A

;aiﬁ‘éf‘ﬁ- . UNIVERSITA
| ” S AI-,,:{]_‘O %1 ) &l DEGLI STUDI
%" DITORINO

T

i

'y

i

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Decreasing the concentration of IBA or combination with ethylene inhibitors improve bud
retention in semi-hardwood cuttings of hazelnut cultivar 'Tonda Gentile delle Langhe'

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/133161 since

Published version:
DOI:10.1016/j.scienta.2011.09.029
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

05 December 2024



UNIVERSITA DEGLI STUDI DI TORINO

This Accepted Author Manuscript (AAM) is copyrighdtand published by Elsevier. It is posted here by
agreement between Elsevier and the University oinT@€hanges resulting from the publishing process

- such as editing, corrections, structural fornmgttiand other quality control mechanisms - mayheot
reflected in this version of the text. The defwativersion of the text was subsequently published i

Cecilia Contessa, Nadia Valentini, Roberto BottB12 Decreasing the concentration of IBA

or

combination with ethylene inhibitors improve budergion in semi-hardwood cuttings of hazelnut

cultivar ‘Tonda Gentile delle Langhe’. Scientia Houlturae, Volume 131, 22 November 2011, Pa
103-106D0I:10.1016/j.scienta.2011.09.029

You may download, copy and otherwise use the AANMhfan-commercial purposes provided that yo
license is limited by the following restrictions:

(1) You may use this AAM for non-commercial purpesaly under the terms of the CC-BY-NC-ND
license.

(2) The integrity of the work and identification thie author, copyright owner, and publisher must be
preserved in any copy.

(3) You must attribute this AAM in the following fimat: Creative Commons BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4&6dlen),

http://www.sciencedirect.com/science/article/pi388423811005024

jes




28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

48

49

50

Decreasing the concentration of IBA or combinatiorwith ethylene inhibitors
improve bud retention in semi-hardwood cuttings ohazelnut cultivar ‘Tonda

Gentile delle Langhe’

Cecilia Contessa, Nadia Valentini, Roberto Botta

Dipartimento di Colture Arboree, Universita deglu& di Torino,

Via Leonardo Da Vinci, 44 10095 Grugliasco (TOxJyt

*Corresponding author: Tel.: +39 011 6708816; Fe89 011 6708658

e-mail address: cecilia.contessa@unito.it



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Abstract

The effect of two concentrations (500 and 1000 Mghf indole-3-butyric acid (IBA)
and the combination dBA treatments (1000 mgt) with two ethylene inhibitors, 1-MCH.-
Methylcyclopropene) and AgN{Don adventitious root formation and bud retentdrsemi-
hardwood cuttings were investigated in hazelnDorylus avellana L.) cultivar ‘Tonda
Gentile delle Langhe’.

The IBA 500 mgL® treatment promoted percentages of rooting (70.£i#)lar to IBA
1000 mgL* treatment but reduced bud abscission resultingig% of rooted cuttings with at
least one bud retained. The use of 1-MCP and AgN®ombination with IBA 1000 mgt

treatment reduced bud abscission without modifyiregrooting response.

Keywords Corylus avellana; bud abscission; indole-3-butagid; 1-MCP; silver nitrate

1. Introduction

The most common techniques of propagation of hatedne by stool layering and
rooted suckers. Micropropagation is the safestrandt productive form of propagation, but
in hazelnut it still shows low yield due to contaaiion during culture establishment and the
limited adaptability of the explants in vitro conditions (Bacchetta et al., 2008; Yu and Reed,
1993).

