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Essential Plant Nutrients 

Macronutrients 

Micronutrients: B, Cu, Fe, Mn, Zn, Mo, Ni, Co, Cl 





    Mobile                 Immobile 

Nutrient Mobility in Plants 



    Mobile                 Immobile 

Nutrient Mobility in Plants 

 Symptoms appear in 

older leaves first 

• nitrogen 

• phosphorous 

• potassium 

• magnesium 

 Symptoms appear in 
younger leaves first 
– sulfur 

– calcium 

– boron, iron, manganese, 
zinc, copper, molybdenum, 
chloride 

 



Nutrient Deficiency Symptoms in Plants 

http://landresources.montana.edu/N
M/Modules/Module9.pdf 



4R Nutrient Stewardship Concept 

1.Right Source 
- What type of 

fertilizer? 

2.Right Rate 

- How much? 

3.Right Time 

  - When & How  often? 

4.Right Place 

-    Where? 



Scientific Principles 

The Four Rights (4Rs) 

Source Rate Time Place 

Key 
Scientific 
Principles 

• Ensure 
balanced 
supply of 
nutrients 

 
• Suit soil 

properties 

• Assess nutrient 
supply from all 
sources 

 
• Assess plant 

demand 

• Assess dynamics 
of crop uptake 
and soil supply 

 
• Determine 

timing of loss 
risk 

• Recognize crop 
rooting patterns 
 
 

• Manage spatial 
variability 



Practical Choices 

The Four Rights (4Rs) 

Source Rate Time Place 

Practical 
Choices 

• Commercial 
fertilizer 

 
• Livestock 

manure 
 

• Compost 
 

• Crop residue 

• Test soils for 
nutrients 
 

• Calculate 
economics 
 

• Balance crop 
removal 

• Pre-plant 
 

• At planting 
 

• At flowering 
 

• At fruiting 

• Broadcast 
 

• Band/drill/inject 
 

• Variable-rate 
application 

• Ensure practices are in accord with principles  



1. Visual symptoms 

2. Soil test 

3. Tissue test 

Diagnosis 



Soil Testing 

• Most common method of predicting 

nutrient deficiencies/toxicities 

 

• Can be used 

– to identify yield limiting factors 

– to indicate soil nutrient supply capacity 

– as part of a nutrient management plan 

– to monitor soil fertility trends over time 

– to manage risk 



Collecting a Soil Sample 

• Separate sample for 

distinct management 

area 

• Sample the root zone 

(0-6” or 0-12”) 

• Collect multiple 

samples 
– Samples can be 

composited 

 

 



Soil Tests 

What is a soil test? 

   -  a dilute extracting solution that removes 
 “plant available” nutrients. 

   - extractant is chosen depending on soil 
 chemical properties. 

   - extractant does not measure total    
 nutrient content 

   -   Result of soil test is the basis for 
 fertilizer recommendation 



Calibration Experiments to determine optimum  
soil nutrient concentrations 



Critical concentration (expected result) 
Deficiency 

Sufficiency 

Soil Test Calibration 



Soil Test Printout 



Soil Test Printout 



Soil Test Printout 

• Only urea recommended 

because other nutrients 

and pH not limiting 

 



Soil Test Printout 



 

• To raise pH 

- Reduce existing/potential toxicities (Al & Mn) 

- Increases P availability (reduces P fixation) 

- Supply of Ca & Mg 

- Target pH 6.0 – 6.5 

- Liming can be expensive because soils are buffered 
(clay content and OM) 

• Liming Materials 
- Calcium carbonate (CaCO3) 

- Dolomite 

- Organic matter detoxifies Al 

Liming Corrects Soil Acidity 





 





“Feed the Soil” 

Cover Crops , 
green manure 
and Compost 

“Feed the Soil” 

High N 
Fertilizers 



• Decomposed organic materials 

• Dark material with particle size < 2.5 cm 

• No foul odor 

• pH = 6.0 – 7.0 

• Contains most essential nutrients 

Compost Properties 



Benefits of Compost 
Soil Physical Properties 

• Improve soil structure 

• Increase water retention 

• Decrease bulk density 
  

Soil Chemical Properties 

• Source of essential nutrients 

• Increase nutrient retention (CEC) 

• Detoxify Al 

• Buffer pH  

Soil Biological Properties 

• Increase microbial abundance and diversity 

• Create disease suppressive soils  



Soil Nutrient Pools 

Soil Solution 

Clay  
Minerals 

Soil Organic 
Matter 

NO3 

K+ Ca2+ 

Mg2+ 
HPO3

-  

Soil organisms Soil organisms 



Decomposers 
bacteria 

fungi 

Organic Inputs 

Nutrient 
Release 

mineralization 

immobilization 

Organic Matter and Nutrient Dynamics 

N-rich materials 
Manures, legume 

residues 

C-rich materials 
Wood chips, saw 

dust, straw 



N Fertilizers 

Organic 
• Fish meal (≈10% N) 

• Feather meal (12 - 13% N) 

• Chicken manure (≈3% N) 

Conventional 
• Urea (46-0-0) 

• Ammonium sulfate (21-0-0) 

• 16-16-16 

• Calcium nitrate 

• Potassium nitrate 



   

 

 

 

Nitrogen Mineralization/Immobilization 

Organic matter – NH2 
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Gain of plant available N Loss of plant available N 



P Fertilizers 

Organic 
 Bone meal (≈12-15% P) 

 Rock phosphate (2-5% P) 

 Chicken manure (2-3% P) 

Conventional 
 TSP (0-45-0) 

 DAP (18-46-0) 

 10-30-10 



K Fertilizers 

Organic 
 Hardwood ashes 

 Seaweed 

 Sulfate of potash (0-0-50) 

Conventional 
 Muriate of potash (0-0-60) Hardwood ashes 



Source, Rate, Time, Placement 

1. Source 
a. Diagnosis 

• Visual symptoms 

• Soil test 

2. Rate 
a. Recommendation 

• Soil test 

• Plant nutrient 

requirements 

 

Hardwood ashes 

3. Time 
a. Crop/plant 

b. Type of amendment 

4. Placement 
a. Crop/plant 

b. Type of amendment 

 




