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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
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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
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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.




