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Outline

• Climate

• Production Management by chill and heat accumulation
• Dormancy 
• In-season Phenology

• Soil and Water Quality

• Growth and Bearing Habit
• Training, Hand and Mechanical Pruning  but why we can mechanically prune

• Alternate Bearing
• Within branch phenomenon
• Greatly affected by rootstock
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Pistacia vera
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Botany: 
origins

• Temperature deciduous tree

• Pistacia species native to areas 
from 40⁰ to 70⁰ latitude

• P. vera is from Western Asia 
and Asia Minor

• P. atlantica originated in 
Iranian plateaus

• P. integerrima originated in 
NW Himalayan region of India
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Dioecious

• Definition: 
Separate 
houses

• Bloom 
overlap 
critical

Male Female
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Botany: 
growth 

characteristics

• 25-35 feet (7.6-10.6 meters) tall

• Apically dominant growth habit

• Long juvenility

• Bears crop on one-year-old wood

• Alternate bearing scion
• that is mitigated by rootstock

• Physical adaptations for drought, 
salinity, temperature
• roots, leaves, carbohydrate 

storage capacity
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1.5 M

7 M

8 -10m
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Photo: L. Ferguson
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October
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November
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December
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January
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Growth and Production             
Photo: L. Ferguson
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Requirements 
for Pistachio 
Production:

• Disease limitations
• Verticillium dahliae, 

Bostrysphaeria, Anthracnose
• Climate

• Winter dormancy, in season 
growth 

• Soil and water quality and 
quantity 

• Infrastructure for production and 
processing

• Resources for research, education 
and crop improvement
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Critical Temperatures:
• Critical heat temperatures unknown: when photosynthesis 

ceases
• Literature suggests 77-86⁰ F (25-30⁰ C)

• Critical cold temperatures largely unknown
• Rootstock more sensitive than the scion
• 11 nights between 4⁰ and 11⁰ F (-15.5 to -12⁰ C)in 1990

• P. integerrima: 41% mortality
• P. atlantica: 0% mortality
• P. atlantica x P. integerrima: 0% mortality
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Goose Lake Slough: May 2009
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Winter Juvenile Tree 
Dieback: Frost Damage

Little research-backed data, 
observations 

Risk factors: 

- P. integerrima rootstocks: PGI or 
UCBI

- young, non-early bearing vigorous 
trees going into the fall

- wet soils

- sodium affected soils (due to poor 
water movement from dispersed 
soils)
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Temperature 
Requirements: 

Dormancy

• Temperature limits are poorly defined:

• Cool winters with temperatures in the 5-10*C ranges
• No hard freezes
• No late or early freezing temperatures: climate change

• Chill hours required for successful dormancy  (Beede 2005)
• Kerman: > 750 hours @  (0 - 7.2 ⁰ C)
• Peters: > 900 hours @ (0 - 7.2 ⁰ C)

• Recent research is better defining temperature requirements (Pope 2014)
• Using weighted models that account for higher and lower dormant 

temperatures
• Chill portions

• Kerman > 54-58
• Peters > 58-65
• Theoretical and not verified in California

Sirora (Australia): 60 chill portions
(Zhang and Taylor, 2011) 
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Information from 

controlled experiments

Chilling 

Hours

Utah Utah+ Dynamic 

Model

Depends on temperature + + + +

Daily temperature cycle + + + +

Weighted temperatures - + + +

Continuous weights - - - +

Warm temperatures - - + - +

Moderate temperatures + - - - +

Two-phase process - - - +

Does it matter which model is used?

What is known about chill models

Luedeling et al. Erwerbsobstbau (submitted).
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Dormancy and bloom temperatures
• Dormancy: when growth does not occur in living 

plants:

• Endodormancy: when growth does not occur 
due to conditions within the plant: 

• dormancy requirement, chill accumulation 
has been met

• Ecodormancy: when growth does not occur 
due to conditions external to the plant:

• released when temperatures are sufficient 
for bloom: heat accumulation

• Investigating limits of chill accumulation which 
will require more spring heat

• Can possibly be used to determine when dormancy 
breaking chemicals might be needed
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Integrating winter chill 
and spring heat effects on 
budbreak and bloom 
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Chill + Heat requirements
of male and female
cultivars for bloom:
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Collected year old shoots at different chill 
portions and forced in greenhouse to 
determine how much more heat (GDH) was 
required for bloom:

Demonstrated which male and female pairs 
were more synchronous:

Demonstrated lower limit of chill required
for bloom and when dormancy breaking 
agents are required.



