


Advances in Horticultural Science 
Published by Firenze University Press ­ University of Florence, Italy 
Via Cittadella, 7 ­ 50144 Florence ­ Italy 
http://www.fupress.com/ahs 
 
Direttore Responsabile: Francesco Ferrini, University of Florence, Italy. 

Copyright ©2015 Authors: The authors retain all rights to the orginal work without any restrictions. 
Content licence: Except where otherwise noted, the present work is released under Creative Commons Attribution 4.0 
International license (CC BY 4.0). This license allows you to share any part of the work by any means and format, modify it 
for any purpose, including commercial, as long as appropriate credit is given to the author(s), any changes made to the 
work are indicated and a URL link is provided to the license.  
Metadata license: All the metadata are released under the Public Domain Dedication license (CC0 1.0 Universal). 

http://creativecommons.org/licenses/by/4.0/legalcode
http://creativecommons.org/licenses/by/4.0/legalcode
http://creativecommons.org/licenses/by/4.0/legalcode
http://creativecommons.org/publicdomain/zero/1.0/legalcode


i

Frantisek Baluska
University of Bonn
Bonn, Germany

Karim Ben Hamed
Laboratoire des Plantes Extrêmophiles
Centre de Biotechnologie de Borj 
Cédria
Hammam, Tunisie

Stefano Biricolti
University of Florence
Florence, Italy

Francois Bouteau
Université Paris Diderot-Paris 7, 
Sorbonne Paris Cité
Orsay Cedex, France

Elena-Cocuta Buciumeanu
National Research and Development 
Institute for Biotechnology in 
Horticulture
Bucarest, Romania

Mauro Centritto
National Research Council
Sesto Fiorentino (FI), Italy

Vadzim Dzemidchyk
University of Minsk
Minsk, Byelorussia

Rudolf Eibach
Institute for Grapevine Breeding
Siebeldinge, Germany

E.P. Eleftheriou
Aristotle University of Thessaloniki
Thessaloniki, Greece

Andrea Fabbri
University of Parma
Parma, Italy

Silvano Fares
Consiglio per la Ricerca e la 
sperimentazione in Agricoltura
Rome, Italy

Martin Fellner
Palacky University & Institute of 
Experimental Botany ASCR
Olomouc-Holice, Czech Republic

Vassilis Fotopoulos
Cyprus University of Technology
Limassol, Cyprus

Monica Gagliano
The University of Western Australia
Crawley, Australia

Edgardo Giordani
University of Florence,
Florence, Italy

Luis Gurovich
Universidad Católica de Chile
Santiago, Chile

Yoichiro Hoshino
Hokkaido University,
Sapporo, Japan

Lin Jinxing
Beijing Forestry University
Beijing, P.R. China

Maurizio Lambardi
National Research Council
Sesto Fiorentino (FI), Italy

Francesco Loreto
National Research Council
Rome, Italy

Andrea Luvisi
University of Pisa
Pisa, Italy

George Manganaris
Cyprus University of Technology
Lemesos, Cyprus

Christian Mazars
Paul Sabatier Univ. - Toulouse III
Toulose, France

Alessio Mengoni
University of Florence
Florence, Italy

Franco Miglietta
National Research Council
S. Michele all’Adige (TN), Italy

Axel Mithoefer
Max Planck Institute
Jena, Germany

Susan J. Murch
University of British Columbia
Kelowna, British Columbia, Canada

Peter M. Neumann
Faculty of Civil and Environmental 
Engineering
Haifa, Israel

Velemir Ninkovic 
Department of Ecology
Uppsala, Sweden

EDITORS-IN-CHIEF

Stefano Mancuso
University of Florence

Florence, Italy

ASSOCIATE EDITORS

ADVANCES IN HORTICULTURAL SCIENCE

Formerly Rivista dell’Ortoflorofrutticoltura Italiana
founded in 1876 and issued by University of Florence, Italy

supported by



ii

Advances in Horticultural Science is covered in the following indexing and abstracting services: 
ACNP Catalogo Italiano dei Periodici - AGRICOLA - AGRICULTURE Journals - AGRIS - APE Journal - BASE 
Bielefeld Academic Search Engine - BIOBASE - Biological Abstracts - Biological Science Journals PQ - BIOSIS Preview 
THOMSON REUTERS - CAB Abstracts - EBSCO - EZB–Elektronische Zeitschriftenbibliothek – Universitätsbibliothek 
Regensburg - Google Scholar - HORTICULTURAL Abstracts - JournalSeek. A Searchable Database of Online Scholarly 
Journals - JURN - Natural Science Journals PQ - NewJour. Electronic Journals & Newsletters, University of Georgetown 
- OAISTER oclc - Ornamental Horticulture CABI - Plant Breeding Abstract CABI - Proquest - Scirus ELSEVIER - 
SciTech Journals - SciVerse SCOPUS ELSEVIER - Searchteam - Ulrich’s Periodicals Directory - WoS Web of Science 
Thomson Reuters - WorldCat

Advances in Horticultural Science is published by the Department of Agrifood Production and Environmental Sciences, 
University of Florence, Viale delle Idee, 30, 50019 Sesto Fiorentino (FI), Italy Phone +39-055-4574021-22, Fax +39-055-
4574910, E-mail: advances@dispaa.unifi.it

subscriptions -	� The subscription price of volume 29, 2015 is € 60.00 in Italy and € 70.00 in other countries. Mailing costs: € 3 
for Italy, € 6.50 for Europe and € 10.00 for the rest of the world. The subscription price of an issue is € 17.00 in 
Italy and € 20.00 in other countries.

Alberto Pardossi
University of Pisa
Pisa, Italy

Igor Pottosin 
Universidad de Colima
Colima, Mexico

Silvia Radice
Facultad de Agronomía y Ciencias 
Agroalimetarias
Morón, Buenos Aires, Argentina

Hava F. Rapoport
Instituto de Agricultura
Sostenibible, CSIC
Cordoba, Spain

Tapani Repo
Finnish Forest Research Institute
Joensuu, Finland

Sergey Shabala
University of Tasmania

Hobart, Tasmania, Australia

Hans Schultz
Geisenheim Research Center
Geseinheim, Germany

Jorge Soria
INIA
Las Brujas, Uruguay

Vicente Sotés Ruiz
Università Politecnica di Madrid
Madrid, Spain

A.K. Srivastava
National Research Center for Citrus
Nagpur, Maharashtra, India

Narendra Tuteia
ICGEB
New delhi, India

Kawano Tomonori
The University of Kitakyushu
Kitakyushu, Japan

Teofilo Vamerali
University of Padua,
Padua, Italy

Johan Van Huylenbroeck
Institute for Agricultural and Fisheries 
Research
Melle, Belgium

Marie-Christine Van Labeke
Ghent University
Ghent, Belgium

Liz Van Volkenburgh
University of Washington
Seattle, Washington, USA

Carlo Viti
University of Florence
Florence, Italy

Yinglang Wan 
Beijing Forestry University
Beijing, P.R. China

MANAGEMENT EDITOR

Cinzia Silori
University of Florence

Sesto Fiorentino (FI), Itali



CONTENTS

Kakuei F., Salehi H.
Factors affecting in vitro propagation of Dracaena sanderiana Sander ex Mast. 
cultivars. I. Sterilization, explant browning, and shoot proliferation 	 159

Kakuei F., Salehi H.
Factors affecting in vitro propagation of Dracaena sanderiana Sander ex Mast. 
cultivars. II. MS salt strengths, subculturing times, rooting and acclimatization	 165

Jangali Baygi M., Alizadeh M., Ghaderifar F., Sharifani M.
Dormancy removal in pistachio nut: Influences of Hydrogen Cyanamid 
(Dormex®) as compared to ordinary seed chemical pre-treatments 	 171

Iwase J., Sato Y., Comparini D., Masi E., Mancuso S., Kawano T.
Non-invasive acoustic sensing of tuberous roots of sweet potato (Ipomoea 
batatas) growing belowground 	 176

Bakri Y., Akeed Y., Ouda R., Al-Domani TH., Arabi M.I.E., Jawhar M.
Lipase production by Fusarium culmorum in solid state fermentation 	 181

Rinaldi L.M.R., Leva A., D’Acqui L.P.
Influence of seed provenance on the propagation of Picea abies (L.) Karst 	 185

Ranjbar A., Ahmadi N.
Effects of 1-MCP and ethylene on antioxidant enzyme activity and postarvest 
physio-biochemical characteristics of cut carnation flower cv. Fortune 	 192

Golubkina N.A., Nadezhkin S.M., Agafonov A.F., Kosheleva O.V., 
Molchanova A.V., Russo G., Cuciniello A., Caruso G.
Seed oil content, fatty acids composition and antioxidant properties as affected 
by genotype in Allium cepa L. and perennial onion species 	 199

Luvisi A., Rinaldelli E., Panattoni A.
Effects of extracellular K+ on grapevine membrane potential as influenced by 
the antiviral mycophenolic acid. An electrophysiological study 	 207

Lavee S.
Alternate bearing in olive initiated by abiotic induction leading to biotic 
responses 	 213

Author index 	 221

Subject index 	 224





159

1. Introduction

Dracaena sanderiana Sander ex Mast. (Lucky bom-
boo) belongs to the family Agavaceae. It is distributed in 
tropical and subtropical open lands of Africa and India. 
Despite its medicinal and ornamental importance, not 
much work has been undertaken with regard to its in vitro 
propagation; conventional vegetative propagation is the 
most prevalent method (Junaid et al., 2008). Vegetatively 
propagated plants accumulate several bacterial, fungal, vi-
ral, and mycoplasma diseases however the in vitro condi-
tion can overcome these problems and offers rapid vegeta-
tive multiplication of plants (Predieri, 2001; Muthusamy 
et al., 2007).

Usually this plant is propagated by means of seeds or 
cuttings however micropropagation is a proposed tech-
nique to produce healthy plants. To cover the needs for 
such plants, it is necessary to study the different factors 
affecting productivity of the explants to standardize the 
technique used for enhancing the multiplication of this 
important plant for indoor and outdoor uses.

Paek et al. (1985) found that Cordyline terminalis 
Electra and Scindapsus aureum Marble Queen shoot tips 
were successfully multiplied on a solid MS medium sup-
plemented with Indole-3-acetic acid (IAA) at 1.0 mg l-1, 
Kinetin at 3.0 mg l-1 and adenine sulphate at 100 mg l-1 and 
Na

2
H

2
PO

4
.H

2
O at 150 mg l-1. Atta-Alla et al. (1996) stated 

that the highest rate of shoot proliferation in Dracaena 
marginata Lam. ‘Tricolor’ was achieved on MS medium 
supplemented with BA at 4.0 mg l-1 plus NAA at 0.05 mg 
l-1. Furthermore, Tian-Lang et al. (1999) reported that us-
ing MS medium supplemented with BA (3-3.5 mg l-1) and 
NAA (0.02 mg l-1) was suitable for multiplication of D. 
sanderiana cv. Virescens. El-Sawy et al. (2000) produced 
the largest number of shoots per explant on MS medium 
supplemented with BA at 4.0 mg l-1. Kobza and Vachunova 
(1989) reported that MS medium enriched with BA and 
IAA or BA and NAA was the best. Stem explants of D. 
deremensis Warneckii ‘Lemon Lime’ with a dormant bud 
provided the most suitable propagation material. Leffring 
et al. (1985) found that, as both growth regulators (IAA 
and ABA) increased over a few month culture period, the 
downward movement of IAA resulted in basal callus for-
mation of Cordyline cultivars and prevented shoot devel-
opment as it antagonized the effects of Kinetin in the cul-
ture medium. Kobza and Vachunova (1991) found that MS 
medium supplemented with 1.0 mg l-1 Kinetin and 0.8 mg 
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l-1 IAA was the best medium for D. concina Kunth shoot 
production.

The objective of the present investigation was to 
study different aspects of micropropagation of D. sand-
eriana (lucky bomboo) and factors affecting its steriliza-
tion, browning decrease in explants, and proliferation of 
shoots to propose a commercial protocol for propagating 
this plant. 

2. Materials and Methods

This experiment was carried out at the Tissue Culture 
and Biotechnology Lab, Department of Horticultural Sci-
ence, College of Agriculture, Shiraz University.

Sterilization stage and effects of antioxidants
Numerous shoot explants of D. sanderiana (both cul-

tivars) measuring 3-4 cm long were removed from the 
mother plants and placed in a weak detergent solution 
(about 0.2%) for 20 min. To prevent the formation of 
polyphenols and the occurrence of browning, the explants 
were exposed to citric acid and ascorbic acid at 50 and 100 
mg l-1, respectively, and an integrated combination, for 30 
min. They were then washed with running tap water for 20 
min, followed by surface sterilization with 70% ethanol 
for 3 min plus 10% or 15% Clorox (a commercial bleach, 
containing 5.25% sodium hypochlorite) with 3-5 drops of 
Tween-20 for 10, 15, and 20 min. They were then rinsed 
three times with sterilized distilled water.

Culture media
Murashige and Skoog’s (1962) (MS) medium was used 

for the establishment stage supplemented with 30 g l-1 su-
crose and 8 g l-1 agar. The pH was adjusted to 5.8 before 
the addition of agar, then 40 ml of the culture medium were 
poured into 40 ml culture jars and autoclaved at 121ºC at 
a pressure of 1.5 kg cm-2 for 20 min using the following 
media: full strength MS medium and 1/2 strength MS 
medium. All the chemicals were purchased from Sigma-
Aldrich authorized distributer, Kimia Gostar Pooyesh Co., 
Ltd., Tehran, Iran.

Shoot proliferation and plant regeneration
Half strengths MS media supplemented with different 

concentrations of BA (1, 2, 3, 4 and 5 mg l-1) and NAA 
(0.25 and 0.5 mg l-1) were used for shoot proliferation and 
plant regeneration of both Dracaena cultivars. Also, the 
effect of the direction of explant positioning on media was 
studied to evaluate the proliferation and growth rate of the 
produced shoots.

Data recording and analysis
All the main experiments were conducted in a com-

pletely randomized design with eight replicates; the exper-
iments were repeated at least two times. Data were statisti-
cally analyzed and the means were calculated using SPSS 

(version 15) software whereby means were compared us-
ing LSD test at 5% level.

3. Results and Discussion

Sterilization stage
Results indicated that the use of Clorox significantly 

affected explant contamination (Table 1). Increasing Clo-
rox concentration increased the decontaminated explants 
in D. sanderiana. The highest mean value of explant de-
contamination (0%) was obtained when applying 15% (v 
v-1) of Clorox for 20 min.

An optimum value of healthy explants, free of contami-
nation, could be obtained by using Clorox at 15%, whereas 
the higher concentration had a negative effect on this char-
acteristic. Our results are consistent with those obtained by 
Kunisaki (1975) on Cordylin terminalis (L.) Kunth, Chua 
et al. (1981) on D. marginata Link, Sagawa and Kunisaki 
(1990) on Dracaena sp., and Badawy et al. (2005) on D. 
fragrans (L.) Ker Gawl. cv. ‘Massangeana’.

Effects of antioxidants
Antioxidants were used to reduce browning in explants. 

After placing the explants in a weak detergent solution 
(about 0.2%), they were placed in a solution containing the 
concentrations of 0, 50 and 100 mg l-1 ascorbic acid and 
citric acid separately and in combination for at least 30 min.

The data presented in Table 2 clearly show that both 
antioxidants significantly prevented browning in cultured 
explants of D. sanderiana. The highest mean of explants 
saved from browning was recorded when 100 mg l-1 of both 
ascorbic acid and citric acid were mixed and used in com-
bined form. The highest browning frequency and intensity 
belonged to the control. The use of 100 mg l-1 ascorbic 
acid, significantly reduced the browning of explants com-
pared with utilization of the same amount of citric acid. 
In a study conducted by Huang et al. (2002) it was ob-
served that PPO (polyphenol oxidase) enzyme activity re-

Table 1 -  �Effect of different concentrations of Clorox on surface steril-
ization of explants of Dracaena sanderiana Sander ex Mast.

Clorox concentrations (%)
Time
(min)

Contamination 
(%) 

Control (0) 0 100.00 a (z)

10 43.75 b

10 15 37.50 bc

20 18.75 bcd

10 18.75bcd

15 15 6.25 cd

20 0.00 d
(z) �Means followed by the same letter(s) are not significantly different 

using LSD test at 5% level.
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mains stable at pH 10 and strongly acts against browning; 
the use of ascorbic acid was to prevent the occurrence of 
browning. Elmore et al. (1990) also used ascorbic acid as 
an antioxidant and anti-browning substance in the culture 
medium for plant cells, tissues, and organs.

Shoot proliferation rate in horizontal and vertical ex-
plants: Green cultivar 

Table 3 shows the difference between the proliferation rate 
of horizontal and vertical explants of D. sanderiana ‘Green’ 
after 60 days of deployment following treatment with con-
centrations of 1, 2, 3, 4 and 5 mg l-1 BA, and 0.25 and 0.5 mg 
l-1 NAA. According to the results, the direction of explant po-
sitioning in the culture medium, either horizontal or vertical, 
had significant effects on successful establishment and pro-

liferation rates. The highest mean value (4.8) was recorded 
when using 2 mg l-1 BA and 0.25 mg l-1 NAA. Generally, 
explants showed a good response to this BA concentration 
to the extent that some cultures produced up to 10 shoots. 
However, regardless of growth regulator concentration, pro-
liferation failed to occur on vertical explants (Table 3, Fig. 1).

The highest average length of shoots in horizontally 
cultured explants of ‘Green’ was observed when BA and 
NAA were utilized at concentrations of 1 mg l-1 and 0.5 mg 
l-1, respectively. This resulted in the production of shoots 
measuring 3.25 cm long. Furthermore, shoots were suc-
cessfully produced measuring 3.05 cm long when BA and 
NAA were used at 3 mg l-1 and 0.5 mg l-1, respectively. 
The greatest average length of shoots achieved in verti-
cally cultured explants of ‘Green’ was 4.12 cm when 2 mg 
l-1 BA and 0.5 mg l-1 NAA were used (Table 4).

Table 2 - �Effect of different antioxidants on browning rate of Dracaena 
sanderiana Sander ex Mast.

Antioxidants concentrations (mg l-1) Browning (z)

Control (0) 8.60 a (y)

As50 5.20 bc

Ci50 5.80 b

As100 3.80 cd

Ci100 5.20 bc

As50+Ci50 3.60 d

As100+Ci100 2.20 e

(z) �10 the highest rate of browning and 1 the lowest rate of browning.
(y) �Means followed by the same letter(s) are not significantly different 

using LSD test at 5% level.
As= Ascorbic acid; Ci= Citric acid.

Table 3 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on the proliferation 
rate of ‘Green’

Treatments (mg l-1)
Average number of shoots

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 1.00 c (z) 1.00 c 1.00 B

1 0.25 1.20 bc 1.00 c 1.11 B

0.50 1.40 bc 1.00 c 1.22 B

2 0.25 4.80 a 1.00 c 3.11 A

0.50 1.60 bc 1.00 c 1.33 B

3 0.25 2.20 b 1.00 c 1.66 B

0.50 1.60 bc 1.00 c 1.33 B

4 0.25 1.00 c 1.00 c 1.00 B

0.50 1.40 bc 1.00 c 1.22 B

5 0.25 1.20 bc 1.00 c 1.11 B

0.50 1.60 bc 1.00 c 1.33 B

Mean 1.72 A 1.00 B

(z) �Data followed by the same letter(s) (lower letters for interactions and 
capital letters for factor means) are not significantly different using 
LSD test at 5% level.

Table 4 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on the length of 
shoots in ‘Green’

Treatments (mg l-1)
Average length of shoots (cm)

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 2.40 b (z) 1.88 b 2.16 AB

1 0.25 1.95 b 2.30 ab 1.91 B

0.50 3.25 ab 2.62 b 2.40 AB

2 0.25 2.30 b 2.25 b 2.80 AB

0.50 2.35 b 4.12 a 3.14 A

3 0.25 2.96 ab 2.88 ab 2.92 AB

0.50 3.05 ab 2.00 b 2.27 AB

4 0.25 2.70 b 2.12 b 2.40 AB

0.50 2.70 b 3.00 ab 2.83 AB

5 0.25 2.50 b 2.25 b 2.7 AB

0.50 2.40 b 2.62 b 2.50 AB

Mean 2.59 A 2.51 A

(z)  �Data followed by the same letter(s) (lower letters for interactions and 
capital letters for factor means) are not significantly different using 
LSD test at 5% level.

Fig. 1 - �Rate of shoot proliferation in Dracaena ‘Green’ cultured horizon-
tally on 1/2 MS medium with mg l-1 BA and 0.25 mg l-1 NAA- 40 
days after culture (left) and 60 days after culture (right).
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Average leaf number in horizontally cultured explants 
of ‘Green’ showed no significant difference in any of the 
treatments used, but in vertically cultured explants the 
greatest number of leaves (5.75) was obtained with 2 mg 
l-1 BA and 0.5 mg l-1 NAA (Table 5).

With increasing concentration of growth regulators, 
deformity was observed in most of the shoots produced. 
Shoots created from horizontally cultured explants of 
‘Green’, at a concentration of 4 mg l-1 BA, showed the 
greatest deformity and deviated from their natural state. 
The least deformity was observed in the control and 2 mg 
l-1 BA treatments. The level of deformity in shoots ob-
tained from vertically cultured explants of ‘Green’ was 
also higher at 5 mg l-1 BA. Deformity was not detected 
at low growth regulator concentrations and in the control 
explants (Table 6).

Shoot proliferation rate in horizontal and vertical ex-
plants: variegated cultivar

Table 7 shows the difference between the proliferation 
rate of horizontally and vertically cultured explants of D. 
sanderiana ‘Variegated’ after 60 days of deployment with 
the concentrations of 1, 2, 3, 4 and 5 mg l-1 BA, and 0.25 
and 0.5 mg l-1 NAA. According to the results, the direction 
of explant position in culture medium had a significant ef-
fect on proliferation rate: horizontally cultured explants 
showed a greater shoot proliferation rate. The highest 
mean value (3.66) was recorded when using 2 mg l-1 BA 
and 0.25 mg l-1 NAA (Table 7, Fig. 2).

When explants were treated with 1 mg l-1 BA and 0.5 
mg l-1 NAA, the average length of shoots in vertically cul-
tured explants of ‘Variegated’ measured 3.00 cm more 
than other treatments.

The average length of shoots in vertically cultured ex-
plants of ‘Variegated’ was the highest with 2 mg l-1 BA and 
0.5 mg l-1 NAA. The average length was 2.83 cm (Table 8).

Five leaves were obtained on average with the use of 
1 mg l-1 BA and 0.5 mg l-1 NAA. This average was higher 

Table 5 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on the average leaf 
number in ‘Green’

Treatments (mg l-1)
Average number of leaves (cm)

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 3.80 b (z) 4.00 b 3.88 AB

1 0.25 3.70 b 4.75 ab 4.16 AB

0.50 4.30 ab 3.50 b 3.94 AB

2 0.25 4.45 a 4.25 ab 5.02 A

0.50 3.90 b 5.75 a 4.05 AB

3 0.25 4.46 ab 4.75 ab 4.60 AB

0.50 4.30 ab 3.25 b 3.83 AB

4 0.25 4.00 b 3.50 b 3.77 B

0.50 4.50 ab 3.75 b 4.16 AB

5 0.25 4.20 b 4.00 b 4.11 AB

0.50 3.80 b 4.25 ab 4.00 AB

Mean 4.12 A 4.15 A

(z) �Data followed by the same letter(s) (lower letters for interactions and 
capital letters for factor means) are not significantly different using 
LSD test at 5% level.

Table 6 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on deformity in ‘Green’

Treatments (mg l-1)
Deformity (z)

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 0 g (y) 0 g 0 E

1 0.25 1.00 d-g 0 g 0.55 DE

0.50 1.00d-g 0.50 fg 0.77 DE

2 0.25 1.20 d-g 0.75efg 1.00 CD

0.50 0.80 efg 0.62 fg 0.72 DE

3 0.25 1.60 def 1.50 def 1.55 C

0.50 3.00 abc 1.87cde 2.50 B

4 0.25 2.20 bcd 2.75abc 2.40 B

0.50 3.70 a 3.40 a 3.61 A

5 0.25 3.20 ab 3.50 a 3.33 A

0.50 3.50 a 3.50 a 3.50 A

Mean 1.96 A 1.67 B

(z) �5= Highest deformity and 1= Lowest deformity.
(y) �Data followed by the same letter(s) (lower letters for interactions and 

capital letters for factor means) are not significantly different using 
LSD test at 5% level.

Table 7 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on the shoot prolif-
eration rate in ‘Variegated’

Treatments (mg l-1)
Average number of shoots 

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 1.00 c (z) 1.00 c 1.00 B

1 0.25 1.00 c 1.00 c 1.00 B

0.50 1.00 c 1.00 c 1.00 B

2 0.25 3.66 a 1.00 c 2.33 A

0.50 1.00 c 1.00 c 1.00 B

3 0.25 2.00 b 1.00 c 1.5 AB

0.50 2.00 b 1.00 c 1.5 AB

4 0.25 1.00 c 1.00 c 1.00 B

0.50 1.00 c 1.00 c 1.00 B

5 0.25 1.00 c 1.00 c 1.00 B

0.50 1.00 c 1.00 c 1.00 B

Mean 1.42 A 1.00 B

(z) �Data followed by the same letter(s) (lower letters for interactions and 
capital letters for factor means) are not significantly different using 
LSD test at 5% level.
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than other treatments. The average leaf number in verti-
cally cultured explants of ‘Variegated’ was 5.66 when 3 
mg l-1 BA and 0.25 mg l-1 NAA were used (Table 9).

