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Foreword

Dear friends and colleagues,

First of all, we would like to warmly thank Jorge, Sandra and the whole executive organizing committee for
hosting this successful 5th IUFRO 2.09.02 conference at the University of Coimbra (Department of Life
Sciences, Center for Functional Ecology), Coimbra, Portugal. We had a wonderful time in beautiful, secret and
historical Coimbra, reuniting with old friends and meeting with new ones – we had 122 attendees! The
conference provided us with important scientific updates (see the Summary Report at the end of these
proceedings) as well as many opportunities for social networking (see the Photo Gallery). Incidentally, this
conference marks the 10th anniversary of the founding of our IUFRO working unit. Through these conferences
and publications, we have established a fine tradition of excellent communication and progress in a friendly
atmosphere. We sincerely hope that we will continue this tradition into the future years, organizing our
conferences on different continents to promote networking and friendship.

Thank you for your enthusiastic contributions for the conference proceedings. We have received a total of 63
submissions including, 24 full length articles, 14 extended abstracts, and 25 short abstracts. These articles
cover a wide range of topics including somatic embryogenesis, micropropagation, rooting of cuttings,
molecular biology, genomics, epigenetics, genetic resource conservation, tree breeding, and even more!
Sustainable plantation forestry and in particular multi-varietal forestry based on vegetative propagation
technologies obviously could make an important contribution to the green bio-economy in the context of
climate change. We believe these proceedings will provide us with a wonderful opportunity to glean into one
another’s scientific interests and progress. This in turn offers an opportunity to network and collaborate. There
are now many examples of international collaborations initiated as part of our group's activities!

During this conference, we were especially pleased to see the strong participation of graduate students and
postdoctoral fellows, including to our third and well-contested international scientific competition (9
candidates from 8 countries). Thank you to those who presented their work as well as those who accepted to
co-chair conference sessions! We hope that our conferences provide young participants with a forum that
stimulates future endeavors.

Our next conference will be in Harbin, China, hosted by the Northeast Forestry University and organized by
Prof. Hailong Shen. This will be the second time in Asia, after our inaugural conference in Suwon (2010). We
fully expect that this meeting again will be a very fruitful one and we hope you will be able to attend Harbin in
2020 and discover and enjoy the “Ice City”. It surely will provide us again with an opportunity to further our
knowledge of our favorite research field and establish new cooperative projects.

Once again, we wish to express our gratitude to the University and City of Coimbra for providing us with the
facilities needed and also to all other organizations and institutes that provided funding or supported us
otherwise. Enjoy the Proceedings of Coimbra 2018!

Jan Bonga, Yill-Sung Park, and Jean-François Trontin
Editors

April 5, 2019
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Abstract 
The native forest formation in the northeast of the Province of Buenos Aires on hills composed of shell 

deposits of the alluvial valley of the Río de La Plata is called ‘talar.’ Phytolacca tetramera Hauman, or 

‘Ombusillo’, is a shrub endemic to the Talares that belongs to the Phytolaccaceae Family. By anthropic 

action, it was included in the category CR (critic risk) of threatened species. It has fungicide active 

ingredients. Moreover, the methanolic extract of its berries possesses antifungal activity against 

opportunistic pathogenic fungi. With the aim of conserving this species, in CEAMSE´s in vitro culture 

laboratory, we´re focused on the development of propagation protocols via organogenesis and somatic 

embryogenesis, plant nursery culture and ground planting. After production of plants and the subsequent 

acclimation period in the greenhouse, 20 individuals we´re selected to carry out survival and 

development tests in the soil cover of the Villa Dominico Sanitary Landfill (Province of Buenos Aires, 

Argentina). At the end of its dormancy period, between the months of September and December, the 

status of the individuals will be evaluated, taking into account their health and air development. The 

following actions prepared for the conservation of Phytolacca tetramera, will include collaboration with 

public welfare organizations dedicated to its protection and raising of awareness of the state of its 

condition in its habitat involving Botanical Gardens, Urban Nature Reserves, educational entities. 

 

Keywords: native forest, conservation, endemism, organogenesis, Phytolacca tetramera, ‘talares’ 

 
Abbreviations: CR (critic risk), BAP (6-Benzylaminopurine), IBA (Indolbutyric Acid) 

 

Introduction  

 
 The native forest formation in the northeast of the Province of Buenos Aires on hills composed of shell 

deposits of the alluvial valley of the Río de La Plata is called ‘talar’. Anthropic pressure is a great danger 

that confronts these woods in the most populated part of the country, and that is why their situation is 

critical. Phytolacca tetramera Hauman or ‘Ombusillo’ is a shrub endemic to the Talares from Buenos 

Aires that belongs to the Phytolaccaceae family. It has 18 genera and 65 species globally with 7 genera 

and 12 species being present in Argentina (Zuloaga y Morrone, 1999). Its most widespread genus is 

Phytolacca with at least 25 species. Many of them were used in oriental medicine for a long time for the 

treatment of various conditions such as edema, rheumatism (P. americana, P. insulares) (Kang and Woo, 

1987), dermatitis. (P. octandra) (Moreno and Rodriguez, 1981), emetics, purgatives and ‘antisifilica’ 

(Jolliffe, 1982), among others (Galarraga, 2011). Also Phytolacca tetramera has fungicide active 

ingredients. Present in their berries are 3 saponin triterpenoids, the phytolacosides B, E and F (Escalante 

et al. 2002).  The  Phytolacoside  B  showed a  medium   antifungal   activity  against  of a series of  

mailto:ndobler@ceamse.gov.ar
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dermatophytes such as Trichophyton mentagrophytes and Candida albicans, using ketoconazol as a 

control (Galarraga, 2011).  As for its conservation status, Phytolacca tetramera it is included on the list  

PlanEAr (Endemic Plants of Argentina) in the category 5 according to the update of the year 2008, 

which states for this species ‘restricted distribution of plants with scarce populations or about which 

there are one or more threat factors’ (habitat destruction, overexploitation, biological invasions, etc). In 

2006, it was proposed to review the threat situation of vascular plant species of the province of Buenos 

Aires; in said work, Phytolacca tetramera, is included in the category ‘Critic risk’ (CR), whereby a taxón 

faces an extremely high risk of extinction in the wild state in the immediate future (Delluchi, 2006). 

According to the Global Environment Facility (Global Environment Facility, 1986), the accelerated loss 

of biodiversity raises a serious threat to the welfare of humanity. The magnitude of the human impact 

on the biological diversity increases exponentially due mainly to the global patterns of consumption, 

production and trade, to agricultural, industrial and human settlements, and the development and growth 

of population. It is here where biotechnology appears as a tool to  reverse this delicate situation. In vitro 

culture has emerged as a powerful alternative for the reproduction and conservation of species that are 

difficult to grow by traditional methods. Several thousand publications have reported propagation of 

hundreds of species, including medicinal and aromatic plants (Alfermann and Petersen, 1995). They 

have emerged as strong tools widely used both to support breeding programs and in situ, and ex situ 

conservation. Biotechnology and biodiversity go together because of multiple factors, since the former 

provides new techniques in addition to classical breeding to meet two basic objectives: maintaining 

natural diversity and genetic improvement of agricultural plantations. In 2011, the first advances in the 

conservation and in vitro propagation of Phytolacca tetramera were achieved, with the disinfection of 

nodal and internodal sections and by studying their response to different culture media for their in vitro 

vegetative propagation (Basiglio- Cordal et al. 2011). Later, the induction of somatic embryos in this 

species was studied. (Basiglio- Cordal et al. 2013).  

 

With the aim of conserving this species, in CEAMSE´s in vitro culture laboratory, we focus on the 

development and optimization of propagation protocols via organogenesis and somatic embryogenesis. 

In addition, acclimation has been achieved as well as plant growth in the nursery and subsequent planting 

in the field. We also conducted studies to learn their adaptation to different terrains and thus ensuring 

the survival of the species. 

 

Materials and methods 

 

Mother plants in good health and with optimal growth were selected. Thirty explants were used per 

treatment, obtained from nodal and internodal sections of 1 to 1.5 cm in length and 1 to 2 mm in diameter. 

Its disinfection was developed following the previously adjusted protocol (Basiglio- Cordal et al. 2011). 

Briefly, it consisted of immersing the explants in commercial sodium hypochlorite (55 gL-1 of active 

chlorine) at 30% with a few drops of Tween 20® for 30 min. Later, the explants were washed with 

sterile water and submerged in 0.6% of Erythromycin. The nodal and internodal disinfected sections 

were placed, maintaining their polarity, in the basal culture medium of Murashige and Skoog (1962) 

supplemented with 3% sucrose. We tested different concentrations of 6-Benzylaminopurine and 

Indolebutyric Acid: Without growth regulators (MS1), 0,002 µM of BAP and IBA (MS2), 0004 µM of 

BAP and IBA (MS3). Two explants were cultured per container, with up to 20 per treatment. A total of 

420 explants were cultivated, in a culture chamber at 24 ° C ± 2 ° C with 16: 8 photoperiod. The lighting 

was by white LEDs achieving at light intensity of 60, 70 μmol.m-²s-¹. The explants were subcultured 

every 35 days. After 70 days in culture, once elongated plants were obtained, they were subjected to a 

rooting process in MS medium with the macronutrients diluted in half and without the addition of growth 

regulators. After 35 days in rooting medium, the micro-shoots that had rooted were acclimatized to ex 

vitro conditions in the greenhouse by gradually decreasing the relative humidity for 1 month. Later, the 

plants continued their development under conventional conditions in the nursery for two years (Figure 

1).  
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In June 2018, 20 individuals were selected from those obtained by micropropagation for testing survival 

and development in the Villa Dominico Sanitary Landfill (Province of Buenos Aires, Argentina). Within 

the Landfill, four sites were selected (A, B, C and D) that differ in their altitude above sea level  (A= 9 

m, B= 15 m, C= 19 m and D= 6 m). At each site an analysis of soil characteristics was carried out, 

evaluating the following parameters: PH, electrical conductivity (dsm-1), sodium adsorption ratio (meq 

l-1) and organic matter (Table1). 

 

 
 

Figure 1. Two-year plants of Phytolacca tetramera produced in vitro at the Vivero Experimental "Ing. 

José Luis Giannoni", at CEAMSE, Villa Dominico, Buenos Aires, Argentina. 

 

Table 1. Characteristics of the four places chosen to carry out the plantation of the ‘Ombusillos’ in the 

Villa Dominico Landfill. 

 

Determination A B C D Reference 

Values 

pH 6,4 8,1 7,5 4,8 6 – 7,5 

Electric conductivity (dsm-1) 0,79 0,98 0,88 4,2 < 4 

Sodium absorption ratio (meql-1) 0,2 1,8 0,1 0,5 < 13 

Organic material 4,33 2,12 5,28 5,45 >3 

Height (m) 9 15 19 6 - 

 

Later, 5 individual were installed in each one of the selected sites (Picture 2A, B). Also, of each copy 

we recorded their sex, filiation, height and width of the stem prior to being planted.  

  

Figure 2. Phytolacca tetramera produced in vitro at the Vivero Experimental Villa Domínico installed 

in zone C (2A) and in zone D (2B) on the landfill. 
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Results 
 

The results obtained during the micropropagation process can be seen in Table 2. The culture medium 

MS2 was the one that showed the best results during the micropropagation process. After two 

subcultures in the MS2 medium, 453 plants were obtained, observing a multiplication index of more 

than two stems per stem cultivated in vitro. The percentage of acclimation was in all cases greater than 

90%. 

 

 

Table 2. In vitro establishment (%), number of vitroplants established, number of stems obtained after 

two subcultures and acclimatization (%) of Phytolacca tetramera.  

 

Culture 

media 

Establishment 

(%) 

Vitroplants 

established (n) 

Stems obtained after two 

subcultures (n) 

Acclimatization 

(%) 

MS 1 52 73 197 91 

MS 2 73 102 453 94 

MS 3 46 64 158 90 

 

In June and December of 2018, the characteristics of the plants installed on the landfill were evaluated 

as shown in Table 3. The results showed that after six months in the field, 90% of the individuals 

survived at all the sites used. Site D has some edaphic limitations, either because of its high electrical 

conductivity, that can bring associated problems of salinity (FAO, 2016), or its low PH value, that can 

generate shortcomings of alkaline cations such as Calcium, Magnesium and Potassium, affecting the 

sensitive of the species to acidity (Kochba et al. 2004; Mueller et al. 2004; Shukla et al, 2004). Both 

sites A and C would present good conditions for future development, according to soil analysis observed 

in Table 1. With respect to Site B, although it would be the ideal site due to similarity in alkalinity with 

the area of endemism, the results obtained at the moment do not allow to conclude its suitability, because  

this site was affected by equine activity. It is important to remember that Phytolacca tetramera develops 

in the calcareous soils of a narrow strip of the Talares Bonaerenses. According to the measurements, a 

variation in the height of the stems occurred in the different planting zones, which, in some cases, may 

be due to animal activity and water scarcity. New data and results are needed in order to estimate the 

role of the characteristics of each site in the growth of individuals. Therefore, the trial will require 

follow-up testing during the next years.These first results are of particular interest given the vulnerability 

of the species at present, its importance as a unique endemism of the area and the variety of antifungal 

compounds found in it. This work forms the basis for strengthening actions of domestication in 

endangered species. The importance of implementing biotechnological techniques in this type of species 

is of great interest because of the high efficiency of these techniques in comparison with traditional ones 

and because it guarantees the obtaining of healthy and vigorous plants. The following actions prepared 

for the conservation of Phytolacca tetramera will include collaboration with public agencies that are 

dedicated to their protection  such as Botanical Gardens, Urban Nature Reserves, Educational Entities, 

etc. 
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Table 3. Height of stem (cm), height increase (M±E.E.), stem base (cm), increase of stem base (M±E.E.) 

of Phytolacca tetramera micropropagated and installed in four areas of the Villa Dominico sanitary 

landfill, Buenos Aires, Argentina 

.  

  Height of stem 

(cm) 

 Increase M ± 

E. E 

Stem base Increase M ± 

E. E 

Site Code June December    June December   

A V4  2,0 19,0  17 10,8 

± 

9,25 

12,0 17,0 5 3 ± 

1,58 

           

 EC2 4,0 7,0  3  0,0 2,0 2  

 V3  0,0 12,0  12  7,0 10,0 3  

 EC6 19,0 6,8  0  9,0 10,0 1  

 EC6  13,0 35,0  22  10,0 14,0 4  

           

B V4 12.5 25  12,5 14 ± 

14,40 

7,0 17,0 10 2,6 ± 

4,33 

 EC2  9,0 0  0  7,0 0,0 0  

 EC6 9,0 0,5  0  3,0 0,0 0  

 EC6 10.5 40  29,5  8,0 6,5 0  

 V3 9,0 37  28  4,0 7,0 3  

           

C EC2 14,0 42,0  28 30,1 

± 

8,81 

3,5 11,0 7,5 6,5 ± 

3,98 

 V3 7,5 49,0  41,5  2,5 13,5 11  

 EC6 8,5 25,0  17  6,0 11,0 5  

 EC6  5,5 36,5  31  3,5 12,0 8,5  

 V4 7,0 40,0  33  4,0 4,5 0,5  

           

D V3 13,0 23,0  10 5,8 ± 

7,01 

3,5 3,0 0 0,5 ± 

0,70 

 EC6 11,0 27,0  16  3,5 5,0 1,5  

 EC6 16,0 9,0  0  4,5 3,0 0  

 EC2 11,0 11,0  0  3,5 4,5 1  

 V4 6,0 9,0  3  3,5 2,5 0  
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Abstract  
Peanut has been described as a potent producer of stilbenes. The present research focused on callus 

induction and establishment of cell suspension culture of three local Tunisian varieties. Leaf explants 

were used for callus induction in MS medium supplemented with 10µM picloram. Callus induction rate 

and morphology were recorded and cell suspension culture was established in 250 ml flasks containing 

50 ml of the respective culture medium but lacking agar and with added 0,1 g l-1 citric acid and 50 µl    

l-1 PPM. Fresh weight, growth index and relative growth rate were quantified and cell viability was 

assessed with fluorescence diacetate. The callus showed different morphology in response to picloram. 

The growth curve of the cell suspension culture was genotype dependent. The best rate, stability and 

alive cells of culture were achieved with ‘Chanfakhi’.   

                                                                             

Keywords: peanut, picloram, callus, cell culture, cell viability  

 

Introduction  
 

Plants produce a high diversity of secondary metabolites that have been used throughout history as drugs, 

pesticides, pigments, flavors and fragrances. Amongst them, phenolic compounds are one of the most 

common and widespread groups (El Gharras.2009). They are divided into several classes among which 

stilbenes exemplified by resveratrol, are the most intensively studied. Resveratrol and its derivatives are 

regarded as important health promoting compounds (Wang et al.2018). So, demand is continuously 

increasing, which has led to ascertain diverse biotechnology approaches for the large-scale production 

(Carolina et al.2017). Plant cell tissue and organ cultures can produce a high amount of 

phytoconstituents in the in vitro microenvironment and are an alternative of extensive plants exploitation. 

The production of bioactive metabolites has been studied in some Arachis species, including phenolic 

acids, phytosterols and stilbenoids by calluses as an easy to obtain source. In this study, cell cultures of 

peanut are established from callus derived from leaf callus.  
 

Methodology  
 

Plant material and establishment of callus cultures 
 

 Mature and fresh seeds of three peanut varieties (‘Trabelsia’, ‘Chanfakhi’ and ‘American’) were peeled, 

rinsed in 70% ethanol and sterilized for 15 min in 10% NaOCl solution with 0.005% detergent (tween). 

They were washed three times and soaked for 2h in in sterile distilled water, Then the seeds were 

germinated in Gamborg B5 medium (1968) with 3% sucrose and 0.2% Gelrite, with an pH set to 5,8 

before autoclaving. The cultures were maintained at 25 ± 2° C under a 16 hours photoperiod. Leaves 

discs of 0.5 cm2 from 15 days old seedlings were placed on Murashige and Skoog (1962) (MS) medium  
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supplemented with 10 µM picloram and incubated under a 16h photoperiod. At least 3 replicates were 

performed with 6 explants each. 

 

Cell suspension culture 

  

Cultures were established in 250 ml erlenmeyers by transferring callus separated from the initial explant 

to fresh MS liquid medium supplemented with 10 µM picloram, citric acid and Plant Preservative 

Mixture (PPM) (Plant Cell Technology, USA). Suspensions were maintained in an orbital shaker at 110 

rpm at 25°C in constant darkness. They were subcultured every 10 days to collect cells and small callus 

clumps by mass filtration. The callus was harvested and weighted as Fresh Weight (FW). Growth Index 

(GI), and relative growth rate (RGR) were measured and calculated according to following formulas : 
 

GI = (wt F – wt I) / wt I 

 

RGR = Ln wt F – Ln wt I / cp  
 

Where wt F is the final weight of the callus, wt I is the initial weight and cp is the culture period in days. 

 

Determination of total cell count and cell viability  

 

Cell viability was analysed by incubating the cell suspension for 5 minutes in fresh medium containing 

100 µg/ ml fluorescent diacetate (FDA) and observing the fluorescence emission of the living cells under 

ultraviolet light with an inverted microscope Nikon ECLIPSE TE2000-S (Navarro et al., 2012). The 

number of viable cells per µl (N) was assessed in accordance with this formula: 
 

Number of viable cells per µl volume = viable cells counted / (counted surface (mm2) x chamber depth 

(mm) x dilution factor. 

 

Results and discussion  
 

Establishment of callus culture  

 

The present study investigated the influence of picloram, naturally a systemic herbicide, on growth in 

callus cultures. The leaf explants of different varieties developed some morphological variation in callus 

such as white yellowish friable callus with nodular structures and compact, green callus (Fig. 1). 91 to 

100% of the explants responded to 10 µM picloram by a relatively rapid growth of callus. Our results 

are in harmony with Isabela et al. (2018), who reported that picloram stimulated callus growth in Arachis 

pintoi Krapov. Likewise, Salma et al. (2018) concluded that adding 2 mg/ml of picloram to MS medium 

induced the highest percentage of callus in Eclipta alba. Also, Bekhet et al. (2014) mentioned that 3 

mg/ml picloram increased responses of explants towards callus growth in artichoke and milk thistle.  

 

 
 

Figure 1. Response of leaves explants of peanut to picloram (‘Trabelsia’ (top), ‘Chanfakhi’ (middle), 

‘American’ (bottom)) 
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The friable callus was used for the suspension culture experiments. The reaction was genotype 

dependent. As shown in Fig 2, the highest biomass growth of cell aggregates was obtained with 

‘Chanfakhi’ while the ‘American’ cell culture easily browned and died rapidly. Moreover, the pattern 

curve of growth index and relative growth rate (Fig. 3) demonstrated the rapid growth of cells derived 

of ‘Chanfakhi’ and ‘Trabelsia’. A similar reaction was observed for cell suspension cultures of 

Eysenhardtia polystachya (Bernabé-Antonio et al., 2017), where picloram was more efficient than NAA 

and yielded the most suitable callus from leaf explant in order to establish cell suspension culture. 

Likewise, this result agrees with the findings of Solange et al. (2000) in which they registered the high 

efficiency of picloram for callus induction and cell biomass growth in suspension culture of Rollina 

mucosa.   

 

 
 

Figure 2.  Effect of picloram on biomasses accumulation in calluses and cell aggregates in cell 

suspension culture of Arachis hypogeae (TR :’Trabelsia’, CH :’Chanfakhi’, AME :’American’) 
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(Figure continued from previous page) 

 

  
 

Figure 3. Effect of picloram on growth index and relative growth rate of cell suspension culture of 

Arachis hypogeae (TR :’trabelsia’, CH :’chanfakhi’, AME :’american’) 

 

 
 

Figure 4. Vital staining of cells with FDA after 30 days of cell suspension culture of Arachis hypogeae  

 

The cell viability was determined via vital staining with FDA (Fig. 4). The accurate assessment of the 

number of viable cells in a population is very important and a basic parameter for the evaluation of 

culture response to auxin and elicitor added. FDA allowed to assess cell viability of the 30-day-old 

culture cells, cell clusters and aggregates of various sizes as 3.06 x 104  viable cells / µl. Naoko et al. 

(2013) reported the utility of FDA for quantification of cellular metabolites activity and cell viability. 

They concluded that differences in fluorescein production are related to the differences in cellular 

esterase activities.  

 

Conclusion  
 

The callus formed from leaf explants of three varieties of peanut was used to establish cell suspension 

cultures. The most vigorous and stable suspension culture that could be prepared was ‘Chanfakhi’. This 

cell suspension will further serve for intracellular and extracellular extraction of stilbenes as resveratrol 

and its derivatives.  
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Abstract 
Even though somatic embryogenesis (SE) of conifers has long been considered to be a potentially useful 

technique to mass produce high quality planting stock, it has been difficult to develop the technique to 

a level where it can be applied effectively on an industrial scale. In the following we outline a number 

of problem areas and we indicate a few areas of research focus that need attention in our efforts to 

improve the situation. The SE initiation rates are low for many conifers, and often the capacity is 

restricted to only a small number of genotypes, except for in a few spruce species. The basal medium 

primarily used in initiation may not be optimal for the maturation step and thus may result in embryo 

abnormalities and vitrification. As generally practiced today, manual transfer of germinating embryos 

to soil is labor intensive and expensive and, therefore, requires automation. Furthermore, long-term 

cryopreservation of clones during lengthy field testing is expensive. We suggest potential solutions to 

these problems, including media modifications, the use of capable genotypes  obtained by breeding to 

improve SE initiation rate, automated SE production systems, and the implementation of genomic 

selection to circumvent or reduce the length of the field testing period. 

 

Keywords: conifer SE, cost, automation, cryopreservation, genomic selection 

 

Introduction 

 
The implementation of somatic embryogenesis (SE) on an industrial scale for conifers has long been a 

desired goal because it has the potential to increase the forest productivity dramatically. When used in 

conjunction with tree breeding it, in theory, provides the means to clonally mass-propagate the best 

genotypes within the breeding population (Park 2002). Because the genetic variation within breeding 

populations for most conifers is substantial, clonal propagation of the best genotypes within the breeding 

population can result in large genetic gain over that obtained by traditional seed orchards. Implementing 

the current “breeding-clonal deployment” strategy involves maintenance of the clonal cell lines 

produced from the improved seed provided by breeding   in cryopreservation while propagules produced 

by the cell lines are field tested, generally for 10 – 15 years. After the field test has determined what are 

the best genotypes, the corresponding cell lines are thawed from cryopreservation and used for mass 

producing planting stock, which is also known as multi-varietal forestry (MVF) ( Park et al. 2016). For 

a small number of species, mostly spruces, this has found industrial application (Adams et al. 2016) but 

for most conifers the technology has so far failed to achieve that objective. The main problems that still 

have not yet been mastered are: cell line initiation rates that are too low for a number of species, 

formation of abnormal embryos, poor germination and acclimation, overall high production cost of SE  
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seedlings and the necessity of cryogenic storage. In the following we will tackle these issues and suggest 

a few potential solutions and alternative methods to overcome these problems.  

 

Problems and possible improvement 

 

Low initiation rates 
 

Generally a SE initiation rate higher than about 50% is desired to provide a desired level of clonal 

variation from which to choose the best genotypes. However, this is difficult to achieve for many conifer 

species, for example in the pines (Klimaszewska et al. 2016, Abrahamsson et al. 2017). In our experience 

good initiation has been possible with a number of spruces but was more problematic with other genera.   

 

Table 1. Some examples of somatic embryogenesis initiation and maturation percentages in spruces and 

pines as obtained at the Canadian Forest Service including collaborative work. 

 

 

   Base Plant growth  Zygotic embryo explant  Maturation 

Species   Media  Regulators  Immature Mature    

__________________________________________________________________________________ 

Spruce spcies 

Picea glauca  mLV 2,4-D+BA  68  20  89 

P. mariana  mLV 2,4-D+BA  65  21  85 

P. abies   mLV 2,4-D+BA  75  29  80 

P. sitchensis  mLV 2,4-D+BA  70  -  80 

 

Pine species 

Pinus strobus  mLV 2,4-D+BA  61  2  76 

P. taeda  WV5 2,4-D+BA  36  0  66 

P. pinaster  mLV CPPU   76  0  58 

P. sylvestris  mLV 2,4-D+BA  20  0  85 

P. albicaulis  mLV 2,4-D+BA  15  -  75 

P. flexilis  mLV 2,4-D+BA  15  -  - 

P. patula  mLV 2,4-D+BA  13  -  - 

P. monticola  mLV 2,4-D+BA  6  0  75 

P. banksiana  mLV 2,4-D+BA  4  0  90 

P. contorta  mLV 2,4-D+BA  >1  -  - 

P. maximinoi  mLV 2,4-D+BA  11a  -  - 

P. tecunumanii  mLV 2,4-D+BA  4 a  -  - 

_________________________________________________________________________________ 

mLV: modified Litvay’s medium (Litvay et al. 1985); 2,4-D: 2,4-dichlorophenoxyacetic acid; BA: 

benzyladenine; WV5: Coke JE (1996) and Duchefa Biochimie (2003); CPPU: N-(2-chloro-4-pyridyl)-

N’-phenylurea; a Immature cones damaged somewhat during the shipment to Canada; - not attempted. 

 

The most commonly used initiation media for conifers are Litvay et al. (1985) (LM) or Murashige and 

Skoog (1962) (MS) media or variations thereof. For many conifer species these media provide a good 

SE initiation response. Of course it is possible that these two media are inadequate for species that fail 

to initiate SE on these and that other media have to be devised before proper initiation will occur. 

However, in our opinion it is more likely that the media are adequate for initiation but that the explant 

cells are either not in a responsive state or that they cannot express their embryogenic potential because 

of inhibition by neighboring tissues. Whenever the latter is the case, removal of the offending tissues by 

microdissection or separation of protoplasts may be needed to resolve the problem (Bonga 2017). In 

case no cells capable of responding are available it may be necessary to make cells more responsive by 

applying a finely tuned stress treatment (Zavattieri et al. 2010, Horstman et al. 2017, Bonga 2018).  
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Stress results in autophagy and autophagy is involved in the rejuvenation process that occurs during 

sexual reproduction and apomixes. Furthermore, artificial stress will induce meiosis and, presumably, 

is sometimes the driving force in SE (Bonga 2017). It is of interest to note that 2,4-D, the auxin most 

commonly used to initiate SE causes oxidative stress, which may in part account for its effectiveness 

(Zavattieri 2010). Sometimes 2,4-D is replaced by other auxins such as N-(2-chloro-4-pyridyl)-N’-

phenylurea (CPPU) (Park et al. 2006) and Picloram (Park et al. 1998). It is further possible that the LM 

and MS media, commonly used for SE induction in conifers, are in part effective in that respect because 

they act as stressors. For example, LM is very low in calcium (Teasdale 1987) which could well result 

in nutritional deprivation and this stress could, we speculate, be an additional SE inducing factor, 

especially when LM is used at half strength. This assumption, however, has to be considered with 

caution since, at least in some cases, low calcium availability inhibits SE initiation (Smertenko and 

Bozhkov 2014). Nevertheless, short-term application of stress by starvation or by heat or cold shock etc. 

has been helpful in initiating androgenesis (Bonga et al. 2010) and perhaps could, in some cases, help 

in initiating conifer SE. On the other hand, stress, if of the wrong kind, can result in abnormal 

development during SE (Abrahamsson et al. 2017). The precise nature of stress treatments that could be 

effective in initiating normal SE remains to be determined. 

 

Whether or not SE occurs is, among other factors, controlled by epigenetic controls, in which DNA 

methylation plays a major role. DNA methylation is generally lower in embryogenic than non-

embryogenic cultures (Osorio-Montalvo et al. 2018), including those of conifers (Teyssier et al. 2014). 

In order to achieve demethylation in cultures in vitro, the DNA methylation inhibitor 5-Azacytidine has 

been used, sometimes with a positive and often with a negative effect on the formation of somatic 

embryos (Osorio-Montalvo et al. 2018). 

 

Improved SE initiation by breeding 
 

It is well known that SE is influenced by genetics (Park et al. 1996, Cyr and Klimaszewska  2001, 

MacKay et al. 2006). Thus, an understanding of genetic control is an important element of improving 

the SE process. Park et al. (1993) demonstrated that, in a quantitative genetic analysis of white spruce 

SE that the initiation stage of SE is under strong additive genetic control amounting to 69% of total 

genetic variance. However, the genetic influence declined steadily to the subsequent proliferation (38%), 

maturation (9%) and germination (3%) stages. Similarly, in loblolly pine, MacKay et al. (2006) have 

shown that, during the initiation, about 45% of total variation was accounted for by additive variation. 

Therefore, it is the initiation of SE that can be most effectively be improved by breeding. However, only 

limited improvements in maturation and germination can be expected by breeding. 

 

Improve embryogenic capacity by secondary and serial SE 

 
Secondary somatic embryogenesis from mature somatic embryos have been obtained in pines 

(Klimaszewska et al. 2007). Furthermore, serial somatic embryogenesis from cotyledonary somatic 

embryos has been obtained in Douglas-fir and this serial somatic embryogenesis resulted in significantly 

higher embryogenic potential when compared to primary and secondary SE lines (Gautier et al. 2018). 

These authors showed that cells have the ability to use different protein regulatory pathways and that 

this resulted in the increased embryogenic potential. This aspect may be further exploited as a means of 

improving initiation rates. 

 

Poor maturation or germination 

 
Poor maturation, resulting in abnormally formed embryos, is still a problem with several conifers. Often 

these are the result of culture proceedings that are not optimal. Sometimes abnormalities arise early in 

the initiation stage of SE (Abrahamsson et al. 2017) in which case they are an initiation, not a maturation  
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problem. However, generally abnormalities occur later, i.e., in the maturation process (Tereso et al. 

2007). This may in part be due to the basal media being less suitable for maturation than for initiation, 

or to suboptimal physical factors (Etienne et al. 2013). The commonly used LM and MS initiation media, 

in comparison to a list of other nutrient media used for woody species, have a high mineral ionic strength. 

High ionic strength media are less suitable than lower strength ones for in vitro shoot growth of several  

woody species (McCown and Sellmer 1987, Nas and Read 2004) and thus, presumably, are less suitable 

for maturation, which is the stage of development when meristems develop. However, since LM is often 

used at half instead of full strength of its macro minerals, ionic strength in that case may not be 

problematic. However, ½ strength LM even further lowers its already low calcium content. Therefore, 

LM and certainly ½ LM may not optimal for the shoot and root development during maturation. Low 

calcium, for example, often results in debilitating shoot tip necrosis (McCown and Sellmer 1987, 

Poothong and Reed 2014). It has been demonstrated that for some species, for example Eucalyptus 

dunnii (Oberschelp and Gonçalves 2018), even a minor deviation from the optimal media composition 

can result in shoot tip chlorosis and necrosis. Complex interactions between mineral elements have to 

be considered since these can affect the suitability of the culture medium (Teasdale 1987, Oberschelp 

and Gonçalves 2018, Poothong and Reed 2014). Even varieties within a species can have different 

mineral requirements for proper in vitro growth (Poothong and Reed 2014). Therefore, one may expect 

that for each species the mineral requirements for in vitro development at different developmental phases 

may differ. Clearly, proper maturation may require a finely tuned mineral medium that is considerably 

different from the optimal initiation medium. 

  

Both LM and MS are high in inorganic nitrogen. This could be a stress factor needed to promote SE 

initiation, but could inhibit proper meristem development, i.e., maturation, in the embryos. High 

nitrogen was sub-optimal in shoot cultures of some woody species (McCown and Sellmer 1987, Nas 

and Read 2004). Increased calcium, magnesium and phosphate has benefitted shoot growth in several 

species (Poothong and Reed 2014). Although ammonium is often an essential element in SE initiation 

(Durzan 1987), the high ammonium content of LM and MS could also, in some cases, be a contributing 

factor to the hyperhydricity (Gaspar et al. 1987, Klimaszewska et al. 2001, Ivanova and Van Staden 

2009) that often occurs during maturation. Important nitrogen sources during conifer SE are arginine 

(Rodriguez et al. 2006) and especially glutamine (Dahrendorf et al. 2018). For Pinus pinaster more 

mature embryos were produced with a mixture of amino acids than with casein hydrolysate, which is 

often used as a nitrogen source (Alvarez et al. 2013). Glutamine as the sole nitrogen source sometimes 

promotes shoot growth and reduces hyperhydricity (Ivanova and Van Staden 2009). Germination of 

Norway spruce somatic embryos was improved by cold storage prior to germination, lowering the 

nitrogen content in the germination medium and reducing the in vitro germination phase to one week 

(Tikkinen et al. 2018a). Accumulation of nitrogen containing storage products in the maturing embryos 

no doubt play an important role in subsequent proper germination and acclimation. In an experiment 

with Norway spruce, glutamine in the nutrient medium accounted for 67% of the assimilated nitrogen 

in the free amino acid pool (Carlsson et al. 2017). 

  

It has been observed by Poothong et al. (2017) that optimization of the macro mineral contents of the 

medium can result in a reduction in metabolic markers that indicate oxidative stress. Reduction of abiotic 

stress by optimization of the culture medium, subsequent to SE induction, appears to be essential for 

normal maturation. 

 

A common problem in conifer SE germination is root formation (Ragonezi et al. 2010, Montalbán and 

Moncaleán 2018), which, in part, could be due to stress and thus requiring adjustment in the culture 

protocol (Gaspar and Coumans 1987). On the other hand it has also been observed that stress, i.e., water 

stress, can sometimes have a beneficial effect on rooting (Gaspar and Coumans 1987). According to 

Gaspar and Coumans (1987) root induction has requirements that are different from those of root 

elongation.  
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A major factor in root initiation and development are specific requirements for nitrogen. For example. 

Root formation during the germination of SEs of the Pinus strobus x P. wallichiana hybrid was 

improved by the presence of casein hydrolysate and glutamine and the absence of inorganic nitrogen in 

the germination medium (Llebrés et al. 2018). Many other physical and chemical factors are involved 

in the rooting process (review Ragonesi et al. 2010). For proper maturation and prevention of precocious 

germination of Picea glauca somatic embryos Sutton et al. (2004) adjusted the ABA concentration and  

osmolality of the medium at 2 week intervals, again indicating that the culture conditions have to be 

adjusted for each stage of SE development.   

 

An important aspect of increasing the production of properly developed mature embryos is the breaking 

up of pro-embryogenic masses into much smaller ones by shaking in liquid medium. The small clumps 

are then dispersed on filter paper and transferred to maturation medium. With Norway spruce this 

procedure not only greatly increased the number of mature embryos being formed but also their 

synchronization in development (Mamun et al. 2018).  

 

Lately, image processing combined with artificial neural network-based models has been used to 

optimize culture conditions for callus and SE production. This requires complex statistical models but, 

if properly executed, can be highly effective (Niazian et al. 2018). 

 

Cryopreservation 

 
Currently, cryopreservation is a key element of MVF strategy. The use of alcohol-insulated freezing 

containers (Nalgene™ Cryo Freezing Containers) makes cryopreservation a simple process with a good 

success rate. In general, successful cryopreservation is dependent on the vigor of the embryogenic tissue. 

Thus far, a recovery rate of about 95% without any deleterious effects after 20 years of cryo-storage was 

obtained (unpublished data). However, cryopreservation can be costly, especially when maintaining a 

large number of lines for a long period of time, which is often required for the field testing phase of tree 

breeding. Therefore, a reduction in the number of lines and length of the cryopreservation period should 

result in cost savings, and GS could be used for these purposes. 

  

Automation 

 

Even though the number of SEs produced is relatively high for several conifers, the commonly practised 

SE deployment is today still labor intensive and thus expensive, and, therefore, has so far found only 

limited industrialization (Sutton et al. 2004, Thompson  2014). The current process involves 

proliferation of embryogenic tissue, embryo maturation and germination of somatic embryos on either 

semi-solid or liquid media. Automation within each of these phases would be beneficial. To reduce 

handling costs it is attempted to culture the various stages of SE in liquid rather than on solidified media, 

culture in liquid media being more amenable to automation than the traditional culture on semi-solid 

media. However, even though multiplication of embryogenic tissue (ET) in liquid culture (Etienne et al. 

2013, Mamun et al. 2015) is often possible, it can lead to problems such as, for example, failure to 

establish polarity or hyperhydricity. The latter can be due to impeded gas exchange during immersion 

(Albarrán et al. 2005). It is also often due to the use of cytokinin in the culture medium, a problem that 

can sometimes be mitigated by the use of salicylic acid (Ma et al. 2018). The use of bioreactors for the 

multiplication of conifer SEs has been described by Ingram and Mavituna (2000), Sutton et al. (2004) 

and Egertsdotter (2018).   

 

One problem with bioreactors is that it is often difficult to supply enough light to the maturing embryos 

due to the compactness of the masses of embryos and the vertical design of most bioreactors. Use of 

bioreactors designed to disperse embryos and improve light availability have improved embryo-to-

plantlet conversion rates (Ducos et al. 2007, Etienne et al. 2013). Light is a critical factor especially 

during germination. Growth chambers do not provide light uniformly. Therefore, culture vessels have 

been designed with LED lighting in the vessel lids, thus improving uniformity in light distribution and  
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saving in energy cost. In addition this allowed for stacking of the culture vessels, thus saving space. 

Excessive heating at a light intensity of 35 µmol m-2 s-1 did not occur (Shukla et al. 2017). 

 

Efforts to automate are not confined to mass production of embryogenic masses and mature embryos. 

A process that requires a lot of manual handling is the selection and removal of mature embryos from 

the culture medium and their transfer to germination trays. JD Irving Ltd has developed a robot that can  

do this with white and Norway spruce SEs (Adams, personal communication). This company is 

continuing to pursue automation or semi-automation for planting germinants into substrate plugs.  

 

In other efforts to automate and reduce costs it has been attempted to sow germinating embryos 

encapsulated in agarose or other capsule (synseed) directly on a soil substrate. Achieving this would 

make planting of germinating SEs, which is currently almost exclusively done manually, much more 

efficient and less expensive. However, even though germination of synseed on nutrient media in vitro 

has been achieved for many species, germination in non-sterile soil still is a major obstacle (Sharma et 

al. 2013, Thompson 2014, Rihan et al. 2017). Another problem with synseed that currently limits its 

commercialization is the fact that encapsulation is labor intensive and thus expensive (West and Preece 

2009). With regard to conifers, synseed germination in vitro has been reported, for example, for Picea 

glauca (Sutton et al. 2004) and Pinus radiata (Aquea et al. 2008). The process has been patented by 

Weyerhaeuser (https://patentimages.storage.googleapis.com/eb/27/d2/ac45d5f98e5c77/US7555865.pdf). 

   

Rooting of cuttings or organogenesis from SE trees 
 

Although planting stocks can be produced by SE, for many species it is not cost effective for commercial 

production due to low initiation rates, abnormal or poor maturation and germination and lack of 

automation. However, as long as a cell line produced by SE forms a number of plants large enough for 

a field test and a few plants can be recovered from the cryopreserved part of the line, these recovered 

plants can be mass produced by rooting of cuttings (Park et al. 1998). In that case, SE is used to create 

new, improved clonal varieties while the rooting of cuttings provides the means of mass producing 

offspring of the new variety. This procedure has been practised for example with Picea sitchensis  (Lelu-

Walter et al. 2013) and Norway spruce (Tikkinen et al. 2018b). Another option is to use plants produced 

by SE as a source of explants that can be used in propagation by organogenesis. This is only practical 

for species for which organogenesis is an effective way of cloning, i.e., Pinus radiata (Montalbán et al. 

2011 Moncaleán et al. 2016).    

  

Genomic selection 
 

Somatic embryogenesis is a useful biotechnology that deploys genetically improved material in 

commercial plantations and is closely linked to tree breeding. One of the breeding strategies using SE 

is multi-varietal forestry (MVF), defined as the deployment of genetically tested clonal varieties in 

plantation forestry (Park 2004). SE is the key enabling technology for deploying new varieties that are 

of high value and that provide uniform planting stock (Trontin et al. 2016). Owing to development of 

new genotyping technology, genomic selection (GS) in forestry has become an important tool, especially 

with genotyping cost falling steadily. Park et al. (2016) discussed integration of GS in MVF to gain a 

large genetic gain at a significantly reduced time span, e.g., varietal deployment in 4 years instead of  

the 19 years required for seed production as in the case of white spruce breeding in eastern Canada (Park 

et al. 2016).  

 

A GS application scheme has two phases: (1) the development of a GS model from an existing genetic 

test as a training population and (2) the application of the GS model in the offspring/juvenile generation 

for deployment. The GS models can be developed by using the trait measurements (phenotype) data 

from the existing genetic field testing plantation and the genotyping data based on molecular markers  

such as single-nucleotide polymorphism (SNP) (Resende et al. 2012a, Resende et al. 2012b). In the GS 

models, the  phenotype is considered as the sum of all marker effects (SNPs) for quantitative traits such  

https://patentimages.storage.googleapis.com/eb/27/d2/ac45d5f98e5c77/US7555865.pdf


The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                               | 20 

September 10-15, 2018. Coimbra, Portugal 
 

 

Bonga, Park & Ding           

 

as height and volume growth as well as the traits for pest and pathogen resistance, wood quality 

controlled by major gene effects (Beaulieu et al. 2014, Resende et al. 2012a). Therefore, the GS model 

calculates the genomic estimated breeding value (GEBV) of elite individuals in the current test (training)  

population. Subsequently, the GEBV individuals in the test population are used as the parents of the 

next generation (offspring) population, and is considered to be the breeding population (BP), where the 

selection for deployment in MVF is to be made. In order to apply the GS model in the BP, it requires 

only genotyping data of the individuals but no phenotyping efforts, thus circumventing a need for field 

testing. Once genotyping data are obtained for the BP, they can be substituted into the GS model 

developed from the training population to obtain GEBV. The top GEBV individuals are then selected 

to be mass propagated either by SE or by rooting of cuttings using juvenile SE plants as the donor plants, 

i.e., forward deployment (Park et al. 2016, Resende et al. 2012b). The vegetative propagation technology 

such as SE and/or rooting of cuttings are required to mass-produce selections without waiting for seed 

production or gene recombination.  Conifers benefit more from the GS integrated with SE (GS-SE), due 

to the potential gain per time investment in breeding and the bypassing of sexual maturation to produce 

seeds (e.g., about 15-40 years for Picea glauca). Therefore, vegetative propagation is the key to optimize 

GS gain in conifer breeding and deployment. 

 

GS is still in the developing stage and not widely applied in all breeding programs; however, there are 

pilot cases of applying GS-SE in tree improvement, e.g., FastTRAC in Canada (http://fasttracproject.ca/) 

and PineSNPchip consortium in North Carolina State University led by Dr Fibret Isik (Towards 

Genomic Selection in Forest Trees 2015-2019, USDA-NIFA Award #: 2016-67013-24469). The hurdles 

of applying GS-SE in most tree breeding programs are: (1) the limitation of SE production efficiency 

and cost of mass production; (2) the initial cost of genotyping; and (3) the availability of SNP genotyping 

chips for commercially important conifers. However, these issues are likely to be solved in the near 

future.   In addition to obtaining a large genetic gain at significantly reduced time, the application of the 

GS model would also result in the circumvention of genetic field testing or its streamlining and in the 

reduction in the periods of storage and the number of varietal lines that need to be stored in 

cryopreservation. 

 

Conclusion 

 
Conifer biotechnology such as SE has the potential to be of benefit in tree improvement programs but 

the challenge remains to achieve this on a cost effective, industrial scale for many conifer species. 

However, for some species, primarily Picea glauca, industrial application has been attained, and, 

presumably, will become possible for other commercially important species in the not too distant future 

as well. The genomic selection is becoming an important tool for forest tree breeding; however, it is 

required to have a functioning mass vegetative propagation system in place in order to realize all the 

benefits and efficiency of GS. 
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Abstract 

This study aims to evaluate the origin- and topophysical- effects of the initial explants excised from 

crown branches on the in vitro clonal production of mature birch. Seven culture lines were successfully 

established in vitro from single buds and nodes taken from top crown branches and epicormic shoots of 

a monumental mature white birch tree (Betula pubescens ssp. celtiberica).  Murashige and Skoog 

medium supplemented with meta-topoline was used for shoot proliferation. The effects of explant type 

(apical or basal segment), vessel type and subculture period during the proliferation stage were also 

investigated. Results indicated that the number of shoots per explant and the height of the tallest shoot 

were influenced by the type of explant. Basal nodal segments performed better than apical explants and 

their morphogenetic ability was independent of the vessel type. Proliferation rates of shoot lines were 

influenced by the position of the initial shoots on the explant sources. Without considering the position 

of the initial explant, there were no differences in shoot proliferation between lines established from two 

different origins. Annual new shoots developed on upper branches and epicormic shoots originated on 

lower crown branches. Differences related to the ontogenetic aging between the two explant sources 

were not reflected in the proliferation ability of crown-derived lines. The highest proliferation rates were 

achieved in two lines (C3 and E7-n2), each of them established from different explant sources (upper 

branches versus lower branches). In epicormic shoots-derived lines, the highest number of shoots was 

produced in line E-7n2, which was initiated from the nodal explant closest to the apical meristem. These 

results indicated that clonal production of mature birch trees was influenced by the position of the initial 

explants on the mother shoot/branch as well as by the physiological stage of the explant source. A six-

week proliferation period improved the proliferation and rooting rates. After four weeks of culture, 

adventitious roots were developed spontaneously in shoots maintained in the multiplication medium. 

Spontaneous rooting ranged from 87 to 100% depending on the culture line. Auxin induction of 

adventitious roots improved the root system of rooted shoots. 

 

Keywords: Betula pubescens, mature, meta-topoline, subculture period, rooting, topophysis 

 

Introduction 

 
Biotechnological approaches, by using in vitro culture techniques, can be applied for clonal propagation 

and genetic transformation. Furthermore, they offer an alternative for ex situ conservation of elite 

genotypes, including monumental trees which are characterized by their high biological, ecological, 

historical and cultural values (Reed et al. 2011).  
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It is well known that clonal propagation and in vitro morphogenesis of mature trees is negatively affected 

by the maturation-related loss of rooting and regeneration abilities (Sánchez and Vieitez 1991; Hackett 

and Murray 1993). New shoots developed from the upper parts of a tree are chronologically young 

tissues but they are ontogenetically older than basal shoots and stump sprouts, which retain juvenile 

characteristics (Hackett 1985; Bonga, 1987). Epicormic shoots emerging from dormant or latent buds 

on older branches are also ontogenetically younger than the new year´s growth shoots of the crown 

(Chalupa 1984; Vieitez et al. 1985) 

 

Birches are important components of the forest and landscape. Among birches, white birch (B. 

pubescens) and silver birch (B. pendula) are two commercially important trees widely distributed 

through almost the whole of Europe (Hynynen et al. 2010). Micropropagation of birch species from 

juvenile and mature trees has been previously reported (Chalupa 1981; Welander 1988; Perez and 

Postigo 1989; Welander 1993). Micropropagated mature birches were used for forest cultivation and 

their production and field performance has been evaluated (Meier-Dinkel 1992; Jones et al. 1996; 

Viherä-Aarnio and Welling 2001). In B. pendula Roth, micropropagated trees proved to be more 

uniform than seedling-derived trees (Jones et al. 1996). Moreover, micropropagation techniques have 

been applied for in vitro conservation of threatened Betula species (Gaidamashvili et al. 2015; Rathwell 

et al. 2016). The effect of different growth regulators, such as benzylaminopurine (BA), kinetin or zeatin 

at different concentrations have also been tested in the micropropagation of birches (Meier-Dinkel 1992; 

Girgze and Samsone 2017). However, little is known about the effect of the position of the initial 

explants (based in their location or topophysis on the branch) on the in vitro performance of Betula 

species. 

 

The aim of this work is to micropropagate a mature white birch tree (B. pubescens ssp. celtiberica), and 

to study the origin and topohysical effects of the initial explants on the in vitro response of shoot cultures 

established from different explant sources.  

 

 

Materials and Methods 

 
Initiation of cultures 

 

Plant material was collected from the crown of an adult birch tree (B. pubescens ssp. celtiberica), that is 

included in the catalogue of monumental trees (https://www.monumentaltrees.com) with nº 17602. For 

in vitro establishment newly formed shoots were collected in June. These shoots belonged to two 

categories: i) Shoots developed on upper crown branches of the last growing season, which bore one 

apical bud (designated as C), and ii) New epicormic shoots (seven to eight nodes) originated directly on  

lower- and thick- crown branches situated close to the trunk junction (designated E). The positon of the 

shoots on the crown branches was not documented and shoots were randomly labelled 1 to n. Epicormic 

shoots and apical buds were surface-sterilized with 70% (v/v) ethanol (50 s) first and 25 % commercial 

bleach (4% available chlorine) second for 12 min, and then rinsed with sterile distilled water, three times 

of 10 min each. Nodal segments (bearing one axillary bud) from epicormics shoots were labelled “n1 to 

nn” from the first uppermost (1) node position to the bottom (n) of the shoot, and used to establish 

different culture lines that were maintained separately in subsequent proliferation cycles. The materials 

used for in vitro establishment of culture lines are listed in Table 1 and Fig. 1. Buds and nodes were 

inoculated into culture tubes containing 20 mL of Woody Plant medium (WPM, Lloyd and McCown 

1980) supplemented with 7 gL-1 agar, 30 gL-1 sucrose, 2.2 µM BA and 0.0054 µM naphthalene acetic 

acid (NAA). The pH of the medium was adjusted to 5.5-5.6 before autoclaving. All cultures were 

maintained in a growth chamber under standard conditions of photoperiod, light and temperature 

(Sánchez and Vieitez 1991).  Six weeks after establishment, the percentage of reactive explants as well 

as bacterial or fungal contamination were determined.  
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Figure 1. Experimental system used for in vitro establishment of culture lines from newly growing shoots 

of a mature birch tree. (C): upper crown branches; (E): epicormics shoots; (Cn): apical buds from 

upper crown branches; E-Xn1-E-Xnn: nodes from epicormics shoots. 

 
Table 1. Source, origin and position of the initial explants used for the establishment of birch culture 

lines  

 

Culture line Explant source   Origin of initial 

explants 

Position in the 

shoot 

C1 upper crown  branches annual new growth apical 

C2 upper crown branches  annual new growth apical 

C3 upper crown branches annual new growth  apical 

E-1n3 lower crown branches epicormic shoot node 3 

E-1n4  lower crown branches  epicormic shoot node 4 

E-5n3 lower crown branches  epicormic shoot node 3 

E-7n2 lower crown branches  epicormic shoot node 2 

 

 

Shoot multiplication and rooting experiments 

 

Reactive explants were used for the initiation of seven culture lines (each line derived from one initial 

explant) and further evaluation of their in vitro performance. New shoots that had originated from each 

reactive bud were transferred to new tubes containing Murashige and Skoog (MS, Murashige and Skoog 

1962)  medium  supplemented  with 1.6 µM  meta-topolin (mT) and 0.054 µM NAA. To determine the  



The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                               | 28 

September 10-15, 2018. Coimbra, Portugal 
 

 

Covelo et al.            

 

effect of the vessel type, explants were grown in culture tubes or in 500 mL glass jars containing 70 mL 

of multiplication medium. Additionally, the effect of explant type on shoot multiplication and elongation 

was tested by comparing apical part of the shoots with basal stem segments. The effects of using a four- 

and six-week subculture cycle on shoot production were also evaluated in all seven culture lines. The 

following variables were determined at the end of the 4- and 6-week multiplication periods: the number 

of shoots longer than 1 cm per explant; the height of the tallest shoot; the percentage of rooted explants; 

the number of roots and the length of the longest root. Twenty explants of each line were used per culture 

period and, experiments was repeated at least twice. 

For root induction, individual shoots longer than 2 cm were isolated from cluster shoots at the end of a 

six week- period cycle.  Shoots were cultured on MS ½ medium supplemented with 25 µM of indole 

butyric acid (IBA) for 5 days and then transferred to IBA-free medium. Rooting percentage, mean 

number of root and lengh of the longest root were recorded at the end of the experiment. 

 

Results and discussion 

 
Establishment and proliferation of culture lines 

 

We successfully established seven culture lines from crown branches of a mature white birch tree, three 

of them from upper branches and the other four from lower branches. The rates of contamination were 

high (50 to 70%) because of the nature of the starting material collected in the field (Almeida et al. 2008; 

Rathwell et al. 2016). Contamination was higher in basal nodes than in the upper nodes of donor shoots. 

This was also shown for Corylus avellana where contamination increased with the distance from the 

shoot tip (Hand et al. 2016).  

 

Explant survival was higher than 50%, irrespective of the explant source (upper- and lower- crown 

branches), suggesting that in vitro reactivity was not dependent on the explant origin (C or E).  Similar 

survival rates were achieved in cherry birch using dormant buds from mature trees (Rathwell et al. 2016). 

Although donor epicormic shoots were more vigorous and exhibited more juvenile-like characteristics 

than the upper crown shoots, these differences were not reflected on the in vitro reactivity of initial 

explants. The effect of type of initial explant (apical or nodal segment) could not be inferred from our 

results as a consequence of the high contamination in basal nodes and the fact that only apical explants 

were used for the establishment of lines C. Each shoot line, initiated from one single apical or axillary 

bud, has been cultured and maintained separately.  

 

In line C1, preliminary experiments had shown the positive effect of using mT (1.6 µM) instead of BA 

(1.8 µM) in the proliferation medium (data not shown) and all further experiments were carried out in 

mT-containing medium. The combination of MS medium supplemented with mT and NAA allowed 

high proliferation rates in the seven culture lines. MS medium has been used for propagating shoots 

excised from seedlings of B. celiberica (Perez and Postigo 1989), as well as for other birch species such 

as B. pendula (Jones et al. 1996), B. platyphylla and B. papyrifera (Magnusson et al. 1999) or B. lenta 

(Rathwell et al. 2016). In the micropropagation of one selected genotype of B. pendula, WPM medium 

supplemented with 1 mg L-1 BA gave the best results for shoot proliferation (Girgžde and Samsone 

2017). To our knowledge, the use of mT in the micropropagation of birches has not been previously 

reported however, its beneficial effect has been described in pistachio (Benahioul et al. 2012) and 

paulownia (Clapa et al. 2014), among others species.  

 

The effects of the explant type and the culture vessel on the proliferation stage were also investigated. 

The number of shoots per explant and the length of the tallest shoot were higher in basal segments than 

in apical explants (Table 2; Fig. 2), irrespective of the vessel type used. Regarding the expant type, 

similar results were obtained during the micropropagation of pedunculate oak (Vieitez et al. 1985) and 

mature chestnut shoots (Sánchez et al. 1997). Morphogenetic ability of basal explants, in terms of 

number and quality of shoots, was not affected by the culture vessel (Table 2). Therefore, further 

experiments were performed in glass jars as it becomes more efficient from a practical and economical  
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point of view, since eight explants were cultured in glass jars versus one explant per culture tube. 

Similarly, in Pontederia cordata, the multiplication rates and quality of shoots were not influenced by 

the culture vessel (Kane and Phylman 1992). In contrast, the effect of vessel type has been reported in 

other species (Monete 1983; Mohamed and Alsadon 2011). 

 

Table 2. Effect of explant type (apical and basal) on the number of shoots per explant and the length of 

the tallest shoot of explants of line C1 cultured in glass jars (GJ) or culture tubes (CT). Data were 

collected after 4-week multiplication period. 

 

Line Vessel              Shoots per explant        Tallest shoot length (mm) 

  apical  basal  apical  basal  

C1 CT 1.2±0.1 6.7±0.7 21.1±2.1 34.7±1.9 

  GJ 2.0±0.2 7.1±0,5 27.5±1.9 38.8±1.6 

Values represent means ± standard errors (SE) for three replications 

 

 
Figure 2. Proliferation of birch shoots by using apical (A) and basal explants (B) 

 
To test the influence of the explant source on the proliferation capacity of lines, the data were analyzed 

without considering the explant position on the donor branch/shoot from which the lines were initiated. 

After four weeks of subculture period, there were no differences in the number of shoots per explant 

and height of the tallest shoot between C- and E- derived lines (Table 3). Shoot lines C and E produced 

over 6 shoots per explant with the longest shoot length ranging from 33.1 to 37.5 mm (Table 3). As 

expected, after a six- week culture cycle there was a significant increase in number of shoots and length 

in C- and E- derived lines compared to the four-week period.  Our results showed that the in vitro 

proliferation abilities of these crown-derived lines were not influenced by the maturation process 

occurring along the tree, which increases from the base to the crown, as highlighted by Hackett (1985).   

