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Essential Elements
Three criteria in order for an element to be considered an 
essential nutrient, developed by Arnon & Stout (1930s)

1. The plant cannot complete its life cycle if element is 
deficient

2. Element cannot be replaced by any other element
3. Element is directly involved in nutrition of plant



 In smaller quantities within leaf tissue compared to 
macronutrients 

 Usually reported as parts per million (ppm), mg/kg, or µg/g

 Mostly trace metals (except Boron)
 Iron
 Copper
 Zinc
 Nickel
 Manganese 
 Boron



 Nutrient is within deficient 
level but not showing visible 
symptoms of deficiency

 Tree is not performing at its 
optimum state

 Hidden hunger phase is 
where more profit and yield 
loss is seen

http://aces.nmsu.edu/ces/pecans/soils-and-fertilization.html



 All about enzymes

 All about carbon

 All about timing

http://aces.nmsu.edu/pubs/_h/H618.pdf



(Epstein & Bloom, 2005)

 Micronutrients (trace 
metals) decrease in 
availability as soil 
pH increases
 Soil pH is a limiting 

factor
 Alkaline & Calcareous 

soils
 Semi-arid and arid 

parts of United States 
and Mexico



 Function in plants
 Component of electron 

transport in respiration
 Light dependent reactions 

of photosynthesis
 Excess manganese and 

copper can cause iron 
deficiency
 Antagonists

 Interveinal chlorosis in 
youngest  leaves

 Sharp distinction 
between  veins and 
interveinal areas

 Overwatering worsens 
problem



 Functions
 Electron transport in 

Photosystem I
 Enzymes in 

photosynthesis
 Detoxifies free radicals

 Deficiency
 Visible symptoms rare
 Shoot dieback
 Interveinal chlorosis,  

bleached young leaves
 Dwarfed leaflets

 Excess nitrogen can 
cause deficiency



 Functions
 In soil as boric acid B(OH)3
 Electron acceptor
 Influences potassium (K+) 

movement
 Flower & fruit 

development
 Deficiency is less common 

in our growing regions
 Toxicity is more likely



 Functions
 Catalytic, coactive, 

and structural role in 
enzyme reactions

 Absorbed as 
monovalent cation
(ZnOH+) in high pH 
soils
 Useless

 Deficient pecans
 Rosette
 Shoot dieback



FOLIAR APPLIED ZINC SULFATE
 Typically four to five sprays 

per season
 1st at leaf burst (leaves opening)
 2nd 7 days after first spray
 3rd 7 days after second spray
 4th 14 days after third spray
 5th 14-21 days after fourth spray

 2 – 3 lb zinc sulfate (36% Zn) plus 3 
pt of urea or UAN32 per 100 gal of 
water  

 New flushes of growth 
should receive a zinc spray

 Fall applications are 
ineffective

SOIL APPLIED ZINC EDTA
 Chelated zinc is protected from 

fixation by soil minerals by 
chelate molecules, increasing 
soil solution zinc concentrations 
and plant availability

 Pecan fertigation
 Young pecan trees: 2 to 4 gal/ac 

ZnEDTA (9% Zn)
 Bearing pecan trees: 4 to 8 gal/ac 

ZnEDTA

Nitrogen
Oxygen
Carbon
Hydrogen
Zinc

Zinc EDTA



 Function in plants
 Vital role in photosynthesis
 Capturing light energy
 Biosynthesis of chlorophyll

 Deficiency
 general pale color
 interveinal 

chlorosis/necrosis of 
young leaves

 Toxicity
 delayed budbreak/poor 

development early
 defoliation followed by  re-

growth of large leaves



Photo courtesy of Charles Rohla
Noble Foundation – Oklahoma, USA
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 Functions
 Enzyme reactions
 Critical in nitrogen movement

 Urease for Urea
 Understanding still limited

 Ni deficiency disrupts 
primary/secondary metabolism

 Primary metabolism – during early 
Spring growth
 Four major pathways: 

 Ureide Pathway 
 Urea Cycle 
 Krebs Cycle 
 Shikimic Acid Pathway

 Secondary metabolism – protection 
from pests and disease
 Three chemical groups:

 Terpenes
 Phenolics
 Nitrogen-containing compounds



 Study in San Simon, Arizona 
began in 2016. 

 Farmer’s Investment Company 
 16 acres total
 2 Treatments 

(NI+ AND NI-)

 3 Replications
 Complete Randomized Design
 Nickel Sulfate (10%) 

(HUMAGRO, GILBERT, AZ)



 2 foliar applications in 2016 & 2017
 Rate: 1 quart per acre
 Completed by July
 Observations recorded:

 Trunk Caliper
 Visual “Mouse-Ear Symptoms”
 Photosynthesis (Li-COR 6400 XT)
 LOT’S OF THEM!

 SPAD (Greenness) 
 Mid-Day Stem Water Potential (MDSWP)
 Soil Analysis
 Leaf Analysis
 Yield







NUTRIENT LEVELS FOR BEARING TREES
(LATE JULY/EARLY AUGUST )

Nutrient Pecan

Nitrogen (N) 2.5 – 3.0%
Phosphorous (P) 0.12 – 0.19%
Potassium (K) 1.2 – 2.5%
Calcium (Ca) 1.0 – 2.5%
Magnesium (Mg) 0.30 – 0.60%
Manganese (Mn) 100 – 600 ppm
Boron (B) 50 – 250 ppm
Zinc (Zn) 30 – 150 ppm
Copper (Cu) 8 – 20 ppm
Nickel (Ni) > 2.5 ppm
Iron (Fe) 50 – 250 ppm
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(150 – 200 ppm)

(3 – 5 ppm)

(30 – 50 ppm)



 For pecan trees growing in alkaline calcareous soils, one of the 
most important limiting factors is the availability of the 
micronutrients for optimal performance

 Even though we have this much understanding of the function of 
these micronutrients, it is very complex and the interactions of 
these micronutrients is even more complex 

 Not simply ’X’ versus ‘Y’ 

 Still highly recommended to perform leaf analysis annually in 
end-July/early-August to determine concentrations for pecan 
growing your specific location

 If you are applying foliar micronutrients be sure to request an acid 
wash of the leaves prior to analysis
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 Foliar applied amino acid chelate
 Not foliar EDTA

 Soil applied EDDHA has been affective
 Acidify through shanking or drip lines has 

shown some benefits
 Not recommend foliar or soil applied ferrous 

sulfate
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