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• Choice of a proper reference method 

 

– What do we want to observe, what are we interested in? 

– Which criteria?  
 

 



• Choice of alternative proxies 

 

Subjective scoring Alternative 

Subjective Objective 

Timing-dependant: observation date 
planification problem 

Timing-independant 
 

Not always adapted to tall/aged trees Adapted to tall/aged trees 

Low cost, excepted travelling Low cost 

Discriminant (stages, tree variability) Discriminant (stages, tree variability) 

Loose frequency observation Finer time-scale observation 

High-throughput High-throughput 

+ variable and heritable 



Terminal bud 

Terminal bud + 
counting 

Terminal bud + 
counting 

Terminal bud + 
counting 

Crown 
greening/yellowing 

BBCH 

Classical phenology assessment methodology 

Buds Whole crown 



Subjective scoring scales 



New developments 

• Ex situ monitoring 

• Photogrammetric methods 

– Weekly manual pictures 

– Timelapse cameras 

• Proxy detection: Par  LED captors 

 

• Microcoring  

• Automatic dendrometers 

 

 



Ex situ monitoring 

Principle: 20 cm long twigs are collected in field 
experiment and forced in climatic chambers 
where bud flush is monitored. 
Twigs are collected in December (endodormancy 
break)  

Monitoring: buds reaching a given score are 
counted every 2-3 days. Weighed mean date of 
flushing (DMD since January 1st) 

Experimentation  
 
- Combined observations at 2 temperatures:  heat-sum requirements (degree-days 

and threshold) 
- Collect twigs from fall to March  follow endodormancy break  
- Collect twigs in fall, give them increasing chilling units  determine chilling units needs 
 



Photogrammetric methods 
Photos 
(weekly) 

Automatic cameras 
(hourly) 

Principle: pictures are taken manually (once a 
week?) or timelapse cameras are programmed 
to have a shot every hour 

Monitoring: time-series (daily) hourly pictures 
are filtered and analysed with PhenoCam. 
PhenoCam provides a kinetics of a GCC indice 
(Green Chromatic Component)  

phenocamW32 



Proxy detection: LED captors 

Principle: LED (blue-green) captors are deployed  
under the crown of trees together with an 
additional captor above the crowns. Captors are 
connected to a data logger 

Monitoring: time-series (hourly) radiation is 
recorded. Kinetics of FiLed indice is produced 
after data filtering FILED = 1-LED trans/LED inc. 

D.Guyon 



Microcoring  

Counting of 
different cell types 

(CZ, E, W, M) 
 

Kinetics of 
xylogenesis 

CaviaR 

Principle: microcores (2-4 mm) are 
extracted with a Trephor every week 
and stored in ethanol until 
processing.  
Thin anatomical slices are prepared 
with a  microtome, stained and 
deposited on a glass     

Monitoring: cells lines (CZ, E, W, M) are 
counted; kinetics of cell numbers in the 
different differentiating stages are analysed 
to determine start/end/duration of stages 
and of radial growth 
 
CaviaR software (C.Rathgeber) 



Automatic dendrometers 
Home-made 

Ecomatik 

Radial stem size variation 

Principle: Point radial automatic 
dendrometer is fixed on the tree.  
Hourly radial variation is recorded by a data 
logger  

Monitoring: radial stem variation is 
monitored including changes due to water 
fluxes (shrinkage/ swelling – daily/seasonal) 
and to radial growth (+ phloem). After 
removal of variations due to water from the 
signal, kinetics of radial growth is analysed. 



Results from different scoring systems 
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Contrasted years and contrasted clones 
as revealed by BBCH  



Common trends of GCC (camera) and Filed (LED) 
with BBCH 



BBCH14 
(90% flushed) 

BBCH10 
(50% flushed) 

BBCH 6 
(10% flushed) 

Non-linear model 

Prediction at time BBCH 

indice 



Detection of early/late flushing clones  



 Methods Observation 
period 1) 

Applicable 
on 

Subjectivity 
level 

Throughput 
Nber of trees 

Throughput 
Sampling 

point/unit 

Seasonal 
constraint 

Major 
advantage 

Major 
constraint 

1.1. Terminal bud Spring/ 
autumn 

Young 
trees 

(a few m) 

+++ +++ Several 
hundreds 

+ 1 to a few Strong Fast Subjective/ 
timing 

1.2. Crown 
sampling 

Spring/ 
autumn 

Young 
trees 

(a few m) 

+++ / O ++  
+ 

Several 
hundreds to 
a few tens 

of trees 

+ 1 to a few Strong Intra-crown 
variability 

Subjective/ 
timing 

1.3. Crown 
greening 

Spring/ 
autumn 

 Tall trees +++ +++ Several 
hundreds 

+ 1 to a few Strong Fast Subjective/ 
timing 

1.4. BBCH Spring/ 
autumn 

Tall trees ++ ++ Several 
hundreds 

+ 1 to a few Strong Fast Subjective/ 
timing 

            

2.1. Camera Whole year All trees O  +  A few tens +++ Every day 
(even 
hour) 

weak Proper Timing/ 
objective 

Cost/visibility/ 
climate 

2.2. LED Whole year All trees O + A few tens +++ Every day 
(even 
hour) 

weak Proper Timing/ 
objective 

(cost) 
installation 

2.3. Dendrometers Whole year All trees O + A few tens +++ Every day 
(even 
hour) 

weak Proper Timing/ 
objective/access 

to other traits 

Cost 
installation 

2.4. Microcores Whole year Old trees O + A few tens +++ 15-25/year weak Proper Timing/ 
objective/access 

to other traits 

Preparation 
facility 

            

3.1. Ex situ flushing Spring All trees O ++ 100-200 
trees 

+ Every 2-3 
days 

during 1 
month 

Some 
flexibility 

Controlled 
conditions, 

more precision 

Work on 
explant 

3.2. Flushing 
parameters 

Spring All trees O ++ 10 to 100 ++ Every 2-3 
days 

during 1 
month 

Some 
flexibility 

Controlled 
conditions, 

more precision 

Work on 
explant 

4. Photos Spring/autumn  0 ++ Several tens + 1 to a few Strong Keep 
record/objective 

Timing, 
visibility, 
climate 

 

Appreciation of the different approaches 




