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Definition

• The ability of a soil to support plant 
growth through the provision of 

– Water

– Nutrients (16)

• N, P, K, Ca, Mg, S, [H, C, O], B, Fe, Cu, 
Mn, Mo, Zn, Cl,

– And a growth medium 

• Good environment, pH



What Nutrients Do Plants 
Require?

• Macro-nutrients - N, P, K, Ca, Mg, S

– Needed in greatest quantities

– N, P, K most likely to show economic responses

• Micro-nutrients - B, Fe, Cu, Mn, Mo, Zn, Cl,

– Unlikely to show economic responses unless 

severely deficient

• Soil pH – not a nutrient, but regulates the 

availability of nutrients to plants



Mineral Nutrients

(1) Major nutrients

Nitrogen (N)

Phosphorus (P)

Potassium (K)

(2) Secondary                           

Nutrients

(3) Micronutrients

Calcium (Ca)

Magnesium (Mg)

Sulfur (S)

Boron (B)

Chloride (Cl)

Copper (Cu)

Iron (Fe)

Manganese (Mn)

Molybdenum (Mo)

Zinc (Zn)



Other Nutrients

• Often sold as “micro-blends” or foliar 

sprays

• Expensive….some blends costs as 

much as $100 per acre or more

• Almost all research shows little 

economic response 

• Boron may be an exception for 

pastures that include alfalfa



Other Nutrients

0

2000

4000

6000

8000

10000

12000

14000

Ryegrass Tall Fescue

Normal

High Plus Micros



pH & Nutrient Availability



Additional Tips

• Lime before you fertilize

pH    N         P         K

5.0   53%    34%    52%

6.0   89%    52%    100%

7.0   100%   100%  100%



Non Mineral Nutrients

Carbon (C)

Hydrogen (H)

Oxygen (O)

Used in photosynthesis



Most Limiting Nutrient

• If any of the 16 essential elements  
are lacking, that will be the 
nutrient that would act as the 
limiting factor, thus reducing the 
value of other fertilizer nutrients.



LIEBIG’S “LAW OF THE MINIMUM”

Yield increases until the minimum factor becomes the factor 

limiting growth



Determining Plant Needs

• Determine nutrients in crops

• Replace the nutrients removed from soil



Nutrient Content of Crops

Crop N P2O5 K2O

----- lb / acre ---

Corn (150 bu/ac) 135 53 38

Wheat (50 bu/ac) 65 32 25

Alfalfa (6 ton/ac) 270 90 270

Cool-season grass (3 ton/ac) 150 40 145

Cow-calf pair 10 7 1



Nutrient Removal Vegetables lb/ac) 

Crop Yield 
(tons
/ac)

N P2O5 K20 MgO S

Potato 18 156 71 277 36 18

Cabbage 31 330 76 429 54 71

Carrot 13 112 49 179 27 NA

Cauliflower 22 223 89 313 27 NA

Cucumber 18 63 45 107 54 NA

Okra 9 54 22 80 31 9

Onion & Garlic 16 107 45 143 13 18

Pumpkin 22 80 63 143 36 NA

Radish 9 107 54 107 27 NA

Spinach 11 107 40 179 31 NA

Tomato 22 125 58 170 32 27



Example: Pasture Fertility

• Fertilizer requirements for pastures are 
different than for cropping systems or 
even hay production

– More than 90% of phosphorus (P) and 
potassium (K) are returned to the soil

– About ½ of the nitrogen applied to pasture 
is returned…about ½ lost



Nitrogen



Nitrogen Essential for:

Vitamins Amino acids

Energy

systems

Protein

synthesis
Chlorophyll Photosynthesis

Utilization of

sunlight

Nutrient

uptake



Name           Chemical        Relative          Function in plant

symbol      % in plant

to N
Primary macronutrients

Nitrogen                   N                    100                     Proteins, amino acids

Phosphorus             P                        6                     Nucleic acids, ATP

Potassium                K                      25                    Catalyst, ion transport

Secondary macronutrients

Calcium                 Ca                      12.5                 Cell wall component

Magnesium           Mg                       8                     Part of chlorophyll

Sulfur                      S                        3                     Amino acids

Iron                        Fe                        0.2                  Chlorophyll synthesis

Micronutrients

Copper                   Cu                       0.01                Component of enzymes

Manganese            Mn                       0.1                  Activates enzymes

Zinc                        Zn                       0.03                Activates enzymes

Boron                      B                        0.2                  Cell wall component

Molybdenum         Mo                       0.0001            Involved in N fixation

Chlorine                 Cl                        0.3                  Photosynthesis reactions



Nitrogen Deficiency
Symptoms Include...