With increasing concentration of growth regulators, 
deformity was observed in most shoots produced. Shoots 
created from horizontally cultured explants of ‘Variegat-
ed’, resulting from 5 mg l-1 BA with 0.25 and 0.5 mg l-1 
NAA, showed the greatest deformity and were deviated 
from their natural state. Deformity in shoots obtained from 
vertical explants of ‘Variegated’ was also higher at con-
centrations of 5 mg l-1 BA and 0.25 or 0.5 mg l-1 NAA; de-
formity was absent in low growth regulator concentrations 
and in control explants (Table 10).

Successful growth of explants under controlled condi-
tions is a function of the proper combination of nutrients, 
especially compounds controlling growth. Because of the 
small size of the explants used, synthesis and production 
of these compounds is greatly needed for organ growth 
and development. Therefore, in order to achieve maximum 
growth rate, it is necessary to use plant hormones in appro-

Table 8 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on the length of 
shoots in ‘Variegated’

Treatments (mg l-1)
Average lenght of shoots (cm) 

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 1.00 f (z) 1.33 def 1.16 CD

1 0.25 1.00 f 1.00 f 1.00 D

0.50 3.00 a 1.33 def 2.16 AB

2 0.25 1.50 c-f 2.16 a-e 1.83 A-D

0.50 2.33 a-d 2.83 ab 2.58 A

3 0.25 1.63 c-f 2.33 a-d 1.98 AB

0.50 2.00 a-f 1.33 def 1.66 BCD

4 0.25 1.16 ef 2.00 a-f 1.58 BCD

0.50 1.83 b-f 1.16 ef 1.50 BCD

5 0.25 1.33 def 1.66 c-f 1.50 BCD

0.50 1.16 ef 2.50 abc 1.83 A-D

Mean 1.63 A 1.70 A

(z) �Data followed by the same letter(s) (lower letters for interactions and 
capital letters for factor means) are not significantly different using 
LSD test at 5% level.

Fig. 2 - �Rate of shoot proliferation in Dracaena ‘Variegated’ cultured 
horizontally on 1/2 MS medium with 2 mg l-1 BA and 0.25 mg 
l-1 NAA- 55 days after culture (left) and on 1/2 MS medium with 
3 mg l-1 BA and 0.25 mg l-1 NAA 70 days after culture (right).

Table 9 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on the average leaf 
number in ‘Variegated’

Treatments (mg l-1)
Average number of leaves 

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 3.25 c (z) 3.00 c 3.12 B

1 0.25 3.66 bc 3.00 c 3.33 B

0.50 5.00 ab 3.00 c 4.00 AB

2 0.25 3.25 c 3.50 bc 3.45 AB

0.50 3.00 c 3.66 bc 3.33 B

3 0.25 3.41 bc 5.66 a 4.53A

0.50 3.66 bc 3.00 c 3.33 B

4 0.25 3.33 bc 3.50 bc 3.50 AB

0.50 3.33 bc 3.00 c 3.16 B

5 0.25 3.33 bc 3.00 bc 3.33 B

0.50 3.66 bc 4.00 bc 3.83 AB

Mean 3.53 A 3.42 A  

(z) �Data followed by the same letter(s) (lower letters for interactions and 
capital letters for factor means) are not significantly different using 
LSD test at 5% level.

Table 10 - �The interaction effect of different concentrations of BA and 
NAA, and exposure position of explants on deformity in 
‘Variegated’

Treatments (mg l-1)
Deformity (z)

MeanExposure position of explant

BA NAA Horizontal Vertical

0 0 0 e (Y) 0 e 0.00 E

1 0.25 0.33 de 1.00 cde 0.66 DE

0.50 1.00 cde 1.25 cd 1.16 CD

2 0.25 1.33 cd 1.50 bc 1.41 BCD

0.50 1.33 cd 1.50 bc 1.41 BCD

3 0.25 1.40 cd 1.66 bc 1.53 BCD

0.50 1.33 cd 1.66 bc 1.50 BCD

4 0.25 2.00 bc 1.80 bc 1.90 BC

0.50 1.66 bc 2.50 abc 2.08 BC

5 0.25 3.33 a 3.25 a 3.29 A

0.50 3.40 a 3.66 a 3.53 A

Mean 1.52 B 1.90 A
(z) 5 Highest deformity and 1 Lowest deformity.
(Y) �Data followed by the same letter(s) (lower letters for interactions and 

capital letters for factor means) are not significantly different using 
LSD test at 5% level
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priate concentrations. Having this goal necessitates the use 
of different hormones responsible for growth stimulation 
(Hu and Wang, 1983). The increase in shoot proliferation 
rate is partly due to the increase in BA concentration. This 
can be interpreted through the rate of cytokinins role in 
stimulating cell division and growth of lateral buds. Fur-
thermore, shoot proliferation culture media that is rich in 
cytokinins often results in lateral buds that have been re-
leased from terminal bud dominance (Taji et al., 1997). 
Explants that were taken from young stems of D. sanderi-
ana, as compared to older explants, showed greater shoot 
production in the media used. The results of this experi-
ment were in agreement with those of Tian Lang et al. 
(1999) on D. sanderiana cv. Virescens. They found that 
the use of 3 to 3.5 mg l-1 BA with 0.02 mg l-1 NAA yields 
the highest shoot proliferation rate in this species. Atta-
Alla et al. (1996) and El-Sawy et al. (2000) on D. mar-
ginata cv. Tricolor showed the highest shoot proliferation 
rate on MS medium containing 4 mg l-1 BA and 0.05 mg 
l-1 NAA. Moreover, our results were more or less the same 
as those of Maheran et al. (1996) on D. fragrans ‘Massan-
geana’ and Ying et al. (2008) on D. cambodiana Pierre ex 
Gagnep.

4. Conclusions

Explants of the ‘Green’ cultivar, cultured horizontally 
on media, were successful in yielding proliferated shoots. 
The highest mean value (4.8) was recorded on the medium 
supplemented with 2 mg l-1 BA and 0.25 mg l-1 NAA. Ex-
plants of the ‘Variegated’ cultivar, cultured horizontally 
on media, were also successful in yielding proliferated 
shoots. The highest mean value (3.66) was recorded on the 
medium supplemented with 2 mg l-1 BA and 0.25 mg l-1 
NAA.
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1. Introduction

Dracaenas rank second in Europe (Vonk Noordegraaf, 
1998) and third in the United States (U.S. Department of 
Agriculture, 1999) as popular foliage plants used for inte-
riorscaping. Dracaenas are also rich in steroidal sapoge-
nins and saponins (Mimaki et al., 1998, 1999; Yokoduk et 
al., 2000), some of which have cytotoxic activities against 
cultural tumor cells (Mimaki et al., 1999), making them 
an important group of plants for pharmacognosy research.

Dracaenas as ornamental plants are propagated through 
stem cuttings, which are predominantly imported from Cen-
tral America, but imported cuttings may carry and spread 
pathogens and pests (Palm and Rossman, 2003; Prado et al., 
2008). For example, an invasive pathotype of Ralstonia so-
lanacearum race 1 was identified from eye cuttings of gold-
en pothos imported from Costa Rica to Florida (Norman 
and Yuen, 1998). Childers and Rodrigues (2005) reported 
some pest mite species on ornamental plants imported to 
the US from Central America. Mass propagation through 
seeds has many limitations like seed dormancy, low rate of 
germination, and progeny variation in other plant species 
(Venkataramaiah et al., 1980; Chand and Singh, 2004). To 
overcome these problems and fulfill the required demand 
has necessitated restoring the productivity of plants through 

the use of plant tissue culture techniques (Bhattacharjee, 
2006) such as in vitro micropropagation which includes the 
rapid vegetative multiplication of valuable plant material for 
agriculture and forestry. In addition, the in vitro technique is 
also widely used in the commercial field for the microprop-
agation of ornamental plants in large numbers; however, the 
process is regulated by the biochemical reserve localized in 
specific organs (Thorpe, 1990; Bhattacharjee, 2006).

The objective of the present investigation was to study 
different aspects of micropropagation of D. sanderiana 
(lucky bomboo) and factors affecting its multiplication 
and rooting, and subsequent acclimatization to propose a 
commercial protocol for propagation of this plant. 

2. Materials and Methods

The experiment was carried out at the Tissue Culture 
and Biotechnology Lab, Department of Horticultural Sci-
ence, College of Agriculture, Shiraz University.

Effects of MS salt strength and number of subcultures
Green cultivar stem segments, bearing a node, were 

cultured horizontally on full MS, 3/4 MS and 1/2 MS me-
dia supplemented with 2 mg l-1 BA and 0.25 mg l-1 NAA. 
The case of subculture times was also assessed. Leaf and 
shoot numbers and the average length of shoots (cm) were 
recorded.
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Rooting
The experiment was conducted to study the effects of 

different concentrations of supplementary IBA (0, 1, 2, 3 
mg l-1) in MS medium on the rooting of both cultivars of 
D. sanderiana. All treatments contained 30 g l-1 sucrose 
and 8.0 g l-1 agar in the media used. The pH was adjusted 
to 5.8 before the addition of agar, then the culture me-
dia were poured into 40 ml culture jars and autoclaved at 
121ºC at a pressure of 1.5 kg cm-2 for 20 min. Shoots were 
incubated at 25±2oC under 16/8 (light/dark) photoperiod. 
The light intensity was 30 µm m -2 s-1 provided by cool 
white fluorescent lamps.

Transfer and adaptation
Plantlets were removed from the culture media; roots 

were washed with distilled water. They were then cul-
tured in a sterilized mixture of 1:1 perlite and vermiculite 
(v v-1) inside 5 cm pots covered with plastic bags and 
maintained at a relative humidity of about 95% to later 
initiate compatibility with field conditions. Plastic bags 
were gradually removed to allow steady acclimatization 
with lower humidity levels. After two months, they were 
transferred to the greenhouse where more compatibility 
was expected to be observed. For better growth, plants 
were fed with Crystalon fertilizer (0.5 mg l-1, once every 
15 days).

3. Results and Discussion

Effects of MS salt strength, number of subcultures, and 
number of shoots

From the data obtained for the number of shoots (Ta-
ble 1), the greatest mean value (2.00) was recorded when 
using 1/2 compared to 3/4 and full strength MS media, 
which resulted in 1.6 and 1.26 shoots, respectively. Pro-
liferation rates decreased in subsequent subcultures: 1.8 
and 1.2 shoots after the second and third subcultures, re-
spectively. Furthermore, the comparison of subcultures 
derived from full strength MS medium revealed that the 
first and second subcultures yielded 1.4 shoots, where-
as the third subculture yielded one shoot, respectively. 
Probably, the amount of internal tissue hormones have 
altered with time. 

Shoot length 
The data presented in Table 1 show the effect of MS 

salt strength, i.e. full, 3/4 and 1/2 strength, on shoot length 
of cultured D. sanderiana. The longest shoot (3.33 cm) 
was measured in explants cultured on 1/2 MS; full MS 
medium gave 2.6 cm and 3/4 MS medium gave 2.5 cm 
shoot length. With regard to the effect of the interaction 
between concentrations of MS salts and the number of 
subcultures on shoot length, it was found that the highest 
value for shoot length (4.10 cm) was obtained by using 1/2 
MS medium after the third subculture, as compared with 
that obtained from using full MS medium after the first 
subculture, which gave the lowest value (2.20 cm shoot 
length). The results reveal that as the salt concentration of 
MS medium decreases the proliferation and shoot growth 
rates increase.

Moreover, as the number of subcultures increased, 
more positive values for shoot length were obtained which 
may be attributed to the explants’ freshness and adequate 
nutrient supply. The presence of vitamins and growth reg-
ulators were partly responsible for growth enhancement.

Number of leaves
The data obtained for the number of leaves (Table 1) 

shows that the greatest mean value (4.86) was recorded 
when using 1/2 MS; 3/4 and full strength MS media pro-
duced 3.93 and 4.06 leaves, respectively.

The interaction between MS salt strength and the num-
ber of subcultures significantly affected the number of 
leaves produced; i.e. the highest mean value (6.20) was ob-
tained using 1/2 MS after three subcultures, as compared 
to 3/4 MS medium, regardless of the subculture stages, 
which gave 3.80 leaves after the first, and 4.00 leaves after 
the second and third subcultures. These results revealed 
that the MS salts at full strength were not effective in en-
hancing the initiation and formation of leaf primordia as 
compared to the lower concentrations. However, a positive 
impact was observed when subculturing was done again 
and again; in other words, the third subculture yielded 
more new leaves (Fig. 1).

Rooting
The data presented in Table 2 and figure 2 clearly show 

the effects of IBA concentration on the number of roots 

Table 1 - �The interaction effect of MS salt strength and subculture number on shoot length, number of leaves, and number of shoots during multi-
plication stage of Dracaena sanderiana Sander ex Mast.

MS 
strength

Number of shoots Shoot length (cm) Number of leaves

Sub. 1 Sub. 2 Sub. 3 Mean Sub. 1 Sub. 2 Sub. 3 Mean Sub. 1 Sub. 2 Sub. 3 Mean

Full MS 1.40 b (z) 1.40 b 1.00b 1.26 B 2.20 c 2.50 bc 3.10 b 2.60 B 3.60 c 4.00 bc 4.60 b 4.06 B

¾ MS 1.80 b 1.50 b 1.50b 1.60 AB 2.00 c 2.50 bc 3.00 b 2.50 B 3.80 bc 4.00 bc 4.00 bc 3.93 B

½ MS 3.00 a 1.80 b 1.20b 2.00 B 2.70 bc 3.20 b 4.10 a 3.33 A 4.00 bc 4.40 bc 6.20 a 4.86 A

Mean 2.06 A 1.56 B 1.23 B 2.30 B 2.63 B 3.40 A 3.80 B 4.13 B 4.93 A

(z) �Data followed with the same letter(s) (lower letters for interactions and capital letters for factor means) are not significantly different using LSD 
test at 5% level.
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and root length of cultured D. sanderiana. It was found 
that using IBA at different concentrations significantly af-
fected percentage of rooting. The highest percentage of 
rooting was observed at a concentration of 2 mg l-1 IBA 
(81.25%). The highest mean value for root length (3.36 
cm) was achieved when using 2 mg l-1 IBA as compared 
with that of untreated explants (1.00 cm).The highest mean 
value for the number of roots (5.00) was obtained with 2 
mg l-1 IBA as compared with the control explants which 
gave the lowest mean number of roots (1.75).

These results are in agreement with those obtained by 
Paek et al. (1985) on Cordyline. They concluded that using 
2.0 or 3.0 mg l-1 IBA resulted in more success in the root-
ing stage. Debergh (1975, 1976) succeeded in achieving a 
100% rooting percentage in D. deremensis Engl. and D. 
fragrans when using 2 mg l-1 IBA. Badawy et al. (2005) 
obtained the greatest root numbers and length in D. fra-
grans ‘Massangeana’ with 1/2 MS medium supplemented 
with 0.5 mg l-1 IBA.

Transfer and adaptation of ‘Green’ plants
A month after deployment in the rooting medium, the 

elongated and well-rooted plantlets were transferred to 
an equal ratio of sterilized perlite and vermiculite (v v-1). 
The greatest average length of shoots after transferring 

to the pots and adaptability to environmental conditions 
was observed in treatments of 3 mg l-1 BA and 0.25 mg l-1 
NAA and 2 mg l-1 BA and 0.5 mg l-1 NAA, i.e. 6.75 and 
5.80 cm, respectively.

Concentrations of 1 mg l-1 BA and 0.25 mg l-1 NAA 
produced the highest number of leaves (8.80) compared to 
other treatments. Average stem diameter was greatest (5.17 
mm) at the concentration of 2 mg l-1 BA and 0.5 mg l-1 NAA. 
Chlorophyll content in the treatments with 2 mg l-1 BA and 

Table 2 - �Effect of different concentrations of IBA on rooting of Dra-
caena sanderiana

IBA (mg l-1)
Rooting  

percentage
Average root 
length (cm)

Number of roots

Control 15.00 d (z) 1.00 c 1.75 c

1 31.25 c 1.58 bc 2.25 c

2 81.25 a 3.36 a 5.00 a

3 57.50 b 2.85 ab 3.25 b

(z)  �In each column, means followed by the same letter(s) are not signifi-
cantly different using LSD test at 5% level.

Fig. 1 - �Proliferation rate of D. sanderiana ‘green’ explants on 1/2 MS medium at different subcultures.

Fig. 2 - �Shoots rooted on ½ MS medium containing 2 mg l-1 IBA, 30 
days after culture.

A. First subculture B. Second subculture C. Third subculture
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0.25 and 0.5 mg l-1 NAA was 43.94 and 52.16 mg g-1 FW, 
respectively, which was higher than other treatments (Table 
3, Fig. 3).

Transfer and adaptation of ‘Variegated’ plants
In transferred plantlets, the greatest shoot length (3.83 

cm) was observed in the treatment with 2 mg l-1 BA and 
0.25 mg l-1 NAA, which was not significantly different 
from many other treatments. The highest average num-
ber of leaves was obtained in the treatment with 1 mg l-1 
BA and 0.5 mg l-1 NAA. The stem diameter in transferred 
plantlets after treatment with 4 mg l-1 BA and 0.25 mg l-1 
NAA was higher (3.56) than the other treatments. Chloro-
phyll content was the highest with 3 mg l-1 BA and 0.25 
and 0.5 mg l-1 NAA, i.e. 33 and 29.5 mg g-1 FW, respec-
tively (Table 4, Fig. 4).

Most plantlets were adapted, had normal growth, and 
70% of them survived. The obtained results agree with the 

findings of Beura et al. (2006) on D. sanderiana, Debergh 
and Maene (1981) on D. deremensis Engl, and Ying et al. 
(2008) on D. cambodiana Pierre ex Gagnep. 

Junaid et al. (2013) reported the micropropagation of 
only one cultivar of D. sanderiana. However, in the pres-
ent study, high plant regeneration was achieved and this is 
the first report on mass production of two cultivars of D. 
sanderiana. The proposed protocol can be used in com-
mercial mass propagation of this plant. 

4. Conclusions

The highest mean value for parameters such as rooting 
percentage, the number of roots, and root length were ob-
served on media supplemented with 2 mg l-1. Plantlets were 
subsequently planted in a mixture of perlite and vermicu-
lite (1:1) under 95% relative humidity and were then trans-

Table 3 - �Effects of different treatments on some characteristics of acclimatized ‘Green’ plantlets, 60 days after transfer

BA (mg l-1)

NAA
(mg l-1)

Mean length of shoots 
(cm)

Mean number  
of leaves

Mean stem diameter
(mm)

Mean chlorophyll 
content

(mg g-1 FW)

0 0.0 3.40 b (z) 4.50 c 2.70 c 26.40 bc

0.25 3.60 b 8.80 a 2.72 c 33.20 b

1 0.50 3.40 b 5.20 c 2.77 c 26.68 bc

0.25 4.00 b 5.20 c 3.85 b 43.94 a

2 0.50 5.80 a 7.20 b 5.17 a 52.16 a

0.25 6.70 a 5.00 c 3.15 bc 31.82 bc

3 0.50 3.50 b 4.50 c 2.69 c 26.76 bc

0.25 3.90 b 4.40 c 2.76 c 26.58 bc

4 0.50 3.80 b 4.40 c 3.02 bc 22.42 c

0.25 3.80 b 5.40 c 2.79 c 24.24 bc

5 0.50 3.60 b 4.40 c 3.03 bc 29.30 bc

(z) �In each column, means followed by the same letter(s) are not significantly different using LSD test at 5% level.

Fig. 3 - ‘Green’ plantlets transferred to the pots.



169

Kakuei and Salehi, Factors affecting in vitro propagation of Dracaena sanderiana. II

ferred to greenhouse conditions. The proposed protocol can 
be used in commercial mass production of D. sanderiana.
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1. Introduction

In agriculture, seeds are considered as starting points of 
plant growth. Assuming seeds are non-dormant, germina-
tion is the key component of seedling emergence (Forcella 
et al., 2000). Germination may be defined as the process 
associated with the initiation and completion of embryo 
emergence; it refers to the progress of a seed from im-
bibition through radicle emergence (Gniazdowska et al., 
2010). Germination parameters are useful for estimating 
the conversion of seeds to seedlings and, thus, the suit-
ability of a seed lot for commercial seedling production. 
Germination parameters are also useful in determining the 
type of seed pre-treatment as well as nursery management 
practices needed to attain a high level of germination (Ko-
lotelo et al., 2001). Abscisic acid (ABA) induces dorman-
cy during maturation, and gibberellins (GAs) play a key 
role in dormancy release and in the promotion of germina-
tion (Kaur et al., 2006). In many cases, endogenous levels 
of these hormones (GA, ABA) are associated with the abil-
ity of the seeds to germinate (Seo et al., 2006); seed dor-
mancy must be broken to induce germination. In morpho-

physiological dormancy, seeds must be exposed to cold, 
heat, gibberellic acid, or chemical materials for dormancy 
breaking (Hilton, 1984; Dehghanpour et al., 2011). The 
use of potassium nitrate has been an important seed treat-
ment in seed-testing laboratories for many years without a 
good explanation for its action mechanism (Çetinbas and 
Koyuncu, 2006). Hydrogen cyanamide (HCN

, 
Dormex®) 

has been identified as one of the most effective dormancy-
breaking agents in many deciduous plant species (Siller-
Cepeda et al., 1992) and has been exploited mainly as an 
artificial rest-breaking agent to stimulate budbreak in mild 
winter climates (Ben Mohamed et al., 2012). However, the 
emission of HCN has been detected during the pre-germi-
nation period of many seeds (Gniazdowska et al,. 2010).

Pistachio (Pistacia vera L.), a member of Anacardiaceae 
family (Khan et al., 1999), is a dioecious species and for 
this reason it has acquired large genetic diversity (Behboodi, 
2002). Seed dormancy, oily nature of cotyledons leading 
to early spoilage, risk of heterozygosis, and production of 
male/female plantlets are major problems associated with 
pistachio sexual propagation (Jangali Baygi, 2012). There-
fore, under natural conditions, an erratic and irregular ger-
mination over a quite long period. On the other hand, Pis-
tachio plants cannot be readily propagated from cuttings 
taken from mature trees and are currently propagated by 
grafting on seedling rootstocks (Behboodi, 2002). Further-
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more breeding programs and development of hybrid seed-
lings/superior rootstocks require a rapid and reliable method 
for seed germination (Ghazaeian et al., 2012). Hence, in the 
present study, effects of HCN on dormancy removal and 
seed germination of two pistachio varieties were studied and 
the results were compared to widespread chemical treat-
ments such as GA

3 
and KNO

3
 as well as cold stratification.

2. Materials and Methods

The present study was undertaken in the physiology lab-
oratory at the Horticulture Department, Gorgan University 
of Agricultural Sciences and Natural Resources, Golestan, 
Gorgan, Iran. Two Iranian cultivated pistachio varieties, 
(‘Abbasali’ and ‘Shahpasand’) were procured from a com-
mercial orchard located in Damghan, Semnan Province.

Initially, the healthy and bold seeds were selected and 
the extracted kernels were treated for 24 h with different 
chemicals, i.e. GA

3
 (50, 100 mg/l), KNO

3
 (1.0, 1.5 %), and 

Dormex® (50, 100 mg/l), all procured from Sigma. Dor-
mex is a mineral component with chemical formula H

2
CN

2 
(Siller-cepeda et al., 1992). The chemical component uti-
lized in the present study was aqueous Hydrogen Cyanamid 
(H

2
CN

2, 
187364 Sigma,

 
F.W.= 42.04 g/mole). Initially the 

required amount of HCN was dissolved in a few drops of 
ethanol to prepare the stock solution from which the con-
centrations of 50-100 mg/l HCN were prepared with dis-
tilled water. The control seeds were also soaked in distilled 
water only and some seeds of the same lot were kept in a 
refrigerator (5°C) as cold stratification treatment. In order 
to prevent fungal contamination, the treated kernels were 
surface sterilized with sodium hypochlorite 10% and then 
rinsed at least three times with autoclaved water. These were 
then cultured in plastic containers filled with autoclaved 
sand (diameter 2 mm). The samples were observed daily for 
a period of 54 days and the number of germinated seeds was 
recorded. Radicle emergence (5 mm in length) was taken 
as germinated seed. The cumulative germination count of 
each pistachio variety seed lot was fitted to a four-parameter 
Hill function (4-PHF; Equation 1) already reported by El-
Kassaby et al. (2008) as a mathematical representation and 
parameter extraction of seed germination:

(1)	 y = y
0
 +	 axb

	 cb + xb

In the equation 1, y is considered as the percentage of 
cumulative germination at time x, y

0
 is the intercept on the 

y axis (≤0), a is the asymptote, or maximum cumulative 
germination percentage, which is equivalent to germina-
tion capacity, b is a mathematical parameter controlling 
the shape and steepness of the germination curve and c is 
the “half-maximal activation level” measured in days and 
represents the time required for 50% of viable seeds to 
germinate (G

50%
). Following extraction of a, b, c and Y

0, 
from 4-PHF, the time at germination onset (lag) and the 
final germination percentage (G

max
) were also computed 

using the following equations:

(2)		 lag = b
	 -y

0
  cb

	 a + y
0

√
(3)		 G

max 
= y

0
 + a

The entire research work was designed as a completely 
randomized design (CRD) with factorial arrangement in-
cluding seven treatments and three replications. The data 
were analyzed using SAS software.