These results suggested that both types of shoots, new shoots developed from upper crown branches and 

epicormic shoots originated on lower crown branches, had the same chronological age and they 

exhibited a similar physiological stage in terms of in vitro reactivity. Similarly, no differences were 

observed in the morphogenetic ability between cultures initiated from top branches and from epicormic  

 

Table 3. Effect of the explant source (C or E) on the number of shoots per explant and the length of the 

tallest shoot at the end of a four- or six- week- (w) subculture period. 

 

Explant source   Shoots per explant Tallest length shoot (mm) 

 4w 6w 4w 6w 

C 6.0±0.6  10.9±1.4  37.5±3.3  51.8±1.7  

E 5.7±0.4  11.3±1.2  33.1±0.8  53.8±1.2  

Values represent means ± standard errors (SE) for three replications 

 
shoots of Robinia pseudoacacia (Han et al. 1997). In contrast, explants from the upper crown of Pinus 

ponderosa produced more axillary buds than explants taken from the lower crown (Lin et al., 1991).  



The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                               | 30 

September 10-15, 2018. Coimbra, Portugal 
 

 

Covelo et al.            

 

Table 4. Effects of the explant position and period of subculture on the proliferation rates of different 

culture lines. Shoots were maintained on the proliferation medium for four (4w) or six (6w) weeks. 

 
Values represent means ± standard errors (SE) for two replications 

 

To determine whether the position of the initial explants on the tree branch or in the donor shoot 

influenced the morphogenetic response of lines, we evaluated their proliferation rates at the end of four- 

or six- week subculture period.  Differences in the number of shoots within lines derived from the same 

explant source (C or E) appeared to be higher than between lines derived from different sources  (Tables 

3, 4), indicating a positional effect of the initial explant on shoot proliferation. Although all lines 

exhibited high morphogenetic capacity, the highest proliferation rates were achieved in lines E-7n2 (Fig. 

3A) and C3 (Fig 3B) initiated from epicormic shoots and top crown branches, respectively. On the other 

hand, lines E-1n3 and C1 derived from different branch types were the less morphogenetic (Fig. 3C, D). 

Regarding to the explant position on the shoot, the best proliferation rate was achieved in the line 

established from the node closest to the apical meristem (E-7n2), whereas  a similar response was 

observed in lines initiated from middle nodes (3 and 4) of the same shoot. No great differences were 

detected in the height of the tallest shoot between all the lines. The effect of using explants from different 

topophysical positions on the seedling or mother shoot has been reported in Q. robur (Puddephat et al. 

1997), chrysanthemum (Zalewska et al. 2010) and Macadamia spp. (Gitonga et al. 2010). In the case of 

Macadamia the differences seemed to be related to the explant age rather than to the explant position. 

 

 
 

Figure 3. Shoot lines derived from epicormic shoots and top branches of the crown of a mature birch 

tree. Line E-7n2 (A), C3 (B), E-1n3 (C) and C1 (D). 
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Regarding the subculture cycle, shoot elongation was also influenced by the subculture period (Table 3, 

Table 4). An increase in the number of shoots was observed in all lines by changing the subculture 

period from four to six weeks .  

 

Rooting 

 

In all culture lines, high rates of spontaneous rooting occurred in most shoots maintained in the 

proliferation medium in a six week-culture cycle (Fig. 4, Fig. 5). The lowest rooting percentage (87.3 %) 

was recorded in line E-1n3. The number of roots ranged from 2.9 (line E-1n3) to 4.1 (line C3). High 

rooting rates were achieved in lines that had exhibited the highest proliferation rates (C3 and E-7n2) 

(Table 4).  
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Figure 5. Spontaneous rooting ability of white birch lines in the proliferation medium after a six-week 

culture cycle. Values represent means ± standard errors (SE) for three replications. 

 

Although shoot cultures rooted easily on the proliferation medium, auxin induction of adventitious roots 

increases the amount of rooted plants, as at least 4-5 rootable shoots are produced at the end of the 

proliferation stage. A high rooting percentage (98 %) was obtained in IBA-treated shoots. Auxin 

treatment improved the root system by increasing the root number (from 3.5 to 11) and the root length. 

The appearance of shoots rooted spontaneously, or after IBA treatment, is shown in Fig. 6. Rooted 

shoots from the seven lines were successfully acclimatized in greenhouse. The positive effect of auxins 

promoting the adventitious rooting is well known as they regulate a plethora of genes involved in the 

root initiation process. 

 

 
Figure 6. Root system of white birch shoots rooted spontaneously in the proliferation medium 

(A) and in IBA-treated shoots (B).  
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Conclusions 
 

Seven culture lines established from the crown of a monumental white birch tree were successfully 

micropropagated. The use of MS medium supplemented with mT was suitable for clonal production of 

rooted plants thus avoiding additional rooting steps. In vitro performance of lines was influenced by the 

position of the initial explants on the donor source. 
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Abstract 
Explants of a mature 80-year-old chestnut tree (Castanea sativa Mill.) obtained from ‘forced’ shoots of 

branch segments of the crown (CR explants), which had been expressing significantly lower in vitro 

multiplication and rooting capacities than explants from the same tree obtained from forced shoots of 

branch segments of basal shoots (BS explants) through 28 years of successive subculturing, were serially 

micrografted in vitro on rooted BS explants. CR explants were re-isolated from the rootstock after 5 

micrografting rounds (5µCR explants) and submitted again to successive subculturing. In vitro 

multiplication rates and rooting percentages of 5µCR explants were compared to those of un-grafted CR 

explants and BS explants until subculture 25 after re-isolation. Micrografting success percentage was 

85-100 %. Multiplication rate of 5µCR explants increased significantly after 6 successive subcultures, 

and rooting percentage increased significantly after 19 subculture rounds, as compared to CR explants 

values. Comparing 5µCR explants with BS explants, multiplication rates did not differ significantly 

from subculture 6 to 25, and rooting percentages did not differ significantly after 19 and 25 subcultures. 

These results show that serial micrografting of mature scions onto rejuvenated rootstocks of the same 

genotype as the scion, combined with succesive subculturing after re-isolation from the grafts, permits 

to achieve a rejuvenation/reinvigoration effect, expressed through improvement of micropropagation 

performance. 

 

Keywords: chestnut, rejuvenation, multiplication rate, in vitro rooting, succesive subculturing 

 

 

Introduction 

 
Chestnut (Castanea sativa Mill.) is highly recalcitrant to vegetative propagation, and the development 

of methods to achieve rejuvenation/reinvigoration of selected adult material to improve 

micropropagation and to permit germplasm conservation is crucial. In several species, (serial) grafting 

of mature plant material on a juvenile rootstock has been found to improve micropropagation 

performance (Monteuuis, 2012). In chestnut hybrids, simple grafting on 2-week-old seedlings at the 

hypocotyl level permitted in vitro establishment, and a slight improvement of rooting ability in one 

mature clone (Sánchez et al., 1997).  Giovannelly and Giannini (2000) achieved improvement of in vitro 

culture capacity of a recalcitrant mature chestnut tree after four serial grafts on 10-month-old seedlings. 

Four years were required before shoots could be cultured in proliferation medium. In vitro (Fernández- 
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Lorenzo and Fernández-López, 2005; Crecente-Campo, 2013) and in vivo (Fernández-Lorenzo and 

Crecente-Campo, 2010) serial micrografting in short cycles on juvenile rootstocks improved in vitro 

multiplication rates of mature clones of Castanea sativa, but not their rooting ability, which is an 

essential requirement for effective propagation. Ease of rooting is considered a juvenility trait (Pliego-

Alfaro and Murashige, 1987), and restored rooting competence is usually considered the main indicator 

of rejuvenation (Pliego-Alfaro and Murashige, 1987; Ewald  and  Kretzschmar, 1996; Huang et al., 1996; 

Mneney and Mantell, 2001). 

 

On the other hand, in chestnut, as in many other tree species, explants taken from the basal region of the 

mature tree (e.g. basal sprouts) respond better to micropropagation than those taken from the crown 

(Sánchez et al., 1991). Juvenile characteristics are retained in ontogenetically young tissues near the 

trunk at the tree base while maturation is evident in ontogenetically older, but more-recently produced, 

tissues at the top and periphery of the tree (Bonga, 1982; Wendling, 2014). The differences of in vitro 

behaviour between materials from both origins can persist for many years, as it was observed in chestnut 

(Sánchez et al., 1991).  

 

In most experiments, grafting and micrografting for rejuvenation/reinvigoration purposes, is carried out 

on rootstocks of juvenile origin, namely seedlings (Monteuuis, 2012). In general, genotype proximity 

between scion and rootstock at the intraspecific level is not taken into consideration as a factor affecting 

rejuvenation (e.g. Pliego-Alfaro and Murashige, 1987; Detrez, 1994; Giovannelli and Giannini, 2000; 

Danthu et al., 2002; Ewald, 2007). To our knowledge, to date, genotype identity of rootstock and scion 

has not yet been considered as a possible factor involved in the rejuvenation effect of micrografting. 

 

In our investigation, micrografting was carried out by using as rootstocks rooted explants from basal 

sprouts of a mature clone of chestnut, expressing a physiologically juvenile behaviour in vitro (high 

multiplication rates and high rooting ability). Explants of the same clone, taken from the crown of the 

tree, and expressing significantly lower in vitro multiplication and rooting rates were used as scions. 

The aim of this work was to test the in vitro reinvigoration effect of serial micrografting on explants 

which had expressed poor in vitro performance for more than 28 years of serial subculture, using as 

rootstock explants of the same genotype expressing juvenile behaviour in vitro.  

 

Materials and methods 
 

Plant material 
Plant material consisted of two lines of explants, obtained from ‘forced’ shoots of branch segments of 

both basal sprouts (BS) and the crown (CR) of the same 80-year-old adult tree (clone P2). Both materials 

will be referred to as BS and CR explants from this point on. These lines were established in vitro as 

described by Sánchez & Viéitez (1991), and have been maintained by serial subculturing every 30-40 

days for more than 28 years. Multiplication medium (MM) used during the last 5 years consisted of 

macrosalts, microsalts and vitamins of WPM (Woody Plant Medium) (Lloyd and McCown, 1981) + 3% 

sucrose + 0,7% Bacto Agar (basal medium), supplemented with 0.1 mg·l-1 6-benzylaminopurine (BAP). 

The pH was adjusted to 5.5-5.6 prior to autoclaving (Crecente-Campo, 2013). 

 

Micrografting and serial micrografting 
Rootstocks for micrografting were in vitro rooted BS explants having three or more roots (see rooting 

conditions below). Scions were 1-cm-long nodal CR explants. Micrografting was a miniaturized version 

of cleft grafting (Monteuuis, 1995; Fraga et al., 2002) and was carried out as described by Fernández-

Lorenzo and Fernández-López (2005). Micrografts were introduced in glass vessels (750 ml) (three 

micrografts per vessel) containing 90 ml of MM, and placed in the growth chamber (see growth chamber 

conditions below). Elongated scions from successful micrografts (Figure 2) were used to obtain either 

1) explants, re-isolated from the rootstocks and re-subcultured (see next section), or 2) one-node scions,  
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which were re-grafted in the conditions described above, initiating a new micrografting round (Figure 

1). Both types of materials were collected after 5 successive micrografting rounds. Three repetitions of  

eight micrografts were done in every micrografting round. Percentage of micrografting success was 

recorded 35-45 days after every micrografting round.  

 

 

 
Figure 1. Serial micrografting of CR explants on in vitro rooted BS explants. The picture of the tree is 

based on one from Bonga (1982). 

 

In vitro multiplication rate of explants from micrografts vs. un-grafted material 
CR explants (shoot tips and nodes, 1.0-1.5 cm long) obtained from the elongated scion of micrografted 

plants after five micrografting rounds (from now on, 5µCR explants) were introduced in MM, placed in 

the growth chamber, and subcultured every 35 days. After re-isolation from the micrografted plant, the 

multiplication rate (MR) from subculture 1 to 25 was recorded as an average of MR of subculture 

intervals (subcultures 1-5, 6-10, 11-15, 16-20, 21-25), and compared to the MR of un-grafted CR 

explants and BS explants, which were subcultured in the same conditions and during the same period as 

5µCR explants. For each kind of explant and subculture number, three repetitions of 12 explants (6 shoot 

tips + 6 nodes) were established. 

 

 
Figure 2. Micrografted plant, 40 days after micrografting 
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In vitro rooting percentage of explants from micrografts vs. un-grafted material 

 

Explants (shoot tips) obtained  from micrografted plants after five successive micrografting rounds 

(5µCR explants) were used in in vitro rooting tests, which were carried out at different times: 

immediately after re-isolation from micrografts (this time is refered to as ‘subculture 0’: SC0), and after 

subculture 19 and 25. Simultaneously, in vitro rooting tests of un-grafted CR explants as well as BS 

explants were carried out at the same time under the same conditions. Rooting treatment consisted of 1 

min basal dipping in an aqueous solution of indole-3-butyric acid (0.0 mg·ml-1 IBA (control) and 1.0 

mg·ml-1 IBA) followed by transfer to hormone-free basal medium. Three repetitions of 12 explants 

were used per treatment. The rooting percentage was recorded after 35 days. 

 

Growth chamber conditions 

 

All experiments were performed in the growth chamber. Growth chamber conditions were as follows: 

photosynthetic photon flux density: 30µmol·m-2·s-1, provided by cool white light fluorescent tubes, 

OSRAM® L. 40W; photo-thermo-period: 16 h light/25°C -8 h darkness/20°C, relative humidity > 70%. 

 
Statistical analysis 

 

Data were analysed by ANOVA and LSD-test, using the IBM SPSS Statistics 20 program. Data in 

percentages (micrografting success and in vitro rooting) were arcsine-transformed prior to statistical 

analysis. 

 

Results 

 
Micrografting success 

 

The micrografting success (%) in successive micrografting rounds is shown in Figure 3. Graft-take was 

between 87.5 and 100%, showing a slight decline at micrografting rounds 4 and 5, as compared to rounds 

2 and 3. In a previous work (Fernández-Lorenzo and Fernández-López, 2005), similar percentages of 

micrografting success were achieved when micrografting two adult clones of chestnut cultivars ‘Loura’ 

and ‘Parede’ onto a rootstock of juvenile origin. 

 

 
 

Figure 3. Micrografting success (%) of 5 micrografting rounds of CR explants on BS rooted explants. 

Results are means ± standard deviation. Bars with different letters express significant differences 

according LSD multiple range test at p ≤ 0.05.  
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Multiplication rate 
The results (Figures 4, 5) show that serial micrografting significantly increased multiplication rates of 

5µCR explants as compared to CR explants after 6 subcultures since re-isolation (Figure 2), reaching 

values similar to those of BS explants. No significant differences were observed in the first subculture 

period (SC1 to SC5). The multiplication rate of 5µCR explants remained significantly higher than that 

of CR explants for at least 25 subcultures (more than 2 years) and was comparable to the multiplication 

rate of BS explants.  

 

 
 

Figure 4. In vitro multiplication rate (MR) of BS, CR and 5µCR explants in subculture intervals 1-5, 6-

10, 11-15, 16-20 and 21-25. Results are means ± standard deviation. Bars with different letters express 

significant differences according LSD multiple range test at p ≤ 0.05. 

 

 
 

Figure 5. BS explants, CR explants and 5µCR explants of clone P2, 35 days after subculture. 

 

Rooting percentage 

 

Results of rooting tests are shown in Figure 6. All explants required IBA to root. In auxin-treated 

explants, rooting percentage of BS explants was significantly higher than that of CR and 5µCR explants 

in rooting tests carried out immediately after re-isolation of 5µCR explants (SC0), while there were no 

significant differences between CR and 5µCR explants. In contrast, in rooting tests carried out at the  

 

BS 

explants 

CR explants 
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end of subculture 19, rooting percentage of 5µCR explants was significantly higher than that of CR 

explants, and did not differ from that of BS explants. At the end of subculture 25, rooting percentage  

decreased significantly in BS and 5µCR explants. Rooting percentage of BS explants continued to differ 

significantly from that of CR explants, and did not differ from that of 5µCR explants, but no significant 

differences were observed between 5µCR explants and CR explants. 

 

 
 

Figure 6. In vitro rooting (%) of BS, CR and 5µCR explants, immediately after re-isolation of 5µCR 

explants (SC 0) and after subcultures 19 and 25 (SC19, SC25). Results are means ± standard deviation. 

Bars with different letters express significant differences according LSD multiple range test (p ≤ 0.01). 

 

Discussion 
 

The results show that serial in vitro micrografting of scions of mature chestnut on a rootstock with 

juvenile behaviour in vitro can improve micropropagation performance of the mature material. Serial 

conventional grafting on 10-month-old seedlings (Giovannelli & Giannini, 2000) was also effective in 

improving the micropropagation ability of mature material, but, as compared to serial in vitro 

micrografting, it was much more time- and space-consuming, as it required about 4 years of previous in 

vivo manipulation of the donor plant in greenhouse conditions before in vitro establishment. In contrast, 

in the conditions described in our study, five rounds of in vitro micrografting required 5 to 7 months in 

in vitro conditions, taking advantage of scion miniaturization being an additional rejuvenation/ 

reinvigoration factor (Monteuuis, 2012). In general, in vitro micrografting appears more effective for 

reinvigoration/rejuvenation than conventional nursery grafting. Possible reasons are that the time 

interval between grafts is shorter, the scions are in closer proximity to the root system, and cytokinins 

in the culture medium affect plant ageing (Wendling et al., 2014).  

 
In the present work, five micrografting rounds made it possible to observe an increase in both the 

multiplication rate and in vitro rooting percentage of adult explants. According to Monteuuis (2012), 

the reason why, in some cases, only one micrografting operation is not enough to achieve rejuvenation 

could be related to the fact that the scion is not small enough to break the correlative controls that mature 

tissues of the scion exercise on the scion meristem . In a previous study (Fernández-Lorenzo and 

Fernández-López, 2005), single in vitro micrografting onto rootstocks of a juvenile clone permitted to 

improve the multiplication rate of explants of an adult clone of chestnut, but, even after three 

micrografting rounds, no improvement of in vitro rooting ability was observed. Huang et al. (1992) 

found that at least four grafting rounds were necessary to observe significant increases in root number 

of Sequoia sempervirens shoots, and complete restoration of the competency for adventitious rooting 

was achieved after five repeated cycles of micrografting (Huang et al. 1996, Chang et al. 2010). In 

Eucalyptus x trabutii, Siniscalco and Pavolettoni (1988) observed that satisfactory results in rooting 

rates were reached after six grafting rounds, and Danthu et al. (2002) obtained complete rooting 

competence restoration in Faidherbia albida after three grafting rounds. In contrast, as many as twelve  
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in vivo micrografting rounds did not permit to recover in vitro rooting competence of explants from a 

very old Quercus robur tree (Crecente-Campo and Fernández-Lorenzo, 2016).  

 

In some cases, the use of a single rejuvenation/reinvigoration method is not sufficient to achieve a 

rejuvenation effect. In our work, only a combination of micrografting followed by continuous 

subculturing permitted to achieve a reinvigoration/rejuvenation response in mature CR explants. 

Interestingly, prior to micrografting experiments, CR explants had not shown any increase either in 

multiplication rates or in in vitro rooting ability all through 28 years of continuous subculturing. 

Similarly, Giovannelli & Giannini (2000) combined four rounds of conventional grafting with in vitro 

successive subculturing, which resulted in gradual reinvigoration/rejuvenation of Castanea sativa adult 

shoots. In other studies, continuous in vitro subculture of shoots in media containing cytokinins resulted 

in reinvigoration/rejuvenation without the need of combination with other reinvigoration/rejuvenation 

methods (Kretzschmar and Ewald 1994; von Aderkas and Bonga 2000; Titon et al., 2006; Andrade 2010, 

Peña-Ramírez et al., 2010). However, serial subculture alone was not sufficient to obtain 

reinvigoration/rejuvenation in chestnut, especially in terms of recovering of rooting ability (Sánchez and 

Viéitez, 1991; Crecente-Campo, 2013).  
 

As discussed before, most research aiming to achieve rejuvenation/reinvigoration through micrografting 

use seedlings as rootstocks. Our results show that physiologically rejuvenated material (rooted BS 

explants) can also be useful for this purpose.  

 

Concerning the way in which a juvenile rootstock can induce reinvigoration/rejuvenation on a mature 

scion, the basic hypothesis is that juvenile rootstocks transmit certain compounds through the phloem, 

which would act as “rejuvenation factors” (Bon, 1988; Monteuuis, 2012). However, the fact that, in our 

case, the rejuvenation/reinvigoration effect appeared only after a certain number of subcultures, and not 

just after the re-isolation from the graft, and persisted through many subcultures, cannot be explained 

by the simple transmission of “rejuvenation factors”, as the progressive decrease of their concentration 

in the tissues through successive subculturing would lead to a loss of the rejuvenation effect (Pliego-

Alfaro and Murashige 1987; Padilla and Encina, 2011). There is more and more evidence that such 

effect would be related to changes at the epigenetical level, caused by molecules transmitted by the 

rootstock that are able to modulate gene expression (Ruíz-Medrano et al., 1999; Lough and Lucas, 2006; 

Kudo and Harada, 2007; Harada 2010; Molnar et al., 2010; Kasai et al., 2011; Chen et al., 2013). The 

fact that, in our case, the genotype of the rejuvenated rootstock was identical to that of the mature scion 

could have facilitated the recognition of such molecules by the scion.  
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Abstract 
The regeneration of linden (Tilia cordata M.) in vitro together with its genetic diversity was studied. 

When using dormant buds as primary explants, it was possible to induce shoot growth and multiplication. 

The best results were obtained by placing shoots on a modified Murashige and Skoog medium 

containing 0.4 mg l–1 BAP and 0.1 mg l–1 IBA. Simple Sequence Repeat (SSR) are valuable for genetic 

research. Microsatellite genotyping of 20 clones of T. cordata from a seed orchard in Vranice identified 

different genotypes between all tested trees. Moreover, analysed linden trees have shown high levels of 

genetic diversity. Our results suggest that microsatellite markers can be used in plant breeding programs 

and can help in significant forest improvement. 

 

Keywords: in vitro micropropagation, linden, SSR markers 

 

Introduction 

 
Tilia cordata Mill. is historically considered to be a Czech national tree, which is appreciated for its 

biodiversity and conservation and as a stabilising element in the forest ecosystem. Moreover, thanks to 

its high adaptability to climatic factors, linden is becoming an essential tree in the forest ecosystem. In 

the past, this species has been reduced due to the extensive change of forest to agriculture land and as a 

consequence of artificial reforestation with preferences for conifers (Úradníček et al., 2010).  

 

Nowadays, micropropagation represents the most effective biotechnology enabling the clonal 

reproduction of parent trees with a high quality of phenotype. Moreover, plant tissue culture can be used 

for the ex situ conservation including, for example, in a gene bank or In vitro storage (Oseni et al., 2018). 

Organogenesis, as a particularly suitable method for clonal propagation of broadleaved trees, was used 

for the establishment of in vitro cultures from selected elite parent linden trees growing in South 

Bohemia.  

 

In order to obtain knowledge about the level of genetic diversity of donor trees, DNA analyses by nuclear 

microsatellite markers have been optimised. Simple sequence repeats (SSR) are highly polymorphic and 

codominant tandem repeats of one to six nucleotide long DNA motifs and can also be used to verify the 

multiallelic nature, codominant inheritance, clonal identity and for example somaclonal variation in the 

micropropagated cultures (Kalia et al., 2011). Our research aimed to regenerate linden trees in vitro and 

identify different clones in the seed orchard at Vranice.  
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Material and methods 
 

The plant material (short twigs with dormant buds) was collected during spring from the selected small-

leaved linden trees of the seed orchard in Vranice (Fig. 1), which was  established in 1996 from  

several plus trees of the South Bohemia region. The surfaced sterilized extirpated buds were cultured on 

modified 6% agar Murashige and Skoog (MS medium, according to Murashige and Skoog, 1962) 

medium, supplemented with 30 mg l–1 of sucrose, 100 mg l–1 glutamine, 2 mg l–1 glycine and growth 

regulators 0.4 mg l–1 BAP and 0.1 mg l–1 IBA, the pH was adjusted to 5.8. Explants were cultivated in 

constant conditions at 24°C and 16 h photoperiod under white fluorescent light (30 μmol m–2 s–1). After 

4-5 weeks of growth, the same composition of MS media was used for organogenesis and multiplication. 

The elongated shoots were subcultured every four weeks and stored in the National Bank of the Explant 

of Forestry and Game Management Research Institute (Fig. 2). 

 

Total genomic DNA of young leaves collected from 20 linden trees was extracted using a DNeasy Plant 

Mini Kit (QIAGEN, Germany) according to manufacturer´s protocol. The SSR method based on 

polymerase chain reaction (PCR) with specific primers was used to analyse the genetic diversity. Linden 

individuals were screened by eight nuclear polymorphic microsatellite markers Tc4, Tc5, Tc6, Tc7, 

Tc915, Tc920, Tc937, Tc963 (Phuekvilai and Wolff, 2013). The primers were labelled fluorescently 

using FAM, VIC, NED, PET dyes and assembled into two multiplexes. PCR products were separated 

by capillary electrophoresis using a genetic analyser 3500 (Applied Biosystems, USA). Allele calling 

was performed using GeneMapper® 4.1 software provided by Applied Biosystems. The genetic 

diversity parameters were calculated with the statistical program GenAlEx 6.5 (Peakall and Smouse, 

2012). Finally, Micro-Checker software for identifying and correcting genotyping errors in 

microsatellite data was used (Van Oosterhout et al., 2004).  

 

 

Figure 1.  Linden seed orchard Vranice, South Bohemia, Czech Republic 
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Figure 2. In vitro cultures of linden derived from spring buds grown on the nutrient medium MS 

supplemented with 2 mg l-1 glycine, 100 mg l-1 glutamine, 0.1 mg l-1 IBA and 0.4 mg l-1 BAP 

 

Results and discussion 

 
According to our previous experiments, MS medium was found to be the most suitable medium for the 

growth and vitality of linden explants, as shown for example also by Üçler and Mollamehmetoğlu (2001). 

Therefore, nutrient media for establishing cultures as well as for multiplication were based on this basal 

medium. The highest number of shoots was observed on BAP concentration of 0.4 mg l-1. However, this 

finding is not consistent with results from Sarvašová and Ďurkovič (2002), who showed that increasing 

BAP concentration resulted in decreased multiplication activity of T. x europaea L. explants. This 

inconsistency could be explained by different linden species, plant genotype or for example by a 

composition of nutrient media. 

 

Molecular genetic markers have been used many times among different plant species to identify clones 

and analyse the genetic diversity in populations. The genotypic data from microsatellite analyses showed 

different genotypes of all tested linden trees. There were 66 different alleles detected at the 8 loci over 

20 individuals, ranging between 5 (loci Tc4, Tc937) and 15 (locus Tc963) alleles. Shannon’s 

information index calculated for genetic diversity ranged from 0.84 at locus Tc937 to 2.48 at locus 

Tc963. Expected heterozygosity (He) ranged from 0.41 (Tc937) to 0.90 (Tc963). Most of the loci 

exhibited homozygote excess with positive F values (Table 1). A mean number of different alleles across 

tested linden trees was 8.25. Mean value of population genetic diversity according to Shannon’s 

information index (I) was 1.65. The mean values of observed and expected heterozygosity were similar 

(Ho = 0.731, He = 0,728). Analysed linden trees have shown high levels of genetic diversity so that they 

can be involved in situ conservation strategies. Moreover, the use of trees with intraspecific genetic 

diversity is at low risk of disease attack (Boyd et al., 2013) and do not pose a risk to global biodiversity 

via biotic homogenization (Polakowski et al., 2011). 
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Table 1. Details of 8 nuclear microsatellite markers including their size (bp) and genotypic data. Na – 

mean number of different alleles, I – Shannon’s information index, Ho – observed heterozygosity, He – 

expected heterozygosity, F - Fixation Index. 
 

Locus 

 

PCR product size range 

(bp) 
Na I Ho He F 

Tc4 224–236 5 1.28 0.50 0.64 0.219 

Tc5 136–176 11 1.97 0.80 0.82 0.024 

Tc6 124–140 8 1.72 0.95 0.78 -0.226 

Tc7 215–243 7 1.45 1.00 0.71 -0.408 

Tc915 149–173 8 1.92 0.80 0.84 0.045 

Tc920 220–234 7 1.58 0.55 0.73 0.247 

Tc937 146–166 5 0.84 0.40 0.41 0.027 

Tc963 245–281 15 2.48 0.85 0.90 0.056 
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Abstract 
The conservation of wild and local varieties of plants contributes to sustainable agricultural production, 

healthy and diversified diets, healthy ecosystems and sociocultural stability. However, FAO estimates 

that over the last century about 75 percent of the genetic diversity of agricultural crops has been lost. An 

increasing number of local varieties of fruit trees are in danger of loss through habitat destruction or 

socio-economic pressures towards the use of commercial and more uniform varieties. Tissue culture 

represents a method for conservation and propagation of these genetic resources, promoting their 

reintroduction in the agricultural sector. The aim of this study was to micropropagate three varieties of 

cherry growing at local farms in Galicia, Northwestern Spain. Plant material of the varieties named “de 

Viño”, “Negra de San Cristobo” and “Negra de Fene” was provided by a local association of fruit 

growers (Agfa do Eume). Shoots developed in branches of four-year old trees were used for the initiation 

of in vitro cultures. For proliferation, cherry germplasm was cultured in semisolid medium gelled with 

agar and in liquid medium by temporary immersion, using RITA® bioreactors. For rooting induction, 

indole-3-butyric acid was applied at 2 mg L-1 for one month or at 25 mg L-1 for 24 h. For rooting 

expression, shoots were cultured in glass jars in semisolid medium or in plantform™ bioreactors with 

rockwool cubes soaked in liquid medium. One min aeration with CO2 enriched air was provided 16 

times per day to the plantform™ bioreactors. The three varieties of cherry were successfully proliferated 

in semisolid and liquid medium. Multiplication coefficient and shoot length were affected by genotype 

in both systems. Rooting ability was also genotype dependent. Shoots rooted in plantform™ bioreactors 

showed more roots and performed better during the acclimation process than those rooted in semisolid 

medium. 

 

Keywords: acclimation, bioreactors, cherry, liquid medium, local varieties 

 

Introduction 

 
The conservation of wild and local varieties of plants contributes to sustainable agricultural production, 

healthy and diversified diets, healthy ecosystems and sociocultural stability (Love and Spaner, 2007). 

Local varieties, also designed as native or autochthonous, are the consequence both of natural selection 

and of decades of selection carried out by local farmers (Cleveland and Soleri, 2007). These genotypes 

are adapted to particular soil and climate conditions, are tolerant to biotic and abiotic stresses and present 

a high genetic diversity, together with characteristic flavor and taste (Berthaud et al. 2001). 

 

In the last century, large-scale commercialization of food in general, and of fruits in particular, led to 

the introduction of new varieties, usually bigger and with higher yields, which displaced the traditional 

crops and its associated cultural methodologies. As a result, in many regions, local varieties of fruits   

mailto:nieves@iiag.csic.es
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have nowadays a narrow range of distribution and are linked to self-supply practices. This fact, together 

with the continuous decrease of the population of rural areas, has provoked a global genetic erosion of 

agrobiodiversity (FAO 2011). Ex situ conservation of the existing genetic resources is one of the 

strategies recommended to alleviate this situation (Dulloo et al. 2010). Within ex situ conservation 

approaches, micropropagation is the methodology of choice in the case of species or genotypes that 

traditionally are propagated vegetatively, by grafting or cuttings (Postman et al. 2006, Pence 2013). 

Galicia, located at the Northwest of Spain, is one of the regions where the coexistence of forest areas 

with small but numerous traditional farms favored, during the past centuries, the maintenance of a great 

forest and agronomic biodiversity (Goded et al. 2018). However, the current and dramatic increase of 

rural depopulation make it necessary to take urgent actions to prevent the loss of this heritage. The 

genetic diversity of other fruits, such as apple, has been studied (Pereira-Lorenzo et al. 2007). However, 

genetic characterization of Prunus avium biodiversity in the region was only reported for timber varieties 

(Fernandez-Cruz et al. 2014), and not for trees cultured for fruit production (Badenes and Zuriaga 2016).  

In this study we addressed the micropropagation of three Galician varieties of Prunus avium: “De Viño”, 

“Negra de San Cristobo” and “Negra de Fene”, whose fruits are highly appreciated by local farmers. To 

the best of our knowledge, these cherries had not been previously cultured in vitro. In the present study, 

we explored the use of alternative methodologies during the multiplication and rooting steps. In order 

to reduce cost and improve multiplication coefficients, we compared the proliferation of these genotypes 

in liquid medium in RITA® bioreactors of the temporary immersion system (Etienne and Berthouly 

2002) with conventional micropropagation in semisolid medium. Besides, with the aim of increasing 

the acclimation success, we explored different concentrations and periods of exposure to auxins during 

the rooting process, both in semisolid medium and in plantform™ bioreactors (Welander et al. 2014). 

 

Materials and Methods 
 

Establishment of shoot multiplication cultures 

 

Shoot cultures of Prunus avium were initiated from branches with dormant buds collected in March 

from 4-year-old trees of the varieties “Negra de San Cristobo”, “Negra de Fene” and “De Viño” growing 

at the orchard of the “Asociacion Galega da Froita Autóctona do Eume”, San Sadurniño, Northwestern 

Spain (Fig 1. A-B). After fungicide treatment, branch segments 25- to 30-cm-long were set upright or 

horizontally in moistened perlite (Fig. 1C), and forced to flush axillary shoots in a growth cabinet at 

25ºC and 80–90% relative humidity under a 16-h photoperiod (90–100 µmol m-2 s-1 provided by cool-

white fluorescent lamps). After 2–3 weeks, newly sprouted shoots (3–5 cm in length) were used as the 

source of explants (Fig. 1D). The shoots were stripped of their leaves and surface sterilized by immersion 

for 30 s in 70% ethanol and for 10 min in a 6 g L-1 solution of sodium hypochlorite containing 2-3 drops 

of Tween 80®. The shoots were then rinsed three times in sterile distilled water. Nodal segments (10 

mm) were cut from the shoots and inoculated in tubes with Murashige and Skoog medium (MS; 

Murashige and Skoog 1962) supplemented with 0.5 mg L-1 of N6-benzyladenine (BA), 0.5 mg L-1 of 

 

 

 

 

 

 

 

 

 

 
Figure 1. Plant material for establishment of cherry cultures. A,B) Orchard of the “Asociacion Galega 

da Froita Autóctona do Eume”. C,D) Flushing of shoots in branches of “Negra de Fene” placed 

horizontally in the phytotron at day 0 (C) and after two weeks (D).  

A C D B 
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indole-3-butyric acid (IBA), 3% sucrose and 0.65 % (w/v) agar Vitroagar (Pronadisa, Spain). The 

medium was adjusted to pH 5.7 before being autoclaved at 120 °C for 20 min. Cultures were incubated 

under a 16-h photoperiod provided by cool-white fluorescent lamps (50-60 µmol m-2s-1) at 25 ̊ C light/20 

˚C dark. The explants were transferred every 2 weeks during the first 6 weeks after establishment. 

Thereafter, the explants were maintained in 50 ml of semisolid medium (SSM) in 300 ml glass jars (7 

explants per jar), and were subcultured every 5 weeks. The semisolid proliferation medium (SPM) 

consisted of MS supplemented with 1 mg L-1 of BA, 0.1 mg L-1 of IBA, 0.1 mg L-1 of Gibberellic acid 

(GA3), 3% sucrose and 0.7 % (w/v) agar.  

 

Proliferation in semisolid and liquid medium 

 

Shoots (1.5 cm) were cultured in SSM in jars (Fig. 2A) and also by temporary immersion in liquid 

medium, using commercial RITA® (www.vitropic.fr) bioreactors (one immersion of 1 min every 8 

hours). RITA® bioreactors are cylindrical vessels of volume 1 L (Fig. 2B) comprising two chambers, 

an upper one housing the explants and a lower one containing the medium. Air (filtered through sterile 

0.22 µm hydrophobic (PTFE) membrane filters) enters the containers through an inlet connected to the 

lower chamber and produces excess pressure that pushes the medium into the upper chamber. During 

the immersion period, air bubbles through the medium, wetting the tissues and renewing the head space 

atmosphere inside the vessel, with the excess pressure escaping through an outlet at the top of the 

apparatus (Etienne and Berthouly 2002). In these experiments, liquid proliferation medium (LPM), of 

the same composition as SPM but devoid of agar was autoclaved before being added to the containers. 

Each RITA® contained 7 explants and 150 ml of LPM. Five weeks after the inoculation, the number of 

shoots, shoot length and leaf length and width were recorded.  

  

 

 

 

 

 

 

 

 
Figure 2. Containers used for proliferation and rooting of cherry. A) Jars. B) RITA® bioreactors. C,D) 

Plantform™ bioreactors without inner baskets and with rockwool cubes. 
 

Elongation and rooting 
 

Vigorous shoots proliferated in semisolid medium, of 1.5 cm or longer, were used for rooting 

experiments. As shoot length of “Negra de San Cristobo” and “Negra de Fene” averaged only 1.3 cm, a 

previous elongation step was used with these two genotypes. For elongation, explants cultured in SPM 

for five weeks were transferred to the same medium or to half strength MS (MS1/2) supplemented with 

1 mg L-1 GA3, 3 % sucrose and 0.7 % agar for another 5 weeks (EM). Then, various rooting strategies 

were tested, using jars with semisolid medium or plantform™ bioreactors without the inner baskets (Fig. 

2 C,D). In bioreactors, the shoots were inserted in rockwool cubes (2 cm of side) soaked in liquid 

medium, as described for chestnut (Vidal et al. 2017). Basal medium for rooting experiments consisted 

in MS1/2 with 3% sucrose, supplemented or not with IBA and 0.7 % agar. During rooting, all the shoots 

were cultured under a 16-h photoperiod provided by white LEDs (150 µmol m-2s-1) at 25 ˚C light/20 ˚C 

dark. Plantform™ bioreactors were aerated for 1 min at a frequency of 16 times every 24 h with CO2-

enriched air (2000 ppm).  

 

The following rooting treatments were tested: 

1. Shoots of “Negra de San Cristobo” elongated in SPM or in EM were inoculated in jars with 

MS1/2 2 mg L-1 IBA, 3% sucrose and 0.7 % agar for 6 weeks. 

B 

A 

D C 
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2. Shoots of “Negra de Fene” were treated with MS1/2 25 mg L-1 IBA, 3% sucrose and 0.7% agar 

for 24 h and then transferred a) to jars with the same medium without IBA, or b) to plantform™ 

bioreactors with the same medium without IBA and agar.  

3. Shoots of “De Viño” were treated either as described for “Negra de Fene” or were inoculated 

in jars or plantform™ with MS1/2 2 mg L-1 IBA and 3 % sucrose for 6 weeks. The medium of the 

jars was gelled with 0.7 % agar.   

Six weeks after the beginning of the experiments, roots were counted and rooting percentages were 

calculated. Rooted shoots were transferred to trays with peat:perlite (3:1) and placed in a phytotron for 

2-3 weeks or directly into the greenhouse. Six weeks later, surviving plantlets were transferred to pots 

and continued growing in the greenhouse. Acclimation percentages were calculated over rooted shoots.  

 

Results and discussion  
 

Proliferation 

 

The Galician varieties “Negra de San Cristobo”, “Negra de Fene” and “De Viño” were successfully 

micropropagated in semisolid and in liquid medium (Fig. 3), although in some cases a certain degree of 

hyperhydricity was observed in shoots cultured in bioreactors.  

 

 

 

 

 

 

 

 
Figure 3. Proliferation of cherry in semisolid and liquid medium. A) Jars with “De Viño” shoots. B) 

“Negra de San Cristobo” cultured in RITA®, C) Shoots of “Negra de Fene” cultured in RITA® (left) 

and jar (right).  

 
The genotype “De Viño” produced more shoots when cultured in semisolid medium (Fig. 4A), whereas 

that in “Negra de San Cristobo” and “Negra de Fene”, RITA® bioreactors yielded more shoots than jars, 

and produced larger leaves (Fig. 4B,C). Genotypic differences were also reported by Millar et al. (2017) 

with cherry rootstocks cultured by temporary immersion in bioreactors of the two-flask system. These 

authors highlighted the need to adjust immersion and aeration regimes to each genotype. In our study, 

we applied only one condition to the three genotypes, as a first insight in their ability of being cultured 

in liquid medium. Future research will be focused in the optimization of proliferation by testing different 

bioreactors and immersion frequencies.  

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Proliferation of shoots of cherry in jars and RITA® bioreactors. A) “De Viño”. B) “Negra 

de San Cristobo”. C) “Negra de Fene”. Measurements expressed in cm. 
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Rooting and acclimation 

 

The appearance of the cherry shoots rooted and acclimated in the different treatments is shown in Fig. 

5, and the results of rooting of the three genotypes are shown in Fig. 6.  

 

 

 

 

 

 

 

 
Figure 5. A-D) Cherry shoots rooted in jars (A,B) and bioreactors (C,D). E) Plantlets after 2, 4 and 6 

months in the greenhouse. 

 
The effect of the culture medium used during the elongation step on the subsequent rooting of “Negra 

de San Cristobo” is shown in Fig. 6A. Lower rooting percentages were observed when the cherry clusters 

were transferred to the medium with 1 mg L-1 of GA3 instead of being transferred again to the 

proliferation medium. The use of an elongation medium with only GA3 as a plant growth regulator was 

recommended by other authors working with cherry (Iacona and Muleo 2010), but in the case of “Negra  
 

 
 

Figure 6. Rooting of the three local varieties of cherry in different conditions. A)“Negra de San Cristobo” 

treated with 2 mg L-1 IBA for 6 weeks and previously elongated by transfer to MS ½ 1 mg L-1 GA3 (EM) 

or to MS 1 mg L-1 BA 0.1 mg L-1 IBA 0.1 mg L-1 GA3 (SPM). B) “De Viño” treated with 2 mg L-1 IBA for 

6 weeks or 25 mg L-1 IBA for 24 h and cultured in SSM in jars or in plantform™ bioreactors. C) “Negra 

de Fene” treated with 25 mg L-1 IBA for 24 h and cultured in jars or bioreactors. D) Morphological 

data of rooted shoots of “Negra de Fene” 6 weeks after IBA treatment. 

A B C D E 
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de San Cristobo” was not beneficial for obtaining higher number of long shoots (data not shown) nor to 

improve the rooting ability of the elongated shoots. In “De Viño”, higher rooting percentages were 

obtained with 25 mg L-1 IBA during 24 h than with 2 mg L-1 IBA for six weeks (Fig. 6B), irrespective 

of the container used (jar or plantform™). In “Negra de Fene”, preliminary experiments showed the 

detrimental effect of using the medium with 1 mg L-1 GA3 during the elongation step (data not shown), 

and consequently all the shoots were elongated by transfer to the proliferation medium. In this genotype, 

as reported above for “De Viño”, no significant differences were found between rooting percentages of 

shoots rooted in jars or bioreactors (Fig. 6C), although shoots rooted in plantform™ were longer and 

with larger leaves (Fig. 6D). Xiao et al. (2011) associated the increase in plant growth observed in 

bioreactors with forced ventilation and CO2 supply, which  promoted a more photoautotrophic behavior 

of the explants.  

 

The results of the acclimation of the rooted shoots are shown in Fig. 7. With “Negra de San Cristobo” 

and “De Viño”, acclimation was carried out directly in the greenhouse. Many plants were lost during 

the first days after transfer to trays, due to fungal contamination. Survival was very low (Fig. 7A,B), 

especially with the shoots of “De Viño” rooted in jars (Fig. 7B). Antifungal treatments may be 

necessaries to prevent plant losses in these conditions, as highlighted by Druart (2013). In “Negra de 

Fene”, rooted shoots were transferred to a phytotron for 4 weeks and then placed in the greenhouse. 

Acclimation was greatly improved, especially with the shoots rooted in plantform™ (Fig. 7C), which 

caused resumption of growth earlier than in those rooted in jars, increasing the differences in height 

already observed before transplanting (Fig. 6D, Fig. 7D). 

 

 
 

Figure 7. Acclimation of cherry plantlets. Some shoots were acclimated directly in the greenhouse (A,B) 

and others had a previous stage in a phytotron (C). A) “Negra de San Cristobo” rooted with 2 mg L-1 

IBA for 6 weeks and previously elongated by transfer to EM or SPM. B) “De Viño” rooted with  2 mg 

L-1 IBA for 6 weeks or 25 mg L-1 IBA for 24 h and cultured in SSM or in plantform™ bioreactors. 

C) “Negra de Fene” rooted with 25 mg L-1 IBA for 24 h in jars or bioreactors. D) Morphological data 

of “Negra de Fene” four weeks after transfer to the phytotron. 
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The rooting percentages observed with these three local genotypes are consistent with other studies with 

fruit varieties of cherry (Druart 2013). With the best treatments, we obtained rooting percentages of 60% 

in “Negra de San Cristobo”, 68% in “Negra de Fene” and 88% in “De Viño”, similar to the 52% of 

Helshoven and 84% of Schneider reported by Druart (2013). For improving the acclimation success, it 

seems essential to include a stage in the phytotron for a few weeks and probably an antifungal treatment, 

as recommended by Druart (2013). Even being low, shoots rooted in bioreactors showed a better 

response to acclimation than those cultured in jars, with higher survival and more growth (Fig. 7 B-D). 

Shoots rooted in rockwool cubes were easier to manage without compromising the integrity of the roots 

(Fig 5D), whereas some roots were broken when the shoots were extracted from the jars (Fig 5B). 

Besides, explants rooted inside the bioreactors presented more secondary roots, probably due to the 

porosity of the cubes. These shoots were also longer and more vigorous (Fig 6D).  It is possible that the 

exposure to gas exchange inside the bioreactor could have prepared them to better overcome the stressful 

step of acclimation to ex vitro conditions. 

 
In conclusion, the three Galician local varieties of cherry “de Viño”, “Negra de San Cristobo” and 

“Negra de Fene” were successfully micropropagated and rooted in semisolid and liquid medium. 

Although acclimation percentages should be improved, rooting in plantform™ bioreactors seems to be 

a promising method for obtaining cherry plantlets of good quality. 
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Abstract 
Tree breeding needs to overcome the challenges posed by both long testing periods and pre-maturation 

stages before flowering and seed production.  For species with a decades-long rotation time, early 

selection is one tool for increasing gains by fast-tracking performance of germplasm through a shortened 

breeding cycle.  Successful breeding programs deliver cumulative gains with improved germplasm 

through continuous efforts with field tests. Genomic selection (GS) became available after the 

breakthrough development of whole genome sequencing and is a cost-effective tool for breeders to 

predict the trait performance of untested materials solely based on the genomic markers, which reduce 

or eliminate the lengthy testing period.  In multi-varietal forestry (MVF), along with other horticultural 

practices, somatic embryogenesis (SE) in tree species creates efficiency in breeding and deployment by 

mass-producing uniform cultivars or planting stock without gene reshuffling due to meiotic crossing-

over. The combination of GS and SE will optimize breeding programs by reducing the time required for 

testing and increasing the selection intensity for species that have an SE platform, sequencing resources, 

and existing breeding programs.  A highly effective tree improvement program requires developing the 

SE platform, strengthening models that link phenotypic data with genome-wide data across multiple-

breeding populations for both quantitative and categorical traits, and cost-effective sequencing platforms.   

 

Keywords: Genomic selection, GBLUP, HBLUP, somatic embryogenesis, woody plants 

 

 

Introduction 

 
About two decades ago, genomic selection (GS) was introduced as a new evaluation tool for breeding 

programs with the aid of whole-genome sequencing data of germplasms and trial phenotypic evaluation 

data (Meuwissen et al. 2001). In the dairy industry, GS has successfully shortened the breeding 

generation with an accurate prediction of genomic estimated breeding values (GEBV) even before 

calving (Pryce and Daetwyler 2012, Zhang et al. 2010), which has lead to the routine use of GS in the 

commercial dairy industry. With economic efficiency as high as 92%, the cost savings has promoted the 

rapid deployment of GS in research and development for animal breeding programs (Zhang et al. 2010, 

Hayes et al. 2009). Moreover, GS now occurs in plant breeding (Sorrells 2015, Jannink et al. 2010) and 

aquaculture (Sonesson AK and Meuwissen TH 2009).  Compared to traditional pedigree-based selection 

in tree species, GS hastens the breeding cycle and boosts the genetic gain per unit time by shortening 

generation  intervals  and  omitting  a series  of progeny  tests  (Grattapaglia 2017).  By  abridging  the  

mailto:chen.ding@tfs.tamu.edu


The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                               | 56 

September 10-15, 2018. Coimbra, Portugal 
 

 

Ding et al.          

 

phenotypic testing period, or assessing the selection materials based on genotypic data, tree breeders 

can eliminate one generation of testing. The use of GS in Picea glauca and P. abies in eastern Canada,  

for example, would reduce the generation interval by about 15 years when compared with the traditional 

seed orchard breeding.  Furthermore, the temporal acceleration provided by GS was projected to be used 

in multiple forms of research, depending on the current state of the breeding program (Harfouche et al. 

2012).  For forest species, GS offers a promising future with a moderate to high prediction accuracy 

compared to that obtained by traditional pedigree-based methods.  Most encouragingly, although the 

early studies (before 2017) used low coverage markers to make predictions in Eucalyptus, Pinus, and 

Picea species, moderate to high prediction accuracies were reported ranging from 0.5 to 0.8  (Table 2).  

More recently, improved genotyping technology, such as the EU60K SNP chip, has been applied that 

can sequence the genome samples with high density markers.  To date, GS research has been focused 

on evaluating the GS efficiency and operational routine with multiple parameters.   

 

Genomics resources for genomic selection 

 
Tree species have important economic, ecological, and social values; of which, many are selected and 

cultivated in tree improvement or horticulture programs.  However, trees are not considered as model 

species for which rich genomic, physiological, and cytological research resources are available. We 

summarize the genomic resources available for 40 tree species, including the major commercial conifer 

species (Pinaceae), that have extensive molecular information, somatic embryogenesis procedures, 

along with accessible sequencing data, a genotyping platform, and other applications of genomic 

technology.   

 

There are 14 families of trees for which genome sequencing is available and four families that are more 

advanced regarding forest tree genomic programs: Pinaceae, Salicaceae, Myrtaceae and Fagaceae 

(Neale et al. 2013).  During the past decade, with the benefits of the next generation sequencing (NGS) 

for non-model species, tree GS has become promising and feasible.  Conifer species (Picea abies (L.) H. 

Karst., Picea glauca (Moench) Voss, Pinus taeda L., Pinus pinaster Aiton, Pinus radiata D.Don) have 

large genome sizes (~20 GB), creating a barrier to develop high-density and quality molecular markers 

(e.g., single nucleotide polymorphisms, a.k.a. SNP) for GS model building.   

 

Before GS, tree breeding programs relied on pedigree structure to track the origin and relatedness of 

germplasm.  Pedigree structure must be maintained and progeny test results evaluated for various mating 

designs (e.g., structured controlled crosses and open-pollination).  With GS, genomic information, 

provided through constructing high-density markers from large collections of germplasm, is used to 

evaluate offspring and/or parents, by calculating the genomic estimated breeding (GEBV) and genetic 

values (GEGV) for commercially important traits without the need for progeny tests.  However, without 

breeding programs it is usually difficult to develop an operational GS program, even when genomic 

resources are available (Table 1).  Recently, genomic development appears to have exceeded the pace 

of SE development.  We foresee more applications in GS and joint research and development of GS-SE 

(e.g., Picea and Eucalyptus spp); particularly because tree breeding involves longer breeding cycles due 

to longer flowering maturity than those of crop species.  Currently, two main genotyping methods are 

employed in GS research, microarray and genotyping-by-sequencing (GBS).  In Tables 1 and 2, the 

most popular microarrays are SNP and DArT arrays (in Eucalyptus).  SNP arrays also known as SNP 

chips, are expensive and difficult to develop initially, but could be used continually for that species.  

GBS provides valuable markers earlier than those provided by SNP arrays.  However, genotyping with 

GBS for another population requires that the process recommence.  Meanwhile, the SNP chip could be 

applied directly to other populations, assuming intraspecific relatedness to the training population is 

high enough.  GS and SE should be integrated to optimize the genetic gains from GS, especially in 

species where a stable SE protocol has been developed and is used routinely in the production of 

propagules for planting.  In vitro propagation by SE from elite individuals or parents will carry the 

combination of selected genes, without recombination and Mendelian sampling error, for deployment 

into plantation forestry.  SE provides stable production of high genetic gain material; especially for MVF  
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or GS-MVF.  Besides accelerating a breeding program, multiple traits could be improved simultaneously 

based on GEBV evaluation.  Importantly, many valuable traits are controlled by many genes, which 

hinders traditional breeding programs that rely solely on parental breeding values to make selections.   

 

Table 1. Genomic study resources, application examples, and recent somatic embryogenesis progress 

in tree species 

 

 

 
 

 

(Continue to next page) 
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Notes, The sequencing technology of trees was reported in a previous study (Neale, et al. 2017).  We adopted the 

idea including family examples to overview the connection between the genomics research and late SE progress.  

GBS is a method whereby individual genotypes at a large number of single nucleotide polymorphisms (SNPs) are 

directly detected by re-sequencing the entire or a selected fraction of the genome (Harfouche, et al. 2012); no SNP 

array is constructed for repeated genotyping.  Genome-wide association studies (GWAS): Using genome-wide 

molecular markers of many individuals of a particular species to identify genetic variations associated with a 

particular trait at both population and family levels (Harfouche, et al. 2012). *Please contact the corresponding 

author (chen.ding@tfs.tamu.edu) for a higher resolution version of this Table. 

 

SE and other vegetative propagation methods provide the system for delivering the gain for both 

pedigree-based and marker-based breeding programs (El-Kassaby and Klápště 2015) in uniform traits 

(e.g., growth and disease resistance).  Concisely, GS expedites gain by eliminating progeny tests, while 

SE provides the deployment pipeline to deliver the gain from GS.   

 

GBLUP and HBLUP 

 
Genomic prediction modeling includes multiple regression methods such as the linear mixed-model 

(best linear unbiased prediction, a.k.a. BLUP), Bayesian models (including Bayesian ridge regression 

and LASSO) (Table 2) and other methods, including machine and deep learning (Liu and Wang 2017) 

(Bellot et al. 2018) (Gonzalez-Camacho et al. 2018).  Here we introduce the typical genomic BLUP 

(GBLUP) and the single step HBLUP.   
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Table 2. List of genomic selection studies based on forest tree species data sets  

 
Notes, G number of generations included in the study, GBS genotyping-by-sequencing method, RR ridge 

regression, B-RR Bayes RR, B-LASSO Bayes LASSO regression, GRR generalized ridge regression, GWAS 

Genome-wide association studies.  This table was constructed similar to  (Bartholomé, et al. 2016), but latest 

research were summarized.  DArT, Diversity Array Technology to produce markers, 0.1 to 10% of the genome 

sequenced (Isik 2014).  Exome capture is a whole-genome sequencing capture method that extracts only the 

collection of exons in an individual organism (Hodges, et al. 2007,Suren, et al. 2016), and then marker tool kit 

(e.g., SNP array) are developed for genotyping more training and validating individuals in GS. RADseq is a whole 

genome sequencing method discovering the restriction site-associated DNA markers to construct random insert 

library (Suren, et al. 2016);   this method is used for studies such as association mapping and QTL mapping though 

it may contain contaminant DNA at the scale of complex genomes comparing to the exome capture which is 

relatively more expensive (Suren, et al. 2016).    

 

In traditional breeding, BLUP-derived breeding values estimates are based on the additive genetic 

relationships that measure the resemblance or co-ancestry among individuals. Typically, this is 

accomplished by using the mixed linear model: 

 

Y = Xb + Zu + e, 

 

where Y is the vector of observed phenotype (trait); X and Z are known design matrices of fixed and 

random effects, respectively; b is an unknown parameter of fixed values to be estimated; and u is vectors 

of breeding values to be estimated and e is the residuals, such that E(u) = E(e) = 0, Var (u) = A σ2
A and 

Var (e) = I σ2
e , where A is the numerator relationship matrix based on genes identical by descent, σ2

A 

is additive genetic variance, and σ2
e is the error variance. The BLUP of u, a.k.a. ABLUP, is obtained as 

an estimator numerator kinship matrix (A)  that is constructed by registered pedigree information (e.g., 

parent-offspring, sibs and cousins, etc).  In GS, GBLUP calculates the genetic relationship matrix (G) 

based on the profile of molecular markers without pedigree information in order to estimate the additive  
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and non-additive genetic effect.  The G matrix can replace the A matrix to upgrade the ABLUP to 

GBLUP.  The G matrix can capture the Mendelian sampling variation, historical co-ancestry relationship  

 (i.e., historical provenance relation), as well as potential pedigree registry errors. The G matrix is 

estimated using the following formula: 

1

( ) ( ) '

2 (1 )
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j j
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where, M is an m x n matrix with m rows (the number of individuals in the training population) and n 

columns (the number of the molecular markers used in genotyping).  Mij was set to -1 when the genotype  

of the ith tree for jth marker was homozygous for the rare allele, but was set to zero when heterozygous 

and 1 when homozygous for the common allele.  P is a matrix containing the frequency of the second 

allele (pj).   

 

When the additive genetic relationship is a mixture of marker-based genomic relationships and the 

pedigree relationship of individuals, the single-step or blended realized genetic relationship numerator 

matrix (H) could be constructed to estimate the GEBV.  The H matrix can predict both genomic-

estimated breeding values (GEBV) of the genotyped individuals and estimated breeding values (EBV) 

of the non-genotyped individuals from the same model in a single step.  The H matrix and its inverse 

are constructed based on previous studies (Aguilar et al. 2010, Legarra et al. 2009) using the following 

formulas: 
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where A11 is the block of A for non-genotyped trees with pedigree information; A22 is the block of 

genotyped individuals; A12 and A21 contain the expected additive genetic relationships between 

genotyped and non-genotyped individuals.  Thus, the HBLUP can use the entire breeding population, 

including the genotyped and non-genotyped individuals, for GS application (Cappa et al. 2017, Ratcliffe 

et al. 2017).  

