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(1) Main changes in the kiwifruit industry since its 
introduction: present situation and future 
 

G. Costa 1, R. Ferguson 2, H. Huang 3, R. Testolin 4 

 
1 Dept. of Fruit Trees and Woody Plant Sci., Via G. Fanin 46, 40127 Bologna, Italy 
2 Plant Food Research, Auckland, New Zealand 
3 South China Botanical Garden, Chinese Academy of Sciences, China 
4 Department of Agricultural, Food, Environmental and Animal Sciences, University of Udine, Udine, Italy;  
 
 
Some comments on the changes occurred in the kiwifruit industry in the last 40 
years: 
History since the 1st ISHS Symposium: In 1987 the first ISHS Kiwifruit Symposium 
was held in Padua, Italy. 30 years later, Actinidia has become an important fruit 
species in several countries. Production and marketing situation: New Zealand 
domesticated the species and still remains very important into international mar-
kets. At the end of last Century, Italy became the first producing country in the 
Northern Hemisphere, followed by France, Iberian Peninsula and Greece while in 
the Southern Hemisphere, New Zealand, and Chile are the most important coun-
tries. The biggest change over the last ten years has been the increasing impor-
tance of China, which is now producing more than half the world’s total production 
of kiwifruit. Also Turkey and Iran also consistently increased their acreage. Kiwi-
fruit industry change: Thirty years ago, the kiwifruit industry was based on a culti-
var (‘Hayward’) belonging to a single Actinidia specie but now other yellow- and 
some red-flesh cultivars have been introduce. Change in pre- and post- harvest 
management:  most of the pre- and post-harvest management techniques and pa-
rameters have been defined for Hayward grown under New Zealand conditions 
and may not be suitable for other cultivar.  The growing systems and the harvest-
ing time parameters may need to be changed to ensure high quality standard for 
both green- and yellow-flesh cultivars recently introduced. 
PSA: it is still a real issue and the new yellow- and red-fleshed cultivars seem par-
ticularly susceptible. Chemical control is difficult, protected cultivation research is 
ongoing and need to be further evaluated. Breeding: there is great expectation for 
new PSA-resistant or tolerant cultivars. Fruit quality: kiwifruit are now marketed 
throughout the whole world and consumers are more demanding in terms of fruit 
quality, safety, etc. Cultural techniques and post-harvest management that are the 
basis for the high quality fruit production should not be neglected. It is challenging 
and presumptuous forecast the future but in the next years the main changes 
might concern the: Kiwifruit industry: replacement of the existing cultivar with 
tolerant or resistant to PSA; Kiwifruit market: the market will probably change 
since export of kiwifruit from China and other countries might create an impact on 
the actual situation. 
 
Keywords: new cultivar, emerging diseases, PSA, industry and market changes 
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(2) The evolution of kiwifruit production in 
Portugal 
 
MD Antunes1, J. Franco2., F. Veloso3, T. Panagopoulos4 
 

1Universidade Do Algarve, FCT, Campus de Gambelas, 8005-139 Faro, Portugal 
2CERNAS, Escola Superior Agrária, Bencanta,3045-601 Coimbra, Portugal 
3Frutas Douro ao Minho, Lugar da Granda, Briteiros St Estevão e Donim, Guimarães, Portugal 
4CIEO, FCT, Edf 8, Universidade do Algarve, 8005-139 FARO, Portugal 

 
 

Kiwifruit is a crop with increasing interest in Portugal in the last decades. The cv. 
Hayward has been the main cultivar since the 80th when started to be produced in 
Entre-Douro e Minho and Beira Litoral in Portugal. The high acceptability of the 
crop by producers and the market led to the increase in the planted area through 
the years. The high market demand for kiwifruit have induced to the diversifica-
tion of cultivars and species. Yellow fleshed cultivars are in expansion with good 
market acceptance. Also the Actinia arguta started to be produced in the last few 
years. Kiwifruit is a promising crop for those regions due to its good edafo-climatic 
adaptability and market requirements, either internal increasing consumption or 
for exportation. 
 

Keywords: Actinidea, kiwifruit, production, market, quality 
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(3) Kiwifruit production and research in Spain: a 
story never told 
 
P. P. Gallego 
 
Faculty of Biology, University of Vigo, Campus Universitario, 36310 Pontevedra Vigo, Spain 

 
 
Kiwifruit culture started in Spain in 1969 when the Galician visionary 
entrepreneur and businessman Jose Fernández López who founded the first 
kiwifruit company named “Productores de Actinidia Chinensis SA” and also being 
the first orchardist, who purchased his first vines (100 plants) of “hayward” in 
France. The first exports were to Germany because in Spain nobody knew the fruit 
and the price was so expensive (around 0.75 € per fruit). Later, in the 80´s the 
kiwifruit production increased quickly from 45 to 357 ha, and what was more 
important for kiwifruit market: more than 10.000 t where imported from New 
Zealand. This fact awaked the interest of a few more business people to kiwifruit 
industry, due to huge demand and high prices of kiwifruit. Follow them, many little 
fruit producers change apple and citrus orchards to kiwifruit, until reach a gross 
production of 15.000 t and importation of 100,000 t nowadays. In this review, we 
will describe in detail the history of the consumption and production of kiwifruit, 
the main planting areas, the main cultivars, the production systems, the orchard 
management, (from conventional to integrated and organic), the phytosanitary 
issues: pest and diseases, the characteristics of the kiwifruit industry, but also the 
unknown research done in several Spanish research centres and universities since 
1990´s in kiwifruit. 
 
Keywords: Import, Export, kiwifruit production, Psa, weather conditions  
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(4) Kiwi industry development in Chile, evolution 
and projections 
 
C. Cruzat 
 
Cruz del Sur 133 Of 703, Santiago, Chile 

 
 
The development of the Chilean kiwi industry, as well as the kiwi industry globally 
are facing important changes in the world production scenario: new drives in 
exporting countries, farmer’s difficulties in changing crops, new producing 
countries, new varieties introduction, Psa and other pests and diseases effects. 
New trade barriers or changes in the requirements of local economies, as well as 
the increase in good quality supply, along with new demands from 
consumers. Chile’s production, ranges north to south more than one thousand 
kilometers, where Hayward variety is the highest volume exported, has reduced 
exports 16% approximately between 2012 and 2015 seasons, from a historical 
high of 221,465 Tons to 182,636 Tons, along with important changes in export 
destinations. During 2009 the industry underwent voluntary organization, creating 
the Kiwi Committee, towards increasing and ensuring Chilean kiwi’s 
competitiveness and quality at destination markets. Primarily formed by 
producers and exporters representing 80% of the industry through its 
organizations, the Asociación de Productores de Frutas de Chile, A.G. (ASOEX) and 
the Federación de Productores de Frutas de Chile, F.G. (FEDEFRUTA). The 
Committee has coordinated interests concerning government or other institutions 
and has become the industry’s international connection. Developing technological 
research and dissemination programs, implementing Orchard Followup and 
Quality and Maturity Assurance programs, contributing towards uniformity in 
Chilean fruit, enabling the characterization of different ecozones where cultivation 
takes place, enabling to understand their productive potentials, maturity evolution 
based upon agroclimatic behavior, thus proposing performance of best practices 
by producers. The Committee has developed phytosanitary protection programs, 
especially concerning PSA, present in Chile since 2010, characterizing agroclimatic 
risk areas more liable towards onset of this disease. It has also driven research and 
knowledge generation on kiwi physiology, agroclimatic behavior, elaborating 
protocols for fruit conditioning and ripening. Being part of a program for 
development of genetic improvement between Universidad de Chile and Udine, as 
well as joint development work with China. The future of Chilean kiwi industry 
does not depend solely on world scenario, since competition within Chile, towards 
investing in higher profit species, is a permanent threat to kiwi survival and 
expansion. 
 
Keywords: Chilean kiwi industry, Kiwi Committee 
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(5) Kiwifruit Status in Iran: Management and 
Production 
 
S. Maleki1, B. Maleki – Zanjani1, E. Nezami-Alanagh2, E. Barreal2, PP. Gallego2  
 

1Department of Agronomy and Plant Breeding, Faculty of Agriculture, University of Zanjan, Zanjan, Iran 
2Faculty of Biology, University of Vigo, Campus Universitario, 36310 Pontevedra Vigo, Spain 
 

In this review we describe the introduction of the kiwifruit in Iran in the 70´s and 
the culture conditions. Kiwifruit productions greatly has been increased in the past 
25 years from 100 ha and 200 t in 1990 up to 11,600 ha and over 300,000 t in 
2016, with yields around 26-29 t per ha. The main cultivars are Actinidia deliciosa 
'Hayward' (accounting 100% of exportations), but also new cultivars such as the 
yellow-flesh Actinidia chinensis 'Hort. 16 A' have been introduced in 2003. The 
Caspian Sea Region of the northern provinces of Iran provides excellent environ-
mental and climatic conditions for kiwifruit culture, especially the Guilan, Mazan-
daran and Golestan provinces. These regions are characterized by rich and fertil-
ized soils with pH 5.5-5.6 and by weather conditions, mostly rainy with high ratio 
of humidity, which can be considered as optimum for kiwifruit cultivation. Orchard 
management involves mostly rate of 1 male to 8 female with T-bar training sys-
tems, natural pollination supported by beehives (8 per hectare). Kiwifruit orchards 
in Iran are susceptible to several nematodes, fungi (such as Phytophthora spp. 
(Gummosis, Root-Rot)) in addition to pests (mainly Pseudaulacaspis pentagona 
(Crab louse)), which usually are controlled using Prospaltella perniciosi insects as 
biological control and/or Diazinon. Pseudemonas syringiae pv. actinidia (Psa) has 
not been a serious problem for kiwifruit cultivation in Iran, although it has been 
reported by a few growers. 
 

Keywords: Actinidia spp, pest and diseases, production and yields, planting systems, 
climate and weather conditions 
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(6) A New Yellow-fleshed Kiwifruit Cultivar 'Jinmei' 
 
C. Zhong, F. Han, D. Li, Z. Jiang, L. Xu, H. Huang 

 
Wuhan Botanical Garden CAS, Moshan, Wuchang, Wuhan, China 

 
 
‘Jinmei’ is a new kiwifruit cultivar with yellow flesh, which is developed by 
backcross using the hybrid cultivar ‘Jinyan’ (female parents) and Actinidia 
chinensis (male parent) at the Wuhan Botanical Garden, Chinese Academy of 
Sciences. The fruit shape is long flat oval. The fruit surface is brown with dense 
short hairs. The fruit are big with average weight of 86 g and the maximum of 110 
g. The fruit flesh is yellow or green-yellow, and flesh texture is tender and juicy. 
The axile placentation is small with soft texture, and is edible. The content of 
soluble solids, vitamin C, total sugars, titratable acidity and dry matter are 15%-
18%, 124 mg/100 g, 9.8%, 1.3% and 16-19.2 %, respectively. When the fruit were 
harvested at the soluble solids level of 8.5%-10%, the ripening time at room 
temperature could reach 15-20 days, and the shelf life is very long with 7-10 days 
at room temperature and four months at 10C-20 ºC. Fruit of ‘Jinmei’ can be 
harvested in late September to early October, which is four weeks earlier than the 
female parent ‘Jinyan’. ‘Jinmei’ has been authorized by the National Forestry 
Cultivar Approval Committee (national cultivar No. S-SV-AJ-015-2014) in 
December 2014, and obtained the Variety Right Number (No. CNA20130340.0) in 
2016. 
 
Keywords: kiwifruit, yellow flesh, cultivar 
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(7) The kiwiberry chronicles ' A history of cold-
hardy Actinidia in North America 
 
B. Guthrie 1, I. Hale 2, W. Hastings 2 
 
1 1810 Alameda Street, Roseville, MN 55113, United States of America 
2 UNH-Biological Sciences, 385 Rudman Hall, 46 College Road, Durham New Hampshire 03824-2618, United 
States of America 

 
 

In 1877 Massachusetts Agricultural College (MAC) President William S. Clark and 
his Sapporo Agricultural College student-professors extracted seeds from flavorful 
Actinidia arguta berries they encountered in the markets and forests of Hokkaido, 
Japan and Clark returned to the United States with these seeds.  In the following 
decades, by means of exchanges and nursery-trade sales, vines grown from seed, 
propagated cuttings, or from their descendants became widely scattered across 
portions of the eastern United States and parts of Canada. While the MAC profes-
sors envisioned these vines being grown for fruit production, in an ironic twist 
much of this material would instead be used in landscape architecture due to the 
rapid growth and screening potential of these vines. As a result and in places, A. 
arguta was used to adorn the pergolas, porches, walls and grounds of summer 
residential estates of wealthy Americans who gained their fortunes during the In-
dustrial Age. It would be another 15 years (1892) before the Arnold Arboretum’s 
first Curator Charles S. Sargent sent back additional germplasm material from 
Hokkaido; 23 years (1900) before USDA-contracted agriculturist Gerow D. Brill 
collected seeds of what was likely A. arguta var. purpurea from Hubei, China; and 
30 years (1907) before USDA Plant Explorer Frank Meyer collected cuttings of A. 
kolomikta from what is now the Lanshan District of Shandong, China. Through a 
combination of historic research and genetic inferences we have attempted to re-
construct the introduction, dissemination, and distribution of Actinidia germplasm 
material across North America from an incomplete and fragmented record.  From 
this analysis, it appears that only one of the USDA’s Plant Introductions attained 
prior to 1930 has survived to the present.  Some of the MAC-sourced A. arguta 
vines appear to have superior fruit characteristics and we have undertaken efforts 
to locate and collect cuttings from surviving population remnants. 
 
Keywords: Actinidia, kiwiberries, North American chronology, historical significance 
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 (8) GBS-based deconvolution of the surviving 
North American collection of cold-hardy kiwifruit              
(Actinidia spp.) germplasm 
 
I. Hale 1, A. Melo 1, R. Guthrie 2 
 
1 UNH Rudman Hall, Rm 385, 46 College Road, Durham NH 03824, United States of America 
2 1810 Alameda Street, Roseville MN 55113, United States of America 
 
 

Plant germplasm collections can be invaluable resources to plant breeders, pro-
vided they are well-characterized. After 140 years of acquisition and curation ef-
forts by a wide and largely non-coordinated array of private and institutional ac-
tors, the current US collection of cold-hardy kiwifruit (Actinidia spp.) is rife with 
misclassifications, misnomers, and mix-ups. To facilitate the systematic improve-
ment and resource-efficient curation of these species of long-recognized horticul-
tural potential, we used genotyping-by-sequencing (GBS) data to deconvolute this 
historic collection. Evaluation of a total of 138 accessions (103 A. arguta, 28 A. ko-
lomikta, and 7 A. polygama) with an interspecific set of 1,040 high-quality SNPs 
resulted in clear resolution of the three species. Intraspecific analysis (2,964 SNPs) 
within A. arguta revealed a significant level of redundancy (41.7%; only 60 unique 
genotypes out of 103 analyzed) and a sub-population structure reflecting likely 
geographic provenance, phenotypic classes, and hybrid pedigree. For A. kolomikta 
(3,425 SNPs), the level of accession redundancy was even higher (53.6%; 13 
unique genotypes out of 28 analyzed); but no sub-structure was detected. Numer-
ous instances were discovered of distinct genotypes sharing a common name, dif-
ferent names assigned to the same genotype, mistaken species assignments, and 
incorrect gender records, all critical information for both breeders and curators. In 
terms of method, this study demonstrates the practical and cost-effective use of 
GBS data to characterize plant genetic resources, despite ploidy differences and the 
lack of reference genomes. With the recent prohibition on further imports of Acti-
nidia plant material into the country and with the active eradication of historic 
vines looming, this analysis of the US cold-hardy kiwifruit germplasm collection 
provides a timely assessment of the genetic resource base of an emerging, high-
value specialty crop. 
 
Keywords: Actinidia arguta; Actinidia kolomikta; Actinidia polygama; kiwiberry; kiwiber-
ries; Cold-hardy kiwifruit, plant genetic resources, core collections, GBS 
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 (9) Elevated ploidy levels do not improve 
adaptation and agronomic traits sustainably in 
natural kiwiberries (Actinidia arguta and related 
species) 
 
D. Li 1, Y. Zhang 2, C. Zhang2 
 
1 Wuhan Botanic Garden, Chinese Academy, Wuhan Moshan, Wuhan, China 
2 Xian Botanical Garden of Shaanxi Province, Xian, China 
 
 
Polyploid plants often have a higher biomass and superior crop qualities. Breeders 
therefore search for crop germplasm with higher ploidy levels; however, whether 
higher ploidy levels are associated with better performance remains unclear. Acti-
nidia arguta and related species, whose commercialized fruit are referred to as 
kiwiberries, harbour a series of ploidy races in nature, offering the opportunity to 
determine the link between ploidy levels and agronomic traits. In the present 
study we determined the ploidy levels of A. arguta var. arguta, A. arguta var. gi-
raldii and A. melanandra in 16 natural populations using flow cytometry, and ex-
amined their variation in fruits, leaves and flowers by field observations, micro-
scopic examination and laboratory analyses. Our results show that octaploid and 
decaploid A. arguta var. giraldii have larger leaves than tetraploid A. arguta var. 
arguta and A. melanandra and their fruit have higher contents of nutrients such as 
ascorbic acid and amino acids. However, some important agronomic traits, includ-
ing fruit size, and total sugar and total acid contents, were significantly lower in the 
octaploids and decaploids. In addition, an increase in ploidy did not result in 
greater ecological adaptability: octoploids and decaploids were partially sympatric 
with the tetraploids but occurred over a narrower altitudinal range. The differ-
ences in ecological adaption and morphology among kiwiberries’ cytotypes sug-
gest that agronomic traits in crops could not elevate sustainably in response to 
higher ploidy levels, reminding the botanist that more (chromosome) is not inevi-
tably better in plant. The findings of A. arguta and related taxa in agronomic traits, 
distributional patterns and potential co-existence mechanisms will facilitate the 
germplasm utilization of kiwiberry and highlight the need for reclassification of 
three taxa. 
 
Keywords: Actinidia arguta, kiwiberries, Sympatric area, ploidy levels, Morphological 
variation, Fruit characters, Taxonomy, Breeding 
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 (10) iTRAQ-based quantitative proteomic analysis 
reveals alterations in the metabolism of Actinidia 
arguta 
 

L. Miaomiao, Q. Xiujuan, F. Jinbao, L. Yukuo, C. Jinyong, S. Leiming, Z. Yunpeng  
 
Henan province Zhengzhou City , Guangchen, China 

 

Actinidia arguta ‘Tianyuanhong’ is a new kiwifruit variety with an all-red pericarp 
and pulp, in contrast to the all-green pulp of A. arguta ‘Yongfengyihao’. Transcrip-
tome profile analysis of fruit color has been reported; however, the metabolic 
mechanisms of red flesh remain unknown, and it is unclear why the pulp of 
‘Tianyuanhong’ is red rather than green. The aim of the present study was to iden-
tify differences between the proteomes of two A. arguta varieties with different 
fruit colors. Herein, fruits were harvested 70 and 100 days after flowering (DAF) in 
‘Tianyuanhong’ and ‘Yongfengyihao’, and an iTRAQ-based quantitative proteomic 
approach was used. A total of 2310 proteins were detected, and four groups (two 
cultivars at two stages of fruit development) were used to analyze these proteins. 
A total of 229 proteins were detected at 70 and 100 DAF in ‘Tianyuanhong’ and 
were classified into 26 functional groups; 176 proteins were mapped to 155 path-
ways in the KEGG database. A total of 221 proteins were detected at 70 and 100 
DAF in ‘Yongfengyihao’ and were classified into 24 functional groups; 133 proteins 
were mapped to 148 pathways in the KEGG database. A total of 209 proteins were 
differentially expressed at 70 DAF between ‘Tianyuanhong’ and ‘Yongfengyihao’ 
and were classified into 22 functional groups; 136 proteins were mapped to 143 
pathways in the KEGG database. A total of 196 proteins differentially expressed at 
100 DAF between ‘Tianyuanhong’ and ‘Yongfengyihao’ and were classified into 24 
functional groups; 131 proteins were mapped to 171 pathways in the KEGG data-
base. Proteins in the largest group were related to photosynthesis, sugar synthesis, 
N metabolism, and ACN biosynthesis. Finally, 12 representative genes encoding 
different metabolic proteins were analysed via quantitative real-time polymerase 
chain reaction (qRT-PCR) and were found to have different patterns of transcrip-
tional and translational expression. The proteomic study contributes to under-
standing the biological processes and metabolic pathways involved in fruit color 
change in A. arguta. The identified proteins were mainly involved in photosynthe-
sis, carbon metabolism, N metabolism and flavonoid biosynthesis. In conclusion, 
these data and their analysis will provide new insight into kiwifruit flesh color de-
velopment. 
 

