
frost or lightning. The distress signals may also 
be linked to the nutritional status of a plant. 
Learning to recognize the general signs and 
symptoms of nutrient deficiency, toxicity, or 
imbalance can alert horticulturists and Master 
Gardeners to take appropriate steps to correct 
the problem.

Table 3.7 provides a brief overview of basic 
information about 17 essential nutrient ele-
ments. Soil fertilization techniques (discussed 
in this chapter) allow gardeners some control 
over the supply of soil nutrients to plants.

Although plants require much higher con-
centrations of primary and secondary nutrients 
(parts per 100 or percent) than micronutrients 
(parts per million or billion), all 17 essential 

elements need to be present for a healthy 
plant. An excess, deficiency, or even an 
imbalance of these elements leads to individual 
symptoms that can be generalized in most 
plants (see table 3.7). The most common 
nutritional problems in California are related 
to deficiencies of nitrogen, phosphorus, potas-
sium, zinc, and iron and toxicity symptoms 
caused by excesses in boron, chlorine, and 
sodium. Symptoms are listed in table 3.7. 
Because most nutritional disorders of plants 
are difficult to diagnose from visual symptoms 
alone, tissue and soil analysis are often needed 
as well. In some instances, plants do not show 
symptoms of nutritional deficiencies until 
severe stress has occurred.
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Table 3.6 

Essential plant nutrients

Element 	 Chemical symbol	 Chemical forms absorbed 	 Source 
		 by crop plants		

carbon	 C	 CO2	 air
hydrogen	 H	 H2O	 water
oxygen	O	O  2, H2O	 air, water

Primary nutrients
nitrogen	 N	 NO3

–, NH4
+	 soil solids*

potassium	 K	 K+	 soil solids
phosphorus	 P	 H2PO4

–, HPO4
2–, PO4

3–	 soil solids

Secondary nutrients	
calcium	 Ca	 Ca2+	 soil solids
magnesium	 Mg	 Mg2+	 soil solids
sulfur	 S	 SO4

2–	 soil solids

Micronutrients†

boron	 B	 BO3
3–	 soil solids

chlorine	 Cl	 Cl–	 soil solids
copper	 Cu	 Cu+, Cu2+	 soil solids
iron	 Fe	 Fe3+	 soil solids
manganese	 Mn	 Mn2+	 soil solids
molybdenum	 Mo	 MoO4

2–	 soil solids
nickel	 Ni	 Ni2+	 soil solids
zinc	Z n	Z n2+	 soil solids

Notes:
 *Some microorganisms that live in association with legume plant roots (Rhizobia, for example) can fix atmospheric 
nitrogen (N2), converting it to inorganic forms, including ammonium ions (NH4

+), which crop plants can absorb. In this 
case, it can be said that some plants obtain their essential nitrogen from the air in symbiotic relationship with soil micro-
organisms.
†The term micronutrient has been restricted to mean those elements known to be essential for the growth of higher 
plants that are needed in minute or trace quantities (ppm or ppb). Although the term trace elements is often used inter-
changeably with micronutrients, it has been used rather loosely in the scientific literature to describe elements with no 
known physiological function that may be toxic to plants and animals. Unfortunately, the terms micronutrients, trace ele-
ments, microelements, heavy metals, trace metals, and trace inorganics are used interchangeably. To avoid confusion, it is 
best to use the term micronutrients to refer to mineral elements that are essential for plant growth in trace quantities.
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