3. Results and Discussion

Pistachio plants cannot be readily propagated from cut-
tings procured from mature trees and are currently propa-
gated through budding/grafting on seedling rootstocks. 
Though tissue culture techniques were proposed as new and 
advanced methods for multiplication of this species (Beh-
boodi, 2002) seedling development followed by budding is 
still considered a superior method for pistachio orchard es-
tablishment. However, seed dormancy and erratic germina-
tion cause significant trouble for growers, nurserymen, and 
fruit breeders (Jangali Baygi, 2012). Dormancy release is 
accomplished by diverse mechanisms that include complex 
interactions with the environment mediated by plant hor-
mones and other small molecules, and is supposed to se-
lect conditions for germination that are most favorable for 
plant survival (Finkelstein et al., 2008). Application of GA

3
. 

Thiourea, and KNO
3 
as common priming agents were for-

merly reported in dormancy removal of some nut species 
such as wild pistachio (Khan et al., 1999), walnut (Kaur et 
al., 2006), and pecan (Ghazaeian et al., 2012). Hence, the 
present study was also undertaken on two cultivated pista-
chio varieties and the following results were found.

The results of analysis of variance of the effects of chem-
ical treatments on dormancy removal and germination pa-
rameters of pistachio varieties are shown in Table 1. The 
data demonstrate a sharp and considerable effect of chemi-
cal priming on germination percentage, the time at germina-
tion onset (lag), and time taken to 50% germination in each 
seed lot. Furthermore, the results demonstrate the effective-
ness of Dormex® to release pistachio seeds from dormancy.

The lag phase is an important parameter to determine 
quality of seed lots. In Abbasali variety the control seeds 
germinated 731.28 h after culture, while the chemical prim-
ing considerably reduced this period. For example, seeds 
treated with 1.5% KNO

3
 germinated at 263.26 h only. As 

shown in figure 1, application of Dormex® at the rate of 
100 mg/l had the similar effect on lag phase and the germi-
nation at onset was recorded at 385 h following treatment. 
In the case of Shahpasand variety, Dormex® was found to 
be the best treatment to remove seed dormancy and the 
lag period from 150.35 h in control seeds was reduced to 
52.78 h only. This result indicates that the priming treat-
ment with Dormex® may lead to precocious and early seed 
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germination. An application of calcium cyanamide was 
previously proposed to overcome a lack of winter chilling 
in many plants (Walton et al., 1991). Ben-Mohamed et al., 
(2012) investigated the effect of HCN on dormancy release 
and carbohydrate metabolism in the buds of grapevine. 

Their results showed that application of HCN to dormant 
grape buds advanced budbreak to 10 days after treatment 
while the untreated buds opened within 14 days after treat-
ment. Furthermore, HCN caused significant differences in 
the rate and percentage of budbreak (85% as compared to 
42% budbreak in the controls). However, there are quite 
a few reports on the effect of this compound on seed dor-
mancy. Gniazdowska et al. (2010) studied the role of HCN

 
on breaking dormancy of apple embryos. Interestingly, 
they found that the deep dormancy of apple embryos may 
be removed by a quite short pre-treatment (3-6 h) of HCN. 
Furthermore, the development of abnormal seedlings was 
also lower than control, non treated seeds. Such effect of 
HCN in apple embryos is comparable with the response of 
Shahpasand pistachio variety in the present study (Fig. 2).

The time taken to reach 50% seed germination is also 
considered as a remarkable parameter in seed germina-

tion experiments. According to figures 3 and 4, applica-
tion of chemical treatments significantly reduced this 

Table 1 - �The results of analysis of variance of the effects of chemical treatments on dormancy removal and germination parameters of two cultivated 
pistachio varieties

Sorces of variations d.f. Mean square

D
50

G 
max

lag

Variety 1 2508961.5** 1138.38** 1328137.5**

Treatments 6 66477.16** 911.36** 49107.3**

Variety x treatment 6 33053.44* 528.47** 21142.09*

Error 28 12569.26 87.34 17639.87

cv 19.68 12.28 52.83

G
max=

 germination percentage.
D

50
= time to reach 50% germination.

Lag= time to germination onset.

Fig. 1 - �Effect of different priming agents on time to germination at 
onset (lag phase) of Abbasali pistachio variety.

Fig. 2 - �Effect of different priming agents on time to germination at 
onset (lag phase) of Shahpasand pistachio variety.

Fig. 3 - �Effect of different priming agents on time to reach 50% germi-
nation (G

50%
) of Abbasali pistachio variety.
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period. In Shahpasnd variety, the time taken to G
50% 

in 
control seeds was recorded as 562 h while in the case 
of priming treatments it was effectively reduced to 199 
h (Dormex® 100 mg/l), 234 h (GA

3
 100 mg/l) and 286 

h (KNO
3
 1.5%). In the case of Abbasali, the same trend 

was observed and KNO
3
 1.5% was found to be the most 

effective treatment.
In both varieties, cumulative germination in control 

seeds was low but it was enhanced following chemical 
priming (Fig. 5 and 6). This means that G

max 
in ‘Abbas-

ali’ increased from 46.23% in control seeds to 86.30% in 
seeds treated with KNO

3
. The same variety had 81.91% 

of G
max 

when treated with Dormex®. Application of KNO
3 

in ‘Shahpasand’ seeds led to 99.25% germination. Hence, 
the results clearly reveal that Dormex® was effective in 
dormancy removal and germination of pistachio nuts and 
that in some cases it was comparable or even better than 
GA

3 
and KNO

3 
treatments.

The effectiveness of gibberellins in seed germination 
has been reported in numerous studies (Bewley and Black, 
1994; Seo et al., 2006). In vitro germination of walnut 
(Juglans regia L.) embryos was undertaken by Kaur et al. 
(2006) and they used components such as GA

3, 
Benzyl ad-

enine, and kinetin to improve embryo growth and devel-
opment. They reported GA

3, 
along with low temperature, 

as the best treatment for walnut in vitro embryo germina-
tion. In another experiment for dormancy breaking of tulip 
seeds, Rouhi et al. (2010) also applied GA

3 
at rates from 

250 to 500 mg/l. They observed an enhancement of seed 
germination as GA

3
 levels were increased. In general, two 

main functions have been proposed for gibberellins during 
seed germination process. First, GA increases the growth 
potential of the embryo. Secondly, it is necessary to over-
come the mechanical restraint conferred by the seed-cov-
ering layers, by weakening the tissues surrounding the 
radicle (Kucera et al., 2005). Gibberellins stimulate ger-
mination by inducing hydrolytic enzymes that weaken the 
barrier tissues such as the endosperm or seed coat, induc-

ing mobilization of seed storage reserves, and stimulating 
expansion of the embryo (Finkelstein et al., 2008).

Potassium nitrate is considered to be one of the most 
effective and widely used components with respect to 
breaking seed dormancy (Çetinbas and Koyuncu, 2006). 
As far as pistachio seed germination is concerned, Khan et 
al. (1999) applied KNO

3
 at the rate of 1% to wild pistachio 

and they observed 26% seed germination as compared to 
control with only 2%. In an experiment carried out on 
Prunus avium L., the stratified seeds were treated with 
GA

3,
 KNO

3 
and thiourea

 
(Çetinbas and Koyuncu, 2006). 

Treatments with 7,500 mg/l KNO
3
 after 120 days of strati-

fication were more effective, yielding 64.54% germination 
of seeds with coat. However, in case of seeds without coat 
(kernels), GA

3
 was found to be more effective than other 

chemicals.
The role of HCN in dormancy removal may be attrib-

uted to its stimulatory effects on endogenous ethylene pro-
duction. Ethylene increases respiration as well as starch 
degradation of seed reserves and the embryo then starts 
germination. A similar result was also reported for tobacco 
in which ethylene was involved in endosperm rupture and 

Fig. 4 - �Effect of different priming agents on time to reach 50% germi-
nation (G

50%
) of Shapasand pistachio variety.

Fig. 6 - �Effect of different priming agents on cumulative germination 
percentage (G

max
) of Shahpasand pistachio variety.

Fig. 5 - �Effect of different priming agents on cumulative germination 
percentage (G

max
) of Abbasali pistachio variety.
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high bGlu I expression during seed germination (Kucera 
et al., 2005). Ben Mohamed et al. (2012) also stated that 
starch concentration was high in dormant buds of grape-
vine and declined rapidly to reach its lowest level fol-
lowing HCN application. The same process may occur in 
treated pistachio seeds leading to 99.25% germination in 
Shahpasand variety (Fig. 6). Another reason for the role of 
HCN in improvement of seed germination can be the acti-
vation of the pentose-phosphate pathway which is thought 
to be necessary for the breaking of dormancy in buds and 
seeds (Walton et al., 1991). They demonstrated that ap-
plication of HCN to kiwifruit dormant buds led to produc-
tion of high levels of proline amino acid. They stated that 
elevated levels of proline in HCN-treated plants could be 
associated with a greater stimulation of the pentose-phos-
phate pathway, resulting in a greater percentage of bud-
break and increased bud fruitfulness.

In conclusion, it can be stated that HCN is an effec-
tive compound for pistachio seed germination. Moreover, 
the role of ordinary chemical seed pre-treatments such as 
GA

3
 and KNO

3 
to improve pistachio seed germination was 

reconfirmed. Application of HCN also leads to precocious 
germination and early seedling development. This param-
eter may be useful for nurseries or fruit breeders as a use-
ful measure to develop hybrid seedlings in a shorter time.  
Overall, although more experiments with other species 
should be carried out to confirm the results of the present 
research work, it can be said that utilization of HCN in 
seed testing experiments should be encouraged as an ef-
fective pre-treatment and dormancy breaking agent.
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1. Introduction

Petty-Clark’s law of economics (formally known as 
Petty’s law) (Tsuchiya, 1993) suggests that the proportion 
of primary industries declines as the economy of a coun-
try develops, and in turn, those of secondary and tertiary 
industries must increase (Kawata, 2011). Today in Japan, 
agricultural, fishery, and forestry workers make up about 
3.51% of the total working population in the nation. In 
the past six decades, the agricultural force in Japan has 
been markedly weakened and thinned, partly due to a na-
tion-wide decline in birth rates and a decrease in new em-
ployment in the field (http://www.stat.go.jp/data/roudou/
longtime/03roudou.htm).

These factors eventually caused highly advanced ag-
ing of the agricultural population in Japan. From a macro-
scopic point of view, many may expect that the decreasing 
trend in the agricultural working population may continue 
based on predictions by the Petty-Clark’s law (Nakamura, 
2009). In contrast, there would be microscopic growth in 
the working population in specific forms of agriculture. 
One of the authors of this paper (TK) is currently propos-
ing two models in which agriculture can be converted to 

higher industries, i.e. as leisure and as a high-tech food 
production industry (Kawano, 2014).

In the last two decades, prototypic high-tech agricultur-
al farms (so-called “plant factories”) aimed at automating 
the production of fresh produce, chiefly vegetables, under 
precisely controlled environments have been developed 
(Ikeda, 2011; Nishida et al., 2012; Nishimura et al., 2012). 
Today, such commercially launched “plant factories” 
cover sprouts, leafy vegetables, and tomatoes (Morimoto, 
2005; Shimizu et al., 2008). In order to expand the scope 
of “plant factories” and enable the automated cultivation 
of a wide range of agriculturally important plant species, 
the agricultural and horticultural processes which are a 
successive series of necessary maintenance steps must be 
translated or re-documented into automatable protocols 
based on the records of both plant physiological and me-
chanical data (Kawano et al., 2012).

Despite their agricultural importance, twining plants 
have not been included in the trends of “plant factory” 
development, possibly due to the belief that handling of 
growing vines must be achieved manually by experienced 
specialists (Kawano et al., 2012). Ipomoea cultivars are 
examples of such twining crops, whose aerial parts are 
herbaceous perennial vines and bear alternate heart-shaped 
green leaves and sympetalous flowers (Sher et al., 2001). 
In addition, root vegetables or crops bearing root products 
belowground have not been produced in “plant factories” 
yet, despite the fact that the growth of roots are central 
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to the physiology and ecology of higher terrestrial plants 
including forest trees and agricultural crops.

In soil- or sand-based conventional agricultural fields, 
a variety of root vegetables are produced. Such vegetables 
having highly developed roots include beet (Beta vulgaris 
ssp. vulgaris), turnip known as Kabu in Japan (Brassica 
rapa L.), carrot (Daucus carota L.), radish and Daikon-
Japanese white radish (Raphanus sativus L.), Chinese yam 
known as Nagaimo in Japan (Dioscorea oppositifolia L.), 
and burdock known as Gobō in Japan (Arctium lappa L.). 
Among the root vegetables, sweet potato (Ipomoea bata-
tas L.), cassava (Manihot esculenta Crantz), and yacón 
or so-called Andes potato (Smallanthus sonchifolius) are 
typical examples of vegetables bearing starchy tuberous 
roots. In addition to the above true root vegetables, there 
are groups of undersoil vegetables that develop root-like 
organs as storage of starch, sugars, and nutrition. Econom-
ically important crops with undersoil organs such as corms 
of taro (Colocasia esculenta), tubers of potato (Solanum 
tuberosum), and rhizomes of lotus (Nelumbo nucifera), 
ginger (Zingiber officinale), turmeric (Curcuma longa), 
and ginseng (Panax ginseng), are examples of vegetables 
with specialized stems. Furthermore, vegetables produc-
ing bulbs can be included in the undersoil vegetables, 
mostly belonging to Allium such as garlic (Allium sativum 
L.), onion, and shallot (Allium cepa L.).

Today, soils or sands are hardly manipulated in sen-
sor-equipped “plant factories” while hydroponic cultures 
are mostly favored. In order to introduce such root veg-
etables in “plant factories”, it is necessary to monitor the 
belowground properties and processes where plant roots 
take place, mainly spatial occupation by the growing root 
system and changes in water, salts, and other elements 
that can influence productivity and functioning of the soil 
ecosystem. However, dynamic growth and development of 
a root system are poorly understood since roots growing 
belowground are invisible to conventional optical means.

Before facing the challenges to growing under-soil 
vegetables in the controlled environment inside “plant fac-
tories”, appropriate non-invasive sensing technologies al-
lowing real-time monitoring of belowground plant growth 
must be developed and applied. Due to the light absorbing 
nature of the soils, optical measurements are difficult to 
apply. Three-dimensional computed tomography with X-
ray scanning technology might be a candidate technology 
if plants are grown in laboratory-scaled small pots (We 
have developed non-invasive scanning protocols for garlic 
bulbs, data not shown). However, X-ray scanning cannot 
be employed on-site in plant producing facilities.

In this study, we attempted to detect the presence of tu-
berous roots which were hidden in the sandy bed. For this 
purpose, a novel instrumental set-up was designed for mod-
ulation and demodulation of sound signals passed through 
soil or sand with and without growing plant tissues.

Sweet potato, known as Satsuma-imo in Japanese, is 
a dicotyledonous crop that belongs to the family of Con-
volvulaceae. Due to its starchy and sweet-tasting tuberous 

roots, this plant is often considered both a starch produc-
ing crop and a fiber-rich root vegetable (Purseglove, 1968; 
Woolfe, 1992).

2. Materials and Methods

Acoustic sensing system
Frequency-modulated sound signals propagated 

through sandy soil containing plant tissue samples or not 
were monitored using a pair of acoustic probes, a flat 
sound radiator, and sensing microphones (Fig. 1A, B). In 
order to eliminate the background sound noise, a signal 
from the reference (ground) microphone was used. To 
generate the modulated sound signal at the frequency of 
interest, a function generator (DFG-6020 20MHz DDS, 
EZ Digital Co. Ltd., Gwangju, Korea) was used (Fig. 1C). 
Signals received by the sensing microphone were ampli-
fied by a AT-MA2 microphone amplifier (Audio-Technica, 
Tokyo, Japan) and band-filtered to demodulate using an 
acoustic band-pass filter (Multi-function filter 3611 NF 
Corporation, Yokohama, Japan), and the amplitude of the 
sound at specific frequency captured through the system 
was analyzed using an oscilloscope (TBS 1064, Tektronix 
Inc., OR, USA).

Fig. 1 - �Equipment for the acoustic sensing of belowground plant tissues. 
(A) Experimental configuration. Modulation and demodulation 
of acoustic signal propagated in a sandy soil bed were preliminar-
ily tuned with and without wooden stick. (B) A pair of acoustic 
probes designed for emitting and receiving the modulated and 
band-pass filtered sound signals in the soil or sand. Left, sens-
ing and reference microphones. Right, flat-shaped sound radiator 
with directional sound propagation. (C) Sweet potato tuberous 
roots used for demonstration. (D) Experimental design.
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Experimental procedure
An experimental set-up (Fig. 1) inside the sand-filled 

container of polystylene foam with or without model tissues 
embeded in the sand, was used for acoustic measurements. 
Band-modulated sound signals were emitted and detected at 
a constant distance of 100 mm, by a pair of acoustic probes, 
namely, a directional sound radiator and receivers (micro-
phones), both positioned in the bed of dry (ca. 1% of water 
content) or wet (ca. 10% of water content) sands.

The given sound frequency was in the range between 
100 and 20,000 Hz. Changes in the height of voltage sig-
nal between the peaks and valleys of the recorded sound 
waves were recorded (Fig. 2A) and expressed as the extent 
of signal intensity, reflecting the perception of band-pass 
filtered sound after propagation of band-modulated sound. 
Mean values of the height of voltage signal obtained at each 
frequency (n=5) were used to obtain a series of regression 
lines with the least-square method. Data were recorded in 
the absence (blank control) and presence of tubers.

Plant materials
Since Ipomoea plants naturally grow in sandy fields, 

and sand-culture is often employed for cultivation of sweet 
potatoes (Leonard et al., 1948; Spence and Humphries, 
1971), commercially available river-sand mixture was 
chosen as tuber root supporting medium. Assuming there 
is the necessity to monitor tuberous roots inside a plant 
growth container, a planter made of foamed polystyrene 

filled with dry or wet river-sand mixture was employed 
as a model platform for acoustic sensing demonstrations.

Inside the container, two types of sandy soil (volume: 
4L; area: 220 mm x 262 mm, depth: 100 mm) with known 
water content (dry at ca. 1 or wet at ca. 10% w/w) were 
tested. Portions or intact sweet potato tuberous roots of 
different sizes were detected and compared with the ab-
sence of any vegetable tissue (blank control). In particular, 
two intact tuberous roots with a central swelled portion 
(45 and 82 mm in diameter) (Fig. 1C) were obtained from 
a local market and used as model vegetable tissues. As a 
model for sampling tissues with smaller mass, a cut plug 
(cylindrical section of 20 mm in diameter) of tuberous root 
was prepared and used for acoustic measurements.

3. Results and Discussion

Sound signal detection
The intensity of sound signals propagated through sand 

differed noticeably depending on the sound frequency (Fig. 
2). Fractuations of signal intensities were shown to be high-
er in the relatively lower range of frequency examined (100-
1,600 Hz) in both sand samples. Compared to the dry sand, 
the wet sand likely enhanced the yield of sound signals in 
the presence of sweet potato tissues, especially at the higher 
range of frequency examined (3,200-20,000 Hz). Figure 2A 
reports typical raw records of sound signals showing a size-
dependent enhancement at 6.4 kHz in the wet condition. 
Thus, data from the wet sand bed was used for further analy-
sis to elucidate the effect of tissue size on signal acquisition.

Sound signal relationships
Relationships between sound signal frequency and yield 

in the beds of dry and wet sands were compared by obtain-
ing a series of regression lines with the least-square method 
(Fig. 3A). Correlation coefficients (r2) for four regressions 
were between 0.8825 and 0.9991. To evaluate tissue size-
dependent changes in the yield of sound signals in the wet 
sand bed, two indices (i.e. index of subtraction and index of 
ratio) were proposed and the processed data were used to 
obtain the linear regressions and were compared with other 
linear regressions obtained for raw signal data (Fig. 3B, C). 
With the index of subtraction (sample-blank) (Fig. 3B), cor-
relation coefficients (r2) for three regressions were between 
0.7148 and 0.9623. With the index of ratio (sample / blank) 
(Fig. 3C), correlation coefficients (r2) for three regressions 
were between 0.7829 and 0.8885. The regressions obtained 
for the index of subtraction highlighted the relationship be-
tween the signal yield and tissue size increases since the 
coefficients for x in the linear regressions increased with 
size: 2·105 x for the ø20 mm sample, 3·105 x for the ø45 mm 
sample, and 5·105 x for the ø82 mm sample (Fig. 3B).

Further studies
During frequency-modulated sensing of plant tissues, 

the impact of acoustic signals on plant growth must be 

Fig. 2 - �Detection of sound signals propagated in the sand layer with 
and without sweet potato tuberous toots. (A) Typical raw re-
cords of signal modulated at ca. 6.4 kHz (6.386-6.413 kHz). 
Changes in signal intensity (voltage changes between the peaks 
and valleys of the waves) were monitored. Relationship be-
tween the frequency and yield of sound signal in the beds of dry 
sand (B; water content, ca. 1%) and wet sand (C; water content, 
ca. 10%) were compared. Arrows in (B) and (C) indicate signal 
yields at 6.4 kHz. Error bars, S.D. (n= 5).
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minimized, as recently demonstrated by Gagliano et al. 
(2012 a, b) who suggested that the growing tips of plant 
roots could be attracted by acoustic signals with specific 

spectra raging between 200 and 400 Hz, if plant roots were 
continuously exposed to the sound stimulus. One possible 
way to avoid such influence during acoustic sensing is to 
use signals in a frequency range higher or lower than the 
plant activating range of sound (<200 Hz, >400 Hz), or to 
use sound only for short periods when required. Since the 
range of frequency recommended for monitoring below-
ground plant tissues was shown to be between 3,200 and 
20,000 Hz (Fig. 3), the impact of applied sound on plant 
growth could be avoided.

In the present work we have developed a novel, non-
invasive sensing technology for the detection of below-
ground plant tissues based on sound propagation in the 
soil. We employed tuberous root tissue of sweet potato as 
model material to test the instrumental set-up which was 
specifically designed for modulation and demodulation 
of sound signals through soil or sand with and without 
plant tissues.

It is well known that growth of tuberous roots of sweet 
potato is highly sensitive to changes in temperature (Spence 
and Humphries, 1971), moisture (Spence and Humphries, 
1971; Eguchi et al., 2012), nutrient (Leonard et al., 1948), 
phytohormone levels (Spence and Humphries, 1971), and 
oxygen supplies (Eguchi and Yoshida, 2011) in the sup-
porting sand. However, to date, underground growth of 
sweet potatoes’ tuberous root was rarely studied with non-
invasive real-time monitoring approaches. Further studies 
are still needed, although there are several technical prob-
lems to be overcome, chiefly, sensitivity and resolution of 
the sensing units.

Ecologists, ecohydrologists, and biogeochemists need 
detailed insights into plant properties and processes where 
plant roots reside, including changes in water, salts, and 
other elements that can influence ecosystem productivity 
and functioning (Jayawickreme et al., 2014). However, 
limitations in data and some confusion over terminology, 
together with a strong dependence on a small set of con-
ceptual frameworks, have limited the exploration of root 
function in terrestrial models (Smithwick et al., 2014). 
Relying on traditional mechanical sampling and observa-
tion techniques can be costly, time consuming, and poorly 
feasible, especially if the spatial scales involved are large 
(Jayawickreme et al., 2014). Therefore, non-invasive real-
time monitoring may largely benefit both the ecological 
research community and the field of “plant factory” re-
search and development.

Although the present study succeeded in only the pri-
mary test case, we hope it will stimulate further studies 
and development by scientists and engineers.
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Lipase (triacylglycerol acylhidrolases, EC 3.1.1.3) is 
an extra cellular enzyme which catalyses the hydrolysis 
of triglycerides to free fatty acids and glycerol (Singh and 
Mukhopadhyay, 2012). According to its various industrial 
applications, biotechnological uses for lipases are steadily 
increasing (Stamatis et al., 1999). Although lipases can 
be obtained from bacteria and yeasts (Jaeger et al., 2000; 
Kulkarni et al., 2002), the enzymes from fungi generally 
meet industrial demand since they are usually excreted ex-
tracellularly, facilitating extraction from fermentation me-
dia (Hiol et al., 2000; Abbas et al., 2002).

Fusarium is a large genus of filamentous fungi, and 
most of Fusarium species are harmless saprobes and 
relatively abundant members of the soil microbial com-
munity (Summerell et al., 2001). This ecological habitat 
of the fungus implies that Fusarium would be a useful re-
source of extracellular enzymes. Several different enzy-
matic activities were investigated in isolates of Fusarium 
species, including lipase (Burkert et al., 2004; Bakri et 
al., 2013, 2014).

Solid-state fermentation (SSF) technique involves 
the growth and metabolism of microorganisms on moist 
solids without any free flowing water. SSF has many 
advantages over submerged fermentation, including an 
economical use of space that is required for fermenta-
tion, simplification of the fermentation media, superior 
yields, and no requirement for complex machinery (Pan-
dey, 1994). However, enzyme production is related to the 

type and concentrations of nutrients and growth condi-
tions (Prazeres et al., 2006).

