Essential Plant Nutrients

	Element
	Uptake
	Function in Plant
	Common Deficiency Symptoms

	Hydrogen (H)
	H2O
	Water, organic molecules
	(drought?)

	Oxygen (O)
	O2,H2O,CO2
	Respir., water, organic molecules
	(flooding?)

	Carbon (C)
	CO2
	Organic molecules
	(shading?)

	Nitrogen (N)
	NO3-,

NH4+
	Amino acids, DNA, RNA, chlorophyll; mobile
	Stunting, yellowing, firing of mature leaves

	Phosphorus (P)
	H2PO4-,

HPO42-
	DNA, RNA, ATP
	Stunting, purpling, dark green, delayed maturity, poor reproductive development

	Potassium (K)
	K+
	Cellular ion, water balance, sugar translocation-starch formation
	Mature leaf tip and margin burn, weak stalks, small fruit/seeds, slow growth

	Calcium (Ca)
	Ca2+
	Cell wall structure-immobile
	Terminal bud and root tip damage, dark green, blossom/bud shedding, weakened stems, fruit disorders

	Magnesium (Mg)
	Mg2+
	Chlorophyll, enzyme activator-mobile
	Interveinal chlorosis in older leaves, leaf curling, margin yellowing

	Sulfur (S)
	SO42-
	3 amino acids, nodule formation, oil compounds (garlic, onion); less mobile than N
	Yellowing of young leaves, small spindly plants, slower growth and maturation

	Zinc (Zn)
	Zn2+
	Enzyme systems, terminal growth
	Decreased stem length (rosetting), reduced fruit bud formation, mottling-striping-interveinal chlorosis, twig dieback

	Iron (Fe)
	Fe2+
	Chlorophyll, enzyme activator
	Interveinal chlorosis of young leaves, twig/limb dieback

	Manganese (Mn)
	Mn2+
	Chlorophyll, enzyme activator
	Interveinal chlorosis (often whole plant), leaf spotting/streaking

	Copper (Cu)
	Cu+, Cu2+
	Enzyme activator (protein synthesis)
	Stunting, leaf tip/shoot dieback, poor pigmentation

	Boron (B)
	H3BO3
	Differentiation of meristem cells, carbohydrate metabolism regulation; immobile
	Death of terminal growth (witches broom); leaf thickening, curling, wilting; fruit and tuber necrotic spots, reduced flowering/pollination

	Molybdenum (Mo)
	MoO42-
	Nitrogen utilization/fixation
	Stunting-similar to N defic.; leaf margin scorching, cupping, rolling; cauliflower “whiptail”

	Chlorine (Cl)
	Cl-
	Required for photosynthesis
	Wilting/chlorosis, excessive root branching, leaf bronzing


Summarized by C.R. Crozier from Western Fertilizer Handbook, 1995 
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Additional Soil Fertility Information on the Internet

General Information
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