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Phenology is the study of when particular events occur, with emphasis on the effect of seasonal or climat
changes. It provides useful information to aid in orchard operations. The value of this information is
enhanced when measurements are collaatadarm and consistent manner. This factsheet

describes how to measure phenology of a particular developmental stage with specific examples of
measuring flowering and hull split. A photoscale for stages of floweriagli@adefandiutded.

This methodologp@&sed othatused irCaliforniaresearch triadsiduses a compromise between
accuratelgetermininghenologusing a large number of samples collected throughout tree canopies

with the need to sample a larger area (many varieties, orchard blocks, or multiple orchards) in a timely ar
cost effective manner. The method accounts for thedaciptiaaid bottofithe tree canopy often

bl oom at different ti mes. Physically sampling
while the lower canopy, which can be reached from the ground, is often either ahead of the upper canopy
or behind dependangthe variety. In essence the method visually assesses upper and lower shoots /
branches, and undertaking a few quick visual counts to confirm these observations to determine the
percentage of open flowers that best represent the overall cauipiatitnad similar method

could be used to assess any chosen phenological stage.

Estimating a particular phenological stage requires the particular stage be accurately defined, and that
preceding and subsamjidevelopment stages are also defined. This will ensure the stage of interest is
not confused with other stages. A written description and accompanying photographic or illustrated
images of the relevant stages are useful for this purpose. Caooningrizirigre the stage of

interest allows for greater certainty that the beginning of the stage of interest can be observed. Similarly
recording the subsequent stage will provide greater certainty that the end of the stage of interest was
accurately obsed.

The number of estimates will depend on the variation of observations. There is no easy way to define the
required sample size without an initial assessment of this variability, but as a general rule a larger sample
size (for example 30 or more) is Umiwly Estimates can consist of systematic sample points or of

random points within a number of areas. Either method is acceptable so long as systematic biases are
avoided such as sampling trees near the endsfadiiffexmsnt set of branches, tteesws may be

observed at each timehe same points may be repeatedly observed at enaihitimease tagging

trees or branches is an easy way of ensuring you are sampling the gherenpddiced B

acceptable.

Observations over a period of time will need to be made to subsequently determine the date when the
percentage of flowers, fruit or development stage was considered to be at the specific stage of interest.
For example, sampling on manyndgyse required to subsequently estimate/calculate the date that

10% of flowers could be classed as open. The time interval between the sampling dates can be critical tc
findings. Generally more accurate information is obtained if the numbeenfsdeyplinetis

shorter. A different sampling interval may be required to assess different phenéllogieairgjages.

of almonds requires observations every 2 to 3 days, while once a week is acceptable to assess hull split
for most growers.



In almondonditions during the entire bloom are important because the goal is to set the maximum
number of nut$he flowering stages typically used by almond growers and researchers include 1%
(beginning blogrip%, 50%, 8(%all iowering or full blop89% and 100%nd of bloom)

Observing when approximatE)y/dbbloom occurs is of commercial interest in order to time protective
brown rot fungicide applications. Evaluating the entire bloom period for bee flight and potentiall
successful cropsllination opportunities helps provide a subsequent understanding of why certain
varieties or crops may be heavier or lighter in production in different orchards or regions.

The phenological stages to note are swollenchiyk Bihle(C)or‘green tipcorolla visible (D) or
‘pink tipor when more advanpegcori(also known &), stamens visible (E) apen flowgF).
Subsequent stages are petal fdjh(iet stagejacket splitand fruit set (HThe lettemotation refer
to the scale used by Felipe (2888%hown on tatacheghotoscale

How many The first step in assessing flowering is to decide on the appropriate samp!

measuremer may be individual trees, group of trees, or whole rows. It is usually prefer

trees? several smaller units (e.g. trees) and then average these indivtiol ohitail e
number for a larger unit (whole row or block) rather than measure the whc
block) once for a single value. This is because each assessment is a sca
based on an assessment of a small part of the complete asiriagdmaay sn
units is likely to reduce errors (over andsiimating) of the actual value for tl
of interest (which is usually a row, block or orchard).

Practice These estimates are done by first counting roughly 100 floral buds/ flower
fewbrancheto get an idea what 100 floral buds/ flowers looks like.

Assessment It is desirable to commence observations before any flowers have opanec
frequency? assessmen&very 2 to 3 days for several wedHlsis frequency allows the pre
rating to be a check on wyraue current rating placed the % bloom.

An initial assessment may be of one or two flowers in the top of the trees
be on dew trees. This may be followed by observati@fsopetdflowers in the
tree tops on most trees. Considering an almond tree may have over seve
flowers, this small number cannot realistically be converted into a percent
serves meras an indication that the process of flowering is commencing.
observations will consist of estimating the percentage bloom.

Make your Next, estimat@w many out of the roughly 100 floral buds/ flowersraseapal

estimates  groups @ branches scattered throughout the.tr@is is important ake top
and bottom of the tree canopy often bloom at different fihesneasurement
process is essentiatipes this look like 1a@ut00 (1%)5 out of 1B(5%jvhich
is the same dsout of Z0(5%)10 out of 10Q10%\vhich is the samelasut of
10? (10%)%0 outof 1@7?(50%)which is the same as 5 out of 10.(50%)

Make a few counts of 10 or 20 floral buds/ flowers to check your initial est

Settle on an estimate of the percentage flowers that are open. Suggestec
are 1%, 5%, 10%, 20% followed by 10% increments, 90%, 95%, 100%. 1
in defining bloom stages are 1%, 10%, 80% as full bloom, 90%, and then

