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Optimizing ‘Hass’ Avocado 
Tree Nutrition to Increase 

Grower Profit



1) To increase net profit in an era 
of increasing production costs
(land, labor, water, fertilizer),
growers must maximize yield 
of high quality, commercially
valuable size fruit per ha.

2) Optimizing tree nutrient status 
is a cost-effective strategy for 
increasing fruit size, yield and
net income.

3) My research developed properly 
timed fertilizer applications as  
tools to achieve this goal.  

The Goal of Avocado Growers



Optimizing Tree Nutrient Status

Nitrogen           Zinc
Phosphorus     Manganese
Potassium Iron
Calcium Copper
Magnesium      Boron
Sulfur               Chloride                                            

Molybdenum
Nickel

Essential Nutrients

Carbon Oxygen Hydrogen
Potential ‘Hass’ yield

California average yield



• Is to obtain an economic advantage
• by identifying the role essential nutrients play 

in the physiology of the crop and
• supplying a nutrient as a soil- or foliar-applied

fertilizer at a key stage in the phenology of the
tree to stimulate a specific metabolic process
that will increase yield, fruit size or quality and

• increase grower income even when the tree is 
NOT deficient by standard tissue analysis.

Goal of Fertilization



• Is to target soil-applied fertilizers to periods of 
high nutrient demand and

• To use foliar-applied fertilizers during periods
of high nutrient demand that occur when soil 
conditions restrict nutrient uptake by the roots.

• The goal is to obtain a plant growth regulator
effect from a fertilizer application that increases
fruit set, fruit size, fruit quality and grower profit.

• Properly timing fertilizer applications is critical!

Goal of Fertilization



Periods of High Nutrient 
Demand in the Phenology of  

the ‘Hass’ Avocado Tree

Fertilize according to tree phenology, considering the 
nutrient demand of the current crop, last year’s crop 

and your goals for next year’s crop.

Root    
flush

Root 
flush

Floral development



‘Hass’ Avocado Fruit N Content
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‘Hass’ Avocado Fruit K Content
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‘Hass’ Avocado Fruit Ca Content
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Properly time soil fertilization 
to improve tree productivity

Since fruit number drives the uptake of many 
essential nutrients from the soil, matching 
fertilizer rates and application times  

• to periods of high nutrient demand by fruit
• to periods of strong canopy growth (floral 

and vegetative) and root growth 
makes sense for 

• optimizing tree nutrient status 
• increasing fertilizer-use efficiency
•   improving the benefit:cost of fertilization
• protecting the environment.



Examples of properly timed
soil-applied fertilizers that

increase total yield and yield of 
commercially valuable size fruit of 

the ‘Hass’ avocado 



Matching fertilizer application 
times and rates to tree demand

2x N (50-56 kg/ha) in April/Oct or Nov/May resulted
in a net increase in total yield > 22 tons/272
trees/ha/4 yrs, a net increase in CVS fruit (178-325
g/fruit) > 19 tons/ha/4 yrs, reduced yield of small
fruit (< 178 g/fruit) and reduced alternate bearing.

Root 
flush

Root 
flush

Floral development



Matching fertilizer application 
times and rates to tree demand

To better match fertilizer to tree demand, the Nov/May
N was shifted to the end of Sept/Mar–beginning of
Oct/Apr: ON years-2x N (50-56 kg/ha) to increase fruit
size, fall shoot and root growth; OFF years, when fruit
size and shoot growth are good, 1x N (25-28 kg/ha) is
applied to preload N to support the return ON bloom.

Root 
flush

Root 
flush

Floral development



Matching fertilizer application 
times and rates to tree demand

N-P-K (28-4-25 kg/ha) in July+Aug/Jan+Feb resulted
in a net increase in total yield > 11 tons/272
trees/ha/3 yrs, a net increase in CVS fruit (178-325
g/fruit) > 7.4 tons/ha/3 yrs vs. trees receiving an
equal amount of N-P-K at other times.