Chill + Heat requirements
for female cultivar bloom:
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Collected year old shoots at different chill 
portions and forced in greenhouse to 
determine how much more heat (GDH) was 
required for bloom:

Demonstrated chill requirements of female 
cultivars:
 - Kerman requires more heat to bloom at 
50 chill portions than either Golden or Lost 
Hills



Effect of winter light on 
bud temperatures,
dormancy and bloom :
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Measured bud and ambient air 
temperatures and collected year-old 
shoots at different chill portions and forced 
in greenhouse to determine how much 
more heat (GDH) was required for bloom 
at different chill accumulations:

Demonstrates bud chill portion 
accumulation was lower than air chill 
portion accumulation and that basing chill 
portion accumulation on air temperatures 
will underestimate chill portion 
accumulation.



Now Giulia will discuss monitoring to 
capture these temperature differences…
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Tree temperature ≈ Air temperature Tree temperature > Air temperature

Low winter chill + reduction of fog

Chill calculations

Management



Improve climate change mitigation strategies

Physiological 

approach

Meteorological 

approach

Objectives and hypotheses

Non-structural 
carbohydrates as biomarkers 

of dormancy status

Tree temperature 

as predictor of 

chill accumulation
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Improve the accuracy of chill estimation calculations



Methods

Historical chill portion (CP) 

accumulation: 70 (S) – 80 (N)

Tree bark temperature Orchard micro-climate

Phenology NSC sampling

Macro-climate

Modelling

3 orchards, 3 years

Guzmán-Delgado et al. 2025, Ag. For. Met.



Results
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• ‘Tree temperature’ is affected 

by various weather variables, 

including solar radiation

• ‘Tree temperature’ is, on 

average, 3-7 ℃ higher than ‘Air 

temperature’

Ttree =  Tbranch



The TreeChill model

Predicts ‘Tree temperature’ from public weather data

Orchard

Weather station

Weather station

Weather station

Cherry Chill Shiny App
https://ucanr-igis.shinyapps.io/cherrychill/

https://ucanr-igis.shinyapps.io/cherrychill/
https://ucanr-igis.shinyapps.io/cherrychill/
https://ucanr-igis.shinyapps.io/cherrychill/


Objective 4: Developing an on line 

calculator for the TreeChill accumulation



The ‘Chill_tree’ is ~10 CP lower than the ‘Chill_Air’

Application - Chill accumulation calculations

Dynamic model

https://ucanr-igis.shinyapps.io/cherrychill/
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‘Tree chill’ calculator: 

https://ucanr-igis.shinyapps.io/cherrychill/
https://ucanr-igis.shinyapps.io/cherrychill/
https://ucanr-igis.shinyapps.io/cherrychill/


Phenology

Buds located in the south of the 

north branches bloom first:

1st Colder branch orientations – 

chill accumulation

2nd Warmer bud orientations – 

heat accumulation

North

South



Non-structural carbohydrate dynamics

All orchards
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Non-structural carbohydrate dynamics

Chill

Heat
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All orchards
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Non-structural carbohydrate dynamics

CP_Air = 45-50 

Recommended 

spray application 

(empirical)

Chill

Heat
Bloom

All orchards

S
ta

rc
h

 t
o

 s
u

g
a

r 
ra

ti
o

s



Applications and outcomes
• Better understanding of the mechanisms of chill

• Improve management: Dormancy breaking agent 
(DBA) timing, pest modeling, cultivar selection, 
orchard design, etc.

Next steps

• Timing DBA application based on ‘TreeChill’ and 

NSC

• Apply an energy balance approach to the 

‘TreeChill’ model to adapt it to different locations

• Integrate whole-tree temperature dynamics



Pistachio Flowers
• 100-200 flowers

<4% set, resulting in an 
average of 14 nuts/cluster

With 5-30% blanks

- parthenocarpy

• Apically dominant

• Most nuts are at the 
terminus (8% of total 
flowers)

• Fruit is a drupe

• Capable of parthenocarpy
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Pistachio Nut Growth:
Spring Summer 

Stage I:    Shell growth; irrigation

Stage II:   Shell hardening and thickening; small bugs 

Stage III:  Kernel growth: irrigation, NOW and harvest
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Manage pistachio production by:
• Calendar date

• Monitoring temperatures

• Examining nuts directly
• regulated deficit irrigation
• pest management
• harvest
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Worked well until:
• New cultivars were released…
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Worked well until:

• Climate started changing:
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April 4th, 2015

Kerman Peters



2015 County Yield
Pounds per Acre

(ACPistachios.org 2016)

  3092

1711
1841

758 - 7000
983

1542
929
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..