To reach commercial feasibility, enzyme production 
must be increased by introducing more potent strains, 
and by optimising culture conditions (Singh and Muk-
hopadhyay, 2012). Since the effect of carbon sources 
on lipase production by the fungus F. culmorum has not 
been investigated so far, a study toward this aim was con-
ducted on the new F. culmorum strain SY6 cultured under 
solid state fermentation (SSF).

2. Materials and Methods

Microorganism
The organism used was F. culmorum SY6, isolated in 

our laboratory and having the ability to produce lipase 
enzyme (Bakri et al., 2014). The strain was grown on 
Petri dishes containing potato dextrose agar (PDA, DIF-
CO, Detroit, MI. USA) with 13 mg/l kanamycin sulphate 
added after autoclaving and incubated at 23°C for 10 
days in the dark to allow mycelial growth and sporula-
tion. The cultures were maintained on silica gel at 4°C 
until needed.

Cultural conditions
The strain F. culmorum SY6 was grown in 250-ml Er-

lenmeyer flasks containing (g/l): Na
2
HPO

4
 · 2H

2
O 10; KCl 

0.5; MgSO
4
 · 7H

2
O 0.15 and yeast extract 5, as nitrogen 

source. The mineral salt was added in such a way that 
the final substrate-to-moisture ratio was 1:5. The pH was 
adjusted to 6.5 before sterilization. The influences of dif-
ferent carbon sources (wheat bran, corn cobs hulles, beet 
pulp, tomato pulp, soya cake, cotton seed cake and wheat 
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straw) on lipase production were tested (Fig. 1). The con-
tents were sterilized by autoclaving at 121°C for 15 min. 
After cooling, the sterilized medium was inoculated with 
spores (106/ml) from a seven-day-old culture. The flasks 
were incubated at 30°C for five days.

Enzyme assay
Liplolytic activity was determined titirmetrically on the 

basis of olive oil hydrolysis (Macedo et al., 1997) with 
some modifications. Olive oil emulsion substrate was pre-
pared by mixing 10 mL olive oil and 90 ml from 5% Ara-
bic gum solution. The reaction mixture contained 5 mL 
olive oil emulsion substrate and 1 mL of crude enzyme. 
The enzyme substrate mixture was incubated on an orbital 
shaker with a shaking speed of 150 rpm at 50°C for 20 
min. To stop the reaction, 10 ml ethanol acetone mixture 
(1:1) was added to the reaction mixture. Liberated fatty 
acids were titrated with 0.05 mol/L NaOH. One lipase unit 
(U) was defined as the amount of the enzyme that released 
one µmol fatty acid per min.

Effect of pH
The effect of pH on lipase activity was measured at 

different pH values ranging from 4 to 10. The pH of the 
reaction mixture was varied using various buffers (citrate 
buffer, phosphate buffer, and borate buffer).

Effect of temperature 
Temperature effect on lipase activity was determined 

at different temperatures in the range 40-80°C. Crude en-
zyme and substrate were tested by pre-incubating at vari-

ous reaction temperatures to determine the optimal incu-
bation temperature.

Statistical analysis 
All the experiments were repeated twice, and the means 

were analyzed statistically with the analysis of variance 
using the STAT-ITCF program; LSD= least significant dif-
ferences at P<0.05.

3. Results and Discussion

Effect of carbon sources and lipase production
The results showed that significant differences (P<0.05) 

in the mean lipase yield values existed among carbon 
sources, with values being consistently higher on corn cob 
hulls and tomato pulp (170 and 165 U/g, respectively) af-
ter five days of incubation, whereas, wheat straw exhibited 
lowest activity. These results might be attributed to the 
fact that the presence of more available carbon increases 
both mycelium growth and its activity. Moreover, corn 
cob granulate shows excellent adsorption characteristics 
(Damaso et al., 2008). However, findings these agree with 
those of Abbas et al. (2002), but not with those of Burkert 
et al. (2004). In addition, our results are in agreement with 
those of Gombert et al. (1999) and Falcony et al. (2006) in 
SSF, who reported that lipase enzyme produced by fungi, 
could be enhanced under SSF.

Although quantitative comparison of lipase activities 
reported in literature is not always possible because no 
standard enzyme substrate has been adopted yet, the li-
pase productivity from F. culmorum SY6 observed in this 
work was higher than optimum productivities reported 
in the literature for some microorganisms grown in SSF 
(Table 1).

Effect of PH
Generally, enzymes are sensitive to the concentration 

of hydrogen ions present in the reaction mixture; therefore, 
pH is considered an important factor that determines the 
enzyme activity. The pH- relative activity of F. culmorum 
SY6 lipase was determined in the range 4.0-10.0 pH (Fig. 
2). The optimum pH was found to be 9. Most microbial li-
pases have their optimum activity at a pH range of 7.0-9.0 
(Zhang et al., 2005; Ulker et al., 2011). An optimum pH 
of 7.0 for Rhizopus oryzae lipase (Hiol et al., 2000), pH of 

Table 1 - �Optimum lipase activities produced by filamentous fungi grown in SS

Microorganism Substrate
Lipase
(U/g)

Reference

Aspergillus niger J-1 wheat bran 9.14 Falcony  et al., 2006

Penicillium restrictum babassu oil cake 30.3 Gombert et al., 1999

Fusarium culmorum cobs hulls 170 This work

Rhizopus oligosporous almond meal 48 Ul-Ha et al., 2002 

Rhizomucor pusillus olive oil cake and sugar cane 79.6 Cordova, 1998

Fig. 1 - �Effect of some agro-industrial wastes as carbon source on lipase 
production by F. culmorum SY6.
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8.5 for Trichoderma harziamum (Ulker et al., 2011), and 
pH 9.0 for Penicillium caseicolum lipase (Saxena et al., 
2003) has been reported.

Effect of temperature
Optimization of temperature is vital for enzyme activ-

ity. In our work, the activity of F. culmorum SY6 lipase 
was investigated at different temperatures and the results 
obtained are shown in figure 3. The data reveal that the 
optimum temperature for lipase activity was at 60°C, fol-
lowed by 70 and 80°C However, when the temperature 
increased or decreased from 60°C, the activity of lipase 
gradually reduced. Prazeres et al. (2006) and (Ulker et al., 
2011) reported that Fusarium oxysporum and Trichoder-
ma harzianum presented lipase with maximum activity at 
55 and 40°C respectively.

4. Conclusions

The present study reveals that F. culmorum SY6 strain 
is a potential and promising microorganism as it produced 

a high level of lipase under solid state fermentation. Add-
ing corn cob hulls and tomato pulp significantly increased 
the enzyme production (170 and 165 U/g, respectively) af-
ter five days of incubation compared to 117 U/g reported 
by Bakri et al. (2014) in which this compound was not 
used. Moreover, the basic parameters such as pH and tem-
perature were found to exert a marked influence on the 
activity of lipase.
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1. Introduction

Norway spruce [Picea abies (L.) Karst.] is an economi-
cally important tree species that plays a key role in natural 
ecosystems in the boreal zone from Norway to Siberia, and 
is one of the most valuable European forest tree species. 
The natural distribution of P. abies in Italy spans the entire 
Alpine range, where it ascends to an altitude of 2,000 m, 
and it is also found in part of the northern Apennines. A 
large portion of the spruce forests are used commercially 
and managed with varying levels of intensity. In Italy, this 
species is also the most cultivated for the production of 
Christmas trees for its conical shape, compact, intense 
green foliage, and rapid growth. The Christmas trees pres-
ent on the Italian market are certified because they derived 
from 90% cultivations in forest  nurseries and the trees 
are usually obtained by seed. Seeds  are collected from 
selected stands, and the obtained seedlings are cultivated 
in a  nursery for almost four years: two years as “seed-
lings” in seedbeds, and two to three years as “transplan-
tations” in fields depending on the desired size. Christ-
mas tree cultivation is concentrated mainly in Veneto and 
Tuscany (Arezzo and Pistoia districts) where about 800 
hectares are devoted to this crop. Nevertheless, a consider-

able amount of the seedlings are imported from Belgium, 
Denmark, Holland, and Germany for the establishment of 
Christmas tree plantations. Recently, increased importa-
tion from Hungary, Romania and Moldavia has evidenced 
problems related to the genetic control of propagation ma-
terial. Thus, to avoid genetic mixing between autochtho-
nous species and those coming from abroad, the imported 
seedlings carry a special label which certifies their origin 
from specialized cultivations, nationality, and indication 
as not intended for reforestation.

A sustainable Christmas tree market should aim to in-
crease the production of plants from autochthonous species 
characterized by high levels of germinability and growth, 
and to produce seedlings of adequate size and quality in a 
short time for transplantation.

The commercial importance of genetic characteristics 
and origin of the propagation material for plantation quality 
are well documented. In particular, rates of early growth and 
morphological and physiological characteristics are among 
the features that differ between populations. Consequently, 
the provenance of seeds in relation to the choice of planting 
site is extremely important. Furthermore, identification of 
both the best seed provenance and environmental conditions 
for germination and growth of seedlings could be the first 
objective to improve nursery production. The influence of 
provenance has not been widely reported on seed germi-
nation of Picea, while it is well documented for seedling 
growth. At provenance level, strong relationships are gener-
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ally observed between traits that characterise the duration of 
the growth period and the degree of lignification. Variation 
in bud flushing and initiation of shoot growth among plants 
derived from different Norway spruce seed provenances is 
assumed to be regulated both by differential responses to the 
accumulated temperature sum in spring and by conditions 
during acclimation in the preceding year (Schmidt-Vogt, 
1976; Dormling, 1982). Accordingly, trees from with north-
ern latitude or high altitude provenances, which are adapted 
to a short growing season, have inferior growth potential 
compared with those adapted to a longer growing season. 
Variation between plants from different provenances has 
been demonstrated for a number of other traits, such as nu-
trient demands, respiratory activity, shade tolerance, and 
differences in crown shape, and resistance to snow and ice 
damage (Schmidt-Vogt, 1976).

On the other hand, seedling morphological characteristics 
before planting were found to highly affect seedling growth 
during the first years after transplantation (Tsakaldimi, 
2006). Furthermore, fertilizer application during two years 
improved survival and increased annual height of Betula pu-
bescens and Larix sibirica (O´Skarsson et al., 2006). Many 
studies have reported the effect of manure on increase di-
ameter and height growth of some species of Pinus (Nour-
shad and Ghorani, 1990), and biomass (root and shoot dry 
weight) of potted and bare rooted P. taeda seedlings (Kiani 
et al., 2005). Moreover, combinations of types of soil in 
different ratios of nutrients have also influenced seed ger-
mination of important forest species (Selivanovskaya and 
Latypova, 2006). Germination, survival, growth, and bio-
mass of Cupressus arizonica and Cupressus sempervirens 
are enhanced using organic matter and  in particular, manure 
has increased the maximum quality index (Dickson et al., 
1960; Ahmadloo et al., 2012).

Therefore, the aim of this study was to assess the in-
fluence of seed provenance on emergence and seedling 
growth of Picea and, as an ancillary purpose, to evaluate if 
an increase of the amount of organic matter (dust manure) 
in the growing media compared to that commonly used 
can improve or affect the emergence and seedling growth 
of Picea seeds of different provenance. Further, consid-
ering that somatic embryogenesis is potentially the most 
promising method for vegetative propagation of conifer-
ous genera (Dunstan et al., 1995), the influence of seed 
provenance has also been evaluated on somatic embryo 
germination starting  from embryogenic tissues.

2. Materials and Methods

Seed lots
The seeds were provided by the National Centre for the 

Study and Maintenance of Forest Biodiversity (CNBF) of 
Peri (Verona, Italy). CNBF is primarily involved in the pro-
duction, selection, and conservation of forest seeds (of trees 
and shrubs). Specifically, the forest seeds produced by the 
Centre come from forests enrolled in the “Libro Nazionale 
Boschi da Seme” (L.N.B.S.), and traditional and “special” 
harvesting methods are used in order to preserve the genetic 
diversity of the species. All the material is certified and trace-
able through Global Positioning System (GPS) technology 
(http://www3.corpoforestale.it). In this study, mature seeds 
of Picea abies (L.) Karst. harvested in October 2011 from 
selected populations of the following three Italian prov-
enances were evaluated: Gran Bosco di Salbertrand - GS 
(L.N.B.S n. 088, CSR n. 034-Pie; 45°N; altitude 1030-1900 
m); Pezzel e Fochino - PF (L.N.B.S n. 137 SO 037; 46°N; 
1350-1540 m); and Val di Fiemme - VF (L.N.B.S n. 023 Val 
di Fiemme TN; 46°N; 1600-2000 m).

Certification of seed quality (purity, weight of 1000 
seeds, germinability, cut test, viability, value crop) in accor-
dance with the ISTA (International Seed Testing Associa-
tion) was carried out by CNBF and is reported in Table 1.

In vivo experiment
The seeds from each provenance were stored sepa-

rately in plastic bags at 5°C. Later, two sowing beds 
(each 1.60 m × 5.0 m) were prepared in a greenhouse. 
A common nursery soil, composed of a mixture of 75% 
sand, 10% perlite, and 15% organic material (mixture of 
peat, manure) for a total organic C content of 6.26%, was 
utilized for the first bed (Substrate 1). The same substrate 
with a rate higher than one-and-a-half of organic mate-
rial  (total organic C 9.82% ) was used for the second bed 
(Substrate 2) (Table 2). Chemical parameters of growing 
media were determined according to the SISS methods 
(SISS, 1985), whereas the ones of organic carbon (OC), 
nitrogen (N), and inorganic carbon (IC) by using NA 1500 
CHNS Analyzer, Carlo Erba (Milan, Italy) coupled with 
the procedure reported by Santi et al. (2006). In March 
2012, an average of 20 and 15 g seeds, respectively, for 
GS, PF, and VF provenances were sown on each sowing 
bed. Before the trials, the seeds were soaked in water for 
12 h. The seeds were sown in seven rows, and a thin layer 

Table 1 -  Certification of seed quality

Seed provenance 
Purity
(%)

Weight
1000 seeds

Germinability
(%)

Cut Test
(%)

No. viable  seeds/g
Value crop

(%)

Gran Bosco Salbertrand
(LNBS n.088 (SR n.054-  Pie.)

94.5 7 71 91 96 67.1

Pezzel e Fochino
(LNBS n.137 SO037)

92  6.4    74 88 113 68.1

Val di Fiemme 
(LNBS n.023 Val di  Fiemme)

97.2  8.8 92 97  119 89.4
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of sand was applied to cover the seeds. The sowing beds 
were watered as necessary. After emergence, the seed-
lings were fertilised twice at intervals of 15 days with 
50 ppm Flory 4 (Agrochimica). Emergence rates were 
recorded in March, April, and May. The final stem height 
(cm) was determined for all seedlings at 90 days, the time 
of their transfer to pots. In June 2012 the seedlings were 
transferred to pots (volume 80 ml) filled with the same 
growing media. Two hundred seedlings per provenance 
were distributed in five multipot PVC pots of 40 places 
each. The seedlings were transferred to a shaded (50% 
light reduction) location outdoors and cultivated until the 
end of July 2013. Growth was evaluated after 4, 12 and 
52 weeks. On the final date, 15 seedlings per provenance 
were randomly selected for root and shoot biomass mea-
surements. The fresh weight (FW) and dry weight (DW), 
obtained by drying in an oven at 70°C for 48 h, were de-
termined. The root-to-shoot DW ratio was also calculated 
for each seedling.

In vitro experiment
For induction of embryogenic tissues, the seeds were 

sterilized in 2% (v/v) sodium hypochlorite solution for 20 
min and rinsed three times with sterile distilled water. The 
zygotic embryo was dissected from each seed and placed 
on solid BM1 medium (Gupta et al., 1987) supplemented 
with 1% sucrose, hydrolysed casein (500 mg/l), L-glu-
tamine (450 mg/l), and myo-inositol (1g/l), and solidified 
with 0.3% Phytogel. Five or 10 μM 2,4-dichlorophenoxy-
acetic acid (2,4-D) in combination with 2.5 or 5 μM 6-ben-
zyladenine (BA) were included in the medium. The trial 
was carried out in Petri dishes (100 mm × 15 mm) with 
40 embryos per provenance, divided into five replicates of 
eight embryos each. The embryos were incubated in the 
dark at 20°C. The cultures were assessed after incubation 
for four weeks.

For culture proliferation, the embryogenic tissues were 
subcultured three times on fresh medium and kept in the 
dark for development of early-stage somatic embryos. 
The fresh weight of embryogenic tissues was measured 
at the end of each subculture. For somatic embryo matu-

ration, embryogenic tissues from material derived from 
each provenance were transferred to medium containing 
abscisic acid (ABA) to allow maturation of the somatic 
embryos. The maturation medium was BM1 medium sup-
plemented with 20 μM ABA, 2% sucrose, and 7.5% poly-
ethylene glycol (PEG-4000). Embryogenic tissue clumps 
growing vigorously and of about the same size (about 1 
cm³ in volume) were selected to monitor the embryo matu-
ration process. The cultures were maintained in the dark 
at 20°C for about five weeks until the somatic embryos 
reached cotyledonary stage. Thirty randomly selected ma-
ture somatic embryos per provenance were transferred to 
germination BM1 basal medium supplemented with 0.2% 
activated carbon (AC), 2% sucrose and 0.4% Phytogel. 
The embryos were cultured under photoperiod (16h/8h, 
light/dark) for eight weeks, after which time the plantlets 
were transferred to ex vitro conditions. They were placed 
in multipot PVC pots filled with a mix of pumice, peat, 
and organic fertilizer, and they were transferred to green-
house conditions.

Collection data and statistical analysis 
With regard to seedling emergence in the greenhouse, 

the number of seeds that were sown on each seed bed for 
each provenance was calculated using the proportion:

Weight in grams of 1000 seeds:1000=Weight in grams of 
seeds sown on each bed:x

For each provenance, seedling emergences were nor-
malized with respect to the number of seeds put to germi-
nate on each bed. Therefore, the data on the emergence of 
seedlings from different provenances were normalized to 
100 according to this proportion:

Seedling emergence:Total seeds put to germinate x row of 
seed bed=x:100

Seedling data (emergence and height) were arranged 
in a completely randomized design, and the statistical sig-
nificance of all differences in emergence and height of the 
seedlings was tested using factorial analysis of variance 
(ANOVA), with the substrate and provenance as the main 
factors. Differences among provenances were evaluated 
using Tukey’s Multiple-Range Tests (Snedecor and Co-
chran, 1980) at the 5% level of significance. For seedling 
growth parameters, means and standard errors were calcu-
lated for material derived from each provenance. All statis-
tical analyses were performed with STATISTIX software 
version 8 (Analytical Software, Tallahassee, FL, USA).

3. Results

In vivo experiment
The three provenances significantly (p<0.05) varied in 

emergence and seedling height (cm) in the two different 

Table 2 - Chemical characteristics of growing media

Growing media Substrate 1  Substrate 2

C(z) (%) 6.26 9.82

Organic matter %) 10.91 17.25

N (y) (%) 0.2 0.39

C/N 31.3 25.17

IC (x) (%) 2.83 1.47

CEC (w) ( mol
c
kg-1 ) 14.4±2.7 32.0±3.9

pH 7.3±0.2 7.1±0.2

(z) C= Organic carbon;
(y) N= Nitrogen; 
(x) IC= Inorganic carbon;
(w) CEC= Cationic exchange capacity.



188

Adv. Hort. Sci., 2015 29(4): 185-191

substrates used in the seed beds (Table 3). Seed provenance 
significantly affected all these processes. In addition, the 
substrate effect was also significant except at 15 days after 
sowing, and the substrate x provenance interaction effect 
was also significant. More precisely, seedling emergence 
in the greenhouse occurred 15 to 30 days after sowing, 
and thereafter it was very low or non-existent (data not 
shown). With regard to substrate 1, which contained a 
lower organic matter content, seedling emergence differed 
significantly among the three provenances at both 15 and 
30 days after sowing. At 15 days, VF showed 58% seed-
ling emergence, whereas GS and PF showed 38 and 20% 
seedling emergence, respectively. After 30 days, the per-
centage of seedling emergence for PF increased to 25%, 
whereas GS and VF (Fig. 1A) showed the highest seedling 
emergences of 62 and 91%, respectively. As for substrate 
2, which contained the highest organic matter content, the 
emergence percentage ranged from 34% for GS to 36 and 
38% for VF and PF, respectively, after 15 days. Subse-
quently, a large percentage of seedlings for GS and PF ap-
peared flaccid and twisted as if suffering from wilt. These 
seedlings continued to decline, assumed a dark colour and 
greasy appearance, and then quickly disintegrated to leave 
areas of bare soil in the seed bed (Fig. 1B). After 30 days, 
seedling emergence was reduced to 20%, whereas that for 
VF increased to 47%.

Seeds from the VF provenance generated the most 
seedlings on both substrates; seeds from PF displayed the 
worst performance on the same substrates at the end of 
culture in the greenhouse (Table 3). In contrast, GS prov-
enance produced the most seedlings only on substrate 1. 
The final stem height was determined for all seedlings at 
90 days from sowing. The stem height of seedlings ranged 
from 2.4 to 4.3 cm on substrate 1, and from 2.1 to 3.2 
cm on substrate 2. VF seedlings showed the greatest stem 
height on substrate 1; PF seedlings exhibited the lowest 

on both substrates. The stem height of GS seedlings was 
highest on substrate 1.

The growth trends were not different for seedlings of 
the provenances measured after 4, 12 and 52 weeks culti-
vation in pots (Fig. 2). At the time of initial measurement 
(4 weeks), PF (7.9 cm) and GS (7.4 cm) seedlings showed 
superior stem growth compared to VF seedlings (6.4 cm). 
At the end of the cultivation period (52 weeks), GS and 
PF seedlings had mean stem heights of 14.7 and 13.8 cm, 
respectively, whereas VF seedlings attained a mean height 
of 10 cm (Fig. 2). The minimum standard  defined by the 
European Economic Community for growth of three-year-
old seedlings is 14 cm in height (E.E. C. Minimum Stan-
dards) (Magini, 1977). Therefore, the recorded growth in 
seedlings of 15 months old from GS and PF provenance 
exceeded the minimum standard. Among the provenances, 
seedlings grown in pots exhibited changes in early growth, 
and fresh and dry matter allocation (Table 4). GS seedlings 
showed significantly higher values in fresh shoot biomass. 
On the other hand, VF provenance, compared with GS, 

Table 3 - �Seedling emergence and early growth of three provenances of P. abies in two different substrates

Growing medium Provenance
Seedling emergence (%) Seedling height (Z) 

(cm)15 days 30 days

Substrate 1 Gran Bosco di Salbertrand 38 b 62 b 4.3 a

Pezzel e Fochino 20 c 25 cd 2.4 d

Val di Fiemme 58 a 91 a 3.7 b

Substrate 2 Gran Bosco di Salbertrand 34 bc 20 d 2.6 d

Pezzel e Fochino 38 b 20 d 2.1 d

Val di Fiemme 36 bc 47 bc 3.2 c

Two-way ANOVA (P values)

Substrate (S) 0.4152 0.0000 0.0000

Provenance (P) 0.0005 0.0000 0.0000

S x P 0.0001 0.0013 0.0000

Values for each parameter, column, and factor followed by different letters are significantly different (Tukey’s multiple range test, p < 0.05).
(z) The final stem height was determined for all seedlings at 90 days from sowing: the average for Gran Bosco di Salbertrand, Pezzel e Fochino and 
Val di Fiemme was calculated on 200, 123 and 331 seedlings for the substrate 1 and on 867, 257 and 801 seedlings for the substrate 2, respectively.

Fig. 1 - �Emergence and growth of seedlings on different seed beds at 
30 days  after sowing: (A) seedlings from the provenance Val di 
Fiemme on substrate 1; (B) at left, seedlings from the  provenance 
Pezzel and Fochino, showing areas of bare soil, and at right, seed-
lings from the provenance Val di Fiemme on substrate 2.
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showed similar values in dry shoot biomass, root biomass, 
and root/shoot ratio, but lower values were always found 
in PF provenance.

In vitro experiment
Explants from all examined provenances give rise to 

embryogenic tissues (Table 5). The mature zygotic em-
bryos from GS seeds yielded a higher frequency (13.5%) 

of embryogenic tissue induction, compared with those for 
PF (8.6%) and VF (5.5%). A higher frequency (13.4%) of 
embryogenic tissue induction, independent of provenance, 
was achieved on medium supplemented with low con-
centrations of growth regulators (5 μM 2,4-D and 2.5 μM 
BA) than on medium with higher concentrations of growth 
regulators (10 μM 2,4-D and 5μ M BA). With regard to 
the proliferation of  embryogenic tissues, only  the prov-
enance GS showed the highest increase in fresh weight of 
embryogenic tissue and the capacity for embryo matura-
tion in the presence of low concentrations of growth regu-
lators. In contrast, a greater increase in embryogenic tissue 
fresh weight was achieved for all provenances on medium 
supplemented with the higher concentrations of 2,4-D and 
BA. These cultures were whitish to translucent, and were 
characterised by vigorous growth (Fig. 3 A, B); maturation 
of embryogenic tissues  for each provenance is reported 
in Table 5. Specifically, GS and PF embryogenic tissues 
showed the highest maturation efficiency (mean of 52 and 
73 somatic embryos per clump, respectively), whereas the 
VF embryogenic tissues  produced an average of only 24 
somatic embryos per clump. The maturation process up to 
the cotyledonary stage required about 5 weeks of culture 
on the maturation medium (Fig. 3 C-E). Over 74% of the 
somatic embryos germinated rapidly after transfer to the 
germination medium. The development of plantlets with 
true needles was observed within 1 to 2 weeks (Fig. 3F). 

