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Drock und ‘i’e;-lng von Eugen Ulmer.
18649,

Teber dan Pelzig- oder Btippigwerden der Kernobstfrichte.
Dag sogenannte Pelxig- oder Stippigwerden komme besonders bei den Aepfeln
vor, und it eine Art vom Gibrungsprodukt, indem das frische Fleisch an
einzelnen kleinen Stellen, meistens am dunsersten Umfange der Frucht, sehein-
bar von der Behale susgehend, linde wird, allen Obstgeschmack verlieret,
spliter auch trockner wird, als dis frische Obstfleiseh. Diese Frochiverderbniss
ist besonders einigen Apfelsorten eigenthimlich, wo es immer und gwar schon
vor der vollstindigen Reifo suftritt, 2. B. dem Rothen Btettiner, einigen
granen Roinetten u. & m. Nun habe ich die Bemerkung gemachi, duss dicss
Erscheinung bei welk gewordenen Frilchien nicht] vorkommt, und darin scheint
mir Jas Mitte] gefunden, das Btippigwerden sa vermeidon oder zu verminders,
Es wiire dureh Versuche festzustellen, ob Aepfel, walche im Herbat in einem
Juftigen Raume sufbewabrt sind, ebén so peltig werden, wie die sogleich mach
der Ernte in' den Obetkeller gulmnun. Besthtigt sich meine Vormuthesg,
dass dus Ausliften der depfel des Pelrigwerden verhindert oder vermindert
#0 hiitte man solche Friobte so spht wie mbglich in hmlnnbril;n,
bis ein Theil jhres Safles verdunstet ist. Da hier in meiner Gegend die Obut-
ernten h¥chet umsicher sind wnd meist mebrere Jabre hintercinsnder smssstzen,

X. Enrze Notiren und Mittheilongen. 319

#o sind meine Versuche langwierig und unsicher, weshalb ich andere Obat-
zfiehter T Versuchen in dieser Wejse veranlussen miohte, Jager.
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Teber dan Pelzig- oder Btippigwerden der Kernobstfrichte.
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vor, und it eine Art vom Gibrungsprodukt, indem das frische Fleisch an
einzelnen kleinen Stellen, meistens am dunsersten Umfange der Frucht, sehein-
bar von der Behale susgehend, linde wird, allen Obstgeschmack verlieret,
spliter auch trockner wird, als dis frische Obstfleiseh. Diese Frochiverderbniss
ist besonders einigen Apfelsorten eigenthimlich, wo es immer und gwar schon
vor der vollstindigen Reifo suftritt, 2. B. dem Rothen Btettiner, einigen
granen Roinetten u. & m. Nun habe ich die Bemerkung gemachi, duss dicss
Erscheinung bei welk gewordenen Frilchien nicht] vorkommt, und darin scheint
mir Jas Mitte] gefunden, das Btippigwerden sa vermeidon oder zu verminders,
Es wiire dureh Versuche festzustellen, ob Aepfel, walche im Herbat in einem
Juftigen Raume sufbewabrt sind, ebén so peltig werden, wie die sogleich mach
der Ernte in' den Obetkeller gulmnun. Besthtigt sich meine Vormuthesg,
dass dus Ausliften der depfel des Pelrigwerden verhindert oder vermindert
#0 hiitte man solche Friobte so spht wie mbglich in hmlnnbril;n,
bis ein Theil jhres Safles verdunstet ist. Da hier in meiner Gegend die Obut-
ernten h¥chet umsicher sind wnd meist mebrere Jabre hintercinsnder smssstzen,
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#o sind meine Versuche langwierig und unsicher, weshalb ich andere Obat-
zfishter zu Versuchsn in dieser Wejse veranlassen miichte, Jger.

