
Breaking the glass ceiling of ‘Hass’ 

avocado yields:
Providing the periodic demand for water 

and nutrients

The plant is wiser than who grows it 

(and who investigate it)



Problem: Low yield of ‘Hass’ avocado 

fruits (~10 t per hectare)

Yield 10 tons of ‘Hass’ avocado is really low?

Energy contained in 10 tons of avocado fruit 

(80 MJ) is equivalent to 27 and 31 tons of 

orange and apple (Wolstenholme, B.N. 1986. 

Acta Hortic. 175, 121-126)

Reasons for low yield:

June drop Alternate bearing



Assessing the optimal fertigation 

management

Challenge: producing 30 tons 

of ‘Hass’ avocado fruits per 

hectare   



Stage I: lysimeter experiment 2006-2010 

(Zemach): studying  the impact of water 

management on ‘Hass’ avocado yield

Generating stress conditions by manipulating 

irrigation frequency and container volume 

Most important benefit:

on line measurements 

(every min) of water 

uptake



2013: Prolog

• Leaf chlorosis followed by leaf 

defoliation occurred during March-April

(inflorescence) 2013

• Fruitlet and later on fruit abscission 

(June drop) followed leaf defoliation

• Reasons for these phenomena?

• Mechanisms involved? 

• 15 participants:20 ideas



Possible mechanism: 

• Programmed Cell Death (PCD):

• In case of nutrient deficiency in the reproductive 

organs: nutrients are mobilized from the leaves 

towards the new developing reproductive organs 

in order to ensure satisfactory development

• Under conditions of severe nutrient deficiency, 

the leaves become chlorotic and later on drop



The first step for solving a problem:

• To be able to simulate it

• Imitating the field stress symptoms in 

a controlled experiment

• Generating leaf chlorosis, abscission 

and later on fruitlet drop



Stage II

• Lysimeter experiment Akko 2014-2017:

• Assessing the seasonal water and 

nutrients requirement of ‘Hass’ avocado, 

especially, during flowering and the early 

stage of fruit development which may 

affect later on the fruitlet abscission and 

determine crop yield



Results: effect of treatments on bud 

formation 18 March 2014

T1: continuous fertilization T3: No fertilization



Results: effect of treatments on 

leaf abscission

A



Lysimeters 2014-17: partial conclusions

• Deficient nutritional treatments induced:

(i) leaf abscission during the flowering 

period

(ii) fruitlet/fruit drop

• Yield determine step: February-April

• Importance of continuous application of 

nutrients throughout the growth period 



Stage III

Field experiment Akko 2013-2017:

• Validating Zemach conclusions in a 

field experiment



Treatments

Tr1: optimal irrigation

Tr2: 150% of Tr1

Tr3: until 1 August similar to tr1, after 1 

August 75% of Tr1

Tr4: starting irrigation on 1 May, after 1 

May similar to Tr1 

Tr5: 75% from Tr1



Treatments

Three irrigation rates: Tr2 > Tr1 > Tr5  

Comparison between water stress 

during:

The early growth period (Tr1 and Tr4)

The late growth period (Tr1 and Tr3)



Avocado 2014-17: Yields



Avocado 2014-17: Yields



Conclusions I

Optimal irrigation and fertilization managements is a 

crucial key for increasing ‘Hass’ avocado yield

Special effort should be made to provide periodic 

demand for water and nutrient during the 

inflorescence and fruit-set processes



Conclusions II

Continuous water stress along the growth period was 

less severe than short water stress applied in the 

middle of the growth period. Probably because of 

tree adaptation by decreasing the vegetative part and 

reducing plant evapotranspiration.



Conclusions III

nutrient deficiency caused by absence of 

fertilization in addition with a decreases in 

soil-nutrient availability induced by the 

decreases in soil-water content generated yield 

decreases and alternate bearing in the Tr4 

plants. 



Very important

• Seasonal changes in partitioning of 

carbohydrates between reproductive and 

vegetative plant organs affects trunk 

growth

• Allocation of carbohydrates toward roots  

Rate of trunk growth increase 



Avocado 2015-7: Rate of trunk growth of 

Tr1 and Tr4 trees


Window opportunity 

for roots development

Important: The root system is 

developing during the early spring 

time, until mid-June. Later on, it is 

almost impossible to correct non-

proper irrigation management

Sink/Source ratio

High translocation 

of carbohydrates 

to the fruits -

Significant 

decrease of 

carbohydrates 

translocated 

toward roots

Trunk growth was the earliest indication for stress as early as 20 March 



Grower dilemma I: what are the 

irrigation doses required for 

optimal avocado yield?

Intelligent guess?

Farmer experience?

In our experiments:

Direct measurement of the actual 

plant transpiration in the 

lysimeters experiment





Lysimeter results 2016: actual daily water 

uptake vs calculate transpiration (P-M 

equation) during 2016

Sharp increases of water uptake, plausibly caused by flowering 

and fruit-set process, rather than by climatic changes



Lysimeter results: transpiration coefficient

(Kc = ET/ET0) of T1 during 2015 and 2016

Important physiological 

processes  affected the Kc 

Response:

Modification of the 

irrigation regime 



Grower dilemma II: what are the 

quantities and timing of nutrients 

addition for optimal avocado yield?

• Leaf analyses are commonly used in the 

avocado industry for controlling the 

fertilization regime

• What are the thresholds of leaf-nutrient 

concentrations?

• What is the best timing for leaf analyses?



The first demand from any 

fertilization system

To replace/ restore the nutrient 

quantities removed by the crop



Important note:

• Fruits rather than leaves are the main 

products of the avocado industry

• Subsequently, fruit analyses should be 

the principal basis for controlling the 

fertilization regime

? !!!



Nitrogen concentration in the productive 

organs during 2014, 2015 and 2016

Intense metabolic processes probably induced high N 

concentration during the fruit set process

Inflorescence Fruit
Fruitlet



Phosphorus concentration in the productive 

organs during 2014, 2015 and 2016

Intense metabolic processes probably induced high P 

concentration during the fruit set process

Inflorescence Fruit
Fruitlet

Parallel increases of 

mesocarp-P 

concentration and 

fruit weight. High 

demand for 

Phosphorus.



Potassium concentration in the productive 

organs during 2014, 2015 and 2016

Inflorescence Fruit
Fruitlet

Parallel increases 

of mesocarp-K 

concentration and 

fruit weight. High 

demand for 

potassium.



Rate of fruit growth and N, P and 

K quantities accumulated in a 

single fruit



Fruit-N, -P and –K quantities 

removed by avocado fruit yield 

of 30 ton ha-1

400 fruits per tree,  417 trees per hectare

Fertilization efficiency:

N: 40-50%

P: 20-30%

K: 40-50%

Nutrient quantity per 

hectare:

N = 250-300 kg

P = 100-120 kg

K = 500-700 kg



Thank you

The plant is wiser than who grows it 

(and who investigate it)


