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New Technologies for Avocado Production New Technologies for Avocado Production 
Evaluation of rootstocks for salinity tolerance
Soil inoculation with PGPR 
(plant growth promoting rhizobacteria)

Control of phytophthora root rot
Production of plant growth hormones
Suppression of stress ethylene

Improved water use efficiency
Improved salinity toleranceImproved salinity tolerance

Online Decision Support Tools
Irrigation and Fertilizer Management
N l t k b d di d i ld f ti d lNeural network based disease and yield forecasting models

Use of charcoal (biochar) amendments
Improved CEC, pH, bulk density, soil structure
Improved water holding, aeration, root growth
Increased microbial activity



http://www.avocadosource.com/



Eutrophication of water by 
nitrogen and phosphorus runoff:nitrogen and phosphorus runoff:
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Healthy Roots: The Key to 
Management of Avocado Mineral Nutrition 

Use of Organic 
Amendments

• Mulch
• Composts

Irrigation Management
• Chloride & salts• Chloride & salts
• Leaching

Disease control
• Phytophthora
• Root Rot



http://www.avocadosource.com/



Th  E ti l El tThe Essential Elements
• Primary Elements 

Required for Growthq
– Carbon, Hydrogen 

and Oxygen
• Supplied from pp

carbon dioxide 
and water, 
essential for 
photosynthesisphotosynthesis

– Nitrogen
– Phosphorous

Potassium– Potassium



Functions of Essential ElementsFunctions of Essential Elements
• Nitrogen (N)

Nitrogen is utilized by plants to make– Nitrogen is utilized by plants to make 
amino acids, which in turn form proteins, 
found in protoplasm of all living cells. 
Also, N is required for chlorophyll, 
nucleic acids and enzymes



Functions of Essential Elements

Phosphorus (P)

– Phosphorus is used to form nucleic                                   
acids (RNA and DNA), it is used in                                                    
storage and transfer of energy                                   
(ATP and ADP)

– P fertilizer stimulates early growth and root formation, 
used to drive nutrient uptake, cell division, metabolism

– Generally sufficient in most California soils LeastGenerally sufficient in most California soils. Least 
response by plants in summer with extensive root 
systems (tree crops). Mainly taken up by mycorrhizae.



Functions of Essential Elements

Potassium (K)

– Potassium is required by plants for translocation of sugars, 
t h f ti i d l i f d ll dstarch formation, opening and closing of guard cells around 

stomata (needed for efficient water use)

– Increases plant resistance to disease
– Increases size and quality of fruit
– Increases winter hardiness



Functions of Essential Elements
• Calcium

– Essential part of cell walls and membranes must be– Essential part of cell walls and membranes, must be 
present for formation of new cells

– Has been shown to make avocado root tips less leaky, 
therefore less attractive to Phytophthora zoosporestherefore less attractive to Phytophthora zoospores

• Deficiencies: 
– Poor root development
– Leaf necrosis & curling,
– Blossom end rot, 
– Bitter pit, fruit cracking,
– Poor fruit storage, and 

water soaking



Nitrogen Deficiency 
Slow growth, stunting, 

d d i ldreduced yields

Yellow-green color to leaves
(a general yellowing)(a general yellowing)

More pronounced in older 
leaves since N is a mobileleaves since N is a mobile 
element that will move to 
younger leaves

Don’t confuse with root rot 
and gopher damage



While avocado 
requires fertilization, 

it is difficult to it is difficult to 
show a fertilizer 

response for 
any nutrient! any nutrient! 