Happy 150%™ birthday, bitter pit!
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Teber das Pelzig- oder Stippigwerden der Kernobstfriichte.
Dag sogenannte Pelxig- oder Stippigwerden komme besonders bei den Aepfeln
vor, umd isf eine Art vom (Hibrungsprodukt, indem das frische Fleisch an
vingelnen kleinen Btellen, meistens nm Aussersten Umfange der Frucht, sehein-
bar von der Behale susgehend, linde wird, allen Obstgeschmack verlieret,
spliter auch trockner wird, als des frische Obstfleiseh. Dicse Frochtverderbnise
ist besonders einigen Apfelsorten eigenthfimlich, wo es immer und gwar schon
vor der vollstindigen Reifo suftritt, 2. B. dem Rothen Btettiner, einigen
granen Roinetten u. & m. Nun habe ich die Bemerkung gemachi, duss dicss
Erscheinung bei welk gewordenen Frilchien nicht] vorkommt, und darin scheint
mir das Mitte] gefonden, das Beippigwerden sa vormeiden oder gu vermindern,
Es wiire dureh Versuche festzustellen, ob Aepfel, wolche im Herbat in sinem
Juftigen Rﬁume wafbewahrt sind, eben o pelsig werden, wie die sogleich nach
der Ernte in den Obetkeiler gabcrlnh‘lcn. Beatitigt sioh meine Vormuthesg,
dass das Ausl@ften der Aepfel das Peleigwerden verhindert oder vermindert
#0 hitte man solche Frilobte so sphit wie moglich in den Keller xu hmgon.,
bis ein Theil ihres Baftes verdunsiet ist. Da hier in meiner Gegond die Cbae-
ernten h¥chst unmicher sind und meist mehrers Jabre hintercinander anssttsen:
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#o sind meine Versuche lasgwierig nnd unsicher, weshalb ich andere Obst-
zliehier 3o Versuchen in dieser Wejse veranlussen mibohte, Jiger.

.1n that fresh flesh...,

The..

.speckling occurs..
around the outermost circumference of the fruit,

usually

apparently starting from the shell..
than the fresh fruit meat.

.becomes dryer

..this phenomenon does not occur in withered fruits,
and it seems to me that the means of avoiding or
diminishing the occurrence of pitting are found...If my
supposition confirms that the airing of the apples
prevents or diminishes the fuzziness, then these fruits
should be brought into the cellar as late as possible,
until a part of their sap has evaporated. ...

Jager
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PRIMER ON BITTER PIT

Symptoms

Symptoms start internally; damage causes
external blemishes and sunken areas

Pitting occurs at the end of vascular bundles,
which terminate near the skin

Affectec
Affectec

usual
Starch grains present in pitted areas
Most pits on calyx half of fruit

areas tend to be more highly colored
cells die, lose moisture, brown; pits
y 1/16 to 1/8 inch in diameter




PRIMER ON BITTER PIT
Occurrence and Importance

All regions of world

More research on this disorder than all
others except scald

Notable varieties include:

Baldwin (Baldwin spot)
Northern Spy

Red Delicious

Mutsu (Crispin)
Honeycrisp




PRIMER ON BITTER PIT

Occurrence and Importance

Fruit predisposed on the tree

But disorder primarily expressed post-harvest
Pitting can occur on tree
Healthy fruit on tree can still pit
Pitting primarily occurs during ripening
Disorder does not spread from fruit-to-fruit
Pits may enlarge after storage
New pits may form after storage




PRIMER ON BITTER PIT

Causal Factors

"..all evidence points to its being caused by
some maladjustment in the normal water
relations of the fruit...anything that accentuates
the pulling power of the leaves for water

will increase susceptibility to bitter pit"

"Bitter pit is linked with critical levels of calcium
in the tissue ...inadequate Ca ...its removal by

water stress"
Smock, 1937




PRIMER ON BITTER PIT

Orchard Factors Promoting Bitter Pit
Heavy N fertilization
Large fruits (thinning)
Immature fruit at harvest
Excessive shading
Heavy pruning (promotes vegetative growth)

Dry growing conditions (especially when
followed by heavy rainfall or irrigation late
in the season

Low Ca levels in fruit; high Mg/Ca ratio

Low soil pH




PRIMER ON BITTER PIT

Causes of low fruit Ca

Poor soil conditions
excessive soil moisture
deficient soil moisture
low soil pH

Poor nutrition
excessive N
excessive K
excessive Mg
deficient Ca
deficient B




PRIMER ON BITTER PIT

Causes of low fruit Ca

Excessive tree vigor
excessive pruning
excessive nitrogen
inadequate spacing
low fruit load

Low fruit load
poor bud formation
poor pollination
insufficient pollen
bad weather
insufficient bees
frost damage




PRIMER ON BITTER PIT

Control of Bitter Pit

Calcium sprays (CaCly, CaNO:3)

