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What, Why and How?

Balanced Nutrition…

- Key elements (nutrients)
- Nutrient uptake
- Nutrient Interactions



Also tie in…

Soil sample interpretation
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Discussion

► “Experts” in Our Industry in the Dark Ages?
► If it doesn’t work, put more on…the “Moron principal”
► City people don’t get it!
► Do WE get it?

►  New Technology and Information
► Seed & fertilizer placement?
► Variability within a field?
► Soil & Plant tissue sampling?



Discussion

► Soil test levels dropping
► Rising cost of crop inputs

► Environmental pressures
► What Can We Do – What are the opportunities?

► Can all soils be balanced?
► Maybe not.



Why add nutrients…?

Sulfate levels from 
1989 to 1991

Sulfate levels from 
1999 to 2001



EVERY FIELD HAS 
SOMETHING
LIMITING ITS 
YIELDS
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►

►

►

►

►

►

►

►

►

►

Bla
m

e it
 o

n the W
eather!!!





Which tools to use?

❑ Visual
🙢 Boots on the ground

❑ Plant Tissue
🙢 In-crop
🙢 Plan for next season

❑ Soil Sample
🙢 After Crop Removal









Perhaps a Soil Test?

•

•

•



ONE SIZE DOES NOT FIT ALL!

NOR, DO ALL SOILS HOLD 
NUTRIENTS OPTIMALLY…OR, 
EFFICIENTLY RELEASE THEM.

Your neighbor’s soil is 
different!!!



o Variability



o Variability



o Variability



ESSENTIAL ELEMENTS 
(PRIMARY)

Nitrogen Phosphorus Potassium



ESSENTIAL ELEMENTS (SECONDARY)

Sulfur

Calcium Magnesium



Essential Elements (micronutrients)

Iron Manganese Zinc

Boron Copper

Molybdenum Chloride Cobalt
Nickel



Beneficial Elements (micronutrients)

Sodium Selenium Silicon Aluminum



HOW DO PLANTS UPTAKE NUTRIENTS?

•Soil-water solution 

•98% obtained in soil-water solution

•2% directly from soil



HOW NUTRIENTS REACH ROOTS
• Mass flow with water

• Diffusion from soil to roots

• Root interception
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ROOT EFFICIENCY

• The root hair increases the surface area of the root by 20 
times

• The root hair is the primary point of uptake of water and 
nutrients.

• Root hair lives for 3 - 6 days then dies

• Plant must constantly be producing new root hairs





KEY FACTORS…
o Base Saturation of cations

o K/Mg Ratio

o Boron, Zinc & other micros

o CEC (Cation Exchange Capacity)

o pH & Buffer pH

o Key roles in certain nutrients



o Base Saturation of cations

o Limited space on a soil particle

o K, Mg, Ca, H & Na

o How much of each is enough?

o How much is too much?



o Base Saturation of cations



o Base Saturation of cations

o
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o Base Saturation of cations



o Base Saturation of cations

Ideal Ranges…

%K 3-5
%Mg 12-15

%Ca 65-75
%H <10

%Na <1
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o C.E.C. (Cation Exchange Capacity)



o C.E.C. (Cation Exchange Capacity)

o Indicates soil texture
o High CEC – more clay
o Low CEC – more sand
o Helps determine nutrient holding capacity



o Hydrogen (H)

o Too much is NOT good

o Need small amount only - <10%

o Torching effect on root tips

o Occurs naturally from rood growth & 
manure and fertilizer applications



o Sodium (Na)

o Too much is NOT good

o Need small amount only - <1%

o Often associated with irrigation water or 
high water table



PRIMARY NUTRIENTS

Nitrogen (N) – 

  is needed for vegetative growth 
and dark green color. (easily 
leached out)

Nitrogen is the most important   

nutrient.

Deficiency signs – 

reduced growth & yellowing of 
lower leaves. 

Yellowing is called Chlorosis



NITROGEN BALANCED FERTILITY N:K RATIO

• Ratio N:K in Early season 1:3 progressing to a ratio 
through the season of 1:1

• Developed countries in the 60’s and 70’s fairly 
balanced at 1:0.8 to a current N:K use of 1:0.36

• Developing countries little change 1:0.10 –1:0.13 
except South America has increased to 1:0.96 
because of the response soybeans have to K



TOO MUCH 
NITROGEN

• Leaf Nitrogen level affects plant 
susceptibility.

• Pathogens such as mildew target 
plant cells with high Nitrate Nitrogen.

• High N content produces thin cell 
walls & poor disease resistance.

• Nitrogen sources differ in terms of 
plant & pathogen response.

• Ensure adequate Magnesium, 
Sulphur & Manganese.
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o Nitrogen (N)

Hands-On 
Agronomy… Neil 
Kinsey



o Nitrogen (N)



PHOSPHORUS
• Phosphorus plays a crucial role in the reproduction of seed 
plants.

• It promotes rapid root growth.
• Unlike nitrogen, phosphorus is very immobile in soil. However, 
since a large portion of a plant’s phosphorus is found in seeds 
and fruit, the soil must be replenished annually.

• Deficiency symptoms include a purple tinge to the leaves.