Keywords: Actinidia arguta, Anthocyanin, iTRAQ, Fruit color 
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(11) An improved, manually edited Actinidia  
chinensis (kiwifruit) genome highlights the            
challenges associated with draft genomes and gene 
prediction in plants 
 

S. Pilkington 
 

120 Mt Albert Road, Mt Albert, 1025 Auckland, New Zealand 

 

 

In 2013, a landmark paper detailing the genome of the red-fruiting Actinidia 
chinensis var. chinensis (kiwifruit) ‘Hongyang’ was published. This gave research-
ers a new tool in understanding molecular processes in Actinidia species. Like 
many draft genomes, the ‘HongYang’ genome had a considerable portion of the 
genome (164Mb of the 750Mb) unallocated to any chromosomal region. In addi-
tion, there were a number of omissions identified in the computer-predicted gene 
models. To address this, we developed an international consortium, firstly to im-
prove the genome construction and secondly to annotate genes manually in the 
genome. A more homozygous A. chinensis genotype (Red5) that was generated 
from three cycles of sibling crosses was selected for a new genome. The Red5 se-
quence was assembled using three combined mapping data sets, which reduced 
unassigned chromosomal regions from 164Mb to 13Mb. Manual annotation was 
performed using the WebApollo software and employed tracks of computationally 
predicted genes, expressed sequence tagged sequences and mRNA-seq data from a 
variety of different tissues. In total, 93 researchers from around the world pro-
duced evidence-based gene models for over 33,000 genes. Our subsequent analysis 
showed that the majority of computational gene predictions in kiwifruit do not 
align to the manually edited genes. In particular, the computationally generated 
genes did not accurately predict intron-exon structures or translation start and 
stop regions. Non-canonical splice sites were particularly poorly annotated. From 
this exercise we now have a second generation genome to develop our under-
standing of kiwifruit species further. 
 
Keywords: Kiwifruit, A. chinensis, genome, annotation 
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(12) Genome-wide identification and                                    
characterization of transcription factor family in   
kiwifruit (Actinidia spp.) and analysis of their           
responses to biotic and abiotic stress 
 

Z. Jin , Z. Liu, X. Wang, X. Qi 
 

3 Taicheng Road,Yangling, Xi'an, Shaanxi, 712100, China 

 

Transcriptional factor (TFs) universally exist in almost all plants, and transcription 
factors play important roles in various biotic and abiotic stress responses. To date, 
the information of any TFs genes remain unknown in the kiwifruit (Actinidia spp.). 
In this study, we identified some kiwifruit TFs genes from kiwifruit genome, such 
as WRKY, bZIP, bHLH, SBP-box and so on. Synteny analysis indicated that segmen-
tal duplication events have contributed to the expansion of the kiwifruit TFs fam-
ily. In addition, synteny analysis between kiwifruit and Arabidopsis suggested that 
some of kiwifruit TFs genes derived from common ancestors before the divergence 
of these two species. Furthermore, expression analyses of selected TFs genes 
showed variety expression pattern in five different organs, as well as biotic and 
abiotic stress. The genome-wide identification and characterization of kiwifruit 
transcription factor may provide insight into the evolutionary history and useful 
resource for further functional analysis of kiwifruit. 
 

Keywords: Kiwifruit; Transcription factor; WRKY; bZIP; bHLH; SBP-box; evolution 
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(13) Genomic predictions in diploid Actinidia 
chinensis (kiwifruit) seedlings 
 

C. Cheng1, P: Datson1, E. Hilario1, C. Deng1, K. Manako1, M. McNeilage1, K. Hoeata2 
 

1 Plant Food Research, Mt Albert, Private Bag 92169, 1142 Auckland, New Zealand;  
2 Te Puke Research Centre, 412 No 1 Road, RD2, 3182 Te Puke, New Zealand 
 

 

Kiwifruit are dioecious, long-lived, perennial, woody vines. The consequences for 
kiwifruit breeding include long breeding cycles, large planting areas and selections 
of male parents by progeny tests, which is expensive and time-consuming. Also, the 
majority of economically important traits, such as yield, fruit quality and disease 
resistance, are complex because of their polygenic (quantitative) nature. Genomic 
selection in kiwifruit has arisen from the conjunction of development of restriction 
enzyme-based genotyping-by-sequencing (GBS) and new statistical methods to 
analyse the genotypic data. However, information on model robustness and guide-
lines for model selection are lacking in kiwifruit. In this study, 88 seedlings were 
randomly selected from a diploid Actinidia chinensis breeding population designed 
to breed kiwifruit with red-centred flesh. Of these, 78 were used as a training set 
and 10 were used as a validation set. GBS libraries were constructed using the re-
striction enzyme BamHI and sequenced on Illumina HiSeq2000 platform in SE 
mode. A total of 8372 SNP markers were obtained on all 88 individuals. Three sta-
tistical models, RR-BLUP (ridge regression best linear unbiased predictor), GBLUP 
(genomic best linear unbiased predictor), and LASSO (least absolute shrinkage and 
selection operator), were used to estimate GEBVs (genomic estimated breeding 
values) for nine traits. The correlations between observed phenotypic data and 
predicted GEBVs of the validation set were calculated to measure the reliabilities 
of the predicted GEBVs. The correlations ranged from 0.48 to 0.91 for red intensity, 
fruit weight, yield, and fruit firmness at 60, 90 and 120 days of storage, whereas 
negative correlations were obtained for dry matter, soluble solids content and 
Pseudomonas syringae pv. actinidiae (Psa) resistance. Possible reasons for the 
negative correlations were discussed. Our results also showed that the reliabilities 
of predicted GEBVs from different models for the same trait were highly corre-
lated. 
 

Keywords: genotyping-by-sequencing, genomic selection, reliabilities, GEBV, statistical 
model 
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 (14) Kiwifruit (Actinidia spp.) breeding studies 
and new cultivar candidates in Turkey 
 

A. Atak, K. Hahraman, Y. Doygaci, G. G. Kandilli 
 

Horticultural Central Research Institute, Ataturk Horticultural Central Research, Yalova, Turkey 

 

 

Kiwifruit was introduced in Tukey in late eighties. The production of kiwi is in-
creasing every year, now it has passed 40,000 tons. It is likely that production will 
increase further in the near future due to the large number of newly established 
kiwifruit orchards. However, almost all of the kiwifruit cultivated in Turkey is 
Hayward cultivar. For this reason, kiwi breeding studies in Turkey with the search 
for alternative cultivars were first initiated in Atatürk Horticultural Central Re-
search Institute in 2008. This project is the only one study conducted on the kiwi-
fruit breeding in the country. The breeding study started with seedlings obtained 
from Hort16A, Jintao, Hayward, Topstar, cultivars and 17684 genotype. In 
phenological observations made within the population, until the year of 2016, 244 
female and 299 male genotypes were determined.  HO-8, HO-142, B-13, B-19, B-20, 
B-25, B-36, J-284 and TH-9 genotypes were selected as cultivars candidates among 
female genotypes. All cultivar candidates except TH-9 are earlier than 'Hayward' 
and have yellow fruit flesh. Also J-284 cultivar candidate attracted with red colour 
around the core. HO-142, B-20, B-13 and TH-9 cultivar candidates were found su-
perior to average fruit weight. Sensory analyses was done for the prominent culti-
var candidates. Registration process was started for B-19 (İlkaltın) cultivar candi-
date. 
 

Keywords: Actinidia spp., selection, pomology, sensory analysis 
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(15) Rapid cis-evolution of a Y-encoded suppressor 
of feminization derived the dioecious sex 
determination in kiwifruits 
 

T. Akagi 1, H. Ohtani 1, T. Morimoto 1, K. Beppu 2, I. Kataoka 2, R. Tao 1 
 

1 Kyoto University, Kitashirakawa, Oiwakecho, Kyoto 606-8502, Japan 
2 Kagawa University, 2393 Ikedo, Miki, Kagawa 761-0795, Japan 
 

Plants separated sexuality (dioecy) have evolved independently among the spe-
cies, which resulted from lineage-specific adaptive scenarios, although still little 
has been known on actual evolutionary paths to acquire the sex determinant to 
establish dioecy. Kiwifruit (Actinidia spp.) shows a dioecious sexual system which 
is related to practical issues such as breeding and cultivation of this fruit species. In 
this presentation, we describe our attempt to identify a sex determinant gene in 
Actinidia genus, based on de novo genome characterization, which is proven to be 
very efficient. We also discuss on the establishment of this gene from a viewpoint 
of evolutional aspect. Genome-wide cataloguing of male-specific subsequences, 
transcriptomic and evolutionary analyses in wide Actinidia species narrowed 
down  candidates  into a single gene, named Shift to Y-dependent Gynoecium Ir-
regularity, “Shy Girl (SyGI)”, which is indicated to be duplicated from a gene on the 
autosome into the male specific region of the Y-chromosome (MSY). Ectopic induc-
tion of SyGI expression in Arabidopsis and Nicotiana tabacum resulted in suppres-
sion of gynoecia development, while no effects on androecia. Comparison with the 
duplicated counterpart of SyGI suggested that SyGI was rapidly evolved to gain a 
specific expression pattern to generate the function of suppressor of feminization 
(SuF), as a gain-of-function, before the divergence of Actinidia species. This discov-
ery on the establishment of the SuF in Actinidia contributes not only to future 
modification of the sexuality in kiwifruits for breeding/cultivation, but also to un-
derstanding of the evolution of dioecy and sex chromosome systems in plants. 
 

Keywords: Sexuality, Dioecy, Y-chromosome 
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(16) Three FT and multiple CEN and BFT genes     
regulate maturity, flowering and vegetative 
phenology in kiwifruit 
 
E. Varkonyi-Gasic, C. Voogd, T. Wang, L. Brian, A. Allan 

 
Plant and Food Research, Private Bag 92169, Auckland mail Centre, 1142 Auckland, New Zealand 

 

FLOWERING LOCUS T (FT) and CENTRORADIALIS (CEN) homologs have been im-
plicated in regulation of growth, determinacy and flowering. To understand the 
molecular regulation of growth and flowering in kiwifruit, here we identify and 
characterize Actinidia chinensis FT and CEN homologs. Three FT, five CEN, three 
BROTHER OF FT (BFT) and two MOTHER OF FT (MFT) genes have been identified. 
Actinidia FT genes were differentially expressed and acted as functionally con-
served activators of flowering. Expression of AcFT was associated with maturity 
and winter chilling in buds, AcFT1 was confined to the shoot tip and AcFT2 to ma-
ture leaves, but all promoted flowering in model species Arabidopsis thaliana and 
could complement the late flowering ft1 mutant. Constitutive expression of AcFT1 
and AcFT2 in A. chinensis resulted in flowering in vitro. AcFT2 displayed a greater 
flowering activation efficiency than AcFT1, leading to immediate floral transition 
and restriction of leaf development, while both leaf and flower differentiation were 
observed in AcFT1 lines. In contrast to FT genes, Actinidia CEN and BFT genes 
acted as functionally conserved floral repressors in Arabidopsis and AcCEN re-
pressed flowering when ectopically expressed in A. eriantha, while Actinidia MFT 
genes had no impact on flowering time. AcCEN and AcCEN4 marked active growth 
in axillary shoot buds and AcBFT2 was associated with suppression of latent bud 
growth during winter. Taken together, our results suggest roles for FT, CEN and 
BFT genes in integration of developmental and environmental cues that affect 
dormancy, budbreak and flowering in kiwifruit.  
 
Keywords: chilling hours, dormancy, growth stimulants, phenological states 
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(17) Breeding program by interspecific cross          
utilizing A. rufa native to Japan 
 

I. Kataoka 1, H. Matsumoto 2, K. Beppu 1, K. Suezawa 3, T. Fukuda 3, R. Mizutani 3 

 
1 Faculty of Agriculture, Kagawa University, Miki-cho, Kagawa 761-0795, Japan 
2 3-203, New City Yamada, 3119-8, Mure, Takamatsu 761-0121, Japan 
3 Fuchu Fruit Tree Research Intsitute, Fuchu, Sakaide 762-0024, Japan 
 

 

To widen the range of characteristics of kiwifruit, a breeding program for selecting 
small-fruited cultivars with high eating quality and good climatic adaptability has 
been conducted by utilizing A. rufa indigenous to the warm region in Japan from 
2004. Here, we review the process of selection and the characteristics of cultivars 
registered in 2014. Inter- and intraspecific cross among A. rufa; two female lines 
[Fuchu] and [Awaji], one male line [Kochi] and diploid A. chinensis; two female cul-
tivars ‘Kohi’ and ‘Yellow Queen’, two male lines [FCM1] and [FCM3] were con-
ducted. The fruit size was obviously larger and total soluble solids (TSS) content 
was relatively higher in the intraspecific cross seedlings between A. rufa and A. 
chinensis than the intraspecific cross seedlings in A. rufa. In the interspecific cross 
with A. chinensis, the progenies of [Fuchu] had lower titratable acidity than those of 
[Awaji]. After evaluating the performance in the commercial fields, 5 seedlings 
from the progenies of A. rufa [Fuchu] were registered in 2014. Fruits had oblong 
shape and hairless brown skin with green or yellow flesh. Fruit weight ranged 40 
to 60g. Timing of commercial harvest was late October to early November. The 
fruit ripened on the vine when they were left until late November. By ethylene 
treatment, fruit ripened easily and they contained 17-20% of TSS and 0.6-0.8% of 
TA, 30-60mg of ascorbic acid per 100g FW. Activity of protease was quite low. Un-
der the refrigerating conditions, fruit could be stored in good condition for 3-4 
months. Average yield was as high as 40 t/ha. Vines were tolerant to hot and dry 
conditions and leaf burn hardly occurred. In some area, buds may suffer the frost 
damage as those burst earlier. These cultivars are promising as the kiwifruit of 
new category. 
 

Keywords: breeding, new cultivar, interspecific cross, Actinidia rufa, Actinidia chinensis, 
fruit, quality, yield, adaptability 
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(18) Towards assembling the genome of a               
Pseudomonas syringae actinidiae (Psa) Biovar 3   
tolerant Actinidia chinensis diploid male parent 
 
J. Tahir 1, S. Gardiner 1, E. Hilario 2, C. Kirk 1, I. Liachko 3, R. Crowhurst 2, D. Chagné 1, 
C. Deng 2, S. Sullivan 3 
 

1 The New Zealand Institute for Plant & Food Research Limited, Private Bag 11030, Manawatu Mail Centre, 
Palmerston North, 4442, New Zealand 
2 The New Zealand Institute for Plant & Food Research Limited, Private Bag 92–169, Auckland, 1025, New 
Zealand 
3 Phase Genomics, 4000 Mason Road, Suite 225, Seattle, WA 98195 USA 
 

 

The rapid improvement in DNA sequencing technologies is assisting significantly 
in the assembly of complex genomes. The first draft genome of a female kiwifruit 
(Actinidia chinensis) was constructed using Illumina paired-end and mate-pair 
reads, 3 years ago, and provided an assembly of 616 Mbp (Huang et al. 2013). The 
current study is attempting to employ the potential of a chromosome conformation 
capture technique known as Hi-C to develop an initial draft genome assembly of a 
diploid kiwifruit male parent which is tolerant to Psa Biovar 3. Hi-C captures prox-
imity-based chromosomal interactions to map the 3D structural organization of 
the genome. The occurrence of proximity interactions is inversely correlated with 
genomic distance, and this property allows Hi-C data to be used for genome scaf-
folding, yielding chromosome-scale assemblies. We are currently assembling the 
male genome and in the interim have tested the ability of male Hi-C data to scaffold 
a genome assembly for a female genotype of the same species, which has recently 
been assembled to chromosomal level using genetic markers to assign scaffolds to 
linkage groups. A total of 3941 female genome contigs were captured by male Hi-C 
data resulting in a female genotype whole genome assembly with a total length of 
555 Mbp and an N50 size of 567 Kbp. Chromosome-sized scaffolds were generated 
using the LACHESIS scaffolding algorithm which utilizes cis-chromosome Hi-C in-
teractions to link contigs together. The number of clusters corresponded to 29 
pseudo-chromosomes with a total length of ~489 Mbp (87.61% of all sequence 
length). The potential of Hi-C based Proximity-Guided Assembly is discussed in the 
context of drafting a genome and the implications in the study of the spatial con-
formation of functionally diverse genetic regions. 
 

Keywords: Actinidia chinensis, Psa tolerant diploid, HiC, proximity-based chromosomal 
interactions, genome assembly 
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(19) Kiwifruit: a unique carbohydrate metabolism 
 

H. Boldingh1, S. Nardozza2, N. Gould3, P. Kashuba4, K. Boyd-Wilson5, A. Richardson4 
 

1 Plant and Food Research, Ruakura Research Centre, 10 Bisley road, 3214 Waikato Hamilton, New Zealand 
2 Plant and Food Research, 120 Mt Albert Road, Mt Albert, 1025 Auckland Auckland, New Zealand 
3 Plant and Food Research, 412 No 1 Road, RD2, 3182 Bay of Plenty Te Puke, New Zealand 
4 Plant and Food Research, 121 Keri Downs Road, RD 1, 0294 Northland Kerikeri, New Zealand 
5 Plant and Food Research, Canterbury Agriculture Science Centre, Gerald Street, 7608 Canterbury Lincoln, 
New Zealand 
 

 

Kiwifruit vines have many unusual attributes including unique carbohydrate me-
tabolism and transport systems. Two unusual carbohydrates, the polyol myo-
inositol and the trisaccharide planteose play important roles in fruit quality and 
stress resistance in kiwifruit vines. Myo-Inositol is found in all tissues. In mature 
leaves it may be a precursor for synthesis of planteose and concentrations are ele-
vated in response to applied stresses. Trace amounts of myo-inositol transported 
in the phloem do not account for the elevated levels of myo-inositol found in de-
veloping fruit indicating it is synthesised in the fruit. We postulate that the role of 
myo-inositol in the fruit is in development of seeds rather than in synthesis of 
planteose. Kiwifruit is the only reported species where planteose is transported in 
phloem from source to sink tissues in similar or greater quantities than sucrose. 
This enables more efficient transport of soluble carbohydrate to the fruit com-
pared with sucrose alone. However, when planteose arrives at the fruit it is rapidly 
metabolised. Similarly to myo-inositol, planteose can be linked to plant defence 
mechanisms having been found to inhibit the growth of Psa (Pseudomonas syringae 
pv. actinidiae). Planteose and myo-inositol are major soluble carbohydrates ubiq-
uitous to the Actinidia species. Identifying critical enzymes and genes for these 
unusual metabolic pathways is important to develop screening tools to select 
genotypes with higher dry matter and better resistance to abiotic and biotic 
stresses. 
 

Keywords: myo-inositol, planteose, transport 
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(20) Effects of the manipulation of carbohydrate 
supply on fruit dry matter and colour development 
in a block-red Actinidia chinensis genotype 
 
A. Richardson 1, S. Nardozza 2, H. Boldingh 3, P. Kashuba 4, L. McCaughan 4, M. Phil-
ippe 2, M. Wohlers 2, T. McGhie 5, M. Currie 2, M. Montefiori 2 
 

1 121 Keridowns Road, RD1, 0294 Kerikeri, New Zealand 
2 Mt Albert Research Centre, Auckland, New Zealand;  
3 Ruakura Research Centre, Hamilton, New Zealand 
4 Kerikeri Research Centre, Kerikeri, New Zealand;  
5 Palmerston North Research Centre, Palmerston North, New Zealand 

 
 

Achieving consistent fruit pigmentation in red-fleshed Actinidia chinensis geno-
types is challenging and production of fruit with variably coloured flesh is likely to 
impact on orchard economic returns. We have previously reported that factors 
such as vine vigour, carbohydrate availability and source-sink competition affect 
the expression of red colour in the fruit outer pericarp. In the current study we 
manipulated carbohydrate availability to the fruit by a combination of shoot gir-
dling (applied at different stages and for either a short or a long period) and differ-
ent leaf-to-fruit ratios. We have confirmed the importance of source capacity for 
both red pigmentation and dry matter in fruit, as well as fruit size. Carbohydrate 
depletion at key developmental stages reduced red colour development and it was 
also associated with lower dry matter at harvest. Limited carbohydrate supply also 
delayed fruit development, as fruit were less mature (i.e. firmer and with lower 
soluble solid concentrations) at harvest. The variation in total non-structural car-
bohydrates and total anthocyanin in fruit supported the observed changes in dry 
matter and red pigmentation score. This study shows that is important to ensure 
carbohydrate supply during critical fruit developmental stages, and these results 
are useful to implement canopy and crop load management strategies for red-
fleshed genotypes. 
 

