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INTERNATIONAL DU 

PRUNEAU

Presentation
• Introduction: what is ACMG work?
• Short history of climate changes aroundShort history of climate changes around 

Agen 
• Visible impacts on the prune industry and 

means for adaptation?
• How Science and dialog with producers 

can help keep going a sustainable 
production? 
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Agroclimatology

Applied research on frost, 
hail, rain, water storage, 

Services for farmers: 
irrigation, remote sensing, …

Water management  
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Director : Dr Jean-François BERTHOUMIEU 
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Applied research on climate mitigations

- hail, since 1963

- rain, since 1976

- frost since 1959

I
N
T
R
O
D
U

Applied research on water storage and 
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Specialized on irrigation 
management and research on 
precise irrigation  and remote 

sensing

Applied research on water storage and 
water management since 1994.
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www.acmg.asso.fr

Cliquer ici

Objective of this workshop

• To share past experiences in weather 
impacts on the prune industry 

• To bring up a rational and scientific 
strategy for increasing and securing 
a sustainable production of prune 
d’Ente
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What are the main climate 
scourges?

• Frost
• Hail
• Drought
• Soil water saturation (lack of air)
• Wind gusts
• Atmospheric and pollution influences on 

diseases and insects

1951 à 2007

Variation of average minimal 
temperature from 20/02 till10/05 

since1951 around Agen
AGEN - 21 février au 10 mai
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Les conséquences du réchauffement 
climatique sur la floraison des arbres 

fruitiers à feuilles caduques

Jean-Michel LEGAVE
INRA, UMR Développement et Amélioration des 

Plantes, 2 place viala - 34060 Montpellier
legave@supagro.inra.fr

‘là  ît l  diffi lté   t l  f it   i t  ‘là, gît la difficulté, que souvent les fruits ne viennent pas 
tels dans notre lieu qu’en celui dont nous avons tiré la 

greffe, à cause de la différence des climats’
Olivier de Serres, an 1600

Théâtre d’Agriculture 
et mesnage des champs

Warm south wave in late winter kills ovaries
Induction
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Contrôle Croissance Besoins en Besoins en T° élevéesContrôle 
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T° < 0°C 
néfastes
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It needs now more time for the winter chilling

Levée de dormance Croissance florale jusqu'au stade F1

Bergerac 1973-1987
Bergerac 1988-2002

Forli 1973-1987
Forli 1988-2002

Nîmes 1974-1987
Nîmes 1988-2002

0 50 100 150 200

Gembloux 1973-1987
Gembloux 1988-2002

Angers 1973-1987
Angers 1988-2002

Nombre de jours à partir du début de la levée de dormance

while it takes less time for the post-rest heat 
accumulation till flowering

Levée de dormance Croissance florale jusqu'au stade F1

Bergerac 1973-1987
Bergerac 1988-2002

Forli 1973-1987
Forli 1988-2002

Nîmes 1974-1987
Nîmes 1988-2002

0 50 100 150 200

Gembloux 1973-1987
Gembloux 1988-2002

Angers 1973-1987
Angers 1988-2002

Nombre de jours à partir du début de la levée de dormance
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A paradox!

Whil i t d iWhile  winter and spring 
gets warmer, with less 

nights with frost, the risk 
of staying along a coldof staying along a cold 

wave persists.

When the cold air comes through the 
ocean, there is moisture and less risks

http://www.wetterzentrale.de/topkarten/

No frost!
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Clouds 
are 

reducing

Images EUMETSAT via Topkarten 

reducing 
heat 

losses by 
infra red 

rays

While here there is frost

When it comes from land, there are more risks 
as it happened around April 20th 1991
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No clouds, dry and cold air
-56 °C around10 000 m