10 - 50 Ib/acre/yr (1.2-7.1 Ibin
each of 7 - 8 sprays)

Timing - all cover sprays
Mixing - no problems noted,
no stickers/spreaders needed

Temperature - no problems at
these concentrations < 90°F
Leaf injury - some following
wet, cool springs

Equipment - CaCl; corrosive
Solubor - don't premix with
CaC|2




'3 PennState Extension
Rate of Actual Ca

Desired in lbs. S
Rate of Actual Ca in Ibs./A Pounds of Actual Ca Number of Applications
Based on Suggested Label Enter # Applied Based on#  Needed to Achieve Desired
Product Company %Ca Ib/gal Rates Applications Applications Rate of Ca
Ratein lbs./A
Low Rate High Rate | 100 | |LowRate|HighRate| LowRate High Rate
Brexil Valagro 15.0% NA 1 2.5 150 || 375 | 66.7 | 26.7 |
Ib. actual Cain Ib. material 0.15 0.15 0.375 Ib Ca in single application
Rate in lbs./A
Low Rate High Rate | 400 | |LowRate|HighRate| LowRate High Rate
Briner's Choice Oxy  34.0% NA 2.00 4.00 680 || 1380 | 14.7 | 7.4 |
Ib. actual Cain Ib. material 0.34 0.68 1.36 Ib Ca in single application
Rate in gts./A
Gallon of product weight in Ibs. 11.7 Low Rate High Rate 10.0 Low Rate | High Rate| Low Rate High Rate
Calcium 10% Loveland 10.0% 2.00 2.00 1300 || 2600 | 7.7 | 3.8 |
Ib. actual Ca in a gallon 1.17 1.30 2 60 Ib Ca in single application
Rate in gts./A
Gallon of product weight in lbs. 5.20 Low Rate High Rate | | Low Rate | High Rate| Low Rate High Rate
Calcium 5X Stoller  5.0% 1.00 NL 000 | NL 83.3 | ML
Ib. actual Ca in a gallon 0.46 0.12 NL Ib Ca in single application
Rate in lbs./A
Gallon of product weight in lbs. NA Low Rate High Rate Low Rate | High Rate| Low Rate High Rate
Calcium Chelate Miller  9.5% 0.5 1 ooo I ooo | 2105 | 1053 |

https://extension.psu.edu/orchard-nutrition-calcium-rate-calculator-

for-individual-product-comparisons




Apple Nutrition

Eric Hanson, Department of Horticulture

Table 3. Optimum and deficient levels of
nutrients in apple leaves.

Nutrient  Optimum range Deficient

level

N (%) 2.0-2.6 2.0
1.8-2.4"

P (%) 16-.30 0.11
K (%) 1.3-1.5 1.0
Ca (%) 1.1-1.6 0.5
Mg (%) 30-.50 0.2
B (ppm) 25-50 25
Cu (ppm) 10-20 4**
Fe (ppm) 150-250 25
Mn (ppm) 50-80 20**
Zn (ppm) 20-40 15**

'Optimum range for soft varieties, e.g.
Golden Delicious and Macintosh.
**indicates deficient levels is not well defined
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PHYSIOLOGY OF THE PIT

Lee Kalcits, Good Fruit Grower Magazine



CHEMICAL INVESTIGATIONS ON BITTER PIT OF
APPLES

CHEMICAL COMPOSITION OF AFFECTED AND
NEIGHBOURING HEALTHY TISSUES

By H. O. Askew, E. T. Currrexoes, R. J. Moxxk, and
Jovee Wartson, Cawthron Institute, Nelson

{Received for publication, 23 November 1959)

Illo

TABLE 2. Percextaces or Mixezal Axp Nrrrocex ox D M. Basis o
Arrecrep axD Hearruy Tissve rrox Frurrs rrov MovTere, 1959

Bitter Total N »
Treatment Status Pu Ash 9:" ),'.‘ ,P- 5 -y P'
" '-.p' s " r o r
Cont. (1-4) Pitted 2> 269|0038 014 0086 0.71 0009 057
Cont. (1-4) Healthy 178 | 0.012.0.029 [0.040 056 0008 036
Cont. (1-4) Original 153 | 0.026 10.079 [0.050 039 0011 0.43

Total ash content was significantly positively related to increasing
incidence of bitter pit