Dixon et al. 



http://www.avocadosource.com/



Nitrogen CycleNitrogen Cycle



Nutrient Availability and Uptake
• Most of N is taken up as nitrate (NO3 )• Most of N is taken up as nitrate (NO3-)
• Some may be taken up as ammonium 

(NH4+)
• Nitrate is highly mobile in soil and moves to 

the roots quickly (and is leached out 
readily)y)

• Ammonium binds to soil particles and is 
converted to nitrate by bacteria



N t i t A il bilit  d U t kNutrient Availability and Uptake

• Ammonium to nitrate takes 1-2 weeks at 75FAmmonium to nitrate takes 1 2 weeks at 75F
• Ammonium to nitrate takes 12 weeks or more at 50F
• Ammonium to nitrate is optimum at pH between 5.5 & 7.8
• Under anaerobic conditions nitrate is lost from the soil asUnder anaerobic conditions, nitrate is lost from the soil as 

nitrous oxide, nitric oxide and N2 gases



C SPractical Considerations: Know Your Soil –
Nutrients are easily leached from sandy soils



http://www.avocadosource.com/
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F tiliFertilizers
• N-P-K ratio is the 

“grade” and isgrade  and is 
required to be on 
all bags of 
fertilizerfertilizer

• 21-7-14 means 
that in 100 lbs of 
fertilizer you will 
get 21 lbs of N, 7 g
lbs of phosphate 
(P2O5) and 14 lbs 
of potash (K2O)p ( 2 )



The Salt Index The Salt Index 
Fertilizer salts can be toxic if concentrated,
especially formulations containing chlorideespecially formulations containing chloride



Single Element Formulations
Nitrogeng

• Ammonium nitrate (34-0-0)
• Ammonium sulfate (21-0-0-24S)

C l i it t (15 5 0 0)• Calcium nitrate (15.5-0-0)
• Urea (46-0-0)
• Solutions

– Ammonium nitrate 20% N
– Calcium ammonium nitrate 17% N
– Urea ammonium nitrate 32 % NUrea ammonium nitrate 32 % N
– Urea sulfuric acids (variable)



Compound Fertilizers

These are fertilizers which contain two or more of 
the major elements which are chemically combined.

Examples:
• Diammonium Phosphate 

DAP 18 46 0• DAP 18‐46‐0
• Mono Ammonium Phosphate 
• MAP 11‐52‐0
• NPK 23‐23‐0
• NPK 20‐20‐0
• NPK 17‐17‐17NPK 17 17 17



Anhydrous Ammonia

Ammonia (82-0-0) — Used as an applied fertilizer or as a 
building block for other fertilizer products. Stored as a liquid 

d f i t d it b hunder pressure or refrigerated, it becomes a gas when 
exposed to air and is injected into the soil.



Urea Urea is synthesized from coal – not for organic use

Urea – Conversion to Ammonia

Urea (46-0-0) — A solid nitrogen product typically applied in granular form. It can be 
combined with ammonium nitrate and dissolved in water to make liquid nitrogen 
fertilizer known as urea ammonium nitrate or UAN solution.



Nitrogen fertilizers affect soil pH.
• Ammonium 

containing fertilizerscontaining fertilizers 
such as urea will 
lower the soil pH

• Nitrate fertilizersNitrate fertilizers 
will raise soil pH 
and can cause 
problems with Zinc 
and Iron deficienciesand Iron deficiencies

• Some special 
products include 
sulfur compoundssulfur compounds 
that will lower pH 
and can help to 
dissolve calcium 
carbonate, keepingcarbonate, keeping 
irrigation emitters 
open.



http://www.avocadosource.com/



Timing of fertilizer applications to meet 
nutrient demand during flowering and fruit set

Arpaia et al





Spring (April) applied fertilizer 
increases avocado yields

Lovatt 2001



Spring and Fall applied nitrogen 
reduces alternate bearing

Lovatt 200l



Wh t b t i  f tili ?What about organic fertilizers?

http://www.omri.org/omri‐lists



http://www.omri.org/omri‐lists



Nitrogen Mineralization 
Versus ImmobilizationVersus Immobilization

Mineralization

Organic nitrogen Inorganic nitrogenOrganic nitrogen                     Inorganic nitrogen
(many forms)                         Ammonium (NH4

+)
Immobilization is
the reverse of

Immobilization
the reverse of 
mineralization

Organic nitrogen                     Inorganic nitrogen
(many forms)                         Ammonium (NH4