Clonal materials are preferred in GS modeling of both additive breeding values and non-additive genetic 

values, though non-additive genetic effects can be estimated in an open-pollinated population with SNP 

marker data (Gamal El-Dien et al. 2016).  In SE programs, the total genetic values are preferred to 

determine the rankings within full-sib families. Grattapaglia (2017) proposed using a training population 

of more than 2,000 clonal individuals, which would not cause a significant burden because of cost 

savings associated with the refined prediction accuracy and improved handling of genotype x 

environment (GxE) interactions.  HBLUP can be adopted where genotyping is too expensive.  High 

relatedness in the training population will increase GS performance (Chen et al. 2018).  Other prediction 

methods have favorable performance in multiple traits; however, GBLUP and Bayesian methods are 

more widely reported in previous studies (Table 2).  Chen et al. (2018) reported that limited differences 

exist in the model performance between the GBLUP and other methods (Bayesian ridge, Bayesian, 

LASSO, Bayes Cπ, etc.).  Alternatively, Bayes A and Bayes Cπ outperformed the prediction accuracy 

of ridge regression in Pinus taeda (Resende et al. 2012) for a specific trait with a major gene effect.  

 

Somatic embryogenesis in breeding programs 

 
Since the 1980s, multiple tree species are documented to utilize SE, although it is not the dominant R&D 

approach for tree improvement in North America.  Currently, only ArborGen Inc. and J.D. Irving operate 

a conifer SE program for species such as Picea glauca (Moench) Voss, Picea abies (L.) H. Karst., and 

Pinus taeda L.  As a consequence, the level of technological maturation and automation for these species  
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is somewhat limited for wider adoption.  Furthermore, the SE initiation rate in many commercially 

important trees is insufficient to warrant the cost of clonal propagation, especially if the initiation rate  

falls below 50% for the best genotypes with superior volume growth (Trontin et al. 2016, Lelu-Walter 

et al. 2016, Abrahamsson et al. 2017).  Another reason is that cell lines are expensive to maintain and 

propagate at levels needed for commercial operation.  While automation appears promising (Adams et 

al. 2016), the initial costs to establish production lines can be difficult to be absorbed by many breeding 

programs.  Overall, the embryo development, weak propagule germination, poor acclimation success 

and lack of automation often prevent the large-scale utilization of SE in forest tree breeding programs.   

 

SE as a deployment pipeline in MVF breeding programs 

 
In MVF, the variation within half-sib and full-sib families are exploited with SE lines expressing better 

performance in growth than open-pollinated seedlings of Picea glauca (Moench) Voss (Adams et al. 

2016).  Gain delivered through SE is realized gain at the plantation site.   For quantitative traits that 

show low genetic control (volume, height, or forking), the selection intensity can be easily manipulated 

within the SE pipeline at the level of an individual tree or varietal line.  Thus, the uniformity of growth 

traits at rotation age will lead to the successful realized gain potential with proper silviculture 

management.  For traits with dominant or major gene effects, SE provides the platform for both 

population improvement and intensive varietal line improvement.    

 

When deploying SE material, the cost per seedling could be twice that of the controlled pollinated 

plantation stock in Pinus radiata D.Don (Li and Dungey 2018), where genomic selection and SE could 

be jointly operated.  The GS-SE combined approach needs to be refined to operate in breeding programs.  

Li and Dungey (2018) proposed multiple pathways to deploy SE in forestry operations with Pinus 

radiata D.Don in New Zealand.  Park et al. (2016) proposed a one-generation operation scheme of GS-

SE in a Canadian breeding program of Picea glauca. In Pinus taeda L., Resende et al. (2012) suggested 

that GS-SE could remarkably increase the realized gain by selecting and deploying the lines directly 

through massive production of SE for regeneration.   

 

SE benefits future genome editing breeding (CRISPR)  
 

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a powerful tool for producing 

mutagenesis of favored traits in plant and animal species, including tree species.  Current work in 

CRISPR genome editing could target multiple sites of the genome that reduce the cost and time spent 

on transgenic development by particle bombardment or Agrobacterium (Jaganathan, et al. 2018).  

Research involving CRISPR has been reported in crops such as maize, wheat, rice, tomato, soybean, 

cotton, tobacco, potato, citrus, grape, cocoa, and other plant species including Arabidopsis thaliana L. 

(Jaganathan et al. 2018, Haque et al. 2018, Cabrera-Ponce et al. 2019).  Traits controlled by these edited 

sequences include both quantitative traits (e.g., fruit size) and other traits related to biotic or abiotic 

stress such as pathogen resistance, stomata, and leaf traits (Jaganathan et al. 2018, Haque et al. 2018,  

Borrelli et al. 2018).   

 

In tree species, CRISPR provides opportunities to expedite breeding programs by eliminating backcross 

mating designs, intended to exclude unfavorable alleles, which conventional transgenic/mutagenesis 

technology rely upon.  Thus, stable gene/allele frequency can be deployed with SE for clonal 

propagation for multiple generations (Bewg et al. 2018).  For conservation purposes, functional genes 

controlling adaptive traits could be tested using CRISPR to evaluate the potential adaptation and 

performance under the changing environment (Fernandez i Marti and Dodd 2018).  Besides the use of 

CRISPR in Populus spp. (Elorriaga et al. 2018), few cases are reported in forest tree species.  CRISPR 

is not suited to benefit large population improvement schemes where diversity is a primary breeding 

concern.  Additionally, the use of transgenic technology is even more limited than GS for use in tree 

improvement programs.  In GS-SE, the elite varieties can be candidates for CRISPR gene editing. 
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In animals, emerging applications of CRISPR-based genome editing are tested, but the embryo transfer 

technique is not as effective as vegetative propagation is in plants.  Gene editing applications in tree 

breeding programs will benefit from SE as a platform to propagate commercially important species.  

The advent of genome editing applications in forest trees will benefit species such as conifers that readily 

incorporate SE and other vegetative propagation methods as part of their deployment platform.  

 

Conclusion 

 
SE is a promising tool to commercially produce high quality plantation stock in forest trees, especially 

for conifers for which organogenesis is not available, although it is not easy for the forestry industry to 

quickly use GS and SE programs to optimize the gain in forest tree breeding.  Only for a few species, 

such as Eucalyptus and Picea, has GS and SE been applied commercially and operationally in plantation 

forestry.  Even for species such as Pinus taeda L., the use of GS-SE is still in its infancy.  By developing 

more genomic resources and SE platforms, there will be more opportunities to deploy higher gains in 

commercial trees, especially for conifers.  Advancement in both genomic and SE platforms for forest 

trees will allow further exploration into the use of such technologies as CRISPR to enhance intensive 

varietal improvement methods. 
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Abstract 
The present study aimed to evaluate the induction and proliferation of embryogenic calli in BC1 

progenies zygotic embryos ((OxG) x oil palm). Embryogenic calli were induced from zygotic embryos 

on Murashige and Skoog (MS) and Eeuwens (Y3) medium with 2,4-dichlorophenoxyacetic acid (450 

μM) and picloram (450 μM). After 90 days the calli were transferred to callus proliferation medium that 

consisted of basal MS and Y3 with 40 μM of 2,4-D or picloram combined with 2iP (0 and 10 μM). After 

cultivating in induction medium, the cultures showed primary calli formation and no significant 

statistical difference was observed for any of the parameters evaluated. The reduction of the auxin level 

from 450 to 40 μM was crucial to the differentiation of cells with embryogenic characteristics after 150 

days. The highest proliferation rate in terms of primary calli growth was obtained on multiplication 

medium supplemented with picloram (40 μM) and 2iP (0 and 10 μM) either in MS or Y3 medium. This 

arrangement also resulted in the formation of potentially embryogenic structures. 

 

Keywords: American oil palm, Oil palm, in vitro propagation, somatic embryogenesis. 

 

Introduction 

 
The American oil palm or caiaué (Elaeis oleifera Kunth Cortés) species is currently being used in oil 

palm breeding programs due to some agronomic traits of great interest such as a reduced vertical growth, 

a high content of unsaturated fatty acids and resistance to fatal yellowing, one the most important 

diseases affecting oil palm plantations in Central and South America. Therefore, the Oil Palm Genetic 

Improvement Program belonging to Embrapa Western Amazon has been strongly focused on the 

development of improved commercial varieties resulting from the hybridization of the African oil palm 

(E. guineensis Jacq.) with the American oil palm. The hybridization via backcrossing of E. oleifera and 

E. guianeensis is an important method to combine valuable traits of the parents OxG interspecific hybrid 

F1 (IH) and backcrossing with E. guianeensis (recurrent parent), which generates backcrossing 

progenies (BC) of high variability (Rios et al. 2015; Sumaryono et al. 2018).  

 

For the genus Elaeis, as for most palm species, somatic embryogenesis (SE) holds promise as a 

technique for clonal propagation, being considered in the breeding program as an important 

biotechnological tool that allows the clonal propagation of BC progenies to be used in the amplification 

of the genetic base tested in the field crossings. However, oil palm SE is slow, inefficient and 

genotypically dependent, which makes optimization of the regeneration system essential. This requires 

the establishment and refinement of specific protocols that consider such factors as basal medium, plant 

growth regulators, explant source and genotype. In this present study, the zygotic embryos of BC1  
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progenies of IH (F1) x oil palm were cultured on MS and Y3 media containing 2,4-D and picloram and 

the proliferation of embryogenic calli was evaluated. 

 

Material and methods 

 
Mature seeds were obtained from Embrapa Western Amazon, Rio Preto da Eva, Amazonas, Brazil.  

Zygotic embryos (ZE) were excised from mature seeds of BC1 progenies of HIE (F1) x oil palm. The 

seeds were surface-sterilizated in 50% (v/v) commercial bleach (2.0-2.5% sodium hypochlorite) for 15 

min, washed and the endocarp was then removed. The nuts were sterilizated in 70% alcohol for 3 min, 

the embryos were excised under aseptic conditions with a scalpel and surface-sterilizated in 5% (v/v) 

commercial bleach (2,0-2,5% sodium hypochlorite) for 10 min and rinsed three times in sterilized water 

and then cultured on callus induction media. 

 

The callus induction was performed in 9-cm diameter Petri dishes sealed with transparent plastic film 

and contained 25 mL induction medium that consisted of salts and vitamins of Murashige and Skoog 

(1962) or Y3 (Eeuwens 1976) supplemented by 500 mg L-1 hydrolyzed casein, 100 mg L-1 glutamine, 

2.5 g L-1 activated charcoal, 30 g L-1 sucrose and 450 μM 2,4-dichlorophenoxyacetic acid (2,4-D) or 

picloram. The pH of media was adjusted to 5.8 and 7.0% agar (Sigma®) was added before autoclaving 

for 15 min at 121°C. The cultures were subcultured every month and after 90 days, the calli were 

transferred to callus proliferation/differentiation medium of the same basal composition but containing 

either 2,4-D (40 μM) or picloram (40 μM) combined with 2-isopenteniladenine (2iP) (0 and 10 μM).  

The cultures were maintained in the dark at 26±2ºC and at a relative humidity of 60-70%. A completely 

randomized experimental design was used in a 2 x 2 factorial arrangement with 5-6 replications (5 

explants per Petri dish). There were two levels of the first factor (basal medium) and two levels of the 

second factor (growth regulator). 

 

The cultures were subcultured every 30 days in fresh culture medium and evaluated at the end of 120 

days considering the following parameters: explants with presence/absence of callus and typology 

(visual evaluation), being Type I - primary calli, Type II - calli with embryogenic characteristics 

(nodular / globular structures), and Type III - calli with non-embryogenic characteristics (compact or 

abnormal structures). Data were arcsin-square transformed to achieve homogeneity of variances and 

then submitted to analysis of variance (ANOVA). Means were compared by Tukey’s test (P≤0.05).  

 

Results and discussion 

 
After 10 days of culture on the callus induction medium, it was observed that the zygotic embryos started 

to swell. After four weeks, the first primary calli were visible, mainly at the distal region of the explant, 

corresponding to the cotyledonary region of the ZE of the genus Elaeis. The calli were small cellular 

masses, opaque white in color, most of the time after expansion and rupture and opening of the region 

of the (proximal) base of the explant.  

 

At the end of the multiplication and differentiation phase, it was possible to characterize the calli masses 

according to the color and three types of cell structures were visualized. The primary calli (Type I) 

presented a clear and translucent color, they consisted of small, apparently more organized, cellular 

clusters. Calli with embryogenic characteristics (Type II) showed beige and light white coloration, with 

nodular or globular cell structures. The non-embryogenic calli (Type III), presented compact white or 

yellow, bright and transparent structures of elongated shape, not always cohesive. 

 

At this stage of somatic embryogenesis, where the differentiation of cells with embryogenic 

characteristics occurs, picloram was superior to 2,4-D for all embryogenic typologies, except for non-

embryogenic calli (Table 1), promoting a greater induction of primary nodular and globular calli. This  
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superiority of picloram in the embryogenic processes has also been described in studies dealing with 

some Arecaceae palms, such as Areca catechu (Karun et al. 2004), Bactris gasipaes (Steinmacher et al.  

2007) and Acrocomia aculeata (Moura et al. 2008). According to Fitch and Moore (1990), this behavior 

may be associated with an effective absorption and mobilization of this auxin, with rapid metabolization 

in the target cells. 

 

Table 1.  Calli typology induced by mature zygotic embryos obtained from BC1 progenies of IH (F1) x 

oil palm after 150 days in vitro, in two different basal media (MS and Y3) supplemented with 2,4-D or 

Picloram (Pic). Manaus, Brazil, 2017. 

 

 Type I (%) Type II (%) Type III (%) 

 2,4-D Pic mean 2,4-D Pic mean 2,4-D Pic mean 

MS 36,0 Aa 40,0 Ab 38,0 a 8,0 Ba  32,0 Aa 20,0 a 24,0 a 28,0 a 26,0 a 

Y3 20,0 Ba 64,0 Aa 42,0 a 8,0 Ba 37,6 Aa 22,8 a 24,0 a 36,8 a 30,4 a 

mean 28,0 B 52,0 A  8,0 B 34,8 A  24,0 A 32,4 A  

Means followed by the same uppercase letter in a column and lowercase in rows, do not differ 

statistically amongst themselves (P≤ 0.05) by Tukey’s test. Type I - primary callus, II - embryogenic 

(nodular/globular), III - non-embryogenic. 

 

Despite the wide variation in the percentage of embryogenic calli of Type II induced, i.e., between 8.0 

and 37.6%, the alteration in the hormonal balance in the culture medium, the reduction of the auxins 

and the supplementation with 2iP at 10 μM stimulated the growth and differentiation of globular and/or 

nodular calli. Steinmacher et al. (2007) and other authors agree that in palm trees the transfer of cultures 

to a lower auxin concentration is a key factor for the differentiation and later development of somatic 

embryos (Karun et al. 2004). 

 

Regarding the basal medium, there was no significant difference between these with respect to calli 

formation, despite quite variable percentages (Table 1). Among the averages obtained, it was observed 

that the Y3 medium had higher percentages than MS, except for globular callus. In the interaction 

between the factors basal medium and growth regulators in the formation of Type I and II calli, a 

significant difference was observed between the means, reaching higher values for both (MS and Y3) 

in the presence of the Picloram, with the Y3 means in the primary callogenesis (64%) being the highest. 

For non-embryogenic calli, there was no significant difference in the interaction, with varying 

percentages between 24 and 36.8% (Table 1). 

 

Conclusions 

 
The results obtained by the conditions used in the present study allow us to conclude that: 

1. The basal medium MS and Y3 presented similar performance throughout the evaluated 

phases, while the auxins 2,4-D and Picloram differentially influenced the proliferation and 

differentiation of potentially embryogenic structures; 

2. The basal medium MS and Y3 supplemented with 2,4-D or Picloram satisfactorily induced 

primary calli formation after 90 days of culture; and 

3. The basal medium supplemented with 2iP and the auxin Picloram at 40 μM favored the 

multiplication of primary calli, as well as the formation of potentially embryogenic structures, 

either in MS or Y3 medium. 
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Abstract  
Micropropagated plants are frequently cultured in photomixotrophic conditions: under low light 

intensity, with limited CO2 availability, and using simple sugars (as sucrose) as a carbon source. The 

supplementation of sucrose does not only affect growth, but it is also involved in oxidative stress 

regulation and can influence acclimation and ex vitro performance. The aim of this study was to 

propagate two woody plants (plum and chestnut) with different concentrations of sucrose to gain a first 

insight in the ability of this sugar to induce changes in the level of phenolic and antioxidant compounds. 

After culturing the shoots in liquid medium in photomixotrophic or photoautotrophic conditions growth 

parameters were recorded and phenolics and total antioxidants were quantified. In the first experiments, 

the initial explants were obtained from shoots grown in semisolid medium (SSM) with 3% sucrose (w/v) 

for both species. Then, plum shoots were cultured in liquid medium (LM) by temporary immersion, 

using RITA® bioreactors, whereas chestnut shoots were propagated in LM by temporary or continuous 

immersion, using planform™ and 6 L vessels adapted from food containers, respectively. Three 

concentrations of sucrose were evaluated (0, 1 and 3% in plum and 0.5, 1 and 3% in chestnut). The 

bioreactors were placed either under conventional lights providing a photosynthetic photon flux density 

(PPF) of 50 µmol m-2 s-1 or under white LEDs to increase PPF to 150 µmol m-2 s-1. In this latter case, 

CO2-enriched air was provided. In subsequent experiments, the explants were obtained from shoots 

cultured in SSM with 3% sucrose or from shoots cultured in LM with different sucrose concentrations. 

The results obtained in plum suggest a direct relationship between the sucrose supplementation and the 

content of phenolic compounds, the antioxidant activity and the morphological development reached 

for the explants. The explants that performed better were those cultured with 3% sucrose under high 

PPF, followed by those cultured with 1% sucrose in the same conditions. In chestnut, the preliminary 

results indicate that phenolic compounds and antioxidant activities decreased with sucrose increment, 

showing the opposite trend than the one observed previously in plum. New experiments are in progress 

in order to investigate the discrepancy found between the two species. 

 

Keywords: antioxidants, bioreactors, chestnut, phenolics, plum 

 

Introduction 
 

The acclimation step remains a critical stage for the large-scale application of micropropagation of 

woody plants. Micropropagated plants are frequently cultured in photomixotrophic conditions: low light 

intensity, with limited CO2 availability, and using sugars as a carbon source. During acclimation, plants  
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have to attain a proper stomatal functionality as well as to adapt their metabolism to the ex vitro 

photoautotrophic conditions. 

Sucrose is used as a generic energy source in the in vitro culture systems (Yaseen et al. 2013), but it is 

also considered as the main substrate for bacteria and fungi, which tend to invade the cultures. For this 

reason, the reduction of sucrose content in the culture medium decreases the contamination rate, 

improving the production (Martin, 2004). High sucrose concentrations can cause hyperhydricity and 

other disorders (González et al. 2011). It has been claimed that the elimination of sugar from nutritive 

media during micropropagation promotes photosynthetic activity, produces a healthier physiological 

state and increases the adaptation of the plantlets to greenhouse conditions (Xiao et al. 2011). However, 

lowering sucrose supplementation alone usually reduces the growth of the explants, and for this reason 

most of the laboratories still add sucrose to the culture medium, as a source of carbon and energy. To 

counterbalance the effects of the decrease of sucrose supply on the metabolism of the plants, it is 

necessary to provide the factors that enhance the photosynthetic activity inside the flasks: high light 

intensity and CO2. In photoautotrophic systems, this gas is provided mainly by applying forced 

ventilation to the containers (Nguyen et al., 2016, Saldanha et al., 2014; Xiao et al., 2011). 

 

In normal conditions, free radicals are produced in small numbers by the plant metabolism. These free 

radicals are highly reactive and potentially harmful compounds. Under stress conditions, these 

compounds increase, producing an unbalance between the free radicals and the enzymes that are 

responsible for their control, damaging lipidic walls, proteins and DNA, and disturbing the normal 

functioning of the plant (Demidchik, 2015).  

 

Antioxidants play an important role in the defensive system of the plant during oxidative stress 

situations, acting as an effective barrier against free radicals. For this reason, their levels in the plant can 

indicate the physiological state of the cultures. Total soluble phenolic compounds have been investigated 

in a large number of species and tissues, due to their involvement in signaling and their relevant role in 

the control of the oxidative stress in plants. These compounds have both antioxidant and antimutagenic 

properties (Kubola and Siriamornpun, 2008). 

 

The aim of this study was to explore the possible benefits of decreasing sucrose supplementation during 

the micropropagation of woody plants. For that, we used shoots from a Prunus domestica tree, cv. 

“Claudia Blanca País”, and from two clones of hybrid chestnut (Castanea sativa x C. crenata). These 

explants were cultured in different conditions of light, ventilation and sucrose supplementation, in order 

to evaluate their growth response by morphological parameters and their stress status in terms of the 

total phenolic content and the antioxidant activity. 

 

Materials and Methods 
 

Plant material and standard culture conditions 

 

Stock cultures of plum “Claudia Blanca País” (CBP) were maintained in 50 ml of semisolid medium 

(SSM) in 300 ml glass jars with Murashige and Skoog medium (MS; Murashige and Skoog 1962) 

supplemented with 0.5 mg/L of N6-benzyladenine (BA), 0.5 mg/L of indole-3-butyric acid (IBA), 3% 

sucrose and 0.7 % (w/v) agar Vitroagar (Pronadisa, Spain). For the propagation of chestnut two 

genotypes resistant to ink disease were used. The clones “P042“ and “C053” were selected in Galicia 

(Spain) by TRAGSA, and were characterized as natural hybrids of Castanea sativa x C. crenata. These 

shoots were maintained in SSM in test tubes containing Gresshoff and Doy (GD) medium (Gresshoff 

and Doy 1972) supplemented with 0.1 mg/L BA and 3% sucrose. All media were adjusted to pH 5.7 

before being autoclaved at 120 °C for 20 min. Cultures were incubated under a 16-h photoperiod 

provided by cool-white fluorescent lamps (50-60 µmol m-2s-1) at 25 ˚C light/20 ˚C dark (standard 

conditions). The explants were subcultured every four-five weeks.  

 

 



The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                               | 76 

September 10-15, 2018. Coimbra, Portugal 
 

 

Gago et al.          

 

Culture in photoautotrophic or photomixotrophic conditions 

 

For the experiments performed with plum, shoots cultured in jars (1.5 cm) were inoculated in RITA® 

bioreactors (www.vitropic.fr). Shoots were cultured by temporary immersion with liquid medium of the  

same composition as the medium used for maintenance of stock cultures but devoid of agar. 

Photoautotrophic or photomixotrophic (standard) conditions are specified in Table 1. These conditions 

were set by using a prototype described in Vidal et al. (2017), which provide different levels of light, 

sucrose supplementation and immersions. After a 5-week period, shoots were evaluated and used as 

explants to initiate a new cycle of culture in bioreactors under the same conditions. Shoots cultured in 

SSM in standard conditions were used as control. 

 

Table 1. Culture conditions used in the experiments with plum.  

 

Bioreactor 

Claudia Blanca País (CBP) 

System: Temporary immersion 

Conditions: Standard or Photoautotrophic Micropropagation (PAM) 

RITA® 

Conditions Standard  

Air quality Standard 

Light PPF: 50-60 µmol m-2 s-1 

Sucrose 

0 % 

Nº immersions/day; duration  16; 1 min  1% 

Nº aerations/day; duration 0  3% 

Conditions Photoautotrophic Micropropagation (PAM) 

Air quality CO2-enriched air (2000 ppm) 

Light PPF: 100-150 µmol m-2 s-

1 
Sucrose 

0 % 

Nº immersions/day; duration  16; 1 min 1% 

Nº aerations/day; duration 0  3% 

 
For the experiments performed with chestnut, shoots maintained in tubes were cultured in liquid medium 

by two approaches. Clone P042 was cultured by temporary immersion in commercial plantform™ 

bioreactors (Welander et al. 2014) as described in Vidal et al. (2015), whereas the clone C053 was 

cultured by continuous immersion in in-house 6 L bioreactors prepared as previously described (Cuenca 

et al. 2017). In both cases MS containing half strength nitrates (MSN½) and supplemented with 0.05 

mg/L BA was used. Rockwool cubes (1 cm3) were used as support material. Photoautotrophic conditions 

were set by using high light intensity, with photosynthetic photon flux densities (PPF) around 100-150 

µmol m-2 s-1 and CO2-enriched air (2000 ppm). Sucrose supplementation of each treatment, as well as 

the number and duration of immersions and additional aeration are specified in Table 2. After a 6-week 

period, shoots were harvested and evaluated.  

 

The following variables were used for evaluation: 1) nº number of shoots/explant, 2) the length of the 

longest shoot per explant, 3) the length and width of the largest leaf per explant,4) total soluble phenolic 

compounds, and 5) antioxidant compounds. 
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Determination of soluble phenolic compounds and antioxidants 

 

Extraction was performed following the method described by Díaz et al. (2001). Briefly, apical leaves 

of plum or chestnut shoots were weighted (50-100 mg) and homogenized with 5 ml of methanol 80%. 

The mixture was centrifuged at 10000 g for 5 min and the supernatant was used for the analysis of 

phenolic compounds and antioxidants. Phenolic compounds were quantified by the Folic-Ciocalteu 

method (Singleton and Rossi, 1965). Results were expressed as mg of equivalents of gallic acid per g of 

plant material, on a fresh weight basis. Antioxidants were determined by the 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) assay (Blois 1958). Results were expressed as µmoles of Trolox equivalents per 

g of sample on a fresh weight basis. 

 
Table 2. Culture conditions used in the experiments with chestnut 

 

Bioreactor 

Chestnut 

System: Temporary or Continuous immersion 

Conditions: Photoautotrophic Micropropagation (PAM) 

Plantform™ 

System Temporary immersion 

Air quality CO2-enriched air (2000 ppm) 

Light PPF: 100-150 µmol m-2 s-

1 Sucrose 

0.5 % 

Nº immersions/day; 

duration  

16; 1 min  1% 

Nº aerations/day; duration 16; 1 min  3% 

C-6 

System Continuous immersion (basal sections of 

shoots) Air quality CO2-enriched air (2000 ppm) 

Light PPF: 100-150 µmol m-2 s-

1 Sucrose 

0.5 % 

Nº immersions/day; 

duration  

Continuous immersion 1% 

Nº aerations/day; duration 16; 1 min  3% 

 

Results and discussion  
 

Plum 

 

The results of culturing CBP shoots in the conditions described in Table 1 are shown in Fig. 1 and Fig. 

2. Healthy shoots were obtained in jars (Fig. 1A, B) and in RITA® containers (Fig. 1C) in most of the 

treatments (Fig. 1D-I). In RITA®, CBP shoots could be successfully cultured with 1% or 3% of sucrose 

in both standard and photoautotrophic conditions (Fig. 1E, F, H, I). However, the complete elimination 

of sugar prevented the growth under standard conditions (Fig. 1G), and limited growth was observed 

when high light and CO2-enriched air were supplied (Fig. 1D). Only a small number of short shoots 

were obtained under these treatments (Fig. 2). Most of the explants that survived without sucrose 

developed hyperhydricity, which made them unsuitable for re-culturing. A certain degree of 

hyperhydricity was also shown by the shoots cultured in the other treatments. This disorder had not been 

detected in previous experiments with CBP immersed three times a day for 1 min (data not published). 

In this study, with the aim of increasing the CO2 availability, the frequency of immersions was set at 16 

times per day, but probably this frequency resulted too high. The relationship of hyperhydricity with 

high immersion frequencies was reported in other woody plants as pistachio (Akdemir et al. 2014).  

 

Although there are reports of plants successfully propagated without sugar supplementation (Xiao et al. 

2011), CBP shoots could not be cultured in medium devoid of sucrose. The limited growth shown by  
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explants cultured in PAM conditions without sugar could be partly related with the size of the explants 

(1.5 cm). In chestnut, it was necessary to increase the size of explants and the number of leaves to obtain 

good results without sucrose supplementation in PAM conditions (Vidal et al. 2017). In that study, the 

authors also stressed the beneficial effect of lowering sucrose supplementation in a progressive manner  

on the response of chestnut shoots to photoautotrophic conditions. It may be that this habituation is also 

necessary in plum.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 1. Plum shoots cultured in different conditions. A, B) Control shoots cultured in jars with 3% 

sucrose. C) RITA® container. D-F) Shoots cultured in RITA® under photoautotrophic conditions (high 

light intensity and with CO2-enriched air) in medium without sucrose (D), with 1% sucrose (E) or with 

3% sucrose (F). G-I) Shoots cultured in RITA® under standard conditions (low light intensity and 

without CO2-enriched air) in medium without sucrose (G), with 1% sucrose (H) and with 3% sucrose 

(I).  
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In general, the use of RITA® bioreactors with 16 immersions per day did not present advantages 

compared with control treatment in jars, with the exception of leaf parameters. Leaves were longer and 

wider under temporary immersion than when cultured in semisolid medium (Fig. 2). In RITA® the use 

of PAM conditions increased the proliferation of CBP. More shoots were obtained under PAM than 

under standard conditions, and cultures supplemented with 3% sucrose under PAM presented more  

 

shoots than the control in jars (Fig. 2). The longest shoots were also observed in the 1º cycle of culture 

under PAM.  

 

 
 
Figure 2. Effect of the sucrose supplementation on the growth of shoots of plum cultured in RITA® under 

standard conditions or under PAM conditions. Standard conditions: low light intensity and no CO2-

enriched air. PAM conditions: high light intensity and CO2-enriched air. S0: medium without sucrose. 

S1, S3: medium with 1% or 3% sucrose. Control: explants cultured in semisolid medium under standard 

conditions with 3% sucrose. In the 1º cycle the explants originated from control shoots. In the 2º cycle, 

the explants were cultured again in the same conditions as in the 1º cycle.  

 
The effect of culture conditions on the total amount of soluble phenolics of CBP is shown in Fig. 3. The 

results indicate that soluble phenolic compounds content is strongly influenced by the sucrose presence 

in the medium. Higher values are obtained with sucrose increase, and the highest content of phenolics 

was observed in control shoots in both cycles and under the two growth conditions (standard and PAM). 

Similar trends were found regarding antioxidant content (Fig. 4), indicating the significant role of  
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phenolic compounds in the antioxidant capacity of the explants (Sharma et al. 2012). As reported for 

phenolics, the highest values of antioxidants were obtained in the control in the two cycles. In the first 

cycle, the more sucrose supplemented to the medium, the higher the antioxidant level found in the 

explants. However, in the second cycle and irrespective of growing conditions, shoots cultured in RITA® 

with 1% sucrose exhibited higher antioxidant levels than those cultured in RITA® with 3% sucrose.  

 

 
 

Figure 3. Effect of the sucrose supplementation on the soluble phenolics of shoots of plum cultured in 

RITA® under standard conditions or under PAM conditions. Standard conditions: low light intensity 

and no CO2-enriched air. PAM conditions: high light intensity and CO2-enriched air. S0: medium 

without sucrose. S1, S3: medium with 1% or 3% sucrose. Control: explants cultured in semisolid 

medium under standard conditions with 3% sucrose. In the 1º cycle the explants originated from control 

shoots. In the 2º cycle, the explants were cultured again in the same conditions as in the 1º cycle.  

 

Under conventional micropropagation, plants are exposed to several environmental stresses, especially 

when they have to face a change of conditions. This stress produces the formation of a wide number of 

reactive oxygen species (ROS), which cause tissue damage, making the explants vulnerable (Dias et al. 

2011). As a method of reducing the oxidative stress, the explants produce antioxidant and phenolic 

compounds. In the case of plum cultures, stress exposure probably increased with the change of culture 

conditions (liquid medium, light, sucrose…). However, the capacity to start the production of phenolics 

and other compounds with antioxidant activity needs energy consumption by the explants, which are in  
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a debilitated state after been cut at the beginning of the culture cycles. The presence of a minimal sucrose 

concentration may be necessary to achieve a progressive recuperation and reduce the oxidative stress, 

and this could explain the increment in antioxidant and phenolic compounds observed with the sucrose 

increase in the medium.  

 

 
 

Figure 4. Effect of the sucrose supplementation on the antioxidant activity of shoots of plum cultured 

RITA® under standard conditions or under PAM conditions. Standard conditions: low light intensity and 

no CO2-enriched air. PAM conditions: high light intensity and CO2-enriched air. S0: medium without 

sucrose. S1, S3: medium with 1% or 3% sucrose. Control: explants cultured in semisolid medium under 

standard conditions with 3% sucrose. In the 1º cycle the explants originated from control shoots. In the 

2º cycle, the explants were cultured again in the same conditions as in the 1º cycle.  

 

Chestnut 

 
Chestnut shoots were cultured in PAM conditions with the treatments described in Table 2. Shoots 

originated in tubes (Fig. 5A) were used as a source of explants for experiments developed in plantform™ 

bioreactors by temporary immersion (Fig. 5B) or in 6 liter in-house bioreactors by continuous immersion 

(Fig. 5C). The results of the first insight regarding the phenolic content and antioxidant activity of clones 

P042 and C053 are shown in Fig. 6.  

 
In both clones, phenolic compounds and antioxidant activities decreased with sucrose increment, 

showing a trend opposite to the one observed previously in plum (Fig. 3-4). The diminution of phenolic 

compounds was very slight (less than 0.2 units between each treatment, compared with 2-3 units 

observed in plum (Fig. 3, Fig. 6A)). However, the decrease in the antioxidant activity was more 

pronounced, and the differences between treatments were of a similar range as the one observed in plum 

(Fig. 4, Fig. 6B). As mentioned above, the data shown in chestnut correspond to preliminary experiments. 

Currently, new experiments are in progress in order to investigate the discrepancy found between the 

two species. 
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Figure 5. Chestnut shoots of clones P042 and C053 growing in standard and photoautotrophic 

conditions. A) Shoots cultured in tubes in standard conditions. B-C) Shoots cultured in PAM conditions. 

B) P042 shoots cultured in plantform™ bioreactors by temporary immersion. C) C053 shoots cultured 

in 6 liter in-house bioreactors by continuous immersion. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 6. Soluble phenolic content and antioxidant activities of chestnut clones P042 and C053 cultured 

in PAM conditions: high light intensity and CO2-enriched air. S0.5, S1, S3: medium with 0.5%, 1% or 

3% sucrose.  
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Abstract 

Deforestation and forest degradation have led to widespread biodiversity and environmental losses in 

Argentina. The Talares and Monte Blanco forests are a relict vegetation type throughout Northeast of 

Buenos Aires province. These forests have suffered extensive deforestation and fragmentation. It is 

demonstrated that there is a low capacity of regeneration of the indigenous species after clearing, given 

that the growth of other previous species causes water deficit and lack of light (Arturi, 1997). That is 

why selection and successful propagation of native tree species are important for improving ecological 

restoration of these forests.  

 

Buenos Aires province forests status 
 

The native forests of Buenos Aires province are strictly confined to the coastal strip of Río de la Plata 

(coastal forests, locally “Talares” and “Monte Blanco”) and to the western region (locally Caldén forests) 

(Parodi 1940). The use of forests for firewood was so intensive that the resources were exhausted at the 

beginning of the 19th century.  

 

Currently there are only remnants or relicts of these forests, locally called “Talares,” “Caldenal” 

and ”Monte Blanco,” as mentioned before. The native dry forest, dominated by Celtis erhenbergiana 

(Ulmaceae) and Scutia buxifolia (Rhamnaceae), constitutes the main woodland community of the 

eastern plain called Pampa in Buenos Aires province (Parodi 1940; Cabrera 1976).  

 

The Talares forests area is an environmental mosaic where thorny forests and woodland patches combine 

with humid grasslands and coastal communities of Río de La Plata. It is a xerophyte forest type 

structured by few tree species surrounded by a lower and moister soil matrix. The forest grows on highly 

calcareous parent materials, derived from sea transgressions and regressions in the Quaternary (Cabello 

and Arambarri 2002). The current status of conservation shows that the protection of these forests is 

considered a priority due to their high biodiversity and fragility. The unique characteristics of the Talares  
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led to the creation, in 1984, of the Biosphere Reserve “Parque Costero del Sur” (MAB-UNESCO), now  

considered a natural and cultural heritage site. This reserve consists of a group of natural interphases, 

with exceptionally rich flora and fauna. Forests dominated by Celtis ehrenbergiana are becoming 

susceptible to invasion by exotic species such as Ligustrum lucidum (privet). The tala tree is usually 

common in the riparian zone, although human activities limit its propagation. It is a valuable species for 

the survival of native animals as it serves as shelter, food source and bird nesting sites. Ribichich and 

Potomastro (1998) found that the dominant trees are Scutia buxifolia and Celtis ehrenbergiana. There 

is also present Schinus polygamus, which presents the bell-shaped structure of the pioneer species. Over 

1200 m distant from the river, this species is co-dominated by S. buxifolia and by C. ehrenbergiana trees 

regenerated from stumps. The differences between the old-growth stands seem to be related to the 

gradients of soil texture and nutrient concentration, raising edaphic stress towards the river. The stress 

tolerance of S. buxifolia, and the aptitude of S. polygamus to survive in disturbed habitats seem to have 

prevented the post-logging survival of C. ehrenbergiana. Tala regenerated possibly due to a better 

competitive performance in a more favourable site. Ribichich and Potomastro (1998) recommend the 

restoration of the qualitative features and the control of privet. Goya et al. (1992) and Arturi and Goya 

(2004) have conducted several studies in order to protect the species. The reproductive system varies 

among the different species: C. ehrenbergiana is anemophilous and selfcompatible. S. buxifolia is 

entomophilous and floral visitor’s dependant. J. rhombifolia is entomophylous, although spontaneous 

autogamy could favour reproduction in the absence of pollinators. S. longifolia could be an ambophilous 

species (pollinated both by insects and by the wind). This dual system may be the result of a system 

flexibility mechanism or an evolutionary transition. (Torreta and Basilio 2013). 

 

Another relict forest ecosystem in Buenos Aires is the locally named Monte Blanco. This forest, that 

originally occupied the elevated border areas of the Low Delta islands of the Río Paraná and some areas 

of Río de La Plata river coast, has almost been eliminated as a consequence of unsustainable timber 

harvesting carried out in the region during the past century. At present, only relict patches with scarce 

regional representation may be found along the north-eastern part of the Río de La Plata shore. Many of 

these forests have been abandoned, resulting in secondary forest formation that is subject to numerous 

invasive exotic species, such as Ligustrum lucidum, Morus alba, Rubus ulmifolius, Gleditsia triacanthos, 

Fraxinus pennsylvanica and other species. A priori observations suggest that successional trends do not 

lead to recovery of the original forest. Because of the low density of native tree species, it is difficult to 

predict their future persistence. In conclusion, ecological restoration strategies will be needed in order 

to increase native tree species richness and forest biodiversity in the Lower Delta of the Paraná River, 

the original forest, locally referred to as the Monte Blanco forest (Kalesnik et al. 2008). 

 

 

Figure 1. Location of natural forests (Talares and Monte Blanco) in Buenos Aires Province, 

Argentina. 
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Methods for conservation and propagation of native forest species from Talares and Monte Blanco 

 

At the Facultad de Ciencias Agrarias y Forestales (FCAyF), Universidad Nacional de La Plata (UNLP), 

we carried out an investigation about the propagation requirements of indigenous tree species from 

Buenos Aires Talares and Monte Blanco forests. We adjusted the system of propagation by seeds, 

cuttings and/or in vitro morphogenesis in some of these trees species: 

 

 Celtis ehrenbergiana Gill. ex Planch “tala”, Ramilo and Abedini (2007) achieved  rooting of 

cuttings by using 50 ppm NAA. After 5 months, higher survival (71%) was recorded for NAA 

treatment (50 ppm) versus a mean survival of 2,5% when IBA was used (Figure 1).  

 

 
 

Figure 1. Micropropagation Celtis ehrenbergiana 

 Salix humboldtiana “South American Native Willow” We improved the macro and 

micropropagation of this species (Adema et al. 2010; 2014). Macro propagation was achieved 

by rooting of cuttings (30 cm. long and 0.8 - 1.5 cm in diameter), immersed in IBA during 24 

hours. In vitro rooting occurs on WPM supplemented with 0.1 mg. L-1 of IBA (Figure 2).  

 

 
 

Figure 2. Macropropagation of Salix humboldtiana 

 

 Parkinsonia aculeata “Cina-cina”, micropropagation was achieved from nodal segments in 

BTM medium (Chalupa 1983) with KIN. The macropropagation can be obtained from juvenile 

cuttings collected during springtime.  

 Erythrina crista-galli L. “Ceibo”, the in vitro protocol for Ceibo regeneration was adjusted 

from nodal sections of seedlings, which were obtained from seeds, germinated in vitro. The 

shoots formed roots in WPM medium with 0.1 mg. L-1 of NAA. (Ruscitti and Abedini 1996).  
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 Terminalia australis “Palo Amarillo”, macropropagation was achieved by using cuttings (200 

mm long and 8 mm in diameter on average) immersed in NAA solutions (Aquila et al 2001). 

Acacia caven Molina “Espinillo”, a micropropagation system was developed using somatic 

embryogenesis. The explants were cotyledons obtained from mature seeds (Marinucci et al. 

2003; 2005).  

 Phytolacca tetramera “Ombusillo”, micropropagation was possible via organogenesis from 

nodal and internodal sections cultivated on MS culture medium, supplemented with sucrose and 

IBA and BAP (Basiglio Cordal and Sharry 2012; Basiglio Cordal et al. 2014). 

 Phyllantus sellowianus “Sarandí blanco” Rivas and Abedini (1996) improved the 

micropropagation through direct organogenesis induced from nodal and internodal segments. 

 Citharexylum montevidense “Espina de bañado”, macropropagation was possible by using 

cuttings from 7 mm. in diameter and with material less than 1 year old after 110 days (Roussy 

et al. 2011) (Figure 3).  

 

 
 

Figure 3. Cuttings of Citharexylum montevidense  

 Scutia buxifolia “coronillo” stem cuttings collected in winter were submerged for a 24 hr period 

in 5 concentrations of IBA and 5 of NAA resulting in 47 % survival with IBA (Ramilo and 

Abedini, unpublished). 

 

We describe evidence of protocols through the major methods being used, developed and applied to 

propagate and conserve native species.  

 

Conclusion  
 

We describe challenges associated with the restoration of threatened trees in the Talares and Monte 

Blanco forests of Northeast of Buenos Aires and analyse the effectiveness of methods used to define 

target species. We identified seed sources and generated information on the biology of rare or threatened 

tree species. Despite the many challenges associated with collection of seeds and to adjust propagation 

systems from rare and threatened native species, our data represent a significant first step towards 

improving the genetic diversity and species richness of the seedlings produced in the Buenos Aires 

forests. The methods described here may be of relevance to ecological restoration programmes 

elsewhere where the challenges of including rare and threatened tree species in a germplasm bank, 

seedling production and planting operations are likely to be similar. 
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Abstract 

Oak species represent an essential component of the European forests with remarkable genetic 

variability and adaptation to different ecological niches. To reveal the genetic diversity of selected oak 

trees, 60 samples from 2 localities were analysed with 11 nuclear microsatellite markers (SSR). 

Microsatellite analysis presented a relatively high level of genetic variability, and in all 60 samples, 

unique genotypes were found. To standardise the in vitro micropropagation method of oak species, 

different nutrient media were investigated. Bud explants and elongated shoots showed good growth 

performance and vitality on Woody Plant Medium 2 (WPM2) supplemented with 2 mg l-1 glycine, 200 

mg l-1 glutamine, 200 mg l-1 casein, 0.1 mg l-1 IBA and 0.2 mg l-1 BAP. 

 

Keywords: oak micropropagation, Quercus species, SSR markers 

 

Introduction 
 

Quercus L. (Oak) belongs to a large genus in the family Fagaceae with a wide range of habitats from 

Spain to Russia. The landscape matrix, climate conditions, biotic and abiotic stresses profoundly impact 

the above ground vegetation and reproduction potential of several oak trees in the Czech Republic. 

Nowadays, the sensitive and outstanding individuals may be vegetatively propagated, which may be 

crucial for many oak species, in which seed production or growth opportunities are limited.  

 

Our present work aims to determine genetic variability of selected oak trees using nuclear microsatellite 

markers (SSRs) and to develop an appropriate in vitro propagation method of oak species, in which 

conventional vegetative propagation by cuttings is problematic. To reveal potential selective effects of 

local environment on the variability, 60 oak individuals collected from a rocky (dry area with a low-

nutrient availability) and forest area (good moisture conditions with enriched soil) in the Czech Republic 

will be analysed. For evaluation of genetic diversity among the selected oaks, 11 polymorphic SSR 

markers will be used to calculate genetic diversity parameters using the statistical program GenAlEx 

6.501. The next step will be the development of micropropagation method to multiply selected oak 

clones. For this purpose, collected oak bud explants were sterilised and transferred into the agar media 

with different cytokinin concentrations (BAP, 6-benzylaminopurine). After obtaining the results, we 

will be able to establish a suitable micropropagation method for active shoot growth and proliferation.    
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Material and methods 
 

Oak (Quercus spp.) young leaves were collected at two localities in the Czech Republic differing in 

long-term forest conditions: 1) a drought area with a low-nutrient availability at Petrov (A_DB); 2) a 

control area (optimum conditions) at Cholupice (B_DB). From all 60 samples, total DNA was extracted  

using the DNeasy Plant Mini Kit (QIAGEN) according to the manufacturer´s protocol. Oak individuals 

were screened by 11 polymorphic nuclear microsatellite markers QrZAG87, MsQ13, QrZAG96, 

QrZAG65, QpZAG104, QrZAG112, QpZAG110, QpZAG15, GOT066, QrZAG20 and QrZAG11 

(Table 1) previously characterised by Barreneche et al. (2004) and Durand et al. (2010). Fluorescently 

labelled primers were sorted into the two multiplexes and used for polymerase chain reaction (PCR). 

The size of fragments was analysed with capillary electrophoresis using a genetic analyser 3500 

(Applied Biosystems, USA). Allele calling was performed using GeneMapper® 4.1 software provided 

by Applied Biosystems. Allele binning was done manually after plotting of fragment size distribution 

for each locus (Guichoux et al., 2011). The genetic diversity parameters were calculated using the 

statistical program GenAlEx 6.5 (Peakall and Smouse, 2012). 

 

Table 1. Details of 11 nuclear microsatellite primers including their repeat motif and allele size 

  
Nuclear microsatellite Motif Allele size 

Multiplex 1 QrZAG87 (TC)20 101-141 
 

MsQ13 (GA)14 191-233 
 

QrZAG96 (TC)20 137-191 
 

QrZAG65 (TC)21(TA)10 249-306 
 

QpZAG104 (AG)16AT(GA)3 183-249 
 

QrZAG112 (GA)32 71-139 

Multiplex 2 QpZAG110 (AG)15 192-266 
 

QpZAG15 (AG)23 108-152 
 

GOT066 (GAA)10 210-250 
 

QrZAG20 (TC)18 160-200 
 

QrZAG11 (TC)22 227-288 

 

For vegetative organogenesis, early spring buds were sterilized (rinsed with tap water for 30 min, 

disinfected with 1% sodium hypochlorite (v/v) for 20 min, followed by 50% Korsolex® (v/v) for 20 

min, then by sterile distilled water for 20 min, 1% HgCl2 (w/v) for 20 min and finally three rinses with 

sterile distilled water for 15 min). The buds were cultured on Woody Plant Medium (WPM, according 

to Mccown and Sellmer, 1987) supplemented with 30 g l-1 sucrose, 2 mg l-1 glycine, 200 mg l-1 glutamine, 

200 mg l-1 casein, 0.1 mg l-1 IBA and two different concentrations of BAP (0.4 and 0.6 mg l-1). In each 

case the pH of the medium was adjusted to 5.7 with 1 N NaOH or 1 N HCl and supplied with 0.7% agar 

before autoclaving at 120 °C for 20 minutes. Explants were grown under controlled conditions at a 

photon flux density of 30 μmol m-2 s-1 (16/8 day/night period) at 21 °C temperature for 30 days. Once 

shoots had elongated from axillary buds (approximately 3 weeks), they were excised and transferred 

into the shoot induction media with different composition of glutamine, casein and BAP (Table 2).  

 

Table 2. Basal nutrient media composition used for the shoot oak induction 

 
 Glutamine (mg l-1) Casein (mg l-1) BAP (mg l-1) 

WPM1 200 200 0.4 

WPM2 200 200 0.2 

WPM3 400 400 0.4 

WPM4 400 400 0.2 
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Results and discussion 

 
Molecular markers developed for Quercus species can help us to study the genetic architecture and 

genetic diversity. We determined relatively high polymorphic patterns of the two tested oak populations. 

The eleven SSR markers that were analysed detected a total of 137 alleles in population A_DB and 126  

alleles in population B_DB. Allele frequencies were entirely different in each locus between studied 

populations, as shown in Fig. 1, e.g. for locus QrZAG96. The level of genetic diversity presented by FST 

values reached 0.099, which indicates an average level of genetic differentiation (Wright, 1965) between 

two tested localities. The multilocus matches of microsatellite analysis revealed unique genotypes in all 

60 individuals of selected oak species. 

 

 

Figure 1. Allele frequency at QrZAG96 for two tested oak populations, A_DB (drought area with low 

nutrient availability at Petrov) and B_DB (control area with optimum conditions at Cholupice) 

 

In our earlier experiments, WPM was found as the most suitable medium to support the growth and 

vitality of Quercus explants, as also reported by Vieitez et al. (1993) or by Vengadesan and Pijut (2009). 

Therefore, nutrient agar media for establishing cultures as well as for multiplication was based on this 

basal medium. Induction of organogenesis was observed at both concentrations of BAP 0.2 and 0.4 mg 

l-1, the ability of proliferation was rather clonal specific. Genotype is known to affect in vitro somatic 

embryogenesis or regeneration (Toribio et al., 2004; Vieitez et al., 2009) and a proper genotype may 

therefore also be essential for induction of bud proliferation in explants from oak trees. Explants were 

able to elongate and produce new shoots, mainly on the medium WPM2 (Fig. 2) while the use of WPM3  
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or WPM4 medium led to necrosis of the material (Fig. 3). Micropropagation approach using WPM2 

medium was established as the most suitable for selected oak clones.  

 

 

 

Figure 2.  In vitro culture of oak derived from a spring bud grown on the nutrient medium WPM2 

supplemented with 2 mg l-1 glycine, 200 mg l-1 glutamine, 200 mg l-1 casein, 0.1 mg l-1 IBA and 0.2 mg 

l-1 BAP 

 

 

Figure 3. Shoot in vitro culture of oak turned brown after growing on an improper medium composition 
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Abstract 
Vegetative propagation of adult grey poplar (Populus × canescens Aiton Sm.) by cuttings is not very 

effective and is a limiting factor for active multiplication. Therefore, methods for vegetative cutting 

propagation based on in vitro organogenesis were tested. Bud explants were cultured on the modified 

MS medium supplemented with 0.2 mg l-1 BAP and 0.1 mg l-1 IBA. The same composition of MS media 

was used for the multiplication phase. Formation of roots was observed in 1/4 MS salt combined with 

0.5 mg l-1 IBA. To characterise the genetic structure of the 155 grey poplar individuals, 14 polymorphic 

SSRs loci were tested. In all tested samples, only 33 different genotypes were detected. Among 120 

female individuals only 6 different genotypes were found while among 35 tested male genotypes 69% 

were different individuals. Our data suggest that SSR markers could be useful in genetic identification 

and registration of clones as well as for genetic resource management in Populus.  

 

Keywords : Populus canescens, clonal micropropagation, SSR markers 

 

Introduction 

 
Grey poplar (Populus x canescens) is a a hybrid between its parents, white poplar (P. alba) and aspen 

(P. tremula) (Lexer et al., 2005). Like all other species of the genus Populus, male and female flowers 

occur on separate trees (dioecy). The natural population of grey poplar located in the flood plain forest 

at Dyjákovice is characterised by unique and valuable phenotype traits. However, vegetative 

propagation of these old individuals by cuttings showed us to be a limiting factor for active 

multiplication. Based on this finding, micropropagation in vitro methods to multiply selected material 

were developed.  

 

To acquire more detailed knowledge about the genetic diversity and clonal identification of selected 

trees of grey poplar, the Simple Sequence Repeats (SSR) method was used. Simple sequence repeats are 

sequences with tandemly repeated bases, ranging from the 1-6 base pair (bp) long units. Variation in 

SSR regions frequently originates from DNA Polymerase slippage, thus resulting in insertions or 

deletions (Iyer et al., 2000). The abundance and amount of information derived from SSR markers make 

them ideal for genetic population studies. For this purpose, we screened 155 grey poplar trees from a 

unique population with 14 selected SSR markers. 

 

Material and methods 

 
Plant material, in vitro culture establishment, rooting and acclimatisation 

 

Dormant buds were collected from the selected grey poplar trees growing in the forest of Dyjákovice 

(South Moravia of the Czech Republic) during spring and autumn. Surface sterilized buds were cultured 

on a modified MS medium (Murashige and Skoog, 1962) supplemented with 30 g l-1 sucrose, 10 mg l-1  
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glutamine, 2 mg l-1 glycine, 0.2 mg l-1 6-benzylaminopurine (BAP), 0.1 mg l-1 indole-3-butyric acid 

(IBA) and 6 g l-1 agar, pH was adjusted to 5.8. After 6 weeks of growth, the same composition of MS 

media was used for the multiplication phase. The cultures were transferred every 4 weeks to fresh 

multiplication medium. Cultures were maintained in an air-conditioned room at 24 °C, with white 

fluorescent light (30 μmol m-2 s-1) under a 16-hour photoperiod. A high number of adventitious shoots 

(20–30) was formed in one multi-topped culture. 

 

For rooting, shoots 2-2.5 cm long were excised and cultured on the modified 1/4 MS medium 

supplemented with 10 g l-1 of sucrose and 0.5 mg l-1 IBA for one month. Plantlets with well-developed 

roots were transferred from rooting medium into pots (Quick Pot T 35) with agroperlit and watered with 

basal 1/10 MS medium without phytohormones and sucrose. Acclimatisation proceeded in an air-

conditioned room at 20°C, with white fluorescent light (30 µmol m-2 s-1), and under 24-hours 

photoperiod at the 90% of relative air humidity. After 3 weeks, the plantlets were transferred into pots 

(Quick Pot T 60) with substrate (mixture of garden soil, peat and perlite in a ratio 2:1:1), and placed in 

a glasshouse for 3–4 weeks under 70% of relative air humidity. Several healthy plantlets were transferred 

to an outside bed of the experimental nursery and then to plots at Dyjákovice. 

 

Microsatellite analysis 

 

Total genomic DNA was extracted with the DNA Plant Mini Kit (QIAGEN) from buds or leaves taken 

from sampled grey poplar trees following instructions of the manufacturer. For analysis, 155 grey poplar 

trees from a unique population were selected (35 males and 120 females). DNA was quantified using a 

NanoPhotometr (Implen). Polymerase chain reactions (PCR) with 14 nuclear microsatellite primers used 

in the previous studies of van der Schoot et al. (2000),  Smulders et al. (2001), Tuskan et al. (2004) and 

Politov et al. (2015) were optimised. The PCR products were analysed with the capillary electrophoresis 

using a genetic analyser 3500 (Applied Biosystems, USA). Allele calling was performed using the 

program GeneMapper 4.1 (Applied Biosystems). The obtained data were analysed by means of the 

statistical programs CERVUS (Kalinowski et al., 2007) and GenAlEx 6.501 (Peakall and Smouse, 2012). 

 

Results and discussion 

 
In some previous studies, Woody Plant Medium (WPM) was described as a suitable medium to support 

the growth and vitality of Populus explants (Bittsánszky et al., 2009; Di Lonardo et al., 2011). However, 

according to our experience, MS medium was found to be the best medium for micropropagation of 

Poplar (Fig. 1A). Bud, shoot vegetative propagation, and root induction was successful on the MS 

medium with the low concentrations of BAP (0.2 mg l-1) (Fig. 1A, B).  

 

 

Figure 1. In vitro cultures of grey poplar. A – shoots induced from a tree-derived bud explant in MS 

medium containing 0.2 mg l-1 BAP and 0.1 mg l-1 IBA; B – root induction in 1/4 MS medium 

containing 0.5 mg l-1 IBA 
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The same BAP concentration was also used in the work of Di Lonadro et al. (2011). For rooting, 

adventitious shoots propagated during cultivation were used. The losses of plantlets during rooting and 

acclimatisation were minimal, only around 2 % (Fig. 2). Our results, therefore, suggest that in vitro 

micropropagation can improve rooting efficiency and thus clonal propagation of adult grey poplar trees 

(Fig. 3A, B). 

 

 

Figure 2. Acclimatisation of grey poplar plantlets 

 

 

Figure 3.  Plantlets of grey poplar after 1 (A) and 4 (B) weeks of acclimatisation in the glasshouse 

 

To characterise the genetic structure of the 155 grey poplar individuals, the 14 SSRs loci were tested. 

According to analysis resultes, 100 different alleles at 14 loci were found, i.e. 7.1 alleles per locus on 

average. The most polymorphic locus over our set of samples was locus ORPM30 with 13 different 

alleles. Some alleles at loci ranged from 3 – 13. The levels of expected heterozygosities of each locus 

were between 0.231–0.699, observed heterozygosities ranged from 0.135 to 0.974. The results of 

Polymorphism Information Content (PIC) value of 155 tested samples showed that PIC ranged from 

0.044 to 0.647. The mean PIC value for 14 selected loci was 0.4168. By applying of the 14 suitable 

markers to the 155 grey poplar individuals, we obtained multilocus genotypes (MLG) shown in Table 

1. Based on data evaluation, we detected only 33 different genotypes in all samples tested. Among 120 

female individuals were found only 6 different genotypes while of the 35 male trees 69 % belonged to 

different genotypes. To date, the genetic diversity and population structure has been investigated also in 

other poplar species, for example in P. tomentosa (Du et al., 2012), P. nigra (Gaudet et al., 2008), P.  

tremuloides (Dayanandan et al., 1998) or P. deltoides (Rahman and Rajora, 2002). According to our 

results, the identified genetic loci have been verified as highly polymorphic and could be further used 

for clonal identification also in Populus × canescens Aiton Sm. 
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Abstract 

Clonal propagation of selected genotypes allows for genetic gains to be captured, resulting in improved 

productivity, adaptation and wood properties. However, adventitious rooting is a complex process, often 

limiting the success of tree cloning. In eucalypts, the ability of cuttings to form roots varies with species. 

