of each plant. Measure the length of the root system as gently as possible. Record the fresh weight of the six plant shoots from each treatment. Wrap the six plants loosely in a piece of foil and place them in the drying oven for one day. Be sure to mark the foil with the treatment! After a day or two, record the dry weight of the plants from each treatment.

12. Homework for this project:

Use Excel( to recreate Table 3 below as closely as possible for the recipe for the complete medium we are using (shown in the first column of Table 2 above). A periodic chart on the website is good enough for calculating MW if needed. From the attached data chart, create a formal table of plant data with cells summarizing the results from your trial(s) and your control. Create a one-page abstract that summarizes your trial(s) compared to the control. 

13. What to hand in for this project:

Staple together the grading rubric (see over) as the first of the four pages, the abstract as the second page, a formal data chart with your equivalent of Table 3 (below) as a third page, and a formal data chart with caption (legend) as the fourth page.

Table 3. Composition of a modified Hoagland’s Hydroponic Medium (Epstein, 1972)
	Compound
	MW

g mol-1
	Stock Conc

mM
	Stock Conc

g L-1
	Vol Used

mL L-1
	Ele-ment
	Conc

µM
	Conc

Ppm

	KNO3
	101.10
	1,000
	101.10
	6
	N
	16,000
	224

	Ca(NO3)2•4H2O
	236.16
	1,000
	236.16
	4
	K
	6,000
	235

	NH4H2PO4
	115.08
	1,000
	115.08
	2
	Ca
	4,000
	160

	MgSO4•7H2O
	246.48
	1,000
	246.49
	1
	P
	2,000
	62

	NaFeDTPA (10% Fe)
	558.50
	53.7
	30.00
	1
	S
	1,000
	32

	
	
	
	
	
	Mg
	1,000
	24

	
	
	
	
	
	Fe
	53.7
	3

	KCl
	74.55
	25
	1.864
	
	Cl
	50
	1.77

	H3BO3
	61.83
	12.5
	0.773
	
	B
	25
	0.27

	MnSO4•H2O
	169.01
	1
	0.169
	2
	Mn
	2
	0.11

	ZnSO4•7H2O
	287.54
	1
	0.288
	
	Zn
	2
	0.13

	CuSO4•5H2O
	249.68
	0.25
	0.062
	
	Cu
	0.5
	0.03

	H2MoO4 (85% MoO3)
	161.97
	0.25
	0.040
	
	Mo
	0.5
	0.05


	wrong
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	

	right
	38
	37
	36
	35
	34
	33
	32
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	

	score
	100
	97.4
	94.7
	92.1
	89.5
	86.8
	84.2
	81.6
	78.9
	76.3
	73.7
	71.1
	68.4
	65.8
	63.2
	60.5
	57.9
	55.3
	52.6
	50.0
	47.4
	


Effect of ____and ____ deficiency on Raphanus sativus—rubric for:


Abstract (12)

( introduction sentence

( Hoagland’s medium control

( Omitted mineral treatment

( Radish seeds

( Perlite support substrate

( Growth Conditions

( Replenished Minerals after...

( Observed deficiency symptoms

( Expected deficiency symptoms

( Discussion why/not symptoms observed

( Discussion role of mineral in plant

( Discussion summary

Modified Hoagland's Medium Table (13)
(  Legend/Caption present above Table

(  Table 1.

(  Title: “Composition of the Complete medium…”

(  Columns: Compound, g/mol, mM, g/L, mL/L

(  Columns: Element, µM, ppm

(  Rows: 5 Macronutrient Compounds

(  Rows: 5 Micronutrient Compounds

(  Cells: 5 4 Macronutrient 1000mM

(  Cells: Iron 89, 5

(  Cells: 5 Micronutrients mM

(  Cells:  Volumes 5,5,2,1,1,1

(  Cells:  Elements µM

(  Cells:  Elements ppm


Results Table (13)

(  Legend/Caption present above Table

(  Table 2.

(  Title: “Effect of deficient…”

(  Clarification: Means of # plants

(  Clarification: Weights # shoots (vis a vis plants)

(  Complete and Treatment adjacent

(  Categories of Observation Complete

(  Qualitative Criteria Clearly Differentiated (where?)
(  Quantitative Clearly Means of N

(  Weight Quantitative Clearly Total/N

(  Quantitative Units clear and in ballpark

(  Fonts large enough

(  Data Cells have bold borders

This lab exercise (1994 Ross E. Koning. Permission granted for not-for-profit instructional use.

Available at: plantphys.info/plant_physiology/labdoc/minerals.doc