High values of the ratios Mg/Ca, K/Mg,
K/Ca, and K/N a high incidence of bitter pit in the fruit,



CHEMICAL INVESTIGATIONS ON BITTER PIT OF
APPLES

11I. CHEMICAL COMPOSITION OF AFFECTED AND
NEIGHBOURING HEALTHY TISSUES
By H. O. Askew, E. T. Carrrenoen, R. . Moxk, and
Jovece Warsox, Cawthron Institute, Nelson

(Received for publication, 23 November 1959)

“-1n the pitted tissue the ratio Mg/Ca (~4) 1s twice as high as in the
nominally healthy (surrounding) tissue”

“Even more striking are the differences in the values of the K/Mg
ratios; here the pitted tissue shows the relatively low values of a
little over 6, while the [healthy] tissues have values of
[approximately 2217



CHEMICAL INVESTIGATIONS ON BITTER PIT OF
APPLES

11I. CHEMICAL COMPOSITION OF AFFECTED AND
NEIGHBOURING HEALTHY TISSUES

By H. O. Askew, E. T. Carrrexoex, R. J. Moxk, and
Jovece Warsox, Cawthron Institute, Nelson

(Received for publication, 23 November 1959)

“...calcium 1s drained from the immediate surroundings of the
pitted tissue and because it 1s not so mobile as other constituents, it
1s not maintained to the same relative degree”



CHEMICAL INVESTIGATIONS ON BITTER PIT OF
APPLES

IHI. CHEMICAL COMPOSITION OF AFFECTED AND
NEIGHBOURING HEALTHY TISSUES

By H. O. Askew, E. T. Carrrexoes, R. J. Moxk, and
Jovee Warsox, Cawthron Institute, Nelson

(Received for publication, 23 November 1959)

“...calcium 1s drained from the immediate surroundings of the
pitted tissue and because it 1s not so mobile as other constituents, it
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CHEMICAL INVESTIGATIONS ON BITTER PIT OF
APPLES

IHI. CHEMICAL COMPOSITION OF AFFECTED AND
NEIGHBOURING HEALTHY TISSUES

By H. O. Askew, E. T. Carrrexpex, R. J. Moxk, and
Jovce Warsox, Cawthron Institute, Nelson

(Received for publication, 23 November 1959)

“Tissue from the affected areas was very low 1n sucrose, but was
well supplied with glucose and fructose.”

“There are - very great differences in the starch contents of the two
types of tissue”

Starch stai




Starch appears to be concentrated in damaged and apparently healthy
tissue



Starch stained black with 1odine 4

Starch appears to be concentrated in damaged and apparently healthy
tissue



Scientia Horticulturae, 15(1981) 155—163
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

ELECTRON-MICROPROBE ANALYSIS OF APPLE FRUIT TISSUES
AFFECTED WITH BITTER PIT

A.R. CHAMEL and 4.P. BOSSY

Laboratoire de Biologie Végétale, Département de Recherche Fondamentale, Centre
d’Etudes Nucléaires, 85 X 38041 Grenoble, Cedex (France)

“sample is bombarded with an
electron beam, emitting x-rays at
wavelengths characteristic to the
elements being analyzed”
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ELECTRON-MICROPROBE ANALYSIS OF APPLE FRUIT TISSUES
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“The variations observed in the mineral contents of the pitted
tissues suggest extensive nutritive disorders affecting the cellular
physiology and probably dlsturbances in the 1ionic exchanges.”
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Start-Timing for Calcium Chloride Spray Programs

Influences Fruit Calcium and Bitter Pit in
‘Braeburn’ and ‘Honeycrisp’ Apples

Frank ). Peryea, Gerry H. Neilsen & Dana Faubion

To cite this article: Frank J. Peryea , Gerry H. Neilsen & Dana Faubion (2007) Start-
Timing for Calcium Chloride Spray Programs Influences Fruit Calcium and Bitter Pit in
‘Braeburn’ and ‘Honeycrisp’ Apples, Journal of Plant Nutrition, 30:8, 1213-1227, DOI:
10.1080/01904160701555077

To link to this article: http://dx.doi.org/10.1080/01904160701555077

Relationship between bitter pit incidence
and fruit cortical plug Ca concentration of
apples harvested from unsprayed apple trees
and from trees that received 6 bi-weekly
sprays of 5 g CaCl, L™ starting mid-May
(early-start), mid-June (mid-start), or mid-
July (late-start) 2002 and 2003.

