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Treatment with Encapsulation-
PVS2 solution -dehydration

\ / Encapsulation-

-vitrification

Droplet
methods
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b
o cryoplate
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Dehydration

Dehydration + slow
cooling (-1°C/h)

“Two-step” freezing
(-1°C/min)

Dormant
(winter) buds

Lambardi e De Carlo, 2009. Italus Hortus.
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«Dormant» or «winter» buds? The ambiguity of the term
«dormant buds»..................

v the technique is named «cryopreservation
of dormant buds», referring to the fact
the buds are collected in winter;

but, in fruit growing, the term «dormant» {
& refers to the physiological status of abud
" that is noT mduced to sprou’r ye’r -8
" hence, ’rhe «dor'man‘r bud» is the bud of the curr'en‘r season, used

for grafting in summer (July) and that will- sprout in the following
spring:;

so, to avoid misunderstandings, it would be better to use the
’ ’rermmology «cryopreservation of wmter- buds».
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Tissue culture-based technique: “vitrification” of shoot tips

e ——e s -ﬁ-. ey
Dormant bud-based cryopreservation technique e
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Towill L.E. e Ellis D.D., 2008. Cryopreservation of dormant
H buds. In: Reed B.M. (ed) Plant Cryopreservation. A Practical
Cr‘yopreser‘vatlon Of dor‘mant bUdS Guide. Springer, New York, pp. 421-442.

Uni-nodal segments
(‘'micro-scions’), . Slow cooling
up to -30°C
' (-1°C/hour)
1

cold hardened at 4°C
and dehydrated up to
a MC of 35-26%

Melo Rosa gentile

GM 58
26% LN

| After 1-2 wks

iﬂq

Melo San Piero |
GM 37

35% LN
——




1. Scion collection and cold-hardening > from the field

Apple production in Italy: > 2,2 mil tons (year 2023)

um  Imperatore
2%

Scion wood collected from plants in the field (mid- VENETC\A
winter) |
4
Scions wrapped in plastic bags and cold-hardened at
-5°C (8 weeks)

Golden Delicious
458%

al
12,9%
®Golden Delicious B Gala @ Red Delicious OFuji

@ Other cvs

O Granny Smith.  @Barebum
: .

Bimperatore
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1. Scion collection and cold-hardening = from the screenhouse

C.A.V. ONGOING PROJECTS

Digital Droplet PCR

canditate plants
latent pathogens
higher Sensitivity
in house

Next Generation Sequencing NGS

- prescreening on candidate plants
- all viruses and viroids in one shot

in outsorcing
- fasterre

‘ IBE, Istituto per la BioEconomia ’

CRIOBANCA

Conservazione di germoplasma vegetale
in azoto liquido (196 C)

urseries

Cryopreservation of «pre-base» mother plants

- collaboration with CNR - IBE

- back-up copy of obsolete and low interest
accessions

apple, plum, cherry, pear

@ Consiglio Nazionale delle Ricerche

Istituto per la BioEconomia i
Dipartimento di Scienze Bio Agroalimentari attivita




From the field

Winter collection of
scions and cold harde
ning at -5°C (8 wks)

\\\\\\\\\\;__ v owaiilil

scion sections were collected from vigorous 3- to 6-year-old trees
of each accession at the end of a 72-h period when orchard ambient
temperatures remained <0 °C . Of the 64 accessions sludlcd 51

'- netéal 1998 JAmer SOC. Hort. SCIeate

From the screen-house

@ Consiglio Nazionale delle Ricerche c
Istituto per la BioEconomia B
Dipartimento di Scienze Bio Agroalimentari \alltslavllstta":he

"Pre-base" apple plants
preserved in screen-house at

the CAV.
Temper'atur'es only occasuonally

\\\“’\\\ & S S <




2. Scion sectioning and cold desiccation

4
Scions cut into 35-mm nodal sections, with one bud (micro-scions), and desiccated
at - 5°C up to a MC of 25-30% (14-40 days)

Cold deslcccmon




3. Moisture content determination - by weighting segment samples

g Ba‘!bara M.Reed
Moisture content is determined every week i ... .
— (initially), then every 2-3 days U ovcraion o ormant s
\ by weighting a sample of 5 segments

Mottt vt pecics cm be preserval wiog
o liggas e A lute sasateat by

197; 3

] e
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sheuld e cnplusired Gt in flix cleaptes, we o e e S
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] Te methods fis Cyopreicrval Soenzuit bud slise technigee
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(Fresh wt — Oven dry wt)
- x 10
Fresh wt