≈30 days

Planting at different sites:
- different microclimates
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Temperature drives tree and 
nut growth and ripening:

•Plants have genetically determined heat unit 
accumulation requirements for growth stages:
•above a minimum temperature: 45oF (7.5oC)
•Growing Degree Days: GDD
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Sampling Locations and Cultivars:
• 4 years: 2013, 2014, 2016, 2017
• 8 locations: 
         300 miles from south to north
• 6 cultivars: 
         Kerman, Lost Hills, 
         Golden Hills, Kaleghouchi, 

    Pete 1 and Aria
• 7-day sampling intervals

GOAL: demonstrate growth and 
ripening is a function of heat units 
not time (date)
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Lab measurements…..
Sorted

1

Measured3

Punctured
(shell firmness)

4

Photographed2

Separated
(kernel)

5

Weighed6
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Growing Degree Day 
Requirements:

Kerman Golden Hills Lost Hills

Stage I 756 705 751

Stage 
II

2583 2830 3157

Stage 
III

Starts at 1000, 
ends at 2111

Starts at 931, 
ends at 1904

Starts at 982, ends 
at 2021
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Decision Support Tool:
You provide the:

• location

• cultivar

• bloom date

The website will:

• lookup weather data

• compute the GDD

• estimate nut development 
dates https://ucanr-igis.shinyapps.io/pist_gdd/
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Purpose:
• This website is a decision support tool: ground truth 
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Coordinate
nut development  
 as a function of GDD:
     - NOW generations  
     - hull susceptibility
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Slide: Courtesy of B. Blanco-Ulate
and 
Houston Wilson



Stage II: 

Transition

Stage III: Kernel Growth & 

Shell Hardening
Stage IV: Hull Ripening

Stage I: Hull and Shell 

Growth

Blanco-Ulate and Marino Redefined Pistachio Development 
Stages

RNA Seq Study of 15 weeks x 3 tissues
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Cations: Ca2+, Mg2+, Na+, K+

Anions: SO4
2-, Cl-, HCO3

-, CO3
2-, 

NO3
-

B (H3BO3 (boric acid) and 

H2BO3
- (borate)

Water and Soil Quality: wide range soils



LOUISEFERGUSON

Pistachio salinity (in)tolerance appears as…

osmotic pressure and specific ion damage 12/18/2025 72Australian Pisachio Production Short Course 



Micronutrient 
boron 

creates most 
specific ion 
damage… 

12/18/2025
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Boron

Sodium and Chloride
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Effects of salinity on Pistachio yield….
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Salt Tolerance
• Greenhouse study conducted by L. Ferguson (2001) shows that osmotic 

effects are greater than specific ion effects
• P. integerrima rootstocks less tolerant of salt-affected rootzones than P. atlantica 

or the hybrids.

• Established trees can be irrigated with water up to 8 dS/m (rootzone 
salinity of 11.4 dS/m) without affecting yield (B. Sanden, 2004)

• Salt tolerance when establishing orchards is lower (5 dS/m) (B. Sanden, 
L.  Ferguson 2014)
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Key things to look for in water and soil analyses:
 
 

Analysis Threshold for caution

pH > 7.5 acidifying amendments likely 
necessary

EC (dS/m) > 4.5 water, > 6-8 soil (potential reduced 
vigor and production)

Na+ and Cl- (meq./L) > 20* soil and water

Boron (mg/L) > 2 soil and water

SAR water > 5x ECw likely infiltration problems 

Exchangeable sodium % soil > 4% likely infiltration problems

Bicarbonates (HCO3
- ) water (meq./L) > 2.5, acid forming amendments 

recommended

% Lime (CaCO3
-) soil <1% add Ca amendments, >1% use acid 

forming amendments
*Sanden, B.L., L. Ferguson, H.C. Reyes, and S.C. Grattan. 2004. 12/18/2025 Australian Pisachio Production Short Course 76



Saline, Sodic, Saline-sodic soil…..