Keywords: carbohydrate availability, fruit, fruit size, source-sink 
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(21) From lumpy to mealy - the importance of 
kiwifruit texture in new cultivar development 
 

R. Schroeder 1,R. Rebstock 1, R. Prakash 1, M. Beresford 1, T. Harris-Virgin 2, P. Suth-
erland 1, H. Tiffin 3, D. Brummel 3, I. Hallet 1 
 

1 Plant and Food Research PFR, Mt Albert Research Centre, 120 Mt Albert Road, Auckland 1025, New Zealand 
2 Plant and Food Research PFR, 55 Old Mill Road RD3, 7198 Motueka, New Zealand 
3 PFR, Food Industry Science Centre, Batchelar Road, 4474 Palmerston North, New Zealand 
 

 

Kiwifruit are consumed when soft, at a stage where sugars, acids and volatiles 
blend to give a good flavour.  Part of the appeal of current kiwifruit cultivars ‘Hay-
ward’ (Actinidia chinensis var. deliciosa ‘Hayward’), ‘Hort16A’ (A. chinensis var. 
chinensis ‘Hort16A’) and ‘Gold3’ (A. chinensis var. chinensis ‘Zesy002’) is their char-
acteristic soft melting texture. Yet within the genus Actinidia there is a range of 
textural characteristics: fruit of some genotypes  have been described by breeders 
as having negative attributes such as ‘gritty’, ‘mealy’, ‘rubbery’, ‘webby’, ‘chewy’ or 
‘stringy’. Good texture is regarded as an important feature of successful kiwifruit, 
and poor textural characteristics may affect consumer acceptability. Detailed 
knowledge of both the textural variability within kiwifruit and the effects that dif-
ferent storage conditions have on texture is limited.  Similarly, the relative impact 
of genetics compared with postharvest environment, especially why hard core tis-
sue might persist during softening, is not well understood. We present an overview 
on textural diversity observed in kiwifruit after sensory evaluation. Structural and 
chemical features associated with specific textural characteristics in selected kiwi-
fruit varieties are described, with a focus on the postharvest physiology, biochemi-
cal and microstructural properties. This knowledge of the biochemical and struc-
tural basis of textural characteristics enables us to improve how we breed or select 
for new cultivars. 
 

Keywords: Texture, cell walls, consumer, kiwifruit 
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 (22) Evaluating the effective pollination period of 
Actinidia chinensis 'AU Golden Sunshine' and 
Actinidia deliciosa'AU Fitzgerald' 
 

J. Spiers, A. Brantley, A. Thompson, R. Kessier, A. Wright, E. Coneva 
 

101 Funchess Hall, Auburn University, AL 36849, United States of America 

 

Commercial kiwifruit production often requires substantial inputs for successful 
pollination. The purpose of this research was to determine the length of time that 
flowers of Actinidia chinensis ‘AU Golden Sunshine’ and A. deliciosa ‘AU Fitzgerald’ 
can be successfully pollinated. This study consisted of isolating flowers 1 day prior 
to anthesis, and hand pollinating approximately 30 different flowers each day for 
up to 7 days following anthesis. Fruit set of ‘AU Golden Sunshine’ was similar for 
flowers pollinated up to 6 days following anthesis in 2014 and 2015, with reduced 
fruit set realized on flowers pollinated on day 7. Fruit set of ‘AU Fitzgerald’ was 
similar for flowers pollinated up to 5 days following anthesis in 2013, with reduced 
fruit set realized for flowers pollinated on day 6. There was no reduction in fruit 
set for flowers pollinated up to 7 days on ‘AU Fitzgerald’ in 2015. Fruit weight and 
seed number of harvested fruit tended to decrease as flowers were pollinated later 
with respect to anthesis. 
 

Keywords: Kiwifruit, fruit set, seed number, flower age 
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(23) Kiwifruit reserves: balancing vine growth and 
fruit production 
 

A. Richardson 1, H. Boldingh 2, P. Kashuba 1, S. Nardozza 3, D. Greer 4 
 

1 121 Keridowns Road, RD1, 0294 Kerikeri, New Zealand 
2 Ruakura Research Centre, Hamilton, New Zealand 
3 120 Mt Albert Road, Auckland, New Zealand  
4 Charles Sturt University, Wagga Wagga NSW, Australia 
 

 

Storage of large amounts of carbohydrate during summer and autumn is vital to 
produce both high quality fruit and also to develop reserves to support vine devel-
opment in the following season. Our study showed that new shoot growth of ‘Hay-
ward’ vines occurred in spring and early summer during the first 100 days after 
budbreak (DAB). During this period vine reserves became depleted with total car-
bohydrate concentrations in both roots and perennial wood decreasing by 3-fold 
combined with root death in late spring. Although shoots became autotrophic by 
30–40 DAB, the concentrations of reserves continued to decline until the end of 
shoot growth indicating that insufficient carbohydrates were available from pho-
tosynthesis to support the growth and metabolism of the rest of the vine before 
this time. Once the canopy was established and fruit were set, photosynthate sup-
ply was sufficient to sustain root and fruit growth as well as replenish reserves in 
current seasons cane and perennial organs over the remainder of the season. If the 
supply of carbohydrate was altered or its distribution changed during this period 
fruit quality in the current season or flower production and shoot growth in the 
following season were affected. Hence, it is essential to balance vine growth, fruit 
development and reserve storage to achieve consistent yields of high quality kiwi-
fruit. 
 

Keywords: dry matter, carbohydrate, shoot, root 
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(24) Mineral-based modulation of PGR pools in       
kiwifruit improves production and yield metrics 
over cytokinin oxidase inhibitors 
 
R. Woodward 
 
9090 Katy Fwy, Suite 400, Houston Texas 77024, United States of America 

 
 
Plants respond to signals from their environment with the production growth 
regulators (PGR) and signalling molecules. Environmental conditions define the 
pool size of these growth regulators and signals by effecting biosynthesis, degrada-
tion, conjugation, transport and perception. Phenological stage determines tempo-
ral deployment of specific growth regulators and signalling molecules. Crosstalk 
within the active PGR/signal pool defines plant health, synchrony, productivity, 
fruit quality and ultimately yield. We examined the role minerals play in control-
ling the pool size of regulating molecules in Kiwifruit as manifested by synchrony, 
fruit quality [solids, grade] and yield metrics in case studies at three locations cov-
ering up to five growing seasons. We compared the cytokinin oxidase inhibitor, 
CPPU alone to CPPU in combination with a more robust mixture of actual PGRs 
[cytokinin, auxin (IBA) and gibberellic acid (GA3)] and supportive minerals boron 
and calcium. Four sequential, annual trials conducted from 2013 through 2016 
demonstrated viable alternatives to CPPU in fruit sizing, quality and yield.  We 
evaluated fruit set on artificially pollinated plants treated before flowering, with a 
foliar application of minerals that manage critical PGR pools. Supporting minerals 
improved the fruit set of artificially pollinated flowers by 26%. Mineral support for 
supplemented or endogenous PGR pools significantly reduced premature fruit 
drop, and increased soluble solids and fruit grade size. We managed ethylene in 
mineral-modulated PGR programs to promote synchrony, accelerate bud break, 
and improve fruit count, fruit grade and total yield. Collectively, these mineral-
based PGR management and support programs stand as an effective, viable and 
cost effective alternative to phenyl-urea derived, cytokinin oxidase inhibitors for 
improved production and quality. 
 
Keywords: signalling molecules; phenological stage; growth regulators 
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(25) Regulation of kiwifruit softening by 
differential cell wall modifications 
 
C. Fullerton 1, R. Prakash 2, I. Hallet 2, R. Schaffer 2, R. Schoroeder 2 

 
1 28a Liverpool St , Epsom, 1023 Auckland, New Zealand 
2 120 Mt Albert Rd, Auckland, New Zealand 
 
 
Success of a new kiwifruit cultivar requires not only good taste, but also a storage 
life that allows it to remain firm during storage and transport to distant markets, 
and the subsequent ability to soften and ripen once it reaches the consumer. Dur-
ing the ripening process there are changes in the cell wall composition and in their 
structure that enable fruit to soften and become edible. Within kiwifruit (Actinidia 
spp.) there are closely related genotypes that show large differences in softening 
rates.  We compared two such cultivars with different softening rates to investigate 
the biochemical, structural and molecular bases of fruit softening, with a view to 
identify key softening regulators. Compositional analysis of cell walls during sof-
tening showed differences in monosaccharide composition between the cultivars 
at the same developmental stage.  This indicates that the rate of softening may not 
be just an effect of increased enzyme activity, but that there may be fundamental 
differences in the cell wall composition. Immunolocalisation studies using mono-
clonal antibodies showed differences in the distribution of specific epitopes, par-
ticularly in the hemicellulose domain of the cell wall. The activity of key cell wall 
enzymes, such as xyloglucan endotransglycosylase, also differed. Collectively, this 
information suggests that softening rate is influenced by the modification of spe-
cific cell wall polysaccharides. This idea is supported by expression analysis of xy-
loglucan transglycosylase/hydrolase (XTH) genes, which suggests that genes cod-
ing for different XTH isozymes may play key roles in controlling softening rates in 
kiwifruit. Extending the knowledge of the cell wall components, structural proper-
ties and genes expressed during softening can be applied to identify chemical and 
genetic markers for breeding kiwifruit to enable early stage selection of genotypes 
with a preferred softening rate. 
 
Keywords: kiwifruit, softening, cell walls 
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 (26) Assessment of drought tolerance of five 
kiwifruit species under tissue culture condition 
Z. Yunpeng, F. Jinbao, C. Jinyong, Q. Xiujuan, S. Leiming, L. Miaomiao 

Henan province Zhengzhou City , Guangchen, China 

Drought is a major adverse factor on the growth of kiwifruit. Rootstock influences 
greatly the tolerance of cultivar to the drought. To select proper rootstock for kiwi-
fruit, drought tolerance of Actinidia resources were evaluated with PCA (Principal 
Component Analysis). Five species: Actinidia macrosperma, Actinidia longicarpa, Acti-
nidia deliciosa, Actinidia hemsleyana and Actinidia valvata were collected and kept in 
germplasm repository at Zhengzhou Fruit Research Institute, Chinese Academy of Ag-
ricultural Sciences (ZFRI, CAAS). Dormant shoot sections of the five kiwifruit species 
were took in the winter of 2014 and placed in a plastic cask with some water in the 
air-conditioned room, and the water was changed regularly. The new shoots sprouted 
from the shoot section in the spring of 2015, and were cut off and used as explant. 
Through a series of steps, such as sterilization, cultivation and propagation, some ster-
ile plantlets of five species were obtained. The plantlets with 2～3 leaves were used as 

experiment materials. Different concentrations (0%, 5%, 10%, 15% and 20%) of poly-
ethylene glycol (PEG-8000) were added to culture medium to simulate drought condi-
tion. After 30-day culture, six physiological indexes: proline(PRO), superoxide dismu-
tase (SOD), peroxidase (POX), catalase (CAT), malondialdehyde (MDA), soluble sugar 
(SS) and three growth indexes: fresh weight (FW), plant height (PH), leaf number 
(LN)were determined, and a drought resistance rating criterion (drought damage in-
dex, DDI) was designed according to different symptoms of plantlets. PCA was used to 
assess drought resistance of five kiwifruit species on the basis of all the ten indexes.  
The results showed: DDIs of five species all presented increasing trends as the in-
crease of PEG concentration, but three growth indexes showed decreasing trends, and 
six physiological indexes presented different changes among five species. The drought 
tolerance coefficients were analysed by PCA, the results indicated that the ten indexes 
were converted into four principal components, and their contribution rates were 
45.546%, 19.342%, 11.268% and 9.683%, respectively, and their cumulative propor-
tion reached to 85.84%. The first principal component contained four indexes: FW, PH, 
LN and DDI; the second principal component contained three indexes: PRO, SS and 
CAT; the third principal component contained two indexes: SOD and POX; and the 
fourth principal component contained one index: MDA. Comprehensive index (CI) of 
four principal components of five kiwifruit species were 2.636, 5.024, 7.913, 1.564; 
0.5219, 1.957, 2.696, 0.143; 0.624, 1.780, 1.854, 0.896; 0.146, 1.116, 2.439, 2.266 and 
0.925, 2.514, 2.034, 3.630, respectively, and the subordinative functions (μ) were 
1.000, 1.000, 1.000, 0.406; 0.151, 0.215, 0.139, 0.000; 0.192, 0.170, 0.000, 0.216; 0.000, 
0.000, 0.097, 0.609 and 0.313, 0.358, 0.030, 1.000, respectively, and the index weights 
of four subordinative functions were 0.531, 0.225, 0.131 and 0.113, respectively. Com-
prehensive evaluations (D) of five species were 0.934, 0.147, 0.164, 0.081 and 0.363, 
respectively, so the order of drought tolerance of five kiwifruit species was: Actinidia 
macrosperma>Actinidia valvata>Actinidia deliciosa>Actinidia longi-
carpa>Actinidiahemsleyana. Among the five species tested in this study, Actinidia 
macrosperma and Actinidia valvata had the strongest drought tolerance, but the re-
sults was obtained under tissue culture condition, more information about their 
drought tolerance in the orchard was still needed to be verified with other method. 
Keywords: Actinidia, drought tolerance, principal component analysis, tissue culture 
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(27) Isolation and identification of an allelopathic 
substance in kiwifruit leaves  
 

S. Okada, A. Iwasaki, I. Kataoka, K. Suenaga, H. Kato-Noguchi 
 

2393 Ikenobe, Miki, Kagawa, Japan 

 

The yield of kiwifruit (Actinidia deliciosa (A. Chev.) C.F. Liang et A.R. Ferguson) of-
ten decreases over 20 years of cultivation. Replanted young kiwifruit plants cannot 
grow well in fields where aged trees had been cultivated. Allelopathy is considered 
one possible reason for this problem. However, allelopathic substances from kiwi-
fruit have not been reported. This study aims to isolate and identify allelopathic 
active substances in kiwifruit leaves. Extracts from kiwifruit leaves inhibited the 
growth of cress, suggesting that kiwifruit leaf extracts may contain growth inhibi-
tory substances. The extracts were then purified using a silica gel column, 
Sephadex LH-20 column, ODS cartridge, and HPLC. The inhibitory activity of all 
fractions obtained in each purification step was determined by cress bioassay. 
Quercitrin was finally isolated and identified as a growth inhibitory substance. This 
substance inhibited cress root growth by more than 50% of control at 3 mM. 
Quercetin did not significantly inhibit cress growth. Quercitrin may work as an 
allelopathic substance and cause the kiwifruit replant problem. Further study is in 
progress to investigate the influence of kiwifruit leaf extracts and these flavonoids 
on kiwifruit seedlings. 
 

Keywords: Actinidia deliciosa, allelopathy, growth inhibitory substance, quercitrin, 
replant problem 
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(28) Are cell structure and composition linked to 
perception of taste in kiwifruit? 
 

A. White 1, I. Hallet 1, D. Hunter 1, K. Marsh 1, C. Clark 2, J. Johnston 3, R. Harker 1 
 

1 Plant and Food Research, 120 Mt Albert Rd, Mt Albert, 1142 Auckland, New Zealand 
2 Plant Food Research, Hamilton, New Zealand 
3 Plant Food Research, Havelock North, New Zealand 
 

 

A multi-disciplinary research approach has been undertaken to gain more under-
standing of the impact of cell structure and composition on taste perception. Sen-
sory studies have been undertaken to determine the influence of fruit dry matter, 
firmness and size on taste perception of kiwifruit. In parallel, the tissue and cell 
structure and composition has been determined for fruit that vary in size and 
firmness. The internal tissue zones could be divided into outer pericarp (63%), 
inner pericarp (35%) and core (2%). The relative proportions of these zones were 
not influenced by fruit size. The outer pericarp tissue was composed of two cell 
types; large cells, ellipsoidal in shape with a maximum dimension up to 1 mm dis-
persed in a matrix of more isodiametric smaller cells with a maximum diameter 
less than 200 µm. In soft fruit the large cells tended to maintain membrane integ-
rity during mastication while the small cells lost membrane integrity. In firm fruit 
both the large cells and small cells were likely to lose membrane integrity during 
mastication. The differential disruption of these cells in soft vs firm fruit could be 
responsible for the increased perception of acidity in firmer fruit. Data will be pre-
sented on the composition of the two cell types and explore the possible link be-
tween cell structure and sensory perception. 
 

Keywords: sensory, firmness, acidity, Actinidia chinensis 
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(29) Characteristics and assessment of sugar and 
acid composition of kiwifruit (Actinidia) 
germplasm 
 
Q. Zhang 1, X. Liu 1, X. Yao 1, C. Zhong 1, H. Huang 2 
 
1 Wuhan Botanical Garden CAS, Moshan, Wuchang, Wuhan, Hubei, China 
2 South China Botanical Garden, Guangzhou, Guangdong, China 

 
 
To understand better the variation of sugar and acid contents in Actinidia species 
(kiwifruit), the contents of sugars and acids in 74 kiwifruit genotypes were meas-
ured. Glucose and fructose were predominant in most of kiwifruit. The total sugars 
content was significantly higher in fruit from cultivated genotypes than in fruit 
from uncultivated species. Glucose and fructose were positively correlated with 
citric, quinic, malic acids and total acid contents, but there was no significant corre-
lation between total acid content and total sugar content, suggesting that they are 
independently regulated. Moreover, principal component analysis indicated the A. 
eriantha fruit highly correlated with ascorbic acid and A. arguta fruits significantly 
related with sucrose and myo-inositol. The considerable variation in sugar and 
acid contents provides potential resources for kiwifruit breeding and food process-
ing of the future. 
 
Keywords: Actinidia, sugar, acid, kiwifruit 
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(30) Aspects still to solve for the management of 
kiwifruit bacterial canker caused by Pseudomonas    
syringae pv. actinidiae biovar 3 
 
M. Scortichini 
 

Research Manager, C.R.E.A., Via Fioranello, 52, Roma, Italy 

 
The pandemic wave of kiwifruit bacterial canker, incited by Pseudomonas syringae 
pv. actinidiae biovar 3, has caused, in recent years, severe economic losses in all 
major areas of kiwifruit production. After the initial discouragement, each country 
affected by the disease promptly reacted trying to establish and promote phyto-
sanitary and agronomic measures aiming at reducing the incidence and severity of 
the disease and the risk for further spreading. Within this context, considerable 
efforts have been made by public and private research groups, strongly supported 
by ad hoc projects funded by international, national and local political and com-
mercial Institutions. After less than 10 years from the initial outbreak of May 2008 
in central Italy (i.e., Latina province), the management of the disease has reached 
in many areas of cultivation worldwide a rather satisfactory level, despite the en-
demic presence of the pathogen in the orchards. However, if the coexistence has 
been successfully obtained in some circumstances, some aspects of disease control 
still require particular attention. Among the others, there are: a) the rapid occur-
rence of copper-resistant P. s. pv. actinidiae and P. s. pv. syringae strains in New 
Zealand and Italy, respectively; b) the winter and spring frost promoting an in-
crease in the aggressiveness of the pathogen; c) the susceptibility of the new gold 
and red cultivars; d) the control measures to perform during the plant dormant 
season; e) the upgrade of some agronomical techniques to prevent the multiplica-
tion and spread of the pathogen within and between the orchards. 
 
Keywords: copper-resistance, frost, germplasm susceptibility, dormant season 
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 (31) Actinidia-Pseudomonas syringae pv. 
actinidiae interaction: plant differentially 
expressed               transcripts during the infection 
 
G. Tacconi 1, V. Michelotti 1, G. Buriani 2, A. Lamontanara 1, L. Orru 1, A. Cellini 2, I. 
Donati 2, J. Vanneste 3, L. Cattivelli 1, F. Spinelli 2 
 
1 CREA-Genomics Research Centre, Via S. Protaso, 302, Fiorenzuola d'Arda, Piacenza, Italy 
2 Department of Agricultural Sciences, Alma Mater Studiorum -University of Bologna, viale Fanin 46, 40127 
Bologna, Italy 
3 Plant Food Research, Ruakura, Private Bag 3123, Waikato Mail Centre, 3240 Hamilton, New Zealand 
 
From 2008, the bacterial canker caused by Pseudomonas syringae pv. actinidiae 
(Psa) has spread to pandemic scale and, only in Italy, between 2010 and 2012 
more than 2000 hectares of kiwifruits cultivation area were reduced with a conse-
quence an important economic impact. In order to elucidate early molecular events 
of kiwifruits Psa interaction, Illumina RNAseq was conducted at 3 h, 24 h and 48 h 
after Psa inoculation and mock inoculation, both on acibenzolar-S-methyl (ASM, a 
resistant inducer) pretreated and untreated Actinidia chinensis plants. De novo 
assembly of kiwifruit transcriptome reveals 39,607 transcripts. To investigate 
transcriptome expression profile during infection process, Hierarchical Cluster 
Analysis (HCA) was performed. During the infection process about 3000 tran-
scripts, mainly at 3hpi were modulated. Notable that the number of modulated 
transcripts in infected ASM untreated susceptible plants were higher than in ASM 
pretreated infected resistant plants. Furthermore, the RNAseq technology has 
permitted to identify novel transcripts of unknown functions but related with in-
fection and ASM treatment. The analysis reveal the coordinated change of some 
important gene functional categories as in hormonal balance, transcriptional regu-
lation and signalling. Between TFs, seven major families of TF (AP2/ERF, MYB, 
Myc, bHLH, GATA, NAC, WRKY and GRAS) were found differentially expressed (DE) 
in response to Psa in ASM pretreated plants with respect to the untreated ones. 
Different TFs were linked also with signalling and hormonal balance and are in-
volved in the ability of ASM pretreated plants to assemble the right defence re-
sponse against PSA. On the other hand, ASM untreated plants at 3 hpi makes an 
attempt for mount a response against Psa, but not adequate to counteract the in-
fection. Indeed several transcripts related with the plant signalling and putatively 
encoding RLK-LRR and PRR proteins were exclusively found in this condition 
while were absent in ASM treated ones, highlighting how susceptible plants re-
sponse belong to a separate cluster from resistant pre-treated plants. 
 