MC

0

The average MC of the five twigs becomes the predicted MC of the second
5-twig sample. A predicted oven-dry weight for each twig of the second
5-twig sample is calculated:

Predicted Oven dry wt = Fresh wt x (1 — (MC/100))

The second 5-twig sample is kept on the cafeteria tray with the rest of the
twigs of that cultivar at —5°C. Individual twigs of the second sample are
weighed every 2-3 days and their current MC is calculated as such

(Fresh wtg,y x— Predicted oven dw) y

MClayx =
o Fresh wigay «

100




3. Moisture content determination > by Moisture Analyzer

4
Moisture content is determined every week (initially), then every 2-3 days by

Y Moisture Analyzer

Weight of 5 segments # 4-5 g
Temperature halogen lamp: 200°C

Time: 15-20 min
Drying programs: fast-drying
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4a. Slow cooling, cryopreservation, :hawing and rehydration

4
Desiccated micro-scions double wrapped in aluminium foil and plastic film to >
avoid futher desiccation and kept at - 5°C until used.




4b. Slow cooling, cryopreservation, thawing and rehydration

4 08.00: - 6°C

Micro-scions (still wrapped in alluminium foil) placed in cryobox and 09.00: - 7°C
cooled in a controlled rate freezer at -1°C/h from -5°C to -30°C 10.00: - 8°C
. . v . 11.00: - 9°C

Micro-scions kept at -30°C (24 h) 12 .00: - 10°C

13.00: - 11°C

14.00:'92°C

Sequence of 15.00: - 13°C

16.00: - =C

‘remperta’rur'e -2 1o

reduction 18.00: - 16°C

19.00: - 17°C
20.00: - 18°C
OVERNIGHT
08.00: - 19°C
09.00: - 20°C
10.00: - 21°C
11.00: - 22°C
12.00: - 23°C
13.00: - 24°C
14.00: - 25°C
16.00: - 26°C
172005-27°C
18.00: - 28°C
19.00: - 29°C

| 20.00: - 30°C
ECP/GR



4c. Slow cooling, cryopreservation, thawing and rehydration

4
Cryoboxes quickly removed from the blast chiller and immersed in LN
4
Cryobox rewarmed at 4°C (24 h)
4
Micro-scions rehydrated at 2°C in damp peat moss inside plastic
containers (2 weeks) /
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5. Grafting by chip-budding or T-budding

4

Rootstocks grafted with rehydrated buds (2 buds per roostock) by chip- of T-budding (late spring)

A verticol cut obout
25cm(lin) long is
in the stock.

A horizontali cut is made
through the bark about
one— third the distance
around the stock. The
knife is given o slight
twist 10 open the two
flaps of bork

| The shieid
piece is inserted
by pushing it
‘downwaord under
the two fiops of
bark:

INTO THE STOCK

Lm.l the horizontal

cuts on the shield
and the stock are
even

The bud union is-
then tightly tied
with some

wrapping materiol.

T-budding

PREPARING THE STOCK PREPARING THE BUD

The cuts removing

38

el e

A cutis made ata

/ the bud from the
45° angle about 1/4
lhrougr? the stock,’ i bud stick are made
% just as those in
the stock.

The lower cut is made
about 0.6 cm (1/4 in))

ot /DM .%//

| 3 below the bud.
Front view
About 2.5 cm (1 in.) 5
above the first cut a LS L
second is made going T =
downward and inward * § 23
until it connects with « /%] A second cutis made I

5 3} about1.3cm(1/2in) above
the first cut \[ o3| thebud coming downward [; = 3
@ behind the bud and con-

necting with the first

cut permitting the
removal of the bud piece. l

&
-
S

S Appearance of bud and
= § stock ready to be placed
v : together.
N

Bud chip is finally

wrapped with plastic
R tape.
(I -
i % "
PN i,
Front view
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6. Post-budding operations and assessment of plant regrowth

4
Grafted plants, kept in greenhouse, untied and cut about 50 mm above
the grafted buds after 2-3 weeks
4
6rafted plants cut just above the top-grafted bud
4
Assessment of bud sprouting and plant regrowth (summer)

A - RRS i
/A > 24 o
% a-?f,‘v Y,
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Melo San Piero |
* GM 37
30% LN
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Some results = buds from trees in the field (year 2011) o

