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• Consumers demand for high fruit quality standards
• Societal concerns about over-use of inputs
• Yield is a great concern for growers
• Fertilizer (and energy) prices on the rise 

Reconcile high yield goals with minimal negative 
impacts on the environment











Fertilizer (N) = fx (… … … … … … … )

• fertilization management
(timing, number of applications)

• ripening season

• crop load/yield

• tree age and health

• environmental conditions

• soil health/management

• pruning



Artificial intelligence 
and precision 
agriculture technology
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May June July August September



N P K Ca Mg

Early 0.9 a 0.2 a 2.0 a 0.03 0.3 a

Mid 0.6 b 0.2 b 1.4 b 0.03 0.2 a

Late 0.6 b 0.1 b 1.4 b 0.03 0.2 a

Nutrient concentration (% D.W.) in fruit

Zhou Q and Melgar JC. 2019. J. Plant Nutr. Soi Sci. 182:203



N P K Ca Mg

Pruning wood Early 55.7 50.3 43.0 53.9 41.6

Mid 50.0 45.9 32.4 58.6 36.6

Late 49.6 44.9 27.4 53.3 32.5

Fruit Early - - - - -

Mid 27.1 29.3 42.2 1.0 23.4

Late 27.3 32.5 45.0 1.1 23.7

Fallen leaves Early 23.2 24.3 29.6 45.5 44.0

Mid 20.0 22.2 23.3 40.4 38.9

Late 19.9 18.1 25.5 45.6 42.6

Nutrient allocation (%)
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Resorbed N provide up to 70% of the N 
requirement of forming fruits and shoots







Older trees have an increased potential storage and 
seem to be more efficient at resorbing nutrients

2015 2016 2017

Pruning 
wood

Mature 0.9 a 0.4 b 0.7 a

Old 0.8 a 0.6 a 0.8 a

Fallen 
leaves

Mature 1.9 a 2.6 a 2.9 a

Old 1.6 b 1.6 b 1.7 b

Potassium concentration in mature and old trees

Zhou Q and Melgar JC. 2020. HortScience 55:560-564



How do environmental conditions affect 
nutrient remobilization and reserves?



Source: http://www.srh.noaa.gov/jetstream/

El Niño year La Niña year

El Niño/La Niña Southern Oscillation





OutsideGreenhouse

↑ 5 °C

September-December



First year shoots

Second year shoots
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Large roots
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Tissue Greenhouse Outside

1-year shoots 1.86*** 1.57

2-year shoots 0.97** 0.85

Stem 0.72*** 0.61

Below graft union 0.92*** 0.73

Large roots 1.77*** 1.39

Fibrous roots 2.61 2.29

n = 60-63. Analyzed with analysis of variance (ANOVA) 
*** P < 0.001      ** P < 0.01     

Effect of delayed senescence in N concentration 
in reserve tissues during winter

Lawrence B and Melgar JC. 2018. Front. Plant Sci. 9:1819



Tissue 100% ET 50% ET

1-year shoots  1.63 1.80*

2-year shoots 0.86 0.95*

Stems 0.62 0.72***

Below graft union 0.76 0.89***

Large roots 1.48 1.68*

Fibrous roots     2.27 2.64***

n=60-63. Analyzed with analysis of variance (ANOVA)
*** P < 0.001          * P < 0.05

Effect of soil moisture in N concentration in 
reserve tissues during winter

Lawrence B and Melgar JC. 2018. Front. Plant Sci. 9:1819
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No single formula for sustainable fertilization 
but all options go through rational fertilization
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