The propagation by cutting can be considered aarraltive, rapid and relatively
economic method but, in spite of the numerous sesidionducted for the hazelnut, the
technique has not yet been transferred to an industale due to poor rooting ability and

cutting survival of most cultivars.
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In some plant species, root formation initiateshaiit any treatment, while in others it
requires the application of growth regulators, Ugwauxins (Syros et al., 2004). The hazelnut
hardly roots simply by cutting and treatments vatlxins are required, as reported by several
researchers (Cristofori et al., 2010; Ercisli areh® 2001; Kantarci and Ayfer, 1994he
rooting ability of cuttings is strongly influencda; collection time, age of the cutting and
genotype (Cristofori et al., 2010). Although mositheors were able to obtain rooting in
several hazelnut cultivars, less information isilatée on the bud retentios first reported
by Lagerstedt (1982) bud abscission is a limitiagtdér to propagation of hazelnut stem
cuttings, even though the rooting percentage mayabeeptable (Bassil et al.,, 1991,
Proebsting and Reihs, 1991).

It is known that auxin can affect the ethylene picithbn (Abeles et al., 1992; Ecker,
1995; Wei et al., 2000). In ornamental species ais wbserved that ethylene, produced
following a stress, has an effect on leaf drop, &odrtion and bud abscission, senescence and
physiological disorders of vegetative and geneeatirgans (Reid, 1985; Reid and Wu, 1992;
Serek et al., 2006).

Several investigations have been reported on th@isthylene inhibitors such as silver
salt (silver thiosulfate and silver nitrate) 1-MCRMethylcyclopropene) and N,N-dipropyl(1-
cyclopropenylmethyl)amine (DPCA) to prevent ethgettion at the receptor level (Seglie et
al., 2010; Serek and Sisler, 2001; Sisler et 8092.

The aim of this study was to evaluate the effectI®A (Indole-3-butyric acid)
treatments at two concentrations (500 and 1000 thghd the use of two ethylene inhibitors,
1-MCP (1-Methylcyclopropene) and AgNQcombined with IBA1000 mgt treatment, on
rooting and bud retention of semi-hardwood hazetuftings from cultivar ‘Tonda Gentile

delle Langhe’.

2. Materials and methods
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2.1 Plant material

The experiment was carried out in 2010 on cuttiogiected from twelve years old
plants grown in Cravanzana (Piedmont, NW Italy)Xthe Langhe District (latitude 44°34',
longitude 8°07', altitude 550 m a.s.l.).

Semi-hardwood shoots, collected from the canopyeviarvested on ¥3July from
‘Tonda Gentile delle Langhe’ cultivar when the iatd attained full size, just before seed
growth. Semi-hardwood shoots were chosen as prtpagmaterial following literature
(Lagerstedt, 1982; Ercisli and Read, 2001). Shease collected, sprayed with water and
maintained wet overnight in white plastic bags at;4the following day the material was
treated and placed in the greenhouse of the Dipantio di Colture Arboree, of the
University of Torino.

The terminal portion of shoots was discarded; titeterminal portion (Proebsting and
Reihs, 1991) was cut every third node producingu@sbcuttings (the basal third bud was
buried). Cuttings had a mean diameter of 4.5+£0.8 amch mean length of 16.1+2.4 cm. The
basal leaf was removed whereas the highest onewtas half length. Four replicates of 20

cuttings per treatment were used for the trial.

2.2 Treatment of plant material
Experiment 1. Effect of two IBA levels

Two different growth regulator treatments wereedsiBA 500 mgL' and IBA 1000
mgL™. Indole-3-butyric acid (Sigma, St. Louis, MO, US#9lutions were freshly prepared
dissolving the IBA powder in 3.75 ml and 7.5 ml N&OH 1N afterwards brought to a
volume of 1L with distilled water. The basal porti(8 cm) of each cutting was dipped in the

hormone solution for 1 minute. Untreated cuttingsewsed as control (Control 1).

Experiment 2. Effect of 1-MCP treatment in combination with IBA 1000 mgL™ treatment
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Two sets of cuttings dipped in tap water were plaicea gas-tight cabinet (40 L) at
21°C for 6 h; the first set was exposed to 500 pgCP (EthylBlo€, Rohm & Haas
Company, USA) while the second one was not treatedl used as control (Control 2).
Afterwards, the basal portion of cuttings of bogisswas dipped in IBA 1000 mgLsolution

for 1 minute.