Keywords: kiwifruit, Psa, differentially expressed transcripts, RNA-seq, ASM 
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Insect models are used in many crops, mainly to predict the insect phenology dur-
ing the growing season. Critical periods may be established to target insecticide 
applications against a specific pest. However, most of the models do not take into 
account the impact of these applications on the targeted pest population. Our ob-
jective was to develop an interactive model that would help growers graphically 
visualize the impact of an insecticide application on the pest population. From a 
phenological model based on historical trap captures, we used available data on 
the pest biology to predict egg laying patterns as well as egg, larval and pupal de-
velopment. Validation of these predictions was performed in natural and semi-
natural conditions. Then, toxicity data of the insecticides most often used against 
the targeted pest were included in the model. When toxicity was unknown for an 
insecticide, bioassays were performed on insecticide residues and by topical appli-
cations mainly in field, but also laboratory conditions. The interactive portion of 
the model works in two ways. First, the model allows growers to reflect the pest 
population in their field by adjusting the phenology model based on trap captures 
in a real-time mode. Second, the growers may visualize graphically the impact of 
an insecticide application on the pest population development by selecting an in-
secticide product and an expected date for the application. This model was devel-
oped for the codling moth, a major fruit pest, but it can also be used for kiwifruit 
pests, as long as critical data are available from the current knowledge of the pest 
biology. 
 
Keywords: predictive model, modelling, insect phenology, codling moth, Cydia pomonella 
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Pseudomonas syringae pv. actinidiae (Psa) is a gram-negative bacterium that 
causes the bacterial canker of both Actinidia deliciosa and A. chinensis. Psa is a 
quarantine disease in most countries and since the emergence of an economically 
devastating outbreak in Japan in the 1980s, it has grown to an international pan-
demic that is now threatening the sustainability of the kiwi industry in all major 
kiwi-producing countries, including Portugal (EPPO, 2011/054). Kiwifruit indus-
tries worldwide are engaged in coordinated disease control strategies to contain 
the pandemic and minimize economic loss to growers. Nevertheless, rigorous cul-
tural control measures have not been able to prevent the rapid spread of the 
pathogen. Portugal is the 11th worldwide Kiwifruit producer, with an output of 18 
thousand tones in 2014. We aimed to establish the genetic diversity and structure 
of Psa populations isolated in Portugal by MLST and evaluated the biogeographical 
distribution. Previous work revealed that Psa isolated from Portugal belongs to the 
European genotype (Psa 3). Five distinct orchards, known to be colonized with Psa, 
and representing distinct abiotic conditions (North and Central Portugal) were 
sampled in consecutive spring and autumn. Leaves were collected from the same 
four kiwi plants in each orchard. Both the endophytic and epiphytic diversity was 
assessed. Psa strains were also isolated from natural environments namely from 
soil and water samples. 1751 putative Psa strains were recovered and confirmed 
and MLST analysis were performed. Psa had an epiphytic and endophytic behavior 
and was also isolated from soil samples. This is the first report of a heterogeneous 
Psa 3 population coexisting in the same plant, at the same time. 
 
Keywords: Pseudomonas syringae pv. actinidiae, genetic diversity, heterogeneous Psa 3 
population, Portuguese orchards, natural environments 
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Multiple outbreaks of a severe disease of kiwifruit (Actinidia spp.) caused by the 
bacterium Pseudomonas syringae pv. actinidiae (PSA) have occurred in Europe, 
New Zealand, Chile, Korea, Japan and China in the last few years. The New Zealand, 
European and Chilean PSA strains are closely similar. We have sequenced and fully 
assembled the genomes of PSA from New Zealand, Korea, Japan and China. This 
involved Illumina high throughput sequencing combined with SMRT (PacBio) se-
quencing and HGAP assembly. The assembled strains show a high level of genome 
sequence variation together with numerous intra-genomic recombination events. 
These recombination events conserve the relationships between genetic segments 
and their position relative to the origin of replication. The sequences of some genes 
show very rapid divergence compared to the genomic average, suggesting that 
they are undergoing strong positive selection. The strains carry, in addition to the 
core genome, a diversity of plasmids. 
 
Keywords: genome assembly, comparative genomics, recombination, origin of replication, 
positive selection, plasmids 
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PSA in New Zealand was derived from China; the single, clonal origin of the out-
break in New Zealand presents one of the very few opportunities to monitor the 
characteristics of evolution in a bacterial system when it first emerges in a naïve 
environment. We have used SMRT sequencing to produce a fully assembled PSA 
genome from strain ICMP18708, one of the first PSA to be isolated in New Zealand. 
This genome was then used as a template for comparisons with the genomes of 
more recently isolated strains. Multiple PSA isolates from different locations and 
years were sequenced using Illumina whole genome sequencing and their ge-
nomes compared with the assembled reference genome. The fully assembled ge-
nome of PSA was also used as a filter to allow the search for newly acquired ge-
netic elements in the recently isolated strains. We have detected a range of single 
nucleotide changes, small insertions and deletions and the movement of transpos-
able elements among the PSA in New Zealand. There have also been numerous ex-
amples of horizontal gene transfer into PSA from other bacterial species already 
present in New Zealand ecosystems. For example, some strains have acquired one 
of a family of large (>100,000 base pair) plasmids; other strains now carry smaller 
plasmids (55,000 - 67,000bp). We have also detected the arrival into PSA of inte-
grative conjugative elements (ICEs) some of which have most likely been trans-
ferred from strains of non-PSA P. syringae (PsD). Carried on some of the plasmids 
and ICEs transferred to PSA are genes that confer resistance to copper compounds. 
 
Keywords: evolution, horizontal transfer, copper resistance, streptomycin resistance, 
plasmid, ICE 
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Bacterial canker is currently the most destructive disease of kiwifruit worldwide. It 
is caused by Pseudomonas syringae pv. actinidiae (PSA), which affects all kiwifruit 
cultivars. Although there is already some evidence on the reasons behind the geno-
typic variation to PSA susceptibility, such as the synthesis of oxidative stress-
related proteins, how defence mechanisms are triggered in plants of different va-
rieties is still unknown. Moreover, despite the identification of PSA biovars with 
distinct virulence, the full bacterial pathogenicity mechanism, host recognition and 
related plant defence responses has not been elucidated. 
 
Keywords: Defence, Gene expression, Kiwifruit bacterial canker, Pseudomonas syringae 
pv. actinidiae, Susceptibility, Tolerance 
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Pseudomonas syringae pv. actinidiae biovar 3 (Psa) is the causal agent of kiwifruit 
bacterial canker and was first recorded in New Zealand in November 2010. In this 
study we investigated risk factors for the development of severe bacterial canker 
in blocks of naturally infected commercial Actinidia chinensis var. deliciosa ‘Hay-
ward’ cultivar orchards. Severe disease was classified as 5% or more vines in a 
block showing shoot wilt and/or cane dieback. An observational cross-sectional 
study of 331 growers with Psa symptoms present in ‘Hayward’ blocks between 
March 2012 and February 2013 was conducted. Data on symptoms, orchard layout 
and orchard practices were collected via a questionnaire and analysed to identify 
potential risk factors for severe disease, using multivariable analysis. Results 
showed that the probability of severe disease increased with time after Psa was 
first detected in the block and was highest when frost damage occurred; poplar, 
cypress or pine shelter belts were present and when artificial pollination was used. 
The risk of severe bacterial canker was lower when spring girdling of female vines 
was undertaken. Increased disease over time has the potential to affect industry 
wide productivity. The biological process for frost promoting Psa is reasonably 
understood. Shelter belts are not easily changed in established orchards but when 
there is an opportunity to change then species other than popular, pine and cy-
press should be considered. Both artificial pollination and girdling are commonly 
used management practices and further research is required to understand the 
biological mechanisms of their relationship with an increased or reduced probabil-
ity of severe disease.  
 
Keywords: Observational study, multivariable logistic regression, odds ratio, 
confounding, temporality 
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The virulent pathovar of Pseudomonas syringae pv. actinidiae (Psa-V) is the causal 
agent of the recent outbreak of bacterial canker disease in kiwifruit which is re-
sponsible for severe economic losses worldwide. In an effort to provide new resis-
tance/tolerance markers to our kiwifruit breeding programme and accelerate the 
development of resistant cultivar, a new approach was developed to identify po-
tential resistance genes to Psa effectors across other plant species. 
 
Keywords: Resistance gene, effectors, avirulence, Pseudomonas syringae pv. actinidiae 
(Psa), Knock-out library. 
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Bacterial canker caused by a virulent strain of Pseudomonas syringae pv. actinidiae 
(Psa-V, biovar 3) has significant impact on kiwifruit vine health and loss of produc-
tion worldwide. Psa was first recorded in China (1986) in commercial crops of Ac-
tinidia deliciosa in Hunan province. Recently, outbreaks of Psa in Italy and New 
Zealand were devastating for the A. chinensis species, which are generally more 
susceptible to the disease. Kiwifruit germplasm varies in its susceptibility to Psa, 
with some showing an apparent tolerance to the disease. The identification of re-
sistant cultivars in breeding programmes is an important strategy for disease con-
trol. There is little knowledge of the importance of wild repositories of kiwifruit 
species and the possibility of endemic Psa. The objective of this work was to find 
wild Actinidia spp. distributed in the large area of the Jinggang mountainous region 
of Jiangxi province and to isolate and identify bacteria associated with the vines.  
Many species of Actinidia have been sourced from this area for breeding pro-
grammes at the Sichuan Provincial Academy of Natural Resource Science in 
Chengdu. We collected 30 vine samples, including A. chinensis, A. eriantha, A. cal-
losa var. henryi and an unknown species, from 406 m to 1414 m above sea level. 
The GPS position of each vine was noted. No typical symptoms of Psa were ob-
served on vines in this survey.   Vine tissue from 30 Actinidia samples was trans-
ferred to plates of bacterial media (KBC). One hundred and thirty isolates were 
recovered from the wild and 25 isolates from the ‘Hongyang’ cultivar in eight 
commercial orchards, purified on plates, and then DNA extracted for PCR analysis. 
Neither Psa-V(Bv3) nor Psa-LV (Pfm) was detected from Actinidia vines collected 
in the Jinggang mountain region, whereas Psa-V was detected in 11 isolates from 
three ‘Hongyang’ orchards. 
 

Keywords: Pseudomonas syringae pv. actinidiae (Psa), Actinidia, wild population, PCR 
analysis 
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The success or failure of pathogen attack is determined by a delicate interplay be-
tween host defence and pathogen virulence factors. In the case of Pseudomonas 
syringae pv. actinidiae (Psa), the causal agent of bacterial canker of kiwifruit, much 
is known about pathogenesis factors, but little about kiwifruit defence responses. 
Novel work on 26 genetic markers is reported, showing that salicylic acid (SA)-
induced defences to Psa predominate, especially in elicitor-induced resistance by 
acibenzolar-S-methyl. Transcriptional responses to elicitors are cultivar-specific, 
temporal, and the strongest responses occur locally. Reduced severity of infection 
by Pseudomonas syringae pv. actinidifoliorum (Pfm) versus Psa appears not only 
due to reduced pathogenicity of Pfm, but also to elevated expression of defence 
genes, e.g. PR1 and PR6 (a proteinase inhibitor). A number of the genes analysed, 
including β-1,3-glucosidase, RIN4 and PR1, are identified as good candidates for 
assessing the defence response initiated by elicitors. 
 
 
 
Keywords: Pseudomonas syringae pv. Actinidiae, elicitors, transcriptional responses 
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Bacterial communication involves a heterogeneous class of compounds, mediating 
physiological features such as motility, biofilm formation and virulence. The ca-
nonical signalling system is based on the production of molecular messengers, 
such as N-acyl homoserine lactones (AHLs), and the presence of specific receptors. 
In Pseudomonas syringae pv. actinidiae, the etiological agent of the bacterial canker 
of kiwifruit, none of the most common signal molecules was previously detected; 
however, its genome includes at least 3 genes with a high homology to LUX recep-
tors. The presented study aimed to verify and describe: The presence of an intra-
specific signalling system, based on the classical cell density signals, or the pres-
ence of a not yet characterized cell density signalling system; The presence of an 
inter-specific signalling system among P. syringae pv. actinidiae and other kiwifruit 
pathogens and the presence of an inter-kingdom signalling system between P. sy-
ringae pv. actinidiae and its plant hosts, Actinidia chinensis  var . deliciosa and A. 
chinensis var. chinensis. Biofilm formation, motility and virulence in P. syringae pv. 
actinidiae were studied by phenotype evaluation and expression analysis of pheno-
type-related genes, in the different experimental conditions. The studied pheno-
types seem to be only slightly influenced by the cell density. On the other hand, 
both AHLs and AHL-producing epiphytic bacteria (Pseudomonas syrinage pv. syrin-
gae, P. viridiflava and P. fluorescens) affected Psa behavior, suggesting an inter-
species signalling system coordinating the populations of the pathogens in the epi-
phytic, and possibly endophytic, bacterial community of Actinidia spp. In addition, 
a putative transcriptional regulator possibly responding to AHL, renamed NOME, 
was identified in P. syringae pv. actinidiae. Finally, our findings show that plant 
crude extracts or xylem sap of Actinidia chinensis var. deliciosa and var. chinensis 
were able to influence biofilm formation, motility and increased virulence of P. sy-
ringae pv. actinidiae, in comparison with artificial growing media and non-host 
plant extracts. 
 

Keywords: Pseudomonas syrinage actinidiae; interkingdom signalling; quorum sensing 
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Infectious diseases are known as significant stressors of plant fitness, yet predict-
ing their emergence and mitigating their impacts remains challenging. Kiwifruit 
crop has been cultivated commercially worldwide for 50 years but has already ex-
perienced at least 4 independent emergences of bacterial canker caused by strains 
of Pseudomonas syringae. P. syringae is a ubiquitous bacterium that can grow on a 
wide range of angiosperms in temperate regions. This bacterium is currently con-
sidered to be the main pathogen affecting kiwifruit yield through different types of 
tissue alterations including wood canker, bud necrosis and leaf die-back. The re-
cent and global kiwifruit canker epidemic is attributed to a rather homogeneous 
population of P. syringae pv. actinidiae (Psa). Other strains in the genetically di-
verse P. syringae species complex are also known to colonize kiwifruit leaves and 
flowers. In addition, herbaceous plants in orchard ground covers could constitute 
potential reservoirs of inoculum. Yet, whether Psa strains can be found in single 
and/or mixed populations in both Kiwifruit trees and nearby ground covers has 
not been studied. To assess P. syringae genetic diversity in orchards, we deter-
mined its population structure in tissue samples from Kiwifruit trees in four or-
chards in the Drôme region (a main production region in France with high Psa dis-
ease incidence) and in bulk leaf samples of ground cover plants in close proximity 
of each tree. In contrast to previous descriptions, a high diversity of P. syringae 
strains from at least five genetic groups were detected both in Kiwifruit trees and 
in plant ground covers. In addition, P. syringae population sizes and structure in 
Kiwifruit buds were affected by ground cover management. The relative effects of 
various biotic (e.g. ground cover plant community composition) and abiotic (e.g. 
pedo-climatic conditions) parameters on P. syringae diversity and population sizes 
will be discussed. 
 

Keywords: Pseudomonas syringae, population structure, Actinidia deliciosa, ground covers 
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Pseudomonas syringae pv. actinidiae (Psa), the causal agent of bacterial canker of 
kiwifruit, was detected for the first time in Portugal in 2010 in a kiwifruit orchard 
in the Entre Douro e Minho Region (EDM), Northwest Portugal. Since then, this 
pathogen had a high impact on Portuguese production, namely in EDM, where 75% 
of kiwifruit is produced. Despite the damage caused by Psa, the production area is 
still increasing in EDM (2.305 ha in 2015).  The aim of this work was to study the 
present situation of bacterial canker of kiwifruit in orchards of Actinidia deliciosa 
in the EDM region. For this purpose, field surveys were carried out during 2013 
and 2014. Psa-like isolates were obtained from leaves, canes and flower buds with 
symptoms of the disease. Portuguese strains were identified and characterized by 
morphological and biochemical tests, fatty acids profile and molecular tests (PCR, 
duplex-PCR, multiplex-PCR, BOX-PCR, phytotoxins) and compared with strains of 
the Psa biovar 1, 2, 3 and 4 (recently reclassified to the new patovar actinidifo-
liorum). The results obtained from the biochemical tests and fatty acid analysis of 
Portuguese strains corresponds to the profiles defined for Psa. PCR using 
PsaF1/R2 primers, and duplex-PCR using KN-F/KN-R and AvrDdpx-F/AvrDdpx-R 
primers, generated amplicons of the expected size in all Portuguese strains. None 
of these strains possess genes coding for the toxins coronatine or phaseolotoxin. 
Multiplex-PCR and BOX-PCR electrophoretic pattern of strains isolated from dif-
ferent orchards in EDM region revealed that only one biovar could be distin-
guished, and corresponded to the Psa 3, the highly virulent and currently wide-
spread in many countries. 
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Pseudomonas syringae pv. actinidiae (Psa) is a bacterial disease of Kiwifruit vines 
that was first detected in New Zealand in November 2010 on an orchard in the Bay 
of Plenty. Since then, the disease has quickly spread to other orchards including 
the Plant & Food Research (PFR) orchards in Te Puke and Kerikeri. The PFR breed-
ing programme is one of the largest kiwifruit breeding programmes in the world 
with 150,000 seedlings being evaluated each year. Since the incidence of Psa in 
PFR orchards, regular field monitoring and removal of the Psa-infected seedlings 
have been carried out to manage the disease and to identify Psa resistance geno-
types. To date, a total of 44,000 kiwifruit vines has been removed due to Psa. More 
than 65% of the diploid gold seedlings have been removed while only around 40% 
of the tetraploids were affected. Within the green seedlings, there was a lower re-
moval rate of 20% and 5% for diploids and hexaploids, respectively. For red seed-
lings, the removal rate was around 50% for diploids decreasing to 20% for 
tetraploids.  Mathematical modelling was used to further investigate the potential 
reduction in the infection rate of Psa in the breeding program. 
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Kiwifruit bacterial canker caused by Pseudomonas syringae pv. actinidiae (Psa) is a 
quarantine plant disease that is threatening global kiwifruit industry, where Italy 
plays a leading role worldwide. Currently, control measures are mainly based on 
the use of copper, for which the European Union has concerns due to its possible 
negative environmental effects. Moreover, the possible development of Psa resis-
tance to copper is an event already emerging in several Countries. Such a scenario 
would rapidly leave kiwifruit growers with no chance to efficiently control the 
pathogen. We are currently attempting to decipher molecular signals involved in 
Psa virulence induction, by different strategies. We produced a Psa-specific mi-
croarray chip carrying whole genomes of Psa strains of the best-studied biovars (1, 
2 and 3). Microarray analyses were performed with wild-type strains of the three 
mentioned biovars, which differ for their aggressiveness on kiwifruit, but also with 
quorum-sensing (QS) mutants of biovar 3 for a deep investigation of biovar-
specific and QS-dependent responses to provide insights into molecular mecha-
nisms controlling Psa aggressiveness. Moreover, to decrypt the molecular signals 
governing bacteria-plant communication, a reporter gene system has been imple-
mented in which the promoters of interesting target genes (involved in Psa viru-
lence) have been fused to the GFP-encoding gene. This system is being used to 
identify plant molecule(s) responsible for Psa virulence gene induction and to dis-
sect downstream signalling events by a chemical genomic approach. This approach 
will assist the identification of bacterial targets to design new control strategies 
based on the inhibition of the infection process, instead of killing bacteria, thus 
averting the appearance of new antibiotic resistances, in accordance with the new 
trend of bacterial disease control also developed in medical field. 
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The main risk associated with the use of copper, one of the few products available 
for control of Psa, is that the pathogen becomes resistant to it. Bacteria have devel-
oped complex systems to regulate the concentration of copper in the cytoplasm 
because they need copper to survive, but too much copper is lethal. These systems 
are coded by several genes usually organised in an operon (e.g. the pco operon or 
the cus operon). Those operons can also be acquired by horizontal gene transfer, in 
which case they allow the bacteria to multiply in presence of copper concentra-
tions which would otherwise be lethal. Because this ability is inherited, the strains 
carrying those extra genes fit the definition of copper resistant strains. By that 
definition, several copper resistant strains of Psa have been identified in New Zea-
land. They were identified either by the presence of extra genes or by their ability 
to grow on agar plates supplemented with relatively high concentrations of cop-
per. However, the concentration of copper to which bacterial strains are resistant 
is dependent on the medium used for the test and the concentration of copper to 
which a strain of Psa is resistant can be altered simply by modifying the growing 
medium. Strains of Psa susceptible to copper were able to be grown on medium 
containing up to 4 mM of copper. Therefore, neither the presence of genes which 
allow Psa to grow in presence of copper, nor the ability of a strain to grow on agar 
medium supplemented with copper, can predict reliably the ability of copper 
products to control the disease in the orchard. A non-agar based bioassay is being 
used to indicate whether strains of Psa which are resistant to copper can be con-
trolled by copper products in the orchard. 
 

