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Lessons learnt

ALO8015 conclusions

. Moderate and high bud failure potential exists within some Australian
Carmel clones.

. Young Carmel trees planted since 2004/05 are the most severely affected. Gl th Disorder

e The choice of budwood predisposes trees to bud failure. Final Report

 Bud ‘damage’ is necrotic tissue and damaged buds do not recover. AL08015

* High temperature exposure (and budwood sources) induced the
observed bud failure.

. Bud failure has not been traced to one bud source.

. Affected young (4th leaf) trees, are unlikely to be economically viable.

Prepared for : Horticulture Australia Ltd and

- Buds from Monash are consistently larger and have negligible internal Almond Board of Australia

damage. |
By :  Scholeficld Robinson

Pruc McMichacl et al

. Vegetative growth has been affected more extensively than flowering, but
late summer/autumn heat appears to affect more floral buds, than spring , . November 2010
heat.

. Rough bark and tiger striping is not consistently associated with Australian
bud failure.

* Bud failure in Carmel in Australian orchards cannot be generally
distinguished from NBF, but Australia has not seen NBF in Non-pareil
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Lessons learnt

AL03015 conclusions Genetic Source

Moderate and high bud failure potential exists within some Australian
Carmel clones.

. Young Carmel trees planted since 2004/05 are the most severely affected.
* The choice of budwood predisposes trees to bud failure.
* Bud ‘damage’ is necrotic tissue and damaged buds do not recover. Development

 High temperature exposure (and budwood sources) induced the
observed bud failure. of NBF

. Bud failure has not been traced to one bud source.

. Affected young (4th leaf) trees, are unlikely to be economically viable.

. Buds from Monash are consistently larger and have negligible internal

damage. Effect of stress
. Vegetative growth has been affected more extensively than flowering, but _ EG

late summer/autumn heat appears to affect more floral buds, than spring

4 Temperature
. Rough bark and tiger striping is not consistently associated with Australian

bud failure.

* Bud failure in Carmel in Australian orchards cannot be generally
distinguished from NBF, but Australia has not seen NBF in Non-pareil
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Genetic Source

“It’s the equivent of aging in a sense. It’s the equivalent of why as we get
older, we’re still the same genetics, but we may be getting gray hairs.”

Carmel gets this disorder earlier in its life.

Growing the Valley

UC University of California

C E Agriculture and Natural Resources Cooperative Extension
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Bud ‘damage’ Is necro
do not recover.

Figure 1: Almond bud set at a given node (longitudinally cut)

B1 =Bud 1 (Left side); BC = Centre Bud; B2 = Bud 2 (Right side)
Bud heart = the growing point of the bud
Leaf scar = the leaf attachment point

Outer bracts = the brown, lignified outer bracts that protect the bud heart
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tic tissue and damaged buds

Cbservation
description

Photo reference

for Rating
1and 1x

1 = healthy green bud,

0% browning

1x = healthy green bud; with lignified
section inside bud, but not at bud heart,
usually tip section, 0% browning

Observation
description

Photo reference
for Rating

2and 3

2 = bud heart brown/stained (<50%)

3 = bud heart brown/stained (>50%)

australianalmonds.com.au



Bud ‘damage’ is necrotic tissue and damaged buds
do not recover. Figure 10 MIA outide bud satus duing season

Cbservation 1 = healthy green bud, 1x = healthy green bud; with lignified
description 0% browni section inside bud, but not at bud heart, I
ng usually tip section, 0% browning
Photo reference
forRating | | | P | Tyt T
1and 1x @ Hedty
—_ O Flower Initiabon
J‘E’ 0 <30% damage
% 037 re
- 0 Missing
Observation 2 = bud heart brown/stained (<50%) 3 = bud heart brown/stained (>50%) B Dead
description
Photordference |~ | RS | | B0 B BRI
for Rating
2and3 | B L . | o] ' "R = OEEIEEE
a------
.
March-April AF May-June AF July-3eplember AF March-April NAF May -June NAF July -3eplember NAF
Grouped sample date
ALMOND BOARD AFFECTED NON AFFECTED
n, OF AUSTRALIA - "



Relationship of stress factors on NBF

Is temperature an indicator?

e (Californian researchers
identified that temperatures
over 27°C can induce NBF.

 Trial consisted of a Carmel
population of 2,800 trees.
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rest period

Flower buds continue

to differentiate

level of BF,q
Flower buds
continue to
differentiate

Description
Stage Date NOI'mal BFpﬂt BFexp
[11 May Growth cessation and  Growth cessation Growth cessation and bud
bud maturation and bud maturation  maturation
1AY June Budscale formation; Budscale formation; Budscale formation;
induction of HTD "Somaclonal" "Somaclonal" increase in
increase In BF BF o1
Vv July, Aug Veg buds develop Veg buds have new  Veg buds have new level of
HTD; level of BF . BF,. and 1nitiate necrosis;
Flower buds are Flower buds are Flower buds are initiated
initiated initiated from cells  with high level of BFp
with higher BF,
VI Sept, Oct  Veg. Buds initiate Veg buds have new  Veg buds develop necrosis

Flower buds continue to
differentiate with high level
of BFp{}t

australianalmonds.com.au



Relationship of stress factors on NBF

Is temperature an indicator?

e (Californian researchers
identified that temperatures
over 27°C can induce NBF.