Table 4 - �Morphological characteristics of Picea abies seedlings grown in pots outdoors

Provenance
Mean number Shoot biomass (g) Root biomass (g)

Root to shoot ratio
Branche Roots Fresh Dry Fresh Dry

G S  3.0±0.46 a 9.7±1.34 a 5.15±0.09 a 2.71±0.08 a 1.23±0.12 a 1.06±0.07 a 0.395 a 

P F 1.3±0.44 a 7.0±1.29 a  2.15±0.18 c 1.88±0.16 b 0.52±0.12 b 0.44±0.07 b 0.257 a

V F 1.8±0.63 a 7.0±1.29 a 4.45±0.10 b 2.66±0.09 a 1.16±0.14 a 1.05±0.09 a 0.390 a

All parameters of growth were evaluated after 52 weeks of growth in pots. The data were subjected to analysis of variance. Values are the mean of 
a minimum of 15 seedlings for each provenance. Means within a column followed by a different letter are significantly different (Tukey’s multiple 
range test, P< 0.05).
GS= Gran Bosco di Salbertrand;
PF= Pezzel e Fochino; 
VF= Val di Fiemme.

Table 5 - �Induction of embryogenic cultures, proliferation, and somatic embryo maturation

Provenance 
Embryogenic 

cultures
(%)

Increase of mass embryogenic (g) Embryo maturation

5μM 2.4D+ 2.5μM BA 10μM 2.4D+ 5μM BA
No. somatic   

embryos/clump
Total no.  

embryos/clump

Gran Bosco Salbertrand 13.5±2.35 a 1.09±0.60 a (z) 1.51±0.26 a 52.0±15.0 b 619

Pezzel e Fochino 8.6±2.72 a 0.22±0.15 a 1.66±0.39 a 73.0±11.5 a 881

Val di Fiemme 5.5±2.11 a 0.30±0.10 a 1.13±0.48 a 24.0±9.0 c 288

Growth regulators

5μM 2.4D+ 2.5μM BA     13.4±1.57 a

10μM 2.4D+ 5μM BA 5.0±2.72 b

(z) Data represent increase of fresh weight over time. The data were subjected to analysis of variance. Values within a column followed by a different 
letter are significantly different (Tukey’s multiple range test, P < 0.05).

Fig. 2 - �Stem heights of Picea abies seedlings grown in pots outdoors 
measured after 4, 12, and 52 weeks of cultivation in pots. Data 
represent the means (±SE) for seedlings from the Gran Bosco 
di Salbertrand (1), Pezzel e Fochino (2), and Val di Fiemme (3) 
provenances. A minimum of 200 seedlings were measured for 
each provenance.
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4. Discussion and Conclusions

The efficiency of P. abies propagation from seeds 
and by somatic embryogenesis was closely related to 
the provenance of the plant material. Furthermore, the 
emergence and growth of seedlings propagated in seed 
beds, and the capacity for somatic embryogenesis were 
influenced by the composition of the growing medium. 
With regard to seed propagation, the best performance 
in terms of production and seedling growth was achieved 
by the Val di Fiemme provenance on both growing me-
dia, whereas the Pezzel e Fochino provenance showed 
the worst performance. Moreover, the positive  results of 
VF provenance on emergence and growth of seedlings in 
seed beds are also confirmed by the best values regarding 
seed quality of this provenance. In addition, the organic 
matter added to growth medium and its content should be 
taken into account. Malakouti and Homaei (2004) report-
ed that organic matter improved seed germination and 
seedling growth, providing suitable conditions for seed-

ling production. On the contrary, this study shows that 
the highest content  of organic matter seems to induce 
a detrimental effect on growth and seedling survival. 
Probably high amounts of organic matter in the nursery 
environment promotes favourable conditions for the de-
velopment of pathogens living in the growing medium. 
Therefore, the mortality of Gran Bosco di Salbertrand 
and Pezzel e Fochino seedlings could be due to a disease, 
likely damping off, as evidenced from areas of bare soil 
in the seed beds. In contrast, the VF seedlings showed su-
perior growth and survival and seem to be more resistant 
to pathogens. Consequently, control of organic-matter 
content, humidity level in seed beds, and reduction in the 
duration of cultivation under greenhouse conditions are 
important factors to achieve a high percentage of seed-
ling emergence and growth. At the end of the cultivation 
period in pots, the fifteen-month seedlings of GS prov-
enance showed a height growth in excess of the minimum 
standard for three-year-old seedlings. However, the VF 
and GS provenances showed similar values in dry matter, 

Fig. 3 - �Somatic embryogenesis from mature zygotic embryos of Picea abies; proliferation of embryogenic tissues (A and B); maturation (C-E) 
and germination (F) of somatic embryos. 
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while  lower values were always found in PF. On basis 
of these results, the production of Christmas trees could 
be increased by the use of Val di Fiemme seeds, which 
showed higher germinability and growth of seedlings and 
by shortening the time for transplanting.

To the authors’ knowledge, this is the first report of the 
application of somatic embryogenesis technology to P. ab-
ies seeds from different Italian provenances. Our results 
demonstrate a low production of embryogenic tissues, and 
among the provenances a different efficiency was evident 
with regard to the proliferation and maturation of somatic 
embryos. Only the GS provenance was able to develop 
somatic embryos capable of germination on both prolif-
eration media; the other provenances gave rise only to so-
matic embryos on medium with a high concentration of 
growth regulators. Specifically, GS and PF provenances 
showed the highest maturation efficiency in terms of the 
number of embryos per embryogenic clump. These results 
obtained in vitro are in line with previous studies conduct-
ed on conifers. Chen et al. (2010) reported low frequency 
of embryo initiation and genetic specificity of explants as 
serious problems associated with embryogenesis induc-
tion. Moreover, the induction of somatic embryogenesis 
varies greatly among different genotypes under identical 
culture protocols and proliferation and maturation levels 
have been identified as major constraints to somatic em-
bryogenesis (Tang et al., 2001).

In order to improve the efficiency of propagation from 
seeds and by somatic embryogenesis,  further studies will 
be finalized to manipulate the composition of the growing 
medium to improve the emergence and growth of seed-
lings and frequency of embryogenic tissues.

Acknowledgements

The Norway spruce seed material was kindly supplied 
by the National Centre for the Study and Maintenance of 
the Forest Biodiversity of Peri (Verona, Italy). The authors 
are grateful to the” Istituto per l’Agricoltura ed Ambiente” 
of Firenze for providing the planting site for the trials, Prof. 
G. Coppola for the helpful suggestions, and P. Pestelli for 
his support in seedling production in greenhouse.

References

AHMADLOO F., TABARI M., HAMED Y., KOOCH Y., AH-
MAD R., 2012 - Effects of soil nutrient on seedling perfor-
mance of arizona cypress and medite cypress. - Annals of 
Biological Research, 3(3): 1369-1380.

CHEN S., CHEN S., CHEN F., WU T., WANG Y., SHANJUN 
Y., 2010 - Somatic embryogenesis in mature zygotic embryos 
of Picea likiangensis. - Biologia, 65(5): 853-858.

DICKSON A., LEAF A.L., HOSNER J.F., 1960 - Quality ap-
praisal of white spruce and white pine seedling stock in nurs-
eries. - The Forestry Chronicle, 36(1): 10-13.

DORMLING I., 1982 - Frost resistance during bud flushing and 
shoot elongation in Picea abies. - Silva Fennica, 16: 167-177.

DUNSTAN D.I., TAUTORUS T.E., THORPE T.A., 1995 - So-
matic embryogenesis in woody plants, pp. 471-538. - In: 
THORPE T.A. (ed.) In vitro embryogenesis in plants. Klu-
wer Academic Publishers, Dordrecht, The Netherlands, pp. 
566.

GUPTA P.K., DURZAN D.J., FINKLE B.J., 1987 - Somatic 
polyembryogenesis in embryogenic cell masses of Picea ab-
ies (Norway spruce ) and Pinus taeda (loblolly pine) after 
thawing from liquid nitrogen. - Canadian Journal of Forest 
Research, 17: 1130-1134.

ITALIAN SOCIETY FOR SOIL SCIENCE, 1985 - Metodi Nor-
malizzati di Analisi del Suolo. - Edagricole, Bologna, Italy.

KIANI B., SHARAJI ROSTAMII T., TAHERI F., 2005 - Study-
ing ability rhizogenesis Pinus taeda seedlings in bare root 
and potting condition. - Iranian Journal Natural Resources, 
58(2): 333-338.

MAGINI E., 1977 - Appunti di vivaistica forestale. - Clusf Co-
operativa Editrice Universitaria.

MALAKOUTI M.J., HOMAEI M., 2004 - Soil fertility of arid 
and semi-arid regions (Difficulties and Solutions). - Tarbiat 
Modares University Press, Tehran, Iran, pp. 482.

NOURSHAD M., GHORANI M., 1990 - Research projects se-
lection the best soil mixture in order to container seedlings 
production. - Afforestation and Park Bureau Press, Mazan-
daran, pp. 57.

O´SKARSSON H., SIGURGEIRSSON A., RAULUND-RAS-
MUSSEN K., 2006 - Survival, growth, and nutrition of tree 
seedlings fertilized at planting on Andisol soils in Iceland: 
Six-year results. - Forest Ecology and Management, 229(1-
3): 88-97.

SANTI C.A., CERTINI G., D’ACQUI L.P., 2006 - Direct deter-
mination of organic carbon by dry combustion in soils with 
carbonates. - Communications in Soil Science and Plant 
Analysis, 37: 155-162.

SCHMIDT-VOGT H., 1976 - Die Fichte. Band I. Taxomomie, 
Verbreitung, Morphologie, Okologie, Waldgesellschaften. - 
Verlag Paul Parey, Hamburg and Berlin.

SELIVANOVSKAYA S.Y.U., LATYPOVA V.Z., 2006 - Effects 
of composted sewage sludge on microbial biomass, activity 
and pine seedlings in nursery forest. - Waste Management, 
26(11): 1253-1258.

SNEDECOR G.W., COCHRAN W.G., 1980 - Statistical meth-
ods. - Iowa University Press, Ames, Iowa, USA.

TANG W., WHETTEN R., SEDEROFF R., 2001 -  Genotypic 
control of high-frequency adventitious shoot regeneration 
via somatic organogenesis in loblolly pine. - Plant Science, 
161: 267-272.

TSAKALDIMI M., 2006 - Kenaf (Hibiscus cannabinus L.) core 
and rice hulls as components of container media for grow-
ing (P. halepensis M.) seedlings. - Bioresource Technology, 
97(14): 1631-1639.



192

1. Introduction

Carnation (Dianthus caryophyllus L.) flowers are one of 
the most important cut flowers cultivated commercially in 
the world and they are also used as ornamental plants for 
decorative purposes in orchards and landscapes (Singh et 
al., 2005). Vase life of cut flowers is an important charac-
teristics in crop quality evaluation and it depends on genetic 
and environmental factors (Seglie et al., 2011). Ethylene, as 
a gaseous plant hormone, plays a prominent role in acceler-
ating senescence phenomena of most plant organs such as 
fruits, flowers, and floral buds (Yang and Hoffman, 1984). 
When plants produce ethylene, or are exposed to an external 
source of ethylene, receptors perceive its presence and the 
signal is transferred by downstream active genes. Ethylene, 
by inducing expression of senescence-related genes, affects 
the physiological characteristics vegetative and reproductive 
organs resulting in organ abscission and yellowing (Ahmadi 

et al., 2008). It has been found that exogenous ethylene in 
some plants like miniature roses, geranium, and begonia has 
undesirable effects on flower quality and results in accel-
erating senescence and decreasing flower life (Ahmadi et 
al., 2009; Seglie et al., 2011). Application of external ethyl-
ene in rose petals causes a considerable increase in ethylene 
production and activity of ACC-synthase and ACC-oxidase 
genes (Ma et al., 2006; Ahmadi et al., 2009), although eth-
ylene receptor genes are not affected by external ethylene 
(Ahmadi et al., 2009). Senescence is an oxidative process 
in which reactive oxygen species and antioxidants play an 
important role. In general, reactive oxygen species acceler-
ate flower senescence by increasing cell membrane perme-
ability due to decreasing proteins and nucleic acids result-
ing from different protease and nuclease enzyme activities 
(Barth et al., 2006). Decreasing antioxidant enzyme activity 
and increasing peroxidation of cell membrane lipids have 
been indicated as possible reasons of senescence in differ-
ent plant species (Buchanan-Wollaston, 1997). In addition, 
cell death is accelerated in this phase because of a boost in 
ethylene production during the senescence period (Ebeles 
et al., 1992). Plants gain from antioxidant mechanisms to 
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Abstract: Carnation (Dianthus caryophyllus L.) flowers are one of the most important cut flowers in the world. The 
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alleviate the effects of free radicals. These mechanisms in-
clude changes in content of defense-related enzymes such 
as peroxidase, catalase, polyphenol oxidase and other com-
pounds like phenols (Staskawicz et al., 1995). Since post-
harvest senescence is an important restricting factor in crop 
presentation and marketability of many cut-flowers, using 
high confidence methods to delay crop senescence is of 
great importance. 1-MCP as an anti-ethylene compound has 
been proved to be effective in inhibiting ethylene response 
by competing with ethylene for placing on the site of eth-
ylene receptors (Seglie et al., 2011; Daneshi Nergi and Ah-
madi, 2014). Studies have shown that 1-MCP has inhibited 
the phenomena of petal fall in geranium, considering that its 
effectiveness depends on transport conditions, storage tem-
perature, and application times (Cameron and Reid, 2001). 
Studies on cut carnation showed that all concentrations of 
1-MCP decreased ethylene production and chlorophyll de-
struction was delayed in comparison with control plants 
(Asil et al., 2013). Black tulip flowers treated with 1-MCP 
for 8 h showed maximum anthocyanin till the twelfth day of 
vase life (Chutichudet et al., 2010). Application of 1-MCP 
on soya plants decreased hydrogen peroxide in comparison 
with untreated plants as well as production of ethylene and 
free radicals but increased the activity of antioxidant en-
zymes (Djanaguiraman et al., 2011).

Considering the role of 1-MCP as an ethylene inhibitor, 
the purpose of the current study was to evaluate 1-MCP 
efficacy in extending display-quality ‘Fortune’ carnation 
flowers. To gain a deep understanding of biochemical 
characteristics of cut-flowers, enzyme assays were evalu-
ated in this experiment.

2. Materials and Methods

Carnation cut-flowers of ‘Fortune’ cultivar were har-
vested from commercial greenhouses in Pakdasht (Iran) 
according to standard indexes. Flowers were immediately 
transferred to the laboratory of post harvest physiology of 
the Horticulture Department, Faculty of Agriculture, Tar-
biat Modares University. Healthy and uniform flowers were 
selected for the considered treatments. Cut-flowers were 
placed in the vase solution and treated with 1-MCP (0, 0.5, 1 
and 1.5 µl/l) for 24 h in 200 L glass aquarium chambers. Af-
ter 1 h of ventilation, the aquarium lids were re-sealed and 
ethylene was injected inside each chamber using a Hamil-
ton syringe to expose cut flowers to 1 µl/l ethylene for 16 h 
(Daneshi Nergi and Ahmadi, 2014). After termination of the 
ethylene treatment, the lids of the glass chambers were re-
moved and the vases were placed on the lab bench. Experi-
ments were run under the following conditions: tempera-
ture 20±2°C, relative humidity of 60-65%, light intensity of 
15 µmol/m2s-1 with 12 h light and 12 h darkness (Daneshi 
Nergi and Ahmadi, 2014). Experimentation was conducted 
in a completely randomized design with three replications 
and four treatments.  Sampling was carried out to evaluate 
physiological and biochemical characteristics at desired 

times and data were analysed using MSTAT-C statistical 
software; means were compared according to the Least Sig-
nificant Differences (LSD) test (P<0.01) and graphs were 
designed using Excel software.

Vase life
In this study, vase life was considered the time during 

which cut-flowers can keep their market quality and before 
senescence symptoms, including bending of petal margins 
and wilting, appear (Singh, 1994). Cut-flower durability 
was based on day distance after the end of cut-flower treat-
ment till their ornamental value disappeared.

Leaf chlorophyll analysis
To measure chlorophyll, leaf samples of 0.5 g were 

ground using a mortar and pestle with liquid nitrogen, 
dipped in 15 ml 80% acetone in test tubes and centrifuged 
at 6000 rpm and 4°C. The absorbance of the solutions was 
read against blank (solvent)  at 663 and 646 nm using a 
spectrophotometer (BIO-RAD) (Richardson et al., 2002). 
Chlorophyll content was calculated as follows: 

Chlorophyll a (µg.ml) = 12/5A
663 

-2/79A
646

Chlorophyll b (µg.ml) = 21/51A
646 

-5/1A
663

Total Chlorophyll (µg.ml) = Chlorophyll a + Chloro-
phyll b

Petal anthocyanin
Petal samples of 200 mg were pulverized in 3 ml 99:1 

(v/v) methanol and hydrochloric acid and the obtained ex-
tracts were centrifuged at 12000 rpm for 20 min at 4°C. 
Supernatants were kept at 4°C under darkness for 24 h. 
Light absorption was then estimated by spectrophotom-
eter at 550 nm wavelength and using silence coefficient 
(=33000 mol2 cm-1) (Krizek et al., 1993).

Petal membrane stability index
To determine petal membrane stability, two petal sam-

ples, each including 200 mg of each replication, were 
weighted and dipped in 10 ml double distilled water. One 
sample was placed in 40°C Benmary for 30 min and the 
other 100°C Benmary for 15 min. After cooling the sample 
of 40°C Benmary and reaching room temperature, electrical 
conductivity of the solutions was measured with a conduc-
tivity meter and the stability percent of the membrane was 
determined according Ezhilmathi et al. (2007) as follows:

Membrane stability index (percent) = [1-(C1/C2)] × 100

Enzyme assays
Peroxidase (POD) enzyme. Peroxidase (POD) was 

extracted from 200 mg homogenized samples in 25 mM 
Na-phosphate buffer (pH 6.8) followed by centrifugation 
at 12000 rpm for 30 min at 4°C. For assay, a mixture con-
sisting of 25 mM Na-phosphate buffer (pH 6.1), 28 mM 
Guaiacol, 5 mM hydrogen peroxide and crude extract was 
prepared and its absorbance at 470 nm was detected for 1 
min, using spectrophotometer (BIO-RAD). Enzyme activ-
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ity was expressed as absorption delta of 470 nm per mg 
protein (Chance and Maehly, 1955).

Catalase (CAT) enzyme. Catalase (CAT) was extracted 
from 200 mg samples homogenized in 25 mM Na-phos-
phate buffer (pH 6.8) followed by centrifugation at 12000 
rpm for 30 min at 4°C. The supernatant was transferred 
to 15 ml tubes and referred to enzyme extract. For assay, 
a mixture consisting of 25 mM Na-phosphate buffer (pH 
6.1), 10 mM hydrogen peroxide and crude extract was pre-
pared and its absorbance at 240 nm was detected using a 
spectrophotometer (BIO-RAD). Enzyme activity was de-
scribed by measuring the conversion rate of hydrogen per-
oxide to water and oxygen molecules, as the decrease of 
absorbance per time per mg of protein (Cakmak and Horst, 
1991). Enzyme activity was expressed as absorption delta 
of 240 nm per mg protein. All steps of enzyme extraction 
were performed on ice.

Superoxide dismutase (SOD) enzyme. 200 mg of plant 
tissues were extracted in 50 mM HEPES-KOH buffer (pH 
7.8) containing 0.1 mM EDTA. The homogenate was trans-
ferred to centrifuge tubes and was centrifuged at 12000 
rpm for 30 min at 4°C. The supernatant was transferred to 
15 ml tubes and referred to enzyme extract. For assay, a 
mixture consisting of 50 mM HEPES-KOH (PH 7.8) con-
taining 0.1 mM Na-EDTA, 50 mM Na

2
CO

3
 (PH 10.2), 12 

mM L-methionine, 75 µM Nitro Blue Tetrazolium (NBT), 
1µM Riboflavin and crude extract was prepared and en-
zymatic extract as a unit of SOD activity was considered 
as enzymatic amount which resulted in 50% inhibition of 
NBT in 560 nm (Chance and Maehly, 1955). Reaction mix 
absorption was measured by spectrophotometer.

Total soluble protein was measured using the Bradford 
(1976) method. Absorption of 1 ml Bradford reagent along 
with 100 µl enzymatic extract were mixed completely and 
registered in 595 nm. Protein content was estimated using 
calibration curve of cow albumin serum (BSA) (Bradford, 
1976).

3. Results and Discussion

Vase life
Vase life is one of the important post harvest characteris-

tics of ornamental plants especially for cut carnation, which 
is highly affected by ethylene. Reduction of unfavorable 
effects of ethylene is an appropriate method for enhancing 
postharvest durability of plants or plant organs and com-
pounds like 1-MCP are used extensively in order to alleviate 
the undesired effects of ethylene in horticultural crops. Re-
sults showed that the effect of 1-MCP on characteristics of 
cut carnation cv. Fortune was significant (P<0.01). Increas-
ing 1-MCP concentration enhanced vase life of cut flowers 
so that the longest vase life (11.8 days) was related to 1.5 
µl/l 1-MCP which was significantly (P<0.01) higher than 
control and 0.5 µl/l 1-MCP, while there was no significant 
(P<0.01) difference with 1 µl/l 1-MCP. By preventing exter-
nal ethylene action, treatment with 1-MCP increased vase 

life (Fig. 1). In accordance with our results, Yamane et al. 
(2004) showed that 1-MCP increased vase life of cattleya 
flowers. It seems that 1-MCP prevents ACC-oxidase and 
ACC synthase expression, subsequently decreasing ethyl-
ene production in primary days of treatment with 1-MCP, 
resulting in increased vase life (Yamane et al., 2004; In et 
al., 2013; Yang et al., 2013). This is also in agreement with 
the results of Chutichudet et al. (2010) who reported that 
1-MCP protects tulip cut-flower quality by preventing eth-
ylene production (Chutichudet et al., 2010). Hence, increas-
ing vase life of cut-flowers treated with 1-MCP is related to 
inhibiting ethylene action and ethylene biosynthesis (Serek 
et al., 1994; Serek and Sisler, 2001).

Membrane stability index
1-MCP treatment preserved membrane stability in car-

nation cut flowers. The greatest membrane stability on the 
seventh day after treatment was related to 1.5 µl/l 1-MCP 
with no significant (P<0.01) difference toward 1 µl/l, but 
it was significantly (P<0.01) higher than control and 0.5 
µl/l 1-MCP. 1-MCP can prevent membrane degradation 
by decreasing the lipid peroxidation which is regulated by 
ethylene (Yuan et al., 2010) (Fig. 2). Since ethylene is the 
main factor for increasing respiration rate in climacteric 
crops and causes an acceleration of physical characteristic 
changes and cell membrane phospholipids degradation, it 
seems that 1-MCP treatment protects membrane stability 
by preventing ethylene action.

Chlorophyll content
Based on the results, the highest chlorophyll content on 

the seventh day after treatment measured in 1.5 µl/l 1-MCP 
showed a significant (P<0.01) difference with the other 
treatments. The effect of 1-MCP on protecting chlorophyll 
content is a result of ethylene action and consequently in-
hibition of ethylene biosynthesis, which is considered the 

Fig. 1 - �Effect of 1-MCP on vase life of carnation cv. Fortune. Data are 
means with standard errors (n=3).
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most important factor of leaf chlorosis in ornamental plants. 
In accordance with the present results, 1-MCP treatment at 
all concentrations decreased ethylene biosynthesis which 
was followed by reduction of chlorophyll destruction com-
pared to control plants (Asil et al., 2013) (Fig. 3). Accord-
ing to Serek et al. (1998) 1-MCP inhibited leaf chlorosis in 
chrysanthemum and geranium cv. Isable (Serek et al., 1998). 
In this case, the effect of 1-MCP was attributed to binding 
ethylene receptors. A recent study showed that 1- MCP can 
keep carbon assimilation in a condition of good efficiency 
and prevent tricarboxylic acid cycle. Under these conditions, 
by provoking the biosynthesis of gibberellins, the posthar-
vest senescence process is retarded which appeared as pre-
serving the postharvest quality (Wang et al., 2014).

Anthocyanin content
Our results showed that the highest anthocyanin con-

tent on the seventh day after treatment was related to 1.5 
µl/l 1-MCP with significant (P<0.01) differences with the 
other treatments (Fig. 4). Positive effects of 1-MCP on in-
hibition of external ethylene action, delaying senescence 
and accordingly protecting suitable cell pH were the fac-
tors of anthocyanin photosynthesis pigments. Chutichudet 
et al. (2010) found that Black tulip cut flowers treated with 
300 ppb 1-MCP for 8 h had the highest anthocyanin content 
till the twelfth day of vase life (Chutichudet et al., 2010). 
Usually, postharvest destruction of anthocyanin pigments 
is as a result of bracteoles’ membrane function destruction 
(Jiang and Chen 1995; Jiang et al., 2004). The stability of 
anthocyanin may be due to the role of 1-MCP, which can 
decrease membrane destruction of fresh crops (Hershkovitz 
et al., 2005). Vacuole pH is enhanced during senescence and 
anthocyanin gets free of color before destruction (Zhang et 
al., 2001). Furthermore, anthocyanin destruction occurs 
as a result of polyphenol oxidase activity (Francis, 1989). 
The preventing from anthocyanins accumulation in tissues 
could be ascribed to ethylene action, based on research on 
Arabidopsis thaliana showed negative self-regulation in 
relationship of ethylene, carbohydrates and anthocyanins. 
Stress induced by ethylene resulted in reduced absorption 
of carbohydrates and consequently decreased accumulation 
of pigments (Das et al., 2011).