• Saline conditions: pH < 8.5, elevated salts but generally low 
Na. Can cause osmotic stress and nutrient imbalances, 
water infiltrates normally

• Sodic conditions: pH> 8.5, overall dissolved salts are low, 
but exchangeable Na levels are high enough to deteriorate 
soil structure and impact water infiltration  

• Saline-sodic conditions: pH<8.5, overall dissolved salts high 
and exchangeable sodium levels are high  
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Summary of 
Salinity 

Management:

• Sample soil and water to make sure conditions (sodic 
or saline sodic ) warrant amendments, saline 
conditions may possibly be mitigated with leaching 
alone.

• In general, soil applications address root zone 
problems and injected amendments treat shallow 
sodic surface conditions.

• Careful with over application, can make problems 
worse

• Annual cover crops are beneficial for water 
infiltration and may be worth trade-offs

• Post amendment reclamation leaching is critical

• Experimentally:
• double line was best for leaching in season
• In-season + pulsed winter is best for leaching
• soil boron levels, but not leaf boron levels or leaf 

damage, correlated with yield decline
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Drought Tolerance
• Phreatophytes

• Can exploit deep reservoirs of water

• Leaves adapted to maintain turgor in arid conditions

• Thick cuticle

• Xerophytic palisade mesophyll adaptation

• More abaxial stomata than adaxial

• Stomatal conductance higher on abaxial side

• Stomata located near leaf veins

• Can adjust stomata size and density (Marino, 2025)
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Pistachio Nutrient Uptake:

• Pistachios take up nutrients at a rate reflecting demand

• No uptake during dormancy

• Little uptake between harvest and leaf senescence

• Fruit shows strong demand for nutrients
• High uptake during nut fill…potassium 

• Higher uptake during on years than off
• Accumulation mostly in fruit in on-year trees, 

perennial tissues in off years
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Jan     Mar        May   
 Jul    Sep       Nov

Dormancy Flowering Leaf Growth

Pericarp Growth

SenescenceEmbryo Growth

On-year
Stored 
nutrients 
high

Off-year
Stored 
nutrients 
low

Harvest

On-year

Harvest

Uptake low
Reserves 
become 
depleted, 
uptake high

Uptake high
Demand 
low, uptake 
moderate
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Components of yield =
•

#clusters x #nuts/cluster x nut weight x nut quality

Current- year

Early split and non-split

Blanks, 
kernel 
abortion, 
nut removal 
at harvest

Future

Carbohydrate storage 
in stems and trunks, 
bud abscission

Water, 
carbohydrates
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Alternate Bearing • Alternate Bearing Index:

•  1 =  total alternate bearing

•  0 =  equal crops annually
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Alternate Bearing in Kern 

County

1985 – 1991

I = 0.88

0

10

20

30

40

50

60

6

1985

49

1986

4

1987

34

1988

0.2

1989

37

1990

3

1991

Average Lbs./tree
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Severe mechanical topping and hedging
stimulates strong vegetative growth and produces
a better ratio of bearing:nonbearing  shoot growth
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7 Year Yield Response
Kerman on P. atlantica rootstock

• Hedged and Topped
• 1985: 0.8 kg/tree

• 1986: 12.7 kg/tree  ON!

• 1987: 6.4 kg/tree

• 1988: 11.8/kg/tree  ON!

• 1989: 5.1/kg/tree

• 1990: 12.2/kg/tree  ON!

• 1991: 11.6/kg/tree

• 60.6/kg/tree 
cumulative

• Control
• 1985: 2.9 kg/tree    OFF!

• 1986: 22.1 kg/tree

• 1987: 1.6 kg/tree    OFF!

• 1988: 15.3/kg/tree

• 1989: 0.1/kg/tree    OFF!

• 1990: 16.7/kg/tree

• 1991: 1.4/kg/tree    OFF!

• 60.1/kg/tree 
cumulative
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•Results:
Mechanical topping mitigated alternate bearing by producing a 
better ratio of bearing : non-bearing shoots. 

• Topping was more effective than hedging

• Was more effective entering the low crop year

 
HORTSCIENCE 30(7): 1369-1372. 1995.