Bitter Pit Incidence (% of field-run fruit)

Bitter Pit Incidence (% of field-run fruit)

70

60

50

40

30

20

10

50

40

30

20

10

240

° Braeburn, 2002-03
| ° Y = 1386.4e 0%
r* = 0.6022
@® 02 Control
v 02 Early-start
1 B 02 Mid-start
4 02 Late-start
i O 03 Control
v 03 Early-start
O 03 Mid-start
) 3 ¢ 03 Late-start
*
T ‘:’ '\_[' T Dlgr_l& g T T
80 100 120 140 160 180 200 220
Fruit Calcium (cortical plugs, mg kg™ dw)
Honeycrisp, 2002-03
| ] y = 128,2¢ 00205
° o ¥ = 0.3760
60 80 100 120 140 160 180

Fruit Calcium (cortical plugs, mg kg™~ dw)

200



Start-Timing for Calcium Chloride Spray Programs
Influences Fruit Calcium and Bitter Pit in
‘Braeburn’ and ‘Honeycrisp’ Apples

Frank J. Peryea, Gerry H. Neilsen & Dana Faubion

To cite this article: Frank J. Peryea , Gerry H. Neilsen & Dana Faubion (2007) Start-
Timing for Calcium Chloride Spray Programs Influences Fruit Calcium and Bitter Pit in
‘Braeburn’ and ‘Honeycrisp’ Apples, Journal of Plant Nutrition, 30:8, 1213-1227, DOI:
10.1080/01904160701555077

To link to this article: http://dx.doi.org/10.1080/01904160701555077

Percent bitter pit for fruit harvested from unsprayed apple trees (Control) and from
trees that received 6 bi-weekly sprays of 5 g CaCl, L starting mid-May, mid-June,
or mid-July 2002 and 2003

| Control | Maystart July start

Braeburn, 2002 52.8 19.8 13.9 18.8
Braeburn, 2003 21.6 1.2 1.3 2.6
Honeycrisp, 2002 32.4 7.4 4.2 14.2

Honeycrisp, 2003 19.8 6.9 7.4 7.5
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CALCIUM/MAGNESIUM

Bitter pit incidence is related to
the ratio of calcium to magnesium

From Ferguson and Watkins, 1992

Magnesium acts
In a manner
opposite to that
of calcium.

Magnesium
infiltration can
be used to
measure fruit
susceptibility to
bitter pit
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SCANNING ELECTRON MICROSCOPY AND ELECTRON
MICROPROBE STUDIES OF BITTER PIT IN APPLES

ROY K. SIMONS
MEL C. CHU
University of Illinois, USA 1980

“Cell wall thickening and
cell collapse evident in the
basin area of fruit at 6
weeks post anthesis — a
slight reddish brown
discoloration was evident
in the surface of the fruit —
tissue degeneration in the
edge of the vascular
strands had produced a
large lacuna.”

Six weeks after anthesis




SCANNING ELECTRON MICROSCOPY AND ELECTRON
MICROPROBE STUDIES OF BITTER PIT IN APPLES

ROY K. SIMONS
MEL C. CHU
University of Illinois, USA 1980

“The cuticle and
epidermis were
separated from the
hypodermis creating a
lacuna. The lacuna was
contiguous to an area of
the hypodermis that
consisted of dividing
cells adjacent to a zone
of tissue containing
cells with extremely
thick walls.”

Six weeks after anthesis



SCANNING ELECTRON MICROSCOPY AND ELECTRON
MICROPROBE STUDIES OF BITTER PIT IN APPLES

ROY K. SIMONS
MEL C. CHU
University of Illinois, USA 1980

“Groups of dividing cells were enclosed in a mother cell wall
and, as they developed, collapse and breakdown were noted.
Competition from normal cells contiguous to the newly formed
cells may contribute to ...breakdown of [the newly formed

cells]”



Postharvest Biology and Technology 57 (2010) 6-13

Contents lists available at ScienceDirect

Postharvest Biology and Technology

ELSEVIER journal homepage: www.elsevier.com/locate/postharvbio

Cellular approach to understand bitter pit development in apple fruit

Sergio T. de Freitas?, Cassandro V.T. do Amarante®, John M. Labavitch?, Elizabeth J. Mitcham®*