Antioxidant enzymes
The highest activity of catalase was found in flowers 

treated with 1 µl/l 1-MCP, however it was not significantly 
(P<0.01) higher than 1.5 µl/l but was significantly (P< 0.01) 
higher than control and 0.5 µl/l 1-MCP treatments (Fig. 5). 
The highest activity of peroxidase was detected in 1 µl/l 
1-MCP with significant (P<0.01) differences toward the 
other treatments (Fig. 6). 1-MCP protected antioxidant en-
zyme activity by inhibiting ethylene action and biosynthe-

Fig. 2 - �Effect of 1-MCP on petal membrane stability of carnation cv. 
Fortune. Data are means with standard errors (n=3).

Fig. 3 - �Effect of 1-MCP on petal chlorophyll content of carnation cv. 
Fortune. Data are means with standard errors (n=3).

Fig. 4 - �Effect of 1-MCP on petal anthocyanin content of carnation cv. 
Fortune. Data are means with standard errors (n=3).
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sis, and subsequently decreased respiration rate. The petal 
senescence process causes metabolic and physiological 
changes, which result in the petal death. Senescence begins 
with the expression of a set of genes related to senescence 
and it emerges at metabolic level as oxidative processes 
and often the catabolic processes in senescence increase 
are irreversible (Buchanan-Wollaston, 1997). In micro-
somal membranes of carnation, many superoxides are gen-

erated during senescence (Mayak et al., 1983). Here also, 
increasing free radicals from ethylene stress in plants un-
treated with (0 µl/1) 1-MCP damaged to immunity system 
of antioxidant and reduction of immunity enzymes activ-
ity. When treated with different concentrations of 1-MCP, 
there was more antioxidant enzyme activity because of 
decreasing effects of external ethylene. Peroxidase has dif-
ferent biological functions, such as detoxification of hy-
drogen peroxide, lignin biosynthesis, hormonal signaling 
and response to stress (Gao et al., 2010). Catalase is con-
sidered an important biological factor and its major func-
tion is in the process of superoxide metabolism by playing 
role in releasing oxygen and hydrogen peroxide free radi-
cals and preventing creation of hydroxyl radicals (Spanou 
et al., 2012). Superoxide dismutase like Cu-Zn superox-
ide dismutase, Mn superoxide dismutase and outside cell 
superoxide dismutase play a critical role in inhibition of 
superoxide (Miao and St Clair, 2009). In fact, peroxidase, 
catalase and superoxide dismutase play roles in protect-
ing the metabolism balance of oxygen in plant tissues (Xie 
et al., 2003). Superoxide causes lipid peroxidation, cell 
membrane damage and finally senescence; 1-MCP can af-
fect enzyme activities, which remove superoxide (Li et al., 
2007). In accordance with our obtained results, increasing 
antioxidant enzyme (catalase, superoxide dismutase and 
peroxidase) activity of gladiola florets treated with 1-MCP 
has been reported (Fig. 7). It seems that this treatment de-
creases oxidative stresses in cut-flowers (Hassan and Ali, 
2014). In other words, activity of these enzymes is a factor 
for the protection of cells against oxidative stresses (Zhou 
et al., 2014). It should be mentioned that even if ethylene 
decreases in response to 1-MCP, the activity of antioxidant 
enzymes will increase. In addition, a considerable increase 
in peroxidase, catalase and superoxide dismutase activ-
ity was observed in petals of carnation flower cv. Lilacon 
purple treated with 0.5 µl/l 1-MCP. The 1-MCP treatment 

Fig. 5 - �Effect of 1-MCP on petal catalase enzyme activity of carnation 
cv. Fortune.

Fig. 6 - �Effect of 1-MCP on petal peroxidase enzyme of carnation cv. 
Fortune.

Fig. 7 - �Effect of 1-MCP on petal superoxide dismutase enzyme of car-
nation cv. Fortune.
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decreased hydrogen peroxide and superoxide (peroxide 
anion) compared to control plants (Karimi, 2014). This 
decreasing may be a result of low ethylene biosynthesis 
and inhibition of hydrogen peroxide and peroxide anion 
by peroxide and superoxide dismutase enzymes (Larri-
gaudiere et al., 2004). In asparagus, 1-MCP hindered the 
ethylene signal transduction and resulted in a delay by af-
fecting ethylene biosynthesis, and enhancing superoxide 
dismutase activity (Zhang et al., 2012). In brief, our study 
has shown that 1-MCP treatment can delay senescence and 
increase flower vase life by protecting photosynthesis pig-
ments and increasing antioxidant enzyme activity.

In conclusion, 1-MC prevented the effects of ex-
ogenous ethylene and alleviated the stress conditions 
induced by ethylene in cut carnation flowers. It seems 
that 1-MC treatment increased the resistance capacity of 
tissue/organs by boosting the activity of antioxidant en-
zymes resulting in favorable physiological and biochemi-
cal organ activities.
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1. Introduction

Alliaceae plants belong to a secondary selenium-accu-
mulator group. They are stable at high concentrations of 
this element and are able to accumulate up to 1 mg of Se 
per g of dry weight during selenium uptake without caus-
ing growth inhibition (Terry et al., 2000). Although Se is 
not regarded as an essential trace element for most of agri-
cultural crops, including onion, a moderate selenium con-
centration is reportedly a powerful natural antioxidant, ca-
pable of protecting plants against different types of stress, 
such as salinity, drought, UV-radiation, heavy metals, and 
attack by herbivores (Germ et al., 2007). Notably, the an-

tioxidant role of Se in polyunsaturated fatty acid (PUFA) 
stability of seed oil seems to be of special interest.

Oils are a vital component of the human diet and are 
readily available in some vegetables species. Their ac-
cumulation in plant seeds, as well as their fatty acids 
composition, is affected by genetic, environmental, and 
farming factors (Sidlauskas and Bernotas, 2003). In addi-
tion, their antioxidant action is of great importance due to 
PUFA disposition against oxidation. An investigation of 
the germination of Capsicum annuum seeds demonstrated 
that fatty acids content and composition may play a ma-
jor role on germination and seedling vigour at different 
temperatures (Kaymak, 2014). A significant decrease of 
seed germination during storage is reportedly connected 
with lipid auto-oxidation leading to PUFA degradation 
and an increase in cell membrane permeability (Harmann 
and Mattick, 1976). In this respect, the inhibitory effect of 
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selenium on lipid peroxidation was described for ryegrass 
(Hartikainen et al., 2000) and germination was enhanced 
in lettuce seeds stored long-term as a result of Se applica-
tion (Xue et al., 2001). Moreover, a direct correlation was 
found between the content of water soluble Se forms and 
germination rate of Apiaceae seeds (Dobrutskaya et al., 
2010). Unlike the reports mentioned above, soybean bio-
fortification with selenium did not affect the stability of 
seed oil PUFA against oxidation (Fallen et al., 2011).

A high oil content is typical in Allium species, with 
Allium cepa seeds containing about 26%, with the pre-
dominance of highly labile linoleic acid (Dini et al., 2008; 
Yalcin and  Kavuncuoglu, 2014); a gradual germination 
decrease over time is however frequent in Allium species.

Actual perspectives of Allium seed oil utilization in the 
human diet as well as in phytotherapy of cardiovascular 
and dermatological diseases (Nakamura et al., 2008) also 
require investigations into the relationship between sele-
nium and either oil content or composition in Allium spe-
cies, also connected to the genotype. Therefore, due to the 
lack of information reported in literature on these topics, 
research was carried out in order to assess selenium con-
centration, oil content and fatty acids composition, total 
phenolics in the seeds, as well as the significant correla-
tions between these four parameters, in: a) ten Allium cepa 
L. cultivars, native of northern Europe (eight Russian cul-
tivars) and the Mediterranean area (two Italian cultivars); 
and b) six perennial Allium species.

2. Materials and Methods

Research was carried out to compare the seeds ob-
tained from northern Europe and Mediterranean onion 
cultivars with regard to selenium concentration, oil con-
tent and fatty acids composition, proteins, and total phe-
nolics. In this context, seeds from eight Russian Allium 
cepa cultivars (Ledocol, Cherny prince, Alba, Sigma, 
Myachkovsky, Zolotnichock, Zolotie cupola, Globus) and 
six perennial onion species (A. schoenoprasum, cv. Medo-
nos; A. obliquum, Novichock; A. altaicum, Alves; A. fis-
tulosum, Troitsa; A. nutans, Lider; A. ramnósum, Aprior) 
were produced in the experimental fields of “All-Russian 
Institute of vegetable breeding and seeds production” in 
the Moscow region in 2014. In the same year, seeds were 
obtained from two Italian Allium cepa cultivars (Ramata di 
Montoro and Rossa di Tropea) grown in an experimental 
field arranged by the Department of Agricultural Sciences 
in a private farm sited in Pontecagnano (Salerno, Italy). In 
both locations, five onion bulbs per square meter of 46-70 
mm caliber were planted in March and the infructescences 
containing physiologically ripe seeds were harvested in 
July-August. The farming practices before planting were: 
ploughing at 40 cm depth and hoeing at 15 cm; fertiliza-
tion with 70 kg ha−1 of N as ammonium sulphate, 80 kg 
ha−1 of P

2
O

5
 as superphosphate and 130 kg ha−1 of  K

2
O as 

potassium sulphate. During the crop, the following prac-

tices were performed: hand weeding; fertilization with 130 
kg ha−1 of N and 140 kg ha−1 of K

2
O as calcium nitrate and 

potassium nitrate; drip irrigation, activated when the soil 
available water capacity decreased to 70%; copper oxy-
chloride application against rust.

The seed oil content was gravimetrically assessed after 
oil extraction with n-hexane (60°C) for 6 h in a Soxhlet 
extractor, according to AOAC (1990), and hexane removal 
from the oil by rotary evaporation under reduced pressure 
(20 mbar at 30°C). The fatty acids composition of Allium 
seed oil was detected by Gas Chromatography, according 
to AOCS (1999), via appropriate methyl ethers chroma-
tography on capillary glass column, using an Agilent 6890 
Gas Cromatograph (Agilent Technologies, Santa Clara, 
California, US), equipped with a Flame Ionization De-
tector. The carrier gas was helium and the total gas flow 
rate was 20 mL·min-1. The oven temperature was initially 
held at 80°C for 10 min, then sequentially increased to 
175°C for 15 min, to 200°C for 5 min, and to 225°C for 
70 min. The injector and detector temperatures were 260 
and 240°C respectively. The peaks of fatty acids methyl 
ethers were identified by comparison to the retention times 
of reference standards (AOCS, 1999). 

The microfluorimetric method was used to determine 
total and water soluble selenium content in seeds (Alfthan, 
1984).

Total phenolics in water extracts were determined us-
ing Folin-Ciocalteu colorimetric method (Sagdic et al., 
2011).  Protein content was estimated by Kjeldahl method.

A randomized complete block design was used for the 
distribution of the treatments in the fields, with three rep-
licates, and the plot size was 18 m2 (4.0 x 4.0 m). Data 
were statistically processed by analysis of variance and 
mean separations were performed through the Duncan 
multiple range test, with reference to 0.05 probability 
level, using SPSS software version 17. Data expressed 
as percentage were subjected to angular transformation 
before processing. Standard deviation (SD) was assessed 
for the three replicate data per experimental treatment 
and coefficient of variation (CV) for the data set linked 
to each variable.

3. Results

As reported in Tables 1 and 2, the oil content recorded 
in Allium cepa seeds fell in the 10.7-16.6% range and was 
significantly higher than that detected in perennial onion 
species (4.0-10.8%).

Among Allium cepa cultivars, the two Italian ones 
(Ramata di Montoro and Rossa di Tropea) showed higher 
content of seed oil (16.5-16.6%) compared to the Russian 
cultivars (10.7-13.5%). A. ramnosum seeds were charac-
terized by a 1.8-2.7 fold lower oil content than the other 
perennial onion seeds. Among the perennial onion species 
tested, the highest oil concentration was measured in A. 
schoenoprasum seeds (10.8%).



201

Golubkina et al., Seed oil content as affected by genotype in onion 

Selenium concentration in onion seeds varied greatly 
(108-476 and 112-261 µg·kg-1 in perennial onions and Al-
lium cepa respectively), giving the highest coefficient of 
variation (25% in A. cepa and 37% in perennial onions); 
the lowest CV was recorded for the oil content (9.2 and 
11.2% in A. cepa and in perennial species seeds respec-
tively). Moreover, only Allium cepa seeds showed a direct 
correlation between total Se concentration and oil percent-
age (r= 0.82; P < 0.05) (Fig. 1).

As reported in the Tables 3, 4, 5, the predominant 
fatty acids of seed oil in both Allium cepa and peren-
nial onion species are the following in decreasing order: 
linoleic C18:2 (61.5-73.7%), oleic C18:1 (19.0-27.2%) 
and palmitic C16:0 (5.1-8.6%). Moreover, among the Al-
lium cepa cultivars considered, the highest content of oil 
saturated fatty acids (SFA) was found in Ledokol seeds 
(11.3%), whereas the seed oil of Allium cepa Italian cul-
tivars Ramata di Montoro and Rossa di Tropea showed 
the highest content of monounsaturated acids (MUFA). 
Among perennial onion species, the highest SFA value 

was detected in A. ramnosum (12.7%), whereas the high-
est content of oleic acid C18:1 was detected in A. nutans 
seed oil. Moreover, PUFA represented as much as 74% of 

Table 1 -  �Chemical composition of Allium cepa seeds

Cultivar
Oil content

(%)
Proteins 

(%)
Total phenolics  

(mg g-1 f.w.)
Selenium 

(µg kg-1 f.w.)

Sigma 	 10.7 ± 0.9 d 	 22.4 ± 2.1 ce 	 3.0 ± 0.2 bc 	 112 ± 9 e

Globus 	 12.0 ± 0.9 c 	 22.1 ± 2.0 de 	 2.8 ± 0.2 c 	 124 ± 7 de

Alba 	 12.5 ± 1.0 bc 	 24.1 ± 2.2 bd 	 1.9 ± 0.1 f 	 113 ± 7 e

Ledocol 	 12.9 ± 1.0 bc 	 26.2 ± 2.2 b 	 2.7 ± 0.2 cd 	 192 ± 10 bc

Myachkovsky 	 13.1 ± 1.1 bc 	 19.1 ± 1.7 f 	 3.8 ± 0.3 a 	 121 ± 9 de

Zolotie cupola 	 13.1 ± 1.0 bc 	 34.7 ± 3.1 a 	 3.2 ± 0.3 b 	 159 ± 8 cd

Cherny prince 	 13.2 ± 1.0 bc 	 25.2 ± 2.0 bc 	 2.1 ± 0.1 ef 	 112 ± 9 e

Zolotnichock 	 13.5 ± 1.1 b 	 20.5 ± 1.8 e 	 2.7 ± 0.2 cd 	 135 ± 39 de

Ramata di Montoro 	 16.5 ± 1.4 a 	 22.0 ± 1.9 df 	 2.4 ± 0.2 de 	 261 ± 17 a

Rossa di Tropea 	 16.6 ± 1.4 a 	 22.3 ± 1.9 cd 	 3.0 ± 0.3 bc 	 203 ± 12 b

Mean ± SD 	 13.5 ± 1.3 	 23.9 ± 3.0 	 2.8 ± 0.4 	 153 ± 40

CV (%) 	 9.2 	 12.4 	 14.6 	 25 ±

Within each column: the data are reported as mean ± standard deviation; CV = coefficient of variation; means followed by different letters are sig-
nificantly different according to the Duncan test at p≤0.05 (n=3).

Table 2 - �Chemical composition of perennial onion species seeds

Cultivar
Oil content

(%)
Proteins 

(%)
Total phenolics  

(mg g-1 f.w.)
Selenium 

(µg kg-1 f.w.)

A. ramnósum (cultivar Aprior) 4.0±0.3 d 24.6±2.1 bc 1.7±0.1 e 223±25 b

A. nutans (Lider) 7.0±0.6 c 35.2±3.1 a 3.0±0.3 bc 108±12 c

A. fistulosum (Troitsa) 7.1±0.6 c 23.8±2.0 c 3.8±0.3 a 476±12 a

A. altaicum  (Alves) 8.6±0.7 bc 26.4±2.2 bc 3.3±0.3 ab 182±7 bc

A. obliquum  (Novichock)    9.1±0.7 b 19.9±1.7 d 2.4±0.2 cd 211±11 b

A. schoenoprasum (Medonos) 10.8±0.9 a 27.2±2.5 b 2.1±0.2 de 146±8 bc

Mean ± SD 7.8±1.7 bc 26.2±3.4 2.7±0.7 224±84

CV (%) 11.2 13.0 24.3 37 ±

Within each column: the data are reported as mean ± standard deviation; CV = coefficient of variation; means followed by different letters are sig-
nificantly different according to the Duncan test at p≤0.05 (n=3).
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Fig. 1 - �Relationship between selenium concentration and oil content in 

Allium cepa seeds (r = 0.82; P<0.05).
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fatty acids in A. altaicum seed oil (Table 4), while 70.3% 
was the top value of these compounds in Allium cepa cul-
tivars, i.e. in Myachkovsky and Zolotie cupola (Tables 3 
and 4).

SFA content in seed oil of perennial onions decreased 
according to the following sequence: A. ramnosum > A. 
nutans > A. fistulosum = A. obliquum > A. schoenoprasum 
> A. altaicum. As regards MUFA, the ranking sequence 
was: A. nutans > A. schoenoprasum > A. ramnosum > A. 
obliquum > A. fistulosum > A. altaicum.

Compared to Allium cepa, the seed oil of perennial spe-
cies was characterized by a decreased content in C16:0, 
11-trans C18:1 and C16:1 fatty acids and high concen-
trations of C20:0, C22:0, C24:0 and C22:1, C 20:2 acids 
(Table 5).

Negative correlation was found between water soluble 
Se concentration and oleic acid (r= -0.64, P<0.05) and 
positive correlation between water soluble Se and linoleic 
acid (r= 0.63; P<0.05) (Fig. 2 and 3).

The highest content of total phenolics (3.8 mg g-1) was 

detected in ‘Myachrovsky’ seeds among Allium cepa cul-
tivars and in A. fistulosum among perennial onion species. 
Moreover, total phenolics were positively correlated with 
Se water soluble forms (r= 0.92; P<0.01), but they showed 

Table 3 - �Fatty acids composition (%) of seed oil in Allium cepa cultivars

Fatty acid

Onion cultivar

A
lb

a

C
he

rn
y 

pr
in
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Si
gm

a

G
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bu
s
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ie
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a

R
am

at
a 

di
 

M
on

to
ro

R
os

sa
 d

i 
T

ro
pe

a

L
ed

ok
ol

14:0 0.14 b 0.12 c 0.11 c 0.15 b 0.12 c 0.11 c 0.12 c 0.12 c 0.12 c 0.19 a

16:0 8.62 a 8.44 ab 7.61 bc 7.59 bc 7.58 bc 7.82 ac 5.13d 7.82 ac 7.23 c 8.53 a

17:0 0.04 a 0.01 c 0.03 b 0.04 a 0.03 b 0.03 b 0.03 b 0.04 a 0.04 a 0.04 a

18:0 1.30 cd 1.47 bc 1.39 cd 1.73 a 1.50 b 1.26 d 1.43 bc 1.69 a 1.36 cd 1.58 ab

20:0 0.15e 0.16 de 0.14e 0.22 c 0.27 b 0.17 de 0.17 de 0.22 c 0.19 cd 0.81 a

22:0 0.10 ef 0.10 ef 0.14 c 0.17 b 0.19 a 0.11 e 0.13 d 0.14 c 0.14 c 0.09 f

24:0 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.04 b 0.05 a 0.04 b 0.05 a 0.02 c

SFA 10.35 ab 10.30 ab 9.42 b 9.90 b 9.69 b 9.54 b 7.06 c 10.08 ab 9.23 b 11.26 a

16:1 0.10 a 0.06 cd 0.05 d 0.07 bc 0.07 bc 0.05 d 0.08 b 0.06 cd 0.07 bc 0.07 bc

16:1  9 cis 0.22 ab 0.20 bd 0.21 ac 0.23 a 0.19 ce 0.17 e 0.11 f 0.18 de 0.19 ce 0.19 ce

18:1  9 cis 20.77 ce 22.44 cd 20.35 de 21.79 cd 19.18 e 18.97 e 19.06 e 24.96 ab 27.16 a 23.00 bc

18:1 
11 trans

1.00 cd 1.05 bc 1.06 bc 1.17 ab 1.11 bc 0.91 de 0.83 e 1.25 a 1.30 a 1.09 bc

20:1 0.20 a 0.20 a 0.20 a 0.00 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 b 0.00 b

22:1 0.02 d 0.02 d 0.02 d 0.11 a 0.05 c 0.06 bc 0.07 b 0.03 d 0.02 d 0.05 c

MUFA 22.31ce 23.97 bc 21.89 ce 23.37 cd 20.60 de 20.16 e 20.15 e 26.48 ab 28.74 a 24.40 bc

18::2i 0.03 de 0.06 ab 0.06 ab 0.07 a 0.04 cd 0.02 e 0.05 bc 0.07 a 0.07 a 0.07 a

18:2 66.90 ab 65.24 ab 66.98 ab 66.52 ab 69.43 a 69.91 a 69.81 a 62.99 b 61.50 b 63.77 ab

20:2 0.21 cd 0.21 cd 0.23 bc 0.19 d 0.29 a 0.19 d 0.25 b 0.25 b 0.31 a 0.25 b

18:3 ω-3 0.12 de 0.12 de 1.34 a 0.19 b 0.14 cd 0.14 cd 0.16 bd 0.09 e 0.10 0.17 bc

20:3 0.05 a 0.04 ab 0.03 b 0.04 ab 0.04 ab 0.03 b 0.03 b 0.05 a 0.03 b 0.05 a

PUFA 67.26 ac 65.67 ac 68.64 ac 67.01 ac 69.94 ab 70.29 a 70.30 a 63.45 c 62.01 c 64.31 bc

Along each row, means followed by different letters are significantly different according to the Duncan test at p≤0.05 (n=3). SFA= saturated fatty 
acids; MUFA = mono unsaturated fatty acids; PUFA = poly unsaturated fatty acids.
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Fig. 2 - �Correlation between water soluble selenium concentration and 
oleic acid concentration in Allium seeds (r = -0.64, P<0.05).
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no correlation with total Se concentration (Fig. 4).
Finally, no significant correlation was recorded be-

tween proteins and Se, the latter considered either as total 
concentration or water soluble forms, in onion seeds.

4. Discussion and Conclusions

Seed aging and viability are affected by a number of 
factors, both during seed production and storage. The seed 
aging process depends on a seed’s ability to resist degen-

erative changes as well as on its protection mechanisms, 
which are species-specific. Notably, seeds rich in lipids 
have limited longevity due to their specific chemical com-
position and, in fact, during seed storage of oily species, a 
declining trend of both total oil content and seed germina-
tion can be observed. However, fatty acids composition is 

Table 4 - �Fatty acids composition (%) of seed oil in perennial onion species

Fatty acid
A.schoenoprasum  

Medonos
A.altaicum

Alves
A.obliquum
Novichock

A.ramnosum
Aprior

A.fistulosum
Troitsa

A.nutans
Lider

14:0 0.12 b 0.08 d 0.10 c 0.17 a 0.18 a 0.09 cd

16:0 5.13 c 4.35 d 5.89 b 7.83 a 5.25 bc 5.62 bc

17:0 0.02 d 0.04 bc 0.04 bc 0.07 a 0.03 cd 0.05 b

18:0 1.43 bc 1.56 b 1.32 c 3.11 a 1.47 bc 1.61 b

20:0 0.56 c 0.71 b 0.34 d 0.96 a 0.59 c 0.94 a

22:0 0.21 c 0.30 b 0.21 c 0.38 a 0.33 b 0.38 a

24:0 0.07 de 0.09 c 0.06 e 0.16 a 0.08 cd 0.11 b

SFA 7.54 c 7.13 c 7.96 bc 12.68 a 7.93 bc 8.80 b

16:1 0.08 b 0.05 c 0.10 a 0.10 a 0.07 b 0.08 b

16:1 9-cis 0.11 a 0.05 c 0.05 c 0.09 b 0.06 c 0.10 ab

18:1 9-cis 23.02 a 18.27 b 19.49 b 22.29 a 18.30 b 24.17 a

18:1  11-trance 0.62 a 0.40 b 0.67 a 0.44 b 0.47 b 0.61 a

22:1 0.09 c 0.10 bc 0.07 d 0.18 a 0.11 b 0.07 d

MUFA 23.92 a 18.87 b 20.38 b 23.10 a 19.01 b 25.03 a

18::2i 0.09 a 0.05 c 0.07 b 0.05 c 0.06 bc 0.05 c

18:2 67.76 ac 73.68 a 71.00 ab 63.57 c 72.34 a 65.32 bc

20:2 0.38 bc 0.04 e 0.32 d 0.44 a 0.34 cd 0.41 ab

18:3 ω-3 0.26 a 0.20 bc 0.21 bc 0.19 c 0.22 b 0.27 a

20:3 0.04 c 0.02 d 0.06 b 0.02 d 0.09 a 0.10 a

PUFA 68.53 ac 73.99 a 71.66 ab 64.27 c 73.05 a 66.15 bc

Along each row, means followed by different letters are significantly different according to the Duncan test at p≤0.05 (n=3). SFA= saturated fatty 
acids; MUFA = mono unsaturated fatty acids; PUFA = poly unsaturated fatty acids.