Root 
flush

Root 
flush



Soil Fertilization

Properly timing
soil fertilization is an

inexpensive strategy for
providing essential nutrients
to the tree to increase yield, 

fruit size and income.
Correct soil problems: 

Soil structure, salinity, pH,
water-holding capacity,
pathogen-suppressive 
rhizosphere, unplug
irrigation emitters.

NOTE:
Many soil factors 

compromise nutrient  
uptake by the roots, making 
it difficult to know how much 
soil-applied fertilizer is taken 
up vs. how much is leached 

past the root zone and 
no longer available to

the tree.



Foliar Fertilization

Foliar fertilization 
is a rapid and efficient 

strategy that can be used
to provide an essential nutrient

to the tree to overcome the
soil’s inability to release nutrients
to the roots or the root’s inability

to take up nutrients in order
to prevent a nutrient from

becoming a
limiting factor.

Leaves 
house the tree’s

photosynthetic and
metabolic machinery. 

NOTE:
Not all fertilizers are

taken up by
leaves.



1) Symptoms are visible;
2) Tissue analysis indicates

a nutrient concentration
that is deficient; and

3) Soil analysis reveals a
problem that affects        
nutrient availability 

or root uptake.

Foliar fertilizers 
are best used for the 
rapid correction of 

nutrient deficiencies:
Potential ‘Hass’ yield

California average yield

Foliar Fertilization

For maximum uptake, apply foliar 
fertilizers when leaves are 1/2–2/3 
expanded; add a wetting agent.    



Examples of properly timed 
foliar-applied fertilizers that

increase total yield and yield of 
commercially valuable size fruit of 

the ‘Hass’ avocado 



Canopy-applied Boron or Urea 
Boron (1.6 kg B/ha) or Urea (28 kg N/ha)
at the cauliflower stage of inflorescence 
development (CSID) 

CSID



Pollen tubes (no.) Viable
Treatment penetrating the ovule ovules (%)

Control 0.77 cz 70 b
Boron 2.29 a 81 a
Urea 1.48 b 88 a

Boron+urea 2.10 a 78 a*
z Means within a column followed by different letters are significantly      
different by Tukey’s HSD at P ≤ 0.05.



Boron resulted in a net increase of > 12 tons/272 
trees/ha/3 yrs, Urea resulted in a net increase of 
> 11 tons/ha/3 yrs and > 50% of the increased   
yield was CVS fruit (178-325 g/fruit).

CSID
ü

Canopy-applied Boron or Urea 



NOTE: Boron combined with urea results
in multiple carpels per flower.

No significant effect on yield
in California.   

In Mexico, B+N reduced 
yield an average of 3 metric 

tons/ha.



Canopy-applied 
Phosphate vs. Phosphite

Potassium phosphate or phosphite (1.8 kg/ha) 
Control - Soil-applied potassium phosphate (25 kg/ha)

CSID

KH2PO3 resulted in a net increase of CVS fruit (178-
325 g/ fruit) of 4.6 tons/ha/3 yrs, reduced the yield of 
fruit < 178 g/fruit, with no reduction in total yield.



Take Home Message

Based on these results, 
and others not presented here, 
properly timing soil and foliar 

fertilizer applications to periods of
high nutrient demand increases

yield, fruit size and quality,
and grower net profit.



Monitor Tree Nutrient Status 
with Leaf Analysis

California’s New Optimum Leaf Nutrient 
Concentration Ranges

Leaves (5- to 7-months old) collected from nonfruiting, 
nonflushing terminal spring flush shoots in Aug - Oct. 



• In California, experiments for only N, Fe, and 
Zn were conducted to determine optimal leaf 
concentrations for maximum yield; fruit size
and quality were not included.

• Optimal leaf concentrations for other nutrients  
were borrowed from citrus and modified over
time by labs doing leaf analyses. 

• As a result, labs recommend different leaf 
nutrient concentration ranges as optimum.