Experiment 3. Effect of AgNOs treatment in combination with |BA 1000 mgL™ treatment

The basal portion of cuttings was dipped in IBA @0@gL* solution for 1 minute;
cuttings were transferred into the planting benuth sprayed with AgNg250 mgL* (Sigma,
St. Louis, MO, USA). Cuttings treated with IBA 1086gL" in experiment 1 were used as

control (Control 3).

All treated cuttings were planted in a growing Weriiled with a mixed perlite and
vermiculite substrate (ratio 1:1) under a glasegheuse covered with a shading net (60%)
where temperature ranged between 26 and 28°C dativeehumidity was 80-90%. The
experimental design was completely randomised.

Irrigation was supplied using a RRS-1 mist systéetéfim, Tel Aviv, Israel) with
sprinkler lines under the control of a mist progagacontroller. A modified wet rain sensor
was used as an artificial leaf to activate thendqer.

After 2 months, cuttings were removed and claskifse rooted, callused, living
unrooted, and dead.

The number of cuttings with retained buds was cedinThe percentage of cuttings with
retained buds was calculated across all livingtédocallused and unrooted) cuttings (Living
cuttings with retained buds) and over rooted cg#tifRooted cuttings with retained buds). The
mean number of retained buds was calculated asiih#er of cuttings with at least one

retained buds (Number of retained buds per cutting)
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The quality of rooting was evaluated counting raatsl calculating the number of roots
per rooted cutting, and measuring root length (Rexxgth per rooted cutting), using a ruler.
Data were statistically analysed by ANOVA and Tukegst using the SPSS software

Inc. (Chicago, USA).

3. Results

The auxin treatments tested in experiment 1 pratiucenighly significant effect on
rooting in comparison with the control (Table 1)ith\tegard to the percentage of rooting, no
significant differences were found between the liB#atments with percentages of rooting of
70.0% for IBA 500 mg[* and 72.5% for IBA 1000 mgt The highest presence of callusing
was observed in Control 1 (60.0%). No significaiffiedence was detected as concerns cutting
mortality (7.5-16.3%).

Considering all the living cuttings, including tleowvithout roots or callus, the control
showed the highest percentage of cuttings witmdjvbuds (91.3%); this percentage was
significantly different from the value recordedtie IBA 1000 mgL* treatment.

Treatment with IBA 500 mgt resulted in the highest amount of rooted cuttinggh w
living buds (56.3%) with a significant differenae IBA 1000 mgL™* treatment and the Control
1. The Control 1 retained the highest number ah¢j\buds per cutting (1.8), considering only
cuttings with at least one retained bud, but shotkedowest number of roots/cutting and the
shortest roots. No significant differences of ratmvelopment were found between IBA
treatments.

Ethylene inhibitors in combination with IBA 1000 iid had no significant effects on
any parameters except for bud retention (TableWajh 1-MCP treatment a significantly
higher percentage of buds retention was observddeated cuttings, yielding 43.8% cuttings

having both rooting and at least one living bude BgNG; treatment significantly promoted
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bud retention in rooted cuttings yielding 45.0% robted cuttings with at least one bud

retained.

4. Discussion

The response of semi-hardwood hazelnut cuttingsTohda Gentile delle Langhe’
following application of two IBA concentrations (31000 mgL') and the supply of volatile
(1-MCP) and non-volatile (AgN$) inhibitors of ethylene action in combination with
IBA1000 mgL* treatment were investigated.

Our results showed that IBA treatments were effedt promoting rooting. The relation
between IBA concentration and bud death in sendviaod hazelnut cuttings was confirmed,
in agreement with the results by Bassil et al. {398 which treatments with IBA at 1000 to
2500 mgL* caused almost complete bud abscission.