+)
Nitrate (NO3

-)



Nitrogen cycle



I fl  f b  t  it  Influence of carbon to nitrogen 
ratio on nitrogen availability



Typical C/N Ratios of Some 
Organic Materialsg

Material C/N Ratio

Microbial Tissues 6 – 12
Sewage Sludge 5 – 14
Soil humus 10 – 12
Animal manures 13 – 25
Legume residues 13 – 25g
Cereal residues straw 60 – 80
Wood, Forest Waste 150 – 500

11





Salt Index Ratings: Organic Fertilizers



Phosphorus



Phosphorus in Soils
• Total P in many soils (0 to 6 in.) ranges 

f 400 t 2 000 lb/A b t lfrom 400 to 2,000 lb/A…but only a 
fraction of that is available for plant 
uptake each season

Available P
p

Unavailable PUnavailable P

13



After fertilization with phosphorus fertilizers  most of the After fertilization with phosphorus fertilizers, most of the 
fertilizer materials immediately precipitate as minerals that 
become decreasingly available over time.



Influence of pH on Distribution 
of Inorganic Phosphorus in Soils

Phosphorus “Fixation”



Formulations - Phosphate
St t ith h h t k f i• Starts with phosphate rock from mines 
in N. Africa, and Montana, Wyoming, 
Idaho and Utah

• Finely ground phosphate rock used in 
organic production (best on acid soils)
Ph h i id (0 52 0)• Phosphoric acid (0-52-0)

• Superphosphate (0-20-0-12S)
• Ammonium phosphate (11 52 0)• Ammonium phosphate (11-52-0)
• Liquid ammonium phosphate (8-24-0)



Nutrient Availability and Uptake
• Potassium (K)Potassium (K)

– Taken up as K+ ions and remains in ionic 
form in the plant

– 90-98% of K occurs in primary materials 
and is unavailable to the plants
1 10% is trapped in expanding lattice– 1-10% is trapped in expanding lattice 
clays and is slowly available

– 1-2 % is in soil solution and readily y
available



Formulations-Potassium

• Potassium chloride (cheapest, but 
not recommended for avocados)

• Potassium sulfate
• Potassium nitrate
• Solubility in water (%K2O) at 20C

– KCl 16.1
– KSO4 5.4
– KNO3 11.23



Summary - Application Timing
N f tili h ld b li d f tl• N fertilizers should be applied frequently, 
especially where soil is light and lacking 
fertility; usually at least once a month for   
9 months during growing season.

• P and K fertilizers do not leach readily and 
can be applied less frequentlycan be applied less frequently

• Heavy soils can be fertilized less 
frequentlyq y



Summary - Application Methods
• Foliar – Not very effective on avocado due 

to thick waxy cuticle on leaf surface

• Soil Should be applied only in area• Soil - Should be applied only in area 
wetted by the sprinkler, high cost for labor

• Fertigation – Many advantages includingFertigation Many advantages, including 
precise location of fertilizer where roots 
grow, low cost of application, difficulty 
applying P unless phosphoric acid is usedapplying P unless phosphoric acid is used



Application Amounts
• Use leaf analysis to determine N, P and K y ,

• N should be around 2.2% 

G ll 1 1 5 lb t l N t• Generally, 1 – 1.5 lbs actual N per tree per 
year is about right

If P i hi h th 0 14% d t l P• If P is higher than 0.14%, do not apply P

• K is applied at 200-300 lbs/acre (K2O), but do 
not apply if K is higher than 1 2%not apply if K is higher than 1.2%



Fruit yield as affected by leaf chloride content for Hass avocado 
grafted on to different rootstocks under “average” nutrient 
conditions. 

Yield values predicted from an artificial neural network model using fixed values for all
nutrients except chloride (values fixed at average levels for entire orchard: N 2.4%, P
0.18%, K 1.2%, Ca 1.5%, Mg 0.4%, Na 0.015%, Zn 30 ppm, Fe 84 ppm, B 40 ppm.



ff f fFruit yield as affected by leaf chloride content for Hass 
avocado grafted on to different rootstocks under “optimal” 
nutrient conditions. 