• Slow growth; stunted plants

• Less tillering of grasses

• Stunted and yellow leaves

• Mostly lower leaves affected



Sources of Nitrogen

• Organic N - part of soil organic matter, 
unavailable to growing plants

• Inorganic N - readily available to plants

–Ammonium N – NH4
+often „fixed‟ by clays, 

slowly available to plants

–Ammonium and nitrate ions NO3
- (soluble), 

the N which plants use



OM Classification from soil 
testing

• Low - OM less than 3.1%

• Medium - OM 3.1–4.5%

• High - OM 4.6%–19%.

• Organic soils have OM > 19%

• 1% OM = ~20 lb/ac N released per 
year



Nitrogen Fertilizers
N content,

Material %

Ammonium nitrate 34

Ammonium sulfate 21

Calcium nitrate 15

Diammonium phosphate (DAP) 18

Potassium nitrate 13

Sulfur-coated urea 39

Urea 45



N-fixing bacteria

Most uptake from the soil is in the form of nitrate



Alfalfa 195

White clover 105

Soybeans 100

Cowpeas 90

Peanuts 40

Annual Nitrogen Fixation
by Various Legume Crops 

(Symbiotic)
N fixed,

Legume lb/A/yr

Fall cover crops help retain nitrogen in the soil



dairy solids

yard trimmings compost

rabbit manure compost

school compost

anaerobic ally digested dairy solids

dairy solids compost

yard trimmings 

rabbit manure 

broiler litter

broiler litter "compost"

bagged broiler litter

canola meal

feather meal

pelleted fish by-product

Acadian Seaweed

Wilbur Ellis kelp meal

Concentrate's alfalfa meal

Wilbur Ellis Ground fish bone

Bio-Gro 7-7-2

Concentrate's soybean meal

Wilbur Ellis meat & bone meal

Wilbur Ellis bone meal

Bio-gro 8-5-3

Nature's Intent 9-3-4

Wilbur Ellis fish meal

X-Cel corn gluten meal

Pacific Calcium gran feather meal

Mermaid's Organic Fish Powder

Wilbur Ellis feather meal

Wilbur Ellis blood meal

Peruvian seabird guano

Organic Fertilizers







OSU organic calculator

• Go to the calculator

../Small%20Farms/Organic%20calculator/Commercial%20Calculator/Fertilizer_Calculator_v_3.xls


Nitrogen Movement with Soil 
Water Varies with Soil Type

Groundwater

NO3 -N movement in

sandy soil NO3 -N movement in

clay soil



Relative Movement
of N, P, K in the Soil

N P K



Phosphorus
ppmx2 = lb/ac



Some Roles Phosphorus
Plays in Plant Growth

• Photosynthesis and respiration

• Energy storage and transfer

• Cell division and enlargement

• Early root formation and growth

• Vital to seed formation

• Transfer of hereditary traits



Relative Movement
of N, P, K in the Soil

N P K



Soil Sources of Phosphorus:

Minerals (apatite)

Organic matter

Humus

Manure



Phosphorus is 
primarily

associated with the
environment 
through its
effects on 

eutrophication



Nitrogen and phosphorus 
are the nutrients most often 

associated with nonpoint 
source 

environmental concerns



When erosion is 
stopped,

P losses are minimized



Potassium



Potassium

• Taken up by the plant as K+

• Does not form organic compounds in 
the plant

• Is vital to photosynthesis and protein 
synthesis

• Is associated with other metabolic 
functions



Potassium
• Increase water use efficiency and 

reduces drought stress

• Increases plant‟s resistance to pests 
and diseases

• It reduces lodging

• Increases size and quality of fruits

• Increases winter hardiness



Potassium Moves to Plant Roots
by Diffusion
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Factors Reducing Rate of Diffusion 
and Restricting Root Growth 

Decrease K Uptake

• Soil aeration

• K fixation

• Less Cation 
Exchange Capacity 
(CEC)

• Compaction

• Soil test K

• Soil temperature

• Soil moisture

• Cold weather



Common Potassium Fertilizer 
Sources

Material K2O Mg S N Cl

Percent of Nutrient

KCl 60-62 45-47

K2SO4 50 18

K2SO4 2MgSO4 22 11 22

KNO3 44 13

.



Soil testing and
plant analysis

are essential to:
• Establish nutrient requirements

• Monitor the production system



Secondary Nutrients

Nutrient Adequate levels in 
soil (ppm)

Calcium 2000-2500

Magnesium 250 

Sulfur 5







Micronutrients
Nutrient Adequate levels in 

soil (ppm)

Boron 1.2

Chlorine 10

Copper 0.9-2

Iron 11-16

Manganese 9-12

Molybdenum 0.11-0.2

Zinc 1-3







END
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