Mechanical Topping Mitigates

Alternate Bearing of ‘Kerman’

Pistachios (Pistacia vera L.)
L. Ferguson

1
, J. Maranto, and R. Beede

Department of Pornology, University of California, Kearney Agricultural
Center, 9240 South Riverbend Avenue, Parlier, CA 93648

Additional index words. Pistacia atlantica, hedging, pruning, nut quality, blanks, shell

splitting

Abstract. The effects of four mechanical pruning treatments [hedging, topping, hedging/
topping, and hand-pruning (control)] on nut yield, nut quality, alternate bearing, and

growth of 14-year-old female ‘Kerman’ pistachio trees on Pistacia atlantica L. rootstocks

were assessed. A single pruning was done before an “off,” or low-crop, year followed by
retopping of those treatments incorporating topping the first year. Over 7 years, yields of

hedged/topped and topped trees were equal to those of control trees, while hedged trees

produced significantly less. The incidence of nonsplit shells and blank nuts were not
affected by pruning. Nuts weighed more all years for hedged/topped and topped trees than

for the others. Alternate-bearing indices within 7 years were lower for pruning treatments

incorporating topping. Topping mitigated the fluctuating annual vegetative growth
pattern and resulted in 27% of the shoots retaining buds through three successive

alternate-bearing cycles after the year of treatment. Hedged/topped and topped trees had

significantly less alternation in annual girth growth than control or hedged trees. These
results demonstrated that two successive seasons of mechanical topping, started before the

off year, produced changes in shoot growth, trunk growth, and bud retention that

mitigated alternate bearing through three biennial cycles, without decreasing yield. Thus,
severe annual hand-pruning could be used to prevent or minimize alternate bearing of

pistachios.

‘Kerman’, the only pistachio cultivar

grown commercially in California’s central
San Joaquin Valley, is the third largest nut
crop in California, with >27,000 bearing hect-
ares. As with all pistachios, ‘Kerman’ is

strongly alternate bearing. The most produc-
tive orchards exhibit alternate-bearing indices

as high as 0.87 on a scale of 0 to 1 (no alternate
bearing =0; total alternate bearing = 1) (Wood,
1989). Alternate bearing of this magnitude

disrupts marketing by precipitating strong fluc-

tuations in net return to the grower and proces-
sor. Further, nut quality decreases when crop

load is heavy. Heavy crops have significantly
higher percentages of nuts with nonsplit shells
than light crops. A recently observed shell

deformation of unknown etiology has been
positively correlated with crop load (Niven et
al., 1994). Unlike citrus, annual fluctuations in

crop load never have been demonstrated to
damage the pistachio tree directly (Smith,
1976); however, MacDonald and Bolkan

(1991) have observed increased tree death due
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to the soilborne fungus Verticillium dahliae

Kreb. following heavy crop years. Weinbaum

et al. (1994) demonstrated a significant in-
verse relationship between carbohydrate and

nitrogen storage and crop load, with “on”
crops limiting storage of both. Mitigation of

alternate bearing, therefore, would be desir-

able, particularly if it could be accomplished
by normal orchard operations.

Crane and Nelson (1971) described the

biennial phenology of alternate bearing in
pistachios under California’s Central Valley
conditions. If the crop borne on l-year-old

shoots is heavy, then flower buds on the cur-
rent-year’s shoot growth abscise as the nutmeat
enlarges. Flower buds do not abscise on shoots

without nuts. Since pistachio shoot growth is
remarkably uniform, there is little crop the
subsequent season. Virtually all flower buds

are retained during the subsequent “off’ year

and a heavy crop is set the next season, thus
alternate bearing is increased.

While the seasonal phenology of alternate

bearing is well characterized, the bearing
mechanism remains obscure. Investigations
into mechanisms of alternate bearing have
focused on competition for nutrients (Crane
and Al-Shalan, 1977; Crane et al., 1973, 1976;

Goldschmidt and Golomb, 1982; Takeda et
al., 1980) or an abscission signal from associ-
ated fruit clusters to the developing buds (Crane
and Nelson, 1972). Rootstock also may have
an effect on alternate bearing (Crane and
Iwarkiri, 1986).

Methods for mitigating alternate bearing in

tree crops include applications of growth regu-
lators to remove fruit clusters or fruit within

the clusters, changing developing buds from
fruiting to vegetative, and decreasing bud ab-
scission. Hand thinning, branch girdling, ma-

nipulating harvest date, and pruning also are
used (Monsehse and Goldschmidt. 1982).
Since pistachios in the United States have

relatively small economic value, growth regu-
lators for control of alternate bearing likely

will not to be registered. Additionally, Crane
and Nelson (1972) suggested that some chemi-
cal thinners are ineffective or deleterious.