Predicted fruit yield for trees with foliar nutrient values optimized for maximum yieldsPredicted fruit yield for trees with foliar nutrient values optimized for maximum yields,
while varying leaf tissue chloride content for each rootstock. Optimized nutrient levels
were N 1.7%, P 0.26%, K 1.3%, Ca 1.14%, Mg 0.28%, Na 0.015%, Zn 31ppm, Fe 100
ppm, B 40 ppm.



Additions (Gains) of Soil Nitrogen

kg N/ ha / yr
Source Range Typical

Atmospheric 1-50 10
N2 fixation free living 0.1-50 <10
N2 fixation – legumes 20-600 150g
Fertilizer N 0 - ? 180
Manures, waste 0 - ? variable





Mulching AvocadosMulching Avocados
Dr. David Crowley, ProfessorDr. David Crowley, Professor

318 Science Laboratories I
Phone: (951) 827-3785
d id l @ ddavid.crowley@ucr.edu



M l h i t t d h ld b

Mulching Avocados

• Mulch is not compost and should be 
composed of organic material, preferably 
wood

• Ideally the size should be at least one 
inch square but any thickness will work 
and can contain some green wasteand can contain some green waste.

• Don’t use sawdust but with a thicker 
material, small amounts are OK.

• Avoid weeds and willow or poplar as 
these root readily from cuttings and will 
cause a weed problemcause a weed problem.



Mulching Avocados
• Apply anytime of the year but do so pp y y y

only to a moist not wet (saturated) soil.
• Apply no thicker than 4 inches, less if 

there is green waste that will start tothere is green waste that will start to 
compost. 

• The compost process generates a lot p p g
of heat if the mulch is too thick.

• Apply about 2 feet from outside the 
drip line into the trunk but be verydrip line into the trunk but be very 
careful not to get mulch touching the 
trunk.



• Mulch should last 3-4 years or more

Mulching Avocados
• Mulch should last 3-4 years or more 

so having woody material is important.
• Don’t use inorganic mulches for g

avocados as the mulch needs to be 
well aerated and allow air, water and 
f tili t th h dilfertilizer to move through readily.

• Mulch can suppress weeds but only 
if thick enough and usually onlyif thick enough and usually only 
temporarily.



• Mulch will conserve soil moisture but

Mulching Avocados
Mulch will conserve soil moisture but 
is no substitute for irrigation.

• Wet mulch helps to stop fires on the 
grove.

• Mulch that is composed of chunks of 
d d littl d t ill twood and little sawdust will not 

extract much Nitrogen, sawdust will 
drawn down Nitrogen dramaticallydrawn down Nitrogen dramatically 
harming the trees.



• Over time mulch will build up the

Mulching Avocados
Over time mulch will build up the 
soil organic matter leading to a 
much better quality soil.

• Always use woody material that is 
the cheapest, from your own grove 
first use all tree trimmings chip upfirst use all tree trimmings, chip up 
avocado prunings etc.

• Mulch can be from freshly cut upMulch can be from freshly cut up 
plant material, you don't need to 
"age" the mulch.



A Comprehensive Guide A Comprehensive Guide 
to Soil and Leaf Analysisto Soil and Leaf Analysis

Chad Lessard

Certified Crop Adviser
Director of Agricultural Services / CCA 

Fruit Growers Laboratory, Inc.