Keywords: copper resistant strains; Psa; orchard 
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(47) Impact of plastic covers on the progression of 
P. syringae pv actinidiae and fruit productivity in 
golden kiwifruit orchard 
 

J. Saavedra Bruna, C. Abud Cabrera, R. Cuevas Aldunate, P. González Ramirez 
 

Casilla 556, Correo de Chile, Curicó, Curicó, Chile 

 
 

This research shows the impact that has had the use of plastic covers on the con-
tainment of bacterial canker of kiwifruit caused by the bacterium Pseudomonas 
syringae pv. actinidiae (Psa), and also its effect on productivity and survival of the 
evaluated orchards. The study and monitoring was carried out on a total of 7,890 
plants of Actinidia chinensis cv Jintao, Psa +, located in Sagrada Familia commune, 
Maule Region, Chile, during the year 2015 and 2016. To determine the level of pro-
gress and evolution of the bacteria during the study period, disease symptoms 
were monitored through diagnostic mapping during the early spring, late spring 
and autumn. The productivity was determined in sectors with and without plastic 
covers, by quantifying the amount of kilos of fruit with export quality produced per 
hectare. The progress and evolution of the bacteria in the uncovered sector was 
notoriously higher than in the covered sector, as opposed to productivity, which in 
the latter was notoriously higher. The results of this research demonstrate the po-
tential of plastic covers as a Psa containment tool under local conditions. In addi-
tion, they suggest that this type of plastic would decrease the windows of devel-
opment and infection of the pathogen, due to the modification of environmental 
conditions, applications that should continue to be studied and validated. Con-
tainment of the disease over time would allow recover the unproductive space, 
which makes it possible to envisage a coexistence with the disease with high pro-
duction standards. 
 

Keywords: golden kiwifruit, Actinidia chinensis, Pseudomonas syringae pv. actinidiae, 
productivity, plastic covers 
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 (48) Screening of microbial biocoenosis of 
Actinidia chinensis for the isolation of candidate 
biological control agents against Pseudomonas 
syringae pv.  actinidiae 
 

I. Donati, G. Buriani, N Raule, F. Spinelli 
 

Department of Agricultural Sciences, Viale Fanin, 44, 40127, Bologna, Italy 

 

The presented study aimed to the isolation and characterization of candidate bio-
logical control (BCA) agents against Pseudomonas syringae pv. actinidiae (Psa), the 
causal agent of the kiwifruit bacterial canker. Biological control represents a prom-
ising strategy to reduce or complement the use of chemical pesticides. In the case 
of Psa the common preventive strategies rely on the use of copper formulates. 
However, the use of copper has some severe limitations due to environmental con-
cern, phytotoxicity and the possible development of bacterial resistance. The use of 
copper is particularly hazardous during blooming, which is a phenological phase 
with a high risk of Psa infection. The present study tried to select an effective BCA, 
naturally present on flowers, and able to effectively reduce infection at blooming. 
Flowers from both Actinidia chinensis var. deliciosa and Actinidia chinensis var. 
chinensis were sampled in healthy and infected orchards, and the culturable mi-
croorganisms were isolated and tested against Psa both in vitro and in planta. 
Among the 78 isolates, only two, belonging to non pathogenic Pseudomonas spp. 
were able to inhibit Psa growth in vitro and to reduce disease incidence in planta. 
Further experiments will be performed to confirm these preliminary results and to 
optimize the use of candidate biocontrol agents in real conditions. 
 

Keywords: BCAs, Control, kiwifruit 
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(49) Biostimulants assessment to promote 
budbreak in kiwi (Actinidia deliciosa cv. Hayward) 
 
C. Oliveira 1, D. Tavares 2, S. Almeida 3 

 
1 Instituto Superior de Agronomia, Linking Landscape, Environment, Agriculture, Tapada da Ajuda 1349-017 
Lisbon, Portugal 
2 Tapada da Ajuda 1349-017 Lisboa, 1349-017 Lisbon, Portugal 
3 Cooperativa Frutícola da Bairrada CRL, 3770, 3770-058 Malhapão, Portugal 
 
 

In Portugal, the culture of kiwifruit is mostly distributed in areas with mild win-
ters, where the Bairrada region is included. The kiwifruit needs at least 500 to 700 
chilling hours to have a satisfactory budbreak, however in this region this does not 
always occur. Having in mind the importance of kiwifruit's culture and the in-
creased number of new areas, it is important to study new effective solutions that 
might help to break dormancy. One experiment was made in Bairrada with six 
commercial growth stimulants, such as BluPrins® and BluAct (M1), Kiplant HB15 
and Kiplant Inducer (M2), Siberio and SiberiOn (M3), Syncron® and NitroActive® 
(M4), W-Uniformity Superplus (M5), Organihum Plus and Organihum B-Plus (M6) 
and without the product aplication (M7).  In the year 2015-2016, only 198 chilling 
hours were accumulated and none of the products helped to increase the rate of 
budbreak (p > 0.05). The estimated production of the control (M7) had the best 
result (20 tonnes ha-1) and was statistically higher compared with the M2 treat-
ment (10 tonnes ha-1) (p < 0.05). These results were probably due to the abnormal 
evolution of the temperature during winter and during the onset of budbreak. Af-
ter the products application, (M1 M2, M3 and M4 treatments) budbreak was stimu-
lated, but it was interrupted due to the low temperatures in March and April, re-
sulting in the abortion of flowers that were differentiating.  Thereby, these treat-
ments resulted in a heterogeneous budbreak, as it was observed by the phenologi-
cal states, where they are two different phases in the evolution of the budbreak of 
the buds. 
 
Keywords: chilling hours, dormancy, growth stimulants, phenological states 
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(50) Bumble bee and honey bee interactive                  
interaction improve pollination in kiwifruit 
 
G. Sapir, Y. Greenblat 

 
MIGAL - Northern RD, South Industrial Zone, P.O.Box 831, Kiryat Shmona 11016, Israel 

 
 
Kiwifruit fruit size has a critical influence on grower's income for the reason that 
bigger fruit is sold at higher price. Seed number is one of the main aspects to pre-
dict fruit size in kiwifruit. Moreover, there is a strong correlation between seed 
number and fruit size – the higher the seed number the higher the fruit size. The 
main feature of increasing seed number is by improving pollination. Kiwifruit pol-
lination is one of the main problems for Israeli growers since the female and male 
flowers borne on separate vines. Moreover, each female flower should receive 
thousands of pollen grains for full pollination. Additionally, kiwifruit flowers, male 
and female, aren't attractive to insect pollinators due to no nectar production and 
due to high competition from wild flowering as it flowers late in the spring.  The 
main pollinator of kiwifruit in Israel is the honey bee (HB) (Apis mellifera). Al-
though most of the growers tend to follow the recommended number of bee hives 
(10 colonies per hectare), seed number of fruit from Israeli orchards is about 800 
per fruit, which is relatively insufficient to give large fruits.  In the recent years we 
try to add bumblebee (BB)(Bombus terrestris) in addition to HB pollination vine-
yard. The BB are introduced in the same amount of colonies per hectare as HB (10 
colonies per hectare). Bee activity observation in the spring found that BB visit 
almost inclusively male flowers. Nevertheless, we found an increase in seed num-
ber of nearly 15% in BB+HB treatment compared to the control (only HB). In cases 
that no other factors influenced fruit size, the increasing in seed number led to a 
growing in fruit size. The increasing in seed number and absence of BB visits to  
female flowers, made us speculate that BB affect is due to the source-competition 
with the HB in the male flower areas, thus resulted in a greater movement of HB 
from  male vines to female vines and hence a better pollination. 
 
Keywords: Bumble bee, pollination, seed number 
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(51) Pollen donor effects on the expression of red 
flesh colour in kiwifruit 
 
C. Cheng 1, A. Seal 2, T. McGhie 3, A. Blackmore 4, P. Jaksons 5, P. McAtee 6 

 
1 Kiwifruit Breeder, PFR, Mt Albert Research Centre, Te Puke, New Zealand 
2 Te Puke Research Centre, 3182 Te Puke, New Zealand 
3 PFR Palmerston North, Palmerston North, New Zealand 
4 PFR Kerikeri, Kerikeri, Nigeria 
5 PFR Lincoln, Christchurch, New Zealand 
6 PFR Mt Albert, Auckland, New Zealand 
 
 
The choice of pollen donor may sometimes affect the fruit characteristics of kiwi-
fruit. In this study, flowers of two red-fleshed kiwifruit cultivars were hand-
pollinated with pollen from males of diploid and tetraploid Actinidia chinensis var. 
chinensis and hexaploid A. chinensis var. deliciosa. The resulting fruit were evalu-
ated for key commercial traits after storage and ripening. All fruit had intense red 
colour in the centre, but there was significant variation in the intensity of red flesh 
colour, soluble solids concentration, sugar and acid concentrations, seed number 
and seed weight among pollen treatments. The results contribute to our general 
understanding of pollen donor effects on fruit development, and will be of practical 
interest to kiwifruit growers when choosing males suitable for pollination of red-
fleshed female cultivars. 
 
Keywords: Actinidia, kiwifruit, red flesh, anthocyanin, pollen donors 
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(52) Entomovector technology in kiwifruit                  
pollination 
 
M.I. Pozo Romero 1, J. Vandeville 2, V. Mommaerts 1, C. Kay 3, F. Wackers 1 

 
1 Ilse Velden 18, 2260 België Westerlo, Belgium 
2 94 Rue Roussanne, 84100 Orange, France 
3 Zespri Global Supply, Cistererna di Latina, Italy 
 
 
The flowers of Actinidia deliciosa are adapted to wind pollination. Each female pis-
til requires about 3000 pollen grains to set 700 seeds per fruit, which is the mini-
mum amount of seeds required for a fruit with good market value. However, wind 
pollination is significantly impeded by the layout of most commercial orchards 
(i.e., plantation frames, anti-hail nets, plastic covers...). Hence, in commercial kiwi-
fruit orchards, successful pollination can just be achieved by the combined action 
of entomophilous and anemophilous pollination. With the global decline of wild 
pollinators, supplemental pollination is implemented frequently in agricultural 
practices. Honeybees, however, show little attraction towards kiwi flowers. As a 
result, many growers trust on mechanical application of pollen. We aim to test the 
efficacy of mechanical devices, compared to bumblebee pollination, and the effi-
cacy of a third system that aims to join the advantages of the previous two: the en-
tomovector technology. More specifically, those are bumblebee colonies that are 
equipped with a pollen dispenser, which allows a continuous, yet effortless, appli-
cation of pollen during the blooming season. To that end, we have performed inde-
pendent trials in France and Italy in which we check the activity of those special 
hives, the grams of pollen that are transported per individual hive that is installed 
in the field, along with pollen viability over time in pollen trays. Pollination success 
has been assessed by comparing fruit set, yield, fruit size, number of seeds per 
fruit, and fruit weight, among treatments. Our results unambiguously show the 
advantages of supplemental pollination (dusting, hand pollination, or entomophi-
lous pollination) compared to control conditions (wind, wild pollination). Interest-
ingly, we have consistently found that different supplemental pollination strategies 
varied in efficacy. Despite of its little use of pollen, the use of entomovector tech-
nology gave the best results in terms of fruit weight and number of fruits of high 
market value. 
 
Keywords: kiwifruit pollination, bumblebees, entomovector technology 
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(53) Modern approaches of new kiwifruit                   
plantation in Turkey 
 
A. Atak 
 
Horticultural Central Research Institute, 77102 Yalova, Turkey 

 

Kiwifruit has been one of the most profitable fruit species in Turkey for more than 
25 years.  The amount of kiwifruit production is relatively low in Turkey compar-
ing to China, Italy, New Zealand and Chile. Nevertheless, Turkey is one of the top 
countries in terms of production area in the world. Most of the kiwifruit orchards 
are quite young, furthermore, production is increasing every year. It is clear that 
quality will be much more important in the near future, so kiwifruit growers will 
have to use modern techniques which increase quality in order to increase kiwi-
fruit quality and taste. In the first years, due to the lack of technical knowledge, 
many kiwifruit orchards were installed with incorrect systems. Nowadays, to-
gether with the increased knowledge, modern kiwifruit orchards are being in-
stalled in different regions of Turkey. In the beginning, yield was 20-30 tonnes per 
hectare, but in recent years raised to 40-50 tonnes. Intensive use of fertigation and 
plant growth regulators has contributed to an increase in the yield in recent years. 
Ridge planting against groundwater and water sprinklers used in modern or-
chards. The extensive mini-sprinkler system began to be used to protect from frost 
in the new orchards. Also, covering the kiwifruit plants with a net system is getting 
widespread in Turkey. Increasingly growers are building artificial polythene wind-
breaks. A proper sanitary management plan lies in reducing the presence of Psa in 
kiwifruit orchards. Kiwi farming, especially in a changing world, need to follow 
new varieties, training systems, disease and pest control, fertilisation, irrigation 
and weed control. Otherwise, it will fall into the competition and profitability. 
While cultivators are the obvious and visible innovations, improved systems 
around the production, post-harvest and processing systems are complementary 
to the success. Therefore, when considering the increasing competition conditions, 
all techniques must be applied in a whole for a quality production 
 
Keywords: Kiwi farming, new techniques, quality, profitability 
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(54) Mineral status of kiwiberry 
 
J. Decorte 1, F. Debersaques 2 

 
1 BMS Micro-Nutrients NV, Rijksweg 32, 2880 Bornem, Belgium 
2 Ghent University, Faculty of Bioscience Engineering, Applied Biosciences, Valentin Vaerwyckweg 1, 9000 
Ghent, Belgium 

 
 

Kiwiberry (Actinidia arguta (Siebold et Zucc.) Planch. Ex. Miq) is – just like the 
green (A. deliciosa) and yellow kiwifruit (A. chinensis) – a fast growing deciduous 
climbing plant that requires an adequate fertilizer management for an optimum 
productivity of the orchard. However, compared to kiwifruit, very little is known 
about fertilization of this crop. Since kiwiberry is gaining importance worldwide, a 
project was started at four mature orchards in Belgium and the Netherlands fo-
cused on the mineral status of the kiwiberry plants. During two growing seasons, 
we recorded visual deficiency symptoms and monitored the mineral composition 
of the first basal leaves on fruiting canes of three cultivars: ‘Geneva’, ‘Weiki’ and 
‘Issai’. We then assessed how these data correlated with each other and if they 
were related to soil parameters. Additionally, the mineral composition of the fruits 
was determined and linked to fruit quality which was evaluated in storage tests. 
Sufficiency ranges were set up for kiwiberry leaf composition based on hundreds 
of foliar analyses for 3 different timeframes during the growing season: pre-
flowering, from flowering until 50 days after full flowering, and from 50 days after 
full flowering until harvest. The data showed that in comparison with the green 
and yellow kiwifruit, kiwiberry has a tendency to have higher B, higher Cl, and 
lower Zn levels in its leaves. Moreover, kiwiberry appeared to be very sensitive to 
Mn deficiency. Clear varietal differences were observed in the leaves for Mg and P. 
Sufficiency ranges are important to evaluate foliar analyses and by consequence 
the mineral status of kiwiberry orchards. Although the mineral fruit composition at 
harvest varied a lot depending on the location, Ca consistently played a key role in 
the storability of the berries. However, besides Ca, also the ratios with, inter alia, K, 
Mg and N were important. 
 
Keywords: Actinidia arguta, hardy kiwifruit, foliar analysis, fruit analysis, nutrients, 
fertilization, storability 
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(55) Effects of farming practices on earthworms 
communities in kiwifruit (Actinidia deliciosa cv. 
`Hayward´) orchards 
 
J. Castro, E. Barreal, P.P. Gallego, M.J.I. Briones 

 
Facultad de Biología, Campus As Lagoas, E36310 Vigo, Spain 

 
In Galicia (NW Spain) the kiwifruit is one of the most important fruit cultivated, 
where more than 15.000 tonnes per year are produced. Conventional farming 
practices (CON) have been traditionally employed to maximize production. How-
ever, these practices include applications of large amounts of chemical fertilizers, 
pesticides, herbicides and plant growth regulators. Otherwise, organic farming 
practices (ORG) are more sustainable due to the restriction on uses of pesticides 
and chemical fertilizers. Soil fauna plays a fundamental role on soil organic matter 
transformation, and hence, in soil fertility and nutrients cycling. The low disper-
sion abilities and the rapid response of earthworm communities to perturbations 
made them a suitable group to monitoring farming practices effects on agro-
ecosystems. In this study, abundance and structure of earthworm communities 
were compared in CON and ORG kiwifruit crops. Hand-sorting method (quadrats: 
2500 cm2) were employed in CON and ORG managed orchards to capture earth-
worms. The specimens were identified at specie level and grouped by ecological 
categories. The results showed that the ORG farming practices improve the earth-
worm abundance, particularly of endogeic ones. Contrary, much less earthworms 
were captured in CON kiwifruit orchard, where epigeic were dominants. Earth-
worm species and ecological categories showed different tolerance to farming 
practices, in particular, as example, smaller body sized species with short life span 
appear be more resistant to conventional farming practices than larger bodied 
earthworms. 
 
Keywords: conventional management, organic farming, epigeics, anecics, endogeics 
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(56) Girdling kiwifruit vines for commercial               
advantage: opportunities and risks 
 
M. Currie 1, K. Patterson 1, P Blattman 2, B Snelgar 2 

 
1 Plant and Food Research, Private bag 92169, Auckland mail centre, Auckland 1142, New Zealand 
2 Te Puke Research Centre, 412 No. 1 road, Te Puke, New Zealand 
 
 
Girdling, otherwise known as cincturing or ring barking, was tested for its ability to 
improve yield and quality of Actinidia deliciosa ‘Hayward’, Actinidia chinensis 
‘Hort16A’ and more recently Actinidia chinensis ‘Zesy002’ kiwifruit grown com-
mercially in New Zealand. Originally we developed girdling of individual one-year-
old fruiting canes as a technique to increase fruit size for organic kiwifruit growers. 
However, the technique was rapidly adopted by growers of conventional kiwifruit. 
Girdles healed rapidly within three to six weeks of application and plants recov-
ered fully. Cane girdling was largely superseded by girdling of the main trunks, 
which resulted in similar benefits to cane girdling, but was faster to apply, re-
sponses were larger and there was less variability of fruit characteristics within 
vines. However, there was some risk of negative plant responses if girdles were 
applied too deeply, so that the xylem tissue was damaged, or when girdles were 
applied late in the growing season. In both cases, girdles did not always heal before 
winter and development of leaf canopies in spring was retarded. Timing of girdle 
applications was critical for response. Girdles applied soon after fruit set during 
the rapid phase of fruit growth increased fruit weight, while those applied during 
the starch accumulation phase increased dry matter content of fruit and improved 
their eating quality. Girdles applied in autumn increased bud break and flower 
numbers of vines in the following season. We will discuss the impacts and risks of 
applying multiple girdles in the same growing season and the interaction that gir-
dling has with root growth. 
 
Keywords: Girdling, root growth, kiwifruit, Yield, fruit quality 
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(57) Optimising vine management to increase 
yields and improve quality of SunGold (Actinidia 
chinensis `Zesy002´) kiwifruit 
 
G. Thorp 1, A. Barnett 2, M. Blattmann 2, D. Hedderley 3, R. Mayston 4 

 
1 Plant Food Research Australia, 7 Bevan St, Albert Park, Melbourne 3206 VIC, Australia 
2 Plant & Food Research, 412 No. 1 Road, 3182 Te Puke, New Zealand 
3 Plant & Food Research, Private Bag 11600, 4442 Palmerston North, New Zealand 
4 89 Plummers Point Road, RD2, 3172 Tauranga, New Zealand 
 
 
The objective when summer pruning kiwifruit vines is to grow the required wood 
types to produce next season’s crop. The main task when winter pruning is to re-
move excess wood, retaining only the required number of winter buds to be able to 
produce the desired crop load and fruit size profile for the next season. As a gen-
eral principle, it is better to select and grow smaller diameter fruiting wood 
(canes) during summer, because these require less pruning, which will result in 
improvements in fruit yield and quality. This principle was tested with the new 
gold-fleshed Zespri® SunGold kiwifruit (Actinidia chinensis ‘Zesy002’). Two sets of 
vines with relatively small and large average cane diameters (12.7 and 13.7 mm, 
respectively) were established in a replicated block design, during summer prun-
ing in year 1. Winter bud and flower numbers were adjusted on these vines in 
years 2 and 3 to produce vines with either standard or high crop loads. In year 2, 
vines with small canes and high crop load produced 95.0 t/ha (26,394 Class I 
trays/ha) compared with 77.4 t/ha on vines with standard crop load. Large cane 
vines produced 91.4 t/ha and 84.8 t/ha on high and standard crop load vines, re-
spectively. Average fruit DM was 18.0% and 18.5% on vines with high and stan-
dard crop load, respectively. In year 3, following a mild winter, vines produced less 
flowers per winter bud than in previous years, especially on the small cane/high 
crop load vines. These vines produced just 75.8 t/ha in year 3, a yield reduction of 
20.2% compared with the previous season. Large cane/high crop load vines pro-
duced 83.8 t/ha in year 3, a reduction of 8.3%. These data indicate that even rela-
tively small changes in average cane diameter can have a significant impact on the 
ability of Zespri® SunGold kiwifruit vines to produce consistently high yields. 
 
