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SOIL NUTRIENTSSOIL NUTRIENTS

1  PURDUE EXTENSION

How do plants get their nutrients?

INTRODUCTION

Plants, like all living creatures, need nutrients to 
live and grow.

Plants use nutrients from the air, water, and soil 
to make their own food through the process of 
photosynthesis. More than 60 elements are found 
in plants, but only 18 are considered essential 
elements (see Table 1). Scientists categorize the 
essential elements as macronutrients, which plants 
need in relatively large amounts, and micronutri-
ents, which plants need in small amounts. Calcium, 

carbon, hydrogen, magnesium, nitrogen, oxygen, 
phosphorus, potassium, and sulfur are plant 
macronutrients. Plants take up carbon, hydrogen, 
and oxygen from air and water. All the other 
macro- and micronutrients come from weathered 
minerals or decomposing organic matter (OM) 
dissolved in the water in soil. 

Farmers and gardeners need to make sure the 
18 essential elements are provided in adequate 
amounts for their crops to thrive. Organic 
gardeners provide needed elements primarily 

TABLE 1. Essential Soil Elements

Element Symbol Form in which the element is taken up and its usual source
Boron B Boron (BO3- -) ions in the soil

Calcium Ca Calcium (Ca++) ions in the soil

Carbon C Carbon dioxide (CO2)  gas in the atmosphere absorbed though leaves

Chlorine Cl Chloride (Cl-) ions in the soil

Cobalt Co Cobalt (Co++) ions in the soil

Copper Cu Cupric ( Cu++) ions in the soil

Hydrogen H Two sources: water (H2O) taken up by roots (primary); hydrogen (H+) ions in 
the soil (secondary)

Iron Fe Ferrous (Fe++) ions in the soil

Magnesium Mg Magnesium (Mg++) ions in the soil

Manganese Mn Manganese (Mn++) ions in the soil

Molybdenum Mo Molybdenate (MoO4- -) ions in the soil

Nickel Ni Nickel (Ni++) ions in the soil

Nitrogen N Nitrate (NO3-) and ammonium (NH4+) ions in the soil. Legumes can absorb 
nitrogen gas (N2) directly from air in the soil

Oxygen O Oxygen (O2) gas in the atmosphere absorbed though leaves

Phosphorus P Two sources: hydrogen phosphate (H2PO4-, primary) and hydrophosphate 
(HPO4-, secondary) from orthophosphate ions in the soil

Potassium K Potassium (K+) ions in the soil

Sulfur S Sulfate (SO4- -) ions in the soil

Zinc Zn Zinc (Zn++) ions in the soil
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by enriching their soil with OM. The size and 
amount of pore space in the soil determines how 
much is available and or held for the plants use. 
An ideal soil is about 50 percent pore space.

Plant roots absorb mineral nutrients such as nitro-
gen and iron when the nutrients are dissolved in 
water. If the soil solution (water and nutrients in 
the soil) is too acid or too alkaline, some nutrients 
won’t dissolve easily so won’t be available to the 
plants. The measurement of soil acidity or alkalin-
ity is called pH and is expressed as strongly acid 
at a value of 1.0 and strongly alkaline at a value 
of 14. A pH below 6.0 reduces the availability of 
nitrogen, phosphorus, and potassium. A pH above 
7.5 reduces the availability iron, manganese, and 
phosphorus to plants.

The amount of rainfall, vegetation type, and 
temperature can affect soil pH. Areas with heavy 
rainfall and forest cover usually have moderately 
acid soils. Soils in regions with light rainfall and 
prairie cover, as in the Midwest, tend to be near 
neutral pH. Areas that are prone to droughts tend 
to have alkaline soils.

TOOL KIT 1 SYMPTOMS OF SOIL 
NUTRIENT DEFICIENCY

o Soil Nutrients Information (below) 

DO
IT

#1

TOOL KIT 2 PLANT UPTAKE OF WATER

o Four glasses of water, 1/2 cup to 3/4 cup 

o Four colors of food coloring 

o Celery, preferably with leaves

o Paper towel

     Do It 1. Symptoms of Soil Nutrient  
     Deficiency

1. Read the Soil Nutrients information.

2. Create a table that lists common symptoms of  
 nutrient deficiency in plants. A sample table  
 follows the information on soil nutrients.
 – Title your table Symptoms of Soil Nutrient  
  Deficiency.
 – Title the first column Nutrient. Title the 
  second column Deficiency Symptoms.
 – List the symptoms that appear first on older  
  and lower leaves. Alphabetize the elements in  
  this section.
 – List the symptoms that appear first on younger  
  or upper leaves. Alphabetize the elements in  
  this section.

SOIL NUTRIENTS 

Plants use photosynthesis to make food from 
elements found in soil and water. Plant sci-
entists focus on essential elements — those 
needed for growth and completion of the 
plant life cycle. Some essential elements are 
needed in large quantities (macronutrients) 
and others in much smaller quantities (micro-
nutrients). 

•	 Plant	macronutrients:	calcium,	carbon,	
 hydrogen, magnesium, nitrogen, oxygen,  
 phosphorus, potassium, sulfur
•	 Plant	micronutrients:	boron,	chlorine,	copper,		
 iron, manganese, molybdenum, zinc. 