Sampling Techniques 
• Predictive SamplingPredictive Sampling

– Used to make routine fertilizer and 
amendment recommendations
Soil samples in conjunction with tissue– Soil samples in conjunction with tissue 
samples are preferable 

Diagnostic Sampling• Diagnostic Sampling
– Used to characterize and improve 

problem areas
S l t k f th– Samples taken from poor growth areas 
and compared to vigorous growth areas

– Soil samples will give more insight 
than tissue



S li  M th dSampling Methods
• Soil Sampling

Within niforml– Within uniformly 
managed blocks

– Where the feeder roots 
and the water meetand the water meet

– At least 25-30 random 
cores per block

– Sample when the soil is dry
– Try to sample at least 1 

month before making major 
nutrient management 
decisions

– With a few exceptions soil 
h i hchemistry changes very 

little throughout the year



S li  M th dSampling Methods
• Tissue Sampling

Ti i i I t t!– Timing is Important! 
• Phenologically
• Hold time from sampling 

t l ito analysis
– Within uniformly 

managed blocks
– The most recently 

matured leaf 
– Necessary leaf quantityNecessary leaf quantity 

differs among crops but 
a good rule of thumb for 
every crop isevery crop is…



A t ll   l  f h dActually a rule of hand



Capturing the Elusive Recently Capturing the Elusive Recently 
Matured Leaf

Wh ?• Why?



Pl t Ti  A l iPlant Tissue Analysis
• Constituents

– Most commonly deficient plant essential nutrients 
Nit• Nitrogen

• Phosphorus
• Potassium
• Calcium

M i• Magnesium
• Zinc
• Manganese
• Iron 

C• Copper
• Boron
• Sulfur

U l d fi i t l t ti l t i t– Uncommonly deficient plant essential nutrients
• Molybdenum
• Nickel
• Cobalt

Chl id ( l l l d t it t i iti )• Chloride (regularly analyzed to monitor toxicities) 



Nutrients and Avocados
Element Role Deficiency Symptom

Nitrogen Vegetative Growth Chlorotic older leaves





Nutrients and Avocados
Element Role Deficiency SymptomElement Role Deficiency Symptom
Nitrogen Vegetative Growth Chlorotic older leaves

Phosphorus Energy transfer / Root growth Purple tint to leaf / Difficult to see





Nutrients and Avocados
Element Roles Leaf Deficiency Symptoms

Nitrogen Vegetative Growth Chlorotic older leaves

Phosphorus Energy transfer / Root 
growth

Purple tint to leaf / Difficult to see

Potassium Regulates water / Fruit 
quality 

Intraveinal and marginal chlorotic older 
leaves 





Nutrients and Avocados
Element Role Deficiency SymptomElement Role Deficiency Symptom
Nitrogen Vegetative Growth Chlorotic older leaves

Phosphorus Energy transfer / Root 
growth

Purple tint to leaf / Difficult to see

Potassium Regulate water / Fruit 
quality 

Intraveinal and marginal chlorotic older leaves 

Calcium Cell structure / Fruit set Spotted Necrotic younger leaves



None Here



Nutrients and Avocados
Element Role Deficienc S mptomElement Role Deficiency Symptom
Nitrogen Vegetative Growth Chlorotic older leaves
Phosphorus Energy transfer / Root 

growth
Purple tint to leaf / Difficult to see

P t i R l t t / F it I t i l d i l hl ti ld lPotassium Regulate water / Fruit 
quality 

Intraveinal and marginal chlorotic older leaves 

Calcium Cell structure / Fruit set Spotted Necrotic younger leaves

Magnesium Base molecule of 
chlorophyll

Intraveinal chlorosis of younger leaves
chlorophyll





Nutrients and Avocados
Element Role Deficiency Symptom
Nitrogen Vegetative Growth Chlorotic older leaves

Phosphorus Energy transfer / Root 
growth

Purple tint to leaf / Difficult to see

Potassium Regulate water / Fruit 
lit

Intraveinal and marginal chlorotic older leaves 
quality 

Calcium Cell structure / Fruit set Spotted Necrotic younger leaves

Magnesium Base molecule of 
chlorophyll

Intraveinal chlorosis of younger leaves

S lf Chl h ll h i U if hl i l i h i dlSulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stems





N t i t  d A dNutrients and Avocados
Element Role Deficiency Symptom
Nitrogen Vegetative Growth Chlorotic older leaves

Phosphorus Energy transfer / Root growth Purple tint to leaf / Difficult to see

Potassium Regulate water / Fruit quality Intraveinal and marginal chlorotic older leaves 