100 ECP/G
90
& Moigture content
30% 23% 0%  25% 29% 26% 30% 26% 299 20% €= rES
70 Of milero-gsclons

\

Successful budding (%)

: ) ‘.'. ! /
‘Segala’ ‘Paradigo’ ‘Biancone’ ‘Ferrocegio’ ‘Mela Pedicini’ . /

B controe [ 26-30% dehydration, — LN I 26-30% deRydration, + LN
Bl 22-26% dedydration, — LN [ ] 22-25% dekydration, + LN g
100
| —
90 i L-
~ 80 » | Molgture content =il
> 0% 26% 28% 26% 7%  25% 20% 22% | B
(@) 70 | Of milero-gelons
S ]
= 60 o
o] |
S \ Prs
T, N
2
= 40 m\y
§ 30 ] @ Consiglio Nazionale delle Ricerche
S 90 Istituto per la BioEconomia
» 10
0 []

‘Roga’ ‘Rogsgo Str. francege’ ‘Rogato monfencra’ ‘Brut ¢ 6ow’ }éER’IPgC%,TTU?A ,
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Some results = buds from trees in the field (years 2011-2015) pe
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. @ onsiglio Nazionale delle Kicerche 2
Some results > buds from plants in screen-house | SlerNb oo sgie-d cem*

Dipartimento di Scienze Bio Agroalimentari attivita
vivaistiche

Moister
analyzer

Chip budding f N



@ Consiglio Nazionale delle Ricerche A %‘
Istituto per la BioEconomia L

Dipartimento di Scienze Bio Agroalimentar a_tti\gité_
vivaistiche

Correctly grafted plants and regrowth

Variety
: 26% 20 40 95 95 100
. DEVIL GALA™® ZACAV
: 23% 20 40 100 90 90
26% 19 38 95 89 95
. SIMMONSPVR BUCKEYE® 8150INCAV
| 23% 20 40 85 85 85
| 26% 20 39 90 85 90
' CAMSPUR RED CHIEF® FNCAV
| 23% 20 39 80 80 50
X 26% 30 60 a3 83 a3
. GALAXYP® CICAV
o 23% 30 60 a0 77 77
e 26% 20 40 90 85 85
- GALAXYP® (da campo) FNCCAV
23% 20 40 80 70 85
= 26% 15 30 53 40 13
NORGE™® (da campo) CICAV

23% 15 30 13 47 27

MC: moisture content; DB: winter dormant b

A0



@ Consiglio Nazionale delle Ricerche A e
Istituto per la BioEconomia aRive.

Dipartimento di Scienze Bio Agroalimentor a‘tlvlta
vivaistiche

Cryopreservation of apple buds to assure a backup
copy for pre-base materials held in screenhouses

M. Pancaldi!, C. Benelli2, F. Burroni!, C. Contaldo!, A. De Carlo?, E. Tura! and M.
Lambardi2a

Acta Horticulturae, in press

Mutant clones of polyclonal
Camspur culti vars

e R




MC  Nr. grafted : Survival after

Species Accession (%) rootstocks g . LN (%)
Blue free 24 10 20 100
Sugar top 23 35 70 68
President 22 12 24 67
Blumoon 23 34 69 52
Plum Grossa di Felisio | 23 35 70 49
(Prunus spp.)
Fortune 24 14 28 29
Zaipubo 20 18 36 22
Agen 22 35 70 20
Bianca di Milano 23 25 50 12
Pear .
(Pyrus communis) Santa Maria 24 18 36 22
Cherry :
Prunus avium Karima 23 19 38 26
Ay
ﬂ Consiglio Nazionale delle Ricerche c
' Istituto per la BioEconomia o
Dipartimento di Scienze Bio Agroalimentari eit\tlia‘%isttéiche



Problematics

The technique requires to be
optimized for each cv, especially
as for moisture content of uni-
nodal sections before LN

-
-

o only one 1'l"l0| per year can be

carried out, due to grafting time —
R oy B3 Ny

e a large number' of good-quality

rootstocks is necessary every

year

»
r"'
-
-
—



We consider fundamental to find precocious tests of viability for
uni-nodal sections (buds+cambium cells), to be applied immediately
after cryopreservation.

e A simple
CUT TEST

‘\

®
NN ////////////
N

—
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ECP/GR



TTC (=TEZ) TEST (2,3,5-
triphenyltetrazolium chloride)

— commonly used to test
seed viability. No infor
mation as for the use
to test viability of
bud and cambium ceIIs

by a conductance-meter
Crison EC-BASIC 30,

according to the method
developed for oak seeds
by Pasquini et al., 2011

%




eeeeeee

TTC test 65:
— 0.5% TTC, 1 day at 30°C and darkness

Alive

.