76

72

74

76
nt

, %

72

74

76
nt

en
t, 

%

68

70

72

74

76
C

18
:2

) 
co

nt
en

t, 
%

68

70

72

74

76
C

18
:2

) 
co

nt
en

t, 
%

y = 54 + 0.46 x
R² = 0 44 *

66

68

70

72

74

76
c 

ac
id

(C
18

:2
) 

co
nt

en
t, 

%

y = 54 + 0.46 x
R² = 0.44 *

64

66

68

70

72

74

76
le

ic
 a

ci
d(

C
18

:2
) 

co
nt

en
t, 

%

y = 54 + 0.46 x
R² = 0.44 *

62

64

66

68

70

72

74

76
L

in
ol

ei
c 

ac
id

(C
18

:2
) 

co
nt

en
t, 

%

y = 54 + 0.46 x
R² = 0.44 *

62

64

66

68

70

72

74

76
L

in
ol

ei
c 

ac
id

(C
18

:2
) 

co
nt

en
t, 

%

y = 54 + 0.46 x
R² = 0.44 *

60

62

64

66

68

70

72

74

76

20 25 30 35 40 45

L
in

ol
ei

c 
ac

id
(C

18
:2

) 
co

nt
en

t, 
%

y = 54 + 0.46 x
R² = 0.44 *

60

62

64

66

68

70

72

74

76

20 25 30 35 40 45

L
in

ol
ei

c 
ac

id
(C

18
:2

) 
co

nt
en

t, 
%

Water soluble Se, mcg kg-1

y = 54 + 0.46 x
R² = 0.44 *

60

62

64

66

68

70

72

74

76

20 25 30 35 40 45

L
in

ol
ei

c 
ac

id
(C

18
:2

) 
co

nt
en

t, 
%

Water soluble Se, mcg kg-1

Fig.3

Fig. 3 - �Correlation between selenium water soluble forms and linoleic 
content in Allium seeds (r = 0.66, P<0.05).
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total phenolics in Allium seeds  (r = 0.92; P< 0.01).
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the main factor responsible for oil susceptibility to oxida-
tion (Morello et al., 2004).

The results obtained in our research indicate that the 
oil contained in Allium cepa and perennial onion species 
seeds are similar in fatty acids composition and may be 
related to a group of natural oils, such as grape, poppy, 
sunflower and safflower oil, with a high content of lin-
oleic acid (60-80%) (Fig. 5). Moreover, the high PUFA/
SFA ratio detected in perennial onion seed oil is favour-
able for the treatment of atherosclerosis and cardiovascu-
lar diseases (Dini et al., 2008; Yalcin and Kavuncuoglu, 
2014) and, in this respect, A. altaicum is a very interest-
ing species with the highest PUFA/SFA ratio (10.4) in our 
trial. In addition, statistically significant differences in the 
content of oil fatty acids in seeds, both among Allium cepa 
cultivars and perennial onion species, have only been re-
corded for minor SFA and MUFA, such as C20:2, C22:1, 
C18:1 11-trans and C16:1 9 cis (Table 5). Notably, fatty 
acid profiles of these two groups of Allium species indicate 
deeper SFA synthesis in perennial onion seed oil, contain-
ing higher concentrations of C20:0, C22:0, C24:0 and a 
lower level of C18:0.

Other remarkable differences have been found in oil 
content, as Allium cepa seeds showed a 1.7 fold higher 

Table 5 - �Mean values of fatty acids composition of oil in Allium cepa and in perennial onion species seeds

Fatty acid
Perennial onions 

(%)
Allium cepa 

(%)
Difference significance probability (P)

Myristinic 14:0 0.12±0.03 0.13±0.02 > 0.5

Palmitic  16:0 5.68±0.79 7.64±0.70 < 0.001

17:0 0.04±0.01 0.03±0.01 < 0.1

Stearic 18:0 1.75±0.45 1.47±0.12 < 0.1

Eicosanoic 20:0 0.68±0.19 0.25±0.12 < 0.001

Behenic (docosanoic) 22:0 0.30±0.06 0.13±0.03 < 0.001

Lignoceric 24:0 0.10±0.03 0.02±0.02 < 0.001

SFA 8.68±1.37 9.68±0.63 < 0.1

16:1 0.08±0.01 0.07±0.01 < 0.5

16:1 9-cis 0.08±0.02 0.19±0.02 < 0.01

Palmitoleic ∑16:1 0.16±0.03 0.26±0.02 < 0.002

18:1 9-cis 20.90±2.24 21.77±2.10 < 0.5

18:1  11-trans 0.54±0.10 1.08±011 < 0.001

Oleic ∑ 18:1 21.46±2.26 22.95±2.10 < 0.2

Eicosaenic 20:1 0.00 0.06±0.08 < 0.05

Erucic 22:1 0.10±0.03 0.05±0.02 < 0.001

MUFA 21.72±2.30 23.21±2.19 < 0.2

18::2i 0.06±0.01 0.05±0.02 < 0.2

18:2 68.95±3.40 66.30±2.34 < 0.1

Linoleic ∑ 18:2 69.01±3.39 66.31±2.33 < 0.1

Eicosadienic 20:2 0.32±0.09 0.24±0.03 < 0.05

γ-linolenic 18:3 ω-3 0.23±0.03 0.30±0.26 < 0.5

Eicosatetraenic 20:3 0.06±0.03 0.04±0.01 > 0.5

PUFA 69.61±3.29 66.89±2.43 < 0.1

UFA (MUFA+PUFA) 91.33±1.37 91.20±1.70 > 0.5

SFA= saturated fatty acids; MUFA = mono unsaturated fatty acids; PUFA = poly unsaturated fatty acids; UFA = unsaturated fatty acids.
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level than perennial onions. Notably, the higher oil con-
centration detected in the two Italian cultivar seeds may be 
explained by both genotype attitude and the warmer cli-
mate in southern Italy. 

Allium seeds showed a significant amount of Se (Tables 
1 and 2), which suggests a possible active participation of 
this natural antioxidant in PUFA protection against peroxi-
dation. A direct correlation between total Se concentration 
and oil content was found only in Allium cepa, which con-
tained a higher seed oil percentage compared to perennial 
onion seeds, indicating a functional role of this element. 
A similar correlation was reported in previous research on 
flax seeds (Golubkina et al., 2012) where a stable protein-
oil complex was identified. In this respect, it may be sup-
posed that linseed proteins contain Se-aminoacids, such as 
selenomethionine or/and selenocystein due to the ability 
of Se to substitute sulphur in organic compounds (Pilon-
Smith, 2015). The existence of a protein-oil complex in 
Allium seeds is unknown and this topic calls for  special 
investigation, as no correlation has been demonstrated be-
tween Se and proteins nor between proteins and oil con-
tent, both in Allium cepa and in perennial onion seeds. In-
teresting focus has also arisen from Se and PUFA positive 
correlations. Oleic acid (C18:2), which predominates in 
Allium seed oil, is known to be 17 times more sensitive to 
oxidation than linoleic acid (C18:1) and, accordingly, an-
tioxidant protection of their degradation has great impor-
tance. This is also true for the Italian cultivar seeds, grown 
in the Mediterranean area where high temperatures during 
vegetation stimulate the synthesis of oleic acid (C18:1) 
and inhibit linoleic acid biosynthesis (C18:2) (Bellaloui 
et al., 2013). Such protection may be achieved by Se via 
protein-oil interaction (Golubkina et al., 2012) or via acti-
vation of appropriate enzymes. Indeed, it is known that Se 
demonstrates antioxidant properties in plants by increas-
ing the activity of glutathione peroxidase (Hartikainen et 
al., 2000) or of superoxide dismutase (Xue et al., 2001), 
thus leading to protection of tocopherol reduction; the ac-
tivation of these enzymes suggests the involvement of Se 
water soluble forms.

Previous reports indicated that Se water soluble forms 
show the highest biological activity in the environment 
(Golubkina et al., 2010). Moreover, it is known that the 
concentration of water soluble forms of the element in-
crease significantly during seed germination due to auxine 
activation of hydrolytic enzymes (Golubkina and Papazy-
an, 2006). Indeed, the content of water soluble Se deriva-
tives is shown to be directly proportional to germination 
value of Apiáceae family seeds (Golubkina et al., 2010). 
These data are in accordance with our research results, 
where a correlation with PUFA content is only concerned 
with water soluble forms of this element.

Theoretically, antioxidant defense against lipid peroxi-
dation should be enhanced by Se in Allium species because 
of the relatively low content of oleic acid (C18:1) which 
shows a stabilizing effect on lipid peroxidation (North et 
al., 1994). In any case, it seems obvious that Se in Allium 

seeds does not independently act, but displays strict inter-
action with other antioxidants, especially with phenolics. 
In fact, antioxidants are considered to form a cooperative 
network, using a series of different redox reactions and 
this is confirmed by the significant positive correlation be-
tween Se water soluble forms and total phenolics content 
in Allium seeds recorded in our research (Fig. 4). Although 
the direct relationship between Se and total phenolics has 
already been noted in various agricultural crops enriched 
with the element (Du et al., 2009; Põldma et al., 2013; 
Bystrická et al., 2015), such relationship in untreated plant 
seeds has been demonstrated for the first time in our re-
search. Notably, the highest phenolics content in Allium 
seeds was recorded in A. fistulosum, which also gave the 
highest total Se content (Table 1). Phenolics concentra-
tions detected in Allium seeds in our research are close 
to the values previously reported for amaranth (Vollman-
nova et al., 2013) and soybean (Malencic et al., 2012) and 
underline the high nutritional value of Allium seeds. Phe-
nolic antioxidant properties reportedly improve both sun-
flower seed oil stability during storage (Žilić et al., 2010) 
and, following exogenous application, microencapsulated 
linseed oil oxidative stability (Rubilar et al., 2012). Phe-
nolics also play an important role in plant resistance and 
protection against microbial infections, which are inti-
mately connected with reactive oxygen species (Emmons 
and Peterson, 2001; Grassmann et al., 2002; Malenčić et 
al., 2008, 2012) and possibly with Se content. Indeed, the 
concentration of Se water soluble forms was shown to be 
positively correlated with the resistance of Brassica chi-
nensis to bacterial diseases (Golubkina et al., 2002).

In conclusion, interesting results have arisen from the 
research carried out on both Allium cepa cultivars and pe-
rennial onion species seeds, due to the positive correla-
tions found between oil content, Se and total phenolics 
concentrations. Notably, Se is supposed to favour an in-
crease in seed oil content and to interact with phenolics, 
essential for building up protection against oxidation and 
infections. In this respect, fatty acids composition also ex-
erts a crucial role.
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1. Introduction

Ion fluxes across cellular membranes are known to play 
the key role in triggering and mediating defense mecha-
nisms in plants, however little data are currently available 
on ion signatures generated during plant-virus interac-
tions. Changes in K+ fluxes after virus inoculation may be 
mediated by depolarization-activated outward-rectifying 
K+ channels (Shabala et al., 2010).

In animals, the immunosuppressant drug mycophenolic 
acid (MPA) [(4E)-6-(4-Hydroxy-6-methoxy-7-methyl-3-
oxo-1,3-dihydro-2-benzofuran-5-yl)-4-methylhex-4-enoic 
acid] depletes cellular guanine nucleoside (GN) by inhibi-
tion of inosine monophosphate dehydrogenase, modulat-
ing the activity of K

ATP
 channels (Li et al., 2000). MPA is 

also an effective antiviral drug in plants such as grapevine 
(Panattoni et al., 2007; Skiada et al., 2009; Luvisi et al., 
2012 a; Skiada et al., 2013; Panattoni et al., 2014; Guaz-
zelli et al., 2015), but no reports about its effect on K-
conducting ion channels in plants are available. 

In terms of metabolic dependence of MPA action in 
plant cells, antiviral drug translocation across membranes 
was linked to the free energy available in a proton elec-

trochemical potential difference (Luvisi et al., 2012 b). 
Nowadays, compounds that influence K

ATP
 channel ac-

tivity are currently available for clinical use, and include 
diazoxide (DO) (7-Chloro-3-methyl-4H-1,2,4-benzothia-
diazine 1,1-dioxide) (Babenko et al., 1998; 2000) whose 
effectiveness was also confirmed in plants to investigate 
the inhibition of mitochondrial K

ATP
 channels (Chiandussi 

et al., 2002).
With regard to the potential effect due to GN depletion 

by MPA, cyclic derivatives of GN can be involved in plant 
K-conducting ion channels. In fact, inward-rectifier potas-
sium ion channels have been cloned from Hordeum vul-
gare, Nicotiana tabacum and Arabidopsis thaliana (Leng 
et al., 1999). These channels open in the presence of cy-
clic nucleotides such as cyclic guanosine monophosphate 
(cGMP), and are therefore referred to as cyclic nucleotide 
gated channels (Leng et al., 2002). The cGMP is thought 
to be present in the cytosol of plant cells, and to be in-
volved in signal transduction pathways which regulate 
many aspects of cellular metabolism (Assmann, 1995).

The activity of antiviral drugs in grapevine cells was 
recently investigated using electrophysiological methods 
(Panattoni et al., 2013 a). In the present paper we investi-
gate the effects of MPA on depolarization induced by ex-
tracellular K+ in foliar samples of Vitis vinifera cv. Sangio-
vese. This grapevine cultivar is affected by various plant 
viruses (Rizzo et al., 2012; Rizzo et al., 2015) and the ef-
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fects of antiviral drugs where investigated (Panattoni et al., 
2011; Luvisi et al., 2011; Panattoni et al., 2013 b). In addi-
tion, the effects of GN- or DO- treatments were evaluated 
in order to investigate the effect of GN depletion caused by 
MPA or its effects on K

ATP
 channels.

2. Materials and Methods

Plant material
Virus-free (with regard to viruses included in the Eu-

ropean Commission directive 2005/43/EC), eight-year-
old V. vinifera cv. Sangiovese were used for electrophysi-
ological tests. The sanitary condition of each plant was 
confirmed by RT-PCR (Nakaune and Nakano, 2006; 
Faggioli et al., 2013). Symptomless plants were used. In 
June 2013, fully expanded leaves were excised and fresh 
freehand samples (3-5 mm diameter) were cut with an 
ethanol-cleaned razor blade for testing (Rinaldelli et al., 
2012; 2014).

Measurement of membrane potential (Em)
For chemical assays (Table 1), preincubation for 1 h in 

basal solution (BS) or chemical-BS solutions (MPA-BS, 
GN-BS, DO-BS at 0.5, 1.0, 2.0 mM) adjusted to pH 5.6 
with TRIS (2-Amino-2-hydroxymethyl-propane-1,3-di-
ol) was followed by preparation of leaf segments accord-
ing to Luvisi et al. (2012 b). Step 1 for Em measurements 
was conducted perfusing aerated BS or chemical-BS 
through the chamber that fixes the sample at a flow rate 
of 10.0 x 10-3 L min-1. The measuring electrodes used 
were micropipettes (tip diameter < 1µm) obtained from 
single-barreled borosilicate capillaries (World Precision 

Instruments, Sarasota, USA) as described in Rinaldelli et 
al. (2012). Insertion of the microelectrodes took place in 
the central zone of the mesophyll by way of a microma-
nipulator (World Precision Instruments, Sarasota, USA). 
Successful microelectrode impalement was determined 
by rapid attainment of a steady value without subsequent 
decay (Ober and Sharp, 2003), followed by a stabilized 
Em for 5 min. Em after stabilization was recorded to 
evaluate the effect of chemicals on membrane potential. 
Membrane signal steadiness was calculated considering 
the number of successful cell impalements out of those 
attempted (%). Step 2 began after Em stabilization, using 
solutions enriched with KCl.

Two procedures were carried out in order to investigate 
the effects induced by extracellular K+ following MPA 
treatments. The first procedure was carried out on sam-
ples in which treatment involved only the preincubation 
step (Li et al., 2000). Thus, samples were preincubated in 
MPA-BS, followed by Em measurement under BS (step 1) 
and K-BS (step 2). In this test, two concentrations of KCl 
(5, 10 mM) were evaluated. The effect of chemical treat-
ment was calculated considering Em after BS stabilization 
and maximum Em achieved after K-BS administration, 
expressed as Δ Em (Table 1). The second procedure was 
carried out following a conventional electrophysiological 
approach. In order to evaluate the interference of chemi-
cals (MPA, GN or DO) on effects induced by K+, tests were 
carried out using chemical-BS solution both in preincuba-
tion and in step 1, while in step 2 the solution was enriched 
with KCl (chemical-K-BS) at 10 mM (concentration cho-
sen considering results of the first procedure). The inter-
ference of chemicals on membrane depolarization induced 
by K+ was calculated considering Em after chemical-BS 

Table 1 - Solutions used in membrane potential tests

Chemical assay

Solution Abbreviation Membrane potential (Em)

CaCl
2
 5.0x10-4 M, K

2
SO

4

2.5x10-3 M, MES 5.0x10-3 M
BS Em

BS

BS with MPA MPA-BS Em
MPA

BS with Guanosine GN-BS Em
GN

BS with Diazoxide DO-BS Em
DO

Extracellular K+ assay

Solution Abbreviation Membrane potential (Em) Variation of membrane potential (%)

BS with KCl K-BS Em
K

Em
K
 - Em

BS
 = Δ Em

K

MPA-BS with KCl MPA-K-BS Em
MPA-K

Em
MPA-K

 - Em
MPA

 = Δ Em
MPA-K

GN-BS with KCl GN-K-BS Em
GN-K

Em
GN-K

 - Em
GN

 = Δ Em
GN-K

DO-BS with KCl DO-K-BS Em
DO-K

Em
DO-K

 - Em
DO

 = Δ Em
DO-K

MPA-BS with Guanosine MPA-GN-BS Em
MPA-GN

MPA-BS with Diazoxide MPA-DO-BS Em
MPA-DO

MPA-GN-BS with KCl MPA-GN-K-BS Em
MPA-GN-K

Em
MPA-GN-K

 - Em
MPA-GN

 = Δ Em
MPA-GN-K

MPA-DO-BS with KCl MPA-DO-K-BS Em
MPA-DO-K

Em
MPA-DO-K

 - Em
MPA-DO

 = Δ Em
MPA-DO-K
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stabilization and maximum Em achieved after chemical-
K-BS administration, expressed as Δ Em

 
(Table 1).

Preincubation and electrophysiological tests were 
carried out at 22±0.5°C under light (30 watt m-2). All 
tests were conducted on 15 healthy or infected samples. 
Plots are representative of 15 equivalent experiments. 
Measurements were performed under Faraday cage to 
protect tests from external radio frequency interference. 

Statistical analysis
The effects of treatments on Δ Em were elaborated us-

ing Sigma-Plot software (version 11; Systat Software, San 
Jose, CA). The software was used to perform one- or two-
way analysis of variance (ANOVA) in a random design 
and pairwise multiple comparisons on significant effects 
and interactions using the Holm-Sidak method. Data ex-
pressed in percent were converted to arcsin values. P ≤ 
0.05 was considered to be significant.

3. Results and Discussion

Em measurement in chemical preincubated samples 
Foliar samples were preincubated in chemical-BS so-

lutions and membrane potential was measured with mi-
croelectrodes. Preincubation with MPA-BS solution did 
not change the resting membrane potential with regard 
to the chosen concentration (Table 2). However, MPA 
seems to interfere with the signal steadiness at 1.0 and 
2.0 mM, causing a reduction of successful impalement 

by 37.9 and 64.7 %, respectively. Assays carried out with 
BS enriched by GN or  DO showed no effect on mem-
brane potential and did not interfere with the steadiness 
of the signal.

With regard to the effects induced by extracellular K+, 
Em measurement was carried out perfusing aerated BS 
solution throughout the chamber with the fixed sample 
(step 1), followed by perfusion of K-BS solution (step 2), 
and recording the depolarization due to K+ treatment. In 
MPA-preincubated samples, the antiviral drug can cause a 
differential response to potassium effects, as shown in Fig-
ure 1. The cell response confirms the Nernstian changes 
in diffusion potential due to increased K+-concentration or 
activation of K+ channels.

As reported in Table 3, KCl caused different depolar-
ization according to each concentration, but the preincuba-

Table 2 - �Effect of sample preincubation with chemical administered 
at different concentrations (0.5, 1.0, 2.0 mM) on membrane 
potential (Em, mV) or membrane potential signal steadiness 
on samples of Vitis vinifera cv. Sangiovese, expressed as % of 
successful microelectrode impalement

Treatment Em (mV) Signal steadiness (%)

BS -109.5±6.0 a (z) 53.6

MPA-BS (mM)

0.5 -110.6±7.2 a 51.7

1.0 -110.0±6.9 a 33.3

2.0 -107.6±5.7 a 18.8

GN-BS (mM)

0.5 -111.6±8.5 a 50.0

1.0 -112.0±9.5 a 48.4

2.0 -109.0±7.0 a 53.6

DO-BS (mM)

0.5 -110.9±7.8 a 45.5

1.0 -113.5±8.5 a 48.4

2.0 -108.3±7.1 a 51.7

(z) �Values in the same column followed by the same letter do not differ 
significantly according to Duncan’s multiple range test (P ≤0.05).

BS=  Basal solution; MPA= Mycophenolic acid; GN= Guanosine; DO= 
Diazoxide.

Table 3 - �Depolarization induced in samples of Vitis vinifera cv. San-
giovese by extracellular K+ at 5 or 10 mM following MPA-BS 
preincubation compared to untreated sample

Δ Em (%)

K-BS (mM)

5 10

BS 18.2±3.5a (z)A (y) 30.7±3.7 aB

MPA-BS (mM)

0.5 17.9±4.1 aA 29.8±3.2 aB

1.0 12.0±3.2 bA 23.3±2.0 bB

2.0 11.1±2.3 bA 16.4±4.1 cB

(z) �values in the same column followed by the same letter do not differ 
significantly according to Duncan’s multiple range test (P ≤0.05).

(y) �values in the same line followed by the same letter do not differ sig-
nificantly according to Duncan’s multiple range test (P ≤0.05).

   �The effect was calculated considering Em after BS stabilization and 
maximum Em achieved after K-BS administration, expressed as Δ 
Em (%).

BS = basal solution; MPA = mycophenolic acid.

Fig. 1 - �Effects induced on samples of Vitis vinifera cv. Sangiovese 
by extracellular K+ (KCl 10 mM) subsequent to MPA 1.0 mM 
treatment compared to untreated sample. BS = basal solution; 
MPA = mycophenolic acid. Plot is representative of 15 equiva-
lent experiments.
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tion with MPA was able to cause a reduction in depolar-
ization. In particular, MPA at 1.0 or 2.0 mM significantly 
affected KCl at 10 mM, while MPA at 5 mM seemed not to 
alter the effect induced by extracellular K+. KCl at 10 mM 
was used for the subsequent test. 

Em measurement in samples maintained under chemical 
treatment

Tests carried out while maintaining chemical adminis-
tration throughout steps 1 (perfusion of chemical-BS so-
lution) and 2 (perfusion of chemical-BS solution enriched 
by KCl) of Em measurement confirmed the effective-
ness of MPA in reducing the effect induced by K+ (Table 
4). MPA interference was concentration-dependent and 
at the lower concentration MPA did not interfere with 
the effect on membrane potential induced by K+. Con-
versely, at higher dosages (2:1 MPA:KCl), MPA causes 
a Δ Em

MPA-K
 of 2.5±0.7%, with a reduction of more than 

90% of potassium effects. MPA effectiveness was main-
tained at equal concentration (1:1 MPA:KCl), showing Δ 
Em

MPA-K
 at 9.5±1.1 %, with a reduction of almost 70 % of 

potassium effects. No effects on trans-plasma membrane 
depolarization due to K+ were registered by GN or DO.

Simultaneous administration of GN with MPA (2:1) 
caused complete restoration of external K+ effect on mem-
brane potential, as well as adding DO (1:1) (data not shown).

4. Conclusions

Membrane depolarization caused by MPA (Rinaldelli 
et al., 2012) is a temporary effect. In fact, after 1 h of pre-
incubation in MPA-BS solution, the trans-plasma mem-
brane potential of the sample was not altered by the an-
tiviral drug compared to the untreated control. Similarly, 
GN or DO did not change resting membrane potential. In-
terference of signal steadiness caused by MPA at a higher 
concentration may be linked to cell toxicity induced by the 
antiviral drug (Panattoni et al., 2007; Luvisi et al., 2012 
a). In fact, samples under stress conditions increase the 
difficulty of cell membrane measurements (Vuletic et al., 
1987; Rawyler et al., 2002).

With regard to effects induced by extracellular K+, pre-
incubation tests showed how MPA at 1.0 mM or higher 
concentrations can interfere up to 10 mM of KCl. The 
MPA reduction of membrane depolarization caused by ex-
tracellular K+ was confirmed by following tests in which 
chemical administration was maintained throughout all 
steps of measurement. The reduction of potassium effects 
was higher compared to administering MPA only in the 
preincubation step. This result is probably linked to the 
variation in MPA intra-/extracellular gradient due to solu-
tion changes between preincubation and steps 1-2.