Data obtained in our study support the hypothédsisthe application of exogenous auxin
affect bud abscission, probably due to ethylenedyetion, in agreement with the results
reported for different species of ornamental plaamd cut flowers (Rungruchkanont et al.,
2007; Sun and Bassuk, 1993; Zhao and Hasensteid).2@\rteca and Arteca (2008)
demonstrated that iArabidopsis thaliana L. inflorescence stalks and leaves treated witl hig
level of exogenous IAA exhibited an increase imyltne production 2 h following treatment
initiation. They also showed that the highest ratesthylene production are found in actively
dividing cells as in case of younger leaves and tips.

The effect of ethylene inhibitors on bud retentia@s already been tested and showed a
positive effect on preservation of cut flowers (Beget al. 2010; Sun and Bassuk, 1993).
Cuttings of ‘Tonda Gentile delle Langhe’ respondedhe application of ethylene inhibitors
improving bud retention in rooted cuttings. Thislicates that ethylene action is actually at

least one of the factors that causes bud abscissilonving application of IBA. 1-MCP and



204

205
206
207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

AgNO; provided a significant protection against ethyl@neventing bud drop and had not a

negative influence on adventitious root formatidrwttings.

In conclusion, our results showed that the usewfIBA concentration (500 mgt) in
‘Tonda Gentile delle Langhe’ promotes an adequat#ing and reduce bud abscission in
comparison with higher IBA concentrations. The giebtained make this cutting protocol
interesting and suitable for the propagation ofelvazt. The higher bud retention following the
use of ethylene inhibitors indicates the involvemehthe hormone in the process of bud
abscission. The effect of ethylene inhibitors sbdaé further investigated in combination with
IBA 500 mgL! in cultivars exhibiting good rooting capacity, kuas ‘Tonda di Giffoni’ and
‘Tonda Gentile delle Langhe’, and in cultivars detteant to rooting, in this case associated

with higher doses of IBA.
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Table 1. Effect of IBA treatment on cuttings of fida Gentile delle Langhe’ after 60 days. Means

followed by the same letter are not statisticalffedent at p<0.05 (small) or £0.01 (capital).

Root Living Number Rooted
Number . ;
Living of roots length cuttings o_f cuttings
Treatments Rooted Callused unrooted Dead or per with  retained  with
(%) (%) (%) P rooted |retained buds retained
(%) rooted .
cuttin cutting buds per buds
9 (m) | (%) cutting (%)
Experiment 1
Control 1 (Untreated) 7.5B 60.0 A 25.0 A 7.5 12B 1.48B 91.3A l18a b5¢@.
IBA 500 70.0 A 25B 16.2 AB 11.3 192A 74A 7TH8 11b 56.3 a
IBA 1000 725 A 6.3B 49B 16.3 185A 52A 4B3 1.2b 30.0b
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Table 2. Effect of IBA1000 treatment in combinatiaith two ethylene inhibitors (1-MCP and
AgNO3) on cuttings of ‘Tonda Gentile delle Langhe’ 6Q/slafter the application. *significantly

different at pc0.05.

Root Living Number Rooted
Number . X
Living of roots length cuttings o_f cuttings
Treatments Rooted Callused unrooted Dead er per with  retained  with
(%) (%) (%) P rooted |retained buds retained
(%) rooted .
cuttin cutting buds per buds
9  (cm) (%)  cuting (%)
Experiment 2
Control 2 (IBA 1000) 61.3 8.8 15.0 15.0 15.1 5.1 47.5 1.1 31.3
IBA1000+1-MCP 61.3 7.5 16.3 15.0 13.2 5.0 61.3 1.1 4338
p ns ns ns ns ns ns * ns *
Experiment 3
Control 3 (IBA 1000) 72.5 6.3 5.0 16.3 18.5 5.2 41.3 1.2 30.0
IBA 1000+AgNO3 57.5 6.3 11.3 25.0 15.4 5.0 62.5 1.2 450
p ns ns ns ns ns ns ns ns *