The Problem



• Multiple, comprehensive data sets for a 20 year period that 
included leaf analyses (N, P, K, Ca, S, Mg, Fe,  Zn, Mn, B, & Cu) 
and total yield and fruit size distribution (packing carton sizes
<84, 84, 70, 60, 48, 40, 36, 32 & >32) and fruit quality.

• These Data were collected from
multiple orchards distributed in
the major avocado-growing areas
of California.

• Multiple statistical approaches
were used to identify leaf nutrient
concentrations related to high
yields and high yields of CVS 
fruit of excellent fruit quality.

Data and Statistical Analyses



Nutrient
(conc.)

Embleton’s
ranges

New Optimum 
ranges

Highest 
orchard  

frequency
N   (%) 2.0-2.6 2.25-2.5-2.90 2.25-2.7   ✔
P   (%) 0.10-0.25 0.10-0.15 0.15    ✔
K   (%) 0.75-2.0 0.7-0.9 0.9      ✔
Ca  (%) 1.0-3.0 1.8-2.0 1.4      ✖
Mg (%) 0.25-0.80 0.6-0.9 0.5-0.6   ✖
S   (%) 0.2-0.6 0.45-0.53 0.3-0.37 ✖

Zn  (ppm) 30-150 50-80 34      ✖
Mn (ppm) 30-500 110-145 75      ✖
Fe  (ppm) 50-200 55-80 55      ✔
B   (ppm) 50-100 38-60 25      ✖
Cu (ppm) 5-15 4-7 9   ✖✖

Leaf Nutrient Concentration Ranges



• Over fertilizing with Cu; P and K on the high end
• Under fertilizing for Ca, S, Zn, Mn and B;  Mg and   

Fe on the low end
• Nutrient deficiencies are limiting factors and need   

to be corrected
• Highest yields were associated with N at 2.5%,

P between 0.12 - 0.15% and K at 0.9%
• Low yields were associated with N > 3.0%

P > 0.2% and K > 1.2%
• N (2.25 – 2.5%) and Ca (1.8 – 2.0%) sustain high

yields as Cl increases > 0.3%.

California’s New Optimum Leaf 
Nutrient Concentration Ranges



• Fertilize based on tree phenology; not calendar date.
• Fertilize to meet the tree’s needs during periods of 

high nutrient demand.
• If soil conditions compromise nutrient uptake by 

the roots during periods of high nutrient demand, 
develop the use of foliar-applied fertilizers to prevent 
nutrient deficiencies that limit fruit size and yield. 

• Fertilize based on crop load, including inflorescences
and young developing fruit, last year’s mature fruit, 
and your goals for next year’s crop. 

• Use leaf analysis to evaluate the success of your
fertilization program and to identify problems.

• Do not fertilize to replace what a previous crop used.
• Maintain healthy roots for water and nutrient uptake.

Take Home Messages





‘Hass’ Avocado Fruit N Content
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1.0 g N/fruit
Average fruit = 325 g = 0.325 kg
For every 10,000 kg fruit/ha ÷ 0.325 kg/fruit = 
30,769 fruit
1.0 g/fruit X 30,769 fruit ÷ 1,000 g/kg =  30.8 
kg N/10,000 kg fruit/ha

Plus vegetative growth requires about 10-20 
kg N/ha; avg = 15 kg N/ha + 30.8 kg N/10,000 
kg fruit/ha = 45.8 kg/10,000 kg fruit/ha

Plus 70% NUE = 45.8 kg/10,000 kg fruit/ha ÷
0.7 = 65 kg N/10,000 kg fruit/ha



Periods of High Nutrient 
Demand in the Phenology of  

the ‘Hass’ Avocado Tree

Fertilize according to tree phenology

Root 
flush

Root 
flush



Fertilize based on tree phenology to meet 
periods of high nutrient demand of the 
‘Hass’ avocado tree to increase yield of 
CVS fruit and mitigate alternate bearing.

Root 
flush

Root 
flush

When soil conditions reduce nutrient uptake, 
prevent nutrient deficiencies at key stages of tree phenology 

that will limit yield, fruit size or quality use foliar fertilizers.

.
Do NOT use replacement fertilization.


