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Fig. 1. Ca is not uniformly distributed in / 
between cells. (Fig. 6.24 in Marschner, 2012) 
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Fig. 2. Ca as a micronutrient and 2nd

messenger. (Fig. 8.29 in Marschner, 1995; also 
see Fig. 6.25 in Marschner, 2012)



Fig. 2a. Ca influx into cytosol (Fig. 6.27 
in Marschner, 2012)
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Fig. 3. Schematic of role of Ca in calmodulin (Hort. 
Science (1985) 20:347-352).



Table 1. Impact of Ca on fruit quality 
(Table 6.23 in Marschner, 2012)
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Fig 4. Mg is the central atom of chlorophyll molecule. 
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Table 2. Chlorophyll content and Mg deficiency on fully 
expanded oat leaves. (Michael, 1941)

Mg Supply Chlorophyll Mg Content Total Mg in 
Chlorophyll

mg/g dry 
weight

mg/g dry 
weight

%

Plus Mg 10.4 5.1 10

Minus Mg 4.5 1.0 24
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Fig. 5. Mg-dependent reactions can be 
categorized by general type such as transfer of 
phosphate (Marschner, 2012, p.167)
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Fig. 6. Fe: Integral components of redox 
systems. E.g. Fe-N or heme proteins
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Fig. 7. Fe: Integral components of redox systems. 
E.g. Fe-S proteins such as ferrodoxin

Marschner, 2012, p. 193.
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Fig. 8. Fe essential in chlorophyll molecule synthesis (Fig. 
9.1, Marschner, 1995; updated as Fig. 7.1 in Marschner
2012).
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Fig. 9. Fe deficiency and Strategy 1. (ASPB Fig. 
23.23, similar to Fig. 2.27, Marschner, 1995.)

Step 1: 
Stimulated H+ 
Efflux pump

Step 2: Increased 
release of 
reductants / 
chelators 

Step 3: Fe(II) 
crosses 
membrane via 
transporter or 
channel  
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Fig. 10. Fe deficiency and Strategy 2. (ASPB, 
similar to Fig. 23.30, Marschner, 1995.)

Step 1: Enhanced 
synthesis of PS 
(e.g. mugineic 
acid)

Step 2: Enhanced 
release of PS

Step 3: 
Translocation / 
translocator of 
Fe(III)PS across 
membrane.  Note: PS transport system may also apply to:

Zn(II), Cu(II), and Mn(II) – See Fig. 7.6 in 
Marschner 2012 for diagram of PS biosynthesis
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Fig. 11. Mn in PSII and MnSOD (Fig. 5.1, 
Marschner, 1995).
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Fig. 12. MnSOD (also Fe, CuZnSODs) necessary 
in aerobic organisms

Marschner, 2012, p. 200.
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Fig. 13. Protein synthesis depends on Zn (Fig. 7.19, 
Marschner, 2012).
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Table 3. Cu has a number of critical roles in 
photosynthesis (Table 9.9, Marschner, 1995; same 
as Table 7.10, Marschner, 2012 (reorganized)).



19

Table 4. Mo is critical to N metabolism and Mo requirement 
depends on the plant and on the source of N (Table 9.33, 
Marschner, 1995; Table 7.32, Marschner, 2012 (reorganized)).
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Table 5. When Mo deficiency is severe specific 
symptoms develop (Table 9.35, Marschner, 1995; Table 
7.34, Marschner, 2012 (reorganized)).
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Fig. 14. B is essential in membrane integrity but can be 
partially substituted by germaniam (Fig. 7.28, Marschner, 
2012).
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Table 6. In higher plants, urease is the only known Ni 
containing enzyme; -Ni plants experience urea toxicity 
(Table 7.30, Marschner, 2012)
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Table 7. Cl stimulates H+ pumping at the tonoplast (Table 
7.44, Marschner, 2012).
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