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BUD- DORMANCY and natural rest-breaking

FUNCTIONS OF
BUD DORMANCY:

Kazakhstan

e Survival

* Synchronise bud
break




DORMANCY PROGRESSION

Correlative inhibition
-  Not regulated by temperature

ENDODORMANCY



DORMANCY PROGRESSION

ENDO- ECO-
DORMANCY DORMANCY

Requires low temps Requires warm temps

R S

CHILL
REQUIREMENT

PARA-
DORMANCY
Not temp sensitive/

Inhibition of bud break

paradormancy d-endodormancy s-endodormancy ecodormzimy
Faust etal (1997)



ENDO-DORMANCY: Effective low temperatures
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CHILL MODELS

* Weighted values to

effective temperatures
CUvalues Temps °C
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1. CHILLING HOURS MODEL
(Weinberger/Standard)

TEMPERATURE

NO ACCUMULATION

1 CHILL HOUR
ACCUMULATED
(Per Hour)

R

ALL TEMP <=
7.2°C -
EFFECTIVE

CHILL MODELS

2. UTAH CHILL MODEL
(Richardson)

>18°C
CU Value: -1.0

16.0°C - 18.0°C
CU Value: -0.5

12.5°C - 15.9°C
CU Value: 0

2.5°C - 9.1°C
CU Value: 0.5
<1.4°C
CU Value: 0

CHILL UNIT
CANCELLATION

ZERO CHILL UNIT
ACCUMULATION

TEMPERATURE

IDEAL
CHILL UNIT
ACCUMULATION

ZERO CHILL UNIT
ACCUMULATION

3. INFRUITEC CHILL MODEL
(Positive Utah model)

CHILL NEGATIO
>16.0°C

Effective:
1.4°C - 16.0°C
(Optimal < 7.2°C)

TEMPERATURE

fOptimised

for milder
winter
climates

Typical Local Daily
Temperature

4. DYNAMIC MODEL
(Fishman/Erez/Lavee)

FIXED AT
=> |DEAL
TEMPERATURES

PERMANENT
CHILL PORTION

COOLING

HEAT
INTERMEDIATE 4—9cANCELLATI0N
COMPOUND  pEVERSIBLE

(Step2)  |NTERMEDIATE

PRECURSOR
(Step1)

Measured in Chill Portions




ECO-DORMANCY: Effective warm temperatures

Compensatory inverse relationship

CHILL REQUIREMENT
SATISFIED

¢ Cox's apple
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CHILL versus HEAT

COLD autumn
COLD autumn COLD winter
COLD winter COLD spring

WARM spring

WARM autumn
WARM winter
COLD spring

WARM autumn
WARM winter
WARM spring

Louw et al, 2023
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Transition

0 _0__o__o .JL

Ecodormancy

Unsaturated phospholipid
ﬁ Saturated phospholipid
Plasmodesmata

Callose

Mitochondria

Lipid bodies

Starch grain

H* ATPase channel

Ca** channel

Sucrose transporter

Beauvieux et al (2018)




Days to 20% budburst

LACK OF WINTER CHILL - Dormancy progression

Cook & Jacobs, 2000

Day of the year

Chill accumulation (Utah model)



LACK OF WINTER CHILL - Dormancy progression

APICAL BUDS

ENDO- ECO-
DORMANCY DORMANCY

PARA- :
DORMANCY
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Dormancy progress

LACK OF WINTER CHILL

LATERAL BUDS

DORMANCY
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LACK OF WINTER CHILL - Delayed foliation




LACK OF WINTER CHILL - Mixed maturity




LACK OF WINTER CHILL - Basal dominance
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Proximal autonomy Struggle to full vertical space Basal branches show strong
competition with leader/trunk




symptoms

LACK OF WINTER CHILL




ARTIFICIAL REST-BREAKING: Application

* 0.5% hydrogen cyanamide
and 3% mineral oil

* Primer applications
* Timing and dosage
 Weather conditions

* Tree heath and soill
conditions




WHY IS HYDROGEN CYANAMIDE SO EFFECTIVE?