Eucalyptus globulus, the major plantation species in Portugal, has a particularly irregular adventitious 

rooting behavior. This constitutes a bottleneck in the production of elite genotypes. In the last 30 years 

RAIZ has been investigating the role of different factors affecting the productivity of mother plants and 

the subsequent rooting success of its cuttings, including the role of nutrition, substrate, hormones and 

pruning strategies as well as possible rejuvenation effects. Some of these factors have been associated 

with greater propagation success, but results are irregular across time, and genotype dependent. The 

putative rejuvenation of mother plants, through tissue culture, on vegetative propagation success will be 

presented, as a case study. The experiments include mother plants that had originated from macro and 

micropropagated clones, studied over three consecutive years with up to 5 harvesting dates per year. 

Despite the influence of year, harvesting date and genotype, it was possible to detect significant effects 

of the origin of mother plant, with tissue cultured mother plants producing more cuttings, with higher 

rooting success. The impact of mother plant origin was greater in E. globulus than in the hybrid and 

appeared to drop with time. Increasing the value and productivity of Portuguese eucalypt forests, taking 

into account current regulatory, social and climate change issues, requires enhancing eucalypt 

productivity and adaptability. Improvements in vegetative propagation protocols for E. globulus would 

allow increments in the availability (number and diversity) of improved clones for replanting. Innovative 

research directions to improve propagation success will be discussed. 

 

Keywords: Eucalyptus globulus, future, micropropagation, rejuvenation, vegetative propagation 

 

 
 

Introduction 
 

Eucalyptus globulus is the main eucalypt species planted in Portugal with around 800,000 hectares, 

grown mainly for pulpwood. The species is considered of excellent quality for pulp and paper production 

due to its high basic density and pulp yield (henceforth very low wood consumptions even by eucalypt 

standards), and excellent physical and chemical fiber properties, especially suitable for high quality 

printing papers. Several breeding programs have been established for this species, in many parts of the 

world. In Portugal, RAIZ Forest and Paper Research Institute has been responsible since the early 90s 

for one such program. It is now entering in its fourth generation of breeding.  

mailto:cristina.marques@thenavigatorcompany.com


The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                            | 100 

September 10-15, 2018. Coimbra, Portugal 

Marques et al.           

 

RAIZ - Forest and Paper Research Institute is a private non-profit organization, recognized as a Research 

and Technology Organization of the Portuguese Scientific and Technological System, an Interface 

Center - Valorization and Technology Transfer Center (raiz-iifp.pt) and a Business Innovation Centre 

(BIC) of the European Business Network (EBN). Its associates are The Navigator Company 

(http://www.thenavigatorcompany.com/), the University of Coimbra, the University of Aveiro and 

the University of Lisbon (School of Agriculture). RAIZ activities aim to produce and transform 

knowledge into products, technology, and services in the forest, pulp, paper and forest-based biorefinery 

areas 

 

RAIZ elite genetic materials have been mostly deployed by clonal plantations, since the late 90s. Clonal 

propagation of Eucalyptus globulus from adult material is feasible, although the rooting success is low 

(e.g. Eldridge et al 1994; Alfenas et al., 2009). RAIZ works in this area since the 90’s, in proximity with 

The Navigator Company’s nursery, Viveiros Aliança (VA). VA is the largest producer of certified forest 

plants in Europe, essentially E. globulus clonal plants, which are used in the company plantations and 

for sale to third parties. Macropropagation is the main cloning system. Despite the screening step of 

superior clones according to their rooting ability, there is much variability in the rooting response. This 

unpredictability limits the ability to produce improved material, for which demand is higher than supply 

in the national market. The putative rejuvenation of mother plants, through tissue culture, on vegetative 

propagation success will be presented, as a case study. 

  

 

The last 30 years of E. globulus macropropagation 

 
Before 1960, the only genera of forest trees mass propagated for wood production by making rooted 

cuttings of superior individuals were Populus and Salix in temperate areas and Cryptomeria and 

Cunninghamia in subtropical areas (Eldridge 1994). Advances in cloning techniques in Aracruz (Brazil) 

and Pointe Noire (Congo) allowed mass production of eucalypt hybrids since 1975: E. tereticornis x E. 

grandis and E. grandis x E. urophylla, respectively in Congo and Brazil (Dellwaulle 1983, Brandão et 

al 1984). In Portugal, CELBI reported the first results with E. globulus, considered a difficult to root 

species, around 1982. 

 

The first clonal plantations of Portucel and Soporcel (now merged in The Navigator Company), date 

from the 90’s. Despite continuous protocol improvements, the traditional system remains in place: 

outstanding trees are felled and the physiologically juvenile coppice shoots are used to make rooted 

cuttings. New mother plants are usually taken from previously rooted cuttings. In E. globulus, around 

95% of selected clones do not form adventitious roots at an interesting rate (above 60%) and are not 

cloned operationally. Cuttings of the good rooting clones are used as mother plants, cultivated in the 

open air and pruned for large scale cuttings production from May to August (usually once a month). 

Cuttings are transferred to a shade house and it takes on average 120 days to produce and acclimate a 

cloned eucalypt plant. At this time, the resulting plants are evaluated for quality through screening: A - 

plants suitable for planting; B - plants almost ready for planting (need a few days more to develop); C - 

plants with reduced stem and root development (may or may not develop); D - dead plants. Success 

(defined as the number of A + B plants), varies significantly with the clone, but also with the year and 

cuttings harvesting date. 

 

According to Borralho and Wilson (1994), estimates of the genetic control of E. globulus adventitious 

rooting ability are modest (h2 ≈ 0.4). There is room for the manipulation of physiological and 

environmental factors, in order to enhance the success of the vegetative propagation. The existing 

variability of vegetative propagation in open air operations makes it difficult to standardize 

environmental variation. Given the fluctuating scale of production of different clones, it is also difficult 

to implement specific protocol requirements for different genetic materials (e.g. custom nutrition, water). 

As a result, many of the clones (E. globulus or alternative species/hybrids) produced by the  
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genetic improvement program, with gains and / or superior adaptive potential, do not, at the moment,  

reach the operational production by macropropagation. In addition, the architecture of the adventitious  

rooting system also varies with the clone, influencing the survival at field establishment of clonal 

plantations.  

 

In fact, despite much technical progress, the mechanisms by which adventitious roots are formed in 

woody plants are still not well understood. Adventitious root formation can be influenced by many 

factors, both endogenous and exogenous to the plant (da Costa et al 2013). Rooting inhibitors (Paton et 

al. 1970), peroxidases (Phytoud and Buchala 1989), rooting co-factors (Wilson and Staden 1990), 

phenolic substances (Curir et al. 1990), growth regulators (Liu and Reid 1992), polyamines (Tepfer et 

al. 1994) and thiamine (Chee 1995), among others, have been reported to influence this process. The 

large array of biochemical, physiological and anatomical processes involved suggests an underlying 

complexity in adventitious root formation (Hartmann et al 1997). Some of these factors have been 

associated with greater propagation success, but results have been irregular across time, and are 

genotype dependent. 

 

RAIZ’s vegetative propagation protocol was developed through experiments over the years with many 

different clones, and incorporates improvements in factors we can control. It is worth mentioning the 

aspects that have been studied, i.e., the management of mother plants (e.g. coppice shoot location in the 

original plant, soil preparation, fertility correction, planting density, pruning, watering periodicity, 

putative rejuvenation through micropropagation) and cuttings production (e.g. size, cut 

position/instrument, substrate, hormones/rooting stimulators, irrigation management, mineral 

fertilization, containers, spontaneous vegetation, biotic stress control, shoot harvesting method).  

 

 

Putative rejuvenation through tissue culture – a case study 
 

Soon after the first success in producing rooted cuttings of eucalypts (Fielding 1948), Pryor & Willing 

(1963) observed the decline in rooting capacity with ageing of the mother plant. In fact, adult tissues of 

many eucalypt species are known to be difficult to propagate by cuttings (Eldridge 1994). The existence 

of dormant bud strands near the base of the trunk in eucalypts, allows the production of coppice shoots, 

after cutting down the tree. Since the tissue at the outer end of the bud strands remains meristematic, 

these shoots are “juvenile” and can be used to produce cuttings. Further rejuvenation by serial production 

of cuttings over several generations (Franclet 1956), was trialed, as well as rejuvenation by repeated 

grafting (Franclet 1970). In difficult to root species, the success of vegetative propagation is directly 

related to the juvenility of plant propagules, in terms of root formation and quality of the root system 

(Alfenas et al 2009). Therefore, when new mother plants are systematically taken from previously rooted 

cuttings there is the risk that the plants lose their juvenility. 

 

In E. globulus, like in other trees, one or more axillary buds are located between the leaves and the stem, 

and will develop to new shoots, once apical dominance is removed. During micropropagation 

subcultures, the development of these buds is stimulated, after removal of the apical meristem of the 

explants. The literature reports that this procedure promotes a reversal in the maturation stage of the 

adult original material (Eldridge 1995). In eucalypts, a minimum of 1 year of in vitro culture has been 

reported necessary to rejuvenate tissues, with the resulting positive effect in improving adventitious 

rooting (Alfenas et al 2009). 

 

The next sections summarize results from experiments followed up for several years in two mother plant 

areas, aiming to investigate the putative effect of mother plant rejuvenation, through tissue culture, on 

vegetative propagation success of several E. globulus clones and one eucalypt hybrid. 
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Materials and Methods 
 

Mother Plant Area 1 (MPA1) 
 

The first series of experiments was based on 180 mother plants established in Abril 2011 at Viveiros 

Aliança Nursery, in Herdade de Espirra (Pegões, Central Portugal). A set of 90 mother plants were 

obtained from macropropagated cuttings (taken from the 2010 propagation campaign) and a set of 90 

mother plants were obtained from micro-propagated epicormic shoots (on in vitro culture for at least 

one year). Each set included three E. globulus clones (H1, S7 and G4). The identity of all plants was 

certified at the molecular level. 

 

These 180 mother plants were arranged in three consecutive rows, each one having a different clone (viz 

H1, S7 and G4).  In each row (with a unique clone), the two mother plant origins (i.e macro and 

micropropagated) were randomly assigned in six repetitions (of five mother plants each). Experiments 

taken from MPA1 were carried out in three consecutive years (2012, 2013 and 2014). The MPA1 is 

illustrated in Figure 1.  

 

 

Figure 1. Mother plants at Viveiros Aliança (MPA1) before (left) and after (right) cuttings 

harvest for vegetative propagation (macropropagation). 

 

Mother Plant Area 2(MPA2) 
 

The second set of experiments was based on mother plants established in March 2014 at RAIZ nursery 

facilities, also in the Herdade de Espirra (Pegões). Half of the mother plants were obtained by 

macropropagation (from the 2013 campaign) and another half from micropropagation (at least one year 

old in vitro cultures). This experiment included two E. globulus clones (12 and G4) and one hybrid clone 

77 (E. grandis x E. globulus). The identity of all plants was certified at the molecular level. 

 

The 280 mother plants in MPA2 were arranged in six lines, each one with a different clone (12, G4 and 

77), each one with five repetitions of 10 mother plants, either macro or micropropagated (for the two E. 

globulus clones) and four blocks of 10 plants for the hybrid clone. Experiments taken from MPA2 were 

carried out in three consecutive years (2014, 2015 and 2016). The MPA2 is illustrated in Figure 2. 
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Figure 2. Mother plants at RAIZ R&D nursery (MPA2) before (left) and after (right) cuttings 

harvest for vegetative propagation (macropropagation). 
 

Propagation trials 

 

One clone (G4) was present both in MPA1 and MPA2. Management of the two mother plant areas, 

including irrigation, fertilization and weed control, followed the company’s standard procedures. In 

2012 (MPA1), the mortality rate in the mother plants was 25%, and in 2013 it was 28%, with a 

predominance of the S7 clone (22% of the 25% in 2012 and 25% of the 28% in 2013), less developed 

than the other clones throughout the trial, due to competition of neighboring materials. In MPA2, a 

sprinkler irrigation system was installed, which caused flooding problems in some areas and resulted in 

the mortality of some mother plants over time (about 23% in 2016), affecting some experimental blocks 

(especially block 3 and clone 12). 

 

The propagation trials with cuttings collected in MPA1 MPA2 were carried out over three years and 

different harvesting dates within each year (Table 1). Harvesting dates were defined according to shoot 

development status, but tended to occur once a month, between May and September. The total number 

of cuttings harvested per treatment (macro or micropropagated mother plants) varied between 132 and 

1122 (clone.year.date).  

 

Table 1. Number of rooting experiments performed in MPA1 and MPA2, per year and clone.  

 
Mother plant 

area (MPA) 

Year Time since 

establishment 

(years) 

Number of 

harvests 

Clones 

1 2011 1 4 G4, H1 and S7 

1 2012 2 5 G4, H1 and S7 

1 2013 3 4 G4, H1 and S7 

 

2 2014 1 4 G4, 12 and 77 

2 2015 2 3 G4, 12 and 77 

2 2016 3 4 G4, 12 and 77 

 
All rooting experiments followed the same basic design. Cuttings were set to root in rigid polyethylene 

200 cm3 containers with a substrate composed of 70% peat and 30% styrofoam in supporting trays with 

6 x 10 alveoli. The base of each cutting was immersed in liquid IBA rooting hormone solution (at 5000  

 



The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                            | 104 

September 10-15, 2018. Coimbra, Portugal 

Marques et al.           

 

ppm concentration for five seconds). The cuttings were placed in a shade house, with no controlled 

environment other than irrigation. Phytosanitary controls were done once or twice a week, depending 

on the need. After approximately 60 days the plants were transferred to an acclimatization zone. 

Intermediate assay surveys were performed at 30 days and final surveys at 120 days (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 3. Shade house facility used for rooting cuttings and close up of the cuttings after set. 

 

Measurements and analysis 
 

Measurements reported focus on the average number of cuttings collected per mother plant and rooting 

success at 120 days (number of plants suitable or almost ready for planting, Class A + B plants). A 

detailed report of other variables assessment can be found in Marques et al 2012, Costa et al 2014, Costa 

et al 2015. 

 

Statistical analyses included analysis of variance (ANOVA) and Tukey HSD post hoc tests (p <0.05). 

Data analysis models were fitted using the lm function of the R Software (R Core team 2016). Given 

the variation in this type of experimental data, it was necessary to take into account the influence of 

other factors (clone, cuttings harvesting date, block and year), that was investigated separately.  

 

 

Results and Discussion 
 

The main objective of MPA1 (2011 to 2013) and MPA2 (2014 to 2016) trials was to compare the 

productivity and performance of cuttings taken from micropropagated mother plants (expected to have 

been rejuvenated) and conventionally macropropagated mother plants. Since the experiment was 

repeated in three consecutive years, this also allowed investigating the effects of ageing in productivity 

and rooting ability.  

 

Despite the possibility of performing many repetitions of the experiment (n equals the number of 

cuttings induced to root), over time, the variability of this type of data is enormous, reflecting the strong 

influence of the environment on trait expression. This includes variation on the number of cuttings 

harvesting dates that were possible in different years (three in 2015, four in 2011-2013-2014-2016, five 

in 2012). Moreover, for different reasons, after three years, mortality in mother plants in the operational 

and R&D nurseries, limited the possibility of monitoring effects for a longer period. 
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In practical terms the observed data variation in different years and harvesting dates, cannot be eluded 

in the current propagation system. Despite the difficulties in generalizing the results, the decision of 

implementing rejuvenation strategies for E. globulus macropropagation mother plants in the open air, 

has to be based on overall results that accommodate the cumulative effect of the environment in different 

years. These two sets of three year-long experiments are informative in that respect. 

 

Mother plant productivity 
 

Overall mother plant productivity, across the two MPA and ages was around 18 cuttings per harvesting 

date. In this respect, a common pattern emerges in both MPA1 and MPA2 (Figures 4 and 5, respectively): 

productivity differs significantly with the age of the mother plants, being lower in the 1st year (with an 

average of 10 cuttings per harvest per mother plant), increased in the 2nd year (with an average of 25 

cuttings), and dropped on the 3rd year to an average of 19 cuttings. The low productivity in the year of 

establishment is expected since mother plants are still small in size. The drop at the 3rd year, however 

is surprising and suggests some ageing effects might already occur. 

 

Clone effects were also only significant in MPA1 (Figure 4 and 5), with differences between clones 

remaining consistent across ages (i.e. there was no clone by age interactions).  

 

Differences between micro and macropropagated mother plants were only statistically significant in 

MPA2 and of small magnitude.  

 

 
Figure 4. Average number of cuttings collected per mother plant in MPA1 (at 1 to 3 years 

since being established), for three E. globulus clones (H1, S7 and G4). 
 

On the other hand, in MPA2, clones did not have a significant effect in cuttings collected per mother 

plant (Figure 5). Therefore, a linear model with the other significant factors was first fitted to the data 

(year x date + block). This model explained 61% of the variance of the cuttings/mother plant data. After 

this, another linear model was fitted to the residuals of the first model, with factors clone and mother 

plant origin, both showing a statistically significant effect with p-values of 0.007 and 0.019 respectively.  

 

On average, one-year old micropropagated mother plants produced two more cuttings/mother plant each 

month than macropropagated mother plants of the same age. In two-year old mother plants, this 

difference was four and at three-year old mother plants it was zero. Across the three years, the average  

overall difference was two more cuttings/micropropagated per mother plants, relatively to 

macropropagated mother plants. 
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Figure 5. Average number of cuttings collected per mother plant in MPA2 (at 1 to 3 years 

since being established), for two E. globulus clones (12 and G4) and one hybrid clone 77. 

 

Rooting percentage at 120 days 
 

Rooting tests from cuttings collected in MPA1 (conducted between one to three years after the mother 

plant yard was established), indicate a significant effect for clone, mother plant origin and date (Figure 

6). On average (in 2011), cuttings from one-year old micropropagated mother plants rooted better (12% 

more) than macropropagated mother plants. In two-year old mother plants, the difference dropped to 6 

percentage points and in three-year old mother plants it dropped further to 4 percentage points. Over the 

three years, mother plants originated from tissue culture had on average 7% better rooting. 

 

The effects of micropropagation were generally consistent across clones. However, it is interesting to 

point out that the clone which rooted best (E. globulus H1), was less responsive to the putative mother 

plant rejuvenation treatment (Figure 6), with an improvement only apparent in one-year old mother 

plants.  

 

 
Figure 6. Percent rooting for cuttings harvested in MPA1 (at 1 to 3 years since being 

established) and for three E. globulus clones (H1, S7 and G4). 
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Results from the rooting experiments in MPA2 were generally consistent with MPA1 (Figure 7). The 

clone effects were again highly significant, accounting for 10% of the trait’s variation. On average, one-

year old micropropagated mother plants had a rooting success 8 percentage points above 

macropropagated mother plants, although the effect was mainly only observed for the two E. globulus 

clones. In fact, it is interesting to note that the hybrid clone 77 (an E. grandis x E. globulus), was less 

responsive to the mother plant putative rejuvenation treatment compared with all the other E. globulus 

clones. 

 

In two and three-years old mother plants, differences in rooting due to mother plant origin were small 

or null (0% and 4% respectively. The average overall difference in rooting from micropropagated 

mother plants across the three years was 4 percentage points.  

 

 
Figure 7. Percent rooting for cuttings harvested in MPA2 (at 1 to 3 years since being 

established), for two E. globulus clones (12 and G4) and one hybrid clone 77. 

 
Across the two series of trials (MPA1 and MPA2) micropropagated mother plants improved rooting by 

5.5% relatively to macropropagated mother plants, over a three year period. However, the impact of 

tissue culture occurred mostly in the first year after establishing the multiplication yard. After that, 

differences dropped significantly.  

 

Conclusions and future research directions 
 

Vegetative propagation data is known to be highly variable, as a result of a complex array of genetics 

and environmental factors. Traditional vegetative propagation schemes, which rely on open air 

multiplication yards, make it even harder to understand what triggers adventitious rooting success and 

how to best manipulate them.  

 

The propagation experiments reported here were based on two separate mother plant areas (MPA), five 

different clones, collected in three consecutive years with up to 5 harvesting dates per year. The overall 

results indicate a small, but significant, improvement in mother plant productivity (on average two more 

cuttings/micropropagated mother plant, only in MPA2) and better rooting of micropropagated mother 

plants (in both MPAs). The mean improvement in rooting success over the three years was around 5.5%. 

Albeit small, this difference would be important from the point of view of the economics of any clonal 

nursey, and could be justified if the cost of micropropagation was compatible. 
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The results indicate that mother plant mortality after three years is on average 26% and the positive 

effects due to micropropagation may decrease after the first year. Three years after the MPA were 

established, overall differences in productivity and rooting between mother plant origins were null or 

small (0% and 4%, respectively). This would suggest a mother plant turnover of two to three years, 

henceforth the ability to micropropagate E. globulus on a large scale and at reasonable costs. 

 

Mini cuttings production systems, as the ones successfully implemented in Eucalyptus ssp. clonal 

propagation in Brazil, have improved  the rooting and root quality of most clones significantly (Assis 

1998). Mini mother plants, growing in controlled stable environments, are expected to be more juvenile 

and performance consistent. However, propagation protocols need to be adjusted to recalcitrant species, 

such as E. globulus, and for more seasonal climates such as that in Portugal. New strategies are needed 

to overcome these challenges. Good results in certain environmental conditions reassure us that 

genetically, improvements are possible, in many clones. Preliminary results point out the largely 

unexplored effects of light quality and intensity in adventitious rooting success (Hoad & Leakey 1996; 

Ruedell 2013). In addition, the use of rhizobacteria strains to promote rooting in eucalypts appears to be 

another promising approach. Its potential has been studied in several woody species, including E. nitens 

x E. globulus mini-cuttings (Gonzalez et al 2017).  

 

The ability to improve cloning of elite forest tree genotypes will be central to promote intelligent land-

use planning, prizing the role of, and enhancing resilience and adaptive capacity of ecosystems to 

climate change. This will result in social, environmental and economic benefits. Wood will be 

increasingly sought after as raw material and eucalypts are admirable biomills. 
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Abstract 
Ongoing global climate changes will impact forest productivity notably through reduced water 

availability and heat periods. One possibility to adapt to this situation is via phenotypic plasticity for 

which we propose epigenetic mechanisms to be the main source of flexibility. Indeed, trees that are e 

sessile organisms with a long-life span and playing major ecological roles represent valuable models to 

study the role of epigenetics in plasticity. Epigenetics can be defined as any non-genetic molecular 

modification (no DNA sequence change) of the genome that alters gene expression and the phenotype. 

While many papers have been published over the last few years dealing with annual plants such as 

Arabidopsis, tomato and maize, only few recent reports, but increasing, are actually available on trees. 

Here, we present some of these studies, encouraging new efforts in order to clarify the specific roles of 

epigenetics in trees. These studies will help to evaluate potential recommendations for tree breeding, 

genetic resources conservation and forest management.     

 
Keywords: Shoot apical meristem, somatic embryo, DNA methylation, poplar, maritime pine, stress   
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Introduction, discussion and conclusion 

 
Global changes affect the productivity and survival of most living organisms in all ecosystems (Chapin 

et al., 2000). Plants, as sessile organisms, have developed a high sensitivity to their environment and a 

strong potential for adaptation based on a high level of standing genetic variation (Chen et al., 2017) 

and remarkable phenotypic plasticity (Nicotra et al., 2010). Trees are outstanding organisms in terms of 

their extreme size, long lifespan, complex life cycles and wood production (Neale et al 2017). Trees and 

forests also play a major role in Earth’s ecology, by supplying a range of ecosystem services. In the past 

decades, widespread forest die-off due to drought and/or heat constraints has been observed around the 

world for all forest biomes, and is predicted to increase with ongoing climate change (Allen et al., 2010; 

Intergovernmental Panel on Climate Change, IPCC, 2014). Climate change models predict further 

increases in mean temperature, and increases in the frequency and severity of extreme droughts. There 

is, therefore, an urgent need to improve our understanding of the mechanisms of adaptation in trees, to 

facilitate the design of new genetic material through breeding and/or biotechnological approaches, to 

improve the management of genetic resources, to prevent forest loss and to guarantee that these 

ecosystems continue to play their economic and ecological roles. 

 

Studies of the genetic bases of plant adaptation to date have focused mostly on the contribution of 

standing structural variation (mostly single nucleotide polymorphisms - SNPs) to local adaptation 

(Lascoux et al., 2016). Surprisingly, epigenetic mechanisms (DNA methylation and histone 

modifications) have remained largely unstudied, despite their great importance in long-lived organisms, 

in which they allow rapid phenotypic modifications in response to changing environmental conditions 

(‘priming effect’). It has been suggested that sessile organisms persisting at the same site for long periods 

of time make particular use of DNA methylation to facilitate rapid adaptation through phenotypic 

plasticity (Nicotra et al., 2010). A single genotype may produce different epigenomes during its lifespan, 

to cope with varying environmental cues. Alternatively, individual trees may, during the course of their 

lifespan, produce large numbers of generations of offspring with different epigenomes. A number of 

highly significant abiotic and biotic environmental factors vary over the long lifespan of trees, so each 

generation of seeds can receive a different epigenetic ‘priming’ that is then exposed to natural selection. 

Trees, therefore, build up seed banks that “store” these different epigenetic ‘primings’, thereby 

generating an “ecological epigenetic memory” that exposes epigenetic responses to a broad range of 

environmental cues.  

 

Most epigenomics studies to date have focused on DNA methylation, because it is relatively easy to 

analyze at the genomic scale. Indeed, DNA methylation is a single chemical modification, rather than 

multiple histone modifications that can be easily detected with appropriate next-generation sequencing 

methods. In addition, the changes remain stable through cell division (mitosis and meiosis) and play an 

integral role in relation to RNA-directed DNA methylation, mobilize transposable elements (TE) and 

its complex relationships with gene expression (Meyer, 2015; Seymour and Becker, 2017). However, 

the relationship between DNA methylation and gene expression remains complex, and the relative 

contribution of DNA methylation to phenotypic variation, therefore, requires further clarification. It also 

remains difficult to differentiate between changes directly mediated by DNA methylation and secondary 

effects. DNA methylation has been extensively studied in the model plant Arabidopsis thaliana and in 

several crop species, and has been shown to have effects extending from gene expression to phenotypes 

(Pecinka et al., 2013; Schmitz and Ecker, 2012), including adaptive traits (Cortijo et al., 2014; Johannes 

et al., 2009; Kooke et al., 2015; Schmid et al., 2018), and to be strongly correlated with climate of origin 

(Kawakatsu et al., 2016).  

 

A few studies have already confirmed that epigenomic approaches are useful for improving our 

understanding of development and adaptive responses to environmental constraints in forest trees (see 

reviews Bräutigam et al., 2013; Plomion et al., 2016; Sow et al., 2018a). Poplar (Populus spp.) is a model 

tree with sequenced genomes, genetic diversity, fast juvenile growth, and large water requirements and 

thus relevant for investigating the ecophysiological and molecular determinants of tolerance to water  
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deficit (Tuskan et al., 2006; Jansson and Douglas, 2007). Accordingly, poplar has been used to 

investigate the role of epigenetics in the response of trees to environmental variations (Gourcilleau et 

al., 2010; Raj et al., 2011; Vining et al., 2012; Lafon-Placette et al., 2013; Zhu et al., 2013; Liang et al., 

2014; Guarino et al., 2015; Schönberger et al., 2016; Conde et al., 2017; Lafon-Placette et al., 2018; Le 

Gac et al., 2018; Sow et al., 2018b). Several studies tested whether signs of epigenetic reprogramming 

in response to environmental variations could be observed in the shoot apical meristem (SAM). The 

SAM-specific epigenetic component of geographic site-dependent growth performances (Guarino et al., 

2015; Schönberger et al., 2016), environment-induced bud break (Conde et al., 2017) and response to 

water availability (Gourcilleau et al., 2010; Raj et al., 2011; Liang et al., 2014; Lafon-Placette et al., 

2018; Le Gac et al., 2018; Sow et al., 2018b) have been reported. One major point is that changes in the 

epigenome and transcriptome of the poplar shoot apical meristem in response to water availability were 

shown to affect preferentially hormone pathways and could participate in the developmental plasticity 

(Lafon-Placette et al., 2018). In addition, an investigation on field grown poplar clones or natural 

populations revealed that the winter-dormant shoot apical meristem shows environmental epigenetic 

memory of changes that have occurred during the vegetative period (Le Gac et al., 2018; Sow et al., 

2018b). These data suggested a possible mitotic transmission in the SAM from the induction time to the 

winter.  

 

There is evidence to suggest that genetic variation is a major source of epigenetic variation, and that 

DNA methylation directly influences gene expression at only a small subset of specific loci, other than 

through its control of TE activity. The EPITREE project (ANR-17-CE32-0009-01; 

https://www6.inra.fr/epitree-project/) will study the impact of epigenetic marks (DNA methylation) 

together with gene expression, and allelic variation on forest tree adaptation to local environments and 

phenotypic plasticity. In particular, we will explore the benefits of considering epigenetic marks in 

addition to genetic polymorphisms and phenotypes in tree breeding and the characterization of genetic 

resources, to provide proof-of-concept in two major forest tree species (poplar and oak). 

 

Another interest of epigenetics for forest trees is the possibility to use it for ‘priming’. Thus, priming by 

biotic or abiotic stress exposure is associated to epigenetic remodeling and increased tolerance to stress 

that could be transmitted by clonal propagation (Springer and Schmitz, 2017). For example, Yakovlev 

et al. (2011; 2016) have identified a temperature-dependent epigenetic memory affecting the timing of 

bud burst and bud set in trees generated by temperature changes during somatic embryogenesis 

(Carneros et al. 2017; Yakovlev & Fossdal, 2017). Various clonal propagation systems (cuttings, 

somatic embryogenesis) are available for some tree species, and the mass production of a few elite 

genotypes. The success of clonally propagated trees is conditioned by both genetic and non-genetic 

effects as epigenetics. However, the role of DNA methylation in tree somatic embryogenesis and 

environmental memory is still a challenging question (Teyssier et al., 2013; Sow et al, 2018a).  

Altogether, the role of epigenetics in forest trees is an ambitious and still open question that will need 

fundamental studies by public/private international consortiums with a view to establishing ambitious 

objectives for tree breeders and the managers of genetic resources as we recently reported (Sow et al., 

2018a).  
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Abstract 
Development of hybrid pines, with Pinus radiata D. Don being one parent, for commercial forestry 

presents an opportunity to diversify the current resource. Challenges which include the effects of climate 

change and different land uses make necessary alternative species to guarantee wood and non-wood 

products in the future. Pinus radiata var. cedrosensis X Pinus attenuata hybrid possess different 

attributes, such as tolerance to drought conditions, better growth and resistance to frost damage at higher 

altitudes, and importantly, different wood quality characteristics. Embryogenic cell lines were 

successfully initiated from first generation reciprocal hybrids using P. radiata protocols. This was the 

first report where P. radiata somatic embryogenic tissue was used as a nurse to facilitate somatic 

embryogenesis initiation from hybrid pine excised zygotic embryos. It was clear that the excised embryo 

was better for somatic embryogenesis cell line initiation than the whole megagametophyte. But, the 

question is: Does the presence of the megagametophyte at initiation worsen or enhance the maturation 

success months later? In the present work we analysed the maturation rate, number of somatic embryos, 

germination success, ex vitro survival and growth in cell lines derived from embryonal masses initiated 

from excised zygotic embryos or intact megagametophytes. No differences were observed in in vitro 

parameters such as maturation and germination; in ex vitro parameters such as growth, no differences 

were observed in relation to the treatments but significant differences were observed due to the species, 

with hybrid somatic embryos being smaller than those from P. attenuatta mothers.  

 

Keywords: embryonal masses, embryogenic cell lines, germination, Knobcone pine, maturation, 

propagation, radiata pine, somatic embryogenesis.  

 

Abbreviations: EM, Embryonal mass  

 

Introduction 

 
Pinus spp. are frequently used in reforestation programs and, specifically, Pinus radiata D. Don is one 

of the most cultivated species in New Zealand and Spain because of its fast growth and wood production. 

According to the predictions (IPCC 2007), climatic change will increase the incidence and severity of 

droughts in ecosystems worldwide (Sheffield and Wood, 2008). Different pine species, in comparison 

with radiata pine (Pinus radiata D. Don), possess different attributes, such as tolerance to subtropical 

climatic conditions, better growth at higher altitudes, lower susceptibility to disease, and, importantly, 

different wood quality characteristics (Dungey et al., 2003). Therefore, hybrid pines have been known 

as an opportunity for the future (Hargreaves et al. 2008). P. attenuata, for instance, has potential to  
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contribute drought resistance, cold resistance, and resistance to damage from wet snow when compared 

to P. radiata, which does not have those attributes (Dungey et al. 2003). In view of this information 

about P. attenuata pure species, some years ago we started studying the drought stress tolerance 

mechanism of the hybrid P. attenuata X P. radiata, trying to understand the mechanisms involved in 

this process (De Diego et al. 2012). This hybrid showed higher drought tolerance than breeds from the 

two pure species growing in different geographical and climatological growth areas (De Diego et al. 

2012, 2013a, 2013b, 2015).  

Conifer somatic embryogenesis facilitates amplification and storage of embryogenic tissue while field 

testing takes place. This technology is well established for P. radiata (Hargreaves et al. 2009; Montalbán 

et al. 2010, 2012); but this propagation method has not yet been developed for the Pinus radiata × Pinus 

attenuata hybrid. For this reason, SCION (New Zealand) and Neiker (Spain) focused on testing and 

modifying existing P.radiata protocols to produce hybrid plants for field trials.  

 

Some previous studies carried out in radiata pine have shown the effect of the initial conditions 

(temperature and water availability) of somatic embryogenesis in the subsequent stages of the process 

(García-Mendiguren et al., 2016). For this reason, and taking into account our previous studies about 

this effect, we were interested in answering to the following questions: Does the presence of the 

megagametophyte at initiation inhibit or enhance the maturation success months later?; What is the 

effect of the mother (i.e. P. radiata or P. attenuata as the female parent) on maturation rates?; What if 

the same parents are used in reciprocal crosses?. 

 

Materials and methods 

 

Plant Material 
Proseed (North Canterbury, New Zealand) provided all the test material for this investigation. Green 

cones were collected from two hybrid crosses Pinus attenuata x P. radiata var. cedrosensis and Pinus 

radiata var. cedrosensis x P. attenuata. All the information about these both hybrid crosses are described 

in Hargreaves et al. (2017). Green cones were stored at 4ºC for 1-3 days depending on when each cross 

was put into culture (Montalbán et al. 2014).  

 

Experimental design 
Following staging,   immature megagametophytes were aseptically removed from the seed coat and 

given one of the following three treatments: 

 Treatment A: Megagametophyte + Glitz medium (Litvay et al. 1985; Hargreaves et al. 2009); 

 Treatment B: Excised zygotic embryo + Glitz medium (Litvay et al. 1985; Hargreaves et al. 

 Treatment C: Excised zygotic embryo + Glitz medium (Litvay et al. 1985; Hargreaves et al. 

2009) + Nurse 

 

The pH of the medium was adjusted to 5.7 prior to autoclaving. Amino acids were filter-sterilised, and 

were added to the autoclaved medium. The medium was then dispensed into gamma-irradiated 

polyethylene Petri dishes (90 x 25 mm). 

 

Nurse  
The nurse tissue used consisted of a vigorously growing P. radiata cell line maintained  routinely in 

Glitz media for approximately 10 years (Hargreaves et al. 2002); this line does not form mature somatic 

embryos, which is important because it avoids hybrid and P. radiata somatic embryos getting 

accidentally mixed together.. Cultures were incubated in low light (5 μmol m-2s-1) at 24±1 ºC. All 

responding explants were transferred to Glitz medium and sub-cultured at 14 day intervals. Following 

8 -10 weeks of subculture a final assessment was made to determine cell line establishment as evidenced 

by EM proliferation, cell lines had to have in excess of 50 mg of tissue to be scored as established.  
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Maturation and germination 
A subset of cell lines (37) 19 with P. attenuata as the mother tree, 18 with P. radiata var. cedrosensis 

as the mother tree were used in the initiation treatments (A, B, C) and crosses were screened for somatic 

embryo maturation and germination ability following Montalbán et al. (2010).  

 

Acclimatization 
After 15 weeks, plantlets showing roots and an aerial part of more than 15 mm were considered 

suitable to be transplanted following Montalbán and Moncaleán (2018). 

 

Results and discussion 

 
Figure 1 shows the somatic embryo yield after the maturation stage. The number of somatic embyos 

produced depends on the mother tree and the corresponding cross, but the highest and the lowest yield 

was found in those embryogenic lines coming from crosses in which P. attenuatta was the mother tree. 

It’s generally known that the embryogenic cell line has an effect in maturation success and the present 

results are in agreement with those of others obtained in conifers, particularly in Pinus spp. (Montalbán 

et al. 2012).   

 

 
 

Figure 1. Somatic embryo yield (number per g--1 fresh weight) in several embryogenic cell lines coming 

from different mother trees and crosses. 

 

When different treatments were evaluated, independently of the mother tree, the best results regarding 

yield of somatic embryos was obtained in treatment B (Excised zygotic embryo + Glitz medium); Poor 

results for each mother tree group were obtained in embryogenic cell lines initiated on nurse (Figure 2). 

Our results are opposite to those obtained by Hargreaves et al. (2002) in which the use of nurse increased 

the efficiency of recovery in cryopreserved cell lines.  
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Figure 2. Somatic embryo yield (number per g-1 fresh weight) obtained in embryogenic cell lines coming 

from different mother trees and crosses cultured under different treatments (Treatment A: 

Megagametophyte + Glitz medium; Treatment B: Excised zygotic embryo + Glitz medium; Treatment 

C: Excised zygotic embryo + Glitz medium + Nurse.  

 

Figure 3 shows germination rate (%) and no differences were detected neither in relation with mother 

trees nor with crosses. Similarly, no differences were obtained in germination according to mother trees 

and crosses of different embryogenic cell lines (Figure 4). 

 

 
 
Figure 3. Somatic embryos derived from several embryogenic cell lines, different mother trees and 

crosses.  
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Figure 4. Germination rate (%) obtained in somatic embryos derived from different mother trees and 

crosses cultured under different treatments (Treatment A: Megagametophyte + Glitz medium; 

Treatment B: Excised zygotic embryo + Glitz medium; Treatment C: Excised zygotic embryo + Glitz 

medium + Nurse).  

 

After 15 weeks growing in the greenhouse under ex vitro conditions, somatic plants (Figure 5) coming 

from crosses in which P. radiata was the mother tree showed higher height than the other group of plants 

evaluated (Table 1). In this sense, our results are in agreement with previous studies which showed the 

low growth rate of P. attenuatta plants (De Diego et al. 2012). 

 

 
 

Figure 5. Hybrid somatic plant after 15 weeks growing in the greenhouse under ex vitro conditions. 
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Table 1. Height (cm) after 15 weeks in ex vitro conditions of hybrids of P. attenuatta with P. radiata in 

different crosses and treatments (Treatment A: Megagametophyte + Glitz medium; Treatment B: 

Excised zygotic embryo + Glitz medium; Treatment C: Excised zygotic embryo + Glitz medium + Nurse). 

 

 
 

Based on the results obtained, we conclude that no differences were observed in in vitro parameters such 

as maturation and germination in relation to mother tree and cross. In ex vitro parameters such as growth, 

no differences were observed in relation to the treatments but significant differences were observed due 

to the species with somatic plants from P. attenuatta mothers being the smallest. 
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Abstract 

In order to develop an effective cutting method, Eucalyptus pellita ID 30 clone was examined by means 

of Oasis cell cuttings. Cuttings were taken from four places of mother stocks (MS, Ms sarlon, HO and 

SA), which is a similar age hedge orchard. Rooting rates varied according to mother stocks (92% for 

MS sarlon, 84% for MS, 80% for SA and 36% for HO, respectively). On the other hand, the average 

number of roots was about 2.5 for all stocks. The rooting rate of mother stocks seemed to be related to 

N, Mg and Ca concentrations in the stocks. The lowest rooting rate of HO cuttings (out door hedge 

orchard) showed relatively a low Mg and Ca content and a high N content. The results showed that 

maintaining the juvenility of mother stocks and proper management by fertilization were very important 

factors for the rooting of E. pellita. 
 

Keywords: cutting propagation, mother stocks, rooting, nutrient analysis 

 

Introduction  

 

Eucalyptus pellita is a native of Iriyan Jaya, Indonesia, and are now commercially planted in Kalimantan 

and Sumatra, Indonesia. Wood of the tree is known as red mahogany and is used as building, pulp and 

pellet materials, for charcoal, and others (http://tropical.theferns.info/viewtropical.php?id= 

Eucalyptus+pellita). Increasing wood productivity through commercial planting, requires the 

development of good clones as well as efficient propagation techniques. Traditionally, E. pellita have 

been mostly propagated through seed. However, in commercial plantations, the use of cuttings of 

selected clones is preferred to increase productivity. Moreover, vegetative propagation by means of 

cuttings or tissue culture is dependent on the clone and the rooting capability. Thus, proper cutting 

technology should be developed according to the target clone for large-scale application. 

 

KTH (PT. Korintiga Hutani) has been developing clones of E. pellita for the last 20 years and has been 

planting different clones on a large scale since 2003. Clonal productivity at the rotation stage is closely 

related to the survival rate and individual tree growth. In particular, cutting's propagules, which have 

poor root development, usually suffer from wind damage in the course of their subsequent growth. Thus, 

production of good quality cutting propagules with a good root system has become an important task. 

In general, various factors such as mother plant aging (juvenility), mother plant nutrient condition, 

cutting's environmental (temperature, humidity, lighting etc.) conditions, rooting media (soil), rooting 

hormone as well as genetic factors are affecting rooting capacity (Fett-Neto et al. 2001; Nakhooda et al. 

2012; Venkataramanan et al. 2015). The clone that is planted intensively here is E. pellita clone ID30.  

mailto:hkmoon@korindo.co.id
mailto:nsaggangan@up.edu.ph
http://tropical.theferns.info/viewtropical.php?id


The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                            | 124 

September 10-15, 2018. Coimbra, Portugal 

 

Moon & Aggangan                     

 

This study is to compare the rooting rate of the same ID30 clone taken from different mother stocks 

(hedge orchards). 

 

Material and methods 

Cuttings (5-7.5 cm long from the shoot tips) were collected from mother stocks of E. pellita ID30 clones 

growing in different conditions. The cuttings (stecks) were collected from four mother stocks coded as 

MS, MS (sarlon), HO and SA. Table 1 summarizes growing conditions of the the mother stock where 

cuttings were collected. 
 

 

Table 1. Mother stocks’ growing conditions as source of E. pellita ID30 clone cuttings.   

Mother stocks Remarks 

MS Mother stocks hedge orchard made of brick in outdoor (1~1.5 year old) 

MS (sarlon) MS with shading net (1~1.5 year old)  

HO Outdoor hedge orchard (1.5~3.5 years old)  

SA Indoor hedge orchard with shading net (0.8~1 year old) 

 

The oasis (floral form) cell was used for the cuttings, and the rooting hormone was IBA at 1,000 ppm 

concentration (Fig. 2). One hundred cuttings per treatment and 2 repetitions were made. After treatment 

of the cuttings, these were incubated in a propagation house with periodic misting and irrigation. The 

rooting rate of the cuttings was examined after 2 weeks. In addition, leaves of the mother stocks were 

sampled and analyzed for nutrients.  

 

Results 

 
The rooting rate of cuttings obtained from the outdoor hedge orchard (HO) gave the lowest (36%) (Fig. 

1) rooting rate.  The rooting rates of cuttings from the other mother stocks were: MS (sarlon) gave the 

highest rooting rate followed by MS, and then SA. The MS (sarlon) rooting rate is 2.9 on average, but 

comparable with the other mother stocks due too high standard deviation value.  

 

 
 

Figure 1. Rooting rate and root number in cuttings collected from different mother stocks growing in 

different conditions. 
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Figure 2. Oasis cell cutting and rooted plantlets. (1,2- cell preparation; 3,4- IBA application and 

insertion; 5,6 – rooted plantlets)   

 

 

Leaves of mother stocks were also collected for nutrient analysis. Results showed that the leaf Ca and 

Mg contents of HO, were lower than those of the other mother stocks but the nitrogen content was the 

highest in the HO (Table 2, Fig. 3) It should be noted that cuttings from HO mother stock had the lowest 

rooting rate. Thus, we assumed that the low rooting rate of HO is caused by the excessive nitrogen 

fertilization and the relative lack of Ca and Mg along with the increase of mother tree’s age. In 

conclusion, the data showed that proper fertilization and juvenility maintenance of the mother stocks are 

important to efficient cutting propagation of the clone. In the near future, we will make a sand bed in 

the greenhouse and intensively manage the mother stocks. Using the mother stocks, we can expect high 

rooting rate and good root development of the clone.  

 

Table 2. Comparison of leaf nutrient contents of the mother stocks growing in different conditions.  

 

 

 

Location N P K M g C a B C u Zn Fe M n

M S 2.12 0.22 1.15 0.18 0.88 17.9 9.6 45.8 513.4 83.4

M S (sarlon) 2.08 0.20 1.30 0.19 0.89 20.2 8.6 41.3 501.8 98.0

H O 2.37 0.22 1.45 0.11 0.53 20.3 7.4 30.8 321.0 90.4

S A 2.04 0.23 1.79 0.29 0.81 23.3 8.2 42.7 382.1 86.5

%  on dry m atter ppm  on dry m atter
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Figure 3. Nutrient contents in the leaves of mother trees growing in different conditions. 
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Abstract 

This study determined the response of Eucalyptus pellita cuttings to different mycorrhizal inoculants 

from the Philippines as compared with ectomycorrhizal fungi collected under E. pellita plantations in 

Kalimantan, Indonesia.  Shoot tips (5-7.5 cm) of eucalypts were collected from the seedlings orchard, 

dipped in rooting hormone, inserted in rooting materials and incubated under a mist system.  After two 

weeks, the rooted cuttings were transferred into containers filled with soil.  During seedling transfer to 

individual containers, they were inoculated with mycorrhizal inoculants: KTH (contains spores of 

Scleroderma and Pisolithus sp. native in Kalimantan, Indonesia), MYKOVAM®, MYKORICH®, 

MYKOCAP®, Mycogroe, Mycogroe+MYKORICH® and MYKORICH®+MYKOCAP® from the 

Philippines, following the recommended dosages as stated on the label.  Mycogroe contains spores of 

Scleroderma and Pisolithus while the others contain spores, mycorrhiza, colonized chopped roots and 

other infective propagules of arbuscular mycorrhizal fungi. MYKOCAP® and 

Mycogroe+MYKORICH® inoculated plants were 51% and 49%, respectively, taller than the control 

(8.86 cm). In terms of mineral components, highest total plant N, K, Mg, Fe, and Mn uptakes were 

observed in plants inoculated with Mycogroe+MYKORICH®. MYKORICH® alone gave the highest 

percent increase in total plant uptakes of B (86%), Cu (76%) and Zn (104%). The results clearly showed 

that growth and mineral composition of E. pellita were greatly improved by inoculation with 

mycorrhizal fungi particularly Mycogroe+MYKORICH®.   

 

Keywords:  arbuscular mycorrhizal fungi, ectomycorrhizal fungi, mineral elements, nitrogen, 

phosphorus 

 

Introduction  

 

Eucalyptus is a genus under the large family of Myrtaceae.  This genus presents many desirable 

characteristics that include rapid growth, high cellulose production and resistance to disease and adverse 

environmental conditions (Santos et al. 2001). It can also produce oil for cleaning, functions as a natural 

insecticide, or have an ability to drain swamps (Hiwale, 2015). Eucalyptus species have an important 

role for wood production in plantations in Asia (Midgley & Pinyopusarerk, 1996). The Food and 

Agriculture Organization of the United Nations (1996) stated that some species of eucalyptus are planted 

for developing the timber estate in Indonesia. It includes E. deglupta, E. alba, E. urophylla, E. pellita, 

E. saligna, and E. grandis. Eucalyptus pellita, specifically, is a native of Iriyan Jaya, Indonesia, and is 

now commercially planted in Kalimantan and Sumatra, Indonesia. The wood of the tree is known as red 

mahogany and is used to construct buildings, making pulp and pellets for charcoal, and others. 

Nowadays, regular plantation of Eucalyptus are very common due to its demands mainly in construction 

work and also in the paper industry” (Hiwale, 2015). In this case, due to the high volume requirement  

mailto:hkmoon@korindo.co.id
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of raw materials by KTH, Indonesia, the company continually establishes commercial plantations to 

keep the company profitable and to maintain sustained operations. Commercial plantation 

establishments have used cuttings of selected clones to increase productivity. However, selected clones 

produced from cuttings do not have a tap root, and thus, can be toppled easily by wind. 

 

Mycorrhizal technology is well known due to its application in forest plantations and land restoration; 

it can also be applied in agricultural and horticultural crops for better nutrient utilization and more 

effective land use (Chen et al. 2014). Moreover, it can also play an important role in succession and 

maintenance of plant community diversity (Brundrett, 1991). According to van der Heijden et al. (2015), 

estimates suggest that approximately 50,000 species of fungi form mycorrhizal associations with about 

250,000 species of plants. Since mycorrhizae consist of partnerships between fungi and the roots of 

plants and their main role is to enhance plant nutrient uptake, it can promote root development, can 

facilitate faster growth, high seedlings survival and greater wood yield, but more importantly, can help 

minimize the toppling down of field plants. 

 

Eucalyptus can form both ectomycorrhiza and vesicular-arbuscular mycorrhiza in the same root systems 

both in plantation soils and under controlled conditions (Lapeyrie & Chilvers 1985; Vozzo & Hacskaylo 

1974;  Brundrett et al., 1996; Oliveira et al., 1997; Chen et al. 1998, 2000; Lodge 2000). Thus, the 

purpose of this study is to present information on the effect of inoculation of different arbuscular 

mycorrhizal fungi on eucalypt growth; the response of Eucalyptus pellita cuttings to different 

mycorrhizal inoculants from the Philippines as compared with ectomycorrhizal fungi collected under E. 

pellita plantations in Kalimantan, Indonesia. 

 

 

Methodology 

 

Experimental design 

A nursery experiment was conducted following a Randomized Complete Block Design with five blocks 

(20 seedlings per treatment per block). There were 8 treatments including the control. Destructive 

sampling was done for ten seedlings from each treatment.  

 

Production of planting materials 

Shoot tips (5-7.5 cm) of E. pellita were collected from the hedge orchard (Fig. 1), dipped in rooting 

hormone, inserted in rooting materials and incubated under a mist system.  After two weeks, the rooted 

cuttings were transferred into containers filled with cooked potting soil (Fig. 2).  

 

 
 

Figure 1. Eucalypt seedlings orchard for shoot tip production. 
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Figure 2. Production of rooted cuttings and transfer (inset) into individual containers filled with  

sterilized (cooked) potting soil. 

 

Mycorrhizal inoculation 

Rooted cuttings were transferred into root trainers (Fig. 2). Mycorrhizal inoculants MYKOVAM®, 

MYKORICH®, MYKOCAP® and MycogroeTM from the Philippines and KTH containing 

ectomycorrhizal fungi (Fig. 3a) were placed beneath the roots during this stage. The first three inoculants 

contain spores of twelve species of AMF (Fig. 3b) while the last two contains spores of ectomycorrhizal 

fungi. Mycorrhizae were inoculated with one capsule per pot consisting of 1 g of powder per capsule. 

 

 
 

 

Figure 3a. Mycorrhizal inoculants from the Philippines:  MYKOVAM, MYKOCAP, MYKORICH, 

MYCOGROE and KTH from E. pellita in Kalimantan, Indonesia used in this study. 
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Figure 3b. Example of spores of arbuscular mycorrhizal fungi in the mycorrhizal inoculants produced 

by the National Institute of Molecular Biology and Biotechnology, University of the Philippines Los 

Banos 

 

Parameters gathered 

Height, survival rate and dry weight were measured. Seedling height was regularly measured 3 weeks 

after the treatment. One month later, liquid fertilizer (NPK 4g + urea 2g/L) was applied. Mineral contents 

of treated plants were analyzed at the Analytical Service Laboratory, Kalimantan, Indonesia.  

 

Statistical analyses 

All data gathered were analyzed using ANOVA in RCBD and treatment means were compared using 

Tukey’s test at p<0.05.  Analyses were done using the MSTAC computer program and treatment means 

were compared using Tukeys test if p<0.05 (MSU 1999).  

 

 

RESULTS 

 

Plant growth 

The general appearance of uninoculated and mycorrhiza inoculated (KTH and Mykorich+Mycogroe) E. 

pellita is shown in Fig. 4. Eucalypts inoculated with Mykorich+Mycogroe grew healthy with broader 

leaves than those inoculated with other mycorrhizal inoculants (Fig. 4).  On the other hand, growth of 

the control counterpart was stunted with prominent yellowing of leaves and small and narrow leaves.  

 

 
 

Figure. 4. General appearance of un-inoculated (A), inoculated with KTH mycorrhiza (B) and 

Mykorich+Mycogroe (C) of one month old E. pellita in response to different mycorrhizal inoculation 

treatments 
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Height of the control plants consistently was the shortest throughout the two months (data not shown) 

growth in the nursery (prior to field planting).  Seedlings inoculated with Mykorich or 

Mycogroe+Mykorich outgrew the plants with other mycorrhizae (Fig. 5a). Mykogroe+Mykorich 

consistently promoted (p<0.001) the highest height increment after five weeks (data not shown). After 

five weeks, the Mykocap and Mycogroe+Mykorich inoculated plants were 51% and 49%, respectively, 

taller than the control which is 8.86 cm (Fig. 5b). 

 

 
 

Figure 5. Periodic height (A) and height after five weeks (B) of E. pellita in response to different 

mycorrhizal inoculation treatments.  Bars with the same letters are not significantly different using 

Tukey’s test.  Values inside the bars are percentage increase relative to the control. N=10 
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Figure 6. Root (A) and total plant dry weight of five weeks (B) old E. pellita in response to different 

mycorrhizal inoculation treatments. Values inside the bars are percentage increase relative to the 

control. N=10 

 

Plant dry weight 

Mykovam promoted the highest (100%) increase in root dry weight (Fig. 6A) while 

Mycogroe+Mykorich gave the highest (111%) increase in plant dry weight (Fig. 6B). The control plants 

had the lowest root (0.13 g plant-1) followed by those  inoculated with KTH (0.18 g plant-1).  Control 

plants also had the lowest total dry (0.87 g plant-1) weight.  Among the mycorrhiza inoculated plants, 

those inoculated with Mykovam had the lowest total dry weight (0.94 g plant-1). Mykorich increased 

root dry weight by 100% while Mycogroe and Mycogroe+Mykorich increased root dry weight by 85%. 

 

Nutrient uptake 

In terms of mineral components, the highest increases in total plant uptake, N (131%), K (111%), Mg 

(106%), Fe (92%), and Mn (86%), were observed in plants inoculated with Mycogroe+Mykorich 

(Tables 1 and 3). Mykorich alone gave the highest percent increase in total plant uptake of Ca (102%), 

B (86%), Cu (76%) and Zn (104%). Root P uptake was highest (75%) in plants inoculated with  
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Mykorich (Table 2) but similar to those inoculated with Mycogroe+Mykorich (72%) relative to the 

control (0.035 mg g-1). Increase in micronutrients B, Cu and Zn was highest in plants inoculated with 

Mykorich (Table 4).  Mykorich increased root uptake of B by 84%, Cu by 64%, and Zn  by 106% 

relative to the control.Except for Fe and Mn, the lowest root uptake of the other micronutrients was 

observed in the control plants (Table 4). 

 

Table 1. Total plant macronutrient uptake (mg plant-1) and percent increase relative to the control in   

E. pellita in response to different mycorrhizal inoculation treatments. 

 
 

Table 2. Root macronutrient uptake (mg plant-1) and percent increase relative to the control in E. pellita 

in response to different mycorrhizal inoculation treatments. 

 
 

Table 3. Total plant micronutrient uptake (µg plant-1) and percent increase relative to the control in     

E. pellita in response to different mycorrhizal inoculation treatments.  
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Table 4. Root micronutrient uptake (µg plant-1) and percent increase relative to the control in E. pellita 

in response to different mycorrhizal inoculation treatments 

 

 
 

Discussion 

 

The presence of mycorrhiza in eucalypts was suspected early in 1910s (van der Bijl, 1917 in Keane et 

al. 2000); the first synthesis in controlled conditions happened in the 1980’s (Malajczuk et al. 1981 in 

Carrenho et al. 2008). Different species of Eucalyptus demonstrate distinct nutrient requirements and 

growth rhythm that have a different level of dependence on this association. There is evidence that this 

association can improve plant growth in some countries (Bowen 1980; Janos 1983; Marx 1991). The 

results from the experiment revealed that E. pellita was greatly improved in terms of its growth and 

mineral composition. The mycorrhizal inoculants contained AMF and ECM fungi. The occurrence of 

both fungi in the root system was verified in the root system of inoculated E. pellita. This supports 

earlier observations on Eucalyptus by Boudarga et al., 1990; Chilvers et al., 1987; and Lapeyrie & 

Chilvers, 1985. 

 

The dominance of mycorrhizas under the conditions of the E. pellita experiment shows that the mixture 

of AMF and ECM (Mycogroe+Mykorich) has initiated more primary infections, and consequently 

healthier growth and taller height, than when inoculated singly with either ECM, AMF, and the control 

alone (Figure 7). According to Chen et al. (2000), when both types of fungi were present in the same 

pot, ECM replaced VAM as the dominant mycorrhiza type in Eucalyptus roots after several months of 

plant growth. However, in the study of Chilvers et al. (1987), it has been described that early vesicular-

arbuscular mycorrhizas dominate ectomycorrhizas. Chilvers et al. (1987) also mentioned that ECM 

fungi colonize roots more slowly than AMF unless there are nearby trees supplying carbon to the 

ectomycorrhizal fungi (Fleming 1983). This order of succession is believed to be a consequence of 

differing abilities of the two types of fungi. These abilities could fit well with their distribution among 

host species. Several studies have been made on stimulation of growth and nutrient uptake of Eucalyptus 

spp. by both ECM (Aggangan et al., 2013, Malajczuk et al. 1975, Heinrich & Patrick 1986) and AMF 

associations (Lapeyrie & Chilvers 1985, Adjoud et al. 1996). 