@ Department of Plant Sciences, University of California, Davis, CA 95616, USA
b Department of Agronomy, University of Santa Catarina State, Lages, SC 88520000, Brazil

Ca acoumulatlon
in vacuble -

Membrane
disintegration
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Postharvest Biology and Technology

journal homepage: www.elsevier.com/locate/postharvbio

Cellular approach to understand bitter pit development in apple fruit

Sergio T. de Freitas?, Cassandro V.T. do Amarante®, John M. Labavitch?, Elizabeth J. Mitcham®*

2 Department of Plant Sciences, University nfCalifnrnia, Davis, CA 95616, USA
b Department of Agronomy, University of Santa Catarina State, Lages, SC 88520000, Brazil

“-localized accumulatlon of Ca2+ 1ns1de the Vacuole may trlgger a
localized depletion of apoplastic Ca?*, resulting in an increase in
membrane leakiness, plasmolysis, and eventually localized cell
death (1.e. p1t formatlon)

Membrane
disintegration =
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Research Note

The distribution of calcium in mature apple fruits

having bitter pit disorder

By ELSIE M. FORD
East Malling Research Station, Maidstone, Kent ME19 6BJ, UK

“45Ca, which was fed to
the roots in mid-May,
accumulated 1n the pits
after the tissues began
disintegrating.”
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““...no accumulations in

the cortex were observed

unaccompanied by bitter
pit.”

Eye end 4

PLATE |
Longitudinal section of mature Merton Worcester fruit showing areas of bitter pit (¢) where **Ca has collected.
a — cartilaginous pericarp, b — ventral carpellary bundles, ¢ — dorsal carpellary bundles, d — sepal or petal bundle,
e —accumulations of **Ca in bitter pits.



Journal of the Horticultural Society of Japan Vol. 39, No. 4

Distribution of #Ca applied as chloride and hydroxide
on the surface of leaves, fruits and twigs of apple tree

Morimasa Serto and Koushiro Nacar

Aomori Apple Experiment Station, Kuroishi, Aomori

+ Late summer (Aug) application (4X on tree)
Fig. 3. Autoradiographs of #Ca distribution in the fruit. The fruit was

dipped in 4CaCl, solution and harvested 34 days after the first
application.

Late summer (Aug) application

- “45 . .
Fig. 2. #Ca distribution in the fruit. Ca was Ca apphed tO the fmlt Surface by
applied as CaCl, on the adjacent fruit . .
spur leaves and the fruit was harvested dlpplng ? penetrated tO ﬂeSh through

34 days after the first application, vascular systems, but radioactivity was
greater 1n skin and core than 1n flesh.”



PHYSIOLOGY OF THE XYLEM




METHODS ARTICLE ,.)
Front. Plant Sci., 01 September 2015 | https://doi.org/10.3389/fpls.2015.00679

Gheck for
Updates

Spatial development of transport structures
in apple (Malus x domestica Borkh.) fruit

Els Herremans!,  Pieter Verboven!,  Maarten L. A. T. M. Hertog!, il Dennis Cantre,

Mattias van Dael’, Thomas De Schryver?, Luc Van Hoorebeke? and Bart M.
Nicolait**
IDivision of MeBioS, Department of Biosystems, KU Leuven, University of Leuven, Leuven, Belgium
2Department of Physics and Astronomy, UGCT-Radiation Physics, Ghent University, Ghent, Belgium
3Flanders Centre of Postharvest Technology, Leuven, Belgium

Cortical vascular networks 9, 14, and 22 weeks after bloom. Colors
indicate thickness of the vasculature

0.35mm

> 0.7mm



Causes and Effects of Changes in Xylem

Functionality in Apple Fruit @

LAZAR DRAZETA =, ALEXANDER LANG, ALISTAIR J. HALL, RICHARD K. VOLZ,
PAULAE. JAMESON

Annals of Botany, Volume 93, Issue 3, March 2004, Pages 275-282, https://doi-org.prox-
y2.cl.msu.edu/10.1093/aob/mch040
Published: 01 March 2004

Ruptured string of vessels

“-xylem dysfunction could be seen as minimizing outflowing xylem
sap from the fruit, but at the expense of reduced import of xylem-borne
minerals, such as calcium, to the fruit”