Keywords: productivity, pruning, cane diameter, crop load, fruit quality 
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(58) Skin topography changes during development 
of G3 kiwifruit 
 
L. Lai 1, J. Heyes 1, D. Bailey 2, S. Gwanpua 1, A. East 1 

 
1 Centre for Postharv and Refrig Research, Massey University, Private Bag 11 222, 4442 Manawatu Palmerston 
North, New Zealand 
2 Massey University, Private Bag 11 222, 4442 Palmerston North, New Zealand  
 
 
Weather conditions are well known to influence fruit development, quality and 
storage properties. To date, little attention has been paid to the potential informa-
tion that the kiwifruit skin may provide about its growing environment. A new 
non-destructive technique, fringe projection, has been identified as a potential 
methodology to extract topographical data from fruit skins. In this work, topog-
raphical changes of G3 (Actinidia chinensis, ZespriSunGold™) kiwifruit were 
mapped during development. Fruit were sampled at regular intervals (10-12 
days), then following sampling, weight, skin colour, skin surface topography, dry 
matter and firmness were determined.  The resulting data enables mapping of the 
skin topographical (and lenticel) changes during the development process.  New 
understandings of the kiwifruit topography changes during development and po-
tential implications will be discussed. 
 
Keywords: kiwifruit, skin, epidermis, non-destructive testing, development, lenticel 
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(59) New cultivars: Physiological challenges to  
commercial success 
 
J. Burdon 
 
Mt Albert Research Centre, 120 Mt Albert Road, Private Bag 92 169, Auckland, New Zealand; 
 

 
The foundation for the global kiwifruit industry is the green-fleshed ‘Hayward’ cul-
tivar, which was bred in New Zealand but is now grown in all major kiwifruit-
exporting countries.  More recently, increasing numbers of new cultivars have 
been commercialised, with differentiating traits including earliness, size, sweet-
ness and flesh colour.  The commercial success of these new cultivars depends on 
numerous factors, both pre- and post-harvest, with the genetically defined pheno-
type being modulated by the growing and storage environments.  Key pre-harvest 
factors include the relative timings of different aspects of fruit development, in-
cluding flesh colour change and softening.  The physiological state of the fruit at 
harvest dictates storage potential and thus knowledge of fruit development is es-
sential for making decisions about when to harvest.  The key postharvest factors 
include the rate and extent of softening that occurs in storage and the susceptibil-
ity of the fruit to chilling damage.  Prolonging storage tends to require the use of 
cold storage temperatures and the response to this storage may make or break a 
new cultivar.  The postharvest performance of ‘Hayward’ fruit is often considered a 
commercial strength, with the capacity for long storage at low temperature being 
the basis for successful global commercialisation.  Many newer cultivars appear to 
have a less robust postharvest performance, either because of rapid softening or 
greater sensitivity to cold temperatures.  Physiological aspects of fruit develop-
ment and postharvest performance will be discussed.  A particular focus will be on 
the physiological basis for susceptibility to, and expression of, chilling symptoms. 
 
Keywords: kiwifruit; storage; quality 
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(60) Evaluating new kiwifruit cultivars for storage 
disorders and softening 
 
S. Olsson 1, M. Currie 2, J. Ansorge 1, P. Martin 1, J. Meikle 1, J. Feng 2 

 
1 412 No1 rd RD2, 3182 Te Puke, New Zealand 
2 120 Mt Albert Rd, Mt Albert, Auckland, New Zealand 
 
 
Storage disorders and softening rates of prospective kiwifruit cultivars can be ma-
jor factors in the decision-making process for successful commercialisation. This 
determines if a potential new cultivar will be able to be commercially stored, 
transported and handled and be able to have a reasonable shelf life in shops and 
homes. We have established a programme for evaluating these basic fruit storage 
attributes in which fruit is taken from a range of growing environments at different 
maturities and stored for up to 30 weeks. As expected, the rate of softening and the 
incidence of disorders is a function of genotype, harvest date, growing environ-
ment, storage temperature and time in storage. To isolate the genetic component, 
we compare data with standard cultivars that have well-known characteristics. We 
will present data for genotypes that are likely to be either commercially successful 
or unsuccessful, to illustrate the importance of screening for storage potential at 
this early stage of cultivar development. 
 
Keywords: Storage, softening, disorders, different maturities, temperature, 
commercialisation 
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(61) Quality of green (cv ‘Hayward’) and yellow (cv 
‘Soreli’) kiwifruit during cold storage at 0°C in 
normal atmosphere and with gaseous ozone 
 
V. Goffi, M. Modesti, R. Forniti, R. Botondi  
 
DIBAF Università TUSCIA S Camillo de Lellis, 01100 Viterbo, Italy 

 

Fruit and vegetables are commonly stored in refrigerated room and, often for me-
dium/long periods, even in pre-defined gaseous atmospheres (CA: different com-
binations of N2, O2, CO2). In this study, green and yellow kiwifruits  were stored at  
0°C  with normal atmosphere (CK) or with atmosphere enriched with O3 (300ppb), 
for 42 days. Subsequently, the fruits were placed in shelf life conditions (S.L.) for 
10 days. From the beginning (T0), 6 samplings were done until 42 days of storage 
and thereafter (every 2-3 days), other 4 samplings during 10 days of S.L. Physio-
logical parameters (respiration and C2H4) and chemical and physical  analyses of 
total soluble solid content (°Brix), titratable acidity, color, changes of firmness 
(Penetrometer and Instron), total chlorophylls and  carotenoids content were per-
formed. In addition microbial analysis were carried out. The green kiwifruits were 
harvested at an earlier stage than the yellow ones (6.5 vs 8.0 °Brix); firmness was 
respectively, 2.0 N*mm-1 and 3.5 N*mm-1 for green and yellow kiwifruits. Total 
carotenoids content and color analysis (color difference – ΔE) in yellow kiwi sam-
ples were higher in ozone-treated fruits during cold storage at 0°C and S.L. condi-
tions. The microbiological data did not show significant variation between cv or 
treatments. Overall, the treatment with continuous gaseous ozone did not show 
significant effect on the qualitative parameters of green kiwifruits, while it did on 
the yellow kiwifruit (color and total carotenoids content). 
 
 
Keywords: Actinidia deliciosa, Actinidia chinensis, O3, biochemical analyses, gaseous 
treatment 
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(62) Softening rates during storage of `Hayward´ 
kiwifruit: Effects of ethylene inhibition and                    
preharvest and postharvest calcium applications 
 
D. Almeida 
 
Instituto Superior de Agronomia, Universidade de Lisboa, Tapada da Ajuda, 1349-017 
Lisboa, Portugal 

 
 
Softening is the limiting factor of kiwifruit storage life and a major determinant of 
consumer acceptance. The softening rate of kiwifruit during cold storage was 
modulated with a postharvest treatment with the ethylene action inhibitor 1-
methylcyclopropene (1-MCP) and with pre- and postharvest calcium applications 
in three consecutive years. Fruit were sprayed with CaCl2 (0.3%) 0, 3, or 6 times 
during the growing season, dipped in 3% CaCl2 for 1 min or treated with 0.5 µL L-1 
of 1-MCP for 12 h at 1 ºC. kiwifruit were stored at 0 ºC and 90 - 95% relative hu-
midity in a cold room with 1.5 µL L–1 of ozone for about 6 months. Preharvest cal-
cium sprays did not alter the softening rate during storage in any of the three 
years. Postharvest calcium dip was more effective in modulating fruit softening: It 
significantly softening during the first 2 months in storage. 1-MCP was the most 
effective treatment in reducing softening rate during storage. The effect of 1-MCP 
and postharvest calcium dips on firmness retention throughout storage life is ex-
erted particularly during the first 60 days in storage. 
 
Keywords: Actinidia deliciosa, texture, storage life, postharvest quality 
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(63) Morphological and molecular characterization 
of pathogens causing post-harvest rots of kiwifruit 
(Actinidia chinensis) in China 
 
L. Li, H. Pan, M. Chen, C. Zhong 

 
Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan, Hubei Province, 430074, China 

 
 
As the centre of wild kiwifruit diversity and the origin of domesticated cultivars, 
China has become the leading kiwifruit producer in the world, followed by Italy 
and New Zealand. The relatively rapid expansion of the cultivated area has re-
sulted in the spread of various diseases including post-harvest rot.  In order to 
clarify the pathogens causing kiwifruit post-harvest rot in China, 76 pure strains 
were isolated from 138 rotten fruits during the shelf-life period, with fruit col-
lected from 11 main kiwifruit-cultivating regions (Hubei, Henan, Sichuan, Guizhou, 
Anhui, Jiangxi, Hunan, Fujian, Zhejiang, Jiangsu and Shaanxi Province) during 
2014–15. By examining the morphological and microscopic characteristics to-
gether with the results of pathogenicity testing and molecular sequencing (ITS, 
TUB and TEF-1), four species were identified as the pathogens causing kiwifruit 
post-harvest rot in China. They were Phomopsis sp., Botryosphaeria dothidea, Al-
ternaria alternata and Pestalotiopsis sp., with identification rates of 52.6%, 23.7%, 
13.2% and 10.5%, respectively.  Diaporthe actinidiae, Diaporthe lithocarpus, Alter-
naria alternata and Pestalotiopsis microspora were firstly identified as the causal 
organism of postharvest rot of kiwifruits in China. The isolation rates and species 
of pathogen isolated from different regions were significantly different. Fruits 
could be infected by any of the isolates applied to wounds but not through un-
wounded peel. Preliminary resistance screening of 31 economically important va-
rieties (Actinidia chinensis and Actinidia deliciosa) in National Actinidia Germplasm 
Repository were implemented. ‘Chuanmi No 2’, ‘Donghong’, ‘Heping No 1’, ‘Jianshi 
No 1’, ‘Jintao’, ‘Jinxia’, ‘Jinyuan’, ‘Wuzhi No 3’ and ‘Changan No 1’ cultivars were 
verified as high resistant materials. These findings have important implications for 
resistance breeding and control of kiwifruit post-harvest rot in China. 
 
Keywords: kiwifruit rot disease, morphological analysis, pathogenicity test, molecular 
identification 
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(64) Influence of growing environment on fruit 
mineral composition and storage in kiwifruit 
 
C. Xiloyannis, G. Montanaro, B. Dichio, A. Mininni 
 
Università degli Studi della Basilicata, DICEM, Via S.Rocco, 75100 Matera, Italy 

 
 
Environmental conditions occurring during fruit growth are influential on most of 
fruit quality traits including size, mineral composition, dry matter content. Knowl-
edge of that relationship might help to set some management practices able to im-
prove fruit quality. For commercial purpose, kiwifruit is often stored for long time 
(months) after harvest. In a number of crops including kiwifruit storage problems 
have been related to fruit mineral composition. Particularly, low calcium (Ca) con-
tent is generally indicated as responsible for high incidence of postharvest disor-
ders. During postharvest stage, changes of fruit traits (e.g. weigh, firmness, SSC) do 
occur. Information on the involvement of absolute fruit Ca content as well as Ca/K, 
Ca/N ratios in determining these changes are not fully explored. On this back-
ground, this paper examines the main factors affecting fruit mineral composition at 
harvest and proposes the innovation of some practices such as irrigation, soil and 
canopy management and mineral nutrition. We state the hypothesis that during 
storage in fruit with lower Ca content (i.e. lower Ca/K and Ca/N ratios) changes of 
weigh, firmness and SSC proceed faster than fruit with higher Ca content. To test 
this hypothesis, at harvest, groups of fruit with different mineral composition and 
with high (H) and low (L) Ca content were stored in a commercial packhouse (0-1 
°C, 90 %RH). After approx. 145 days of storage, fruit weight, SSC and firmness 
were measured using standard procedures. Results revealed that in mean sized 
fruit (~90 g FW) average Ca content was approx. 40% higher in H fruit compared L 
one. The Ca/K was 0.12 in H fruit, and 0.09 in L one, while the Ca/N ratio was 0.32 
(H) and 0.26 (L). Fruit with lower Ca had a tendency to shrive faster because of the 
faster weigh loss. At day 145 after storage, fruit weigh was 17% higher in H fruit 
compared to L one. In conclusion, a higher Ca content is sustainably achievable 
during fruit growth and it is beneficial for the maintenance of fruit quality during 
storage. 
 
Keywords: Actinidia deliciosa, calcium, fruit mineral composition, sustainable 
management 
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(65) Harvest time and storage of 'Soreli' kiwifruit 
(Actinidia chinensis Pl.) 
 
R. Testolin 1, G. Ciprinani 2, R. Messina 2, G. Vizzotto 2 

 
1 Dip.Scienze Agrarie e ambientali, University of Udine, Via delle Scienze 208, 33100 Udine, Italy 
2 Dept. of Agricultural, Food, Animal and Env, Via delle Scienze 206, Via delle Scienze 206, 33100 Udine, Italy 
 
 
‘Soreli’ is a yellow-fleshed tetraploid selection of Actinidia chinensis developed at 
the University of Udine (Italy) and released in 2008. It crops heavily, ripens early-
mid October in the northern hemisphere, and produces large, single fruit with in-
tense yellow flesh. Because they mature early in the season, fruit are sometimes 
harvested prematurely and the low quality of these fruit threatens the develop-
ment of the cultivar in the market. We report in the present paper a two-year trial 
on harvest time (at 7.0 and 8.5°Brix), the ripening in cool store and the final quality 
of fruit. In the second year, a treatment with 1-MCP (1-methylcyclopropene) in the 
cool store was included in the experimental plan. Fruit were stored in the cool 
store with temperatures maintained at 0.0 ± 0.5°C with ethylene removed. Ripen-
ing was monitored at two-weekly intervals until February of the following year. 
Considering the two harvest times, fruit of the first harvest were firmer, but their 
soluble solids concentration (SSC) at consumption time was 0.7°Brix lower than 
fruit harvested later in both years. Ripening followed rather different patterns in 
the two years. Firmness decreased rapidly the first year, but in the second year did 
not fall below 4 kg cm-2 until 4 February when the trial was stopped. The first year, 
the soluble solid content reached 14°Brix when fully ripe, whereas in the second 
season fruit reached only 12 °Brix, probably because of a long period of rain in May 
and the beginning of June. Treatment  with 1-MCP when fruit entered storage en-
hanced fruit storage life for both harvest times, with differences more evident in 
fruit harvested later in the season. Soluble solids content, acidity and dry matter 
content were not influenced by the 1-MCP treatment. No significant differences 
between harvesting time and 1-MCP treatment were recorded for the other pa-
rameters analysed, such as core firmness and flesh color. Remarkably, no fruit de-
cay was found amongst any of the samples. 
 
Keywords: Fruit science, kiwifruit ripening, controlled atmosphere, 1-
methylcyclopropene 
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(66) Does consumer scale near infrared (NIR)     
spectroscopy provide solutions to kiwifruit 
industry problems? 
 
M. Li, C. Huang, P. Li, A. East 
 
MIFST, Palmerston North, New Zealand 

 
 

In recent years low cost NIR devices have been developed that aim to be dissemi-
nated to the wider public, enabling a potential future for wide spread data capture 
like never before.  Beyond the cheap cost, features of the technology include the 
high portability enabling measurement anywhere and anytime and the linkage of 
the data captured to cloud databases and analytics, meaning that rapid diagnostic 
information is able to be displayed on a regularly available cellular phone.  Data 
that may be useful to determine in kiwifruit from production till consumption may 
be firmness, dry matter, sweetness (brix), or cultivar identification.  In this work, 
one such consumer scale NIR device, the SCiO™ molecular sensor developed by 
Consumer Physics, is assessed for its ability to provide this potentially useful in-
formation.  Models are created to identify cultivar or properties of the fruit of a 
known cultivar.  Data is captured from a range of experiments including a number 
of cultivars, maturities, ripening stages and locations in the supply chain.  Accuracy 
of the device and suitability for industrial application will be presented. 
 
Keywords: NIR spectroscopy, quality, non-destructive testing, cultivar identification 
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(67) A survey of the application of visible/near 
infrared reflectance spectroscopy as a non-
destructive tool for internal quality assessment in 
kiwifruit 
 

Rui Guerra1, Adriana C. Guerreiro1,2,3, Custódia L. Gago1,2,3, Ana I. Vieira1,2, António 
Brázio1,  Ana Cavaco1, Thomas Panagopoulos4, Fernão Veloso5 & M. Dulce 
Antunes1,2 

 

1CEOT, 2MeditBio, 3CBMR, 4CIEO, Faculdade de Ciências e Tecnologia, Edf. 8, Campus Gambelas, 8005-139 
Faro, Portugal. 
5Frutas Douro ao Minho, Lugar da Granda, Briteiros St Estevão e Donim, Guimarães, Portugal. 

 

Visible/near infrared reflectance spectroscopy (Vis/NIRS) is being increasingly 
used for the non-destructive determination of fruit and vegetable internal quality. 
In the first part of this presentation I will talk about the foundations of the method, 
explaining its basic chemical and physical principles, the instrumentation and the 
framework of the data analysis usually adopted in the context of NIRS. In the 
second part I will show an example of our work. We have performed an 
experiment with green and yellow kiwis, which were harvested at two different 
times and stored for 27 days at room temperature. The measurements on the kiwis 
were divided in two classes: single day measurements and multiple day (time 
series) measurements. The single day data were acquired at 0, 4, 7, 11, 20 and 27 
days after the begining of storage. The measurements included the non-destructive 
Vis/NIRS and the destructive measures of firmness, weight loss, soluble solids 
content (SSC), titratable acidity and dry matter in 15 fruits. The multiple day 
measurements were acquired at the same days with another set of 15 fruits that 
were followed only spectroscopically. These fruits were analyzed destructively 
only in day 27. I will then show how this dataset may be used to assess critical 
issues in the deployment of a Vis/NIRS model, including intra and inter 
batch/species robustness and forecast of ripeness. 

Keywords: Harvest, ripening, quality 
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(68) What happens in a full scale kiwifruit curing 
stack? 
 
A. East 1, L. Doleh 2, P.Jeffery 3, N. Tapia 3, S. Gwanpua 3, A. Woolf 2 
 
1 Massey University, Private Bag 11222, Palmerston North, New Zealand 
2 Mt Albert, Auckland, New Zealand 
3 MIFST, Palmerston North, New Zealand 
 
 
Curing of kiwifruit occurs immediately after harvest, where the fruit are placed in 
picking bins in a shaded region for a few days. This procedure was originally de-
veloped in order to reduce subsequent Botrytis rots in storage, but now is also 
used as a logistical tool to enable accumulation of fruit at the packhouse in front of 
the grading system. Rates of cooling to storage temperature have been identified as 
influencing long term storage outcomes (firmness and low temperature break-
down development) for kiwifruit. Consequently, given that curing is the process 
immediately prior to packing and cooling, questions now exist about how curing is 
influencing long term storage outcomes. In order to be able to simulate and under-
stand the curing process, more knowledge on what occurs within a commercial 
scale curing stack is required. In this work, temperature, humidity and weight loss 
of more than 200 full scale commercial bins of fruit from a block of orchard were 
monitored from harvest to packing over a 3 day period. The resulting data provide 
an example of the potential for positional and temporal variability that is created 
during the curing process, within a typical batch of kiwifruit destined for long term 
storage. 
 
Keywords: curing, temperature, humidity, weight loss, positional variation 
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(P1-1) Effect of vacuum impregnation method as a 
pretreatment on dried kiwifruit 
 

A. Atak 1, Z. Goksel 1, S Erdogan 1, C. Tunckal 2 
 
1 Horticultural Central Research Institute, Ataturk Horticultural Central Research, Yalova, Turkey 
2 Yalova Vocational School, Department of Electric and Energy, Yalova, Turkey 
 
 
Kiwifruit is native to north-central and eastern China and has been cultivated in 
our country for about 30 years. Kiwifruit is quite rich in vitamins, minerals, anti-
oxidants, phytochemicals and fiber content. The kiwi plantation area in our coun-
try is showing a rapid increase and parallel to this, production is increasing signifi-
cantly. Therefore, kiwifruit produced in our country is becoming an important in-
dustrial product with minimal loss of quality. In this project, Actinidia deliciosa cv. 
Hayward was used as material. Kiwifruits were sliced to a thickness of 9 mm and 
dried in a hot air dryer at 65 °C. Vacuum impregnation and osmotic dehydration 
technique which saves energy in drying technology were used and also 30%, 40% 
and 60% ºBrix sucrose concentrations were used as pre-treatments. The drying 
process continued until the water activities (aw) of the products were 0.60-0.65. 
As a control, the fruits were dried without any treatment in the hot air dryer. In 
this study, the effect of vacuum impregnation method of kiwifruit on osmotic de-
hydration mechanism and the effects of different osmotic solution concentrations 
on the dried fruit quality, have been examined. For this purpose, total dry matter, 
aw, color (Lab, chroma, hue) and sensory evaluation were performed and the best 
solution concentration was recommended according to these analyses. 
 