Calcium Cell structure / Fruit set Spotted Necrotic younger leaves

Magnesium Base molecule of chlorophyll Intraveinal chlorosis of younger leaves

Sulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stems

Iron Photosynthetic reduction Intraveinal chlorosis of younger leaves / whiteIron Photosynthetic reduction 
processes  

Intraveinal chlorosis of younger leaves / white 
leaves





N t i t  d A dNutrients and Avocados
Element Role Deficiency Symptom
Nit V t ti G th Chl ti ld lNitrogen Vegetative Growth Chlorotic older leaves

Phosphorus Energy transfer / Root growth Purple tint to leaf / Difficult to see

Potassium Regulate water / Fruit quality Intraveinal and marginal chlorotic older leaves 

Calcium Cell structure / Fruit set Spotted Necrotic younger leaves

Magnesium Base molecule of chlorophyll Intraveinal chlorosis of younger leaves

Sulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stems

Iron Photosynthetic reduction 
processes  

Intraveinal chlorosis of younger leaves / white 
leaves

Manganese Evolution of oxygen Intraveinal chlorosis of younger leaves





N t i t  d A dNutrients and Avocados
Element Role Deficiency Symptoms
Nitrogen Vegetative Growth Chlorotic older leaves

Phosphorus Energy transfer / Root 
growth

Purple tint to leaf / Difficult to see

Potassium Regulate water / Fruit quality Intraveinal and marginal chlorotic older leavesPotassium Regulate water / Fruit quality Intraveinal and marginal chlorotic older leaves 

Calcium Cell structure / Fruit set Spotted Necrotic younger leaves

Magnesium Base molecule of chlorophyll Intraveinal chlorosis of younger leaves

Sulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stemsSulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stems

Iron Photosynthetic reduction 
processes  

Intraveinal chlorosis of younger leaves / white 
leaves

Manganese Evolution of oxygen Intraveinal chlorosis of younger leaves

Copper Unique enzyme production Varies with crop but typical die-back of terminal 
growth





N t i t  d A dNutrients and Avocados
Element Role Deficiency Symptoms
Nitrogen Vegetative Growth Chlorotic older leavesg g

Phosphorus Energy transfer / Root growth Purple tint to leaf / Difficult to see

Potassium Regulate water / Fruit quality Intraveinal and marginal chlorotic older leaves 

Calcium Cell structure / Fruit set Spotted Necrotic younger leavesCalcium Cell structure / Fruit set Spotted Necrotic younger leaves

Magnesium Base molecule of chlorophyll Intraveinal chlorosis of younger leaves

Sulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stems

Iron Photosynthetic reduction Intraveinal chlorosis of younger leaves / whiteIron Photosynthetic reduction 
processes  

Intraveinal chlorosis of younger leaves / white 
leaves

Manganese Evolution of oxygen Intraveinal chlorosis of younger leaves

Copper Unique enzyme production Varies with crop but typical die-back of terminal 
growthgrowth

Zinc Production of growth hormones Mottled young leaves / bushy rosetted leaves





N t i t  d A dNutrients and Avocados
Element Role Deficiency Symptoms
Nitrogen Vegetative Growth Chlorotic older leavesg g

Phosphorus Energy transfer / Root 
growth

Purple tint to leaf / Difficult to see

Potassium Regulate water / Fruit 
quality 

Intraveinal and marginal chlorotic older 
leaves y

Calcium Cell structure / Fruit set Spotted Necrotic younger leaves

Magnesium Base molecule of 
chlorophyll

Intraveinal chlorosis of younger leaves

Sulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stemsSulfur Chlorophyll synthesis Uniform chlorotic plants with spindly stems

Iron Photosynthetic reduction 
processes  

Intraveinal chlorosis of younger leaves / 
white leaves

Manganese Evolution of oxygen Intraveinal chlorosis of younger leaves

Copper Unique enzyme production Varies with crop but typical die-back of 
terminal growth