 

Marschner & Dell (1994) stated that mycorrhizal fungi can improve plant growth by promoting nutrient 

uptake. Research has also been carried out to determine whether fungi promote better plant growth 

(Aggangan et al. 2011, Wang et al. 2018, Zhao et al. 2015). In this study, Mycogroe+Mykorich and 

Mykocap were better plant growth promoters than all other treatments. According to Lapeyrie and 

Chilvers (1985) as cited by Egerton-Warburton & Allen (2001), the presence of two mycorrhizal types 

may increase the uptake of nutrients because both fungi affect the soil resources differentially. Also, the 

typical lifespan of arbuscules is 8.5 days and has been shown to depend on their ability to deliver 

nutrients to the host and is regulated by the host plant demand (Bücking et al. 2012).  

 

Eucalyptus, being classified as a broad leafed species, ECM may cover 40-50 percent of the root apical 

zones by enclosure with a fungal sheath. In contrast, VAM infected apical root zones are free of fungal  



The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                            | 135 

September 10-15, 2018. Coimbra, Portugal 

Moon & Aggangan           

 

structures. Since vesicular-arbuscular mycorrhiza do not form a fungal sheath, it can use both pathways 

for nutrient uptake (Bücking et al. 2012). Vesicular arbuscular mycorrhizal (VAM) hyphae also manifest 

larger absorbing areas because they are thinner and have a relative larger fungal network compared to 

ECM fungi (Viertelhauzen 2013). Therefore, the root P uptake was highest (75%) in plants inoculated 

with Mykorich (AMF) alone and the highest increases in total plant N, K, Mg, Fe, Mn uptake were 

observed in Mycogroe+Mykorich (mixture of ECM and AMF, respectively) inoculated plants. This 

validates the statement of Smith and Read (2008) that different plant–fungus combinations would show 

different symbiotic compatibility as reflected by the plant growth responsiveness. 

 

Conclusion and recommendation 

 

the results clearly showed that growth and mineral composition of E. pellita were greatly improved by 

inoculation with mycorrhizal fungi particularly mycogroe+mykorich from the philippines, a 

combination of ecto and vesicular arbuscular mycorrhizal fungi. the species e. pellita when inoculated 

can be valuable for reforestation in degraded lands. also, it can be of importance for afforestation of 

other natural habitats such as coastal lands. it is highly recommended that survival and persistence of 

these fungi should be determined under field trials to validate these results under controlled conditions.  
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Abstract  

In Ecuador, banana production is being threatened by the age of plantations and diseases like 

Mycosphaerella fijiensis Morelet. Although bananas are traditionally propagated by suckers, by using 

tissue-cultured plants it is possible to produce larger quantities of healthy plantlets for both small- and 

large-scale farmers. The aim of this study was to develop alternative methods for the micropropagation 

of banana cv. Williams, as well as for the acclimation of the obtained plantlets. We present three sets of 

experiments i) in vitro establishment of genotypes of banana growing at “El Oro” (Ecuador), ii) 

micropropagation of banana in liquid medium by temporary immersion, and iii) use of extracts of 

Moringa oleifera Lam as a biofortificant during the acclimation of banana vitroplants. The obtained 

results indicate: i) the need to follow extremely careful sterilization protocols for establishing banana 

cultures, in order to counteract the presence of fungal and bacterial contaminants due to the climate 

conditions of “El Oro” (Ecuador), ii) the potential of temporary immersion systems for propagation of 

banana, and iii) the beneficial effects of extracts of Moringa leaves on vitroplants of banana during the 

acclimation step. 

 

Keywords: banana, bioreactors, Moringa oleifera, sterilization 

 

Introduction 
 

Banana tree crops play a determining role in the local economy of South American countries. This is 

especially true about coastal districts of Ecuador, such as El Oro, where banana tree plantations are 

currently the main source of sustenance for the population. Conventional systems of production can be 

found within the available growing systems. In these, monoculture persists for over fifty years, plans for 

plantation renewal are lacking and chemical fertilizers and pesticides are used on the crops. This model 

of production increases risks of plant damage regarding biotic and abiotic factors, which abound in the 

production regions. 

 

Particularly, in the El Oro region, banana production is being threatened by the age of plantations and 

diseases like Mycosphaerella fijiensis Morelet. Although bananas are traditionally propagated by 

suckers, by using tissue-cultured plants it is possible to produce larger quantities of healthy plantlets for 

both small- and large-scale farmers. In micropropagation systems, the use of liquid medium presents 

some advantages over the use of gelled medium, as it causes a reduction in costs due to agar consumption 

and the possibility of automation (Etienne and Berthouly, 2002). Moreover, the atmosphere in temporary 

immersion systems (TIS) can be renewed, thus preventing disorders such as asphyxia and hyperhydricity 

(Etienne and Berthouly, 2002). The use of TIS to improve plant propagation has been reported for some 

species of economic relevance such as eucalyptus, apple, teak, pistachio, chestnut, yerba mate and  
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willow (McAlister et al. 2005, Chakrabarty et al. 2003, Zhu et al. 2005, Quiala et al. 2012, Akdemir et 

al. 2014, Vidal et al. 2015, Luna et al. 2017, Regueira et al. 2018). In banana (Musa AAA) and plantain 

(Musa AAB), some attempts of using bioreactors have been reported (Alvard et al. 1993, Roels et al. 

2005, Aragon et al. 2014), with promising results.  

 

One of the objectives of this study was to apply the TIS technology to the banana genotypes growing in 

the El Oro region, comparing the efficiency of commercial and in-house bioreactors. The other main 

objective was to improve the acclimation and transfer to field conditions of plantlets obtained by 

micropropagation, using extracts of Moringa oleifera Lam as biofortificant. Moringa oleifera is a tree 

with high biotechnology potential as growth enhancer and plant defense promoter. This plant, originally 

from Asia, shows excellent adaptation to a great variety of climates, having a very effective growth rate 

and an elevated nutritional potential in its leaves. Its use as a biostimulating plant has improved the 

efficiency of wheat (Yasmeen et al., 2012) and corn (Basra et al., 2011) crops. 

 

The use of natural fortificants such as Moringa extract could offer an alternative to the use of chemical 

fertilizers and pesticides in order to boost banana production systems, with the goal of achieving a 

sustainable and eco-friendly production. In this work, we aim to determine for the first time the possible 

beneficial effects of watery extracts from Moringa leaves on the growth and development of banana 

vitroplants. Two variables have been studied as a first approach to the use of the said extracts: i) starting 

material, comparing Moringa plant leaves in different states of development (young plants and adult 

trees), ii) concentration of pulverized leaves in each extract. 

 

Materials and Methods 
 

In vitro establishment of genotypes of banana growing at El Oro.   

Banana trees were selected in commercial plantations of “El Oro” (Ecuador) by its yield and other 

productive parameters (Fig. 1A). Sword suckers of eight genotypes of Musa AAA cv. Williams were  

 

 
Figure 1. In vitro establishment of banana genotypes growing at El Oro. A) Mother plants growing at 

commercial plantations. B) Selected genotypes established in UTMACH experimental fields.  

C) Bananas growing in pots in the greenhouse. D) Explants for in vitro establishment. E) Pre-

sterilization step in a commercial shaker. F-G) Explant two weeks after inoculation, cross-sectioned to 

detect latent contaminants. H) Healthy explant used for initiating an aseptic culture line. 
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removed from vigorous growing plants and used for conventional propagation in the experimental field 

at the UTMACH (Universidad Técnica de Machala, Ecuador). Before planting, these materials were 

peeled and disinfected by 20 min immersion in 1 ml/L DISS SEKTOR and 1 ml/L DISS 4X4 

(UNGUERER S.A., Ecuador), with insecticidal and fungicidal activities. Suckers obtained from these 

plants growing in the field (Fig. 1B) were planted in pots in the greenhouse (Fig. 1C), in order to provide 

the explants for in vitro establishment (Fig. 1D).  

 

In the first experiments, the prevalence of fungal and bacterial contaminants hampered the establishment 

of aseptic cultures. In subsequent experiments, the following protocol was applied: 1) The shoots were 

peeled and washed thoroughly with water and industrial detergents; 2) the pseudostems were peeled 

again to a size of 4 cm diameter and 10 cm height, introduced in a plastic container with sodium 

hypoclorite (3%) and vigorously shaken using a commercial device for 20 min (Fig. 1E); 3) the explants 

were introduced in the laminar flow cabinet and peeled to reach 1.5-2 cm diameter x 1.5-2 cm height, 

and disinfected again with sodium hypoclorite for 20 min (manual shaking); 4) the explants were washed 

3 times with sterile water before being treated with cystein (100 mg L-1) for elimination of phenolics; 5) 

the explants were peeled again to a size of 8 mm diameter and 10 mm height and were inoculated on 

paper bridges over liquid medium MS (Murashige and Skoog 1962) with 2 mg L-1 N6-benziladenine 

(BA), 0.023 mg L-1 indole-3-butyric-acid (IBA), and sucrose (3%); 6) two weeks after planting, the 

explants were cross sectioned for detecting endogenous contaminants (Fig 1F-G), and 7) surviving 

explants with healthy appearance were used to initiate aseptic cultures (Fig 1H).  

 
Micropropagation of banana in liquid medium by temporary immersion 

For the micropropagation of banana in liquid medium we used plant material of cv. Williams previously 

established in vitro by CULTESA in Spain as well as genotypes established in vitro in Ecuador. Explants 

were propagated in liquid MS with 2 mg L-1 BA, 0.65 mg L-1 indole-3-acetic-acid (IAA), and sucrose 

(3%), whereas control explants were cultured in jars with the same medium supplemented with 1.9 g L-

1 of Gellam gum. Containers used for temporary immersion systems (TIS) were commercial bioreactors 

RITA® and plantform™, as well as bioreactors of the two-flask system adapted from glass bottles (in-

house TIS). RITA® and plantform™ were used as previously described for willow (Regueira et al. 2018). 

Bioreactors were programmed for 8 immersions per day (4 min each). The volume of medium and 

number of explants per container is detailed in Table 1. 

 

Table 1. Volume of medium and number of explants per container in the experiments of temporary 

immersion 
 

 Container 

 Jar RITA®  plantform™ In-house TIS 

Volume (ml) 200 200 500 1000 

Nº of explants 4 4 10 20 

      
Use of extracts of Moringa oleifera during the acclimation of banana vitroplants 

For acclimation experiments, we used banana vitroplants produced by Orangelab (Quito, Ecuador), and 

acclimated for 3 weeks in a greenhouse. These plantlets were removed from the substrate, carefully 

cleaned and planted in pots with fiberglass soaked in nutritive medium (Fig 2A). After 7 days, the leaves 

of banana plantlets were sprayed with extracts obtained from juvenile and mature leaves of a Moringa 

tree (Fig 2B-C). Moringa leaves were dried (70ºC, 24 h), ground, dissolved in water and filtered to 

obtain extracts ranging from 0.06 to 0.2 mg L-1 on a dry weight basis (Fig 2D). Ten plantlets were used 

for each treatment. After 3 weeks growing in the greenhouse (Fig 2E), banana plantlets were 

characterized. 
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For the morphological characterization of the plantlets the following parameters were recorded: number 

of leaves, length and width of the third leaf, and height and diameter of the pseudostem. For mass 

determination whole plantlets were cleaned with plenty of water and dried with filter paper. Then, fresh 

and dry weight, as well as ash free dry weight were recorded. Dry weight was obtained after 72 h in an 

oven at 100 ºC, and ass free dry weight after 24 h in a muffle furnace at 600 ºC. Electrolytic leakage 

was determined in leaf discs (9 mm diameter) by electrical conductivity (Lafuente et al. 1991). Briefly, 

10 discs per treatment were washed thrice with deionized water and maintained in water for 20 h at room 

temperature. The conductivity was recorded (C1) and then discs were heated to 50 ºC for 15 min to 

record the new conductivity value (C2). Electrolytic leakage was calculated as 100*C1/C2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Acclimation of banana vitroplants with extracts of Moringa oleifera Lam. A) Banana 

vitroplant planted in a pot with fiberglass as sustrate. B) Juvenile Moringa plants. C) Mature Moringa 

trees. D) Water extracts of Moringa. E) Banana plantlets treated with Moringa extracts during 

acclimation in the greenhouse.  

 

Results and discussion  
 

The prevalence of fungal and bacterial contamination represented the main limitation for the successful 

establishment of aseptic cultures of banana growing at El Oro (Ecuador). The high contamination levels 

can be related to the climate conditions, with high humidity and temperatures, as well as to the deficient 

sanitary state and susceptibility of the plantations of the region (Cedeño García et al. 2017). In this study, 

we developed a protocol to counteract these difficulties. In first place, banana plants previously 

disinfected were cultured in a controlled area in the University facilities, and then in the greenhouse, as 

a way of obtaining healthy plant material for in vitro establishment. Besides, two modifications were 

incorporated to the conventional sterilization method, in order to decrease exogenous and endogenous 

contaminants: 1) mechanical shaking of the explants using a commercial device during the first 

sterilization step outside the laminar flow cabinet, and 2) wounding of the explants that had survived the 

sterilization process, in order to detect latent contamination. In this way, only healthy explants were 

selected for initiation of cultures.  

 

The results of culturing banana in semisolid and liquid medium in TIS are shown in Fig 3-4. Banana 

explants could be cultured in semisolid medium (Fig 3A), but better results were observed in liquid 

medium in the three bioreactors tested (Fig 3B-F). Similarly, more growth of Musa vitroplants cultured 

by temporary immersion were reported by Alvard et al. (1993) with the banana cultivar ‘Grande Naine’, 

as well as by Roels et al. (2005) and Aragon et al. (2014) with plantain. 

 

 

 

 

A B D C 
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Figure 3. Shoots of banana growing in different containers. (A) Control explants cultured in jars. (B) 

Explants cultured by TIS in bioreactors RITA®. (C, D) Explants cultured in plantform™ . (E, F) Explants 

growing in the in-house TIS. (G) Rooted plantlets obtained in TIS during the acclimation process.  

 
The highest proliferation and the most robust pseudostems were obtained in RITA® containers (Fig 4). 

Besides, RITA® and Plantform™ produced spontaneously rooted explants in proliferation medium, and 

these rooted plants were successfully acclimated (Fig 3G).  

 

 
 

Figure 4. Effect of the culture system on the proliferation of banana shoots. MC: Multiplication 

Coefficient. For each variable, different letters indicate significant differences (P < 0.05).  

 

Similar results were obtained by using Plantform™ and in-house TIS, except for the number of roots. 

Although proliferation in in-house TIS did not reach the values obtained in RITA®, these bioreactors  
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made in the laboratory were not as expensive as commercial bioreactors, and its components were easier 

to acquire in non-specialized stores. These advantages could justify its use and improvement.  

 

The results of applying water extracts made from Moringa leaves to banana plantlets during acclimation 

are shown in Fig 5. Although a single treatment, affecting positively all the parameters tested, was not 

identified in these experiments, the extracts with 0.06 mg L-1 of leaves from juvenile plants and 0.18 mg 

L-1 of leaves from mature plants improved the acclimation of banana vitroplants based on the number 

and quality of leaves obtained and on the size of the pseudostem. Similar results were reported by Basra 

et al. (2011) applying 0.06 mg L-1 of Moringa to hybrid corn. The use of 0.18 mg L-1 of leaves from 

mature plants increased the dry weight and the ass-free dry weight of the banana plantlets. 

 

 
 

Figure 5. Effect of the concentration of extracts obtained from juvenile and mature Moringa plants on 

acclimation of banana vitroplants. Data were recorded 21 days after treatment. For each parameter 

and origin of extract (juvenile or mature plants) different letters indicate significant differences (P < 

0.05). 
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The electrolytic leakage of leaf disks indicates the behavior of plant cells exposed to stress conditions 

(Shanahan et al. 1990). The application of Moringa extracts (0.06 mg L-1) decreased the electrolytic 

leakage (expressed here as the change of conductivity after a thermal shock), indicating a proper 

functioning of the cellular membranes and a good capacity of water and solute retention. Taken all these 

results together, Moringa extracts had a beneficial effect on the growth and development of banana 

vitroplants. In these preliminary experiments we detected that juvenile and mature Moringa plants 

caused improvements in the growth of banana vitroplants. However, in order to recommend the best 

concentration of each type of extract, two approaches should be taken: i) to carry out more experiments 

with homogeneous material and   ii) to select the most relevant parameters affecting acclimation of 

banana, taking into account not only the plant performance during the first days in the greenhouse but 

also the global acclimation process (greenhouse and field conditions). 

 

In conclusion, several genotypes of banana growing at “El Oro” (Ecuador) were established in vitro, 

propagated and acclimated. The use of careful sterilization protocols was essential for establishing 

banana cultures, due to the climate conditions in the region. Once established, the use of different 

bioreactors improved the micropropagation rate of banana cultures, and Moringa extracts were tested as 

biofortificant during the acclimation step with promising results.  
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Abstract 

In this study we present the micropropagation of an ancient almond tree, probably 300- years-old, 

together with juvenile material proceeding from its seeds. Three types of material were used: 1) shoots 

flushed on the tree at the beginning of spring, 2) shoots forced to flush in a phytotron from branch 

segments collected in late winter, and 3) seeds collected in autumn and stored at a cool place for six 

months before being germinated in vitro. Murashige and Skoog medium supplemented with 0.5 mg L-1 

N6-benzyladenine and 0.05 mg L-1 indole-3-butyric acid was used for culture establishment and 

stabilization. Different combinations of plant growth regulators were evaluated for shoot proliferation 

and elongation. Roots formed spontaneously in the multiplication medium. Rooted shoots from cultures 

obtained from the mother tree and from lines that had been obtained from small seedlings were 

successfully acclimatized in the phytotron and the greenhouse.  

 

Keywords: almond, biodiversity, education, divulgation, mature tree 

 

 

Introduction 
 

The need to conserve biodiversity has been granted increasing political and social attention in the last 

years (FAO 2011). Monumental or emblematic trees, both "wild" trees living in forests and century-old, 

"domesticated" agricultural trees, should be preserved in situ for their intrinsic value, their cultural 

legacy, the rich diversity of microhabitats they generate, and the quantity of organisms that depend on 

them for life (Moya and Moya 2013). Also, they should be preserved ex situ for the study and the 

conservation of their genetic resources, for educational issues and for reintroducing plant material of 

high quality in their natural areas, most of them currently degraded or threatened (Dulloo et al. 2010). 

Within ex situ conservation methods, in vitro culture presents special advantages in the case of 

emblematic trees, such as the small quantity of plant material needed to begin the micropropagation 

procedure and the possibility of implementing such long-term conservation techniques as 

cryopreservation (Postman et al. 2006, Pence 2013). 

 

The aim of this study was to micropropagate mature material from an ancient almond tree, named 

“Gladiador” (Fig. 1A), located in Membrilla (Central Spain), together with juvenile material proceeding 

from its seeds. This monumental tree, probably 300-years-old, dominates a landscape formed by 

hundreds of olive trees, and has a special emblematic meaning for the population of the area, as has been 

recognized by the International Foundation for Ecosystem Restoration (FIRE). 
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Materials and Methods   

 
For establishment of axillary shoot cultures, plant material was provided by the FIRE foundation. Three 

types of material were used: 1) shoots flushed on the tree at the beginning of spring (Fig. 1B), 2) shoots 

forced to flush in a phytotron from branch segments collected in late winter (Fig. 1C,D), and 3) seeds 

collected in autumn and stored at a cool place for six months before being germinated in vitro (Fig. 1E).  

 

 
 
Figure 1. Plant material used for in vitro establishment. A) “Gladiador” almond tree. B) Shoots flushed 

on the tree at the beginning of spring. C,D) Shoots forced to flush in a phytotron from branch segments 

collected in late winter. E) Seeds. F) Nodal segments from the mother tree after sterilization. G) Shoots 

of mature origin cultured in jars. H) Cracked seed. I) Seeds before sterilization and embryo isolation. 

J) Embryo inoculated in a test tube. K) Germinating embryo used for the initiation of a juvenile line.  

 
For establishment of mature material originated from branches of the mother tree, the shoots were 

stripped of their leaves and surface sterilized by immersion for 40-50 s in 70% ethanol and for 15 min 

in a 10 g L-1 solution of sodium hypochlorite containing 2-3 drops of Tween 80®. The shoots were then 

rinsed three times in sterile distilled water. Nodal segments (10 mm) were cut from the shoots and 

inoculated in tubes with Murashige and Skoog (MS) medium (Murashige and Skoog, 1962) 

supplemented with 0.5 mg L-1 N6-benzyladenine (BA) and 0.05 mg L-1 indole-3-butyric acid (IBA), 3% 

sucrose and 0.7 % (w/v) Bacto agar (Fig. 1F). The medium was adjusted to pH 5.7 before being 

autoclaved at 121 °C for 20 min. Cultures were incubated under a 16-h photoperiod provided by cool-

white fluorescent lamps (50-60 µmol m-2s-1) at 25 ˚C light/20 ˚C dark. The explants were transferred 

every 2 weeks during the first 6 weeks after establishment and were then maintained in 50 ml of the 

above mentioned medium (multiplication medium; MM) in 300 ml glass jars (Fig. 1G) and were 

subcultured every 4-5 weeks.  

 

For establishment of juvenile material, seeds collected in autumn under the canopy of the tree were 

stored in a cool chamber (8-12 ºC) for six months. Then, the shells were cracked (Fig. 1H) and the seeds 

(Fig. 1I) were washed with tap water before being sterilized following the same protocol as described 

for shoots, but with 60 s of ethanol treatment and 20-40 min in a 10-15 g L-1 solution of sodium 

hypochlorite. Embryos were isolated and inoculated in tubes with MS medium with 0.5 or 1 mg L-1 BA 

for in vitro germination (Fig. 1J). Shoots obtained from germinated embryos (Fig. 1K) were used to 

initiate separate juvenile lines, which were maintained in jars as described for mature material.  

After 7-9 months of culture in MM for culture stabilization, the effect of different combinations of plant 

growth regulators (BA, IBA and Gibberellic acid (GA3)), were evaluated for shoot proliferation, 

elongation and adventitious root formation. These treatments are described in Table 1. The explants (15 

mm) were cultured in the proliferation medium (1 month), and the obtained clusters were transferred to 

elongation medium (1 month). 
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Rooted shoots from cultures obtained from the Gladiador mother tree and from lines originated from 

seeds were planted in pots with a commercial peat:perlite mixture (2:1) and acclimatized in a phytotron 

before being transferred to the greenhouse. For mid-term conservation, shoots from mature and juvenile 

origins were submitted to cold storage (4-6 ºC) under dim light.  

 

Results and discussion 
 

Seventeen lines of almond were successfully established, 12 corresponding to mature material originated 

from different branches of the mother tree (Fig. 2A,B) and 5 obtained from seeds (Fig. 2C).  

 

 
Figure 2. Shoots of almond regenerated from mature material obtained from the mother tree (A, B) 

and from juvenile material obtained from seeds germinated in vitro (C). 

 

As the micropropagation of plant material derived from mature zones of ancient tree frequently presents 

more problems than the culture of juvenile material derived from seeds (Sánchez and Vieitez, 1991; 

Hackett and Murray, 1993), our first efforts were focused on the development of a reliable protocol for 

proliferation and rooting of the mature lines. Four treatments, combining two proliferation media and 

three elongation media, were tested. Briefly, the explants were cultured in MS BA 1 IBA 0.1 GA3 0.1 

(mg L-1) or in MS BA 0.5 AIB 0.05 (mg L-1) for one month, and then transferred to the same medium 

or to a half strength MS with GA3 1 mg L-1 for another month (Table 1).  

 

Table 1. Proliferation and elongation media used for culturing almond shoots. The concentration of 

plant growth regulators is expressed in mg L-1.  

 
 

The explants cultured in MS BA 1 IBA 0.1 GA3 0.1 and transferred to the same medium (T1) produced 

more and longer shoots than the other treatments (Fig. 3A,B). However, T3 was overall more efficient, 

as 50% of the clusters developed spontaneous roots during the elongation step. The transfer of the 

cultures to half strength MS with GA3 1 mg L-1 as the only plant regulator decreased the length of the 

shoots compared to the length of the shoots of cultures  transfered to the original medium. This reduction 

was especially evident between T1 and T2 treatments. A sharp decrease in the number or rooted shoots 

was also observed, and T2 did not produce rooted shoots. The medium with GA3 1 mg L-1 was used for 

elongation of other Prunus (Iacona and Muleo 2010) but it did not improve the propagation of our 

almond material.  
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Figure 3. Effect of the combination of different proliferation and elongation media on the erformance 

of mature almond shoots. T1 to T4 treatments are described in Table 1.  

 
Rooted shoots which were at least 25 mm high were chosen for transfer to pots (Fig. 4A,B). Almost all 

these plantlets were successfully acclimated (Fig. 3B, Fig. 4C). T3 treatment was chosen for subsequent 

experiments, as it provided a good number of relatively long shoots that easily formed adventitious 

shoots spontaneously. The protocol was applied to juvenile material with similar results (Fig. 4D).  

 

 

 

 

 

 

 

 
 

Figure 4. A-C) Rooted shoots of mature origin. (A,B) Rooted plant before (A) and after being transferred 

to a pot (B). C) Acclimated plantlets in the greenhouse. D) Juvenile plant during the acclimation step. 

 

So far, we have obtained 128 acclimated plantlets, 122 corresponding to clonal material from the mother 

tree and 6 corresponding to clonal material from seeds. Experiments are in progress to propagate more 

plants of juvenile origin, and both shoots from mature and juvenile origin were submitted to cold-storage 

at 4-6 ºC for mid-term conservation.   
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Abstract 

Salix viminalis is a species with a high capacity for micropropagation and acclimation, and could 

therefore be used to develop emergent techniques in the field of plant propagation. The aims of this 

study were to propagate willow in liquid medium, both by temporary and continuous systems, to explore 

the application of photoautotrophic conditions and to investigate the acclimation of willow plantlets in 

different types of soils that could be used as alternatives for commercial peat. The results indicate that 

liquid medium under photomixotrophic and under photoautotrophic conditions can be satisfactorily used 

to culture willow axillary shoots. Regarding acclimation, although there were some differences in aerial 

growth, the willow plants were successfully acclimated in all soils.  

 

Keywords: bioreactors, continuous immersion, enzymes, rhizosphere, temporary immersion 

 

Introduction 
 

Salix viminalis L., also known as basket willow, is a promising candidate for bioenergy and 

phytoremediation applications (Mleczek et al. 2010; Touceda-González et al. 2017). Some 

micropropagation protocols in semisolid medium have been developed for Salix species (Bhojwani 1980; 

Bergman et al. 1985; Read et al. 1989; Amo-Marco and Lledo 1996; Park et al. 2008; Mashkina et al. 

2010; Skálová et al. 2012; Palomo-Ríos et al. 2015). Its feasibility for propagation and acclimation make 

it a useful material to develop emergent techniques in the field of plant propagation. Recently, a protocol 

for culture in liquid medium by temporary immersion was reported (Regueira et al. 2018). 

Micropropagation in liquid medium, providing uniform and better controlled environmental conditions, 

may complement or represent an alternative to the hydroponic culture systems frequently used to test 

the ability of willow to absorb and accumulate heavy metals and other contaminants.  

 

The objectives of the present study were: i) to investigate the propagation of willow shoots in liquid 

medium by temporary and continuous immersion systems, ii) to propagate willow under 

photomixotrophic and photoautotrophic conditions, iii) to acclimate willow plantlets in different types 

of soils that could be used as alternatives to commercial peat. 

 

Materials and methods 
 

Willow shoots were previously established in vitro from actively growing branches collected in 

midsummer from a mature tree (Regueira et al. 2018).   
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Propagation of willow was carried out in jars (Fig. 1A) in semisolid medium (SSM) in standard 

conditions and in liquid medium (LM) both in standard and in photoautotrophic conditions (see below). 

The medium consisted of MS (Murashige and Skoog) salt and vitamin mixture (Murashige and Skoog, 

1962) with half strength nitrates (MS½N) and supplemented with 0.22 µM of BA and 3% sucrose. In 

SSM, 0.7 % (w/v) Bacto agar was used. In some experiments with LM, sucrose was not supplemented. 

In standard conditions, cultures were incubated under a 16-h photoperiod provided by cool-white 

fluorescent lamps (photosynthetic photon flux density (PPF) of 50-60 µmol m-2s-1) at 25 ˚C light/20 ˚C 

dark, whereas in photoautotrophic conditions a higher PPF (150 µmol m-2 s-1) was provided by white 

LEDs and CO2-enriched air was supplied. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Vessels used for propagation of willow. A) Glass jars. B-C) Commercial bioreactors RITA® 

(B) and plantform™ (C). D) In-house bioreactors made from food storage containers. 

 

Proliferation by temporary immersion 

Shoots were cultured in liquid medium by temporary immersion (TIS) under standard conditions (low 

PPF and 3% sucrose). Apical and basal segments of willow were cultured in RITA® (www.vitropic.fr) 

and plantform™ (www.plantform.se; Welander et al. 2014) bioreactors (Fig. 1B, C) as described in 

Regueira et al. (2018). Three immersions of 1 min per day were applied, and in the case of plantform, 

additional aerations of 1 min/h were supplied.  

 

Proliferation by continuous immersion 

For continuous immersion (CIS), basal sections of willow were placed in rockwool cubes soaked in 

medium with sucrose (S3) or in the same medium devoid of sucrose (S0). Vessels (10 L) were made 

from food storage containers (Fig. 1D) and were equipped with 0.2 µm filters to receive forced 

ventilation with CO2-enriched air (2000 ppm; 1 min/h), as described for chestnut (Vidal et al. 2017).  

 
Acclimation and effect of the type of soil  

Rooted shoots obtained by CIS under photomixotrophic and photoautotrophic conditions were selected 

for evaluating different soils during the acclimation step. Both groups of plants were transferred to a 

phytotron and planted in commercial peat for a first acclimation step. One month later, the plantlets were 

measured and their roots were carefully washed to eliminate the rests of peat. Then, the plantlets were 

transferred to new pots in the greenhouse.  

 

 

A B 

C D 

http://www.vitropic.fr/
http://www.vitropic.fr/
http://www.plantform.se/
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Three types of soil were used:  

1) commercial peat,  

2) soil from an oak forest, with high organic matter content,  

3) crop soil with low organic matter content.  

 

Six weeks later, the plants were removed from the soil, and parameters related to the growth response 

of the 6 groups of plants (2 micropropagation systems and 3 soils) were recorded. In addition, the 

hydrolytic enzymatic activities of the soils were determined as described by Trasar-Cepeda et al. (2008) 

and dehydrogenase activity by the method of Camiña et al. (1998). 

 

Results 
 

Proliferation by temporary immersion 

The appearance of willow shoots cultured in standard conditions with 3% sucrose both in SSM and in 

LM by temporary immersion is presented in Fig. 2, and the proliferation obtained in each type of 

container is presented in Fig.3.  

 

 

 

 

 

 

 

 
Figure 2. Willow shoots cultured with 3% in standard conditions. (A) Glass jars. (B) RITA®. (C) 

plantform™. 

 
As can be observed in Fig. 3, TIS favored shoot proliferation. Similar results were observed in other 

woody plants such as calabash tree, apple, teak and pistachio (Murch et al. 2004, Zhu et al. 2005, Quiala 

et al. 2012, Akdemir et al. 2014). The highest multiplication coefficient was observed in plantform™ 

bioreactors, confirming the results obtained in a previous study (Regueira et al. 2018). Similar results 

were reported for chestnut (Vidal et al. 2015). Basal shoots produced more segments than apical explants, 

and consequently were used for experiments in CIS. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Effect of type of explant and the culture system on the multiplication coefficient (MC) of 

willow shoots. SSM: semisolid medium. LM: liquid medium. 

 
Proliferation by continuous immersion 

Basal shoots were successfully propagated in continuous immersion photoautotrophic conditions (high 

PPF and CO2 supply), both with supplementation of 3% sucrose (photomixotrophic growth) and without  
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sucrose (photoautotrophic growth). Shoots cultured without sucrose presented a vigorous aspect (Fig. 

4A). All shoots formed roots spontaneously (Fig. 4B).  

 

 

 

 

 

 

 

 

 
Figure 4. Proliferation of willow under photoautotrophic conditions. (A) Willow shoots cultured in 

CIS without sucrose. (B) Shoots with roots formed spontaneously in the proliferation medium. 

 
The multiplication coefficient of shoots proliferated in CIS is shown in Fig. 5. The differences between 

shoots cultured with or without sucrose were not significant for any of the parameters tested, although 

the explants cultured without sugar showed a slightly higher multiplication coefficient. The beneficial 

effects of culturing woody plants in photoautotrophic conditions using large vessels with forced 

ventilation has been reported by other authors as Zobayed (2005) and Xiao et al. (2011).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Proliferation of willow under photomixotrophic and photoautotrophic conditions.  

 
Acclimation and effect of the type of soil  

Willow plantlets obtained in CIS in S0 and S3 were transferred to commercial peat in a phytotron for a 

first acclimation step. After 4 weeks, plantlets were measured (Fig. 6A) and distributed evenly between 

the soil treatments described in the Materials and methods section. After 6 weeks in the greenhouse, 

both plants and soils were characterized (Fig. 6B, Fig. 7, Fig. 8). All plants survived acclimation, 

although differences in the height and vigor of plants growing in the three types of soil were observed. 

However, the supplementation of sucrose during micropropagation did not affect the posterior growth 

of the plantlets (Fig. 6B, Fig. 7).  

 

The height of the aerial and root zone of the plants after six weeks in the greenhouse is shown in Fig. 

6B. Peat produced higher shoots than the other soils, whereas the highest development of the roots was 

obtained in crop soil (Fig. 6B). Acclimation in a soil that allows a relatively good growth of the aerial 

part and a good development of the root system could be advantageous for the subsequent transplanting 

of willows to field conditions. Usually the soils of plantations are not as rich in nutrients as the other 

soils used in this study (peat and forest soil), and plants cultured in the crop soil seemed to be well 

adapted to these restrictive conditions.  
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Figure 6. A) Shoot height of willow plantlets grown in CIS with 3% sucrose (S3) and without sucrose 

(S0) after one month in the phytotron. B) Shoot and root length of willow plantlets cultured for 6 weeks 

in the greenhouse in three types of soil. PS0, PS3: plants grown in peat and micropropagated without 

sucrose (PS0) or with 3% sucrose (PS3). FS0, FS3: plants grown in a forest soil and micropropagated 

without sucrose (FS0) or with 3% sucrose (FS3). CS0, CS3: plants grown in a crop soil and 

micropropagated without sucrose (CS0) or with 3% sucrose (CS3) 

 

 
 

Figure 7. Willow shoots micropropagated with (S3) or without sucrose (S0) growing in different types 

of soil (peat, forest soil and crop soil). 

 
The preliminary enzymatic assays indicated that the values of the enzymatic activities were not affected 

by the micropropagation conditions of the plantlets. For this reason, and to simplify the graphic 

representation, the enzymatic activities corresponding to plantlets growing in the same soil were pooled 

together (Fig. 8), irrespective that the shoots were cultured with or without sucrose during the 

micropropagation stage.  

 

The results indicate that the enzymatic activities were more influenced by the type of soil than by the 

presence of plants (Fig. 8). Enzyme activities were analyzed using the bulk soil. The lack of significant 

differences between the enzymatic activity of the soil with and without plants suggests both that the  
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main influence of plants and plant roots occurred on the rhizhosphere soil, and also more than six weeks 

are probably required to detect this influence in the bulk soil. 

 

 
 
Figure 8. Effect of the type of soil, the time of sampling and the presence of plant on enzymatic activities. 

Control t0: control without plant at time 0; Control 6w: control without plant after 6 weeks; Plant 6w: 

samples with plants after 6 weeks. Enzymatic activities in µmoles of product g-1 h -1. 

 

In conclusion, willow shoots were successfully propagated in liquid medium by temporary immersion 

with sucrose supplementation and by continuous immersion without sucrose. Shoots propagated under 

photomixotrophic and photoautotrophic conditions were satisfactorily acclimated. Commercial peat, 

forest soil, and crop soil were valid for willow acclimation. Plants grown in peat showed higher aerial 

growth, but those grown in crop soil showed more roots. 
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Abstract 

Mulberry is a multi-purpose tree with leaves that are rich in protein. It has traditionally been used to 

feed silkworm and cattle, and is highly valuable for its fruit as well as for its wood production. An 

initiation and micropropagation protocol was established for M. alba ‘Acorazonada’ and callus was 

obtained for somatic embryogenesis induction. Culture media containing Murashige and Skoog salts 

(1962) were used for establishment, multiplication and rooting stages. In the establishment stage, 66.6% 

of the established nodal segments reacted on 2 mg.l-1 of BAP. In the rooting stage, 1.0 mg.l-1 of IBA 

was added and this yielded 70% of rooted plants. Different explants for callus formation were also 

evaluated, of which the petioles reacted the best on a medium with 1.0 mg.l-1 of 2,4-D.  

 

Keywords: micropropagation, callus, tissue culture, morus  

 

Introduction 
 

The mulberry is a multiple-use tree that has traditionally been used as a food for the silkworm (Imran et 

al. 2010). Depending on the locality, it is also appreciated for its fruit that can be consumed freshly or 

conserved, or, as in some countries, as a vegetable where its leaves and tender stems are consumed, and 

for its medicinal properties.  

 

In the 1980s, research institutions in Latin America and the Caribbean began to study its use as animal 

feed, mainly due to its high biomass yield, palatability and high nutritional value (Sánchez, 2002; 

Yongkang, 2002). The leaves can have more than 46% of essential amino acids (Machii, 1992), more 

than 20% of crude protein and between 70 and 80% of in vitro digestibility of dry matter (Benavides et 

al. 1994). The leaves also contain a level of minerals (up to 17% ash), with notably high values of 

calcium and phosphorus (Sánchez, 1999). 

 

Initially, Oka and Ohyama (1974) obtained the first complete plantlets from axillary buds. Since then, 

more types of explants have been used for tissue culture (Kavyashree, 2007, Vijayan, 2010). The 

objective of this study was to evaluate in vitro plant propagation and embrogenic callus formation in 

Morus alba ‘Acorazonada’, a cultivar with outstanding agronomic performance, in order to produce 

large quantities of clean plantlets.  

 

Materials and methods 

 

Medium composition and initiation  

The basal culture medium consisted of Murashige and Skoog salts (1962), thiamine 1 mg. l-1, 

myoinositol 100 mg. l-1, sucrose 30 g. l-1, agar BioCen 6.0 g. l-1 and the pH was adjusted to 5.7  

mailto:jsilvap@udg.co.cu
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before autoclaving. Subsequently, the culture medium was distributed in 24 x 140 mm test tubes, each 

containing 10 ml. The sterilization was performed at 121 °C temperature and 1.2 kgf.cm-2 pressure for 

20 minutes. The growing conditions in the growth chambers were: temperature: 25° C; relative humidity: 

70 to 80%; (day) light intensity 60 μE.m-2 S-2 and a photoperiod of 12 light hours. 

 

Stem sections of Morus alba ‘Acorazonada’, 20 cm long, were collected from the germplasm bank of 

the University of Granma. They were placed in distilled water for 15 days to obtain elongated axillary 

shoots (Fig. 1). They were cut into sections, the leaves were removed and they were carefully washed 

with water with detergent for 30 minutes in continuous agitation. Then they were submerged in a 1% 

sodium hypochlorite solution for 20 minutes, followed by six rinses with sterile distilled water. 

Subsequently, the sections were cut into single nodes (Fig. 1) and transferred to test tubes. 

 

 
 

Figure 1. Sprouting of buds, ready for initiation  

 

 

Initiation medium 

The basal medium was supplemented with 6-BAP 0.5; 1 or  2 mg.l-1. Each treatment consisted of 50 

initiated explants. A completely randomized design was used. The experiment was evaluated after 28 

days. 

 
Multiplication of axillary shoots 

The basal medium was supplemented with combinations of 6-BAP (0.5 and 2 mg.l-1) and GA3 (0 and 

5 mg.l-1). Each treatment consisted of 25 explants (nodal segments). The evaluation of the results was 

carried out after 28 and 42 days, by counting the number of nodes per explant. A completely randomized 

design was applied. 

 

In vitro rooting  

The basal medium was administered with IBA of 0.5; 1 and 1.5  mg.l-1. Each treatment consisted of 25 

nodal segments. The evaluation was carried after 28 days by scoring the percentage of rooted explants. 

A completely randomized design was applied. 

 

Callus formation 

The  basal medium was supplemented with 2,4-D 1 mg.l-1. Explants consisted of stems segments of 1 

cm and leaves of 0.5 x 0.5 cm in surface, obtained from sprouted shoots with two buds. They were 

initiated as previously described. One segments was transferred per tube containing 10 ml of culture 

medium. They were incubated in the dark at a temperature of 25 ° C and relative humidity between 60 

and 65%. After four weeks, the following variables were evaluated: zone of callus formation, callus 

color, start and percentage of callus formation and the presence of roots. 
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Stadistical analyses 

The variables expressed in percentages, were analyzed by proportional comparison according to Castillo 

and Miranda (2014) and the number of nodal segments was processed according to a nonparametric 

analysis of Kruskal-Wallis with the software InfoStat (Di Rienzo et al. 2010). 

 

Results and discussion 

 
Initiation medium 

During initiation, he highest percentage of sprouting (66,6%) was obtained with 2 mg.l-1 BAP. The 

highest concentration  inhibited apical dominance and promoted shoot formation. The contamination 

caused by fungi and to a lesser extent by bacteria affected the percentages of in vitro establishment and 

was taken into account to calculate the effect of the cytokinin concentration. 

 

 
Figure 2. Effect of BAP on the percentage of initiated shoots showing bud break 

 

BAP has been the main cytokinin used in the in vitro establishment of mulberry. Balakrishnan 

et al. (2009) assessed similar concentrations as used in our work and the results in both cases 

were between 70 % and 100 % of response, better than when  other cytokinins such as kinetin 

were used or if the cytokinin was combined with auxins such as NAA and IAA. It was also 

observed that the already induced flower buds flowered in vitro and set fruit (figure 3) during 

the establishment phase that took 40 days. 

 

 
 

Figure 3. In vitro fruit set during in vitro establishment multiplication of axillary shoots 
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Table 1 shows the number of new nodal segments per explant after 28 and 42 days.  Significant 

differences were obtained between 0,5 and 2 mg/l BAP, whereas the addition of GA3 showed no 

significant effect. After 42 days, although the number of nodal segments increased slightly, no 

significant differences were obtained anymore between the treatments. 
 

Table 1. Effect of 6-BAP and AG3  on number of nodal segments in the multiplication phase at 

28 and 42 days of culture. 
 

Treat. Growth regulators 

(mg.l-1) 

Number of buds 

BAP GA3 28 days 42 days 

T1 0.5 0 3.00 a 3.65 

T2 0.5 5 2.00 ab 2.43 

T3 2 0 1.27 b 2.36 

T4 2 5 1.89 ab 2.44 

Significance  5% * N.S. 

N.S. Not significant difference   *: Significant difference 

 

 
 

Figure 4. Effect of the different BAP/GA3 combinations on the axillary buds 

 

Figure 4 shows that GA3 induced shoot elongation. Salas et al. (2005) combined 0.5 mg.l-1 BAP with 

0.5 mg.l-1NAA using ‘Criolla’, achieving 5.33 buds per initial explant, superior to that presented in this 

work, probably caused by genotype effects, as we used  ‘Acorazonada’. 

 

In vitro rooting  

Figure 5 shows the results of the rooting experiment. Applying 1 mg/l IBA was slightly but significantly 

better (70%) then the other concentrations. Sajeevan et al. (2011) obtained 100% in vitro rooting of  
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mulberry by using 0.5 mg.l-1 IBA in combination with 1 g.l-1 activated charcoal. These results indicate 

that the rooting of ‘Acorazonada’ phase can be improved. 

 

 

Figure 5.  Effect of IBA on the percentage of rooting. 

 

Embryogenic callus formation. 

In the first week of cultivation, morphological changes and a bulging at the cut ends of petioles and stem 

segments were observed. They started to form callus, considered to be a defense mechanism to prevent 

the penetration of foreign agents. The leaves started to make callus at the cut through leaf veins. Figure 

6 shows the formation of calluses on the different explants after 30 days of culture, showing the 

formation in the primary and secondary veins of the leaf. In the petioles, the calluses were observed at 

the base of the explants but also longitudinally on their surface. The induction and formation of roots at 

the base of the petioles was also observed, which may be related to the use of 2,4-D, although this is not 

the main physiological effect of auxins of this type. The coloration of the calluses was similar for all the 

explants, being yellowish brown. The calluses showed a friable consistency and proembryogenic 

structures were observed as well. The percentage of callus formation differed significantly between the 

different mulberry explants. The best result was obtained from petioles of which 65% responded. Leaf 

explants and stem segments showed a response of 27.5 and 1.9%, respectively. 

 

 
 

Figure 6. Formation of calluses on leaf disks and petioles. LB. Leaf disk; BP: base of the petiole 
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Conclusions 

 
A methodology was established for the in vitro propagation of Morus alba 'Acorazonada‘ in natural light 

conditions, using a classical approach with BAP and NAA. The formation of embryogenic calluses was 

obtained from the directly initiated explants, as well as the formation of roots by direct organogenesis 

on petioles. 
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Abstract 
A targeted effort to adapt somatic embryogenesis (SE) as a complementary propagation technology of 

Norway spruce (Picea abies L. Karst) was launched in Finland in 2011. Motivation for this attempt was 

raised by a shortage of high-quality, bred seed for forest regeneration, caused by irregular flowering of 

the species and problems in seed orchard production. Simultaneously, need for hardy ornamental 

conifers for the growing landscaping sector was recognized. Later on, Christmas tree producers 

presented a great interest towards spruce varieties with desired crown form. Building up a SE-pipeline 

in Finland has mostly relied on published protocols. It was observed, however, that cryopreservation of 

SE materials and the later phases of SE required further development to be successful enough with 

Finnish material. Thus research has been focused on developing a reliable cryo-protocol, and laboratory-

nursery interface. Currently, over 3000 SE-lines originating from the elite trees of the tree breeding 

program have been initiated and cryopreserved by the Natural Resources Institute Finland (Luke). Of 

these over 850 are in a testing process covering embryo production in the laboratory, embling conversion 

and early growth in the nursery, and also the first field tests with emblings have been established. In 

addition, over 300 SE-lines from trees with special forms have been cryostored and are being tested for 

their suitability as ornamental or Christmas tree varieties. Regulatory issues involved in SE propagation 

have been managed in close collaboration with the Finnish Food Authority. The first lot of SE material 

was registered as forest regeneration material in 2017 (basic material: Parents of families, Qualified), 

and authorized for commercial production. First two master certificates for Norway spruce emblings in 

Finland were issued during 2018. In practice, this involves bulk propagation of SE-lines originating 

from 12 full-sib families. SE-lines with ornamental value are also available for commercial propagation. 

To enhance SE propagation, the price of emblings needs to be reduced. Cost analysis has shown that 

manual labor, especially in the later phases of SE, creates most of the production costs. The research for 

automation is ongoing. 

 

Keywords: ornamental varieties, Picea abies, registration of forest regeneration material 

 

 

Introduction 

 
In the future forestry will face challenges caused by climate change and simultaneously the demand for 

bio-based raw materials is expected to increase (Pop et al. 2014; Ruotsalainen 2014; Börjesson et al. 

2017; Jansson et al. 2017). As rotations are fairly long in the Nordic countries it is difficult to prepare 

for the changes which will occur during the coming decades (Ruotsalainen 2014). Tree breeding can 

contribute to solving these future challenges (Ruotsalainen 2014). 
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Breeding results have been implemented in practice by producing genetically improved planting stock 

in seed orchards (White et al. 2007). In Finland, the age distribution of Norway spruce (Picea abies (L.) 

Karst.) seed orchards is uneven; the orchards are either at the end of their operational lifespan or they 

are still juvenile and not yet producing seed with their full potential (Haapanen et al. 2017). The 

availability of improved forest regeneration material can change rapidly due to the age structure of seed 

orchards and fluctuating seed yields, which are caused by the irregular flowering of Norway spruce 

(Ruotsalainen 2014; Haapanen et al. 2017; Jansson et al. 2013). One possible way to implement breeding 

results more efficiently is to apply vegetative propagation to produce planting stock, which would also 

ease the availability problems for improved forest regeneration material (Högberg et al. 1998; Haapanen 

and Mikola 2008; Varis 2018). 

 

Breeding objectives are conventionally different from the ones desired by the landscaping sector and 

Christmas tree growers, although the breeding tools are the same and the same species can also be 

utilized (Nikkanen et al. 2013). Hardy ornamental conifers adapted to Nordic climate are preferred in 

Finnish landscaping to replace imported species, which tend to be less resilient (Nikkanen et al. 2013). 

Ornamental traits are often recessive which makes vegetative propagation an ideal way to produce 

numerous trees that present the desired trait (Nikkanen et al. 2013). 

 

As the interest towards vegetative propagation increased the initiative to build a somatic embryogenesis 

(SE)-pipeline for Norway spruce in Finland was launched in 2011. The aim was to develop a production 

protocol which could be applied to enhance tree breeding, to produce genetically improved planting 

stock from genetically diverse origins for silviculture and to propagate ornamental forms for the 

landscaping sector and Christmas tree growers. In this paper, the developmental work and research 

performed to reach these goals are reviewed briefly, as well as achievements are summarized. 

 

SE protocols applied and developed 
 

Introduction of SE propagation of Norway spruce in Finland has been largely based on application of 

protocols published for the species, and on further modification of those procedures. Following the 

choice of basal medium, embryo maturation treatment was refined together with storage and 

germination conditions of cotyledonary embryos. Furthermore, cryopreservation of embryogenic 

cultures was studied to find the protocol resulting in the best possible regeneration percentages. SE 

initiation, propagation, cryopreservation, and storage were carried out in the laboratory facilities of the 

Natural Resources Institute Finland (Luke) in Punkaharju, Southern Finland. All the experiments have 

been performed with materials from several unrelated full-sib families, including dozens or hundreds of 

genotypes to develop robust protocols that would suit genetically diverse materials. The main focus has 

been in developing a SE pipeline with high genetic throughput enabling the utilization, on a practical 

scale for breeding and commercial purposes. 

 

Culture medium, initiation and proliferation of embryogenic cultures 

In 2011, a comparative study was performed to follow induction of SE on media published for Norway 

spruce: the modified Litvay's medium (mLM) (Litvay et al. 1985; Klimaszewska et al. 2001a), and the 

LP-medium (von Arnold and Eriksson 1981, as modified by Högberg et al. 1998). The average SE 

initiation rate among 12 full-sib families, tested with 3175 explants, was much better on mLM (62%) 

than on LP (17%), and so was also embryo maturation frequency (Heiska et al. 2012). The mLM has 

thus been used as basal medium in all the further work. 

 

The current SE initiation and proliferation protocol used for Norway spruce in Finland was presented 

by Varis (2018): Immature cones are collected in the summer when the heat sum is around 800 degree 

days and they can be stored in 4 °C. Cones are cleaned with 70% ethanol, seeds are dissected, washed, 

and surface sterilized in 70% ethanol for two minutes. Megagametophytes are opened and only the 

zygotic embryos used as explants. The same mLM medium containing 10 µM 2.4-

dichlorophenoxyacetic acid (2.4-D) and 5 µM 6-benzyladenine (BA) as plant growth regulators, and 1%  
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(w/v) sucrose is applicable both for the induction and proliferation of embryogenic cultures of Norway 

spruce. The medium is solidified with gellan gum (Phytagel™, Sigma, 4 g/l) but can be used in liquid 

form, for example, in temporary immersion system (TIS) bioreactors. During initiation, the explants are 

kept in the dark (24 °C) for 2 to 8 weeks without subculturing, until embryogenic tissue starts to grow. 

Established embryogenic tissues are subcultured bi-weekly on the same medium and proliferated in the 

dark. 

 

Development of a reliable cryopreservation protocol and storage of SE-materials 

For the mass propagation program, the cryopreservation method applied should be able to handle large 

numbers of samples reliably and at low cost. The classic slow-cooling technique, performed using a 

programmable freezer and sorbitol together with dimethylsulfoxide (Me2SO) as cryoprotectants, has 

resulted in good recovery rates: 61% of the 72 embryogenic lines of Norway spruce tested survived 

cryopreservation every time tested, and 96% in part of the trials performed by Norgaard and co-workers 

(1993). With the Finnish material, however, the first attempts to apply Norgaard's method resulted in 

low recovery (on an average 25%). This could be related to genetic background, age of the material, 

different basal medium (BMI-S1 used by Norgaard et al. versus mLM) or longer duration of cryostorage 

(a few hours by Norgaard et al. versus several months for Finnish materials). Therefore a study was 

performed to compare different pretreatments, cryoprotectants and slow-cooling devices for 

cryopreservation of Norway spruce embryogenic cultures, with 12 different methods and a total of 136 

spruce genotypes (Varis et al. 2017). 

 

As a result, the current cryopreservation protocol used for Norway spruce in Finland was presented by 

Varis et al. (2017). Highest recovery of samples was obtained when fresh growth from young 

embryogenic tissues was selected for cryopreservation, and the following protocol was applied: (i) 

pretreatment of embryogenic tissues on a semi-solid medium with increasing sucrose concentration – 

0.1 M for 24 h, 0.2 M for another 24 h; (ii) use of cryoprotectant – a mixture of polyethylene glycol 

6000, glucose, and dimethylsulfoxide, 10% w/v each; and (iii) slow cooling of the samples in 

programmable freezer at 0.17 °C/min before subjecting them to liquid nitrogen. On average, 87% of the 

genotypes can be recovered, without any effect on their genetic fidelity, as shown by microsatellite 

markers and embryo production capacity 

 

The current cryostorage contains samples of embryogenic masses from over 3000 genotypes derived 

from controlled crossings of 60 progeny tested plus trees from Southern Finland. The cell lines have 

been initiated in 2011, 2012, 2014 and 2015. The testing of these genotypes for their breeding 

characteristics and suitability for propagation is ongoing. Additionally over 300 genotypes from special 

formed Norway spruce genotypes have been cryostored and are being tested for their suitability for 

landscaping and Christmas tree production.  

 

Maturation of somatic embryos 

For further development and maturation of proembryos, the growth regulators 2.4-D and BA in 

proliferation medium are replaced by (±)-abscisic acid (ABA). In the original mLM medium, the amount 

of ABA is 60 µM. In the series of experiments, lower concentrations of ABA, i.e. 30 µM and 20 µM 

were tested, and 30 µM ABA found the best for somatic embryo production from a pragmatic 

perspective (Tikkinen et al. 2018b). Thus, the current protocol includes mixing of 180 (±20) mg of 

embryogenic tissue, five to seven days from the last subculture, in 3 ml liquid mLM medium without 

plant growth regulators. The suspension is poured onto a paper filter in a Büchner funnel, and the liquid 

drained by suction, and the filter is placed on mLM maturation medium with 30 µM ABA. Developing 

embryos are kept in the dark at 24 °C on the same medium for eight weeks (Varis 2018). 

 

Storage of mature embryos 

Mature somatic embryos of Norway spruce can be partially desiccated to lower endogenous ABA levels 

and thus prevent ABA’s negative effect on embryo germination (Högberg et al. 2001). This can be done 

by placing mature embryos on filter paper in a petri dish which is placed in a larger vessel together with 

a petri dish containing sterile water, and by incubating this package sealed with Parafilm™ (Bemis) in  
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the dark for 16 to 24 days (Bozhkov and von Arnold 1998; Högberg et al. 2001). This procedure is, 

however, laborious, and was therefore replaced by a more simple method that is based on cold storage. 

As described by Varis et al. (2018), following maturation treatment, the Petri dishes with mature somatic 

embryos on filter paper on maturation medium, are transferred to refrigerator unit (2 to 4 °C), and can 

be stored there for one to six months. Tikkinen et al. (2018a) found that cold storage on filter paper 

prevented precocious germination and enhanced embling survival in the nursery. Cold storage works 

also as a ‘buffer’, making it possible to produce somatic embryos in the laboratory over a longer period 

of time, and combine them into bigger lots for germination at the desired time. 

 

Germination and acclimatization of somatic embryos 

Following the cold storage period, mature somatic embryos of Norway spruce need to be germinated in 

vitro before transfer to greenhouse conditions. Traditionally, a five-week germination period on plant 

growth regulator free medium has been applied (Klimaszewska et al. 2001), but our studies have shown 

that much shorter, e.g. a one-week germination period improves both survival rate and height growth of 

the emblings remarkably (Tikkinen et al. 2018b).  

 

Thus, in the current germination protocol, mature somatic embryos are placed on petri dishes, in a way 

that the cotyledons face up when the petri dishes are placed in a slightly tilted position. The light intensity 

during germination is gradually increased from 5 to 150 µmol/m2/s. Light intensity should be high 

enough to support height growth, but the temperature in the germination room adjusted so that also the 

temperature inside the germination vessels stays within a tolerable range. Both fluorescent lamps and 

light emitting diodes (LEDs) with red and blue wavelengths can be used. The photoperiod of the 16:8 

day/night should be introduced at least for northern genotypes, while with southern genotypes slightly 

shorter day length may be enough (Varis 2018, Tikkinen et al. 2018b). 

 

After germination in vitro, emblings are transferred to greenhouse conditions where they are grown until 

planted. The majority of the Norway spruce seedlings used for forest regeneration in Finland are grown 

for one to two growing seasons in the nursery (Rikala 2012). The emblings are transferred from 

semisolid media to peat based growth media and subjected to greenhouse environment. This phase can 

be rather dramatic for the emblings and cause severe mortality. The emblings are transplanted to growing 

containers by using the ‘pricking out’ method (Landis et al. 2010). The environmental control was found 

to be sufficient for small emblings in commercial greenhouses during germination of Norway spruce 

seeds by Tikkinen et al. (2018b). Additional measures differing from seedlings are unnecessary after 

one week of in vitro germination and transplanting of emblings into growing containers in the nursery 

when the planning of the embling production is well coordinated (Tikkinen 2018). 

 

Cost structure of manual Norway spruce SE 

 
Cost structure (labor, material and overall) was estimated for different phases of embling production; 

planning, thawing proliferation, maturation and germination (Tikkinen 2018). The estimation covered 

the processing of 120 genotypes, ten genotypes from each of 12 full sib families, which had been 

selected for production by their embryo production capacity and survival rate in the nursery (Tikkinen 

2018, Tikkinen et al. 2018a). Labor costs included the work time consumed to the handling of the 

material and the preparation of material and equipment needed in each production phase (Tikkinen 2018). 