PRIMARY NUTRIENTS IN AGRICULTURE
•2. Phosphorus (P) – 
important for seedling 
and young plant growth 
and develop good root 
system. (not easily leached 
out) 

•AKA – Party Animal
•Deficiency signs-  
   reduced growth, poor 

root systems, reduced 
flowering.  Also thin 
stems and browning or 
purpling of foliage. 









o Phosphorus (P)



Potassium (K)



• can be leached (if sandy, 
acid soils)

• Deficiency signs – 
• reduced growth, 
shortened internodes and 
some burn, scorched 
marks (brown leaves). 

• Too Much (K ) – can cause 
nitrogen or Mg deficiency. 

Potassium (K)



POTASSIUM  DEFICIENCY

• Determines rate of 

chemical reactions

• High K in soil 

solution = High K   in 

plants

• Deficiency appears 

in older leaves first



o Potassium (K)





LEAF YELLOWING IN THE FORM OF INTERVEINAL 
CHLOROSIS ON OLDER LEAVES IS VERY 
CHARACTERISTIC FOR MG DEFICIENCY IN CROP 
PLANTS

Up to 35% of the total Mg in plants is bound in chloroplasts 



High 
Light Low Light

Mg-deficient plants highly 
sensitive to high light

Bean plants grown at low Mg supply
Cakmak and Kirkby, 2008, Physiol Plant



o Magnesium (Mg)



Side note…

Ca = cement

Cu = rebar

B = mortar



CALCIUM

4pH
4Cell Division and Elongation
4Cell Wall
4Proper Working and Permeability of Cell 

Membranes
4Root Growth/and root function
4Storage Quality and Disease resistance
4Healthy Soils Require Calcium



o Calcium (Ca)



SULFUR
Main Function in Plants

● Constituent of proteins
● Involved in respiration
● Involved in nodule formation

Primary Sources
● Soil organic matter & Rainwater

Su
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o Sulphur (S)



KEY MICRO-NUTRIENTS…

Zinc
o Is important for early root 

development.
o No zinc = plant cannot 

complete life cycle
o Very important in human 

health!
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•Zinc deficiencies typically show up on 
poorly drained, sandy, low organic matter, 
very high organic matter or badly eroded 
soils.

•Typically as pH increases Zinc availability 
decreases.

•High applications of phosphorous can 
cause deficiencies

•Plays an important role in plant growth 
regulation and root formation. 

•Terminal growth areas are effected first.





o Zinc…



KEY MICRO-NUTRIENTS…

Boron

o Key role in nodulation.
o Plays structural role in cell wall
o Low boron – limited Ca uptake
o If Ca is the truck, boron is the driver
o Crucial during seed-set

o Moves sugars in plant!



most                                     intermediate                                          
least



Boron in animal & human health…





o Boron…
o Need to be over 1ppm…over 2 is better





In boron-sufficient plants (left) vs boron-deficient plants (right) cell 
expansion continues in the phloem and xylem but not cell differentiation



Rhizobium vs Soil Boron

(UOG soil health 
data)



o K/Mg Ratio

o % K divided by % Mg

o Ideal… 0.25 to 0.35



Identified low producing sites of 2015, based 
on NDVI

Yield vs K/Mg 
Ratio



o Manganese…

o Natural disease fighter
o Plays key role during early stages of disease 

pressure



o pH

o Soil pH measures hydrogen ion activity

o It indicates acidity of the soil solution (active acidity)

o Or, the total amount of Hydrogen in the soil solution



o Buffer pH

o Buffer pH is a measurement of the amount of 
hydrogen ions which must be replaced and 
neutralized by liming

o It indicates the total acidity   (active + reserve) of the 
soil

o Or, the amount of Hydrogen on the soil particle



o pH & buffer pH



PH EFFECT ON NUTRIENT 
AVAILABILITY
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🙢
ROOT GROWTH AND SOIL pH
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FERTILIZER 
EFFICIENCY

Soil pH

% Fertilizer 
Efficiency % Fertilizer

 Wasted
N P K

5.0 53 34 52 54

5.5 77 48 77 33

6.0 89 52 100 20

7.0 100 100 100 0
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Dr. Cliff Snyder



OTHER ROLE PLAYERS…

o Organic Matter (OM)



o Iron (Fe)
o Below 80ppm ideal



o Copper (Cu)



o Aluminum (Al)
o Over 400ppm – toxic to roots



o ENR (estimated N release)



o Chloride (Cl)



o Molybdenum (Mo)



PLANT TISSUE TESTING…

o Why tissue test?

o It compliments soil test
o Can confirm what soil is saying
o Inexpensive
o Can expose hidden hunger



❑



PLANT TISSUE TESTING…



PLANT TISSUE TESTING…



•
•

•

•

•

•



•

• Knowing your soil, allows for balanced fertility, 
which provides consistent yields and quality 
while at the same time builds a more 
sustainable Ecology of the soil and ultimately 
improves soil Health  



Questions…
       Discussion…
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Local Soils…



Local Soils…



Local Soils…



Local Soils…



Local Soils…



Local Soils…



Local Soils…



Local Soils…



Local Soils…



🙢
Aluminum (al) Toxicity

Tip of Root 
Hair


