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Experimental Orchard



• tree establishment

• fertiliser use efficiency

Current orchards (“H1”)

Future orchards (“H3”)

• high(er) density plantings

• (shake & catch harvesting)

Industry context Research “themes”

• scion × rootstock

• rootstock × fertiliser 

• light, flower bud 
initiation & spur CHO

• tree architecture



Soil survey





H1: establishment, precociousness, rootstock & N
• Garnem (high vigour)
• Nemaguard (industry standard)
• Rootpac 40 (low vigour)

• ½ × [N] 
• 1 × [N] 
• 2 × [N]

• irrigated to RAW extraction & ETc

• kg N/ha = [N]RAW × ML/ha

• 5 ha

associated 
with maximum 
shoot %N



Rootstock responses to [N] in sand culture
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mg N/L
to
kg N/ha

[N]RAW (mg/L)

14 28 56
estimated ML/Ha

Garnem 10 12 14
Nemaguard 9 11 13
Rootpac 40 8 10 12

estimated kg N/Ha
Garnem 140 336 785

Nemaguard 126 308 729
Rootpac 40 112 280 672



Higher density: not just a matter of more sticks
Current best H1 (“3-D fruiting space”) yield 

= 4 t kernels/ha @ 1.3 g/kernel 
 3.1×106 kernels on ~30×106 spurs/ha

An equally productive H3 planting 
(“2-D”) needs 

• 9000 spurs/m row to produce 
• 1340 kernels/m row (3.35 m) 

(row spacing constrained by existing 
tractor width  2985 row m/ha)



Rootstocks, 
scions & 
higher
densities

• Garnem (highest vigour)
• Nemaguard
• Rootpac 40
• Rootpac 20 (lowest vigour)

• Vela (Almond 10)
• Carina (Almond 1)
• Almond 21

• 4 × 3.35 → 746 trees/ha
• 2 × 3.35 → 1,492   ″
• 1 × 3.35 → 2,985 ″

• 3.5 ha



Quantifying 
the light/spur
fertility
relationship
to underpin
H3 design Solar path  during flower bud initiation

Row direction perpendicular to solar 
path during flower bud initiation
 mostly shaded at solar noon only

Row direction same as solar path 
during flower bud initiation
 mostly shaded most of the time

Tree training





Identifying factors that 
influence spur productivity 

in almond (AL14005)

(Monks,) Taylor, Faulkner, 
Hancock & Treeby





“Spurs are the main fruit-bearing shoot type in 
mature almond trees”†

Spur = short stem that [may] bear flowers and fruits‡

‡https://en.wikipedia.org/wiki/Spur_(stem)
†Lampinen et al. (2011) citing Kester et al. (1996)

dead

flower-bearing spurs

non-flower bearing spurs§

fruit

§Tombesi et al. (2011) 





Current best (practice) H1 productivity …..

= 4 t kernels/ha 

@ 1.3 g/kernel 
 3.1×106 kernels 
on ~30×106 spurs/ha





Nonpareil 
annual spur 
mortality



Spur 
mortality
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Fate of 
Nonpareil 
spurs over 
seasons NN
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Spur behaviour: 
probabilities of ….

Nonpareil Carmel

% probability

being productive 43 23

being productive  in 
successive seasons 5 24

dying after being
productive 67 33

being alive after 3 
seasons 9 44

leafy spurs dying 41 21



Light & kernel yield in Californian almond orchards

Lampinen, B. “Almond Yield Potential – How Much is too Much?” (http://ucanr.edu/sites/Nut_Crops/files/169707.pdf)



Nitrogen supply & almond yield
(cumulative 2008-2014)

Adapted from Muhammad et al. (2015)
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Blue bounded areas = blocks:
• 4 rows/block (NP+C & 2 buffers)
• 6 blocks = 24 rows

Small rectangles = plots:
• 4 trt plots/block
• 16 trees [8 × 2 (NP+C)]/trt
• 32 trees/row (8 trees×4 trt plots)

• 4 trees measured/variety/trt plot

N ha-1 

season-1

320

240 

% ETc
100 70



Imposing water and 
N supply treatments



Irrigation
(% ETC)

N  supply
(kg ha-1 season-1) 2014-15 2015-16 2016-17 2017-18 2018-19

(control) 100 320     

100 240 -    

70 320 -    

70 240 -    



Effect of irrigation management & N supply on 
light interception (2016-17 season)
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Spur mortality: seasons, irrigation management 
& N supply for each variety  

Irrigation (% ETc)

100 100 70 70

kg N ha-1 season-1

320 240 320 240

Variety Season % tagged spurs dead at end of each season

Nonpareil 2014-15 47 - - -

2015-16 51 52 51 47

2016-17 50 58 39 60

Carmel 2014-15 13 - - -

2015-16 19 22 22 19

2016-17 17 37 22 42



Spur leaf area in previous 
season & productive status in 

current season 

Variety Spur type (#)
Previous 

season’s leaf 
area (mm2/spur )

Nonpareil fruiting (37) 284

nonfruiting (171) 243

Carmel fruiting (67) 301

nonfruiting (321) 247



Fate of spurs 
within 
different 
zones



Thank you
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