Initiation of the cultures, initial cryopreservation, laboratory testing for embryo yield, and producing 

emblings for field testing, were taken into account in the calculations and fractioned for the maximum 

amount of vegetative propagules allowed to be produced from the parents of families –basic material in 

qualified category (Tikkinen 2018). Most of the overall costs (60%) occurred in the germination phase, 

where the embryos were handled individually (Tikkinen 2018). Planning accounted for 6% of the overall 

costs and the remaining production phases accounted for 34% (Tikkinen 2018). The cost evaluation 

underlined the importance of the process development. 
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Registration of SE material for forest regeneration in Finland and commercial pilots 

 
Finland is a member of European Union, and thus the marketing of forest reproductive material is 

regulated by Council Directive 1999/105/EC. Directive 1999/105/EC has been implemented in Finland 

by the Act on Trade in Forest Reproductive Material (241/2002) and the Decree on Trade in Forest 

Reproductive Material (1055/2002). These legislative documents set the boundaries for forest 

reproductive material that can be produced and marketed in Finland. Vegetative propagules can be 

marketed in following types of basic materials: clone, clonal mixture and parents of family 

(2 § 1055/2002) (Fig. 1a). Vegetative propagules can be marketed only in categories selected, qualified 

or tested (6 § 1055/2002). The Finnish Food Authority (National Designated Authority) should issue a 

master certificate for all material derived from approved basic material (Directive 1999/105/EC). 

 

 
 

Figure 1 a Illustration of the registration process of forest regeneration material produced with 

vegetative propagation in Finland. b Map of the area of utilization for Pv1 Laukansaari material 

 

The process of issuing a master certificate for vegetatively propagated material in parents of family 

follows the same procedure used for seed orchards (Directive 1999/105/EC Annex VIII, part B). In 

clones and clone mixtures, the master certificate will be according to Directive 1999/105/EC Annex 

VIII, part C. Finnish legislation has limited the production of vegetatively produced plants in the 

qualified category, whereas in the tested category the production is not limited (4 § 1055/2002). Four 

million plants can be marketed from each family in the qualified parents of family type of basic material 

(1055/2002). In clonal mixture, one million plants per single clone can be marketed in the qualified 

category. Additional restrictions regarding the marketing of vegetatively propagated material are found 

in the Act (241/2002) and the Decree (1055/2002). 
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In Finland, the first basic material propagated via SE was registered in 2017, in the type parents of 

families in the category qualified (Tikkinen 2018). The registered material was named Pv1 Laukansaari 

(Fig. 1b). The material includes cell lines of 12 full-sib families from progeny tested plus trees from 

southern Finland (Tikkinen et al. 2018a). The first master certificates were issued in 2018 during 

commercial pilot projects (Tikkinen 2018). 

 

First commercial pilots, in which in vitro germinated emblings were sold to nurseries, were carried out 

in 2018. Samples of embryogenic tissue from 120 genotypes, ten from each of the 12 registered full-sib 

families, were thawed, proliferated and matured. After cold storage cotyledonary embryos from 108 

genotypes were germinated in vitro and sold to customers. 

 

Conclusions and future views 

 
The development of a Norway spruce SE-pipeline in Finland has resulted in refined protocols, with high 

and stable recovery of embryogenic tissues from cryopreservation (Varis et al. 2017), and an acceptable 

propagation efficiency in a laboratory-nursery interface (Tikkinen 2018). Combining these outcomes 

with the high initiation rates of embryogenic lines developed earlier has resulted in high genetic 

throughput in manual SE. High genetic throughput, from the basal material (zygotic embryos) to the 

final product (emblings), can be considered as the core of the SE system, which makes it a powerful tool 

for plant breeders and propagators. High genetic throughput enables large-scale field testing and 

selection of genotypes based on their breeding values and production of a large number of emblings 

from the desired genotypes. 

 

Successful development of the manual SE-pipeline, together with the immense effort put in the initiation 

of SE material, works as a solid foundation for future development of the SE system into a commercial 

scale. The first SE derived combination of full-sib families has been registered as basic material in type 

parents of families in category qualified and can be used commercially for forest regeneration. 

 

Nevertheless, production numbers need to be increased and costs reduced before Norway spruce SE can 

be considered a mass production propagation system. A pragmatic approach to increase production 

numbers is to combine SE with the production of rooted shoot cuttings, by using Norway spruce 

emblings as donor plants for cuttings (Tikkinen et al. 2018c). Promising new technologies are emerging 

for scaling up SE, e.g. using TIS bioreactors to grow embryogenic tissue and to produce cotyledonary 

embryos (Salonen et al. 2017; Välimäki et al. submitted). However, the bioreactors and the protocols 

used need to be tailored to suit the specific needs of Norway spruce SE. Besides producing cell masses 

and embryos on a large scale, automation is needed in the final steps of embling production when 

individual emblings and embryos are manually handled. Although significant increases in production 

numbers may be reached by growing emblings in several locations with overlapping lots, eventually the 

production will be limited by the manual system. 

 

To enhance SE-prodution pipeline in Finland, new laboratory facilities (KASVU1) will be completed 

by the end of 2019 in Savonlinna. These facilities will allow a more streamlined SE process and larger 

annual embling production capacity. In KASVU1 further development of the SE-pipeline together with 

preservation of genetic forest resources and extensive research regarding forest biotechnology will be 

conducted by the Natural Resources Institute Finland (Luke). New cell lines will be initiated from full 

sib families of progeny tested plus trees as soon as flowering of Norway spruce will allow it. Field 

testing of genotypes will be carried out by the Finnish tree breeding programme and more elite forest 

regeneration materials will be combined and registered for further use. 
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Abstract 

Open-pollinated clonal seed orchards are a cost-effective way to deliver expected genetic gain in new 

varieties provided that female and male contributions of selected (grafted) genotypes are well balanced 

and that contamination by foreign pollen is low. Molecular analyses of maritime pine clonal orchards 

revealed high pollen contamination rates, therefore questioning the mating structure in relation with 

flowering precocity and intensity of progenitors. A strong genetic control of flowering traits is suggested 

from the preliminary survey of 3 clonal orchards during two consecutive seasons. Female flowering 

precocity could not be related with pollen contamination rate but male flowering intensity could partly 

explain reproductive success. 

 

Keywords: Pinus pinaster, progenitors, grafting, flowering precocity, flowering intensity, mating 

structure 

 

Introduction 
 

Maritime pine (Pinus pinaster Ait.) is the main conifer species for plantation forestry in France with 

over 45 million seedlings produced per year (latest annual statistics 2016-2017, Ministry of Agriculture, 

https://agriculture.gouv.fr), almost exclusively from improved genetic resources. Most French 

standing resources (ca. 1 million ha) are located in the region “Nouvelle Aquitaine” (Landes de 

Gascogne forest) where significant reforestation efforts have been undertaken since 10 years after 

extensive damages caused by the “Klaus” 2009 storm (more than 200,000 ha devalued). 

 

Third-generation clonal seed orchards currently producing the “VF3” commercial seedlots (qualified 

category) were established in Nouvelle Aquitaine between 2002 and 2006 by the maritime pine breeding 

cooperative, a group of scientific interest established in 1995 (GIS “Pin maritime du Futur”) bringing 

together INRA, FCBA and other stakeholders involved in development of improved varieties and 

adequate silvicultural practices. Selected material (52 genotypes overall) was propagated via the same 

source through conventional grafting and used as clonal progenitors in these orchards. They have been 

producing improved seeds since 2011 in an open pollination setting, a method that drastically reduces 

production costs compared to controlled crossings. The full achievement of the expected genetic gain, 

however, assumes that pollen contribution from outside the orchard (pollen contamination) is low, while 

that of the orchard's clonal progenitors is well-balanced. In practice, a recent genetic study of VF3 

seedlots from 3 clonal orchards (Bouffier et al. 2017) based on SNP markers (Single Nucleotide 

Polymorphism), developed by Vidal et al. (2015), revealed that the pollen contamination rate could be 

high and variable according to the year, the orchard (site) and the maternal genotype. Moreover, the vast 

majority of paternal genotypes do contribute to offspring but with great heterogeneity.  

mailto:jean-francois.trontin@fcba.fr
https://agriculture.gouv.fr/
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In this work our objective was to carry out a pilot study of female flowering precocity as well as intensity 

of female and male flowering of all progenitors in the same 3 clonal seed orchards investigated by 

Bouffier et al. (2017). Relative genotype ranking for flowering traits was then tentatively used to 

investigate how flowering behavior of clonal orchard progenitors can affect pollen contamination rate 

and parental contribution in maritime pine VF3 seedlots.  

 

Material and methods 

 

Clonal seed orchards 
 

The 3 clonal seed orchards investigated in this work (Picard, Vaquey and Saint-Sardos, Table 1) are 

producing third-generation improved seedlots for the “Vigour-Form” traits (VF3). Picard is located in 

the northern part of the Landes de Gascogne forest while Vaquey and Saint-Sardos are located about 20 

km east to this large forest massif (Figure 1). They have been established in contrasting pedo-climatic 

conditions and, accordingly (P. Alazard, multi-year observations), Vaquey (clay loam soil) and Saint-

Sardos (compact clay) show an earlier flowering time of 7-10 days compared to Picard (sandy wet soil). 

Clay soils have a greater thermal inertia compared to sandy soils and warm up more permanently in 

spring. 
 

Table 1. VF3 clonal seed orchards investigated in this study (Picard, Vaquey, Saint-Sardos). The basic 

genetic material available in these orchards (52 selected genotypes overall) is almost the same (Raffin 

2014). 
 

Orchard 

(area) 
Location Reference 

Setting 

up 

Commercial 

production 

Genotypes 

(N) 
Operator 

Saint-Laurent2-

VF3 (15 ha) 

Picard 

(Saint-Laurent-Médoc, 33) 

PPA-VG-

014 
2006 2014-2024 46 Vilmorin 

Beychac-VF3 

(15 ha) 

Vaquey 

(Beychac-et-Caillau, 33) 

PPA-VG-

011 

2002 

2003 
2011-2021 47 Forelite 

Saint-Sardos-

VF3 (6 ha) 
Saint-Sardos (47) 

PPA-VG-

015 
2003 2013-2023 48 Forelite 

 

 

Evaluation of flowering traits 

 
Three flowering traits were scored for each investigated tree per clone (ramet): 

i) the predominant development stage of female strobili (stage 1-10, from unopened floral buds 

until the end of strobili’ receptivity to pollen); this scoring system, which was adapted from 

reference conifer protocols (especially Pinus sylvestris, Ducci et al. 2012) was used to estimate 

female flowering precocity. 

ii) the intensity of female flowering (number of strobili), 

iii) the intensity of male flowering (score 0-4, density of male strobili from low to high).  

 

Data were collected for all genotypes (mean of 7 ramets/clone) in the 3 clonal seed orchards during both 

springs 2015 and 2016 (overall 7570 data). All observations were made in predefined orchard zones (1 

central zone for Picard and Saint-Sardos, 2 east and north zones for Vaquey) by a single, experienced 

investigator. Such a procedure was designed to minimize "operator" effects that could be significant for 

partially subjective observations (i.e. development stage, density score). Regular visits to orchards were 

organized in order to roughly estimate when the receptivity of female strobili (development stages 4-8) 

was effective for about 50% of the trees. The phenotypic variability may be too small to be 

discriminatory in case of too early or late observations. Data were then tentatively collected during a  

single visit to each orchard at the appropriate time in 2015 (April 15-22) and 2016 (April 5-14). Most 

data could be obtained except the density score of male strobili at Saint-Sardos in 2015. 
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Figure 1. The 3 clonal seed orchards investigated (Picard, Vaquey, Saint-Sardos) are located close to 

the Landes de Gascogne forest (Region Nouvelle Aquitaine, South-West France). 

 

 

Genotype ranking procedure 

 
For each variable (development stage and number of female strobili, density score of male strobili) and 

descriptive information (orchard, year, zones), all genotypes were first ordered (ranking out of max 52 

genotypes) according to mean values calculated from all observed ramets. Relative ranking score (1-52) 

were assigned from earliest to latest (female flowering precocity) or from highest to lowest (female or 

male flowering intensity). For visual presentation of results, a color code has been assigned to the 17 

earliest or most flowering genotypes (green), or, on the opposite, the 17 latest or least flowering 

genotypes (pink). The remaining 18 genotypes ranking with an intermediate behavior have been 

assigned an orange color code. For each genotype, a global ranking score could be calculated for each 

variable based on mean ranking obtained for each orchard and each observation year. 

 

Results and discussion 

 

Maritime pine flowering in clonal seed orchards 

 
Although some annual differences could be observed among sites, strikingly, average ranking of each 

genotype for female flowering precocity or intensity and male flowering intensity is quite similar in the 

3 orchards for the 2 investigated years (Figure 2). A more detailed analysis of the Vaquey orchard in 2 

zones (east and north) also does not reveal any significant flowering differences within orchard (data 

not shown). This is a remarkable and quite robust result considering that flowering assessment is a 

difficult task on large trees (9-13 years old in this study) and that these orchards are located in contrasting 

pedo-climatic conditions. A strong genetic control of flowering traits in maritime pine is therefore 

suggested from these data. Moreover a positive relationship was observed between female flowering 

precocity and female or male flowering intensity (Figure 3) suggesting some genetic correlation as 

reported for other forest tree species (e.g. eucalypts, Cané-Retamales et al. 2011, Contreras-Soto et al. 

2016). However observation bias cannot currently be excluded from this preliminary study, i.e.  

underestimated flowering intensity for late female flowering genotypes. Additional annual observations  

are required in these orchards at regular intervals along the flowering season to better characterize 

flowering phenology of progenitors.  
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Figure 2. Genotype ranking for female flowering precocity or intensity and male flowering intensity in 

maritime pine clonal seed orchards during 2 consecutive springs. For each trait, the global ranking of 

genotypes is shown on the left (black boxes). P15, P16: Picard 2015, 2016; V15, V16: Vaquey 2015, 

2016; S15, S16: Saint-Sardos 2015, 2016. 
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Figure 3. Relationship between female flowering precocity () and male () or female () flowering 

intensity (all 2015 and 2016 data from the 3 clonal seed orchards). Linear regressions are shown as 

dotted lines in grey (male flowering intensity, r² = 0.1858) or orange (female flowering intensity, r² = 

0.1688).  

 

Possible relationship of flowering precocity and intensity with pollen contamination rates and 

paternal contributions in clonal seed orchards 

 
Genotype flowering precocity and intensity estimated from these multi-site (3 orchards) and multi-year 

(2 seasons) datasets were tentatively used as variables that could explain observed pollen contamination 

rates and paternal contributions in VF3 seedlots from clonal orchards (SNP analysis, Bouffier et al. 

2017).  

 

 
 
Figure 4. Relationship between female flowering precocity and pollen contamination rate of 24 

maternal genotypes () from the Vaquey clonal seed orchard. SNP data for calculating the pollen 

contamination rate (Bouffier et al. 2017) were obtained from seedlots harvested in fall 2014 (pollination 

in spring 2013). Female flowering precocity of each maternal genotype is estimated from the mean 

developmental stage of strobili at the time of observation (this work, all 2015 and 2016 data from the 3 

clonal seed orchards investigated).  
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Surprisingly, we did not find any significant difference in pollen contamination rate of the precocious 

and late genotypes for female flowering (Figure 4). This could theoretically result in phenological shifts 

with pollen emission period by foreign (outside orchard) source trees. A slight trend towards lower 

pollen contamination of early genotypes is however detected and should be further investigated. 

 

As expected, male flowering intensity could partly explain the heterogeneity of paternal contributions 

to VF3 seedlots as revealed by the SNP analysis (Figure 5). Most paternal genotypes with high or 

intermediate male flowering intensity showed greater propensity to contribute to seedlots. As no 

significant relationship could be detected between paternal contributions and the number of ramets per 

clone in clonal seed orchards (Bouffier et al. 2017) it is suggested that reproductive success is more 

related to flowering capacity of progenitors than to orchard structure. 

 

 
 

Figure 5. Relationship between paternal contributions to seedlots and male flowering intensity of 45 

genotypes from the Vaquey clonal seed orchard. SNP data for calculating the paternal contributions 

(Bouffier et al. 2017) were obtained from seedlots harvested in fall 2012 and 2014 (pollination in spring 

2011 and 2013, respectively). Male flowering intensity of each paternal genotype is estimated from the 

density score of male strobili at the time of observation (this work, all 2015 and 2016 data from the 3 

clonal seed orchards investigated).  
 

Conclusion and prospects 
 

Flowering phenology and intensity of progenitor trees in clonal seed orchards are still largely unknown 

but could be critical to understand the mating structure (especially heterogeneity of paternal contribution) 

and how it affects real genetic gain in commercial seedlots. Our preliminary study shows that flowering 

traits of progenitors could be estimated in a fairly robust way by cross-observation of 3 clonal seed 

orchards established in contrasting pedo-climatic conditions over 2 seasons. Overall rankings of 

genotypes are in good accordance with observations in the three orchards and highlight the genetic 

control of these flowering traits. Further analyses are needed to better estimate the phenology and 

intensity of flowering and avoid putative observation bias of selected progenitors. Beyond the flowering 

process, it would be useful to collect data on pollen viability, compatibility and/or competitiveness 

among progenitors as another main component of reproductive success in clonal seed orchards. 
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Introduction 

 
The dry-land surface (i.e. semi-arid and arid regions) covers approximately one-third of the world’s land 

area and are inhabited by almost 400 million people. During the last 50 years, there has been growing 

interest in the cause of desertification due to its impact on the global environment, economy and society. 

These ecosystems provide a series of ecological services essential for the sustainability of human life 

and the development of productive activities. In Argentina, the arid and semi-arid environments 

represent approximately one-third of the country’s surface. Particularly, the Patagonia region in 

Argentina has 80% of surface containing signs of deterioration. In Latin America and the Caribbean 

(LAC) interest for the bio economy has increased significantly. Argentina is at the forefront and the 

Province of Buenos Aires and Patagonia region has already approved a Bio economy Strategy. 

Argentina offers a wide range of options for the local development of bio economy. Our country has a 

vast territory, a remarkable climate variety and biodiversity, a significant natural and planted forested 

area, plus highly competitive agricultural and cattle breeding sectors. Besides, biotechnological 

advances were implemented at an early stage, and advanced scientific and technological skills are 

available. The conservation of biodiversity depends largely on knowledge generation about our own 

resources and enhances the native plants that are part of the cultural heritage of the region. The current 

boom of native species and the lack of studies forces improvement of conservation and propagation 

methods in addition to the quality of planting material and production in nurseries. At the Universidad 

of Rio Negro we carried out a Project named Regional bioeconomy. Propagation and domestication of 

medicinal, ornamental, aromatic or forest species for the province of Rio Negro (Bioeconomía Regional. 

Propagación y domesticación de especies medicinales, ornamentales, aromáticas y/o forestales para la 

Provincia de Río Negro” (PI-UNRN 40C352). The main purpose was to re-evaluate the properties of 

native species from argentine Monte (PATAGONIA) and their bio products as unconventional 

functional foods, nutraceuticals, and dietary supplements, cosmetics and phytotherapy and find 

propagation strategies through biotechnology to promote multiplication and reintroduction of species to 

the ecosystem and sustainably manage and conserve them.  

mailto:pboeri@unrn.edu.ar
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The project objectives are: 

 

General objective: 

 Propagation and domestication of native species of potential economic value of the Flora 

Rionegrina, Patagonia.  

 

Specific objectives: 

 To apply and adjust techniques of sexual and vegetative propagation of native species.  

 Develop and adjust commercial scale harvesting, processing and storage of seeds and in vitro 

plant production techniques. 

 Promote in situ and ex situ conservation of native germplasm in order to maintain biological 

diversity.  

 To form human resources in propagation and nursery of native plants.  

 To disseminate the technical and/or theoretical knowledge obtained with the development of 

the research.  

 Establish and strengthen relations in the field of extension and research with provincial 

government agencies on the issue of the propagation of native species, encouraging the 

exchange of knowledge and information achieved in the research.  

 Integrate different disciplines and institutions with a common goal by training human resources 

and strengthening the pre-existing institutional infrastructure. 

 

The aim of this communication is to contribute to the body of knowledge of native species from desert 

and semi-desert regions, in order to provide alternatives for conservation and sustainable use of these 

resources and to enable them to be included in ecological reforestation and restoration programs in 

degraded environments. The species studied were: Prosopis alpataco, Prosopis caldenia, Geoffroea 

decorticans, Acantholippia seriphioides, Condalia microphylla, Senecio sp, Larrea divaricata and 

Boungavillea spinosa (Figure 1).  

 

 
 

Figure 1. Species studied. 

 

 

 

Material and Methods 
 

The mother plants were collected from the field in the Monte Plant Formation, in Rio Negro Province, 

Argentina. We assayed germination, propagation and bio prospection in different species: 
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For in vitro studies we used as explants the seeds, cotyledons, embryos, and shoot and nodal section from 

vitroplants. The selected species from arid areas of the Monte desert, generally share the presence of hard 

and impermeable integuments. Therefore, for each case, we used different types of scarification treatments 

to optimize the germination process (see Boeri et al., 2018). The embryogenic callus induction of P. 

alpataco from cotyledonary explants was developed as described in Boeri and Sharry (2018). All the culture 

steps were incubated in a plant growth chamber under controlled conditions of temperature (25 ± 2 ºC), 

under a 16 hr light: 8 hr dark photoperiod (provided by fluorescent tubes) and average photosynthetic 

photon flux of 50 μmol m-2s-1. Basic medium composition was Murashige-Skoog (1962). The pH was 

adjusted to 5.8 with 1N KOH or 0.5 N HCl prior to autoclaving at 121oC for 18 min. The nutritional value 

was determined according to the Association of Official Analytical Chemists (AOAC) methodology, and 

phenolic compounds were quantified by diode-array detection (HPLC-DAD). Antioxidant activity in vitro 

and in vivo was analysed through the use of the radical species 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and 

zebra fish model, respectively (Boeri et al, 2017a).  

Main Results 

Micropropagation was achieved through direct and indirect organogenesis of P. alpataco (Fig. 2 a), G. 

decorticans (Fig. 2b), B. spinosa and   A. seriphioides (Fig. 2c) and Somatic embryogenesis of P. alpataco 

(Fig. 2d ) (Boeri and Sharry, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Indirect organogenesis of P. alpataco (a), Direct Organogenesis of G. decorticans (b ) 

Organogenesis A. seriphioides (c) and Somatic embryogenesis of P. alpataco (d) 

a b 

d 
c 
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The genetic diversity of regional resources provides the ability to obtain a wide selection of products by 

bioprospecting, in order to find new foods with high nutritional value for human consumption. The pods 

of Prosopis alpataco constitute a potential resource for both forage and human food. Whole flour was 

obtained from the full pod. To assess the nutritional value of integral flour (317.15 Kcal / 100 g) the 

percentage composition was determined. Whole pod flour has a high content of protein and 

carbohydrates (10 and 62% of dry weight, respectively) and thus pods of this species are a potential food 

resource. The fat content determination showed that the flour of P. alpataco has a low lipid content 

(3.23%) and the ratio of unsaturated / saturated fat was 4: 1. The presence of antinutritional factors such 

as polyphenols and phytoaglutinins were evaluated. The flour contained 33.8 mg GAE / 100 g and 0.35 

weight HA / mg ml total protein, respectively. In conclusion, the results suggest that integral flour could 

be used as a dietary supplement for the food industry, either in the preparation of food for human or 

animal consumption (Boeri et al, 2017b). The integral flour of P. alpataco and the pulp of C. microphylla 

indicate could be an important source of carbohydrates.  P. alpataco, in addition, had a high content of 

fibers and proteins.  C. microphylla possesses antioxidant and hemagglutinating activity (Boeri et al, 

2017a) (Figure 3). 

 

 

Figure 3. Prosopis alpataco flour and Condalia microphylla fruits 

Condalia microphylla has hemagglutination activity (Boeri et al, 2017a). The results of the biological 

characterization indicated that the drupes of C. microphylla possess a significant antioxidant activity in 

vitro and in vivo. Therefore, piquillin fruit is a promising source of antioxidant molecules that could 

exert a preventive effect against oxidative stress-associated disorders and might be used as a natural 

additive for food. In addition, the information generated in this work could lengthen the list of bioactive 

compounds for current scientific evaluation. Further studies are needed to investigate the bioavailability 

and mechanism of action of the compounds included in piquillin fruits.  

 

The disinfection and germination of the seeds of "thyme", "Senecio", "Chañar" and "Caldén" were 

adjusted for their subsequent introduction in in vitro conditions (Figure 4). 

 

 
 

Figure 4. In vitro germination of seeds. A. A.serifoides , B. Senecio sp. C. Geoffrea decorticans D. 

Prosopis caldenia. 
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Transfer-Social Impact 
 

The results of the project, mainly the plants obtained were transferred through agreement and support 

to the Ministry of agriculture, livestock and fisheries of the province - project PFIP-09 (Cofecyt): 

"Multiplication of native species of Rio Negro xerophyte monte, from a basic laboratory of plant 

biotechnology” (Figure 5) (Boeri et al, 2018b). 

 

 

 
 

Figure 5. Plantlets of “alpataco” after rustication and the field of Ministry of agriculture, Rio Negro, 

Argentina. 

 

 

Conclusions 
 

The species under study have been systematically used as sources of energy, food or even medicinal use. 

This has exposed them to extractive type conditions, compromising their future availability, such as A. 

seriphioides, a species that is currently in danger of extinction. This project has allowed to generate 

knowledge about the propagation of the native flora of the arid and semiarid region, indispensable for 

the implementation of restoration strategies of degraded ecosystems and the ex situ conservation of these 

species. The conservation of biodiversity depends to a large extent on generating knowledge of our own 

resources and re-evaluing native plants, which are part of the cultural heritage of the region. The lack of 

studies of this native species obliges to optimize strategies of propagation for its use-based bioenergy 

and to generate methodologies of bio prospection that allow knowing its nutritional and medicinal value. 

The development of the bio-resources area has become a strategic axis for the country, with a strong 

impact on the regional socio-economic and environmental areas. The evaluations of the medicinal and 

nutritional properties of the selected species, allowed the identification of products with current or 

potential uses, and are fundamental for the use and rational protection of biodiversity. On the other hand, 

this project has allowed to generate knowledge about the propagation of the native flora of the arid and 

semiarid region, indispensable for the implementation of restoration strategies of degraded ecosystems 

and the ex situ conservation of these species. The great physiological and morphological variability of 

these species allows their inclusion in programs of reforestation of arid lands in Argentina. The 

optimization of different propagation strategies and the increased knowledge of chemical prospecting 

of these resources, adapted to the environmental stress factors that characterize the region, allow us to 

initiate plans for the restoration of degraded ecosystems in the Monte desert of Patagonia Argentina. 

This work allowed us to expand the information base of Patagonian biodiversity, recover threatened 

species and collaborate with the maintenance of regional biodiversity. Biodiversity is the basis of the 

bio-economy and the sustainable management of regional resources is a fundamental principle of the 

new circular economy paradigm. In this context, the development of the bio-resources area has become 

a strategic axis for the country, with a strong regional socio-economic impact. 
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Introduction 

Tamarillo (Solanum betaceum Cav.) is a small solanaceous tree endogenous to South America. It is an 

economically important species because of its edible fruits, which can be consumed fresh or processed. 

Different cloning techniques for mass propagation have been developed for this species, namely somatic 

embryogenesis (SE) (Canhoto et al., 2005). SE can be defined as a multi-step process by which a somatic 

cell or tissue undergoes ontogenetic changes that culminate in a structure morphologically similar to a 

zygotic embryo that can ultimately evolve into a full plant (Joshi and Pramod, 2013). This process has 

been described for a great variety of species and has several advantages when compared to other cloning 

methods. However, many of its molecular mechanisms are still poorly understood and several species 

remain recalcitrant or scarcely responsive to SE. 

 

SE was first described in tamarillo by Guimarães et al. (1988) and since then the process has been 

extensively studied and optimized (Correia and Canhoto, 2018). Furthermore, several approaches 

including proteomic studies have been carried out to understand the molecular events involved in the 

formation of somatic embryos and its regulation (Correia et al., 2012). In short, the induction protocol 

from tamarillo leaf explants or zygotic embryos (Lopes et al., 2000; Canhoto et al., 2005) produces 

embryogenic (EC) and non-embryogenic (NEC) calluses from the same explant, allowing a direct 

comparison of the molecular features responsible for embryogenic competence since both calluses have 

the same genetic background and are originated in the same experimental conditions. Both EC and NEC 

can be maintained in vitro and sub-cultured independently. In this work, previously induced 

embryogenic and non-embryogenic calluses from leaf origin of in vitro growing plantlets were used. 

The induction protocol (Lopes et al. 2000) uses a basal Murashige and Skoog medium (Murashige and 

Skoog, 1962) supplemented with high sucrose levels (9 %) and picloram.  

 

Metabolomics 
 

Metabolomics can be broadly defined as a systematic study all the metabolites in a given organism, 

tissue or cell (the metabolome). The results acquired by metabolomic research are typically  
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complementary to other “omics” approaches such as genomics, transcriptomics and proteomics (Hong 

et al., 2016). Several metabolomic approaches have been undertaken to study SE in plants (Kim et al., 

2010), particularly aspects related to the analysis of differently expressed small metabolites such as 

amino acids, which have been consistently found to be preferably linked to either embryogenic or non-

embryogenic calli (Mahmud et al., 2014). This analysis is typically based on fold changes found in the 

metabolic profile (Krishnan et al., 2004). 

The main detection techniques currently used in metabolomic research are Mass Spectrometry and 

Nuclear Magnetic Resonance (NMR) spectroscopy. Each technique has its own advantages and 

limitations that have been extensively reviewed (Saito and Matsuda, 2010 and references therein). NMR 

detection is less sensitive than mass spectrometry, however it benefits from a higher reproducibility and, 

in general, better structural information and quantitative aspects extracted from the data. The sample 

preparation also tends to be simpler and the analysis time is shorter (Krishnan et al., 2005). Therefore, 

NMR techniques are suitable for broad spectrum analysis as well as a large number of samples. The data 

acquired is also easily interpreted via mathematical models that extrapolate the importance of the 

metabolites either comparatively or in a time-scale projection (Dowlatabadi et al., 2009; Mahmud et al., 

2014).   

 
1H-NMR analysis was used in this work and the resulting spectra were used to construct latent projection 

models that identify the differently expressed metabolites in each cell line (obtained from EC and NEC). 

Additionally, secondary compounds, namely phenolic acids were also quantified as these compounds 

have been shown to intervene in the SE process (Moriguchi et al., 1999; Reis et al., 2008). These 

compounds form large complex families, which are also a possible target for metabolic fingerprinting 

with several separation techniques readily available for separation and analysis (Seal, 2016). 

 

Metabolic Profile  

 
The results showed an increase in sugar content (glucose, fructose, sucrose), and some amino and 

organic acids (alanine, malic acid and 4-aminobutyrate) in NEC, while chlorogenic acid, phenylalanine, 

choline and proline content were detected mainly in EC. The embryogenic lines seem to have more 

stress-responding mechanisms (predominance of proline and glutamine) whereas the NEC lines appear 

to have a more energy-driven metabolism. The presence of chlorogenic acid and phenylalanine in EC 

lines also seem to indicate a higher synthesis of secondary compounds, as both molecules are precursors 

of important biosynthesis pathways. In fact, for both secondary compound classes assayed (phenolic 

and flavonoid compounds) the concentration appeared about two-fold higher in EC, suggesting the 

importance of these metabolites in the maintenance of embryogenic competence, although the specific 

mechanism of action cannot be inferred from the data presented.  

 

Conclusions and future perspectives 
 

The results presented show clear metabolic differences between the two cell lines. These differences 

may reflect the differences in the organization of the two types of calluses as well their specific metabolic 

pathways and developmental programs: whereas EC develops to somatic embryos upon transfer to an 

auxin free medium whereas NEC cells became necrotic and died. 

 

Future perspectives include a more detailed analysis of the differential primary metabolism in the cell 

lines and its integration with other available results, namely proteomic studies. The secondary metabolite 

pool can also be further characterized by separating phenolic and flavonoid pools and identifying the 

main compounds present in each phase of induction and describe its influence in the regulation of SE.  
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Introduction 
 

Cork oak (Quercus suber) is a woody species with high socio-economic value due to the production and 

industrial exploitation of cork tissue. Cork derives from phellogen, a secondary meristem, which 

differentiates in phellem and is characterized by suberized cells. Cork is mainly composed by two 

macropolymers, suberin and lignin, among polysaccharides, extractives and other compounds. 

 

The study of the molecular regulatory mechanisms of cork formation and differentiation are still scarce. 

QsMYB1 is a R2R3 transcription factor highly expressed in suberized tissues (Almeida et al. 2013). In 

previously work, we identified the putative DNA-binding of QsMYB1 in a genome wide-scale 

investigation of cork oak by ChIP-Seq, unravelling the putative genes regulated by this transcription 

factor (Capote 2018). In this context, a cork oak somatic embryogenesis system was established and 

somatic embryos overexpressing QsMYB1 were generated. Therefore, it is of interest to understand how 

overexpression of QsMYB1 affects the expression of genes implicated in cork development. In addition 

it is of great importance to unravel the genetic basis of cork associated biosynthetic pathways, namely 

related with suberin and lignin biosynthesis. 

 

Material and Methods 
 

Experiments and bioinformatic analysis are described in detail in Capote (2018). 

 

Results and Discussion 

 
The transcriptomic analysis of somatic embryos overexpressing QsMYB1 was performed using a NGS 

platform, in order to study how QsMYB1 is modulating the expression of the target genes. 

 

We took advantageous of the cork oak somatic embryogenesis system overexpressing QsMYB1 in order 

to ChIP-Seq and therefore identify the targets of QsMYB1. In parallel, we sequenced the transcriptome 

of those embryos overexpressing QsMYB1. The results showed 66,693 expressed genes from which 

10,575 (p<0.01) are differentially expressed when compared with non-transformed embryos. The 

differential expressed genes were then subject to a Gene Ontologies (GO) enrichment analysis. GO  
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biosynthetic processes terms are largely overrepresented among the differentially expressed genes. This 

result indicates an association between QsMYB1 and the modulation of several cellular biosynthetic 

processes (Figure 1). In order to clarify these QsMYB1-associated molecular processes, we generated 

GO graphs (Level 4). Results show that 2,670 differentially expressed genes are related with 

macromolecules metabolic processes. These macromolecular metabolic associated genes were then 

crossed with the loci of QsMYB1 genome binding-sites in order to accurately identify the genes 

regulated by QsMYB1, in vivo. Furthermore, these candidate genes were integrated with the Kyoto 

Encyclopedia of genes and genomes (KEGG) database, in order to understand the high-level function 

of the gene-coding enzymes related with suberin and lignin biosynthetic pathways. 

 

 
 

Figure 1. Gene Ontologies (GO) enrichment analysis 

 
Our study shows that a group of genes identified in the ChIP-Seq data are overexpressed in the 

genetically modified embryos overexpressing QsMYB1. Importantly we identified gene encoding for 

enzymes which play key roles in the suberin and lignin pathways as wells as in the phenylpropanoid and 

fatty acid biosynthethic pathways. We identified the following; 4-Coumarate:CoA ligase (4CL), 

Cinnamyl alcohol dehydrogenase (CAD), class III plant peroxidase (PPO), Long-chain acyl-CoA 

synthetase (LACS), β-ketoacyl-CoA synthase (KCS), Cytochrome P450 enzymes subfamily 86A1 

(CYP86A1), Cytochrome P450 enzymes subfamily 86A8 (CYP86A8), Glycerol 3-phosphate 

acyltransferase (GPAT), Acyl-CoA oxidase (ACX), Fatty acid synthase (FAS) and Acyl-carrier protein 

(ACP). 

 

Conclusions 

 
This work supports the idea that somatic embryogenesis is an attractive working-stage to perform 

functional studies in a non-model plant species such as cork oak. Using the somatic embryogenesis  
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system we performed for the first time a ChIP-Seq assay in cork oak, which allowed the identification 

of QsMYB1 binding-sites. The results provide evidence that QsMYB1 is a master regulator of suberin 

and lignin biosynthesis. Finally, by using cork oak somatic embryogenesis, we identified several genes  

regulated by QsMYB1 which will be the basis of future functional studies that will unravel the molecular 

mechanisms behind cork formation and differentiation. 
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Introduction 

 
The Brachychiton (Figure 1) is an evergreen, small to medium tree (8 to 20 m) from Australia where it 

is known as Kurrajong. It is usually used as an ornamental, appreciated for its high forage value 

supplementing the diet of animals in winter when the grass is scarce. It is found in diverse habitats from 

wet coastal districts to semi-arid in land areas.  It grows mainly on red-brown earths and red earth and 

it is very drought-resistant. In Argentina, it is used as an ornamental tree that will grow even on relatively 

poor sites.  No study of tissue culture of this species is known. A critical stage in the introduction of 

plants to tissue culture is to obtain cultures free of microbial contamination.  

 

The aim of this study was to establish the conditions of in vitro germination of Brachychiton seeds that 

will provide aseptic seedlings as a source of explants for in vitro propagation.  

 

 

Figure 1. Braquiquito tree in the Faculty of Agricultural and Forestry Sciences in La Plata, 

Argentina. 
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 Materials 
 

1. Fungicide: Funguicap® (Captan); 70% ethanol; 30% commercial bleach; tween 80; sterile water.  

2. Water treatment equipment; balances; autoclave; laminar-flow hood; scissors, forceps and 

scalpels; glass bottles; baby food jars (55 mm diameter, 72 mm height), plastic film and 

Parafilm®; growth chambers 

3. Isolation medium (agar 7,5 g/L with 30 g/L of ordinary sugar) 

4. Seeds. (Figure 2) 

 

 

Figure 2.   Size of the cleaned seed 

 

Material and Methods 
 

The mother plant was chosen because of its desirable characteristics like good health, no presence of 

diseases, good form and large quantity of fruits from a tree in the garden of the Faculty of Agronomy 

and Forestry Sciences, La Plata city. Seed were collected between February and March from dried fruits. 

The seeds were washed with regular water. The seed coat was removed with forceps and water and then 

was treated with fungicide for 1-hour by shaking the solution from time to time. After that the coat-free 

seeds were washed with regular water. Then they were submerged in 70% ethanol for 1 minute and then 

in 30% commercial bleach plus a drop of Tween 80® for 30 minutes. They were then rinsed three times 

with sterile distilled water in the laminar-flow hood. Five de-coated seeds were placed in glass bottles 

filled with a medium where they will germinate and sealed with Parafilm® (Figure 3). The glass bottles 

were placed in a growth chamber at 25°C and a 16-h photoperiod for 15 days to initiate germination. 

 

 

Figure 3. Seeds in the initial stage in germination medium 

Results  

 
Maintenance of an aseptic condition is a prerequisite for successful in vitro seed germination and 

proliferation. An efficient protocol has been optimized for seed surface sterilization and germination in 

this study. The germination rate was 80% after 15 days (Figure 4) with only a 5% contamination rate.  



The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                             | 199 

 September 10-15, 2018. Coimbra, Portugal 

Cinquetti , Alves & Sharry           

 

Some plantlets were acclimatized under greenhouse conditions, in order to check their viability. All of 

them survived and were transferred to field conditions. 

 

 
 

Figure 4: Germinated seeds after two weeks.  

Different explants were excised from the vitroplants (cotyledons, hypocotyl and radicle). The explants 

were cultured on initiation medium with 1,5 mgL-1 IBA (indolebutyric acid) and 1 mgL-1 BAP (6-

benzylaminopurine) in order to induce morphogenic responses.  Callus was obtained on this medium 

after 30 days of culture, first 15 days in darkness and then in light, where it continued growing (Figure 

5).  

 

 
 

Figure 5. Callus induction on initiation medium with IBA and BAP. 

 
 

Conclusions 
 

In vitro manipulation of tree seeds requires high-quality sterile seedlings as a source of hypocotyl and 

cotyledon explants for initiation of embryogenic cultures of embryo apexes for shoot production. The 

present study has shown successful in vitro germination and callus induction from different explants 

derived from in vitro germinated plants. As the germination time is very long, we are planning to try to 

shorten it as a first step. Our protocol can successfully be used to sterilize seeds of Brachychiton.  
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Good quality zygotic-like somatic embryo (SE) development of pine is a major problem. Industries were 

not able to commercialize this technology because of this. In pine SE we initiate the cultures from 

cleaving embryos (standard method) which, inside the seed, are going to degenerate at a later stage. 

Unfortunately, we cannot initiate cultures from the dominant zygotic embryo when it is fully mature. 

Most SE cultures of other conifer species are initiated from dominant embryos (Abies sp., Douglas-fir, 

Spruce sp.). Abrahamsson   et al. 2017 suggested that SE of Scots pine, and probably of all Pinus species, 

if established from cleavage zygotic polyembryos, are at a high risk of becoming problematic. Therefore, 

we must initiate cultures from dominant zygotic embryos. Culture cycling during multiplication is 

another problem due to cleavage polyembryony. Cultures do not produce embryos all the time after 

plating, they decline in embryo yield and finally no embryos are formed, or they are of poor quality.  

This presentation showed a new method of initiating and possibility of establishing cultures from 

dominant zygotic embryos, instead of from cleaving polyembryos, by culture cycling during 

multiplication.  

 

Pine embryo quality is a major problem in somatic embryogenesis. Morphologically and biochemically 

pine somatic embryos are different from zygotic embryos. This is not a major problem with Spruce, 

Abies species and Douglas-fir.  For these there is more focus on scale-up, automation and artificial seed 

formation but not on somatic embryo quality improvement. 

 

 
                         Somatic embryos                                          Zygotic embryos 

Figure 1. Somatic embryos have a swollen hypocotyl and open cotyledons as compared to zygotic 

embryos. 
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Figure 2.  Standard method of initiation 

         

 
Figure 3.  Somatic embryo quality obtained by standard initiation methods 

      

 

 
Figure 4.  New method of initiation 

 

 
 

Figure 5. Somatic embryos obtained by the new initiation method are of better quality (not much 

swelling of the hypocotyl and with not fully open cotyledons, i.e., still not similar to zygotic embryos 

but better than embryos produced by cultures initiated by the old method). We also found a 20% 

increase in germination percentage. 
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Figure 6.  We found a 3.5X increase in initiation, maintenance, liquid culture establishment and 

cryostorage with the new initiation method  as compared to old standard (whole gametophyte) 

method. 

 

Multiplication culture cycling:  

 
Embryo yield and quality declined after longer time maintenance (3-6 months) and also that it 

fluctuated every 2-3 weeks after plating as shown in Fig. 7  
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Figure 7A.  Decline in embryo yield, quality and fluctuation due to multiplication via cleavage 

polyembryony as shown in Fig. 7 B.  
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Figure 7B.  Stressed or cleaving embryonal heads do not produce good quality embryos. Culture 

observation is very important before plating.  

 

Embryonal heads get stressed and disorganized after 3 to 4 weeks of subculture. During this time 

cultures do not produce embryos or produce poor quality embryos. However, with the new method 

embryonal heads become again organized, without showing stress symptoms, and cultures produce good 

quality embryos.  Embryonal head quality is very important before plating.   

 

Conclusion 

 
1. A new initiation method improved embryo quality. 

2. It is possible to initiate pine cultures from dominant zygotic embryos with the new initiation 

method. 

3. By this new method it is possible to avoid the stress that occurs during plating of cultures during the 

cleavage polyembryony multiplication cycle. 
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The stone pine (Pinus pinea L.) is a Mediterranean forest species considered as a fruit tree for edible 

pine nut production (Mutke et al. 2013). Plant regeneration by somatic embryogenesis (SE) from 

immature megagametophytes with enclosed zygotic embryos was achieved in this species (Carneros et 

al. 2009, 2017). A general phenomenon observed in conifers is the loss of the maturation ability with 

increasing age of embryogenic tissue, in relation to a degradation of the normal morphology of immature 

embryos (Breton et al. 2006). The importance of the suspensor for the normal development of somatic 

embryos of Larix leptolepis was discussed (Umehara et al. 2004). Early embryos carrying suspensor 

cells in excess of the normal number was observed in embryogenic lines that yielded abnormal 

cotyledonary embryos (Abrahamsson et al. 2012). Furthermore, a continuous loop of embryo 

degeneration and differentiation of new embryos was produced (Abrahamsson et al. 2017). 

 

Manipulations of culture conditions early in the process can improve normal somatic embryo production 

(Klimaszewska et al. 2016). Culture condition could induce modifications of gene expression related 

with the variation in embryo maturation ability (Lelu-Walter et al. 2016).  

 

The effects of phytosulphokine (PSK) on cell division and embryogenesis were examined in various 

species (Matsubayashi et al. 1999, Kobayashi et al. 1999). PSK belongs to the group of plant peptide 

growth factors that are bioactive at nanomolar concentrations (Sauter 2015). The stimulatory effect of 

PSK in SE was confirmed in Cryptomeria japonica (Igasaki et al. 2003) and Larix leptolepis (Umehara 

et al. 2005). 

 

Changes in polyamine (PA) metabolism during SE were reported (Baron and Stasolla 2008). These 

authors suggested that differences in cellular PA content or ratios could serve as indicators of 

regeneration-embryogenic potential. An inverse relationship between total content of free PAs and 

embryogenic potential was reported in Pinus nigra (Noceda et al. 2009). An increase in the spermidine 

(Spd) content relative to that of putrescine (Put) was associated with the development of Pinus radiata 

somatic embryos (Minocha et al. 1999). The effects of exogenous PAs on the formation of somatic 

embryos have been investigated. Spd added to the maturation media promoted elongation of suspensors 

and Put increased the production of somatic embryos in Picea glehnii (Nakagawa et al. 2011). By 

contrast, after Put treatment, polyembryogenic complexes did not successfully release single embryos 

and the frequency of development of malformed embryos was high in Picea abies (Vondráková et al. 

2015). 
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In an attempt to recover the ability to produce somatic embryos of three stone pine embryogenic lines 

that had been subcultured for a long time, cultures were exposed to either PSK during proliferation or 

different PAs during maturation. Culture morphology and maturation ability of the embryogenic lines 

were examined. 

 

Embryogenic lines were established following the protocol described by Carneros et al. (2009). Lines 

were subcultured in darkness at 23ºC for a long-term as clumps on M-mLV medium (M) that consisted 

of modified LV nutrient medium (Litvay et al. 1985) containing 9.5 µM 2,4-dicholophenoxyacetic acid 

(2,4-D), 4.5 µM benzylaminopurine (BAP), 20 gl−1 sucrose, 4 gl−1gellan gum (Gelrite®, ref. G1910, 

Sigma-Aldrich, USA). The aged lines showed different maturation ability: line 2F47 showed the best 

performance, line 5F62 showed low maturation ability and line 1F62 declined over time. In the PSK 

experiment, individual clumps (0.5 g) were subcultured biweekly on M medium supplemented with 32 

nM and 50 nM PSK during 4 weeks in darkness at 23ºC. Solutions of PSK-alpha (SC1465, PolyPeptide 

Group, France) were filter-sterilized and added to the cooling autoclaved medium. Maturation ability of 

the embryogenic lines was tested according to the method described in Carneros et al. (2017). Briefly, 

peripheral parts of embryogenic masses (EMs) were transferred to a preconditioning medium (half-

strength mLV nutrient medium, 10 gl−1maltose, 10 gl−1Gelrite and 10 gl−1 activated charcoal) for 2 weeks 

prior to maturation. Then, 50 mg of preconditioned tissue were suspended in liquid M medium lacking 

PGRs and glutamine and poured onto a filter paper disk placed on a stack of blotting paper. The filter 

paper disks were maintained under a laminar flow hood to drain the liquid medium and then transferred 

to maturation medium (ABA-M) that consisted of mLV medium, 121 μM ABA, 60 gl−1 maltose and 10 

gl−1 Gelrite, for 16 weeks in darkness at 28ºC. In the PAs experiment, the effects of the addition of Put, 

Spd or spermine (Spm) at 100 µM to maturation medium were evaluated. In each medium tested, clumps 

of line 2F47 maintained onto M medium were transferred onto maturation condition as described above. 

Solutions of Put (P0927, Duchefa-Biochemie), Spd (S1369, Duchefa-Biochemie) and Spm (S3256, 

Sigma-Aldrich) were filter-sterilized and added to the cooling autoclaved ABA-M medium. The plates 

were sealed with paper (3M MicroporeTM, 1530-0, Germany). Culture morphology was examined under 

a Nikon SMZ745T stereomicroscope connected to Nikon's Digital Sight DS-L2 Camera Control 

System. Formation of morphologically normal cotyledonary somatic embryos after maturation 

conditions were examined as well.  

 

Our results showed that the addition of PSK to the proliferation medium had a slight stimulatory effect 

on the formation of early somatic embryos in stone pine embryogenic lines (Fig. 1A-F), but complete 

normal maturation was not obtained. In most of the individual EMs, PSK stimulated cell proliferation, 

especially in lines 2F47 and 1F62, which showed the best growth, but not its subsequent somatic embryo 

development. The addition of 32 nM PSK was slightly less effective (Fig. 1B, E) than 50 nM PSK after 

4 weeks of treatment (Fig. 1C, F). In an embryogenic line of Cryptomeria japonica that was subcultured 

for more than 2 years, the addition of 32 nM PSK maintained both the ability to proliferate and 

regenerate (Igasaki et al. 2003). These authors suggested that PSK might take part in the maintenance 

of cell division and the juvenility of embryogenic cells. When embryo proper lacking a suspensor were 

treated with 50 nM PSK, cell division of embryo proper and regeneration of the suspensor were 

stimulated in Larix leptolepis, therefore PSK might be a supporting factor for plant embryogenesis 

(Umehara et al. 2005). We have observed in aged embryogenic lines of P. pinea a degeneration pattern 

that was similar to the one reported in P. sylvestris, so that many of the early embryos produced new 

abnormal early embryos and abnormal late embryos with a cone-shaped embryonal mass and 

supernumerary suspensor cells (Abrahamsson et al. 2017). Thus according to data reported by these 

authors, we suggest that aged embryogenic lines of stone pine remain in a persistent polyembryony 

throughout the maturation process, producing abnormal late embryos with supernumerary suspensor 

cells and cotyledonary embryos with aborted hypocotyls. 
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Figure 1. Effects of PSK added to proliferation medium on the somatic embryo development in aged 

embryogenic cultures of stone pine, after 4 weeks of culture. (A) Line 2F47 showing early somatic 

embryos on medium lacking PSK or (B) containing 32 nM PSK or (C) containing 50 nM PSK. (D) Line 

1F62 showing early somatic embryos on medium lacking PSK or (E) containing 32 nM PSK or (F) 

containing 50 nM PSK. Bars=2 mm. 

 

 
In the PAs experiments, we found that the addition of Put, Spd or Spm at 100 µM to maturation medium 

promoted early embryo formation in aged embryogenic cultures, but with abnormal morphology. Line 

2F47 showed differentiation of early somatic embryos on maturation medium lacking PAs (Fig. 2A) 

although this line also developed abnormal mature somatic embryos (Fig. 2B). Exogenous Put slightly 

reduced culture growth and stimulated the formation of elongated somatic embryos (Fig. 2C), but 

embryos with embryogenic heads structurally disorganized by the formation of polyembryogenesis were 

also developed (Fig. 2D). A similar situation was reported in Picea abies, showing that meristem cell 

division and enlargement were stimulated, but single embryos were not rescued from polyembryonic 

centers and the frequency of development of malformed embryos was high (Vondráková et al. 2015). 

Spd slightly increased culture growth and stimulated the formation of clusters of early somatic embryos 

through polyembryogenesis, but normal mature embryos were not developed (Fig. 2E, F). Conversely, 

the addition of Spd at the same concentration enhanced the formation of somatic embryos in Picea 

glehnii (Nakagawa et al. 2011). In embryogenic cultures of Pinus sylvestris, the exogenous Spd retarded 

cell proliferation and growth but increased embryo-forming capacity (Niemi et al. 2002). The presence 

of Spm in the maturation medium reduced culture growth and abnormal development of somatic 

embryos was observed (Fig. 2G, H). Nakagawa et al. (2011) reported that exogenous Spm inhibited the 

maintenance of bipolar structures in Picea glehnii. The thickened embryos obtained in these experiments 

could resemble those somatic embryos that showed supernumerary suspensor cells in Pinus sylvestris 

(Abrahamsson et al. 2012).  
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Figure 2. Effects of PAs added to maturation medium on the somatic embryo development in aged line 

2F47. (A) Precotyledonary somatic embryos on medium lacking PAs after 12 and (B) 16 weeks of culture; 

(C) on medium containing Put after 12 and (D) 16 weeks of culture; (E) on medium containing Spd after 

12 and (F) 16 weeks of culture (Bars=2 mm); (G) on medium containing Spm after 12 and (H) 16 weeks 

of culture. Bars=1 mm. 
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In conclusion, the loss of the ability to produce normal mature somatic embryos in the aged cultures of 

P. pinea could not be reversed with the exogenous supply of either PSK during proliferation and PAs 

during maturation.  
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Introduction 

 
The genus Tilia is in high demand as honey producing trees or landscape plants. Somatic embryogenesis 

could be used for mass propagation of Tilia spp. as an alternative propagation system. While previous 

research regarding somatic embryogenesis has been conducted to develop inducible conditions, there 

has been no research of the genetics involved in Tilia somatic embryogenesis. Hence, it is necessary to 

define the unknown mechanism of somatic embryogenesis of Tilia spp. In this research, we studied 

whether the induction condition of T. insularis and T. mandshurica was identical to that of T. amurensis. 

Also, seven genes which were known to be associated with SE were tested for their existence in the T. 

amurensis genome. Subsequently expression of genes detected throughout SE development was 

measured. 

 

Materials and Methods 

 
Somatic embryogenesis 

 

For the study, immature seeds of T. amurensis Rupr., T. insularis Nakai and T. mandshurica Rupr. et 

Maxim. were collected from a seed orchard. After that, immature embryos dissected from seeds were 

cultured on MS medium with 1.0 mg/L 2,4-D. Four developmental stages during somatic embryogenesis 

were defined as  described in Kim et al. (2006); globular stage (SEG), heart stage (SEH), torpedo stage 

(SET), cotyledonary stage (SEC). 

 

Detection of genes 

 

Total RNA was isolated from SEs at different developmental stages and cDNA was synthesized. Seven 

gene (PtSERK, PtWOX2, BBM, LEC1, WOX4, PICKLE, VAL1) primers from references were used in 

polymerase chain reaction (PCR) and sequencing of amplified DNA fragment was performed (Rupps et 

al. 2016, Nic-Can et al. 2013, Perez et al. 2015). EST homologies were analyzed with BLAST, querying 

the NCBI database. To confirm that isolated ESTs were homologous, translated amino acid sequences 

were aligned with arabidopsis (Arabidopsis thaliana), cork oak (Quercus suber), poplar (Populus 

trichocarpa) and soybean (Glycine max). 

 

Expression analysis 

 

Then gene-specific primers were designed using Primer3 web 4.1.0 and real time qPCR was performed. 

Relative expression values were calculated and expressed as fold-change using the △△Ct method (Livak 

and Schmittgen 2001). Changes in gene expression among SE developmental stages were analyzed by 

analysis of variance (ANOVA). 
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Results and Discussion 
 

SEs developed to the cotyledonary stage, the final stage of somatic embryogenesis in T. amurensis and 

T. Insularis. SEs at the globular stage were induced in T. mandshurica (Figure 1). 

 

 
 

Figure 1. (a) Somatic embryogenesis stages obtained. (b) Somatic embryos that germinated on plant 

regeneration medium. 

 
Partial sequences of putative homologs of SERK, PICKLE and VAL1 of T. amurensis were identified. 

The genes were referred to as pTaSERK, pTaPICKLE and pTaVAL1. When translated sequences were 

compared to those of arabidopsis, poplar, soybean and cork oak, SERK, PICKLE and VAL1 showed 

100%, 89.4,% and 58.4% similarity, respectively. 

 

The expression of pTaSERK was the highest at the heart stage in T. amurensis and T. insularis. It 

increased in early somatic embryogenesis and decreased expression followed. pTaPICKLE showed 

similar expression pattern as SERK in T. amurensis, while it showed opposite pattern to pTaSERK in T. 

insularis. pTaVAL1 expressed in T. amuerensis showed high expression at hearth stage and cotyledonary 

stage, while the expressions of all stages in T. insularis were lower than the control (Figure 2). 
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Figure 2. Relative gene expression of pTaSERK, pTaPICKLE and pTaVAL1 during the somatic 

embryogenesis of Tilia amurensis and Tilia insulgaris, assessed by real time qPCR. Expression is 

relative to ACTIN gene and normalized for EMB (in gray). GER, germinated seed; EMB, immature 

embryo; SEG, globular stage; SEH, heart stage; SET, torpedo stage; SEC, cotyledonary stage. 
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Introduction 
 

Cryopreservation of plants involves the storage of plant tissue in liquid nitrogen at -196 °C or in its 

liquid nitrogen vapor phase at -136 °C. The main advantage of cryopreservation is that the tissues can 

be preserved, in principle, indefinitely, since at ultra-low temperatures all metabolic processes are 

stopped (Kaczmarczyk et al., 2012). 

 

Preserving the viability of plant tissue depends on the ability to minimize the stress caused by 

cryopreservation (Zeliang and Pattanayak 2012). Before being cryopreserved, embryogenic conifer 

tissue is treated mainly with a mixture of sorbitol and dimethyl sulfoxide (DMSO) at different 

concentrations (Hargreaves et al., 2002, Mathur et al., 2003, Carneros et al., 2017). The method most 

frequently used for this type of tissue is the slow cooling method developed by Whiters and King (1980). 

This method allows progressive dehydration to the point where the cellular content will not form ice 

crystals when reaching cryogenic temperatures. 

 

Most cell damage results from the severe dehydration that occurs during freezing. When ice forms in 

the intercellular spaces, there is a decrease in the water potential outside the cell, which causes a 

movement of unfrozen water due to the gradient of water and chemical potentials from the inside the 

cells towards the intercellular spaces (Tomashow 1998). 

