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2. Supplying Essential Nutrients 
In this chapter, we describe the essential nutrients 
for plant growth, and fertilizer sources of these 
nutrients. We also describe how to interpret a 
fertilizer label so that you can select and use 
fertilizer successfully. 
 

2.1 Essential Fertilizer Nutrients 
Plants are mostly water. If we place 100 lb or kg of 
healthy living plant material into a drying oven to 
remove all the water, we will have only about 1/10 
of the mass left. Most plants are about 90% water 
and 10% dry matter. 
 
The 10% of dried plant material is made up of the 
“organic” components of carbon (C), hydrogen 
(H), oxygen (O), and a number of “inorganic” ions 
such as N (nitrogen), P (phosphorus), and K 
(potassium). Plants obtain most of their organic C, 
H, and O from water and air. 
 
If we take the 10% of dry plant material and 
remove all the carbon, hydrogen, and oxygen, only 

about 1/10 remains as inorganic ash. Therefore, 
plant nutrition using inorganic fertilizers directly 
manages only about 1% of the plant by weight. 
 
The plant ash is composed of plant nutrients that 
are essential for normal growth, metabolism and 
flowering. However, these nutrients are not all 
taken up at the same rate. Essential plant nutrients 
can be separated into two groups, termed 
macronutrients and micronutrients. Macronutrients 
are found at relatively high concentrations in the 
plant tissue and include nitrogen (N), phosphorus 

(P), potassium (K), calcium (Ca), magnesium 
(Mg), and sulfur (S). Micronutrients are found at 
much lower concentrations in the tissue than 
macronutrients and include iron (Fe), manganese 
(Mn), zinc (Zn), copper (Cu), boron (B), and 
molybdenum (Mo) (Table 1). These twelve 
essential plant nutrients are commonly provided by 
various fertilizer sources applied during crop 
production. 
 
Several other nutrients that are considered as 
essential or beneficial for normal growth including 
sodium (Na), chloride (Cl), Silicon (Si), Nickle 
(Ni), Cobalt (Co), and Aluminum. However, these 
latter plant nutrients are often found as 
contaminants in a number of different fertilizer 
sources, root substrate components, or irrigation 
water, and it is not normally necessary to apply 
extra of these nutrients. 
 
Silicon is generally considered a beneficial rather 
than essential nutrient that protects plants from 
stress. Benefits of the nutrient become most 

evident in adverse situations such as exposure to 
pathogens (Figure 2.2). Silicon fertilizers can be 
applied as foliar or soil applications (typically as 
potassium (K2SiO4) or sodium (Na2SiO4) silicate 
or can be provided by the root substrate. Research 
by USDA-ARS found increased Si uptake and 
disease resistance to powdery mildew in zinnia 
when plants were grown in root substrates 
containing rice hulls or miscanthus (which contain 
Si) compared with peat and pine-bark substrates.

 
Phosphorus deficiency on Pansy. Nitrogen deficiency on Vinca. Iron/manganese toxicity on 

Marigolds 
Figure 2.1 Nutritional problems found in container grown plants resulting from inadequate 

(deficient) or excess (toxic) amounts of nutrients. 
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Aluminum is not normally considered an essential 
nutrient, but has a unique role in floriculture where 
aluminum sulfate is added to the soil to induce 
blue coloration in hydrangea flowers. 
 
In summary: There are 12 nutrients that need 
to be provided at moderate level by fertilizer. 
Several other nutrients such as sodium and 
chloride are usually available in water, air and 
the root substrate.  

Deficiency symptoms are affected by the role of 
nutrients in plant growth, and whether the 
nutrient is mobile. 
 
Plant response to low and high nutrient levels 
 
Although the required concentration of essential 
nutrients varies between macro and micronutrients, 
all nutrients are needed in adequate supply for 
healthy growth. Liebig’s “Law of the minimum” 
applies: whichever essential factor is in least 
supply (individual nutrients, water, light, or other 
factors) limits plant growth. 
 
  

Table 2.1:  Essential fertilizer nutrients, chemical abbreviation, and typical concentrations found in 
dried plant material (percent of leaf dry weight) 
Nutrients Form 

Absorbed 
Conc. In 
Tissue 

Primary role in the plant Mobility 
in the plant 

Macronutrients 
 
Nitrogen (N) NO3

-, 
NH4

+ 
4.0% A component of chlorophyll, nucleic acids, proteins, and 

enzymes 
High 

Phosphorus (P) H2PO4
-, 

HPO4
2- 

0.5% Required to store and transport energy High 

Potassium (K) K+ 4.0% Acts as a osmotic regulator in water absorption and loss 
by the plant. 