Plants take up carbon, hydrogen, and oxy-
gen from air and water. The other essential 
elements are taken up as compounds or ele-
ments dissolved in the soil’s water. Carbon 
dioxide supplies carbon and oxygen and is 
an important component of photosynthesis. 
Plants absorb oxygen through their leaf pores 
and root hairs. They get hydrogen from water 
in the soil. 

Fertilizers generally supply nitrogen (N), phos-
phorous (P), and potassium (K), because these 
elements are often needed for maximum 
crop, flower, or vegetable production. Other 
essential elements are found in ample supply 
in most soils.



SOIL NUTRIENTS (continued)

Here is more information about selected 
essential elements.

Nitrogen is a major part of proteins in plant 
tissue and a component of chlorophyll, the 
green pigment needed for photosynthesis. 
Although air is 78 percent nitrogen gas, plants 
must take up nitrogen compounds from the 
soil. Ammonia, which contains nitrogen and 
hydrogen, and nitrate, containing nitrogen 
and oxygen, can be absorbed by plant roots 
but lost through leaching or reconverting to a 
nitrogen gas. Organic gardeners can supply 
nitrogen by using well-rotted manure, growing 
legumes, or using the natural nitrogen fertil-
izer blood meal. Signs of nitrogen deficiency 
appear first on older or lower leaves that turn 
yellow. The overall plant may be light green, 
and growth is stunted.

Phosphorus is an important part of plant 
genetic material that assists in several bio-
chemical processes. Phosphorus comes from 
the decay of organic material, bonemeal, and 
rock phosphate. It often needs to be added 
to soil. Signs of phosphorus deficiency appear 
first on older or lower leaves that look red, 
purple, or dark green. Growth is stunted.

Potassium helps form proteins, carbohydrates, 
and chlorophyll. It is important to proper func-
tioning of stomates and the uptake of other 
nutrients. Potassium is available in most soils, 
but plants usually need more for maximum 
production. Signs of potassium deficiency 
appear first on older or lower leaves that have 
yellow tips and brown edges. The stem is 
weakened.

Other macronutrients such as calcium, mag-
nesium, and sulfur are also important for plant 
growth. They are generally available in suf-
ficient amounts in most soils, although sandy 
or acidic soils may need additions. Signs of 
magnesium deficiency appear first on older or 
lower leaves as interveinal chlorosis (leaf veins 
remain green as the tissue between yellows) 
and growth is stunted. 

Micronutrients occur in in relatively small 
quantities. Soil conditions such as pH level 
and weather conditions such as drought affect 
their availability. Selected micronutrients and 
visual cues to diagnose a deficiency of them 
are below. Visual diagnosis — difficult for both 
macro- and micronutrients — is more art than 
science. The following guidelines may help.

•	 Boron	deficiency	appears	first	on	younger		
 or upper leaves that appear pale green and  
 twisted at the base. The buds die.

•	 Calcium	deficiency	appears	first	on	younger		
 or upper leaves. Buds and young leaves die  
 back.

•	 Copper	appears	first	on	younger	or	upper		
 leaves that are pale and wilted with brown  
 tips.

•	 Iron	deficiency	appears	first	on	younger	or	
 upper leaves as interveinal chlorosis.   
 Growth is stunted.

•	 Manganese	deficiency	appears	first	on		
 younger or upper leaves as interveinal  
 chlorosis with brown spots scattered   
 through the leaf.

•	 Molybdenum	deficiency	appears	first	on		
 younger or upper leaves as interveinal 
 chlorosis. Growth is stunted.

•	 Sulfur	deficiency	appears	first	on	younger		
 or upper leaves that appear light green   
 overall. Growth is stunted. 

•	 Zinc	deficiency	appears	first	on	older	or			
 lower leaves as interveinal chlorosis. Leaves  
 thicken, and growth is stunted.
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Sample table: Symptoms of Soil Nutrient Deficiency

Do It 2. Plant Uptake of Water 

1. Put 5-10 drops of each color of
food coloring into a glass.

2.  Cut the ends off four stalks of celery. Place
each stalk into a glass.

3. Observe the celery stalks after 30 minutes, 1
hour, and longer, if possible.
– Remove the celery from the water, and look

at the cut the end and leaves of each celery
stalk.

– Look for signs of water movement in the
plant.

– Break each stalk of celery, and look for signs
of water movement.

   Share What Happened: How 
many essential elements did you  
learn about? 

Apply: How can you identify an essential ele-
ment in short supply for adequate plant growth?

Generalize to your Life: How do droughts 
and floods affect plant uptake of the essential 
elements?

DIG DEEPER  
  Compare plants grown with and 

   without nitrogen fertilizer over 
the course of the semester or summer. Be sure 
that you provide exactly the same conditions 
— temperature, soil, pot size, and amounts 
of fertilizer, water, and sunlight — to each 
of your test samples. Classmates may run the 
same experiment with a different fertilizer, 
plant type, or growing conditions to see if they 
get the same response. 

DO
IT

#2

Cha
t

GLOSSARY

Element: A fundamental substance that consists 
of only one kind of atom; for example, oxygen

Stoma: A pore found in the epidermis of leaves, 
stems, and other organs used to control gas 
exchange
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Symptoms that appear first on lower or older leaves

Symptoms that appear first on younger or upper leaves

Nutrient                                                  Deficiency Symptoms
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