 

Dehydration induced by freezing could have a series of effects that produce cell damage, such as the 

denaturation of proteins and the precipitation of several molecules. Numerous studies have shown that 

low temperatures induce the accumulation of metabolites, including carbohydrates such as glucose, 

fructose, maltose, raffinose and amino acids such as proline and glutamine. These metabolites play an 

important protective role in tolerance to freezing in plant cells (Burrit 2012). The total protein content 

has been used as a marker of the integrity and functionality of cell membranes after exposure to certain 

stress events (Martínez-Montero et al., 2002). The objective of our study was to determine if 

cryopreservation affects stress related metabolites in conifer embryogenic tissue. 

 

Material and methods 
 

The material used in this study came from immature cones of Pinus radiata that resulted from controlled 

crosses carried out in seed orchards owned by Arauco S.A. Forest Company (Chile). These cones were  
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selected for the induction of embryogenic cell lines. The crossings were performed in 2015 in seed 

orchards located in the Biobío Region of Chile.  

 

Cryopreservation of the material was performed with a modified slow freezing technique (Hargreaves 

et al., 2002) using 5 cryoprotective pretreatments with 0.4 M sorbitol as base. The pretreatments were: 

5% (v/v) dimethyl sulfoxide (DMSO5); 10% (v/v) dimethyl sulfoxide (DMSO10); 5% (v/v) dimethyl 

sulfoxide and 0.09 M L-proline (DMSO5P); 10% (v/v) dimethyl sulfoxide and 0.09 M L-proline 

(DMSO10P); and 0.09 M L-proline (DMSO0P).  

 

A sample of 100 mg of fresh embryogenic tissue of 4 genotypes was taken in the multiplication phase 

on the same day of cryopreservation (control) and during 4 weeks after growth reactivation. The samples 

were stored in a freezer at -80 °C until they were processed. The following biochemical parameters were 

evaluated: total content of soluble carbohydrates (TSCs), total content of proteins and proline.  

 

The content of total soluble sugars was determined using the method of Yemm and Willis (1954) with 

15 mg / ml anthrone and 72% sulfuric acid (v / v). For the preparation of the standard curve, 1 mg/ml of 

glucose was used, dissolved in distilled water. For the extraction of the samples 2 ml of 85% ethanol 

(v/v) for 12 hours was used. For quantification, 200 μl per sample in 96 well Trueline microplates was 

used. The quantification was carried out by measuring of the absorbance at 625 nm in a Biotek brand 

microplate spectrophotometer, model Epoch. The obtained values were contrasted against the glucose 

standard curve. 

 

For protein extraction, an extraction buffer of 100 mM Tris-HCl at pH 7, 6.5 mM EDTA, 1% (w/v) of 

PVP, 50 mM NaCl and 0.2% (v/v) of β-Mercapto etanol was used. For the preparation of the standard 

curve, 1.45 mg / ml of Bovine Serum Albumin (BSA) was used. The samples were shaken on ice during 

60 minutes and then centrifuged at 8.000 rpm during 20 min at 4 °C. The supernatant was used for the 

determination of total soluble proteins with the method of Bradford (1976). For protein quantification, 

200 μl per sample in 96 well Trueline microplates was used. The quantification was carried out by 

measuring of the absorbance at 595 nm in a Biotek brand microplate spectrophotometer, model Epoch. 

The obtained values were contrasted against the BSA standard curve. 

 

For the proline extraction, 3% sulfosalicylic acid (w/v) was used, then each sample was stirred during 

60 minutes and centrifuged at 6.000 rpm during 30 minutes at 10 °C. The supernatant was used for the 

determination of proline. The determination of proline was carried out by the method of Bates et al. 

(1973) using 25 mg/ml of acid ninhydrin dissolved in glacial acetic acid and 6 M of phosphoric acid. 

For the preparation of the standard curve a 40 μM standard of L-proline (Merck) was used. The proline 

quantification was carried out by measuring the absorbance at 520 nm in a Biotek brand microplate 

spectrophotometer, model Epoch. The obtained values were contrasted against the proline standard 

curve. 

 

The experimental design was randomized complete blocks. Each treatment was repeated 3 times with 4 

samples by each week of evaluation. The obtained data in quantitative observations were analyzed 

statistically with an analysis of variance (ANOVA) and a Tukey's multiple comparison test at a 

confidence level of 95% (P≤0.05) was performed using the statistical software "Statistica", Data 

Analysis Software System, version 913, 2015. 

 

Results and Discussion 
 

Total soluble carbohydrates (TSCs) 

 

For TSCs content, significant differences were observed only during the first week of subculture, 

recovering their initial values from week 2 of subculture (Fig. 1). In general, the same genotype behavior  

was observed for all cryoprotective pretreatments for which the embryogenic tissue was recovered once 

thawed. Lipavska and Kondradova (2004), point out that TSCs play an indispensable protective role  
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under stress conditions. It has been reported for Pinus species that glucose is the preferred carbohydrate 

in the metabolic demands of the species (Treat et al., 1989). In a study in Picea mariana and Picea abies 

it was observed that the endogenous levels of sucrose remained constant during the proliferation of 

embryogenic tissue and a fluctuation in the raffinose contents towards the end of the subculture cycle 

was observed (Iraqui and Tremblay 2001). 

  
 

Figure 1. Total soluble carbohydrates (TSCs) content in embryogenic tissue of 4 P. radiata genotypes 

after cryopreservation with 5 cryoprotective pretreatments. 

 

Total protein 

 

The protein quantification results show that no significant differences between the weeks after thawing 

and the initial values were observed before cryopreservation of the tissue. In Fig.2, the same behavior 

was observed with all the cryoprotective pretreatments during the entire evaluation period, except for 

the pretreatment with absence of DMSO (DMSO0P) that showed an increase in week 2. In general terms, 

all the genotypes reached their values of total basal proteins at week 4 after its growth was reactivated. 

 
 

Figure 2. Total protein content in embryogenic tissue of 4 P. radiata genotypes after cryopreservation 

with 5 cryoprotective pretreatments. 
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Although an increase in total protein content after cryopreservation was expected in this study, as 

observed by Tomashow (1998), this was not observed in the time periods under evaluation. It is 

presumed that with the time elapsed between the defrosting of the embryogenic tissue and the first post-

cryopreservation evaluation, the tissue was able to recover its initial values. In the study in embryogenic 

tissue of Saccharum sp, Martínez-Montero et al. (2002) identified an increase in the total protein content 

on the second day after being thawed, observing a gradual decrease until recovering their initial values 

on the fourth day of subculture, which agrees with the results of this study. 

 

Proline 

 

No significant differences were observed in the proline content related to the initial values. In Fig. 3 it 

is observed that the content of this amino acid did not have great variations once the tissue was 

reactivated after being cryopreserved. It was observed for all the genotypes that the content of proline 

did not have greater variations on either in the evaluated period or among the cryoprotective 

pretreatments used. The greatest variations were observed in the pretreatment in the absence of DMSO. 

 
 

Figure 3. Proline content in embryogenic tissue of 4 P. radiata genotypes after cryopreservation with 

5 cryoprotective pretreatments. 

 

The exogenous application of L-proline as a supplement in the cryoprotective pretreatments together 

with sorbitol and DMSO, had no effect on the proline contents of the embryogenic tissue once its growth 

was reactivated. 

 

The behavior pattern of the biochemical parameters studied in embryogenic tissue of cryopreserved P. 

radiata depends on the genotype, but not on the cryotolerance or the pretreatment used. The  genotypes 

with similar cryotolerance did not present the same biochemical pattern in the different evaluated 

pretreatments. 

 

We can conclude that despite the effects caused by stress during the process of cryopreservation, it does 

not significantly affect the primary metabolism, since after the second subculture, once the growth was 

reactivated, the parameters studied returned to their initial values. 
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Somatic embryogenesis is an excellent system for woody plant propagation. Because somatic embryos 

have a unicellular origin in many species, including grapevine, it has been used for several purposes, 

including basic developmental research, mutagenesis, genetic transformation and functional genomics. 

Although protocols are available for several grapevine cultivars, the application of somatic 

embryogenesis is still essentially empiric, with several limitations remaining. During the last years, in 

our lab we have developed specific somatic embryogenesis protocols for some autochthonous grapevine 

cultivars (Prado et al. 2010; Acanda et al. 2013). However, as a result of this research we have observed 

that the induction of somatic embryos and their maturation are limiting stages leading to a reduction in 

the efficiency of regeneration of normal plants. 

 

The induction of embryogenic cultures depends on multiple factors such as genotype, the origin of 

explants and their developmental stage. Most protocols in grapevine use floral explants for induction. 

This represents an important temporal limitation because these structures are available only a few days 

every year. Our goal was to evaluate the possibility of obtaining grapevine somatic embryos in a 

flowering-independent way. With this goal we tested the effect of two histone deacetylase (HDAC) 

enzymes inhibitors on the embryogenic competence of different explants. 

 

In addition, asynchrony and precocious germination were often observed during the differentiation and 

maturation of somatic embryos. These phenomena negatively affect to subsequent plant conversion of 

germinated embryos (Prado et al. 2010). To solve this problem, we used a semipermeable membrane 

placed between the culture medium and the embryogenic aggregates during their differentiation. 

 

To test the effect of the application of HDAC enzymes inhibitors, four types of grapevine (cv. Mencía) 

explants (somatic embryos at the cotyledonary stage, germinated somatic embryos, and shoot tips and 

leaves from micropropagated plants) were cultured in induction SEIM4 medium (Acanda et al. 2013) 

supplemented with different concentrations of HDAC enzymes inhibitors: sodium butyrate (NaB; 0.5 

mM, 2 mM or 5 mM) and Trichostatin A (TSA; 0.5 μM, 2 μM or 5 μM). Embryogenic responses were 

recorded after eight weeks of culture. 
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Treatment with 0.5 mM NaB significantly increased the embryogenic response when cotyledonary 

somatic embryos were used as explants (Table 1). This treatment also produced the overexpression 

(Martínez 2018) of genes encoding HDAC enzymes, as well as others related to the embryogenic 

competence (VvSERK2 and VvWOX2). The NaB also increased slightly the embryogenic response 

when germinated somatic embryos were used (no significant difference over the control, Table 1). In 

contrast, all the TSA treatments failed in increasing the embryogenic response (Table 1). Although 

further research is needed, these results open the possibility to obtain somatic embryos in grapevine in 

a flowering-independent way. 

 

Table 1. Effect of the application of inhibitors of histone deacetylase enzymes (NaB and TSA) on the 

embryogenic response of cotyledonary and germinated grapevine somatic embryos. Percentage of 

explants with embryogenic response (mean ± standard error) after 8 weeks of culture in SEIM4 medium 

containing each of the indicated inhibitor treatments was represented. Different letters indicate 

significant differences (p < 0.05) in columns. 

 

 
  

The effect of a semipermeable membrane on the maturation of grapevine somatic embryos was tested 

using grapevine (cv. Mencía) embryogenic aggregates induced and maintained in SEIM4 medium 

(Acanda et al. 2013). To test the membranes, embryogenic aggregates were transferred to differentiation 

DM1 medium (Prado et al. 2010) supplemented with 6 % of sucrose and cultured on a cellulose-acetate 

semipermeable membrane placed over the culture medium for five weeks. The relative water content 

and the abscisic acid endogenous content of the somatic embryos were recorded over the time of culture 

in those conditions (Acanda 2015). At the end of the experiment a histological analysis, using calcofluor 

white, was performed and single somatic embryos were collected to test their germination ability using 

our standard protocols (Prado et al. 2010; Acanda 2015; Martínez 2018). Somatic embryos cultured in 

the same DM1 medium but without the membrane were used as controls. 

 

 The use of the semipermeable membrane during the differentiation process allowed to 

significantly improve the maturation of somatic embryos as shown by the histological analyses (Figure 

1), avoiding precocious germination and increasing the subsequent germination rates (22 %) in respect 

to the control somatic embryos (1 %) cultured without the membrane. The somatic embryos cultured on 

the membrane showed a reduction in their water content (Figure 2) but a significant increase in their 

endogenous ABA content, mainly after two weeks of culture (Figure 3). The results suggested an overall 

effect of the membrane on the water state of the somatic embryos and a relationship with their ABA 

content, which could help to explain the observed improvement of the maturation of the somatic 

embryos. 
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Figure 1. Histological analysis of grapevine embryogenic aggregates obtained after 5 weeks of 

culture in DM1 medium without (A) or with a semipermeable membrane (B). Proliferation of globular 

somatic embryos are shown in (B) but not in (A). Sections were stained with calcofluor white. Bars = 

200 µm. 

 

 
 

Figure 2. Relative water content (mean ± standard error) of grapevine embryogenic aggregates 

cultured during 5 weeks on DM1 differentiation medium supplemented with 6 % sucrose and on a 

semipermeable membrane. 

 

 

Figure 3. Endogenous ABA concentrations (mean ± SE) of grapevine embryogenic aggregates cultured 

during 5 weeks on DM1 differentiation medium supplemented with 6 % sucrose on a semipermeable 

membrane. Different letters indicate significant differences among times of culture (p < 0.05). 
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Furthermore, expression analysis carried out during the differentiation of the somatic embryos showed 

a complex regulation of ABA and polyamine metabolism and a potential interaction between their 

pathways (Martínez 2018). Differential expression of biosynthetic (VvNCED1; VvBG2) and catabolic 

(VvHyd2; VvUGT) ABA-related genes appeared related to maintain a steady-state ABA level. In 

addition, biosynthetic polyamine genes VvADC and, mostly in cultures over membrane VvSAMDC, were 

overexpressed during the differentiation of the embryogenic aggregates. 
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Strawberry tree (Arbutus unedo, Ericaceae) is a small tree growing around the Mediterranean basin and 

Atlantic coast, including in Portugal. It is well adapted to stress conditions and shows a great 

regenerative capacity following forest fires making it an interesting species for reforestation programs. 

Due to its ability to prosper in poor marginal soils and its fairly tolerance to common pathogens, 

strawberry tree has been seen as a good alternative for farmers due to its potential for fruit production 

as well as being an ornamental. During the last years a considerable effort has been carried out in order 

to convert strawberry tree into a species more interesting for fruit production through the selection and 

propagation of selected trees by in vitro culture methods and hybridization assays in order to obtain 

different genetic combinations. Polyploidization experiments can also be extremely helpful as the 

polyploid plants can have enhanced characteristics, such as bigger organs and fruits and improved 

tolerance to biotic and abiotic stresses. The objective of this work was the induction of polyploid plants, 

as well as achieving a better understanding of the pollination mechanisms of the strawberry tree and 

obtaining hybrid plants. 

 

Several phenotypes were selected from wild strawberry tree populations, based on fruit production. 

These plants were established in vitro and propagated through different in vitro culture techniques, such 

as axillary shot proliferation and organogenesis on Andersson medium supplemented with 2mgL-1 

benzylaminopurine (Martins et al. 2019). For tetraploid induction 300 in vitro shoots (2n) from 3 

different genotypes were submitted to a treatment with two c-mitotic agents (colchicine and oryzalin), 

for different periods of time and at different concentrations. The survival rate was close to 20% and 

plant ploidy was evaluated by flow cytometry. Samples were prepared with WPB extraction buffer and 

nuclei were stained with propidium iodide. Solanum lycopersicum was used as a control. 15 of the 

induced shoots (Fig. 1A) were found to be mixoploid but only 3 tetraploid plants were produced, a 

conversion rate of 1%. Moreover, all the mixoploid plants reverted to its initial ploidy level. 

 

The strawberry tree phenological cycle is very long. The flower buds arise during summer, and are 

pollinated in autumn and early winter. The fruits take almost a year to develop and ripen the next autumn. 

For this reason, flowers and fruits can be found on the tree at the same time, making it an attractive 

ornamental. The flowers are grouped on hanging panicles, and the bell-shaped flowers contain 10 

anthers, with two whiskers each, and a penta-loculated ovary with numerous ovules. A morphological 

study of the pollen was carried out, as well as germination tests. Strawberry tree pollen grains are 

grouped on tetrahedral tetrads, with a medium size and a psilated surface. They have a long and narrow 

colpus with a granulated membrane on contiguous pollen grains, and a circular pore. Pollen can be easily 

germinated on a medium with H3BO3, CaCl2, KNO3 and a carbon source. Different carbon sources were 

tested and best results are achieved with 15% sucrose. Fructose was found to inhibit pollen germination. 

The effect of different plant growth regulators was also tested on strawberry tree pollen germination, 

such as: Indol-3-butyric acid (IBA), 1-naphthaleneacetic acid (NAA) and gibberellic acid (GA3). Both  
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IBA and NAA completely inhibit pollen germination at higher concentrations. On the other hand, GA3 

greatly promotes pollen germination and pollen tube elongation, making it a potential pollen extender 

for artificial pollination on orchards, increasing fruit production. 

 

Controlled in vitro and field pollinations were used to understand the pollination process and to obtain 

hybrids between selected trees. No auto-incompatibility barriers were found on the in vitro assays and 

some plantlets from the controlled crosses have been obtained following seed germination. The new 

genetic combinations (Fig. 1B) arising from these crosses will be screened for stress tolerance and 

propagated by in vitro culture techniques. Finally, the selected genotypes will be transferred to the field 

for phenotype evaluation and productivity performance. 

 

 
Figure 1. Micropropagated strawberry tree plants after treatment with c-mitotic agents. Hybrid plants 

obtained in the field from controlled crosses between selected plants. 
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The southeastern U.S. is well-known as a prime location for plantation-based forestry, possessing 

millions of hectares of plantations for production of timber and paper products.  The state of Georgia 

alone has almost 9 million hectares of commercial forest land, with forest industries bringing $35 billion 

into the state annually. The vast majority of forest plantations in the U.S. southeast are southern pines 

(Pinus taeda and Pinus elliottii). In fact, since prices for pine in the region have traditionally been 

significantly higher than prices for hardwood, and the supply of hardwoods from natural stands has been 

plentiful, little investment in hardwood plantations has occurred. This situation has been changing over 

the past ten years, as demand for hardwood fiber has risen, so that currently, the price for hardwood 

fiber in the region equals or slightly exceeds that of pine fiber. Thus, the case for purpose-grown 

hardwoods in the southeastern U.S. is becoming stronger, in particular in areas where a reliable supply 

of hardwood fiber is needed year-round, since purpose-grown trees have the ability to stabilize wood 

costs and provide predictable price caps for mills.  The region is home to several fast-growing hardwood 

species, e.g. yellow-poplar (Liriodendron tulipifera), American sycamore (Platanus occidentalis), 

sweetgum (Liquidambar styraciflua) and eastern cottonwood (Populus deltoides). Sweetgum 

plantations, first established in the southern U.S. in the 1960s, experienced some limitations that have 

largely been overcome with the development of improved planting stock (Wright and Cunningham 

2008).  However, overall, the lack of investment in developing hardwood resources means that genetic 

improvement programs to develop elite families or clones of these hardwood species have lagged. 

 

Two tools that could be applied to accelerate genetic improvement of hardwoods in the southeastern 

U.S. are hybrid breeding and clonal forestry, including such propagation techniques as somatic 

embryogenesis. The application of hybrid breeding to forest trees has resulted in very useful and 

productive genotypes for some forest crops.  Notable successes include hybrid poplars (e.g. Populus 

trichocarpa x Populus deltoides) and hybrid Eucalyptus (e.g. E. urograndis). However, these hybrids 

have not been shown to be suitable for plantation forestry in the southeastern U.S.  In fact, neither hybrid 

breeding nor clonal forestry have been applied commercially in the region.  Somatic embryogenesis, 

which at one time appeared to have great potential for clonal propagation of elite southern pine 

genotypes or “varietals”, has yet to attain a significant percentage of southern pine annual regeneration.  

However, embryogenic culture systems have been developed for multiple southern hardwoods, and this 

approach may actually be much more amenable to commercial scale-up for hardwoods than for pines. 

 

The combination of SE technology with hybrid breeding generates a very powerful approach that could 

change the landscape of hardwood forestry in the southeastern U.S.  Two examples of southern  

hardwoods with great potential for improvement via hybrid breeding and that can be mass propagated 

by SE are sweetgum and yellow-poplar. Both trees grow rapidly up to 65 m tall, with sweetgum making  
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its best development on bottomlands and yellow-poplar performing best on upland sites. Of the two 

species, sweetgum has become more important to the region’s pulp and paper industry, with increasing 

quantities of fiber from the tree incorporated into pulp mixes over the past 20 years.  Each of these 

species has an Asian counterpart, from which it has been separated for at least 10 million years, and 

with which it remains interfertile.  Liquidambar formosana is native to Taiwan and China.  Santamour 

(1972a) reported the first interspecific Liquidambar hybrids. Similarly, Liriodendron chinense is native 

to China and other parts of southeastern Asia. Liriodendron interspecific hybrids were described by 

Santamour (1972b) and Parks et al. (1983) reported heterotic growth rates for some of the hybrid trees. 

Furthermore, potentially scalable SE-based propagation systems have been reported for both L. 

tulipifera (Merkle et al. 1990) and L. styraciflua (Merkle et al. 1998). Thus, all the components were in 

place by 1998 to test the potential of combining hybrid breeding and SE to produce elite clones of these 

two genera. We began a project in cooperation with International Paper Co., Weyerhaeuser Corp. and 

the Consortium for Plant Biotechnology Research in 1999 to generate hybrid Liriodendron and hybrid 

Liquidambar clones using SE.  Since, this paper focuses on the hybrid Liquidambar variety story, I will 

not discuss the hybrid Liriodendron research further here. Details on that research can be found in 

Merkle et al. (1993) and Dai et al. (2004). 

 

To incorporate the use of embryogenic cultures for clonal propagation of elite hybrid genotypes, our 

approach to producing the hybrid clones is reversed from the usual sequence of steps.  Usually, 

horticultural breeders perform the hybrid crosses, plant out the hybrid seedlings for evaluation, and 

choose the best performers to clonally multiply to create a hybrid cultivar.  In our approach, which 

emulates that used by companies such as ArborGen Inc. and CellFor Inc. for pine varietal production, 

we initiated embryogenic cultures from the hybrid seeds and cryostored copies of every hybrid culture 

while somatic seedlings from those cultures were evaluated in the field.  Then, based on the performance 

of the somatic seedlings in field tests, we recovered from cryostorage those cultures from which the very 

best performing somatic seedlings were derived and scale up production of those clones using SE to 

create elite varieties.  Specifically, to generate hybrid sweetgum varieties, pollen was collected from 

three mature L. formosana trees growing in a U.S. Forest Service demonstration planting near Saucier, 

MS in March 1999 and used by International Paper (IP) Co. breeders to conduct controlled pollinations 

with three L. styraciflua selections from the N.C. State Hardwood Program at IP’s Southlands 

Experiment Forest near Bainbridge, GA, for a total of nine crosses.  Immature fruit were collected from 

the L. styraciflua mother trees in June and July and shipped to the Merkle lab at UGA, where the 

immature seeds were used for culture initiation.  Immature fruits were surface-disinfested using a 

sequence that included Clorox; then the fruits were dissected and immature seeds removed, nicked with 

a scalpel blade and cultured on a semi-solid induction-maintenance medium (IMM), which was a 

modified Blaydes (Witham et al. 1971) medium that included 2 mg/L 2,4-D (Vendrame et al. 2001).  A 

second round of hybrid breeding and culturing was conducted in 2005. Seed explants were transferred 

to fresh medium after one month and cultures were evaluated for evidence of SE after another month. 

 

Approximately 2% of the cultured seeds produced proembryogenic masses (PEMs; Fig. 1A) within 2 

months following culture initiation. PEMs could be maintained by monthly transfer to fresh medium 

and grew more rapidly once inoculated into liquid IMM to produce embryogenic suspension cultures. 

Suspension cultures were size-fractionated on stainless steel sieves, and a selected size fraction between 

38 µm and 140 µm, collected on filter paper using a Büchner funnel, produced up to 6000 synchronously 

developing somatic embryos per 0.5 g of PEMs (Fig. 1B) within 2 months following plating on semi-

solid basal medium, which was the same as IMM but lacking 2,4-D (Dai et al. 2004).  Eighty to 90 

percent conversion of the somatic embryos to somatic seedlings could be obtained following an 8-week 

pre-germination cold treatment at 10º C (Merkle et al. 2010). Recently, further improvements in PEM 

production were obtained using air-lift bioreactors, which produced up to twice the volume of PEMs as 

shaken flasks within 6 weeks (Lu and Merkle, in preparation). Early growth of somatic seedlings was 

accelerated using RITA® temporary-immersion bioreactors (Lu and Merkle, in preparation).  Several 

hundred hybrid sweetgum somatic seedlings, representing multiple varieties, were produced, transferred  

to potting mix and planted in field tests in different locations in the southeastern U.S. by IP and later by 

ArborGen collaborators over the past 10 years.  The hybrid trees can be distinguished from the parent  
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species by their leaf shape, which is intermediate between the five-lobed L. styraciflua leaf and the three-

lobed L. formosana leaf. In addition, embryogenic cultures and trees derived from them were verified 

to be hybrids using RAPDs (Vendrame et al. 2001). 

 
  
Figure 1. Hybrid sweetgum somatic embryogenesis. A. Proembryogenic masses derived from hybrid 

seed explants. B. Embryogenic cultures produced thousands of hybrid sweetgum somatic embryos. C. 

Somatic embryos emerging from somatic tissue of a staminate inflorescence explant. 

 
The hybrid somatic seedlings produced displayed a range of growth rates and habits in field tests on 

multiple sites. In the oldest planting, established in 2002 on IP property near Aiken, SC, a small number 

of the varieties showed faster growth rates than elite native sweetgum genotypes, as well as significantly 

higher wood specific gravity.  For example, one variety in the test had a DBH of over 26 cm and a height 

of 21 m at age 12 (Fig. 2A), with a wood specific gravity of almost 0.55, compared to an average DBH 

of 18.5 cm, height of 18 m and specific gravity of 0.45 for native American sweetgum seedlings. This 

variety and two others displaying similar performance were selected by ArborGen for commercial 

production. Other hybrid varieties showed potential for use as landscape trees and ornamentals, with 

dwarf phenotypes and striking purple fall leaf color. The second round of breeding and culturing in 2005 

resulted in the production of another eight hybrid varieties, which were planted in field tests at four 

locations in 2008. One of the tested varieties showed superior growth rates at all four sites and so was 

selected as a fourth commercial variety.  

 

Copies of the hybrid cultures were cryostored following the protocol of Vendrame et al. (2001) with the 

intention of thawing and scaling up production from those cultures that produced the best trees, based 

on the results of the field tests.  However, the desired varieties could not be successfully re-grown 

following recovery from cryostorage.  Fortunately, we had previously optimized a protocol for initiation 

of embryogenic cultures from mature sweetgum trees using inflorescence tissues as explants. Briefly, 

we found that both staminate and pistillate inflorescences, collected from fully dormant buds of mature 

sweetgum trees and cultured on medium with NAA or thidiazuron, or even on basal medium, could 

produce repetitively embryogenic cultures or PEMs (Fig. 1C), while leaves from the same buds could 

not be induced to do so (Merkle et al. 1998, Merkle and Battle 2000). These cultures, which arose from 

flower parts as well as inflorescence axes, were of somatic tissue origin and thus were diploid rather 

than haploid. Thus we were able to use this protocol to start new embryogenic cultures from the top 

hybrid varieties growing in the Aiken, SC field test by collecting dormant buds from the 8-year old trees 

and culturing the staminate inflorescences in those buds.  

 

Plantlets regenerated from the inflorescence-derived cultures were used by ArborGen personnel to 

establish hedges for scaled-up production of rooted cuttings.  During the period 2014-2017, 

approximately 200,000 trees per year (Fig. 2B), representing four elite hybrid varieties, were produced 

by ArborGen and planted by landowners in four states, with the goal of providing a ready source of 

hardwood fiber for pulp mills in their areas. Unfortunately, ArborGen suspended production of the 

hybrid trees in 2018.  However, landowners who have planted the hybrid varieties report they have  

performed well so far (Fig. 2C) and demand from landowners for more planting stock continues, so it is 

possible ArborGen will resume production in the future.  
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Figure 2. Hybrid sweetgum varietal trees. A. Elite hybrid clone after 12 years of growth. B. Rooted 

cuttings produced by ArborGen. Photo was taken in autumn.  Photo courtesy of Dr. Mike Cunningham, 

Arborgen, Inc. C. Hybrid sweetgum varietals in Morris County, TX, following one season of growth in 

the field.  Photo courtesy of Mr. Ed Hurliman. 

 
Overall, the 20-year effort to generate commercially useful hybrid sweetgum varietals by combining 

hybrid breeding with somatic embryogenesis should be considered a success.  While the hybrid 

sweetgum varietal planting stock that was ultimately marketed by ArborGen was not somatic seedlings, 

SE technology did play a vital role in generating the hybrid varieties. I believe that with additional 

research and investment in automation, production of hybrid sweetgum somatic seedlings could be 

scaled up to become price-competitive with trees derived from rooted cuttings. Thus, the story of these 

hybrid sweetgum SE clones may yet continue. 
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Introduction 
 

Genomic selection (GS) yields large genetic gains through shortening the duration of tree breeding by 

avoiding the need for lengthy testing periods. For example, in multi-varietal forestry (MVF), with the 

aid of vegetative propagation techniques such as somatic embryogenesis (SE) and rooted cuttings, the 

time savings of GS can be from 15 to 25 years depending on the trait considered. Mature commercial 

traits such as volume growth and wood density are difficult to assess at an early age, and the early 

selection using seed orchard-based breeding in conifers has been largely inefficient. We evaluated the 

feasibility of implementing GS in a white spruce (Picea glauca [Moench.] Voss) breeding program in 

eastern Canada.  For GS modeling, we assessed the growth traits of a clonally replicated genetic test at 

age 24 that contains 15,000 trees propagated by rooting of cuttings. We genotyped 351 clones with 

~4,100 single-nucleotide polymorphism (SNP) markers using a P. glauca Infinium chip designed as part 

of the FastTRAC project. This forest genomics endeavour, funded by Genome Canada and Genome 

Quebec, aims at developing and applying GS in current spruce breeding programs in eastern Canada. 

We found that GS applied at a very early age, combined with vegetative propagation through somatic 

embryogenesis or rooted cuttings, could result in about 75% greater volume productivity than the use of 

the conventional pedigree-based selection method in conjunction with seed orchard production, as well 

as that it eliminated the need for genetic field testing of the selected juvenile material. 

 

Materials and methods 
 

Plant material and phenotyping 

GS modeling was carried out using a clonally-replicated genetic test of white spruce established in 1990, 

which contained 377 clones from 75 full-sib families created from a disconnected diallel mating design 

representing 20 unrelated parents selected for the breeding program in New Brunswick (NB). The test 

was established in three locations (Acadia, Sussex, and St. Quentin) in NB using a randomized complete 

block design with 16 blocks of single tree plots at each test site. Measurements were taken at regular 

intervals and the latest measurements (phenotyping) were taken at age 24 (2014) for height and DBH. 

Tree volume was estimated using the Honer’s tree volume table (Honer et al. 1983). For genotyping of  

the clones in the test, foliage samples were taken at the Acadia site and DNA was extracted following 

standard procedures (Pavy et al. 2013a). 
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White spruce genomic resources and genotyping 

Prior to the FastTRAC project, a white spruce SNP marker atlas was constructed from EST (expressed 

sequence tags) sequencing and alignment of sequences against the white spruce gene catalog GCAT 

largely derived from full-length cDNAs (Rigault et al. 2011). About 213K high-confidence SNP markers 

(with true-positive rate of 92%) distributed in 15K expressed genes were discovered and released with 

open access for research (Pavy et al.  2013b). Based on these markers and following published protocols 

(Pavy et al. 2013a), a SNP genotyping chip was built to obtain a multi-locus genomic profile for each 

of the clones. To do so, the iSelect Infinium SNP array technology (Illumina, San Diego, CA) was used 

and a chip containing ~5,300 successfully manufactured SNPs was assembled, representing as many 

distinct gene loci well distributed over the 12 linkage groups of white spruce (Pavy et al. 2017). This 

chip was distinct from previous ones used in earlier GS proof of concept work in white spruce (Beaulieu 

et al. 2014a,b). Genotyping was conducted by Neogene Canada Inc. After removing non-segregating 

markers and applying in-house quality control filters, such as low rate of missing data (average of 1% 

per locus) and minor allele frequency > 0.01, high quality genotyping data from 4,075 SNPs were 

retained for GS analyses, which is more than sufficient to obtain high accuracy of GS models in spruce 

advanced-breeding populations (Beaulieu et al. 2014b, Lenz et al. 2017, 2019). A total of 351 clones 

were genotyped. 

 

Statistical modeling and BLUP analyses 

Three statistical methods for predicting the genetic values of clones and families were evaluated: (1) 

traditional pedigree-based best linear unbiased prediction (ABLUP) to calculate the estimated genetic 

values (EGV); (2) marker-based GBLUP; and (3) the blended HBLUP to calculate the genomic 

estimated genetic values (GEGV). We applied linear mixed models to partition the fixed block and 

diallel set effects, and random genetic effects as following for single sites for height and DBH traits: 
 

 
 

where Y is the phenotypic vector; X is the design matrix of fixed effects; β is the parameter of fixed 

values to be estimated; Z1 is the design matrix of additive genetic random effects; Z2 is the design matrix 

of non-additive genetic random effects; a is the parameter of random additive genetic effect of individual 

clones where a ~ N (0, A σA
2), and A is the kinship matrix in ABLUP. For estimation of GBLUP, the 

A-matrix was replaced by the genomic relationship matrix (G-matrix), or a blended relationship matrix 

(H-matrix) in HBLUP; and E is the random error E ~ N (0, I σE
2); u is the random non-additive effect 

based on pedigree information u ~ N (0, I σNA
2), where I is the identity matrix. The G- and H-matrices 

were constructed following the methods of  Legarra et al. (2009). 

 

Results 
 

Genetic gains form GS using vegetative propagation:  

Based on ABLUP, the selection of the top 10 clones achieved 25, 32, and 75%, respectively, of height, 

DBH and volume gain over the test average, while selecting the top 13% (i.e., 50 clones) yielded 15, 24 

and 54 % gain for height, DBH and volume, respectively (Table 1), although calculated volume tended 

to be over-estimated. The genetic gain was comparable between the GBLUP and ABLUP methods for 

these traits. Since all the offspring from selected elite parents were included in the test, the test average 

represents the gains from conventional seed orchard breeding.  

 

Correlation among ABLUP, GBLUP, and HBLUP:  

The clone rankings of the pedigree-based (ABLUP) and marker-based (GBLUP) estimates were 

positively correlated, with correlation coefficients ranging from 0.94 to 0.96 for height and DBH.  The  

top elite (10%) clones overlapped between the ABLUP and GBLUP predictions. Overall ranking of 

GBLUP and HBLUP approximately matched that of the pedigree-based method. 

 

 

 

1 2Y X Z a Z u E   



The 5th International Conference of the IUFRO Unit 2.09.02                                                                                                             | 232 

 September 10-15, 2018. Coimbra, Portugal 

Park et al.            

 

Table 1. Realized genetic gains, expressed in percentage above the trait means, for varying degrees of 

selection intensity from the clonally replicated test of white spruce containing 351 clones at age 24. The 

volume was calculated based on the selection scenario based on DBH. Note that trait means represent 

the seed orchard output if the parental clones were used in the seed orchard. 

 

No of top      Percent          Height           DBH                     Volume 

Ranking        selected  (Mean = 12.04 m) (Mean = 14.2 cm) (Mean = 0.08 m3) 

    ----------------------------------------------------------------------------------- 

    ABLUP     GBLUP ABLUP    GBLUP ABLUP     GBLUP 

-------------------------------------------------------------------------------------------------------------------------- 

    10  3  24       21              32      33              75        82 

    15              4              23       22              32      35              71        84 

    20              5              20       22              32      35              72        81 

    30              8              20       17              28      27              65        66 

    50             13              15       15              24      22              54        51 

 

Application of GS in current tree breeding programs 

 

Progeny testing of plantations established during the 1970s and 1980s now provide important data on 

the growth and quality at the rotation age that enable the development of GS model for the mature traits. 

As well, these tests are the source of material in applying GS for the next generation. For example, from 

existing progeny test plantations with the mature phenotype, one can develop a GS model, and select 

the best ABLUP/GBLUP parents (about 30 trees). These parents are used to produce about 250 

candidate lines through controlled crosses. These lines are vegetatively propagated either by SE or by 

rooted cuttings from SE-derived donor plants. These lines are then genotyped and applied to the GS 

model developed at the parental generation to obtain the GBLUP values. Based on the GBLUP values, 

an appropriate number of varieties are deployed in the commercial plantations. This will eliminate 

lengthy field testing for the mature commercial traits that may take 15 to 25 years for white spruce while 

providing more flexibility in the context of climate change (Fig. 1). However, it will be highly desirable  

 

 
 

Figure 1. Genomic selection implementation plan for white spruce breeding in New Brunswick, Canada, 

using somatic embryogenesis and rooted cuttings for seedling production. 
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Introduction 

 
The “Palo Borracho” (drunken stick) is a native tree from Argentina that has a bulge in its trunk that 

makes it take the form of a barrel (Figure 1). It grows disseminated in the eastern Chaco Park and in the 

Tucuman-Bolivian Forest, Argentina, (Tortorelli, 1956). It is cultivated for its ornamental characteristics. 

The bulging trunk, full of stings, is one of its main attractions, in addition to its beautiful flowers that, 

depending on the species, may be pink if it’s Chorisia speciosa or white-yellowish if it’s Chorisia 

insignis. It has finger-like leaves with 5 serrated edge leaflets. The fruit is a large dehiscent capsule of 

up to 15 cm of length that has numerous seeds trapped inside a species of cotton called "paina", of a 

slightly yellowish white colour that can have textile applications. The species we used in this work was 

Chorisia speciosa, where the parts of the flowers can be easily recognized in the explant.  There are no 

records of in vitro tissue culture of this species, that is why it is important to develop in vitro propagation 

protocols. 

 

 
 

Figure 1. Palo borracho’s tree (Taken by Google Photos). 
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Materials and Methods 

 
The mother plants were randomly selected from the public woodland of La Plata city following the 

recommendations of Sharry et al. (2015). As explant were used closed button flowers, harvested totally 

closed and with no marks of any pathogen attack in March of 2018. (Figure 2) 

For the disinfection and culture establishment were used the following items 

1) 96% ethanol  

2) Burner  

3) Sterilized water 

4) Water treatment equipment; balances; autoclave; laminar-flow hood; scissors, forceps and 

scalpels; glass bottles; baby food jars (55 mm diameter, 72 mm height), plastic film and 

Parafilm®; growth chambers 

5) Insulation medium (agar 7,5 g/L with 30 g/L of ordinary sugar) 

6) Closed button flowers (free of pathogens) 

All the items used except the Parafilm® were sterilized in an autoclave for 20 minutes at 1 atmosphere 

of overpressure and 121 ºC. 

 

 
 

Fig.2. Floral button 

 
For the in-vitro establishment we used the following steps: 

1) The button flowers were immersed in 96% alcohol and flamed for 3 seconds above the burner 

turning the explant around once per second, then the flame was extinguished in a glass with 

sterilized water, all in the laminar-flow hood. 

2) The button flowers were sectioned in androecium and gynoecium. Then they were placed in 

Petri dishes filled with 10 ml of insulation culture medium, and sealed with Parafilm®.  

3) The Petri dishes were placed in a growth chamber at 25 ºC and a 16-h photoperiod.  

4) After 15 days, the explants were introduced in Petri dishes filled with 10 ml of Woody Plant 

Medium (McCown, 1981) at half concentration with 1,5 ppm of 2,4-Dichlorophenoxy acetic 

acid and 1 g/L of activated charcoal. 

5) The Petri dishes were placed in a growth chamber at 20-24 ºC in darkness to induce callus 

formation and possibly somatic embryogenesis. 

 

Results and Discussion 

 
The disinfection was efficient and after 15 days of culture in the dark, friable calluses were formed 

(Figure 3). Both androecium and gynoecium gave calluses, that means that all the explants had divisions 

ending in calluses. These calluses were sub-cultivated in an induction of embryogenesis medium,  
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composed of WPM salts at half strength where the formation of pro-embryos was observed. Actually, 

these tissues, still in darkness, induced proliferation and maturation of somatic embryos. 

 

 
 

Figure 3: Calluses formation in explants of Ceiba 
 

The use of flower buttons to induce somatic embryogenesis is not common but it is used in the 

propagation of cacao. So, for example, Urrea Trujillo et al. (2011) induced somatic embryogenesis from 

flower explants in two clones of Theobroma cacao.  

 

The somatic embryogenesis of Palo borracho has not been reported before, that is why this exploratory 

study could lead to and adjusted protocol from a non-commonly used explant in micropropagation. 
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Introduction 

 
Podocarpus L'Hér. ex Pers. (Podocarpaceae) is the second largest genus among conifers, comprising 97 

species mainly distributed in the Southern Hemisphere (Farjon and Filer 2013). Species of the genus 

Podocarpus are important timber, wax, tannin, and ornamental trees in their native areas (Abdillahi et 

al. 2010). However, relatively little is known about the Brazilian species Podocarpus lambertii Klotzsch 

ex Endl. This species is indigenous to one of the 25 biodiversity hotspots of the world, the subtropical 

moist forest ecoregion of the Atlantic Forest biome - Brazil (Myers et al. 2000; Farjon and Filer 2013). 

Podocarpus lambertii conservation status is classified as near threatened in the IUCN red list (Farjon 

2013). Thus, the development of in situ and ex situ conservation strategies is necessary.  

 

Cryopreservation is a widely used process for long-term ex situ conservation (Engelmann 2004). It is 

based on the preservation of biological material (i.e. organelle, cells, tissue) at ultra-low temperatures, 

usually liquid nitrogen (LN, -196 °C) (Engelmann 2004). Vitrification is a cryopreservation technique 

that uses a highly concentrated cryo-protective solution, allowing the super-cooling of plant material to 

very low temperatures without undergoing crystallization (Sakai and Engelmann 2007). In the droplet-

vitrification technique, the explants are treated with the vitrification solution and frozen in individual 

micro droplets of the vitrification solution placed on aluminum foils, which are immediately immersed 

in liquid nitrogen (Sakai and Engelmann 2007). The droplet-vitrification method has been successfully 

applied to the cryopreservation of embryos from many plant species (Martinez-Montero et al. 2008; 

Engelmann 2011; Gantait et al. 2015; Bradaï et al. 2017). 

 

The cryopreservation of P. lambertii excised embryos might enable the long-term ex situ conservation 

of genotypes from endangered populations. Thus, in the present study we propose a cryopreservation 

protocol for P. lambertii embryos using droplet-vitrification technique. 
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Materials and methods 
 

Plant material 

Mature seeds of P. lambertii were collected in a natural population at Curitiba - Brazil (latitude 25° 25′ 

S, longitude 49° 16′ W, altitude 925 m). Seeds were surface sterilized with 70% ethanol for 1 min and 

2% sodium hypochlorite for 20 min, followed by triple rinsing with sterile deionized water. Embryos 

were excised in a laminar flow chamber with the aid of a stereomicroscope. 

 

In vitro germination of embryos 

Excised embryos (n = 40) were inoculated in test tubes (25 mm x 200 mm) with 15 mL of culture 

medium consisting of Woody Plant Medium (WPM; Phytechnology Laboratories, Shawnee Mission, 

KS; Lloyd and McCown 1981), supplemented with 88 mM sucrose, 2 ml L-1 Plant Preservative 

Mixture™ (PPM), 3 g L-1 gellan gum (Phytagel™). The pH was adjusted to 5,8 before autoclaving at 

121 °C for 15 min. The embryos were incubated in the dark for 72 h, and then transferred to 16 h 

photoperiod (60 μmol m2 s-1) and 25 ± 2 °C for 30 days. After 30 days in culture, the green germinants 

were counted. 

 

Effect of incubation time in PVS2 (-LN) 

Embryos were subjected to different incubation times in PVS2 (composition described below) for 0, 20, 

40, and 60 min and germinated in the same culture medium described above. In this step, the focus was 

to evaluate the possible toxicity of cryoprotectants agents and its effect on embryos germination. Thus, 

excised embryos were subjected to the loading solution composed by 2 M glycerol and 0.4 M sucrose 

(Matsumoto et al. 1994) plus WPM basal salts and vitamins. After 20 min in darkness at room 

temperature, the loading solution was replaced by PVS2 solution consisting of 3.26 M glycerol, 2.42 M 

ethylene glycol, 1.9 M dimethyl sulfoxide and 0.4 M sucrose (Sakai et al. 1990), plus WPM basal salts 

and vitamins. Different incubation times in PVS2 (0, 20, 40 and 60 min.) at 0 °C were evaluated. 

Subsequently, all embryos were subjected to in vitro germination. 

 

Cryopreservation by droplet-vitrification (+LN) 

Cryopreservation procedures were carried out using the droplet-vitrification method on aluminum foil 

strips (Panis et al. 2005). Excised embryos were incubated in PVS2 at 0 °C  for 0, 20, 40 and 60 min. 

Then, the embryos were surrounded by a droplet of PVS2, rapidly transferred to sterilized aluminum 

foil strips and immersed in LN for at least 24 h. Re-warming was performed in a 40 ºC deionized water 

bath (40 s) with basal WPM medium containing 1.2 M sucrose. Explants were kept in this unloading 

solution (Sakai et al. 1990) for 20 min and then transferred for the unloading solution 2 (Nishizawa et 

al. 1993), consisting of basal WPM medium containing 0.3 M sucrose, and were incubated for 24 h. 

After that, all explants were inoculated into germination culture medium. 

 

Statistical analysis 

The experimental design was completely randomized with 15 embryos per treatment (n = 15). The 

experimental unit consisted of one test tube with one embryo. Data of green embryo formation and 

morphological features were recorded at 60 days of culture. Data were compared by chi-square (χ2) test 

(p<0.05) with Yates correction. Pairwise comparisons were carried out in 2x2 contingency tables in 

order to detect differences between treatments. 

 

In vitro rooting of shoots 

Sixty days after the re-warming from LN, 20 rootless plantlets obtained from cryopreserved embryos 

were subjected to in vitro rooting in the germination culture medium supplemented with 12 µM indole 

-3-butyric acid (IBA) (Castro et al. 2011). The plantlets were incubated in the dark for 72 h, and then 

transferred to 16 h photoperiod and 25 ± 2 °C. Data of in vitro rooting was recorded after 60 days in 

culture. 
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Results and discussion 
  

Embryos subjected to in vitro germination showed 77.7% of green embryos and subsequent plantlet 

formation (Table 1). Similar rates of green embryos formation were observed for all incubation times in 

PVS2 (-LN). As our results did not indicate negative effects on green embryo formation after the 

different incubation times in PVS2 (-LN), we tested all PVS2 incubation times (0, 20, 40, and 60 min) 

in the cryopreservation by the droplet-vitrification protocol. 

 

Embryos subjected to cryopreservation by droplet-vitrification (+LN) showed contrasting results. The 

lowest rate of green embryos formation was observed in treatment with PVS2 incubation for 0 min 

(13.33%). Treatments with PVS2 incubation for 20 and 40 min indicated high green embryos formation, 

reaching the same rates observed in treatments not subjected to liquid nitrogen (Table 1). Longer 

exposure time to PVS2 (60 min) showed deleterious effect and decreased rate (20%).  

 

The best results found for P. lambertii embryos cryopreservation was with 20 and 40 min incubation in 

PVS2 (+LN), showing 53.33% and 46.66% of green embryos, respectively. Prudente et al. (2016) 

reported a cryopreservation protocol for Araucaria angustifolia embryo shoot tips, a species belonging 

to family Araucariaceae, a family sister to Podocarpaceae. In that study, the authors obtained 53.2% 

survival of shoot tips after treatment with PVS2 for 15 min, with a decreased explant survival after 30 

min incubation. In our study, decreased survival was only observed after 60 min incubation. 

  

Table 1. P. lambertii embryos recovery and injury rates after different cryo-treatment incubation times 

(0, 20, 40 and 60 min) after 60 days in culture.  
 

 
 

Different letters in column indicate statistical difference between different PVS2 incubation times, 

compared by chi-square (χ2) contingency test (95%). (*) indicate no statistical difference. (**) Embryos 

with embryonic axis broken in two pieces. (-)LN: non-subjected to liquid nitrogen; (+)LN: subjected to 

liquid nitrogen. Control treatment: n = 40; (-)LN and (+)LN treatments: n=15. 

 

However, an intriguing event occurred to all embryos subjected to liquid nitrogen. A rupture of the root 

apical zone was observed in these embryos (Fig. 1A and B). This injury occurred in 66.67% of embryos, 

in average, without significant difference (Table 1). Importantly, before the cryopreservation procedures, 

the embryos indicated intact shoot and root apical zones (Fig. 1C). 
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Figure 1. Morphological features of P. lambertii embryos cryopreservation. Excised embryos before 

(A) and after (B) cryopreservation procedures, indicating the loss of root apical zone. (C) Histological 

section of the embryo at the cotyledonary stage showing the intact shoot and root apical zones. 

Germinated embryos non-subjected (D) or subjected (E) to liquid nitrogen indicating the presence and 

absence of root, respectively. (F) Rooted plantlets after in vitro rooting stage 

 

Embryos not subjected to liquid nitrogen indicated normal plantlet development during the germination 

process, with root formation (Fig. 1D). Embryos cultured after the complete cryopreservation procedure 

showed rootless plantlet development (Fig. 1E). In order to avoid the consequences of the root structures 

absence, which could compromise the subsequent plantlet development, rootless plantlets were 

subjected to in vitro rooting. High rooting rates could be achieved in this step (40%), allowing the 

obtainment of complete plantlets and, consequently, improving the feasibility of the cryopreservation 

protocol (Fig. 1F). 

 

 

Conclusion 
 

In the present study, a suitable protocol for cryopreservation of P. lambertii embryos is described. This 

protocol represents the first ex situ conservation approach reported for this species, an endangered 

Brazilian conifer. In addition, this is the first cryopreservation protocol described for the family 

Podocarpaceae. Thus, this cryopreservation protocol may be useful for future studies with other 

Podocarpaceae species. 
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The molecular regulation of plant embryogenesis has been mostly studied using angiosperm model 

species such as Arabidopsis. However, gymnosperm and angiosperm lineages are estimated to have 

driven apart over 300 million years ago and their differences, in particular at the embryogenic phase, 

are well described (Axtell, 2013). As major regulators of gene expression during developmental 

processes in plants, it is expected that sRNAs play a relevant role in the regulation of embryogenesis 

and, most probably, in the emergence of differential characteristics of the conifer embryo (Bologna & 

Voinnet, 2014). During this transition, conifer embryos develop multiple cotyledons while maintaining 

a radial symmetry which contrasts with the Arabidopsis embryo where a bilateral symmetry is acquired 

(Williams, 2009). Based on previous studies in our lab that generated an overview of the Pinus pinaster 

sRNA transcriptome in several tissues including embryos at several developmental stages, a set of 

candidate miRNAs and corresponding target transcripts have emerged as potential embryogenesis 

regulators. Centered on the differential expression analysis of identified miRNAs throughout embryo 

development, we hypothesize that specific miRNA-target regulatory nodes, potentially involved in 

processes such as auxin responses and miRNA biogenesis, are crucial developmental regulators. Among 

these, miR160 and miR162, putatively targeting an ARF10 and DCL1, respectively, are interesting 

candidates to further characterize based on their expression patterns, either specific of zygotic embryo 

tissues/developmental stages or markedly differentially expressed during embryo development 

(Rodrigues et al., 2017). By using a conifer in vitro embryogenesis model system(Filonova et al., 2000; 

Vestman et al., 2011), and a combination of cell, molecular biology and genetic tools, we are working 

on the functional characterization of a short list of selected candidate miRNA-target regulatory pairs. 

As a first step of this characterization, the validation of in vivo interaction of selected miRNAs and their 

putative target genes, predicted mostly by in silico analysis, is being performed using a co-transient 

expression with the luciferase reporter system in Arabidopsis protoplasts (Martinho et al., 2015). 

Preliminary results already obtained up to now validate the existence of in vivo interaction between 

miR160 and its target ARF transcript. 
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Somatic embryogenesis (SE) is a very promising biotechnological tool for the rapid and large-scale 

vegetative propagation of elite varieties. For Coffea arabica F1 hybrids, research has led to successful 

industrialization and commercial application of SE in Latin America. However, SE research on C. 

arabica remains essentially empirical and at a low-throughput level, resulting in many drawbacks, 

especially an overall slow technical progress over the last few years. While production today can reach 

1-2 million SE-derived plants per year, a scale-up is needed to meet market demands (50-100 million 

per year). A high-throughput approach can be a solution to optimize SE protocols by testing a wider 

range of active compounds (nutrients, growth regulators, etc.), multiplying experimental conditions, and 

reducing volumes as well as required spaces and manpower. An automated and miniaturized system is 

a pre-requisite to establish this approach. We here present an automated high-throughput screening 

system able to optimize SE in C. arabica. Our focus was on the production of embryos from established 

cell suspensions. This SE stage is classically done in 250 ml flasks so miniaturization in 24-well plates 

was necessary. Arabica calli were also miniaturized in order to fit the pipetting platform. The automated 

platform was then programmed in a way to validate homogeneity of calli distribution as well as callus-

to-embryo conversion. After a successful establishment of the system, a screening proof of concept was 

carried out. Four compounds (Oxamflatin, SAHA, Scriptaid and Trichostatin A) belonging to the histone 

deacetylase inhibitors family were tested at three different concentrations: 0.1, 1 and 10 µM, as potential 

active compounds on C. arabica embryo differentiation. Only calli treated with 1 µM Trichostatin A 

showed a significant increase in the number of torpedo-shaped embryos (3-fold increase). As a 

validation, this treatment was re-tested in standard conditions (250 ml flasks) and there also showed a 

significant increase in the number of embryos obtained (3.5-fold increase), their size (30%) and the 

overall fresh weight (60%). Our results show that our system can be well-suited to screen thousands of 

compounds in a restrained time period. Further analysis should be carried out to understand the 

Trichostatin A molecular effect on embryo production stimulation and plantlet conversion efficiency.  
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Maritime pine (Pinus pinaster Aiton) is the most abundant conifer in the Mediterranean basin with a 

surprisingly ample ecological niche. Biotechnological tools such as somatic embryogenesis (SE) and 

gene transfer have been developed in this species for breeding, with the aim of generating elite genotypes 

with improved growth characteristics under stress conditions. The main goal of our research is to obtain 

maritime pine clones with a better adaptation to high temperatures, by “priming” somatic embryos (SE) 

during the maturation process. 

 

Maritime pine embryogenic lines, induced and proliferated at 28ºC, were maturated at 18º, 23º or 28ºC 

as described in Arrillaga et al. (2019). Mature SEs were germinated and transferred to the greenhouse. 

After one year, plants were exposed during 10 days to high temperatures, which  ranged from 22ºC to 

50ºC for 4 hours, and then was maintained over 3 hours. Data from photosyntetic parameters, i.e. proline 

and relative water content, as well as anatomical characteristics were determined in sampled needles at 

the beginning (T0) and at the end (T10) of the 10 days-heat treatment and after another 10 days to 

measure plant recovery (TR). 

 

Our preliminary results suggest that a drastic temperature decrease (10ºC) during SE maturation 

produced plants with a higher adaptation to heat stress in terms of higher water content, which also 

correlated with higher proline levels in plant needles. In addition, reduction in net photosynthesis during 

heat stress was lower in the plants derived from SE maturated at 18ºC than in those derived from SE 

maturated at 23ºC or 28ºC (at T10) and increased after 10 days recovery (TR). Finally, we also found 

that after heat stress, the needle chlorophyllic parenchyma in these plants was wider than in those from 

SE maturated at warmer temperatures. A possible cross-tolerance between priming with low 

temperatures during maturation and heat stress resilience is under study. 
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Epigenetic marks are involved in the regulation of global gene expression programs, among these marks, 

DNA methylation, accomplished by DNA methyltransferases, is a key epigenetic modification of the 

chromatin, associated with gene silencing that can change during cell proliferation and differentiation 

processes. Somatic embryogenesis is a widely used biotechnological tool for in vitro plant regeneration 

but, unfortunately, often still with limited efficiency in woody species. Cell reprogramming, totipotency 

acquisition and somatic embryogenesis initiation involve changes in the developmental program of the 

cell, which affect global genome organization. Recent studies in rapeseed and barley have reported that 

microspore embryogenesis initiation is associated with DNA hypomethylation (Solís et al. 2012, El-

Tantawy et al. 2014), and its efficiency can be improved by the DNA demethylating agent 5’- 

azacytidine (AzaC) (Solís et al. 2015). However, in trees, little is known about DNA methylation 

dynamics during somatic embryogenesis, except for a few reports that have revealed the association of 

somatic embryogenesis initiation with reduced DNA methylation (Rodríguez-Sanz et al. 2014, 

Corredoira et al. 2017).  

 

In this work we analyzed the changes in global DNA methylation levels and nuclear distribution of 

methylated DNA by immunofluorescence with anti-5-methyl-deoxycitidine (5mdC) antibodies 

(Testillano et al. 2013), as well as gene expression profiles of several DNA methyl transferases during 

somatic embryogenesis progression in Quercus suber L. (cork oak), by biochemical, molecular and 

immunocytochemical approaches. Furthermore, effects of AzaC treatments on somatic embryogenesis 

were analyzed.  

 

Results showed low levels of global DNA methylation at early stages of somatic embryogenesis, in 

proembryogenic masses, followed by a progressive increase in DNA methylation at later stages, during 

somatic embryo differentiation. This pattern correlated with the expression profile of the DNA methyl 

transferase QsMET1 which was up-regulated during somatic embryo development, suggesting the 

involvement of MET1 in the process. AzaC treatment reduced global DNA methylation of 

proembryogenic masses and promoted the proliferation of somatic embryogenesis cultures, favoring the 

initial stages of somatic embryogenesis. However, at advanced stages AzaC prevented embryo 

differentiation, an effect that could be reverted by eliminating the drug from culture medium.  

 

These findings provide new insights into the epigenetic regulation underlying somatic  embryogenesis 

in cork oak, a forest species of high economic and ecologic value, opening up new intervention 

pathways, by using epigenetic modulators, to improve somatic embryogenesis yields for forestry 

breeding and propagation programs.  
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High levels of stress and/or the application of exogenous plant growth regulators have been used for the 

induction of embryogenesis in cell cultures. Stress response accelerates somatic embryo formation and 

increases the transcription of genes related to stress treatment. Thus, the levels of stress tolerance 

exhibited by individual cell lines may influence both embryogenic cell viability and metabolism, as well 

as their adaptation to environmental conditions during in vitro culturing. Polyamines (PAs) and nitric 

oxide (NO) are molecules associated to several plant growth and development processes, including 

adaptive responses to biotic and abiotic stress. PAs (putrescine, spermidine, and spermine) are 

biochemically related to NO through arginine, a common precursor in their biosynthetic routes, 

suggesting that alteration in NO homeostasis can affect PAs bioavailability and vice-versa. Moreover, 

NO has been shown to be produced from PAs through a still uncharacterized mechanism (Tun et al.  