X \\\ e
%



Electrolyte leakage > MEL test (Verleysen et al. 2004) g?

A o
ECP/GR
MEL test
C22=100 (C, - Cy) / (Ck=Co) The test is based on the release of solutes in double-distilled water,
following ruptures of the cell membranes. The greater the damage
where Ca4 is the conductance calculated after 24 hours of incubation, Cx suffered by a plant tissue for any cause, the higher the quantity of
is the measured conductance, Cp is the conductance of the water and Cx solutes released from the cytoplasm and, consequently, the relative

is the value of the conductance measured after autoclaving the sample. conductivity value of the water.

— conductivity of bidistilled water measured after

N 8, 24 and 48 h and expressed in uSiemens/g of tissue 77/ /.

120 120

100 100

80

---------------------------------- I e el g3y
Hir e

Conduttivita (pS)
- =2




Electrolyte leakage test “Eopoh

cv Rosato monfenera Values after 24 A
100

control after autoclavage deh 27% doh 27% + IN deA23%  deh 23% + IN

Successfull
budding (%)

27% dehydration-LN 25

i |

27% dehydration + LN 46

23% dehydration - LN 63

|
A

23% dehydration + LN 29 33



Dehydration-
slow cooling

Winter scion treatments

collection

A iy

Preliminary
tests of
bud/cambium
vitality

LT

deh 23%+ LN

deh 23%

Chip-budding



Problematics:

e the "species-specificity"
of the technique

plum

e Not idoneous for

species that cannot
be reproduced by

budding
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The question is now.....

.. ...Which is the most efficient cryo-technique
to duplicate an apple collection???

Lambardi M., Benelli C., De Carlo A., Ozudogru E.A., Previati A., Ellis D., 2012.
Acta Hort. (1st Int. Symp. on Cryopreservation in Horticultural Species. Leuven,
Belgio, 5-8 April 2009).



3
Gn 3%
JA: scion Ilcﬁon and Mid FEB: introduction _ .
grafting in greenhouse in vitro & establishment for shoot tip excission JUNSCRygEevation
ime ber weeKs .9 montns subcuitures weekKs
Ti p 3 6 k . ths (4 subcult )‘# 4 k "
accession § >= 6 mnt
Work Per. : 5 work hours i . 6 work hours A8 6 work hours .= 17 wh
accession
LN ;
g ¥ : ¥
i Gn 3% {] i it
| SEP: thawing, plating & shoot development JAN: shoot line MAR: acclimatized  (MAY: plantation)
d re-established plantlets
e 4 weeks _ 16 wks (4 subcultures) 12 wks (elong+root+accl)  ----- S5 gl
2 work hours 8 work hours 4 work hours 4 =----

A
v
A
v
1



Apple cyopreservation by dormant-bud technique =
ECP/GR
Mid JA: cin collection MA: um—nodal segment : . : :
and cold-hardening preparation & dessiccation Mic S oW Eling & cryOHiE S S
Time per _ 6 weeks . 6 weeks G
accession
Work per 1 work hour 5 work hours B
" < > < D = w
accession
LN |
4 |
F |
i Melo Sen Pl [
e e L Y i
| MAY: thawing and Mid MAY: Mid MAY-End JUNE: graft healing,
d rehydration in damp peat budding plant development, transfer to soil
2 weeks 7 weeks
4 — < » = O wks
1 work hour 2 work hours 6 work hours
< > < > < >= 9 wh



Dormant buds PVS2 vitrification

Some advantages.....

® it doesn't require any passage in vitro

® from the field to LN in almost half time

® from LN to the field in 1/4 of the time

® about 50% of the handlabour required

rrrrr
hhhhhhh
Genetic
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Dormant buds PVS2 vitrification " ECRGR

One disadvantage that cannot be underestimated.....

Dewar of 120 It of liquid nitrogen

8 racks x 10 cryoboxes x 8 racks x 10 cryoboxes x
25 cryovials x 10 shoot tips 7 bags x 5 segments

20,000 units of conservation 2,800 units of conservation
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