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Micronutrients: Yield, Quality and 

Disease Control Considerations
ÅBackground - Nutrition and disease in the agricultural production system

ÅConsiderations for using nutrition in disease control
- Plant genetics

- Nutrient form

- Rate applied

- Method and time applied

- Nutrient source and associated ions

- Integration with other practices

ÅNutrition for glyphosate-tolerant crops

ÅReminders and Recommendations

Isaiah 40:6, 800 BC



The Importance of Reducing Stresses

Potential - Stresses = Yield

There is no free lunch! Dr. Andre Comeau
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Disease Effects Nutrition
Availability
Immobilization (sink, form)

Nutrient balance

Toxicity

Uptake
Root rots, blights

Nutrient balance

Distribution
Wilts, plugs, sinks, necrosis

Function
Necrosis, toxins, plugging, viruses

Loss 
Rots, blights, theft, sinks

Nutrient Mechanisms 

that Reduce Disease

Increased plant resistance
Physiology, inhibitors

Defenses - callous, cicatrix, etc.

Disease escape, tolerance
Increased root, leaf growth

Shorter susceptible stage

Compensate for disease damage

Modify the environment
Ph, other nutrients

Rhizosphere biology interactions

Inhibit pathogen activity
Reduced virulence, survival

Biological control and growth



NUTRIENT BALANCE IS IMPORTANT BECAUSE EACH 

ELEMENT FUNCTIONS AS PART OF A DELICATELY 

BALANCED, INTERDEPENDENT SYSTEM WITH THE 

PLANTôS GENETICS AND THE ENVIRONMENT

N

P K

Ca, Mg, S, Fe, Mn, Ni Cu, Zn, B, Mo, I

Nutrient BALANCE may be a matter of  root function!



Photosynthesis and N-fixation

6 CO2 +  12 H2O C6H12O6 +  6 O2

Mn+2

Chloroplast

Mg+2

N, P, Fe, Ni, B, Cu, Mo, Zn

The Harvest is SUGAR

and PROTEIN

N2



 

Zn  
Treatment 

 Amino  
acids 

Sugars Phenolics 

  (Õg g-1 root 6h-1) 

  COTTON 

-Zn  165 751 161 
+Zn  48 375 117 

  WHEAT 

-Zn  48 615 80 
+Zn  21 315 34 

  APPLE 

-Zn  55 823 350 
+Zn  12 275 103 

     
 

Cakmak and Marschner, 1988, J. Plant Physiol.

Root exudation of organic compounds from cotton, 
wheat and apple with different Zn levels



PLANT

ENVIRONMENT
Nutrients
Moisture
Temperature
pH (redox potential)
Density, gases

PATHOGEN
Population
Virulence
Activity

BIOTIC ENVIRONMENT

ABIOTIC
TIME

INTERACTING FACTORS DETERMINING 

DISEASE SEVERITY
Vigor, Stage of Growth, Root Exudates

Resistance Susceptibility

Antagonists, Synergists

Oxidizers, Reducers

Competitors, Mineralizers

[Cu, Fe, K, Mn, N, S, Zn]



Take-all and 

Populations of 

Mn-oxidizing 

Rhizosphere Bacteria

Cattle

dung 

(manure)

Mn Availability & Biological Activity

pH: 5.2 7.8

Mn form: Mn2+ Mn+4

Available: Yes No

Biological

Activity



Recognition of Nutrient Deficiency
Symptoms

Limited ways to express

Based on interference with physiology

Multiple deficiencies can confound

Remediation response

Tissue/soil analysis
(cotton =25-350 ppm)

Species and stage of growth

Environmental conditions
pH

Biological conditions

Disease severity

Glyphosate usage

Untreated Manganese 



Changes in Agricultural Practices

Change the Interactions
Crop Sequence Tillage/No-till Fertilization

Biotic environment Residue break down      Rate/form

Nutrition Soil density/aeration      Time applied

Nitrification Pathogen survival Source/assoc. ions 

Organic matter Nutrient distribution      Inorganic

Denitrification Organic

Herbicide usage

Metabolism of different

forms of nitrogen

Excess

Deficient Sufficient
Effect of crop residue on 

nitrification
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Conifers

Barley

Crop sequence effect on Mn+2

Rotation Extractable Mn

Continuous Corn 130 ppm

Continuous soybeans 64 pp,

Soybean, wheat, corn 91 ppm

Wheat, corn, soybean 79 ppm

Fall chissel 126 ppm

No-till 80 ppm



Reported* Effects of Nutrients on Disease
Disease is:                   

Mineral element Decreased Increased Variable

Nitrogen (N/NH4/NO3) 168 233 17
Phosphorus (P) 82 42 2

Potassium (K) 144 52 12

Calcium (Ca) 66 17 4

Magnesium (Mg) 18 12 2

Manganese (Mn) 68 13 2

Copper (Cu) 49 3 0

Zinc (Zn) 23 10 3

Boron (B) 25 4 0

Iron (Fe) 17 7 0

Sulfer (S) 16 3 0

Other (Si, Cl, etc.) 71 6 8

*Based on 1,200 reports in the literature

Total
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Implications of Nutrition in Disease

1. Observed effects of nutrient 

amendment on disease severity

2. Comparison of plant tissue levels 

of resistant and susceptible 

plants

3. Comparison of plant tissue levels 

of diseased and non-diseased

plants

4. Association of conditions 

Affecting a specific nutrient 

with differences in disease

5. A combination of the above

Verticillium wilt of potato

Rhizoctonia winter-kill of wheat

Ammonium

Nitrate

Manured Not manured



Ergot sclerotia in wheat

Grain yield Ergot

Treatment (bu/a) per acre

Check 13.3 17,743

10 kg/ha Cu 42.0 2,420

Effect of Copper on Two Wheat Diseases

After Evans, 2004
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Effect of soil-applied copper on 

powdery mildew of wheat*

*After Graham and Webb, 1991
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Factors Affecting N Form, Mn Availability 

and Severity of Some Diseases*
Soil Factor or Effect on:

Cultural Practice Nitrification Mn Availability Disease Severity

Low Soil pH Decrease Increase Decrease

Green Manures(some) Decrease Increase Decrease

Ammonium Fertilizers Decrease Increase Decrease

Irrigation (some) Decrease Increase Decrease

Firm Seed bed Decrease Increase Decrease

Nitrification Inhibitors Decrease Increase Decrease

Soil Fumigation Decrease Increase Decrease

Metal Sulfides Decrease Increase Decrease

Glyphosate ---- Decrease         Increase

High Soil pH Increase Decrease Increase

Lime Increase Decrease Increase

Nitrate Fertilizers ---- Decrease Increase

Manure Increase Decrease Increase

Low Soil Moisture Increase Decrease Increase

Loose Seed bed Increase Decrease Increase

*Potato scab, Rice blast, Take -all, Phymatotrichum root rot, Corn stalk rot



Keys to Using Nutrition to Manage Disease

1. Genetics of the Plant

2. Nutrient Form or Availability

3. Rate Applied or Available

4. Method and Time Applied

5. Source of Element & Associated Ions

6. Integration with other practices



Keys to Using Nutrition to Manage Disease

1. Genetics of the Plant
Immunity<-->Resistance<-->Tolerance<-->Susceptibility

[Nutrient uptake efficiency, nutrient availability]

�¾Stage of

growth

�¾Age

�¾Health

�¾Environment

Normal corn

Glyphosate 

resistant corn

Normal soybean

Glyphosate

resistant soybean

Effect of the glyphosate

resistance gene on Mn

uptake efficiency

100

50

0

Rye Wheat

Mn efficient Mn inefficient