High 

Calcium (Ca) 
 

Ca2+ 1.0% Cell structure, secondary plant hormone Low 

Magnesium (Mg) 
 

Mg2+ 0.5% Central ion in the chlorophyll molecule High 

Sulfur (S) SO4
2- 0.5% A component of nucleic acids and proteins Low to 

moderate 
Micronutrients 
 
Iron (Fe) Fe2+ 200 ppm Required for chlorophyll synthesis and 

energy transferring pathways 
Low 

Manganese (Mn) Mn2+ 200 ppm Required for chlorophyll production 
and energy transferring pathways 

Low 

Zinc (Zn) 
 

Zn2+ 30 ppm Activates enzymes Low 

Copper (Cu) 
 

Cu2+ 10 ppm Involved in respiration and oxidation/reduction reactions Low 

Boron (B) 
 

H2BO3
- 60 ppm Essential for cell division and differentiation of young tissue Low 

Molybdenum (B) 
 

MoO4
- 1 ppm Involved in nitrogen metabolism Low 

Others 
 
Sodium (Na) 
 

Na+ 500 ppm Osmotic regulator High 

Chloride (Cl) 
 

Cl- 0.1% Required for photosynthesis High 

Silicon (Si) 
 

H4SiO4 0.05-0.15% Pathogen defense, drought and heat tolerance  

Cobalt (Co) and Nickel (Ni) are also listed as essential or beneficial nutrients, but little information exists about their 
absolute requirement in floricultural crops 

1% is equivalent to 10,000 ppm. Positively charged ions in the “Form absorbed” column are cations, and 
negatively charged ions are anions. Silicic acid (H4SiO4) is uncharged. 

 
Figure 2.2 Zinnia plants that were not inoculated with 
powdery mildew spores or treated with Si were healthy 
(left). When plants were inoculated with powdery 
mildew spores, silicon fertilization (inoculated + Si) 
slowed infection (but did not eliminate it). Photo with 
permission from Dr. Jonathan Frantz, USDA-ARS. 
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2.2 Response to Nutrient Level 
 

 
 
There is no one exact concentration that must be 
delivered, because plants can selectively take up 
nutrients within an adequate range (Figure 2.3). 
Plant health problems and limited growth arises in 
the deficient or toxic ranges. This helps us in 
growing crops - nutrient concentration in the soil 
solution does not have to exactly match the 
nutrient levels in the plant. 
 
Mild nutrient deficiency of N and P is used to limit 
elongation of shoots (leaves and stems), especially 
in young plants. Low N also favors allocation of 
growth to roots over shoots, which improves 
transplant quality. Increasing the concentration of 
nitrogen from ammonium rather than nitrate 
sources also tends to lead to increasing leaf 
expansion and soft growth. 
 

 
If growth control is attempted by limiting nutrients 
other than N or P, however, plant stress is likely. 

For example, limiting iron in the nemesias in 
Figure 4.5 and resulting interveinal chlorosis 
would require supplemental iron to produce a 
horticulturally acceptable plant. 
 

 
 
The role of nutrients in the plant, summarized in 
Table 2.1, affects visual deficiency symptoms. 
Deficiency of a nutrient such as nitrogen that has 
many functions within the plant is likely to result 
in overall yellowing (Figure 2.6). 
 

 
Figure 2.3 Generalized plant growth 
response to increasing nutrient level. 

Figure 2.4 Effect of simultaneously 
increasing concentration of phosphorus and 
the percent of nitrogen in the ammonium 
form (from left to right) on leaf expansion in 
geranium. Photo with permission from Dr. 
Harvey Lang, Syngenta. 

 
Figure 2.5. Limiting supply of a nutrient 
such as iron in these nemesias, may reduce 
growth rate, but would also lead to an 
unsaleable plant. Note the greater chlorosis 
in younger leaves because iron is an 
immobile nutrient.
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Some nutrients are involved in the structural 
components and development of new organs in the 
plant such as calcium (in cell walls) and boron 
(formation of new branches and leaves). 
Deficiency in Ca or B therefore usually causes 
distorted new growth (Figure 2.7). Lack of Ca, as 
part of the protective “skeleton” of the plant, has 
been associated with susceptibility to plant 
pathogens such as botrytis in poinsettia. 
 

 
Magnesium and some of the micronutrients such 
as iron are involved in making chlorophyll, the 
pigment that drives photosynthesis and has a green 
color. A deficiency in one of these nutrients causes 
yellowing from lack of chlorophyll (Figure 2.5). 
 

Nutrients can also be classified depending in their 
mobility within the plant (Table 1), which affects 
the location of deficiency symptoms on the plant. 
A mobile nutrient such as N, P, K, or Mg can be 
moved from “sources” such as old leaves into 
growing points (termed “sinks”). With mobile 
nutrients, deficiency symptoms are usually most 
severe in medium to older-aged leaves (Figure 
2.6). In contrast, deficiency symptoms of immobile 
nutrients such as iron (Figure 2.5) typically occur 
in growing points because the plant cannot move 
nutrients from other organs. 
 
Nutrient toxicities that gradually occur over time 
tend to occur in older leaves, because plants either 
move unwanted chemicals into those organs, or 
because the leaves have had longer time to 
accumulate excess levels (Figure 2.8). 
 

 
In summary: Deficiency symptoms are affected 
by the role of nutrients in plant growth, and 
whether the nutrient is mobile. Nitrogen and 
Phosphorus are the only nutrients used to limit 
plant growth in a controlled way.  
 
  

 
Figure 2.6 Nitrogen deficiency in New 
Guinea Impatiens. Note the greater 
chlorosis in older leaves because N is a 
mobile nutrient. 
 

Figure 2.7 Calcium deficiency in these 
pansies leads to distortion of leaves, because 
calcium is required for normal cell wall 
development. 

 
Figure 2.8 Boron toxicity symptoms in this 
heliotrope are most severe in older leaves, 
which have more time to accumulate toxic 
levels of this nutrient.