Keywords: Actinidia deliciosa, Dried fruit, Quality Analyses, Sensory Evaluation 
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(P1-2) How to position kiwiberry in the Flemish 
market: a consumer research 
 

F. Debersaques, F. Vanhonacker 
 
Ghent University, Faculty of Bioscience Engineering, 9000 Gent, Belgium 

 
 
Kiwiberry is a relatively unknown fruit on the Flemish market, due to its rather 
recent and small-scale introduction. Nevertheless, production and sales volumes 
have been substantially increasing over the years. To uncover how to position ki-
wiberry best to the end user, a consumer research was conducted in three steps: 
(1) a pre-research with 164 supermarket customers probed for product aware-
ness, (2) consumer expectation was recorded prior to tasting and their experience 
was noted after tasting, (3) a focus group interview was done to provide the neces-
sary input for the subsequent web-based questionnaire (n=443). Results revealed 
that kiwiberry was unknown to about half of the participants. The product was 
perceived remarkably more positive when presented sliced in half (90% positive) 
versus as a whole fruit (50% positive). After tasting, the large majority (85%) was 
positive about the flavor, an aspect that determines satisfaction and repeated pur-
chase. Additionally, the general appreciation of kiwiberry was associated with 
statements such as ‘…is something else’ and ‘…is convenient’, rather than with the 
notion ‘…is healthy’. The limited predicted value of health could be related to the 
fact that all fruits are considered healthy and no differentiation is made among 
them. This indicates that the product’s distinctiveness and convenience should be 
put forward as unique selling propositions, as opposed to the current strategy 
which focuses strongly on health. Furthermore, kiwiberry was more popular 
among younger people and among participants that search for a positive feeling 
when buying and consuming food. Finally, the current market price of the product 
is an issue of concern, given that only a minority (18%) of the participants indi-
cated to be willing to pay up to 2,50 euro per portion of 125 g. Altogether, this sur-
vey provides useful information for producers, distributors and sellers of ki-
wiberry and its derived products. 
 
Keywords: marketing, consumer, kiwiberry, questionnaire, Flanders, opportunities 
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(P1-3) The effect of active packaging on the storage 
of Kiwifruit snacks 
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Dantuma4, M.D. Antunes 1 
 
1 CEOT, MEditBio, FCT edf 8, Universidade do Algarve, FARO, Portugal 
2 CBMR, FCT edf 8, Universidade do Algarve, FARO, Portugal 
4 KCPK, IJsselburch 3, 6825 BS Arnhem, The Netherlands 

 
 
 

The consumption of snacks based on fruit has increased in the last years due to 
consumers concern to health issues and the knowledge of nutritional benefits of 
fruit. The aim of this work was to develop a snack with high fruit content based on 
kiwifruit (Actinidia deliciosa cv. Hayward) and evaluate the effect of different 
active packages on its quality through storage. It was developed a snack made of 
kiwifruit pulp mixed, at equal proportions, with pectin solution (4% pectin+ 1% 
ascorbic acid), then with natural yogurt at a proportion of 3:1 to which was added 
stevia powder at 5%. The final mixture was poured on a baking foil, in ≈ 2 mL 
portions, and dried at 40 ºC, for 48 h. After drying, snacks were stored in active 
packaging paper bags (120 g/m2) of the following composition: Paper enriched 
with alginate 1% or 2%; paper enriched with alginate 1% plus glycix 70% or 2% 
plus glycix 70%; control (non-treated paper). Measurements of microbial content, 
color (CIEL*a*b*), firmness, water activity and taste panels were performed. 
Results showed that the snacks were of good nutritional quality and were 
appreciated by the taste panel. Through storage, there were no significant 
differences among active packaging for the most quality parameters studied. 
Nevertheless, Alginate 1% performed better in terms of appearance, control 
samples showed slightly higher microbial spoilage after 4 months and appearance 
decreased from 3 to 4 months.  Further studies are needed to improve these 
packages. 
 
Keywords: Actinidia deliciosa, snacks, fruit, quality, healthy, alginate
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(P2-1) Determination of flower characteristics of 
some kiwifruit genotypes (Actinidia spp.) obtained 
with breeding program 
 
A. Atak, Y. Doygaci, K. Kahraman, G. G. Kandilli, A. Sen 
 
Horticultural Central Research Institute, Ataturk Horticultural Central Research, 77102 Yalova, Turkey 

 

 
All Actinidia species are dioecious, male and female flowers grow on separate kiwi-
fruit plants. In breeding studies, it is generally desirable to obtain female individu-
als. However, male plants are also of great importance for pollination. Therefore, it 
is necessary to examine the flower characteristics of the genotypes obtained by 
breeding studies. This research was conducted in the kiwifruit breeding plot of 
Yalova Atatürk Horticultural Central Research Institute for two years. Genotypes 
obtained from cultivars belonging to Actinidia deliciosa and Actinidia chinensis 
were used in the research. At the time of flowering, phenological observations of 
male and female genotypes, which are prominent in the population, have been 
made and the developmental stages of the flowers have been determined. At least 
10 flowers of each genotype were used to determine the morphological character-
istics. Number of leaves, number of petals, number of male organs, number of fila-
ments, number of female organs, number of female organs and number of stilus 
were examined in order to determine flower characteristics. Data obtained as a 
result of two years experiments showed significant differences particularly in 
terms of flowering time, flowering period, the number of stilus, the filament size, 
the number of female organs and the number of male organs. 
 
Keywords: Kiwifruit, Flowering, phenology, flower structure, selection 
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(P2-2) Interspecific hybrids and hybridity                 
confirmation in kiwifruit seedlings by ploidy and 
DNA analysis 
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Kiwifruit belongs to the genus Actinidia in the family Actinidiaceae. Although the 
genus contains more than 60 species with ploidy levels ranging from diploid (2n = 
2x = 58) to hexaploid (2n = 6x = 174), the most widespread cultivated species in 
the world are Actinidia deliciosa and A. chinensis, both native to China. Our main 
breeding objective is to develop cultivars with diversity in ripening date and fruit 
characteristics, which will enable us to choose suitable parental material for carry-
ing out a crossbreeding program. Interspecific hybrids between Actinidia chinensis 
(4x, female) x A. deliciosa (6x, male) and A. chinesis (4x, female) x A. arguta (4x, 
male) have been obtained. Hybrid plants were successfully obtained by culturing 
full seeds (endosperm and embryo) in a medium supplemented with different 
plant growth regulator combinations. The effect of type and concentration of plant 
growth regulators has been investigated. The hybridity of the F1 plants has been 
efficiently confirmed at the seedling stage by DNA analysis and observation of 
morphological and stomata characteristics. The analysis of the relative DNA con-
tents by flow cytometry is an easy and efficient tool to confirm hybridity and to 
estimate ploidy level and genomic combination 
 
Keywords: interspecific hybridization, Actinidia chinensis, A. deliciosa, A. arguta, flow 
citometry 
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(P2-3) RNA-Seq analysis and de novo 
transcriptome assembly of Actinidia deliciosa cv 
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C. Meneses2 
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2 Universidad Andres Bello, Santiago, Chile 
3 Universidad de Chile, Santiago, Chile 

 
 

Actinidia deliciosa is a fruit tree from the Actinidiaceae family and native from 
China. This species have a hexaploid genome (from a diploid and allotetraploid 
parents) contained in 174 chromosomes and produces a climacteric and fleshy 
fruit called kiwifruit. Currently there's no genomic information of Actinidia delici-
osa. The objective of this work is to construct a de novo transcriptome and to carry 
out a differential expression analysis among tissues of the plant. For this, we pro-
posed to carry out a RNA-Seq approach using various plant tissues; sprout, leaf, 
floral bud, flower and fruit at 4 development stages (7, 50, 120 and 160 days after 
flowering; DAF). We sequenced twenty-four libraries and we obtained a total of 
604,735,364 reads which were assembled using Trinity. The first version of Acti-
nidia deliciosa de novo transcriptome contains 226,370 contigs (x =1,060bp, 
N50=1,171bp). Using CEGMA and BUSCO we have found in the de novo transcrip-
tome over 90.0% (34.0% partial) and over 85.0% (18.0% partial) of the ultra-
conserved genes for eukaryote and plants, respectively. Preliminary annotation 
was performed with BLASTx against TAIR10 protein database, we found annota-
tion for 60.5% (136,980) of contigs, leaving 39.5% (89,380) of the assembly with-
out annotation. Finally, this is the first step to build a reference transcriptome for 
hexaploid kiwifruit and to generate a database of Actinidia deliciosa genes. 
 
Keywords: transcriptomicas; ARN; Actnidia tissues 
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(P2-4) The kiwifruit SVP2 gene prevents 
premature budbreak during dormancy 
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2 University of Otago, Dunedin, New Zealand 
 
 

MADS-box genes similar to Arabidopsis thaliana SHORT VEGETATIVE PHASE 
(SVP) have been implicated in regulation of flowering in annual species and winter 
dormancy in perennial species. However, the underlying regulatory mechanisms 
remain to be identified. In this study, the role of kiwifruit SVP2 was explored using 
ectopic transgenic expression in kiwifruit species with different chilling require-
ments and a model species tobacco, followed by transcriptomic analysis of trans-
genic kiwifruit plants. Ectopic expression of SVP2 affected the duration of dor-
mancy in a high-chill kiwifruit Actinidia deliciosa. This effect could be overcome by 
sufficient winter chilling. SVP2 had a minimal effect on the duration of dormancy in 
a low-chill kiwifruit A. eriantha. Expression in a tobacco cultivar with photoperi-
odic regulation of flowering resulted in retarded vegetative growth but no impact 
on flowering. Transcriptomic analyses of the kiwifruit SVP2 transgenic and control 
lines identified 92 significantly differentially expressed genes potentially involved 
in SVP2-mediated growth repression during dormancy, suggesting a role comple-
mentary to abscisic acid (ABA). This study has demonstrated that kiwifruit SVP2 
has an integrative role in suppression of meristem activity to prevent precocious 
budbreak before the fulfilment of winter chilling requirements. The mode of SVP2 
action is further studied using ChIP-seq to identify SVP2 binding sites in the A. 
chinensis genome. 
 
Keywords: Bud dormancy, SVP, kiwifruit, Actinidia, transcriptome, ABA, dehydration, 
budbreak, chromatin immunoprecipitation (ChIP) 



Section 2- Genetics and Breeding        Poster 

 

84 
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behavior of kiwifruit Actinidia deliciosa after 1-
MCP and Ethrel applications 
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3 Universidad Andres Bello, Santiago, Chile 
 
 

The study of the variables involved in the ripenining of climacteric fruits, especially 
flesh softening related to increase of ethylene and the respiratory rate are very 
important for the kiwifruit industry and consumers. The aim of this research was 
to evaluate the postharvest behavior and quality in kiwifruit treated with Ethrel 
and 1-MCP. Particularly, we focused in the determination of the critical points re-
lated to differential gene expression using the cultivar ‘Hayward’. Fruit weight, 
chlorophyll index, skin color, flesh color, soluble solids, dry matter, fruit softening 
and respiratory rate were monitored to identify critical changes at two maturity 
states. In general, the treatments affected on all the evaluated traits, especially for 
the less ripe stage (M1), in contrast to the ripest stage (M2). Principal components 
analysis (PCA) and Best Linear Unbiased Predictors (BLUPs) were used. The 1-
MCP treatment (T1) showed a greater effect on the flesh and on the placenta tis-
sues as well as on the flesh chlorophyll index (IAD) or the flesh color, which re-
sulted in a slow softening, less chlorophyll loss and a more bright flesh. On con-
trary, Ethrel treatment (T2) showed a greater effect on the soluble solids content 
which is related to a more rapid accumulation of sugars and faster softening. 
Maximum expression changes were identified on day 4 of the evaluation for respi-
ratory rate and day 13 for fruit softening, so sample of flesh were collected on 
these dates and were used for the RNA-seq assay. This transcriptomic approach 
will help us to obtain a database of the main genes involved in the softening of the 
kiwifruit flesh in order to create a gene reference framework that will allow us a 
better understanding of fruit ripening during postharvest in kiwifruit. 
 
Keywords: ethylene, ARN, cold storage, flesh firmness 
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(P2-6) The distribution of important traits within 
Actinidia arguta and interspecific hybrid                     
populations 
 

W. Barret 1, D. Anderson 1, P. Jaksons 2 
 
1 55 Old Mill Road, Motueka, New Zealand 
2 Lincoln Research Centre, Lincoln, New Zealand 
 
 
The genus Actinidia contains a diverse array of species, acting as a source of ge-
netic variation for use in kiwifruit breeding.  The New Zealand Institute for Plant & 
Food Research Limited (PFR) holds an extensive collection of Actinidia species, 
including A. arguta amongst other relatives. The ideotype for the species A. arguta 
is a small, edible-skinned, intensely flavoured kiwifruit containing high concentra-
tions of phytochemicals that may positively affect human health. We illustrate the 
distribution of traits that are relevant to consumers and found within PFR’s popu-
lations of A. arguta, hybrids and inter-specific hybrids. 
 
Keywords: The New Zealand Institute for Plant & Food Research Limited, Actinidia, A. 
arguta 
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(P2-7) Variation of sex ratio and flowering traits in 
an interspecific hybrid population of kiwifruit 
 

Y Wang, W. Pu, Y Man 
 
Wuhan, Moshan, Hubei, P.R.China, Wuhan, 430074, China 

 
 
A population of hybrids between Actinidia eriantha and Actinidia chinensis was 
used in this study. It was observed that average time span between the first and 
the last Early Flowering Season of the hybrids was 14 days. A maximum of 25.5% 
of the hybrids reached the Early Flowering Season in one day. Significant differ-
ence of the Early Flowering Season and flowering duration of the population was 
also found among the three investigating years. The Early Flowering Season in 
2013 was shown 11 days earlier than that in 2012. Flowering duration of the 
population in 2016 was the longest, where 47.4% hybrids bloomed for 10-13 days, 
while it was the shortest in 2013, where 55.2% hybrids bloomed for 3-5 days. Sex 
ratio of female to male progeny in 2012 and 2013 met 1:1.1 and 1:1.3 respectively, 
while the sex ratio only in 2016 reached 1:1. The basic petal color of progeny was 
red, but a subtle segregation of color distribution, color depth and types of red 
color was observed in the population. Clustering analysis using extracted parame-
ters with CMYK mode showed 4 subclusters, among which two groups of hybrids 
within two of the subclusters having scarlet and violets red petal were consistent 
with phenotype observation. Wide variations in flower diameter, petal number per 
flower and flower number per inflorescence were also found in the population. 
Extremely significant difference existed among progeny, investigating years and 
progeny-year interaction. A few progeny seem to have bigger flower and more pet-
als per flower. Some others have more flowers per inflorescence and more petals 
per flower. 
 
Keywords: Actinidia, interspecific hybridization, sex ratio, flower color, flowering trait 
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(P2-8) Construction of a high density saturated 
linkage map in hexaploid, Actinidia deliciosa and 
QTL analysis of yield traits 
 

E. Popowski 1, S. Thomson 2, C. Kirk 3, C De Zoysa 3, M. Knaebel 3, J. Tahir 3, T. Foster 
3, A. Allan 4, S. Tustin 5, D. Chagne 3 
 
1 Plant & Food Research, 412 Number 1 Road, 3182 Te Puke, New Zealand 
2 Plant & Food Research, Private Bag 4704, Christchurch Mail Centre, 8140 Christchurch, New Zealand 
3 Plant & Food Research, Private Bag 11600, 4442 Palmerston North, New Zealand 
4 Plant & Food Research, Private Bag 92169, 1142 Auckland, New Zealand 
5 Plant & Food Research, Private Bag 1401, 4157 Havelock North, New Zealand 
 
 
The greatest challenge for geneticists is to link genomic to phenotypic variants. 
Genotype–phenotype associations are critical for a range of applications, for exam-
ple, predicting disease risks in human or selecting the best individuals from live-
stock and crop breeding programmes. Genotype–phenotype association involves 
comparing DNA variants to quantitative phenotypic variables. In genomics it is 
now possible to genotype the entire genomes at high density of many individuals 
cost-effectively using high-throughput sequencing techniques. Statistical methods 
are employed for associating genotype to phenotype in diploid eukaryotes. Com-
plications arise in plant species that have complex genomes, especially due to 
polyploidy. Genotyping by Sequencing (GBS) was applied to 278 individuals from 
an Actinidia deliciosa (kiwifruit) hexaploid family. Linkage maps were constructed 
for the male and female parents, using 3941 and 3686 single nucleotide markers 
for 176 and 183 linkage groups, respectively. The framework map constructed us-
ing simplex allele segregation was used to map more complex segregation patterns 
and quantitative trait locus (QTL) for a range of traits such as components of yield. 
 
Keywords: Actinidia deliciosa, yield, GBS, linkage map 
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(P2-9) Analysis of components of genetic variance 
and breeding value of kiwifruit (Actinidia chinensis 
Pl.) using best linear unbiased prediction (BLUP) 
and pedigree information 
 

R. Testolin 1, CP. Palacio 2, G. Cipriani 3 
 

1 Dip Sci Agroalimentari, Ambientali, Animali, University of Udine, Via delle Scienze 206, 33100 Udine, Italy 
2 Instituto de Ciencias Agronómicas, Univers, Universidad de Chile, Santiago, Chile 
3 Dept. Agricultural, Food, Animal Environ, University of Udine, Via delle Scienze 206, 33100 Udine(UD), Italy 
 

 

The analysis of genetic component of variance in controlled mating designs allows 
the estimate of the heritability of traits, the combining ability of cross parents and 
in turn their breeding value. The present paper report the analysis of a North Caro-
lina Model 2 mating design, where three female parents and 12 male parents were 
intercrossed, producing 35 cross families (1 cross combination failed to produce 
seeds). The cross families, made of 40 to 142 offsprings each, were observed in two 
subsequent years for time of bud break, time of flowering, flowers per cyme, flow-
ering intensity, productivity, fruit weight, soluble solid content (SSC), flesh firm-
ness, and flesh color. The genetic component of variance were computed using re-
stricted maximum likelihood (REML) and best linear unbiased prediction (BLUP) 
on the R environment with ASReml-R package. The narrow sense heritability (h2) 
were low (< 0.30) for the flowering time, no. flowers/cyme, flowering intensity, 
productivity; intermediate (0.30 to 0.60) for time of bud break, fruit weight, solu-
ble solid content, and flesh color; and high (>0.60) for flesh firmness as an index of 
ripening time. Parents and secondary parents were ranked according to their 
breeding value for the main traits and the best parents as well the best parental 
combinations were also ranked for both productivity and fruit weight. The paper 
concludes commenting on the importance of the evaluation of breeding value car-
ried out on male genotypes, in which fruit-related traits cannot be phenotypically.  
 

Keywords: Fruit genetics, quantitative genetics, heritability, general combining ability 
(GCA), specific combining ability (SCA), BLUP, REML 
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(P2-10) Breeding of new red and yellow flesh              
kiwifruit varieties    
 
M. Li, Q. Zhuang  
 
No.24, South 2nd Section, Yihuan Road, Chengdu, China 

 
 

After 15 years of breeding, Sichuan Provincial Academy of Natural Resource Sci-
ences and Sichuan Hua Sheng Agriculture Co. Ltd have bred a new excellent red 
flesh kiwifruit cultivar ‘HFR18’and a yellow flesh kiwifruit cultivar ‘HFY01’. A new 
red kiwifruit cultivar ‘HFR18’ is diploid, was bred from cross from ‘Hongyang’ as 
female and ‘SF0612M’ as male hybrid. The general fruit shape is ovoid with a 
slightly depressed stylar end. The average fruit weight is 80g and maximum fruit 
weight is 110g（without using CPPU). The flesh is yellow green. The inner peri-

carp color (locules) is larger red. The fruit has sweet taste with soluble solids con-
tent of 17.1%，total sugar content of 7.26% and total acid content of 0.184%. Fruit 
is nutritious with vitamin C content of 1.84 mg ∙ g-1. Flowering time is in about mid-
April and the blooming period is about 5 to 8 days. The harvesting time is in early-
mid September in Sichuan Province, China. Growing is strong. 
 
 

Keywords: New red-fleshed kiwifruit variety, new yellow-fleshed kiwifruit variety, large 
red, dark yellow. 

 

 

 

 

 



Section 3- Crop physiology and biochemistry       Poster 

 

90 
 

 

 
 
 
 
 
 
 
 
 

Posters 

Section 3   

Crop physiology and biochemistry 



Section 3- Crop physiology and biochemistry       Poster 

 

91 
 

 

(P3-1) Effect of seed formation on fruit quality in 
Korean gold kiwifruits 
 

S.Y. Jeong 1, E.U. Oh 1,  K. Yi1, Y.B. Kwack 2, S.C. Kim 3 , K.J. Song 1 
 
1 Faculty of Bioscience and Industry, SARI, Jeju National University, Jeju 63243, Korea (Republic of) 
2Namhae Branch, NIHHS, RDA, Namhae 52430, Korea (Republic of) 
3 Herbal Crop Research Division, NIHHS, RDA, Eumseong 27709, Korea (Republic of) 
 
 

The study was conducted to evaluate the effect of seed formation on fruit quality in 
two major cultivars, ‘Halla Gold’ and ‘Sweet Gold’ of Korean gold kiwifruits (Acti-
nidia chinensis var. chinensis). These cultivars were released recently from the Re-
search Institute of Climate Change and Agriculture, NIHHS, RDA and have planted 
for protected cultivation using non-heated plastic house mainly in Jeju, Korea. Two 
cultivars were hand-pollinated 1 day after petal opening and pollen tube growth 
was observed to secure the good viability and compatibility for pollens. Seed num-
ber and fruit quality such as fruit size, dry matter, and color development were 
measured at harvest or at the ripening stage in the fruits of two tetraploid cultivars 
pollinated with two hexaploid genotypes, ‘Pohwa’ and ‘Chieftain’. Two pollen geno-
types showed the tendency affecting the seed formation which was a little lower in 
‘Chieftain’ than in ‘Pohwa’, but fruit quality was not different regardless of small 
difference in seed number. The results indicated that seed formation by these two 
pollinizers didn’t affect fruit quality greatly within marketable fruit size in two Ko-
rean gold kiwifruits. 
 