Thermal ray losses from150  à  300 W/m²

Frost:  energy  balance at soil level negative
ray losses

Thermal ray losses from150  à  300 W/m

Cold air goes by 

No wind to mix 
the boundary 

layer
Low humidity

no dew or ice
no fog

Heat conduction from soil is less 
than the ray losses 
Bare soil 80 to100 W/m²

Grass 30 to 60 W/m²
Mulch or straw 5 to10 W/m²

g y
convection into the low 

lands-5 °C 

-7°C

For the future
Be prepared to loose one year every 7 or 10 = insurance

Be applying principles of passive frost protection

Be ready for active frost protection
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An hedge or wind break will reduce the cold inflow of  air 
produced on near by cold fields

Passive frost reduction: GAIN of  + 1 °C

produced on near by cold fields
Soil will be maintained as bare as possible for letting the 

heat conduction to rise at soil level

- 1 °C
- 3 °C

- 1 °C

- 4 °C

Active frost reduction: GAIN of + 2  to +3°C

With  sprinklers over or under the vegetation
The risk is soil asphyxiaThe risk is soil asphyxia

With  wind machine of  driers (frost buster)
The risk is not enough energy

Drying the vegetation makes it more 
resistant to frost!
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Example of  tests showing the increase of  damages
Dry vegetation

Moisten vegetation
CTIFL- Balandran 2008

Pommier - variété Golden Delicious - Baisse de température de 1°C par heure 
et maintien à -2°C pendant 3 heures – Stade H – seuil critique -1,6°C

Pêcher - variété Ivoire® Monnivo cov - Baisse de température de 1°C par heure 
et maintien à -3°C pendant 3 heure – Stade F – seuil critique -2,2°C 

Tools for drying

To use also 
forfor 

preventing 
some 

diseases and 
fruit cracking
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For the next future

• Research on ways to increase y
the natural resistance of trees

• Applied research for tree drierspp

• Improve the frost forecasts

Risks due to storms

• Hail
• Wind gusts
• Soil 

saturation

ACMG - Radar picture of super cellular 
storm on July 2006 over Cancon
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Sens de déplacement: 
vent à 500hPa

With more available energy storms are stronger

ACMG and weather modification

• ACMG started hail 
prevention in 1962/63prevention in 1962/63 
using rockets making 
just a big blow (sound) 
(Aristotle's hypothesis)

• It pushed to put silver 
iodide (Ice Nucleis) in theiodide (Ice Nucleis) in the 
small rockets (12 grams) 
released in the cloud 
base (1964)
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1981 - 1984

Storm andStorm and 
hail 

climatology 
with a 5 cm 
radar and a 
network of 

500 hail pads 
and 100 rain 
gauges with 

Météo France

1994 to 20001994 to 2000

Test of 
hygroscopic 
seeding

Example of aExample of a

Seeding zone

thunderstormthunderstorm
producing hail.producing hail.
TITAN presentation fromTITAN presentation from
the RADAR of ACMGthe RADAR of ACMG

HERE
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40
 Années 1990 à 2008

Hail prevention persisted from 1994 till 
1998 with two aircrafts and only with one 

until 2000; but the risk still exist
Pinatubo effect?
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For the next future

• Applied research for hail pp
protection with hail nets

• Improve the wind protection 
against gust winds

• Look for another type of 
pruning more adapted for these 
objectives
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Last 
example 
of a wind 
gust this g

winter 
over 

South-
West of 

France as 
the Ocean 
is warmer 
than usual 24 01 2009

• Pollution by human activities 

Climatic changes and others!

y
(burning fossil carbons) 

produces aerosols and gazes as 
NOx and Ozone that are 

ff ti th t th daffecting the trees as they do 
harm on people.
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Jean-François Berthoumieu Février 2006 – ACMG
acmg@acmg asso fr

Ozone from low layers oxidizes 
stomata skins

acmg@acmg.asso.fr

UV

NOx O3

It is not the ozone that protects us form Uvs

Ozone level on August 8th 2003
µg/M3 d’air

Source Prév’air -INERIS

Plants are also breathing this same air
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Examples of impacts
The ideal conditions for 

bacterial and mushroom type 
diseases

• http://www.ncl.ac.uk/airweb/
Used as a Bio IndicateurUsed as a Bio Indicateur
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For the next future