REACTIVE OXYGEN SPECIES CREATES H IGH

(ROS) PATHWAY OXIDATIVE STRESS
O, ) DAMAGE @

S id of o
l Nt Inhibits catalase enzyme

H,0, ———> <OH ) DAMAGE
high H,O, concentrations

Glutathione

e H,O, = ROS = signalling molecule

v

Dormancy release/growth response

H,O + O,

H,0



WHY IS HYDROGEN CYANAMIDE SO EFFECTIVE?

s Extracellular Space o,

OVERVIEW OF MITOCHONDRIAL
OXIDATIVE PHOSPHORYLATION

Intermembrane Space 4

Matrix
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Glycolipid MIMICS

Hydrophilic

Heac WINTER CHILL PHYSIOLOGY

Phospholipid
Bilayer

More unsaturated fatty acids
iIn membranes

N/

Fluid and flexible membrane
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= = | Activates respiration to provide
&, energy for bud break
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WHY IS MINERAL OIL SO EFFECTIVE?

MECHANISM OF OIL TREATMENT PREVENTING OXYGEN ENTRY AND CELLULAR RESPIRATION IN AN APPLE SHOOT CREATES HIGH
e OXIDATIVE STRESS

BEFORE OIL TREATMENT AFTER OIL TREATMENT ® Oxygen

_—~CELL WALL €0, CO,

OPEN LENTICELS ~_ LENTICELS  NATURAL L o =% " ___PLASMA PROTECTIVE OIL OIL COATING BLOCKS Fo S ATP
WAXY CUTICLE W=/ @i\ MEMBRANE | FILM (BARRIER) 0x GASEXCHANGE V=D, 71 Oil Film
/ i Z ] |

& STOMATA iy
e CYTOPLASM
OIL COATING N

GAS EXCHANGE S = R A SXA GAS EXCHANGE
(02 IN, COz OUT) “E&Y P S

w3 oSO I a0 W Prevents O, from entering

OXYGEN ~_ A\ ;
DIFFUSION NS / —
NN DEPLETED .S, )
OXYGEN _Z#
EPIDERMIS —_ )

CUTICLE

£ . .. LACK OF
" INNER MEMBRANE | U™ Y OXVGEN

BHPD AR [ ag . TRANSPORT GHAN Fermentation starts

ELECTRON TRANSPORT CHAIN - ’ | | ELECTRON TRANSPORT CHAIN
& OXIDATIVE PHOSPHORYLATION [ : & OXIDATIVE PHOSPHORYLATION

J Ethanol =
NORMAL CELLULAR RESPIRATION: | > - RESPIRATION INHIBITED: increases ROS
0, UTILIZED FOR ATP SYNTHESIS ATP SYNTHESIS CEASES .
triggers growth response




ARTIFICIAL REST-BREAKING

PHILAGRO S&

DORMEX ©

Reg Mo L5740 Wet /
A soluble concentrate growth regulant

foliaion in  apples,
i nd tab

en

listed.

Cyanamide ... .53 Sianamied

UN NUMBER: 2922

Emergency telephone number f Hoodfoonnommer.:

SKADELIK




Monograph REGULATION OF HYDROGEN CYANAMIDE

37 countries (as of Dec 2024):| . New Zealand = | 3 o8
EU (27 Member States Slnce 2008) One appllCathn/year The National Wellbeing Impacts of the Removal of

* Bahrain with strict buffer B

*  Kuwait zones (Jul - Sep) @z

e Oman .

o Qatar |  (California

* Republic of Irag Strict PPE, buffer zones and application times

« Saudi Arabia

L T International regulatory action:

 United Arab Emirates None

 United Kingdom. Not regulated under Rotterdam or Stockholm Conventions



Thank you!

‘ & ﬂ "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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