Estimatindn¢ higher percentages can be diffiesk can be best achieved as
difference between 100% and the percentage of floral buds/ flowers that
reached ‘open flower’ and those t



Photescale foltowering

A. Dormant bud B. Swollen bud C. Calyx visible

D1.Corolla visible D2 Popcorn” E. Stamens visible

Do

10% Open flowe 50% Open flow« 80% Opefiower Petal Fall Complete Petal
fall
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Almond growers and researchers are usually more interested in the dates that 1% and 100% of fruit have
hull splits rather than the date ¥@érof fruit have hull bpliiuse treatmentgttotect the crop
from pest damage are timed at 18plit@dhd harvest can commence when nuts reach 4(lid% hull

Hull split can be segregated into several stages (University of California, 20@2¢ shbe/stages

the attached pheitale. The stagesludeéstage 1 No separation or clear definition of suture line;

Stage 2A Initial separatiless than 50% of suture line clearly visible; Stage 2B Deep V over at least
50% of suture line, bethultannot be squeezed el split begins with Stage 2C Deep V over the
suture line which is not visibly separated but can be squeezed open by pressing both ends of the hull;
Stage 3 Visible opening in suture less than 1 cm in width; Stage #hYisildatopemore than 1

cm in width; Stage 5 Initial drying of the edges of the hull; Stage 6 Completely dry.

The stage of interest whensassghull split is staged@fined by the separation at the suture and
indicates the beginning of hulWgpén you squeeze a nut at stage 2C from end to end between finger
and thumb it will pop open even if hull split is not quitagebito 4 of hull split show the

additional splitting and opening with subsequent desiccation of theihigtagesimy 6.

1% hull split is when an es Soumlaudtseack thasgthad f t he * ¢
contain formed kernels. There are always some nuts that set, abort the embryo for some reason, but
remain on the tree. These nutefareed to as Blanks. In Blanks, the brown pellicle of the kernel is

present, as is the shell and hull, but there will be no kernel inside the pellicle. Blank nuts usually range
from around 3% of the crop to as much as 10% of the nuts in somalyeasssplitdirst, usually a

week or more before the beginning of hull split on the sound nuts. They serve as advance warning that
hull split is getting close. Check out the first nuts that split open in exposed areas of the canopy, crack
them and yodiid the Blanks.

100% hull split is when all nuts in the tree are at stage 2t idribe lower interior part of the

canopy will most likely reach stage 2C last with most nuts in the lower interior canopy at this time being a
stage 3 or dri@nd most nuts in the upper canopy being at at least at stagésig iandhgn

Harvest can commence.

Measuring hull split uses a similar approach to measurind/fiiveyiagating once a week is

considered sufficiend evaluate differenbesveen varieties in commercial orchéfeient

observation frequencies may be required to evaluate other effects. Observations and ratings on any give
variety over about 6 weeks might look like this:

Week 1 Majority of nuts in the mid and oppepy istage 2B

Week 2 Blank nuts in the tree tops are sffiittingappens 7 to 10 days before the begint
hull split on sound nuts)

Week 3 Sound nuts are mostly in stage 2B but some nuts are in stage 2C (this is prc
1% hull splitith Blank nuts now drying and in stages 4 and 5)

Week 4 Sound nuts mostly in st@gmsd 4 in the majority of the canopy with some nuts
tree top in stage 5 and blanks in stage 6

Week 5 Sound nuts mostly in stages 4 and 5 with nuts in iteriomeariopy now in stage
2C and 3 (this is when harvest can commence at 100% hull split)

Week 6 Sound nuts drying on the tree and mostly in stages 3 and 4 in the lower intel
with nuts in the rest of the canopy in stages 4, 5 andh& mopeircanopy are
exposed to navel orange worm egg laying longer than necessary)



Photescale fonullsplit
UNSPLIT Stages

Stage 1. Stage 2A. Stage 2B.
No separation of suture Initial separatietess than 50% Deep V over at least 50% of
of suture line separated suture line, but the hull canni

squeezed open)

SPLITStages

Stage 2C. Stage 4.
Deep V over the suture line Visible opening in suture less Visible opening in suture mo
which is not visibly separate( than 1 cm in width than 1 crim width

can be squeezed open by
pressing both ends of the hu

Stage 5. Stage 6.

Initial drying of the edges of - Completely dry
hull
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Disclaimer

PIRSA and its employees do not warrant or make any repeggadiatidhe use, or results of the

use, of the information contained herein as regards to its correctness, accuracy, reliability and currency o
otherwise. PIRSA and its employees expressly disclaim all liability or responsibility to any person using tt
information or advice.

Horticulture Innovation Australia (Hort Innovation) makes no representations and expressly disclaims all
warranties (to the extent permitted by law) about the accuracy, completeness, or currency of information
this documertdsers of this document should take independent action to confirm any information in this
Document before relying on its accuracy in Rejiaveye on any information provided by Hort

Innovation is entirely at your own risk. Hort Innovation isibte fespamd will not be liable for, any

loss, damage, claim, expense, cost (including legal costs) or other liability arising in any way (including
from Hort I nnovation or any ot herusgotthieson’ s negl
Docurant or from reliance on information contained in the Document or that Hort Innovation provides to
you by any other means.

Allenquiries

Dane ThomaSARDClimate ApplicatioB$0 Bo297 Adelaide SA 5001
T 08 8429 0670

M 0475 980 866

E dane.thomas@gov.au

This project has been funded by Horticulture Innovation Australia Linditetboeiegytaad
funds from the Australian Government;imitsstroent from the Government of South Australia and
the South Australian River Murray ShibtgiReogram Industeg Research SRbogram.

27 JUNR018 ASSESSING PHENOL@BEYALMONDS