Causes and Effects of Changes in Xylem

Functionality in Apple Fruit @

LAZAR DRAZETA =, ALEXANDER LANG, ALISTAIR J. HALL, RICHARD K. VOLZ,
PAULAE. JAMESON

Annals of Botany, Volume 93, Issue 3, March 2004, Pages 275-282, https://doi-org.prox-

y2.cl.msu.edu/10.1093/aob/mch040
Published: 01 March 2004

Floral tube
Sepal (primary) bundles

Petal (primary) bundles

Dorsal carpellary bundles
Ventral carpellary bundles

Outer limit of carpel
(core)




Causes and Effects of Changes in Xylem

Functionality in Apple Fruit @ Staining: 1 % w/w aqueous acid fuchsin
LAZAR DRAZETA ™, ALEXANDER LANG, ALISTAIR J. HALL, RICHARD K. VOLZ, was drawn up intO the frult through the
IR JRHEOR stalk for 2 hunder 22 ° C and 65 % RH

Annals of Botany, Volume 93, Issue 3, March 2004, Pages 275-282, https://doi-org.prox-
y2.cl.msu.edu/10.1093/aob/mch040
Published: 01 March 2004

with a brisk airflow.

Braeburn (64 DAFB) Granny Smith (67 DAFB)



Causes and Effects of Changes in Xylem

Functionality in Apple Fruit @
LAZAR DRAZETA ™, ALEXANDER LANG, ALISTAIR J. HALL, RICHARD K. VOLZ,
PAULAE. JAMESON

Annals of Botany, Volume 93, Issue 3, March 2004, Pages 275-282, https://doi-org.prox-
y2.cl.msu.edu/10.1093/aob/mch040
Published: 01 March 2004
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Longitudinal changes in the functionality of xylem Drazeta et al., 2004




Causes and Effects of Changes in Xylem

Functionality in Apple Fruit @
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PAULAE. JAMESON

Annals of Botany, Volume 93, Issue 3, March 2004, Pages 275-282, https://doi-org.prox-

y2.cl.msu.edu/10.1093/aob/mch040

Published: 01 March 2004
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circles) as a function of fruit age 5
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Relationship between xylem functionality, calcium content and the
incidence of bitter pit in apple fruit

Aquidauana Miqueloto®*, Cassandro Vidal Talamini do Amarante?,
Cristiano André Steffens?, Aline dos Santos?, Elizabeth Mitcham"

2 Universidade do Estado de Santa Catarina, Centro de Ciéncias Agroveterindrias, Av. Luiz de Camées, 2090, Lages, SC, CEP 88520-000, Brazil
® Department of Plant Sciences, University of California, Davis, CA, USA
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Causes and Effects of Changes in Xylem

Functionality in Apple Fruit @

LAZAR DRAZETA =, ALEXANDER LANG, ALISTAIR J. HALL, RICHARD K. VOLZ,
PAULAE. JAMESON

Annals of Botany, Volume 93, Issue 3, March 2004, Pages 275-282, https://doi-org.prox-
y2.cl.msu.edu/10.1093/aob/mch040
Published: 01 March 2004

“A variable timing of xylem dysfunction could...create high
variability in fruit mineral composition.

This could explain the high variability observed in the incidence of
calctum-related disorders, such as bitter pit.

Hence, the earlier start of xylem dysfunction in ‘Braeburn’ fits with
the observation that, of the two cultivars examined, ‘Braeburn’ 1s the
more susceptible to bitter pit.”



SEQUENCE OF EVENTS

Ca uptake — first 6 to 7 weeks
Xylem disruption

Initiation events (?7?7?)

Ca™ partitioning to vacuoles

Cell collapse, cell wall thickening
Cell death and pit formation

Accumulation of Ca™ and Mg

Maybe....



Bitter Pit in Apple Fruit H().rriculmf'(d Revie‘u's
Edited by Jules Janick

I. B. Ferguson and C. B. Watkins 1989
Division of Horticulture & Processing
Department of Scientific & Industrial Research
Private Bag, Auckland

New Zealand CONCLUSIONS

1. Not enough is known about the development of Ca deficiency
and mineral imbalance in the fruit, particularly about the input
of minerals into the developing fruit in terms of fruit growth,
transport processes, and internal distribution of minerals.