Ferguson and Maranto ( 1989) demonstrated
that 2,4-dichloro-phenoxy acetic acid pre-
vented bud abscission, but the buds died be-

fore the next season. Hand thinning and branch
girdling are impractical. Earlier harvesting
decreases the percentage of shell splitting, the

major quality factor. Pruning, therefore, ap-

pears to be the best option for controlling
alternate bearing of pistachios.

Wolpert (1986) reported that severe dor-
mant pruning after an on year generated strong
vegetative growth during the subsequent off

year. Heading this strong vegetative flush af-
ter the off year would be expected to produce
lateral growth with flower buds during the on

year and hence a larger crop the following off
year. Mechanical pruning is the most efficient
way to prune severely.

This study reports the influence of several
types of mechanical pruning on vegetative
growth, nut yield, and nut quality of pistachio.

Materials and Methods

The experiment was conducted in a uni-
form 65–ha block of 14-year-old ‘Kerman’

trees planted north-south on a Pacheco sandy
loam soil, with P. vera cv. Peters as pollinators
planted every third tree in every third row.

This arrangement produced an 8 female : 1
male ratio, with every female tree adjacent to
a male. All trees were field-budded on P.
atlantica rootstocks at a spacing of 1.6 m

within rows and 1.9 m between rows to pro-
duce 316 trees (276 bearing trees) per hectare.

Trees were headed at 1 m with three to five
major scaffolds retained. Trees were main-
tained with standard industry irrigation, fer-

tilization, pest and weed control practices,
mechanical harvesting, and dormant hand-
pruning practices after the 1985 and 1986

mechanical pruning treatments.

The design consisted of five completely
randomized blocks (each with twelve 176–tree

rows) and three mechanical pruning treat-
ments plus a control. The experimental units
were composed of three rows, with the middle

rows being the data rows. Treatment rows

were selected to exclude male pollinators from
the center data collection row. Prunings were

carried out 15 Jan. 1985 and 17 Jan. 1986.

Hedging was done with five l-m-diameter
circular saws revolving at 1200 to 1400 rpm on

fixed vertical parallel arms at a ground speed
of 11.3 km·h

-1 
or 5.7 ha·h

-1
. Topping was done

using fixed, 2-m, horizontal, buzz-saw blades
moving at the ground speed noted. Pruning
cuts were made into 3- to 4-year-old wood.
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Atlantica
PG II

PGI
UCBI

Rootstock  Trial: 1989
Split-Plot (N-S): 2 sets of 5 blocks: 
    4 rootstocks @ 10/block  

Repeated earlier trial:
 - topping + hedging 
 - entering on year
 - entering off year



Rootstock Topped &
Hedged

Alternate Bearing Index Lbs./Acre @ 128 trees/acre

P.  Atlantica ON .79 3552

P.  Atlantica OFF .41 4049
(3823)

P. Integerrima ON .55 4538

P. Integerrima OFF .21 4924
(4731)

P. Integerrima X 
P.  Atlantica

ON .27 5442

P. Integerrima X 
P.  Atlantica

OFF .27 5425
(5433)

P.  Atlantica X P. 
Integerrima

ON .29 5445

P.  Atlantica X P. 
Integerrima

OFF .30 5823
(5634)



•Conclusions and Implications:

• 1995 databased conclusion was correct for trees on 
species rootstocks:

• P. Atlantica 
• P. Integerrima

• Mechanical pruning entering the off year altered the ratio of 
bearing to nonbearing shoots:

• Mitigating the alternate bearing intensity
• Without addressing the mechanism

 



•Conclusions and Implications:

• 1995 databased conclusion NOT correct for trees on hybrid 
rootstocks:

• P. Atlantica x P. Integerrima = UCBI
• P. Integerrima X P. Atlantica = PGII or Platinum ®

•  Rootstock vigor affected alternate bearing index by ?
• neoformed shoot growth, most removed by dormant pruning,  

provided additional leaf surface area for additional carbohydrate 
production and storage to:

• decrease bud abscission?
• not supported by current data

• better support remaining buds?
 



Conclusion:

• In next two days 
we hope to discuss 
what we have 
learned and and 
how it may apply 
to your industry…
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