Zinc Production of growth 
hormones

Mottled young leaves / bushy rosetted leaves

Chloride Reducing your avocado Tip BurnChloride Reducing your avocado 
yields

Tip Burn





Soil Analysis
• Constituents

– Primary Nutrients and Macronutrients
• N, P, K, Ca, Mg, S

– Exchangeable and Soluble portions of cations

Secondary Nutrients and Micronutrients– Secondary Nutrients and Micronutrients
• Fe, Zn, Mn, Cu, B, Cl, and sometimes Mo

– Other chemical properties
• pH, cation exchange capacity, soil salinity, 

limestone and sodium





Common Nitrogen Questions
Q. Why is nitrate-nitrogen only analyzed in the soil and not 
ammonium and/or total nitrogen?

A. Under conditions favoring plant growth, most forms of soil 
nitrogen are rapidly converted to nitrate.

2 NH4+ + 3 O2   2 NO3- + 2 H20 + 4H+

Q. Why is the nitrate bar blue?

A. The blue bar indicates there really is no “optimum range.” 
Soil nitrate requirements are primarily dependant on the growth 
stage of your crop and soil temperature.



Nit  M tNitrogen Management
• Nitrogen uptake efficiency during critical 

stagesstages
– 25% when applied to the soil in a single 

annual application
– 50 – 60% when applied to the soil in 3 to 4 

increments
– 90% when applied to citrus foliage in 

increments
• However, the total nitrogen requirements ofHowever, the total nitrogen requirements of 

citrus can not be met without leaf damage
• Only about half of the total nitrogen 

requirements can be met foliarly
• None of the nitrogen requirements for 

avocados may be met foliarly



Common Phosphorus Questions

Q. Why is phosphorus reported as P2O5?

A Phosphor s fertili er is sold as P2O5 eq i alentA. Phosphorus fertilizer is sold as P2O5 equivalent
To convert from P2O5 to P multiply by 0.44

Q. Why are there two different methods for soil P analysis?

A. Depending on the pH, phosphorus exists as two different ions 
so there are two different extraction solutions to mimic actual P 
available to your crop.



Ph h  M tPhosphorus Management
• Different precipitates of P

– Important to monitor pH for P



Phosphorus Management
• Fertilization managementFertilization management

– High soluble Ca, Fe, and Al form insoluble 
phosphorus precipitates

• So don’t apply P with these types of 
fertilizers

High carbon to phosphorus ratio can– High carbon to phosphorus ratio can 
immobilize P

– Phosphorus is not very mobile in the soil
• Use water soluble forms of P fertilizer and an 

acid mix to help keep the P in solution



Common Potassium QuestionsCommon Potassium Questions
Q. Why are there two different potassium results?

A. Potassium is measured in two ways.
1. Exchangeable (Exch)

The exchangeable portion is the potassium available as a 
reserve in your soil. This moves into solution as the soluble y
K is taken up.

2. Soluble (Sol)
The soluble portion is the potassium most readily available.



Potassium Management
• Potassium in the soil is mostly available by mass 

flflow…so…

– Leaching is possible

Coarse sandy and soils in areas of high rainfall• Coarse, sandy, and soils in areas of high rainfall

– Citrus can use soil or foliar applied K

• If foliar application use KNO• If foliar application use KNO3

– Avocados can’t absorb foliar applications thus, water 
soluble forms of K should be applied to the soil

• Potassium thiosulfate appears to be the most available 
source



Potassium Management
• Potassium and crop yieldsPotassium and crop yields

– Most directly related nutrient to high 
crop yieldcrop yield

– High N and P increases yields but also 
increases the total demand for K toincreases the total demand for K to 
support that yield

– K released from the exchangeable sites g
in the soil is often too slow to supply 
ample amounts in a high yield system



C l i  M i  Calcium, Magnesium 
Sodium & Sulfur

Q. Why are these nutrients considered secondary?

A. This just means they are not needed in as large of of
quantities as the primary nutrientsquantities as the primary nutrients

-Although, secondary nutrient deficiencies can depress plant 
growth just as much as primary nutrient deficiencies.