 Trial consisted of a Carmel
population of 2,800 trees. 10

| | | | |
25 26 27 28 29

Yearly Change in %BF
=

Average Day Temperature (CIMIS)

Figure 9 Regression of yearly change on BF % to average day
temperature 1n June. Shows a range falling between 77°F (25°C)
@ ..... (0 86°F (30°C),
.\ ‘ ALMOND BOARD
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Relationship of stress factors on NBF

Is temperature an indicator?

Correlation of temperature to ABF

. . 1992 - 1998 Symbol  Temperature data
o Californian researchers
identified that temperatures

02 | Adusted

over 27°C can induce NBF. 0]

-0.2
1

] 12h daytime average

s 24h avera ge
558 Degree Days, 15-32 C
oo Degree Days =28 C

 Trial consisted of a Carmel
population of 2,800 trees.

Figure 8 Above. Relationship between correlation valves (R»)
O Rt and month for four temperature data sets.
Below. Plot of Probability for each of the values above.
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The Calculation

—_—

(Maximum Temperature
+ Base Temperature)

2
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Growing Degree Days

—

— - Base DEGREE DAYS

BASE TEMPERATURE

DAY
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The Calculation

—_—

(Maximum Temperature
+ Base Temperature)

2
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Growing Degree Days
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BASE TEMPERATURE

DAY
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The Calculation

—_—

(Maximum Temperature
+ Base Temperature)

2
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Growing Degree Days

—

- -Base DEGREE DAYS

BASE TEMPERATURE

DAY

australianalmonds.com.au



Growing Degree Days

The Calculation

Using a maximum of 31

DEGREE DAYS

2

S —— —

Step 1

BASE TEMPERATURE

Step 2

29 —27=2GDD

DAY
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Relationship of stress factors on NBF

Is temperature an indicator?

Correlation of temperature to ABF

. . 1992 - 1998 Symbol  Temperature data
¢ Callfornlan resea rCherS 06 ::—e.—.:r 1Ehd:ytimeaverage

558 Degree Days, 15-32 C
oo Degree Days =28 C

identified that temperatures

02 | Adusted

over 27°C can induce NBF. 0]

e Trial consisted of a Carmel
population of 2,800 trees.
DE Probability
Figure 8 Above. Relationship between correlation valves (R;)

O Lepiiiegt! and month for four temperature data sets.
Below. Plot of Probability for each of the values above.
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Difference between regions

Temperature days over 27 C in November, December, January

Average since
1965

90th percentile 56.2 71 76.2 /6

Average since
2015 51.2 68.7 74.3 73.7
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Griffith Observations

Hot days — Over 27°C in November and December

Hot days Q Griffith, NSW
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@ vearly data == pAyerage wess 10th and 90th percentiles . N
@ My Climate View
This chart shows the total number of hot days for each yvear from 1965 to 2024 at your location.

Hot days are defined as the total number of days with a maximum temperature greater than or equal to 27 °C between 1 November and 31 December. Www'mychmatewew'@:'m'au
For help interpreting the chart, please read our FAQ 'How do I read the future projected climate plots?’ c 2025
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Griffith Observations

Growing degree days — Over 27°C in November and December

Growing degree days at 27°C in November and December noting the 80th percentile
200
180 ® 2002 ® 2009 ®2019 2024.1

)
= 160
= ® 2006 ® 2914182017

189" 2020
& 140 o ° ° e P
D ¢ o ® O
L 120 o® o
a0 ° O
8 100 Py °

o o o
o0 80 ® o,
= o o ¢
; 60 ® o @) o o
S 40 ° o ®
@ ¢ ®
20 ©
0 o0

™ o — ™ LO ™ (@)) Ay ™ LO ™~ (@) — ™ LO ™~ (@)) i ™ LO ™~ (@))] i ™

™~ ™~ o0 o0 (00 o0 o0 (@) (@) (@) (@) (@) o (@) (@’ (@’ (@) — — — i — AN AN

o (@) (@) (@) (@) (@) (@) o o (@) (@) (@))] o (@ (@ (@ (@) (@) (@) (@) (@ (@ (@ (@)

| i i i i i i i i i i i (@ (@\ (@\| (@\| (@\| AN AN AN AN AN AN AN

Year
GGD ND  « 80th Percentile o GGDND - 80th Percentile

ALMOND BOARD
OF AUSTRALIA australianalmonds.com.au

N\



Griffith Observations

Growing degree days — Over 27°C in December and January
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Griffith Observations

Average Maximum temperature in November and December
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Average maximum tempreture in November and December noting the 80th percentile
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Griffith Obse rvations : T High bud failure recorded in

Spring 2007 and 2010
Putting it all together
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Summary

* Non-infectious bud failure is a genetic condition.

® Stress conditions in December can create an environment that
promotes the development of NBF.

* These conditions seem to be increasing in occurrence
reflected in incidence of NBF.

* Other than removal of trees, management of NBF remains
unclear.
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