2. There 1s poor understanding of the localization of bitter pit
symptoms 1in the fruit flesh. This includes the identification of
potential sites of pitting in terms of both minerals and cell
metabolism.



Topical Review Plant Physiology, 2018

Synchrotron-Based X-Ray Fluorescence Microscopy as a
Technique for Imaging of Elements in Plants'©"N]

Peter M. Kopittke,* Tracy Punshon,” David J. Paterson,* Ryan V. Tappero,* Peng Wang,** F. Pax C. Blamey,*
Antonv van der Ent.# and Enzo Lombi®®

“XFM offers...in vivo

analyses at room ' T — \\.

temperature and
pressure, good detection
limits (approximately 1—
100 mg kg™1), and
excellent resolution
(down to 50 nm).”

1 mm




Bitter Pit in Apple Fruit H().rricu/mr(d Re\.'ie‘u's
Edited by Jules Janick

I. B. Ferguson and C. B. Watkins 1989
Division of Horticulture & Processing
Department of Scientific & Industrial Research
Private Bag, Auckland

New Zealand CONCLUSIONS

3. There 1s a lack of appreciation of the metabolic components
of bitter pit. This is current both 1n the role of Ca in cell
metabolism, and in the metabolic events exclusive of mineral
metabolism, which might 1nitiate bitter pit development. There
1s a need to reinterpret all Ca deficiency disorders 1n the light of
the latest developments in the physiology and biochemistry of
Ca 1n plant tissues.

4. Although differences in cultivar susceptibility are well
known, the possibilities of genetic control of bitter pit and other
storage disorders have not been exploited.



Specialized Plastids Trigger Tissue-Specific Signaling for
Systemic Stress Response in Plants'OEN]

Jestus Beltran,*® Yashitola Wamboldt,® Robersy Sanchez,® Evan W. LaBrant,” Hardik Kundariya,®
Kamaldeep S. Virdi,® Christian Elowsky,” and Sally A. Mackenzie**?

“Departments of Biology and Plant Science, The Pennsylvania State University, University Park, Pennsylvania
16802
"Department of Agronomy and Horticulture, University of Nebraska, Lincoln, Nebraska 68588

“These plastids are termed “sensory” plastids, and here we show
their proteome to be distinct from chloroplasts.”

“We posit that the sensory plastid participates in sensing
environmental stress, integrating this sensory function with
epigenetic and gene expression circuitry to condition heritable stress
memory.”

‘Normal’ Chloroplast ‘Sensory’ Chloroplast 5 40 15

5 10 15 20
photosynthesis oxidation-reduction process
oxidation-reduction process response to cytokinin
response to cytokinin response to cadmium ion
response to cold photosynthesis
transport response to cold
protein folding embryo development ending in seed dormancy




RESEARCH
BOTANY SCiGHCG, 2018

Glutamate triggers long-distance,
calcium-based plant defense signaling

Masatsugu Toyota”*>*, Dirk Spencer”}, Satoe Sawai-Toyota®t, Wang Jiaqi', Tong Zhang™§,
Abraham J. Koo*’, Gregg A. Howe®7?, Simon Gilroy**

A 0s 60 s 300 s high

low

“Ion channels of the GLUTAMATE RECEPTOR- LIKE family act
as sensors that convert this signal into an increase 1n intracellular
calcium 1on concentration that propagates to distant organs, where
defense responses are then induced.”



“In neuroscience, glutamate 1s a neurotransmitter: a chemical that
nerve cells use to send signals to other cells. It 1s by a wide margin
the most abundant excitatory neurotransmitter in the vertebrate
nervous system.”







QUESTIONS/DISCUSSION POINTS...

1. Can we predict bitter pit?

2. When does bitter pit ‘begin’?

3. What are the connections between weather and bitter pit?
4. Is there a physiological signal to trigger bitter pit?

5. Can we develop a model system for the study of bitter pit?
6. What causes bitter pit?
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1. Can we predict bitter pit?

2. When does bitter pit ‘begin’?

3. What are the connections between weather and bitter pit?
4. Is there a physiological signal to trigger bitter pit?

5. Can we develop a model system for the study of bitter pit?
6. What causes bitter pit?

Thanks!

De artme%

Horticulture,

MICHIGAN STATE LINIVERSITY
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