-At times some plants can even require more S and Ca than P.
Avocado crop removal rates show this to be true.



Calcium Management
• Calcium is rarely deficient in our soilsy

Low rainfall = high calcium = rare deficiencies
• In our area calcium toxicity is more likely 

than calcium deficiency:than calcium deficiency: 
– Limestone induced chlorosis
– High pH due to lime and deficiencies in– High pH due to lime and deficiencies in 

phosphorus and some micronutrients
– Managing high calcium soils

» pH change is extremely difficult
» Plant selection (avoid limestone 

i i k )sensitive rootstocks)



Magnesium Management
•Magnesium uptake is greatly influenced by g p g y y
potassium and calcium so watch ratios to 
prevent deficiencies

B t ti i d i di t f t–Base saturation is a good indicator of correct 
nutrient ratios in the soil
–K to Mg ratioK to Mg ratio

•For field crops: anything less than 5:1
•For vegetables: about 3:1
•For fruit trees: about 2:1•For fruit trees: about 2:1

–Ca to Mg ratio
•Should not exceed 15:1 for any crop
•Apply foliar magnesium nitrate to citrus for deficiencies

–For avocados use magnesium sulfate applied to the soil



• Sodium is not generally a plant essential 

Sodium Management
g y p

nutrient but is still reported…why?
– It’s necessary to calculate the cation

exchange capacity (CEC)
– Most importantly, high sodium can cause 

soil structural problems
• Na has a large hydrated radius larger• Na has a large hydrated radius…larger 

than K, Ca and Mg
– This causes dispersion in the soil

B k il ti– Breaks up soil aggregation
– Causes a massive structure
– Poor water infiltration



Sodium Management
• What can I do about my high sodium soil?• What can I do about my high sodium soil?

– If you have sufficient calcium in the soil 

• Leach with plenty of low sodium water at an• Leach with plenty of low sodium water at an 
acidic pH (sulfuric acid) to flush the sodium 
and let calcium replace it on the CEC

– If no high soil calcium then Gypsum, Gypsum, 
Gypsum

• Leach with plenty of low sodium water



Cation Exchange Capacity, pH, % Base 
Saturation, and the Lyotropic Series

The “Easy” Definitions:

• Cation Exchange Capacity – The total amount of cations a soil can hold on its 
negatively charged particles (the clay and humus).

• pH – A measurement estimating the “active” hydrogen ions

• Percent Base Saturation – The percent of a certain cation that is held on the 
CEC in comparison to others

• Lyotropic Series – The order in which cations will bond with the negative 
charges in your soil Al3+ > Ca2+ > Mg2+ > K+ = NH4+ > Na+



How to use your tissue analysis 
report with your soils reportp y p

A frequently asked question:

Q. Why does my soil report show ample 
nutrient levels and my leaf tissue report 
shows deficiencies?shows deficiencies?

A. Because plants are not always capable p y p
of taking up the necessary amounts of
nutrients to support their rate of growth
and yield.



A d  d Cit  C  R lAvocado and Citrus Crop Removal
Nutrient 
Removal

800 boxes
Of Oranges

1000 boxes
of Lemons

7000 lbs/acre 
of Avocados

in lbs/acre
Nitrogen 64 75 23

Phosphorus 8 9 2

P t i 66 80 35Potassium 66 80 35

Sulfur 1.6 3.2 3.6

Calcium 20 30 1

Magnesium 4 2 5 1 5Magnesium 4.2 5 1.5

Zinc 0.03 0.12 0.02

Manganese 0.02 0.05 0.01

Iron 0 13 0 12 0 4Iron 0.13 0.12 0.4

Copper 0.02 0.05 0.01

Boron 0.1 0.14 0.05

Chloride 0.02 0.02 0.01

*Generally crop removal x 1.5 = fertilizer requirements



Questions?
For more info:

Chad Lessard

www.fglinc.com

chadle@fglinc comchadle@fglinc.com

Fruit Growers Laboratory, Inc.