• Applied research for ozone pp
influence on prune productions

• To look for means for reducing 
this negative impact

• To look for better adapted 
varieties

• Pollution by human activities 

Climatic changes and others!

y
(burning fossil carbons) 

produces aerosols that are 
reducing the rain efficiency

• Natural variability of rain is 
increased
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• Pollution by human activities 

Climatic changes and others!ETP Penman à Agen de mai à août, années 1971 à 2007

600

650

   Cumul - 418.4 à 605.7 mm

   Moy 36 ans - 503 mm

   Ecart Type - 41 mm

2003

1989 1998
1995 2006

y
(burning fossil carbons) modifies 

the rain embryos and reduces rain 
efficiencies of convective clouds 
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While the climatic demand (Eto) is increased

It means that:
• Irrigation is needed every year for 

maintaining a leveled productionmaintaining a leveled production 
• Over year water storage of water 

shall be developed
• Principles of precise irrigation have 

to be generali ed for impro ing theto be generalized for improving the 
water efficiency and for avoiding 
risks of stresses by lack of water or 
lack of air
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Source: http://www.ngdc.noaa.gov/

France has not petrol but has blue gold (rain)

De 50 000 m3 à plusieurs millions
It just need to store more on smarter barrages



23

Or to start refueling underground 
storages of recoverable water

• Irrigation management as already 

Principles of drought mitigation for 
the prune industry

applied by ACMG in the prune area of 
production.

• Plus research on precise irrigation see 
at www.precirieg.net

• Plus research on means for extending 
the precise knowledge of one point over 
a large area see at www.telerieg.net
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Irrigation management
The tools of ACMG and partners

Every week                                                                                        in continue

200620041985

GSM 
GPRS

200620041985

Gravimetric                                    Diviner 2000                            EnviroScan

EasyAG

SENTEK

Neutron probe

Units of sensor output
Vertical measurement 

influence

10 cm = 100 mm

Data from each sensor is 
expressed as millimetres 

water per 10 cm soil

mm water / 100 mm soil ≈ % 
moisture

Photo - Bourran
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Start Water loss from profile 
due to evapotranspiration 

6.5 mm

p p
and drainage is visible 

directly in mm

End

Duration 9 hours

Stress by lack of air

“Drinking” speed 
of the plant

Onset of Water Stress
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Temporary slow down 
of daily crop water 

use and growth
caused by water 
logging after too 

h i i timuch irrigation.

Soil heterogenity is taken into account
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Protocol for the determination 
of the location of the probe

3

2007 - 2008

Allowing to apply principles of precise 
irrigation over more than 100 farms 

around France; see www.precirieg.net
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Using Internet as a mean for 
transferring to the fields

Appui Technique Individuel
La diffusion de l’information en 2009

Conseil individuel E mail Fax ou PosteConseil individuel E-mail, Fax ou Poste

Internet
http://www.acmg.asso.fr Accès libre ou réservé
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Difficulties
Principles of Nordic Anglo-Saxon 
ecology are applied all around the 

world making more difficult the 
water management in new like 

Mediterranean zones as we are here 
d b f th li ticoncerned because of the climatic 

change

For the next future
• To apply principles of precise 

irrigation (maybe RDI) on muchirrigation (maybe RDI) on much 
more surfaces
• To develop and to write down 

principles of a Mediterraneanprinciples of a Mediterranean 
Ecology where intelligent 
management of water is 

possible
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MERCI Thank you

Gracias

y
Dr. Jean-François Berthoumieu

ACMG  AGRALIS Services
Aérodrome Agen

47520 – Le Passage – France
Tel. 00 33 553 77 08 48
acmg@acmg.asso.fr

jfberthoumieu@agralis.fr