2006; Silveira et al. 2006). The overlapping roles between PAs and NO raise the question of how both 

molecules may act in coordination during plant development. Somatic embryogenesis (SE) associated  

to cryopreservation can represent a useful strategy for ex situ conservation of Brazilian pine, a native 

endangered conifer of South America. In Brazilian pine, PAs and NO seem to be involved in the 

regulatory mechanisms responsible for proliferation of proembryogenic masses and differentiation in 

somatic embryos. In order to elaborate an appropriate condition to improve SE in Brazilian pine, we 

analyzed the influence of NO donors (GSNO and SNP) during somatic embryo formation in three 

embryogenic cell lines. In addition, endogenous NO production, PAs and amino acids levels were 

recorded after cultivation in the presence of NO donors for 30 min, 24 and 72h. These findings will be 

important for evaluation of embryogenic culture responses to changes in media culture formulation and 

increase of somatic embryo formation in different Brazilian pine genotypes. 
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Understanding the physiological, vascular and biomechanical processes that allow micropropagated 

plants to modify their phenotype in response to environmental conditions can help to improve both field 

performance and plant survival. To identify differences between the hybrid poplar Populus tremula × 

(Populus × canescens) plants propagated from in vitro multiple shoot cultures and those from root 

cuttings, we assessed any changes in both the leaf traits and the woody cell wall composition during the 

sixth and seventh growing seasons following planting in the field. Measurements and comparisons were 

made for leaf growth, photosynthetic and vascular traits, nanomechanical properties, content of cell wall 

components, lignin monomer composition, as well as for the macromolecular properties of both lignin 

and cellulose. With regard to the leaf traits, the micropropagated plants showed significantly higher 

values for leaf area, leaf length, leaf width and leaf dry mass. The increased leaf area and leaf size 

dimensions resulted from a higher transpiration rate. The micropropagated plants also achieved higher 

values for the nanomechanical dissipation energy of tracheary element cell walls which may indicate a  

higher damping capacity within the primary xylem tissue under abiotic stress conditions. The 

performance of the plants propagated from root cuttings was superior for instantaneous water-use 

efficiency signifying a higher acclimation capacity during a severe drought. Similarities between the 

two stock types were found for the majority of the examined leaf traits, including leaf mass per area, 

stomatal conductance, net photosynthetic rate, hydraulic axial conductivity, indicators of primary xylem 

vascular architecture, modulus of elasticity, adhesive force and deformation. This research revealed that 

there was no decrease in the leaf physiological performance which could be attributed to the 

micropropagated plants. 

 

From a viewpoint of the woody cell wall composition, the performance of the micropropagated plants 

was superior for the content of cellulose, relative proportions of both D-glucose and D-mannose, and 

weight-average molecular weight of dioxane lignin. The plants propagated from root cuttings achieved 

significantly higher values for the content of hemicelluloses, total yield of neutral saccharides, and both 

absolute yields and relative proportions of D-xylose and L-arabinose. Non-significant differences 

between the stock types were found again for the majority of the examined wood traits, including the 

macromolecular properties of cellulose and the vascular traits. Although no direct preference to either 

stock type can be clearly underlined, there were also no substantial drawbacks found in either the 

chemical profiles of the wood components or in the anatomical profiles of the vascular traits which 

could be attributed to the micropropagated plants. In addition, no significant differences were found in 

lignin monomer composition or in the relative proportion of syringyl units between the stock types. 

Thus, seen from a phytopathological point of view, no advantage could be attributed to either stock type 

for an enhanced resistance against cellulose biodegradation. 
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The protocols of coniferous somatic embryogenesis (SE) are constantly evolving with the aim to find 

application of these protocols for a wide spectrum of species. Although individual genera, sometimes 

species, need protocol modifications, the goal remains the same – fully developed somatic embryos 

mimicking zygotic embryos. Desiccation, as the final phase of embryonic development, leads to 

biochemical changes in somatic embryos approaching those in its zygotic counterparts (e.g. Gemperlova 

et al. 2009) and appears to be important in the transition from the embryogenic phase to germination. 

The objective of the presented study was to follow morphological and selected biochemical 

characteristics induced by various air humidity during desiccation of Norway spruce (Picea abies Karst.) 

somatic embryos. The fully developed embryos were desiccated in three different levels of air humidity 

(90%, 95%, and 100%) for 10 days; for another 10 days the embryos were kept in 100% air humidity. 

We determined changes of polyamine content as an indicator of the level of drought stress in embryos. 

Concurrently we observed the expression of two beta glucanase and two chitinase genes and selected 

ATG (autophagy related) genes, since they are assumed to play a role both in development and reaction 

of plants to various stresses (e.g. Veluthakkal et al. 2012).  
 

The basic morphology of desiccated embryos was comparable in all three variants, however germination 

of somatic embryos cultivated in 90% of air humidity was negatively affected. Desiccation in 100% 

relative air humidity (control variant) affected polyamine levels; free polyamines were lowered and 

higher forms of polyamines (spermidine and spermine) were favored. Low humidity at the start of 

desiccation led to an increase of putrescine level, which dropped after subsequent rehydration at the end 

of desiccation. Expression of endo-1,4-beta glucanase increased during desiccation in 100% air 

humidity while in lower air humidity it remained unchanged. The expression of beta-1,3-glucanase was 

highly up-regulated after low humidity desiccation, the same pattern of expression was observed with 

class IV chitinase Chia4-Pa and putative ATG12. Expression levels of putative class I chitinase and 

ATG8 genes were slightly up-regulated in all desiccation treatments. Somatic embryos were highly 

active during desiccation both on the level of polyamine metabolism and expression of selected genes. 

From this we conclude that desiccation of somatic embryos is a metabolically active process affected 

by relative air humidity. 
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In the context of climate change, efforts in forest research should be addressed to provide improved 

genotypes with increased resilience to high temperature events. One of the goals of our group is to obtain  

improved maritime pine (Pinus pinaster) clones that include such a characteristic by “priming” our 

somatic embryos (SE) at different periods of the SE production. To this end, we have applied high 

temperature pulses (37ºC and 50ºC) to isolated megagametophytes just at the beginning of the SE 

induction phase. Afterwards, embryogenic masses from these primed megagametophytes went through 

proliferation and maturation stages as described in Cano et al. (2018). Finally in vitro germinated 

emblings from one of these clones were used to study whether this initial “priming” would improve 

resilience after further heat events. In order to do this, in vitro growing plantlets were subjected to 

different heat treatments, at 23ºC, 37ºC or 50ºC for 3 hours, and needle samples were collected at 0, 24 

and 72 hours after the heat treatment. The relative expression of HSP70, WRKY and PEROX1 genes, all 

related to defense responses, was determined through quantitative-PCR (qPCR). 

  

Expression of the WRKY gene was higher for in vitro plants derived from primed megagametophytes 

than in those from control explants, and its expression remained unaltered after heat treatments, 

indicating some epigenetic changes on this gene. In contrast, expression of the HSP70 gene increased 

after the heat treatment in plants derived from megagametophytes primed at 37º, indicating an earlier 

response to heat stress. Neither the priming nor further heat treatments affected PEROX1 gene 

expression. 

 

Our results suggest that priming initial explants might accelerate the heat response of plants under in 

vitro conditions and thereby increase resilience. Further assays will be performed after transferring these 

plants to ex-vitro conditions. 
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Sugi (Cryptomeria japonica), Kuromatsu (Pinus thunbergii), Akamatsu (P. densiflora), Yakutanegoyou 

(P. armandii var. amamiana), Ryukyumatsu (P. luchuensis), Hinoki (Chamaecyparis obtusa), Sawara 

(C. pisifera), Yatsugataketouhi (Picea koyamae), and Himebaramomi (P. maximowiczii) are important 

in Japan for reforestation and landscaping. However, these species are affected by various biological  

problems and need urgent measures for their propagation. Somatic embryogenesis (SE) is the most 

promising technique for mass propagation of clones, and for plant regeneration in genetic transformation 

protocols used in basic studies and in tree improvement programs. In addition to the potential of SE as 

a powerful tool for efficiently and economically mass producing of clonal planting stock, the most  

attractive advantage is that the embryogenic cultures can be cryopreserved without changing their 

genetic make-up and without loss of juvenility.  

 

In this presentation we report recent progress over the last decade in protocol development for SE in 

Japanese conifers. After the first report of plant regeneration via SE in Cryptomeria japonica 

(Maruyama et al. 2000, Plant Biotechnology), several results on enhancement of somatic embryo 

production and plant conversion efficiency were published regarding Japanese conifers. The status in 

protocol development for SE in Japanese conifers, including induction of embryogenic tissues, 

embryogenic culture maintenance/proliferation, somatic embryo production, germination, and plant 

regeneration from somatic embryos are described.  

 

SE was initiated from megagametophytes containing zygotic embryos. Embryogenic cultures were 

maintained and proliferated in a medium supplemented with 2,4-dichlorophenoxyacetic acid and 6-

benzylaminopurine, sucrose, and glutamine. Then, somatic embryo maturation experiments were 

performed in darkness at 25°C, culturing the embryogenic tissues on maturation media containing 

maltose, activated charcoal, abscisic acid, and polyethylene glycol (PEG). The addition of PEG to the 

medium dramatically stimulated embryo maturation and resulted in an enhanced yield of mature 

embryos as the PEG concentration is increased. Although the cotyledonary embryo production varied 

according to the species, supplementation of medium with 100-150 g l–1 PEG was found to be suitable 

for high-quality embryo production of Japanese conifers. Mature somatic embryos germinated and then 

converted into plantlets after their transfer to plant growth regulator-free medium. However, for the 

Japanese pine species, desiccation of somatic embryos after PEG-maturation was found to be essential 

for achieving both high germination and high conversion rates. Desiccation of somatic embryos at high 

relative humidity resulted not only in a marked increment in germination frequency but also, 

subsequently, in an improved plant conversion rate. In addition, this treatment resulted in a considerable 

improvement of the synchronization of the germination period, compared to that of the untreated control. 

In contrast, when somatic embryos of Japanese pines were matured on PEG-free medium but containing  
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a high concentration of gellan gum, somatic embryos readily germinated without any post-maturation 

treatments.  

 

Although the improved protocol represents a promising perspective for efficient mass propagation of 

Japanese conifers, it is necessary to refine the protocol to enhance embryogenic tissue induction 

frequencies, as well as to improve the productivity of high quality embryos in liquid medium. In addition, 

even more efforts are necessary to develop an effective and practical, reproducible technique to produce 

somatic plants from adult vegetative material for rapid acceleration of many tree improvement programs.  
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The lack of resistance to Phytophthora cinnamomi, an oomycete pathogen that causes Phytophthora root 

rot disease in American chestnut (Castanea dentata) and other woody species, may pose a major barrier 

to introducing the products of The American Chestnut Foundation’s (TACF) breeding program to the 

southern portion of the American chestnut’s original range in the U.S. The integration of genes for P. 

cinnamomi resistance from Chinese chestnut (Castanea mollissima) into TACF’s hybrid backcross 

chestnuts is now proceeding, but will take additional years of breeding and selection. Combining somatic 

embryogenesis-based propagation of chestnuts with a reliable in vitro assay for resistance to P. 

cinnamomi would help to more rapidly evaluate hybrid backcross chestnut clones thought to carry 

resistance genes—which in turn will accelerate the production of elite chestnut varieties with resistance 

to both chestnut blight (Cryphonectria parasitica) and P. cinnamomi for planting throughout the eastern 

U.S.  Our goal was to define a quantitative in vitro screening approach that could be applied to identify 

P. cinnamomi-resistant hybrid backcross chestnuts (B3 and BC3F3 generations), and to test transgenic 

American chestnut carrying the candidate P. cinnamomi resistance genes RPH and NPR3/4, using pure 

American chestnuts and Chinese chestnuts as susceptible and resistant controls, respectively. Clones 

were screened using micropropagated shoots “planted” into agar gel in test tubes and inoculated with a 

3 mm plug of a locally-collected isolate of P. cinnamomi. In three experiments, the growth rate of a dark 

lesion from the base of the shoot to the tip was used to compare resistance among the different chestnut 

genotypes.  The results indicated that within 30 days of inoculation, Chinese chestnuts showed 

significantly shorter stem lesions compared to pure American chestnuts and hybrid backcross chestnuts. 

In addition, it appeared that some of the hybrid backcross chestnuts had intermediate resistance between 

the susceptible American chestnut and Chinese chestnut genotypes tested, as might be expected, 

although others were no more resistant than pure American chestnuts.  None of the tested transgenic 

chestnut shoots showed evidence of enhanced resistance compared to pure American chestnut. 
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The Ibero-American Program of Science and Technology for Development (CYTED) has approved the 

financing of the BIOALI network "Biotechnology to strengthen improve programs of species with 

socioeconomic interest". The network that groups 18 research groups, 3 companies of the agri-food and  

1 of the environmental sector and 85 researchers from research centers and universities, including 

professionals interested in the development and application of biotechnological tools (tissue culture, 

genetic, physiological and molecular techniques) for the breeding of species of social and economic 

interest. The general objective of the BIOALI network (www.bioali.es) will be to contribute to the 

sustainable improvement of forest tree productivity and nutritional value of food species, of social and 

economic interest, via the generation and exchange of knowledge among members. This improvement  

will be carried out through the exploration of their genomes, the fortification of their products, and the 

development of early diagnosis methods of its main pathogens through phenotyping, physiological and 

metabolomic techniques and obtaining indicators of abiotic and biotic stresses derived from climate 

change. This big goal is being carried out by establishment of a research consortium, training, exchange 

of information between multidisciplinary groups in different fields, education and social awareness, 

actions that will be carried out to satisfy the needs of present generations, without endangering the future 

ones.  
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Korean pine (Pinus koraiensis Sieb. et Zucc.) (KP) is an ecologically and economically very important 

pine species distributed in Northeast China, the Russian Fast East and the northern part of the Korean 

peninsula, and has scattered distribution at high mountain areas in Japan. It is the dominant and 

community-constructive species (edificato) in the cool-temperate zonal climax forest of mixed Korean 

pine and broad leaved trees in its distribution areas and produces high quality pine timber, nutritious 

edible nuts and products like turpentine. Especially, Korean pine nut production has become the 

supporting industry in Northeast China’s forest regions and, therefore,  timber harvest has had to be 

halted in the natural Korean pine forest and no timber can currently be harvested in Korean pine 

plantations in China. There are 3 reports related to somatic embryogenesis (SE) in Korean pine 

(Bozhkov et al. 1997; Shen et al. 2005; Wang et al. 2009). Our studies on SE of KP was begun in 2007 

and SE was first achieved in 2016 (Gao 2017). At present, a relatively effective KP SE system has been 

established by using immature zygotic embryos (ZE) as explants, but not yet by using mature ZE. The 

main results were as follows: (1) explant collection time for KP SE was at the end of June or at the 

begging of July, and strongly depended on the developmental status of ZE. This was influenced by the 

stock trees, location of cones on the stock tree crown and location of seeds in the cone; (2) good 

embryogenic callus was obtained from immature ZE by using DCR medium solidified by 6.5 g/L agar 

and supplemented with 35.0 g/L sucrose and supplemented with 2 mg/L NAA, 1.5 mg/L 6-BA and 500 

mg/L acid hydrolyzed casein.  The embryogenic callus could be maintained and proliferated by DCR 

medium with 30.0 g/L sucrose, 0.5 mg/L 2,4-D, 0.1 mg/L 6-BA, 500 mg/L acid hydrolyzed casein and 

500 mg/L glutamine; the subcullture period should be 15 days; somatic embryos were obtained but not  

in ideal quantity and good status; (3) improved embryogenic callus, a large quantity of somatic pre-

embryos and good matured somatic embryos were obtained recently on DCR and modified LV media  

solidified by 12 g/L gellan gum and supplemented with 68.5 g/L sucrose and 21.1 mg/L ABA, but mLV 

was much better than DCR for somatic embryo development of KP. These results provide scientific 

support for the establishment of a large-scale, high-efficiency micropropagation system of genetic 

improved material of KP via somatic embryogenesis. 
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Sequoia sempervirens (D. Don) Endl., popularly known as sequoia or redwood, is a species with 

valuable wood properties, its wood has a reddish color, easy workability and high natural durability. It 

has the potential for planting in places outside its natural habitat, as shown by deployments in Chile and 

New Zealand. The successful implementation of a species such as sequoia may represent a forest 

alternative for Brazil, especially for the southern half, a place that presents climatic analogies with the 

place of origin of the species. Cloning of the species suggests a greater ease of genetic gain and the 

possibility of selecting specific clones for different sites. The objective of the study was to implement 

sequential clonal tests in two regions of Santa Catarina (Brazil), seeking information on adaptation and 

growth. The implantation occurred in two locations in the State of Santa Catarina - Brazil: Campo Belo 

do Sul (Cfb climate, average annual temperature 16ºC, and occurrence of strong frosts in winter) and 

Arabutã (Cfa climate, average temperature 19.2ºC, and rare occurrence of frost). The material of origin 

(cuttings) were obtained by means of the rescue of trees approximately 40 years old (São Joaquim (SC) 

and São Francisco de Paula (RS)), propagation by cutting, assembly of a clonal mini-garden, and finally 

production of cuttings by minicutting. Planted cuttings were around 30 cm in height and lap diameter of 

more than 4 mm. In Campo Belo do Sul, implantation was carried out in December 2015 with three 

clones (SJ, A140 and A228), with evaluation of growth and frost damage at 6, 12 and 24 months. Four 

clones were used in Arabutã (A127, A138, A140 and A228). Planting was carried out in December 

2016, with growth assessment at 6 and 12 months. The sequoia cuttings implanted in the colder region 

(Campo Belo do Sul) suffered severe frost damage, with survival of only 2% observed after 24 months 

of implantation. In contrast, in the warmer area (Arabutã) (there was no record of frost during that 

period) survival was greater than 80% at 12 months, with an average height of more than 50 cm and 7.5 

mm in the lap diameter. Other strategies should be adopted to seek the establishment of sequoia in colder 

areas, seeking to minimize the effect of frosts on seedlings. More evaluations are needed, however, the 

species initially shows potential for areas that are without the occurrence of frost. 
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Somatic embryogenesis (SE) is a system for in vitro regeneration, with many biotechnological 

applications in woody species, but the regulating mechanisms of the process are largely unknown. 

Changes in cell wall mechanics controlled by the methylesterification/de-methylesterification status of 

pectins, mediated by pectin methylesterases (PME) and pectin methylesterase inhibitors (PMEI) 

underlie organogenesis initiation and embryogenesis progression in various species (Solís et al. 2016). 

Nevertheless, the functional meaning of pectin-related cell wall remodeling in different cell types and 

processes still remains unclear.  Arabinogalactan proteins (AGPs) are a large family of highly 

glycosylated proteins that are present in cell walls, on the surface of plasma membranes and extracellular 

secretions, playing a key role in several plant developmental processes, including different aspects of 

sexual reproduction and embryogenesis (El-Tantawy et al. 2013). Addition of exogenous AGPs to 

culture medium has been reported to promote somatic embryogenesis, however, the precise role of 

endogenous AGPs in the regulation of somatic embryogenesis remains poorly understood. 

 

In this study, we have investigated changes in pectin esterification and AGPs during SE in Quercus 

suber, cork oak. Expression analysis of several PME, PMEI and AGP genes, by qRT-PCR, 

immunofluorescence and confocal analysis were performed by using monoclonal antibodies to AGPs, 

high- and low-methylesterified pectins (LM6, LM2, LM19, LM20, JIM7, JIM5). Furthermore, 

functional analyses were approached by in vitro pharmacological treatments with catechin, an inhibitor 

of PME activity, and Yariv reagents, that block AGPs. 

 

Results allowed the characterization of the distribution patterns of AGPs and pectin esterification/de-

esterification during SE progression, as well as their correlation with the expression patterns of QsPME,  

QsPMEI, QsLys-rich-AGP18, QsLys-rich-AGP17, and QsAGP16L1 genes. At early SE stages, cells of 

proembryogenic masses showed high levels of esterified pectins and expression of QsPMEI gene. 

Advanced SE stages, i.e., differentiating cells of heart, torpedo and cotyledonary embryos, exhibited 

walls rich in de-esterified pectins, and progressively increased expression of the QsPME gene. AGPs 

were detected in cell walls of proembryogenic masses and somatic embryos. This correlated with the 

expression profiles of QsLysrich-AGP18, QsLys-rich-AGP17, and QsAGP16L1 that increased with 

embryogenesis progression. SE cultures treated with both catechin and Yariv reagent impaired the 

progression of embryogenesis, indicating that pectin de-esterification and increase in AGP levels were 

necessary for embryo development (Pérez-Pérez et al. 2019). This indicates a role for pectins and AGPs 

during somatic embryogenesis of cork oak, promoting the cell wall remodeling during the process. These 

findings give new insights into the regulating mechanisms of the process in woody species, for which 

information is still scarce, opening up new possibilities to improve in vitro embryo production in tree 

breeding programs.  
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Embryo development presents clear differences between angiosperm and gymnosperm species. Most of 

the knowledge currently available on transcriptomics and transcriptional regulation during plant 

embryogenesis has been obtained from studies conducted with angiosperms species, and most often with 

the model plant Arabidopsis thaliana (reviewed by De Smet et al., 2010). In gymnosperms, conifers 

have also been the subject of a few reports on transcript profiling of embryogenesis (reviewed by Miguel 

et al., 2016 and by Lelu-Walter et al., 2016). Such studies have shown the presence of many putative 

embryo-specific transcripts without an assigned function. To gain further knowledge on the 

transcriptomic expression during conifer embryogenesis and to extend our previous transcriptomic 

analysis using a microarray approach (De Vega-Bartol et al., 2013), we sequenced the transcriptome of  

zygotic embryos in several developmental stages covering most of Pinus pinaster (maritime pine) 

embryogenesis (Gonçalves et al., 2005). 

 

Total RNA samples collected from five zygotic embryo developmental stages as previously described 

(De Vega-Bartol et al., 2013) were sequenced with Illumina technology. Since the genome of Pinus 

pinaster is not yet publicly available, de novo assembly of the transcriptome was performed using a 

comprehensive approach (Visser et al., 2015). The transcriptome of reference for the period of zygotic 

embryogenesis in maritime pine contains 67,429 transcripts, which likely encode 58,527 proteins. The 

annotation shows that 30.8% of predicted proteins are exclusively present in pine embryogenesis.  

 

A differential expression analysis (FDR < 0.05) between each pair of consecutive stages of development 

retrieved 1738 transcripts (2.6%) differentially expressed in at least one developmental transition. 

Functional and enrichment analyses of the differentially expressed transcripts pointed to the over-

representation of carbohydrate transport and metabolism in early embryo stages. This was evidenced by 

the identification of many putative glycoside hydrolases, which may be associated with cell wall 

modification, and carbohydrate transport transcripts. Additionally, functions related to chromatin 

remodeling events were highlighted in early to middle embryogenesis, associated with an active 

synthesis of histones and their post-translational modifiers related to increased transcription, 

and silencing of transposons.  
 

Our results significantly expand the catalogue of transcripts expressed during embryogenesis and further 

elucidate transcriptional regulation during zygotic embryogenesis in conifer species. These results are a 

valuable resource to support further improvements in somatic embryogenesis for vegetative propagation 

of conifer species. Specific transcripts associated with carbohydrate metabolism, monosaccharide  
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transport and epigenetic regulation seem to play an important role in pine early embryogenesis and may 

be a source of reliable molecular markers for early embryogenesis. 
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Prunus lusitanica is a woody plant of high ecological and botanical interest. It is considered a 

characteristic species of the relict subtropical flora that persists in Southern Europe, currently in 

regression due to both human action and climate change. P. lusitanica is listed on Appendix I of the 

Bern Convention and in Annex II of the EU Habitats Directive. In the Azores and Madeira this species 

is being threatened by the alteration of the water regime, the cutting of trees, invasive alien species and 

lack of pollinators and dispersal agents (Duarte et al. 2011). Both subspecies that occur in Spain (ssp. 

lusitanica and spp. hixa) are listed as Vulnerable in the 2008 Spanish Red List. 

 

With the goal of preserving and increasing its genetic diversity, both in situ and ex situ approaches must 

be developed and combined. Advances in plant biotechnology may provide new alternatives to establish 

germplasm collections, and to facilitate the long- and short-term multiplication and storage of the species 

biodiversity. At present, only a protocol for in vitro germination of immature seeds of this species has 

been reported (Schulze et al. 2017). 

 

The aim of this work was to develop specific protocols for in vitro establishment and propagation of 

juvenile and mature material of P. lusitanica populations. 

 

Actively growing shoots were harvested from three mature plants of different ages (3- and 30 year-old 

plants) and were used for in vitro establishment. For each genotype, different culture lines were 

established from a single-node or apex that was subcultured and propagated separately. For propagation, 

different media, such as MS (Murashige and Skoog, 1962), DKW (Driver and Kuniyuki, 1984) and 

WPM (Lloyd and McCown, 1980), supplemented with N6-benzyladenine (0.5 and 1.0 mg L-1) or 

Metatopoline (0.4 mg L-1) in combination with indole-3-butyric acid (0.05 mg L-1) were used. 

Proliferation was evaluated in terms of number of shoots, length of longest shoot and rooting percentage. 

The effect of genotype, culture line and the different media and plant growth regulators combinations 

was studied. 

 

In vitro establishment was successfully achieved in the three genotypes evaluated. The in vitro response 

of the initial explants was dependent on the age of the starting material. Proliferation rates indicated a 

culture line-dependent response to culture medium. Rooting was achieved in proliferation medium and 

rooted plants were ex vitro adapted and successfully established  in field conditions. 
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Cork oak (Quercus suber L.) and holm oak (Quercus ilex L.) are representative species of Mediterranean 

forest and of the agro-silvo-pastoral system called “Dehesa” in Spain or “Montado” in Portugal. Their 

acorns are mainly used for hog feeding because of their high carbohydrate, protein and lipid content. 

Oak acorns are morphologically characterized by the absence of endosperm and the presence of an 

embryo with big cotyledons in which nutrients are stored. Somatic embryos produced in repetitive 

embryogenic cultures can therefore be used not only for the production of clonal seedlings, but also for 

the large scale production of nutritive compounds and other metabolites. Somatic embryogenesis was 

initiated from leaf tissues of adult cork oak trees and from female flowers of holm oaks. Embryogenic 

cultures were maintained by subculturing in SH liquid medium without PGRs. Total protein and lipid 

content of embryogenic tissues at the proliferation stage was determined. Five genotypes of each species 

were analysed following standard methods. Variability between and within species was observed. The 

mean protein content was 31.7%DW in cork oak, ranging from 21.4 to 38.5%DW depending on 

genotype. In holm oak it was 36.0%DW ranging from 29.3 to 48.4%DW. Regarding lipid content, it 

was 6.6%DW ranging from 3.2 to 10.5%DW in cork oak and 7.2 %DW ranging from 4.6 to 8.9%DW 

in holm oak. The effects of sucrose concentration and the presence of glutamine in the culture medium 

were also evaluated. Increasing sucrose concentration decreased the crude protein content in cork oak 

but did not influence that of holm oak. Sucrose concentration hardly affected the lipid content in both 

species. The supply of glutamine increased the crude protein levels in both species while the lipid 

content remained unchanged. 
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The issue of clonal planting and biotechnology has captured unprecedented public interest and concern 

throughout the world, and South America has not kept out of this debate. The debate includes scientific 

aspects, ethical issues and possible environmental, economic and social impacts, as well as health, 

technological dependence and sovereignty. Biotechnology in South America has grown rapidly in recent 

years, highlighting Micro propagation as one of the most used bio-technics. However, forest 

biotechnology (mainly GM trees) and clonal forestry face constraints that limit their social acceptance, 

due to aggressive campaigns by environmental NGOs and environmentalists, directed at people who are 

unaware of the issue, and based on information from unreliable sources. The objective of this work was 

to conduct a KAP (knowledge, attitudes and practices) survey that targeted Forest engineering students 

and those in Environmental Sciences (Argentina), Biological Sciences and Environmental Sciences and 

Agro ecology (Venezuela) to determine the acceptance level in relation to the use of forestry and forest 

biotechnology. There were differences in responses according to country, career and gender. The results 

show that environmental awareness is the most important concern, focused on the loss of biodiversity.  

Of students 76% know what a plant clone is, but they do not know how they are produced. However, 

they identify different vegetative propagation techniques, the best known being the propagation through 

cuttings and grafts, and the least known being somatic embryogenesis in the in vitro area. All the 

students answered that they know what biotechnology is, but they could not select the correct definition. 

Points of view on these issues differ between and within countries, because South America is a cultural 

mosaic, where questions about the acceptance of new technologies have a different basis depending on 

what each nation considers most important. In conclusion, this preliminary study showed that these 

subjects should be included in the curriculum of the surveyed careers, incorporating in each country, 

characteristic local elements of importance to the environment. 
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Significant progress has been made in LAC regions in the development of appropriate technologies to 

improve agricultural productivity in sustainable systems. However, these results rarely reach the field, 

mainly due to misunderstanding of the relationships between the components of the agricultural and 

forestry systems by those who run the sector, including professionals and those entities in charge of 

interaction with other sectors. The innovation process needs key actors of society to be summoned and 

supported technically, so that they can reach a consensus understanding on key issues related to the 

management of natural resources and the sustainability of agriculture and forestry. Framed in this 

context, biotechnology is emerging as a useful alternative in these development processes, even within 

the often complex perception that exists of it in society. Public acceptance of technologies is based not 

only on technological and scientific strength, but also on their social, political and economic perception. 

This aspect has a great influence on investment in technology, and on its influence on the quality of life 

in society. The use of rapid assessment methods allows us to generate fast data already "which is better 

information faster than none at all”. The objective of this work was to conduct a rapid assessment 

procedure (RAP), in order to determine what perception the public has about clonal forestry and forest 

biotechnology. For this, an exploratory opinion web-survey was made, evaluating different aspects of 

the subject. The results indicate that, 84% know that biotechnology  include cloning of trees; 60% know 

forests of clonal plantations exist, and 62% think that plantations are not forests. However, 82% think 

that plantations reduce the pressure on native forests. Increasingly, planted forests will have to be 

recognized within the community in general by the range of values provided, not just by wood. 

Communication and community participation and dialogue between forestry companies and 

stakeholders is increasingly important. We know that public attitudes towards these issues are influenced 

by different factors, including information, social context, cultural norms, beliefs, values and 

perceptions. 
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The world’s round wood production in 2016 was 3737 million m³ which was increased by 1%, 8% and 

19% over that of 2015, 2000 and 1980 respectively (FAO, 2016). Plantations would have to provide 

50%-70% of the timber in the future (Lelu-Walter et al., 2013; Bonga, 2016; Hazubska-Przybyt et al., 

2016) and also for most of non-timber forest products such as edible seeds and industrial raw materials. 

Hence, the development of improved materials and fast and large-scale vegetative propagation systems, 

i.e., somatic embryogenesis (SE), rooted cuttings (RC) and grafting are the current focus (Lelu-Walter 

et al., 2013, 2016ab; Hazubska-Przybyt et al., 2016; Park, 2014; Trontin et al., 2016; Miguel et al., 

2016). Native tree species like Pinus koraiensis, Picea koraiensis, P. crassifolia, Abies holophylla, 

Catalpa bungei, Fraxinus mandshurica, Juglans mandshurica, Tilia amurensis, Quercus mongolica, Q. 

acutissima, Q. variabilis, Acer mono, Syringa reticulata var. mandshurica are ecologically and 

economically very important in north and/or northeast China. They are high-value timber production 

species and in which Pinus koraiensis and Juglans mandshurica are very important edible nut species 

while oaks are starch and potential ethanol production species. These tree species grow slowly and  have 

a short cultivation and breeding history and almost all of them have year on and year off phenomenon. 

Thus, their genetically improved materials (seeds, seedlings, cuttings and scions) are insufficient. 

Breeding of these species should be promoted and the limited improved germplasm material that is 

available should be propagated as fast as possible by large-scale somatic embryogenesis and other 

vegetative propagation methods. But there are many issues which hinder the development and 

application of these vegetative propagation systems. These issues are the result of problems of biological 

and technological nature (such as no well-developed and practically applicable SE and RC system for 

most species; grafting is well developed and applicable for species like Pinus koraiensis but is only 

suitable for nut production but not for high valued timber production for which a more than 100 years 

long cultivation period is needed. Even so, effective grafting systems are still lacking for most species 

and some of them are only propagated by seed and seedlings etc.). Social and economic aspects have to 

be considered (researchers focus on publishing papers but often lack cognition and a sense of practical, 

applicable propagation techniques , the high cost of using genetically improved materials and 

developing and applying SE and other vegetative propagation methods, etc.). These issues should be 

solved urgently for those native tree species in north China. 
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In Europe, Douglas-fir is a major species for reforestation with increasing demand for its wood. 

Therefore, adaptation of new varieties to climate change is one challenging question for ongoing 

breeding programs. Efficient selection and vegetative propagation of improved varieties appeared to be 

key issues to maintain productivity in plantation forestry (Lelu-Walter et al. 2013). Somatic 

embryogenesis, coupled with cryopreservation, is a promising clonal propagation system of selected 

trees that has been successfully improved in Douglas-fir (Reeves et al. 2018; Lelu-Walter et al. 2018). 

Repetitive somatic embryogenesis from cotyledonary somatic embryos (SEs) has been obtained for two  

unrelated Douglas-fir genotypes, producing secondary and tertiary embryogenic lines. Each one 

exhibited significantly higher embryogenic potential for both genotypes compared to primary or 

secondary lines, respectively (increase of 351 to 72%). The origin of such differences in embryogenic 

potential is unknown. Our objective was to study changes induced in embryonal masses (EMs) after 

repetitive somatic embryogenesis at the histo-cytological and molecular levels (LC-MS-based 

proteomics). Repetitive somatic embryogenesis improved the EM structure by increasing frequency of 

small, separated immature SEs together with reducing the size of polyembryogenic centers. Each cycle 

of embryogenesis induced a modification of the expression of proteins related with biological processes 

that are known to be involvedin somatic embryogenesis but that are new for embryogenic masses, i.e. 

plant development, defense response, metabolism, proteolysis, and stress. The innovative 

implementation of protein networks in our proteomic analyses has been conclusive. The networks 

revealed a global down or up pattern of protein expression after the first or second cycle of somatic 

embryogenesis, respectively. For both patterns, interactions with different plant growth signaling 

molecules (flavonoids and associated compounds, jasmonic acid, ABA, auxin, salicylic acid, lignin) 

were predominant. It is shown that cells have the ability to use different protein regulatory pathways 

that lead to an increased embryogenic potential (cotyledonary SE production). In Douglas-fir and in 

conifers, this is the first report describing cellular and molecular changes in EMs obtained after two 

successive cycles of repetitive somatic embryogenesis (Gautier et al. 2018). The results contribute to a  
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better understanding of the cytological and proteomic changes associated with the enhanced 

embryogenic potential of secondary and tertiary embryogenic lines. 
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The adaptability of forest tree varieties to the environmental stresses induced by global warming is still 

largely unknown. This is a major concern for foresters because climate change could affect a crucial 

reproductive function of trees: seed production. In some conifers such as Norway spruce, temperature 

during embryogenesis has been shown to affect the development of both somatic and zygotic embryos 

as well as, a posteriori, plant phenology over several years of juvenile vegetative phase (Carneros et al. 

2017 and references therein). Temperature effects on embryo development are particularly difficult to 

investigate in situ, e.g. in seed orchards. As a good in vitro model system of embryo development, we 

used the best somatic embryogenesis protocols currently available for maritime pine at FCBA and INRA 

(Trontin et al. 2016) to study the temperature effect (18, 23 and 28°C) when applied during the 

maturation phase of cotyledonary embryos. We showed, for two unrelated maritime pine embryogenic 

lines (PN519 and AAY06006), that the temperature during embryogenesis has major impacts on the 

development of cotyledonary embryos (duration, yield, mass) and that these direct effects are 

complemented with delayed effects (estimated in up to 15-month-old emblings) on germination 

capacity, survival, initial growth in height and the phenology of plant development. Genotypic effects 

possibly related to the line’s pedigree were also highlighted. Indirectly our results suggest that 

temperature affects the intrinsic quality of cotyledonary embryos, which could be reduced by a low 

temperature of 18°C or a high temperature of 28°C as compared with the reference temperature (23°C). 

No significant differences in global DNA methylation could be detected among the tested maturation 

conditions in both immature (1 week maturation) and cotyledonary embryos (10-14 weeks maturation) 

from line PN519. Further biochemical, proteomic and methylome analyses are ongoing to clarify the 

physiological and molecular mechanisms involved in embryos' perception of temperature in maritime 

pine. 
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The recalcitrance of adult conifer explants has prevented induction of somatic embryogenesis 

(SE) in trees with known and desired characteristics. SE induction protocol, recently developed for white 

spruce (Picea glauca), was applied in order to examine the feasibility, frequency and timing of SE 

induction from primordial shoots of Norway spruce (Picea abies). In 2015 to 2017, 39 genotypes of four 

to six years old trees of SE origin as explant donors were screened. Two genotypes responded and 

produced 28 proliferating embryonal mass sublines from 19 primordial shoots. Sublines from both 

genotypes had numerous early somatic embryos that were identified in acetocarmine stained samples. 

However, the number of mature somatic embryos produced per g fresh mass varied from 1.6 to 142.5 

between the two genotypes. Successful SE inductions occurred at the beginning of April, when the 

temperature sum (d.d.) started to accumulate, and at the end of October or beginning of November when 

the chilling unit sum was over 500.  
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Plant tissue culture is used for large scale plant multiplication, disease elimination, plant breeding and 

production of secondary metabolites. The high cost of the reagents needed for in vitro propagation is 

one of the limiting factors of these techniques. In a previous report, Phytoplant Research SL -a company 

specialized in developing the industrial chain of medicinal plants- reported in vitro propagation of six 

Cannabis sativa L. varieties using two new culture media (Formula β-A and Formula β-H). Cannabis  

micropropagation was performed in one step (growth of the aerial part and rooting simultaneously) 

without sucrose, agar and/or vitamins, and obtained better success rates than by using conventional 

medium plus vitamins (Codesido et al. 2017). 

 

In this study, we investigated the possibility of using these new formulations for the in vitro propagation 

of several woody plant species, including forest and fruit trees. The conventional MS (Murashige and 

Skoog 1962) and GD (Gresshoff and Doy 1972) formulations were used as controls. Both sucrose (2-

3% (w/v)) and plant growth regulators regularly used in these plant species were provided to all tested 

media. Conventional media were supplied with vitamins described in their formulation while no 

vitamins were added to the low cost media. To avoid interferences due to previous culturing in 

conventional medium, the explants were subcultured twice in the new low cost medium before recording 

the multiplication parameters. Then, survival rate, number of shoots, multiplication rate, shoot length, 

and rooting capacity were recorded during three subcultures.  

 

The media prepared by using Formula β-H produced negative results in two species (Eucalyptus 

globulus and Genista tridentata), while in two others (Betula pendula and Prunus avium) a certain 

growth was achieved, but without reaching the levels obtained with conventional medium. In contrast, 

with the media prepared by using Formula β-A good results were obtained in five of the six species 

studied (Betula pendula, Eucalyptus globulus, Pyrus cordata, Prunus domestica and Salix viminalis). In 

four of them, the multiplication ability and plant quality were significantly improved with respect to 

their performance in conventional media.  

 

These results demonstrate that Formula β based media, even without addition of vitamins, may represent 

a good choice for the micropropagation of some woody plant species. 
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Osmotic stress promotes somatic embryogenesis of Fraxinus mandshurica, which is related to reactive 

oxygen species (ROS) accumulation, but the underlying mechanism is still unclear. The purpose of this  

research is to reveal the relationship between ROS accumulation and reactive nitrogen species (RNS) in 

osmotic stress- promoted somatic embryogenesis. Single pieces of cotyledons of F. mandshurica were  

used as explants and somatic embryogenesis was induced in these in osmotic stress medium 

supplemented with 75 g·L-1 sucrose. Meanwhile, the endogenous hydrogen oxide (H2O2) content of 

explant cells was modified by adding exogenous H2O2 or catalase (CAT) solution, so as to analyse the 

effects of exogenous H2O2 stimulation on somatic embryogenesis and intracellular H2O2 accumulation, 

as well as the relationship between ROS signals and RNS signals. The results showed that (1) the 

addition of exogenous H2O2 at an appropriate concentration increased the number of somatic embryos; 

after 60 days  the number of somatic embryos was highest on explants treated with 200 μmol·L-1 H2O2, 

reaching 17.41 embryos per explants and 136.54% higher than that of control; (2) exogenous H2O2 

treatment significantly increased the intracellular H2O2 content and enhanced the antioxidant enzymes 

activity (superoxidase dismutase and peroxidase); (3) H2O2 treatment activated the intracellular non-

enzymatic reaction pathway to facilitate NO synthesis, but the correlation between intracellular H2O2 

and NO was not significant. These results demonstrated that the somatic embryogenesis of broad-leaved 

trees was closely related to the ROS accumulation and antioxidant defense reactions; both H2O2 and NO 

as signaling molecules were involved in the process of somatic embryogenesis in broad-leaved trees. In 

the process of exogenous hydrogen peroxide promoting somatic embryogenesis, NO signal synthesis 

depended on non-enzymatic reactions. The research results provide a scientific basis for resolving the 

regulation mechanism of ROS in somatic embryogenesis of broad-leafed trees and establishing a 

reasonable and efficient technology system for regulating somatic embryogenesis of trees. 
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Visit to Mata do Bussaco, national forest (September 12, 2018) 
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Gala Dinner, Icebreaker reception with Fado de Coimbra (September 13, 2018) 

Coimbra, Convento de São Francisco 
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Gala Dinner, at the tables (Sept. 13, 2018) 

Coimbra, Convento de São Francisco 
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Gala Dinner, during the Awards Ceremony (Sept. 13, 2018) of the Third 

Biennial IUFRO 2.09.02 Student’s Scientific Competition 

Coimbra, Convento de São Francisco 

“Advances in tree vegetative propagation technologies & Application of somatic embryogenesis 

in tree breeding and biotechnology” (competition chaired by Jana Krajňáková) 

 

The winner of the competition, Bruno Viana NAVARRO (University of São Paulo, Brazil), 

has been invited with full support to make an oral presentation during the conference. 

 

All 8 runners-up of this well-contested competition were invited to contribute to the conference: 

Chang-Ho AHN (Kangwon National Univ., Republic of Korea) – 2 posters 

Ana ALVES (Univ. of Lisbon, Portugal) – Co-Chairwoman, 1 oral communication 

Rayan AWADA (CIRAD and Nestlé R&D Center, France) – Co-Chairman, 1 oral communication 

Jayeni Hiti BANDARALAGE (Univ. of Queensland, Australia) - 1 poster abstract 

Biljana ĐORĐEVIĆ (Mendel Univ. of Brno, Czech Republic) – Chairwoman, 1 oral communication 

Cátia PEREIRA (Neiker, Spain, Univ. of Coimbra, Portugal) – Co-Chairwoman, 1 oral communication 

Wang QIUSHUI (Northeast Forestry Univ., China) – 1 poster abstract submitted 

Cheng WEI (Northeast Forestry Univ., China) – 1 poster presentation 
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Gala Dinner, during the Recognition Ceremony of founding members of the 

IUFRO 2.09.02 Unit, 10 years ago, in 2008 (Sept. 13, 2018) 

Coimbra, Convento de São Francisco 

 

 

Yill-Sung PARK (Canada) 

IUFRO 2.09.02 Coordinator 2008-2014 

Heung-Kyu MOON (Republic of Korea) 

Deputy Coordinator 2008-2014 

Mariano TORIBIO (Spain) 

Deputy Coordinator 2008-2014 

The Organizing Committee was proud to have again the opportunity to express to  

Dr. PARK, Dr. MOON and Dr.TORIBIO its gratitude and above all friendship for their 

outstanding contribution to this IUFRO 2.09.02 Unit! 

Of course, you remain our permanent honorary members!  

 

Closing Ceremony (Sept. 14, 2018) 

Coimbra, Convento de São Francisco 

 

The time to conclude the 

conference after more than 50 

oral presentations in a friendly 

atmosphere. Sandra and Jorge 

are tired-looking after such a 7-

day marathon! Thank you so much 

again for making this new IUFRO 

2.09.02 event a great success! 
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Visit to Óbidos Village (Sept. 15, 2018) 
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Visit to Alcobaça Monastery (Sept. 15, 2018) 

 



 

Photo gallery 

 

The 5th International Conference of the IUFRO Unit 2.09.02         | 295 

September 10-15, 2018. Coimbra, Portugal   
 

Visit to Fátima Sanctuary (Sept. 15, 2018) 
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And Portugal, of course, is also gastronomy! 

What a pleasure throughout Coimbra2018! 
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And the very last glass of Portuguese wine! Cheers to all participants and 

looking forward to meeting you again in next IUFRO 2.09.02 conferences! 
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Our Very Special Thanks to the Fantastic Hosting Team in Coimbra! 
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Thank you, Jan Max Bonga 

 

Our editor, colleague, and friend, Jan M. Bonga is retiring after the publication of these 

proceedings. Jan was involved in the editing of all our proceedings and the book, 

“Vegetative Propagation of Forest Trees,” (2016) also available on our website. 

Jan was officially retired from the Canadian Forest Service 24 years ago, but he 

enthusiastically continued his volunteer work as a Scientist Emeritus until today. 

Throughout his extended career, Jan conducted research on tissue culture, rejuvenation, 

recalcitrance, physiology and genetics. He was one of the first who successfully obtained 

SE in conifers from haploid culture of Larix decidua in 1985. He published widely on these 

subjects, hosted visiting scientists from around the world, and mentored younger 

scientists. We were all so fortunate to meet him and honor him for his achievements and 

contributions during the Brno2012 Conference. Recently, he celebrated his 89th birthday! 

We wish him all the very best for his second retirement. 

Thank you, Jan  

From all of us in our working unit on 

Somatic Embryogenesis and Other Vegetative Propagation Technologies 
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Next IUFRO 2.09.02 conference 
 

We will meet again in China for our 6th IUFRO 2.09.02 conference! 

 

Pr. Hailong SHEN 

 

Northeast Forestry 

University 

 

School of Forestry 

State Key Laboratory of 

Tree Genetics and Breeding 

Pr. Hailong SHEN (shenhl-cf@nefu.edu.cn) will organize our next conference in the 

megacity of Harbin located in the Southwest of the Heilongjiang Province, China.  

 

Join us and discover the latest advances in vegetative propagation of trees 

and also the world-renowned “Ice City” with unique and exotic cityscape as well as 

beautiful natural scenery! Harbin has rich historical and cultural heritages from northern 

ethnic minorities and has integrated both Chinese and foreign cultures.  

 

Harbin, Sept. 2020 

People’s Republic of China 

 

mailto:shenhl-cf@nefu.edu.cn
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A supportive message from the IUFRO 2.09.02 Unit 

 

Our colleague and friend Mariano Toribio, a prominent figure of our IUFRO 2.09.02 group, 

was unable to attend Coimbra2018 due to personal reasons. He is now retired from 

IMIDRA, and we wish him all the very best. We all know Mariano's extraordinary human 

qualities and we all deeply missed that he could not be with us in Coimbra. 

Mariano, we have been thinking a lot about you throughout this conference. We sincerely 

hope to see you again soon! Look how happy the young students are at the University of 

Coimbra. This student's Tuna is also for you! 

Warmest regards on behalf of all IUFRO 2.09.02 members and participants to 

Coimbra2018! 

 

April 5, 2019 

Jean-François Trontin, Paloma Moncaleán, Yong-Wook Kim 

Sandra Correia, Jorge Canhoto, Sandra Sharry, Jana Krajňáková 

Jan Bonga, Yill-Sung Park 
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Summary report of Coimbra 2018 

 

Clonal trees: an alternative to seed-based plantation forestry 

 

Background information: 

 

VEGETATIVE PROPAGATION OF TREES FOR COMPLEMENTING SEED-BASED STRATEGIES 

Forests are a considerable source of biomass, wood and other products. Their rational management is 

therefore a key component of the “green economy” towards more efficient and sustainable use of 

resources. Forest regeneration is mostly achieved through seed-based propagation of wild or improved 

varieties. However, seed production is a critical and long process that can be severely impacted by 

environmental stresses, especially those associated with climate change. Efficient and flexible 

reproduction strategies based on clonal propagation may therefore become more essential for plantation 

forestry and conservation of genetic resources (see the Proceedings of the 4th IUFRO 2.09.02 

conference, La Plata, Argentina, https://www.iufro.org/science/divisions/division-

2/20000/20900/20902/publications/). 

 

Key issues discussed/latest findings: 
 

CLONAL VARIETIES FOR DYNAMIC ADAPTATION OF PLANTED FORESTS 

Clonal forestry can complement seed-based forestry for sustainable wood production and restoration 

of endangered resources together with reducing the pressure on native forests. Bulk propagation of elite 

clones would mitigate perceived risks such as (bio)diversity losses. The long process of field-testing 

may be streamlined by early genomic selection followed by deployment of clones with greater 

flexibility and faster turnover. 

 

TOWARDS COST-EFFECTIVE  PRODUCTION OF CLONES 

Vegetative propagation technologies are developed according to objective (conservation, sanitation, 

breeding) and economic potential. “Rejuvenation” through tissue culture can reactivate organogenetic 

capacities. Specialized platforms including mobile biofactories are key tools to design low-cost, 

automated and scaled-up production.  

 

VEGETATIVE PROPAGATION TO ACCESS USEFUL COMPLEMENTARY TECHNOLOGIES 

Vegetative propagation (especially somatic embryogenesis) enables technologies such as hybrid 

breeding, genotype screening for stress tolerance, cryopreservation and further variety improvement 

(gene editing, endophytes, priming for increased resilience). 

 

(EPI)GENOMICS: TOWARDS TIGHT CONTROL OF SOMATIC EMBRYOGENESIS 

Epigenetic changes are associated with phenotypic plasticity and considered as key factors of 

embryogenic competence. (Epi)genome-wide profiling produces valuable resources for refining 

somatic embryogenesis, including from mature tree explants. Automatic screening may support high-

throughput optimization of the process.  

 

 

https://www.iufro.org/science/divisions/division-2/20000/20900/20902/publications/
https://www.iufro.org/science/divisions/division-2/20000/20900/20902/publications/
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CLONAL VARIETIES FOR DYNAMIC ADAPTATION OF PLANTED FORESTS 

 

There are strong theoretical and practical justifications that clonal forestry can complement or even 

outperform seed-based forestry for sustainable production of wood products (H. Wu, I. Wendling, Y.S. 

Park, C. Marques, U. Nielsen), propagation of native resources (H. Shen, P. Zhang, C. Peng, M.P. Guerra) 

and restoration in degraded environments (S. Sharry, A. Mosseler). The main public concern about clonal 

forestry, i.e. the loss of (bio)diversity at the forest or landscape levels, is balanced by the perception that 

productive plantations could significantly reduce the pressure on native forests (S. Sharry, I. Trujillo). 

Diversity issues and other perceived risks from using clones (plantation failure, success rate of vegetative 

propagation (H. Wu) would be partly mitigated by bulk propagation strategies of registered, tested clones 

allowing the optimization of genetic gains at predefined levels of genetic diversity (Y.S. Park, T. Aronen). 

A combination of quantitative genetics and pedigree reconstruction using DNA markers could help identify 

superior clones to propagate (U. Nielsen, J.F. Trontin). In species with significant breeding programs, the 

long process of field-testing clones (Y.S. Park, A. Mosseler) may be streamlined or replaced by early 

genomic selection coupled with vegetative propagation to result in significant time and cost savings to 

identify and deploy new varieties with greater flexibility and faster turnover (Y.S. Park, H. Wu). This is a 

cornerstone for real-time, dynamic adaptation of planted forests to market and socio-environmental issues. 

 

TOWARDS COST-EFFECTIVE PRODUCTION OF CLONES 

 

Vegetative propagation technologies must be developed considering biological features, objectives 

(conservation, sanitation, breeding) and economic potential. “Rejuvenation” through tissue culture 

(micropropagation) usually reactivates organogenetic capacities compared to conventional methods (C. 

Marques, I. Wendling). Both approaches can be advantageously combined and cost-effective (P. 

Moncaleán, S. Merkle). Strikingly, different vegetative propagation methods can result in contrasted growth 

and wood traits (J. Ďurkovič). Trained people is a strong prerequisite for successful application (J. Aitken). 

Specialized platforms (T. Almeida, T. Aronen, Y.S. Park) including mobile biofactories (G. Salvatierra, J. 

Aitken) are therefore key tools for selection of clones with good propagation ability (T. Benneckenstein), 

to design low-cost protocols (C. Sanchez, M. Tikkinen, P. Moncaleán, H. Shen), and to develop automated 

(Y.S. Park) and scaled-up (M. Lotfi, U. Egertsdotter) production of high-quality plants at cost similar to 

reference seedlings (P. Gupta).  

 

VEGETATIVE PROPAGATION TO ACCESS USEFUL COMPLEMENTARY TECHNOLOGIES 

 

Vegetative propagation, especially somatic embryogenesis, the process of producing multiple embryos 

from vegetative cells, is not only amenable to industrial production but is also critical for implementing 

complementary technologies such as: 

 hybrid breeding (S. Merkle, C. Reeves, J. Martins), 

 genotype screening for tolerance to biotic (T. Maruyama) and abiotic stresses (B. Dordević, S.M. 

Jain, Y.K. Lee), 

 long-term germplasm conservation (cryopreservation, P. Moncaleán), 

 promising technologies for further improvement of selected varieties:  

o gene editing, although its scope still needs to be discussed (T. Maruyama, C. Reeves), 

o inoculation with mycorrhizae and other endophytes (J. Aitken, F. Gomes, H.K. Moon), 

o priming of initial explant for increased resilience (I. Arrillaga, C. Pereira, P. Moncaleán, J.F. 

Trontin). 

 

(EPI)GENOMICS: TOWARDS TIGHT CONTROL OF SOMATIC EMBRYOGENESIS 

 

Epigenetic changes with short (developmental plasticity), middle (epigenetic memory) or long-term (local 

adaptation) effects (especially DNA methylation and chromatin remodeling events) are associated with 

phenotypic plasticity in trees (S. Maury), opening huge perspectives for tree breeding and management in 

the context of climate change (especially priming). Interestingly, epigenetic regulation was already reported 

as a key factor for totipotent cell commitment to embryogenic competence (S. Correia, P. Testillano). The 

knowledge accumulating on epigenomic (S. Maury) but also on transcriptomic (C. Miguel, A. Alves, W.F. 

Li, S. Correia, H.I. Kang, T. Capote, J. Krajňáková,), proteomic (C. Teyssier) and metabolomic (B. Navarro, 
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A. Caeiro) profiles during embryogenesis are valuable resources (reliable markers) to support further 

improvements in somatic embryogenesis (C. Miguel, P. Testillano) including repeatable induction from 

mature tree explants (epicormic shoots, primordial shoots, inflorescences) a promising possibility for 

shortened breeding cycles, now demonstrated in both angiosperm (V. Cano, S. Merkle, M.P. Guerra) and 

conifer tree species (S. Varis). Automatic screening systems may soon support high-throughput 

optimization of somatic embryogenesis (R. Awada).  

 

Conference Website: http://www.uc.pt/en/uid/biotec/events/iufro2018 

 

Book of abstracts, 5th International Conference of the IUFRO Working Party 2.09.02, Somatic 

Embryogenesis and Other Vegetative Propagation Technologies: 

Canhoto J.M., Correia S.I. (Eds). Clonal trees in the bioeconomy age: opportunities and challenges. 

September 10-15, 2018, Coimbra, Portugal. 162 pp. Legal Deposit 445367; ISBN 978-989-20-8651-4. 

https://www.iufro.org/science/divisions/division-2/20000/20900/20902/publications/ 

 

 

 

 

Your team at the Coordination of IUFRO 2.09.02 activities: 

 

Jean-François Trontin (FCBA Technological Institute, France) - jean-francois.trontin@fcba.fr 

Paloma Moncaleán (Neiker-Tecnalia, Spain) - pmoncalean@neiker.eus 

Yong-Wook Kim (NIFoS, Republic of Korea) - bravekim@korea.k 

 

And our honorary members! 

Yill-Sung Park (NRC/Canadian Forest Service, Canada) - yillsung.park@canada.ca 

Mariano Toribio (IMIDRA, Spain) - mariano.toribio@madrid.org 

Heung-Kyu Moon (NIFoS, Republic of Korea) - hkmoon@korindo.co.id 

 

Any inquiry/idea about vegetative propagation of trees? Please, contact us! 
https://www.iufro.org/science/divisions/division-2/20000/20900/20902/ 

 

 

http://www.uc.pt/en/uid/biotec/events/iufro2018
https://www.iufro.org/science/divisions/division-2/20000/20900/20902/publications/
mailto:jean-francois.trontin@fcba.fr
mailto:pmoncalean@neiker.eus
mailto:bravekim@korea.k
mailto:yillsung.park@canada.ca
mailto:mariano.toribio@madrid.org
mailto:hkmoon@korindo.co.id
https://www.iufro.org/science/divisions/division-2/20000/20900/20902/


 
 

 

 

 

 

 

 

 

Clonal Trees in the Bioeconomy Age: 

Opportunities and Challenges 
 

 

 

 

Rational management of forests is a 
cornerstone of the bioeconomy. Clonal 
plantation forestry can outperform seed-
based forestry together with reducing 
pressure on native forests. Early genomic 
selection strategies coupled with clonal 
propagation have the potential for flexible 
deployment with faster turnover of new 
varieties for dynamic adaptation of 
planted forests. Somatic embryogenesis 
is particularly amenable to industrial 
clonal production provided that tight 
control can be achieved. Epigenomic 
changes associated with developmental 
and phenotype plasticity appear critical for 
expressing embryogenic competence. 

 

 

 

 

 

 

 

 

  



 
 

 

 

 