Our results indicate that the antiviral MPA inhibited the 
effects of  extracellular K+ in plants, through specific chan-
nels. In fact, the MPA-induced alteration in membrane po-
tential was sensitive to the K

ATP
 channel opener DO, which 

hyperpolarized resting membrane potential in treated cells 
to a level similar to that achieved in control cells; results 
were also similar to those obtained in animal cells (Li et 
al., 2000). Moreover, GN was able to inhibit the MPA ac-
tion against extracellular K+, suggesting that MPA could 
act also as an inward-rectifier potassium ion channel in-
hibitor through the depletion of GN.

Inhibition of the activity of K+ channels caused by 
MPA may be involved in programmed cell death (PCD) in 

Table 4 - �Two-way factorial analysis of variance of Δ Em caused by 
chemical-K-BS (MPA-K-BS, GN-K-BS, DO-K-BS, KCl at 
10 mM) on samples of Vitis vinifera cv. Sangiovese treaded 
chemical-BS (MPA-BS, GN-BS, DO-BS). Pairwise multiple 
comparison analysis with Holm-Sidak test was performed

Source of Variation DF SS P

Treatment (A) 2 0.836 <0.001

Concentration (B) 3 0.228 <0.001

A x B 6 0.696 <0.001

Residual 170 0.207

Total 181 1.961

Comparison for factor DM t P

Comparison for A 

DO vs. MPA 0.149 23.461 <0.001

GN vs. MPA 0.139 21.880 <0.001

DO vs. GN 0.010 1.5888 NS

Comparison for B within MPA

0.0 mM vs. 2.0 mM 0.284 22.276 <0.001

0.5 mM vs. 2.0 mM 0.250 19.586 <0.001

0.0 mM vs. 1.0 mM 0.231 18.160 <0.001

0.5 mM vs. 1.0 mM 0.197 15.470 <0.001

1.0 mM vs. 2.0 mM 0.052 4.116 <0.001

0.0 mM vs. 0.5 mM 0.034 2.690 NS

Comparison for B within GN

2.0 mM vs. 0.5 mM 0.00543 0.433 NS

2.0 mM vs. 0.0 mM 0.00467 0.366 NS

1.0 mM vs. 0.5 mM 0.00276 0.220 NS

2.0 mM vs. 1.0 mM 0.00267 0.209 NS

1.0 mM vs. 0.0 mM 0.00200 0.157 NS

0.0 mM vs. 0.5 mM 0.00076 0.061 NS

Comparison for B within DO

2.0 mM vs. 0.5 mM 0.0473 3.771 NS

2.0 mM vs. 0.0 mM 0.0447 3.505 NS

2.0 mM vs. 1.0 mM 0.0406 3.189 NS

1.0 mM vs. 0.5 mM 0.0067 0.531 NS

1.0 mM vs. 0.0 mM 0.0040 0.316 NS

0.0 mM vs. 0.5 mM 0.0026 0.210 NS

BS= Basal solution; MPA = Mycophenolic acid; GN = Guanosine; DO 
= Diazoxide.
SS= sum of square, DF = degrees of freedom, DM = difference of 
means, t = t-value.
NS= Non significant at P> 0.05.
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response to viral infection. Excessive K+ efflux and intra-
cellular K+ depletion are the key early steps in apoptosis 
(one form of the PCD) in mammalian systems. A critical 
role for potassium homeostasis in the apoptotic process 
has also been endorsed for plants (Huh et al., 2002; Sha-
bala et al., 2007; Shabala, 2009) even if it has not yet been 
linked to the mechanism of action of MPA in plants.
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Olive is one of the most alternating tree species among 
the commercially grown fruit trees and it is known as such 
worldwide. Fruiting alternation of olive is considered to be 
dependent both on environmental abiotic and endogenous 
biotic genetic factors. The degree of orchard fruiting al-
ternation, even of the same cultivar, differs considerably 
between different areas and regions, thus an initial or in-
dependent genetic involvement is questionable. Fruit bear-
ing alternation is particularly recognized in regions with 
climatic conditions that vary annually, particularly winter 
temperatures such as in the eastern Mediterranean basin 
(Fig. 1). In such regions alternate bearing is usually ex-
pressed and synchronized within the entire orchard, area 
or even region. Still, alternate bearing, although to a lesser 
degree, develops also in regions with a stable annual cli-
mate favorable for the olive tree’s developmental cycle. 
The requirement of low, particularly varying temperatures 
between day and night in the winter to induce reproduc-
tive bud differentiation was established many years ago 
(Hartmann and Prolingis, 1957; Hartmann and Whisler, 
1975). The buds of Olea europaea develop uniformly as 
they are of undefined nature and need to be induced to 
become either vegetative or reproductive (Fig. 2). Various 
studies describing the anatomical changes occurring in 
buds have been published and have mainly emphasized 
the changes leading to the reproductive state, though in 
some studies also leaf buds (Fabbri and Alerci, 1999). It 
is still controversial whether low temperature is required 
for the induction leading to differentiation, as during the 
process of vernalization (Lavee, 1989; 1996; Troncoso 
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Fig. 1 - �Alternate bearing over a period of six years in rain-fed and ir-
rigated olive orchards (Lavee, 2006).

Fig. 2 - �Differentiation of an undefined olive bud to a vegetative and 
reproductive state (Lavee, 1996).



214

Adv. Hort. Sci., 2015 29(4): 213-219

et al., 2012). On the other hand, it was suggested that 
low temperature is required mainly for predetermined 
reproductive bud opening, similar to the dormancy pro-
cess in deciduous trees (Rallo and Martin, 1991; Rallo et 
al., 1994). Some bridging ideas related to that gap of the 
two approaches have recently been considered, though 
the need for a chilling period, or comparable conditions 
causing temporarily seasonal growth retardation for re-
productive bud differentiation during the winter, has been 
well established.

Various growth and metabolic changes between fruit-
ing (‘on’) trees and low or non fruiting (‘off’) olive trees 
have been described, as reviewed some years ago for 
“Olea” (Lavee, 2006) and fruit crops in general (Gold-
schmidt, 2005). The overall affect of olive alternate bear-
ing is expressed by antagonism between the developing 
fruit and vegetative growth (Fig. 3). As olive fruit is initi-
ated and develops from buds on shoots grown during the 
previous year, a reduction of vegetative shoot elongation 
and inhibition of lateral shoot out growth due to fruit de-
velopment has a major effect on the general number of 
buds and thus on the potential reproductive buds in par-
ticular. As olive is a sectorial tree, the antagonism between 
developing fruit and vegetative growth might appear on a 
single scaffold, a tree section or a whole tree depending 
on the amount and distribution of the fruit in the ‘on’ year. 
It should be noted that the greater the amount of fruit in 
the ‘on’ year, the greater the chilling required for a return 
crop in the following year. Still, once the yield in the ‘on’ 
year exceeded a level specific for the growing conditions 
and the cultivar additional chilling will not be effective any 
more (Fig. 4A). Furthermore, if inflorescences are formed, 
the amount of male flowers (Fig. 5) usually increases and 
the fruit set potential of complete flowers is markedly re-
duced (Cuevas et al., 1994). A similar effect is induced by 
harvest time during current yield. Harvesting the current 
fruit late in the season will significantly reduce the level of 
return flowering in the following year with the degree of 

chilling having only a minor effect (Fig. 4B). All these phe-
nomena are accompanied, and probably controlled by basic 
metabolic changes within the different organs of the tree. 
While in leaves during the ‘off’ year the level of proteins 
was considerable lower than in leaves during the ‘on’ year, 
the opposite trend was found in the bark of young shoots in 
which the protein level was significantly higher than in the 
‘on’ year (Table 1). Recently, the molecular origin of some 
of those proteins, such as Ft which is involved in flower 
induction in Arabidopsis, were identified and their possible 
function in the process leading to flowering of olive was 
determined (Haberman, 2012; Samach and Smith, 2013). 

Table 1 - �The protein content (mg/fw) of mature olive leaves of 4 culti-
vars in “on” and “off” years. Sampled in late summer

Koroneiki 
Uovo di
Piccione

Barnea Manzanillo Tree phase

Leaves

475 bc 370 a 310 a 295 a “off“

530 b 510 b 405 c 510 b “on”

Bark

490 b 490 b 500 b 440 b “off“

370 a 360 a 370 a 360 a “on”

From Lavee and Avidan, 1994.
Fig. 3 - �Comparison of the annual vegetative shoot growth of an ‘on’ 

year (left) and ‘off’ year (right) branch.

Fig. 4 - �The effect of olive fruit yield level (A) and harvest time (B) in 
a current year on their fruiting  potential in the following year 
(Lavee, 1989).

Fig. 5 - �Open olive flower types. On the left a male flower, on the right 
a complete normal (open perfect) androgynous flower (Goor et 
al., 1960).
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Another major metabolic change in the leaves of olive trees 
in their ‘on’ and ‘off’ cycle was identified as a dynamic 
change of some phenolic compounds, particularly chloro-
genic acid (CHA). This acid, which olive tissue responds to 
as a growth promoting auxin (Fig. 6), increases in the leaves 
during fruit-set and remains high throughout the ‘on’ year, 
inhibiting the differentiation of flower buds for the follow-
ing year. The resulting low fruit set causes the level of CHA 
to drop again and remains low during the whole ‘off’ year 
(Fig. 7). The negating effect of CHA on reproductive bud 
differentiation was directly demonstrated by injecting CHA 
into scaffolds of cv. Manzanillo trees during the winter (Fig. 
8) which resulted in a reduction of flower bud development 
for the following spring (Lavee et al., 1986). The amount of 
CHA developing in the leaves during the ‘on’ year fruit set 
is proportional to the amount of fruit developing on the trees 
(Fig. 9). Other biotic changes in the metabolism of olive 

trees leading to alternate bearing are the level or depletion 
of minerals, activity of endogenous and exogenous gibber-
ellins, and the level of carbohydrates which, although con-
troversial, were also reported to be involved in controlling 
alternate bearing.

Various schemes of biotic metabolic changes which 
lead to or inhibit floral induction were suggested and that 
indicate the sequences of events controlling vegetative or 

Fig. 6 - �The effect of auxin (NAA) and chlorogenic acid (CHA) on the 
growth of olive callus tissue in vitro (Lavee, 1996).

Fig. 7 - �The change in content of CHA during the year in the leaves of 
‘on’ and ‘off’ olive scaffolds and after inflorescences removal 
of cv. Manzanillo olive trees (Lavee and Avidan, 1994).

Fig. 8 - �Pressurized winter injection of CHA in a scaffold of cv. Manza-
nillo causing a reduction in reproductive differentiation of buds.

Fig. 9 - �The relationship between the CHA level in leaves and fruit yield 
per tree of cv. Manzanillo (Lavee, 1989).
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reproductive development during the tree growth cycle 
(Fig. 10). The thermal effect on the biotic processes at 
the different developmental stages was schematically pre-
sented (Fig. 11). Extreme abiotic conditions, particularly 
temperature, might change the developmental pattern of 
the reproductive bud, leading to abnormal organs. Juvenal 
seedlings one to two years old, when submitted to rela-
tively extreme low temperatures, will induce metabolic 
changes that lead to semi differentiated abnormal repro-
ductive buds (Fig. 12). A one- to two-day period of high 
temperature in mid winter, after the induction of the biotic 
metabolism leading to flower bud differentiation but prior 
to  initial  morphological changes of the buds, will lead to 
vegetative opening of all the buds along the shoots similar 
to that of the reproductive fully differentiated ones (Fig. 
13). Thus, the abiotic pulse stopped and changed part of 
the normal biotic pathway of bud development. Long win-
ter periods with insufficient chilling temperature to induce 
the biotic processes leading to bud differentiation will re-
sult in a lack of inflorescence development and therefore 
cause a fully synchronized alternant bearing, as is com-

mon in relatively warmer climates with variable winter 
temperatures (Fig. 14). However, in extreme high winter 
temperatures, rather uniform day length and no other abi-
otic factors to induce a winter period with growth cessa-
tion the abiotic environment will induce biotic conditions 
changing the entire reproductive development of the olive 
by developing single terminal flowers instead of the nor-
mal lateral inflorescences (Fig. 15). Such flowers are usu-

Fig. 10 - �A short schematic presentation of the vegetative-reproductive 
growth cycle of olive (Lavee, 2007).

Fig. 11 - �Description of temperature involvement in significant meta-
bolic stages during olive vegetative and reproductive develop-
ment (Lavee, 2006).

Fig. 12 - �Abnormal semi-reproductive development of juvenile buds 
due to unusual strong abiotic thermal induction.

Fig. 13 - �Illustration of a fully reproductive olive shoot (left) and a re-
productive shoot reversed to vegetative development of all 
buds due to a period of high temperature during an early stage 
of winter reproductive differentiation (right) (Lavee, 1996).
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ally malformed and those which set fruit, found to present, 
were all parthenocarpic.

Still, alternate bearing develops in olive also under the 
most suitable and annually repetitive climates. The alter-
nate bearing under such climatic conditions is less spec-
tacular as it is based on non synchronized alteration of 
each individual tree. This slowly developing alteration in 
fruiting is also not due to a genetic property. Various slight 
abiotic stimuli cause the initiation of the biotic process-
es leading in receptive buds to differentiation and small 
changes in fruit load which, accordingly, gradually am-
plify (Fig. 16). Various abiotic environmental events such 
as rain during the flowering period wash off the pollen and 
receptive compounds from the stigma, hot dry winds re-

duce the respectability of the stigma by drying it, lack of 
suitable pollen for the required cross pollination, as well as 
insufficient illumination might lead to the development of 
shot berries (Fig. 17), which are also, in part, instrumen-
tal in inducing alternate bearing in olive (Stutte and Mar-
tin, 1986 a, b). However these factors leading to alternate 
bearing cannot be considered genetic control of alternate 
bearing as they are all governed by abiotic environmen-
tal conditions inducing the onset of specific biotic activi-
ties. Furthermore, suitable exposure of the trees to light 
and radiation might create a period of retarded growth 
compensating for insufficient chilling starting the biotic 
endogenous processes which lead to fruit development as 
occurring in some semi tropical regions.

Fig. 14 - �Sequence of synchronized alternate bearing development due 
to extreme high or low winter thermal conditions occurring 
particularly in regions with varying winter temperatures (La-
vee, 1989).

Fig. 15 - �Abnormal terminal bud differentiation developing a single 
flower due to high temperatures under semitropical environ-
ments.

Fig. 16 - �Scheme of alternate bearing development in individual trees 
under relatively stable low annual winter thermal conditions 
(Lavee, 1989).

Fig. 17 - �Parthenocarpic fruit (shot berries) development with aborted 
embryos due to  unfavorable reproductive differentiation or 
mal conditions effecting fruit set in the spring.
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To eliminate alternate bearing in olive, or at least re-
duce it, various horticultural techniques are applied such 
as fruit thinning, girdling, control of harvest time and, to 
a lesser extent, pruning. These interventions are selec-
tively used for table olives, but in part also in olives for 
oil extraction. Controlled irrigation and mineral nutrition 
are helpful tools as well to reduce the biannual bearing, 
although it does not eliminate it.

Significant metabolic changes were found in various 
tree parts between ‘on’ and ‘off’ years during the develop-
ment of the annual olive life cycle. These biotic changes, 
and their degree, are strongly affected by the environmen-
tal abiotic conditions. This close interaction between the 
endogenous metabolic processes and the environmental 
conditions at various olive growing sites led to the as-
sumption that alternate bearing of olive is a basic genetic 
characteristic of this commodity which exists in close in-
teraction with the surrounding abiotic conditions. There is 
no doubt that the biotic endogenous processes leading to 
alternate bearing are strongly affected, and in many cases 
even controlled, by local abiotic environmental conditions 
of olive growing regions. Thus, all the schemes describ-
ing alternate bearing clearly indicate the biotic-abiotic in-
teraction (Fig. 18). This can be rather misleading as it is 
based on the nature and degree of the processes involved 
during the ‘on’ or ‘off’ phase of an already induced de-
velopmental cycle. However this approach deals with the 
level of alternate bearing and does not take into account 
its initial induction. Based on the various studies dealing 
with alternate bearing of olive, it should be concluded that 

the initiation of it is solely abiotic. Without an external, 
environmental and thus abiotic stimulus, alternate bearing 
of the olive tree is not initiated. Analysis of the currently 
available data clearly indicates that without an abiotic in-
duction alternate fruiting of the olive tree would not occur.

Conclusions

Alternate bearing in olive could result from an array of 
metabolic changes involving tree growth, fruit load, flower 
and pollen viability, etc., however these biotic changes were 
shown to occur only as a result of abiotic inductions. Thus, 
biannual bearing, at least in the case of olive, should not be 
considered a genetic trait developing as a stage of the growth 
cycle of the tree. On the other hand, the nature and degree of 
reproductive alternation and the metabolic changes involved 
are clearly based on an abiotic-biotic interaction.
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	 Chlorophyll extraction, 48
	 Dimetyl ether, 48
	 Green solvent, 48
	 Plant pigments, 48

Lactuca sativa L. see Lettuce

Leaf senescence
	 Ruscus, 103

Lettuce
	 Chilling storage, 61
	 Environmental sustainability, 61
	 Microbiological analysis, 61
	 Minimally fresh processed leaf vegeta-

bles, 61
	 Ozone application, 61
	 Shelf-life, 61

Lipase activity
	 Fusarium culmorum, 181

LOX/RNO method
	 Peach, 75

Low fertilizer input
	 Bermudagrass, 53
	 Japanese lawn grass, 53
	 Seashore paspalum, 53

Lucky boombo
	 Acclimatization, 165
	 Growth regulators, 159
	 In vitro propagation, 159, 165
	 MS salt strength, 165
	 Proliferation rate, 159
	 Propagation, 159
	 Rooting, 165
	 Subculture, 165
	 Sterilization, 159

Magnetic resonance imaging
	 Calla lily, 30

Management practices
	 Bermudagrass, 53
	 Japanese lawn grass, 53
	 Seashore paspalum, 53

Membrane integrity
	 Japanese apricot, 3

Membrane potential
	 Grape, 207

Microbiological analysis
	 Lettuce, 61

Minimally fresh processed leaf veg-
etables

	 Lettuce, 61

Modified atmosphere packaging
	 Artichoke, 24
	 Asparagus, 133
	 Grape, 152

MS salt strength
	 Lucky boombo, 165

Mycophenolic acid
	 Grape, 207

Mycorrhizae
	 Fern, 41

NIR-AOTF
	 Calla lily, 30

NMR relaxation times
	 Japanese apricot, 3

Norway spruce
	 Germination, 185
	 Growth, 185
	 Somatic embryogenesis, 185
	 Substrate, 185

Nuclear magnetic resonance
	 Japanese apricot, 3

Nut set
	 Hazelnut, 13

Oil fatty acids composition
	 Onion, 199

Olea europaea L. see Olive

Olive
	 Alternate bearing, 213
	 Environmental control, 213
	 Fruiting metabolism, 213

Onion
	 Oil fatty acids composition, 199
	 Phenolics, 199
	 Proteins, 199
	 Seed oil, 199
	 Selenium, 199

Ontogenetic changes
	 Japanese apricot, 3

Oxygen radical absorbance capacity
	 Peach, 75

Ozone application
	 Lettuce, 61

Paspalum vaginatum see Seashore pas-
palum

Peach
	 Acidity, 109
	 Antioxidant activity, 75, 109
	 Carotenoids, 75, 109
	 LOX/RNO method, 75
	 Oxygen radical absorbance capacity, 75
	 Phenolics, 109
	 Postharvest physiology, 109
	 Shelf-life, 109
	 Trolox equivalent antioxidant capacity, 

75

Pear
	 ‘Abbé Fétel’, 84
	 ‘Conference’, 84
	 Cold storage, 84
	 Fermentative metabolites, 84
	 Postharvest physiology, 84
	 Pulp mechanical properties, 84
	 Shelf life, 84
	 Storage disorders, 84
	 Superficial scald, 84

Penicillium digitatum Sacc. see Green 
mould



227

Penicillium expansum
	 Plum, 125

Penicillium italicum Weh. see Blue mould

Peroxidase enzyme
	 Carnation, 192

Phenolics
	 Onion, 199
	 Peach, 109

Phylogenetic relationships
	 Prunus x yedoensis ‘Somei-yoshino’, 17

Picea abies (L.) Karst see Norway spruce

Pistachio
	 Dormancy, 171
	 Germination, 171
	 Gibberellin, 171
	 Hydrogen Cyanamid, 171

Pistacia vera L. see Pistachio

Plant pigments
	 Carrot, 48
	 Japanese squash, 48
	 Spinach, 48

Plugging
	 Calla lily, 30

Plum
	 Antioxidant activity, 125
	 Decay control, 125
	 Penicillium expansum, 125
	 Quality, 125
	 Storage, 125

Pollen incompatibility
	 Hazelnut, 13

Pollination
	 Hazelnut, 13

Polylactic acid
	 Artichoke, 24

Postharvest decay
	 Clementines, 97
	 Fig, 141

Postharvest longevity
	 Carnation, 192

Postharvest physiology
	 ‘Abbé Fétel’, 84
	 Asparagus, 133
	 Clementine, 97
	 ‘Conference’, 84
	 Grape, 152

	 Honeydew melon, 65
	 Peach, 109
	 Pear, 84

Postharvest storage
	 Ruscus, 103

Postharvest treatments
	 Camellia, 116
	 Fig, 141
	 Ruscus, 103

Potassium phosphite application
	 Clementines, 97

Pre-harvest decay
	 Clementines, 97

Proliferation rate
	 Lucky boombo, 159

Propagation
	 Lucky boombo, 159

Proteins
	 Onion, 199

Prunus domestica L. see Plum

Prunus nume Sibe et Zucc. see Japanese 
apricot

Prunus persica (L.) Batsch  see Peach

Prunus x yedoensis ‘Somei-yoshino’
	 Flowering cherry, 17
	 Phylogenetic relationships, 17
	 RNA polymerase, 17

Pulp mechanical properties
	 ‘Abbé Fétel’, 84
	 ‘Conference’, 84
	 Pear, 84

Pyrus communis L. see Pear

Quality
	 Asparagus, 133
	 Grape, 152
	 Plum, 125

Quick response code
	 Food labeling, 145

Reused substrate
	 Tomato, 121

RNA polymerase
	 Prunus x yedoensis ‘Somei-yoshino’, 17

Rooting
	 Lucky boombo, 165

Ruscus
	 Glycerol, 103
	 Leaf senescence, 103
	 Postharvest storage, 103
	 Postharvest treatments, 103
	 Thidiazuron, 103

Seashore paspalum
	 Dormancy, 53
	 Ground cover, 53
	 Low fertilizer input, 53
	 Management practices, 53
	 Turf quality, 53
	 Water consumption, 53
	 Weeds, 53

Seed oil
	 Onion, 199

Selenium
	 Onion, 199

Senescence
	 Camellia, 116
	 Carnation, 192

Severity
	 Common root rot, 37
	 Wheat, 37

Shelf-life
	 ‘Abbé Fétel’, 84
	 ‘Conference’, 84
	 Honeydew  melon, 65
	 Lettuce, 61
	 Peach, 109
	 Pear, 84

Soilless cultivation
	 Tomato, 121

Solanum lycopersicon L. see Tomato

Solid-state fermentation
	 Fusarium culumorum, 181

Somatic embryogenesis
	 Norway spruce, 185

Spinach
	 Carotenoids extraction, 48
	 Chlorophyll extraction, 48
	 Dimetyl ether, 48
	 Green solvent, 48
	 Plant pigments, 48

Sterilization
	 Lucky boombo, 159

Storage
	 Plum, 125
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Storage disorders
	 ‘Abbé Fétel’, 84
	 ‘Conference’, 84
	 Pear, 84

Storage temperature
	 Asparagus, 133

Subculture
	 Lucky boombo, 165

Substrate
	 Norway spruce, 185

Superficial scald 
	 ‘Abbé Fétel’, 84
	 ‘Conference’, 84
	 Pear, 84

Superoxide dismutase
	 Carnation, 192

Sweet potato
	 Acoustic sensing system, 176
	 Undersoil detection, 176

Thidiazuron
	 Ruscus, 103

Tomato
	 Closed system, 121

	 Coconut fiber, 121
	 Reused substrate, 121
	 Soilless cultivation, 121

Total soluble solids
	 Honeydew  melon, 65

Triticum aestivum see Wheat

Triticum turgidum durum see Wheat

Trolox equivalent antioxidant capacity
	 Peach, 75

Turf quality
	 Bermudagrass, 53
	 Japanese lawn grass, 53
	 Seashore paspalum, 53

Undersoil detection
	 Sweet potato, 176

Vase life
	 Camellia, 116

Virus host interaction
	 Grape, 207

Visual quality
	 Artichoke, 24

Vitis vinifera L. see Grape

Water content
	 Calla lily, 30
	 Japanese apricot, 3

Water consumption
	 Bermudagrass, 53
	 Japanese lawn grass, 53
	 Seashore paspalum, 53

Water status
	 Japanese apricot, 3

Weeds
	 Bermudagrass, 53
	 Japanese lawn grass, 53
	 Seashore paspalum, 53

Wheat
	 Cochliobolus sativus, 37
	 Common root rot, 37
	 Incidence, 37
	 Severity, 37

Zantedeschia aethiopica see Calla Lily

Zoysia japonica Steud see Japanese 
lawn grass
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