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BUD- DORMANCY and natural rest-breaking

FUNCTIONS OF 
BUD DORMANCY:

• Survival

• Synchronise bud 
break



DORMANCY PROGRESSION

PARADORMANCY

ENDODORMANCY

PARADORMANCY
- Correlative inhibition
- Not regulated by temperature



DORMANCY PROGRESSION

ENDO-
DORMANCY
Requires low temps

ECO-
DORMANCY

Requires warm temps

Faust et al (1997)

CHILL 
REQUIREMENT

PARA-
DORMANCY
Not temp sensitive



ENDO-DORMANCY: Effective low temperatures

Naor et al (2003)

APPLE PEACH



CHILL MODELS

CU values Temps ºC

0 <1.4

0.5 1.5-2.4

1.0 2.5-9.1

0.5 9.2-12.4

0 12.5-15.9

-0.5 16.0-18.0

-1.0 >18

• Weighted values to 
effective temperatures

• Sub-zero has no 
contribution

• Warmer temps are 
negative

• Chill negation



CHILL MODELS



ECO-DORMANCY: Effective warm temperatures

Compensatory inverse relationship



CHILL versus HEAT

Louw et al, 2023

WARM autumn
WARM winter
WARM spring

WARM autumn
WARM winter
COLD spring

COLD autumn
COLD winter
COLD spring

COLD autumn
COLD winter
WARM spring



PHYSIOLOGICAL BLOCK

Beauvieux et al (2018)



LACK OF WINTER CHILL – Dormancy progression
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LACK OF WINTER CHILL – Dormancy progression

ECO-
DORMANCY

PARA-
DORMANCY

ENDO-
DORMANCY

APICAL BUDS



LACK OF WINTER CHILL – Dormancy progression

PARA-
DORMANCY

ENDO-
DORMANCY

ECO-
DORMANCY

LATERAL BUDS



LACK OF WINTER CHILL – Delayed foliation



LACK OF WINTER CHILL – Mixed maturity



LACK OF WINTER CHILL – Basal dominance

Struggle to full vertical space Basal branches show strong 
competition with leader/trunk

Photo: Anton MüllerPhoto: Anton Müller

Proximal autonomy

Photo: Esmé Louw



LACK OF WINTER CHILL - symptoms



ARTIFICIAL REST-BREAKING: Application

• 0.5% hydrogen cyanamide 
and 3% mineral oil

• Primer applications

• Timing and dosage

• Weather conditions

• Tree heath and soil 
conditions



WHY IS HYDROGEN CYANAMIDE SO EFFECTIVE?

CREATES HIGH 
OXIDATIVE STRESS

Inhibits catalase enzyme 

high H2O2 concentrations

H2O2 = ROS = signalling molecule

  Dormancy release/growth response



MIMICS 
WINTER CHILL PHYSIOLOGY

More unsaturated fatty acids
 in membranes 

Fluid and flexible membrane

Activates respiration to provide
    energy for bud break

WHY IS HYDROGEN CYANAMIDE SO EFFECTIVE?



WHY IS MINERAL OIL SO EFFECTIVE?

CREATES HIGH 
OXIDATIVE STRESS

Prevents O2 from entering 

Fermentation starts

Ethanol = 
increases ROS 

triggers growth response



ARTIFICIAL REST-BREAKING



REGULATION OF HYDROGEN CYANAMIDE

BANS: 
37 countries (as of Dec 2024): 
• EU (27 Member States since 2008)
• Bahrain
• Kuwait
• Oman
• Qatar
• Republic of Iraq
• Saudi Arabia
• Switzerland
• Turkey
• United Arab Emirates
• United Kingdom. 

• New Zealand
One application/year  
with strict buffer 
zones (Jul – Sep)

RESTRICTIONS:

• California
Strict PPE, buffer zones and application times

International regulatory action:
None
Not regulated under Rotterdam or Stockholm Conventions



Thank you!

Esmé Louw
Dept. Horticultural Science
Stellenbosch University
esmelouw@sun.ac.za

"Although we may not understand 

why, when plants differ from the 
expected reaction, we must remember 
the plants are right and we are wrong." 

mailto:esmelouw@sun.ac.za
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