Keywords: color development, dry matter, fruit size, seed number 
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(P3-2) Investigation of volatiles compounds in     
berries of Actinidia kolomikta 
 

R. Daubaras 1, L. Cesoniene 2 
 
1 Sodu 7, Vaisvydava, LT-53001 Kaunas, Lithuania 
2 6, 46324 Kaunas, Lithuania 
 
 

Actinidia kolomikta (Rupr. & Maxim.) Maxim. is a new berry plant which have ob-
tained commercial interest in Lithuania in recent years. High winter hardiness, 
rather short vegetation period of this species make it very perspective in the bo-
real climate conditions. Berries of A. kolomikta are distinguished by nice aroma 
and are known as a source of ascorbic and other organic acids, minerals, dietary 
fiber, chlorophylls, flavonoids, and other useful compounds. No data are available 
about volatile compounds accumulated in berries of A. kolomikta. The aim of this 
study was to investigate volatile compounds in the lyophilisated berries of sixteen 
A.kolomikta cultivars. Gas chromatography-mass spectrometry (GC-MS) method 
was used for analysis of volatile compounds. Lyophylisation is a modern technol-
ogy to store berries for long time and keep their valuable properties. Total 89 of 
volatile compounds among them terpens, esters, alcohols, aldehydes, anhydrides, 
diazoles, hydrocarbons, and ketones were detected in the berries of A. kolomikta. 
Esters and hydrocarbons were the most abundant volatile compounds classes, 30 
and 19 compounds, respectively. The constructed dendrogram grouped 
A.kolomikta cultivars into three main groups. Generally, evaluation of volatiles is 
useful for breeding of new cultivars aimed to improve berry taste via aroma prop-
erties. 
 
Keywords: berry, cultivar, lyophylisation, volatiles 
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(P3-3) Measuring perception of acidity and        
sweetness in kiwifruit  
 

D. Hunter 1, M. Beresford 1, A. White 1, S. Jaeger 1, M. Wohlers 1, K. Richards 1, S. 
Chheang 1, D. Jin 1, C. Fullerton 1, C. Clark 2 
 
1 Plant & Food Research Ltd 120 Mt Albert Road, Sandringham, 1025 Auckland, New Zealand 
2 Plant & Food Research Ltd, Bisley Road, Ruakura, 3214 Hamilton, New Zealand 
 
 

Once mature, the titratable acidity of kiwifruit (TA) remains relatively constant, 
but as the fruit continues to soften and ripen, the perception of acidity upon con-
sumption differs.  The wealth of sensory and consumer research into kiwifruit 
clearly indicates that the perception of sweetness and acidity, and the resulting 
sweet/sour balance, are critical factors in achieving consumer acceptance. How-
ever, often only sweetness is estimated or controlled for in such studies by meas-
uring ripe soluble solids content (rSSC) or dry matter (DM). Typical methods of 
measuring acidity in kiwifruit often rely on lysing of cells through a freeze/thaw 
cycle and hence the measurement of the maximum amount of TA present. How-
ever, this may not represent the relative acidity perceived upon chewing, where 
only a fraction of the cells may be broken to release their contents into the mouth. 
Furthermore, the release of cellular contents upon chewing is influenced by fruit 
firmness, and the perception of acidity is influenced by rSSC; hence fruit quality 
has a considerable impact on the sweet/sour balance and ultimately consumer 
acceptance. Data will be presented from a consumer study which explored the re-
lationship between the perception of sweetness and acidity in kiwifruit juices and 
a corresponding kiwifruit flesh sample. From kiwifruit that ranged in firmness and 
rSSC, juices were prepared using increasingly destructive methods, in an effort to 
identify the method of sample preparation for measuring acidity and sweetness 
that best correlated with taste perception from chewed flesh. 
 
Keywords: consumer, firmness, soluble solids content, taste, titratable acidity 
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(P3-4) Peelability in kiwifruit Actinidia eriantha 
 
R. Schroeder 1, R. Prakash 1, S. Wong 1, I. Hallet 1, S. Johnston 2, A. Seal 3, R. Atkin-
son1 
 
1 Plant & Food Research, Mt Albert Research Centre, 120 Mt Albert Road, 1025 Auckland, New Zealand 
2 Plant & Food Research, Hawkes Bay Research Centre, Cnr Crosses and St George's Roads , 4130 Havelock 
North, New Zealand 
3 Plant & Food Research, Te Puke Research Centre, 412 No 1 Road RD 2, 3182 Te Puke, New Zealand 
 
 

Kiwifruit are often classed as inconvenient by consumers, because the fruit needs 
to be ‘prepared’, e.g. peeled with a knife or cut in half and the flesh scooped out 
with a teaspoon. In contrast, fruit with peelable skins such as banana or mandarin 
are perceived as more convenient and less messy to eat. Fruit of Actinidia eriantha 
are naturally peelable when they reach eating-softness, meaning that the skin and 
underlying hypodermis (= peel) detach from the outer pericarp. However, geno-
types of A. eriantha can vary in degree of peelability, specifically ease and cleanli-
ness of the peeling action. Also fruit of interspecific hybrids of A. eriantha with 
non-peelable A. chinensis (both, chinensis and deliciosa types) show the peelability 
trait, with their seedling progeny showing considerable segregation for peeling 
characteristics. To identify factors that lead to peelability in kiwifruit, two geno-
types with contrasting peelability behaviour were compared. In the ‘good-peeling’ 
genotype, cells debond cleanly upon detachment, and the peel tissue does not tear. 
The ‘poor-peeling’ genotype has cells that rupture upon debonding, and peel tissue 
that fragments easily. Structural and immunological studies showed that no mor-
phologically identifiable detachment zone was present in A. eriantha, as is the case 
in banana and mandarin. Instead peel detachability in A. eriantha is due to the es-
tablishment of a ‘zone of discontinuity’ created by differential cell wall changes in 
peel and outer pericarp tissues, causing changes in mechanical properties of the 
peel. Differential polygalacturonase expression and enzyme activity point to lim-
ited pectin breakdown in the good-peeling genotype in both tissues, keeping cell 
walls strong, so peel and flesh do not tear or fragment upon detachment. Hemicel-
lulose-acting transglycosylase enzymes are more active in the good-peeling geno-
type, causing peel flexibility through remodelling of substrates during develop-
ment of detachability. We propose that a flexible peel with strong cell walls enables 
cells to continue to adhere strongly to each other, preventing breakage, independ-
ently of the underlying outer pericarp that loses cell wall strength as softening 
proceeds. Immunolocalisation, gene expression and enzyme activity assays that 
underpin this hypothesis will be discussed.  
 
Keywords: cell wall, detachment, peelability, peeling, polygalacturonase, transglycosylase 
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(P3-5) Performance of selected Actinidia chinensis 
kiwifruit cultivars in central Alabama, USA 
 

J. Spiers, W. Dozier, J. Pitts, B. Wilkins, A. Brantley, L. Xie, A. Hoppers, R. Kessier 
 
101 Funchess Hall, Auburn University, AL 36849, United States of America 

 
 
Kiwifruit has been evaluated in central Alabama for over 20 years. ‘AU Golden 
Dragon’ typically blooms a few days earlier than ‘Hort 16A’ kiwifruit. ‘AU Golden 
Sunshine’ and ‘AU Gulf Coast Gold’ typically bloom 10-14 days after ‘Hort 16A’. The 
harvest period for ‘AU Golden Dragon’ appears to be late August, followed by ‘AU 
Golden Sunshine’, ‘AU Gulf Coast Gold’, and finally ‘Hort 16A’ in early October. 
Bloom periods were closely monitored for three seasons to determine suitable pol-
linizers for these cultivars. ‘Meteor’ has a bloom period directly overlapping with 
‘AU Golden Dragon’ and ‘Hort 16A’. ‘AU Golden Tiger’ appears to be a suitable pol-
linizer for ‘AU Golden Sunshine’ and ‘AU Gulf Coast Gold’. The % dry matter corre-
lates with the fruit development period of each cultivar. Hence, the % dry matter 
from lowest to highest is typically ‘AU Golden Dragon’, ‘AU Golden Sunshine’, ‘AU 
Gulf Coast Gold’, and ‘Hort 16A’. Fruit quality characteristics during fruit develop-
ment and postharvest are discussed. These cultivars perform well in central Ala-
bama due, in part, to their suitable chilling hour requirements and fruit quality 
characteristics. 
 
Keywords: AU Golden Sunshine, AU Golden Dragon, AU Gulf Coast Gold 
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(P3-6) Polyamines in Kiwifruit and as a putative 
seed produced factor 
 

C. Rawlingson 
 
Agronomy and Horticulture Group, PN433, Institute of Agriculture Environment, Massey University, New 
Zealand 

 
 
There is a correlation between seed number and fruit size in the kiwifruit Actinidia 
deliciosa. Investigations also suggest there may be a “seed produced factor” re-
leased by kiwifruit seeds that could promote cell division in surrounding tissue. 
This study was carried out to investigate the concentrations of free polyamines in 
kiwifruit seeds as compared to other fruit tissue and whether these polyamines 
could potentially be the putative seed produced factor. Fruit were periodically 
harvested from 16 to 160 DAFB, separated in to seed, inner pericarp (IP) and outer 
pericarp (OP), and the concentrations of the polyamines putrescine, spermine and 
spermidine measured. Other fruit were harvested periodically between 30 and 160 
DAFB with seeds removed in sterile conditions and seed diffusates analysed for 
polyamines.  Results showed that putrescine was the polyamine present in highest 
concentration in all fruit parts. Putrescine concentration was significantly greater 
in seed than IP or OP tissue at its peak, between 16 and 30 DAFB, before falling 
rapidly to similar concentrations. Seeds extracted from fruit showed that all three 
polyamines did diffuse out with putrescine diffusing in largest concentration and 
peaking in seeds from fruit at 45 DAFB. Possible roles of polyamines in fruit 
growth are discussed. 
 
Kywords: kiwifruit, seeds, seed produced factor, polyamines, putrescine, spermidine, 
spermine 
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(P3-7) Studies on screening kiwifruit varieties with 
low cadmium accumulation 
 

R. Wang, H. Shi, L. Pang, Y. Wang, F W. Bu, X. Y. Wu, Q. Liu, Z.W. Xiao 
 

College of Horticulture and Landscape, Hunan Agricultural University, Changsha, Hunan, Changsha, China 

 
 
To promote the adjustment of planting structure in a large area of cadmium con-
taminated soil and explore the accumulation of absorption for cadmium in Kiwi-
fruit, screen low accumulation varieties of Cd, it was choosen the cadmium con-
taminated soil in Hunan province from 2014 to 2015. We used the main varieties 
of cultivated species as test maritial. It was studied and analyzed the cadmium con-
tent of tree branches, leaves, roots, fruits and the orchard soil of kiwifruit varieties. 
The research results showed that the accumulation of cadmium in different organs 
of Kiwifruit is different: That is root > leaf > branches >fruit; the average content of 
cadmium in roots is the highest (0.316mg.Kg-1), the second is the leave 
(0.198mg.Kg-1), while the cadmium content in fruit is the lowest (0.011mg.Kg-1). In 
the same soil environment (Cd content of 0.520mg.Kg-1), different kiwifruit varie-
ties (Cui Yu, kuimi, Hong Yang, Miliang No. 1, Feng Yue, Jin Kui, Jin Yan) showed 
differences in the absorption of cadmium: ‘Miliang No. 1’ had strong ability to ab-
sorb cadmium in soil (Cd content in root of 0.320 mg.kg-1) as compared to other 
varieties, followed by ‘kuimi’ (0.150mg.kg-1). The content of cadmium in fruits of 
all tested kiwifruit varieties was low (Cd ≤ 0.05mg.kg-1). The results indicated that 
the kiwifruit is a species with low cadmium accumulation.  
 
Keywords: low cadmium accumulation, kiwifruit, variety, screening 



Section 3- Crop physiology and biochemistry       Poster 

 

98 
 

 

(P3-8) The relationship between fruit loading and 
yellow color expression of gold kiwifruit (Actinidia 
chinensis var. Haegeum) during maturity 
 

Y.S. Cho 1, J. S. Cho 2, S. M. Lee 2, M. Y. Park 2 
 
1 Fruit Research Institute of JARES, 48-20 Cheonghaejin-ro(1251), Wando-up, Wando-gun Jeonnam, Korea 
(Republic of) 
2 Fruit Research Institute of JARES, Haenam, Korea (Republic of) 
 
 
The yellow color of internal gold kiwifruit (Actinidia chinensis) is expressed from 
green one during maturity. This is because the pigments such as carotenoids and 
xanthophylls are finally shown after the chlorophyll degradation in gold kiwifruit. 
The velocity and process of chlorophyll degradation seems affected by the cultural 
conditions such as sunlight, soil moisture, temperature, rainfall, soil acidity, soil 
nitrogen level as well as the nutritional condition of plant. This phenomenon is 
roughly understood by seeing the case of maple (Acer palmatum) leaf change from 
green to yellow and red in Autumn. In Korea, the cultivation history of gold kiwi-
fruit is very short (10 years at best) so the kiwifruit growers are suffering from the 
quality fruit production, especially in increasing the uniformity of internal flesh 
color (bright yellow) at harvest. From the previous survey, it was confirmed that 
the yellow color expression during maturity was strongly dependent on some 
growing conditions including cultural practices. In this study, it was investigated 
whether the degree of fruit loading on individual kiwifruit vine could affect the 
yellow color expression of gold kiwifruit (A. chinensis var. Haegeum) during matur-
ity, between 2015 and 2016. The fruit loading was controlled as 28, 36, 44 fruits 
per square meter on pergola system. As an index for gold kiwifruit harvest, the 
arrival time for the proper hue angle (103°) during maturity was delayed 7 days 
(2015) and 9 days (2016) at the 44 fruit loading (per m2) treatment compared to 
28 and 36 fruit loading (per m2). There was no difference between 28 and 36 fruit 
loading (per m2). The dry matter weight (DM) of fruit was also proportional to the 
fruit loading degree during maturity; so, 44 fruit loading showed the lowest DM of 
fruit among the other treatments. The fruits size also decreased in the 44 fruit 
loading treatment. This implies that proper fruit thinning is necessary to achieve 
good yellow color of gold kiwifruit as well as good fruit size at harvest.  
*This study was supported by the Korea RDA research program (PJ011322). 
 
 
Keywords: gold kiwifruit, Haegeum, fruit loading, hue angle 
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(P3-9) Dynamic changes of pistil polyamines and 
hormones contents of kiwifruit during the                  
fertilization process 
 
Q. Xiujuan, F. Jinbao, Z. Yunpeng, L. Miaomiao, S. Leiming, W. Fengkui  
 

Henan province Zhengzhou City , Guangchen, China 

 
 
Based on a previous study on cross-compatibility of anatomical observation, 
‘Xuxiang’ was hybridized with Actinidia longicarpa and ‘Zhengxiong 1’ (Actinidia 
deliciosa). To study the relationship between hormones and pollination of kiwi-
fruit, styles and ovaries of interspecific and intraspecific hybridization were har-
vested at different time points after fertilization and then polyamines and hor-
mones contents were determined by LC (Liquid chromatograph) and HPLC-MS 
(High performance liquid chromatography tandem mass spectrometry) respec-
tively. The purpose was to provide scientific basis to parse the reasons for less 
seed number and low fruit setting rate of interspecific hybridization. The results 
showed: hormones in styles and ovaries that promote cell division and elongation 
growth, such as Put (putrescine), Spm (spermine), PAs (total polyamines), IAA (in-
doleacetic acid) and GA3 (gibberellin), and these hormone levels were lower, but 
hormones that inhibit pollen tube growth and accelerate style senescence and 
ovary shed, such as Spd (spermidine), ABA (abscisic acid) and the ratio of 
ABA/(IAA+GA3) , the levels were higher in interspecific than intraspecific hybridi-
zation. Therefore, metabolic levels of endogenous hormones were detrimental to 
pollen germination and pollen tube growth, and resulted in cross-incompatibility 
during the fertilization process. However, the results were reversed in the intras-
pecific pollination, and high level of hormones promoting germination and growth 
and low level of hormones inhibiting growth were conducive to fertilization proc-
ess. Therefore, different contents of polyamines and hormones might be one of the 
reasons leading to less seed number and low fruit setting rate of interspecific hy-
bridization in kiwifruit. 
 
Keywords: A. deliciosa,  
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(P3-10) The transcriptional regulation of                      
anthocyanin accumulation in purple kiwifruit 
(Actinidia sp.) 
 

Y. Peng, P McAtee, R. Espley, A. Allan 

120 Mt Albert Road, Auckland, New Zealand 

 
Based on a previous study on cross-compatibility of anatomical observation, 
‘Xuxiang’ was hybridized with Actinidia longicarpa and ‘Zhengxiong 1’ (Actinidia 
deliciosa). To study the relationship between hormones and pollination of kiwi-
fruit, styles and ovaries of interspecific and intraspecific hybridization were har-
vested at different time points after fertilization and then polyamines and hor-
mones contents were determined by LC (Liquid chromatograph) and HPLC-MS 
(High performance liquid chromatography tandem mass spectrometry) respec-
tively. The purpose was to provide scientific basis to parse the reasons for less 
seed number and low fruit setting rate of interspecific hybridization. The results 
showed: hormones in styles and ovaries that promote cell division and elongation 
growth, such as Put (putrescine), Spm (spermine), PAs (total polyamines), IAA (in-
doleacetic acid) and GA3 (gibberellin), and these hormone levels were lower, but 
hormones that inhibit pollen tube growth and accelerate style senescence and 
ovary shed, such as Spd (spermidine), ABA (abscisic acid) and the ratio of 
ABA/(IAA+GA3) , the levels were higher in interspecific than intraspecific hybridi-
zation. Therefore, metabolic levels of endogenous hormones were detrimental to 
pollen germination and pollen tube growth, and resulted in cross-incompatibility 
during the fertilization process. However, the results were reversed in the intras-
pecific pollination, and high level of hormones promoting germination and growth 
and low level of hormones inhibiting growth were conducive to fertilization proc-
ess. Therefore, different contents of polyamines and hormones might be one of the 
reasons leading to less seed number and low fruit setting rate of interspecific hy-
bridization in kiwifruit. 
 
Keywords: Purple kiwifruit, colour, anthocynin, transcriptiona regulation, 
delphinidin, cyanidin 
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(P4-1) Antimicrobial activity of anise, basil, 
cardamom, cumin, fennel and laurel essential oils 
against Pseudomonas syringae pv. Actinidiae  
 

S.M.P. Carvalho 1, M. N. Silva 1, A. Mazzaglia 2, G. Balestra 2, M. Vasconcelos 3 
 

1 Faculdade de Ciências, Universidade do Porto, Rua do Campo Alegre, 4169-007 Porto, Portugal 
2 Tuscia University - DAFNE, Via S. Camillo de Lellis, 01100, Viterbo, Italy 
3 Escola Superior de Biotecnologia - CBQF, Rua Arquiteto Lobão Vital, Apartado 2511, 4202-401 Porto, 
Portugal 
 

Pseudomonas syringae pv. actinidiae (PSA), the causal agent of kiwifruit bacterial 
canker, has become the main threat for both the yellow and green fleshed kiwi-
fruits, being present in almost all top kiwifruit producing countries. Current 
chemical control strategies are mainly focused on antibiotic- and copper-based 
compounds, with limited success and with problems of phytotoxicity, environ-
mental persistence, bacterial resistance and residual accumulation in fruits. In this 
work, the antibacterial activity of six plant essential oils (anise - Pimpinella anisum, 
basil - Ocimum basilicum, cardamom - Elettaria cardamomum, cumin - Cuminum 
cyminum, fennel - Foeniculum vulgare, and laurel - Laurus nobilis) was evaluated 
against four PSA strains with different degrees of virulence (PSA-V: CFBP7286 and 
1F, isolated from Italy and France, respectively, and PSA-LV ICMP18804 and 
ICMP19441, isolated from New Zealand and Australia, respectively). For each oil, 
seven concentrations were tested (0.1, 0.5, 1, 2.5, 5, 10 and 25 %), through three 
different methodologies: agar disk-diffusion test, agar dilution test and broth 
macro-dilution test. All oils showed significant antimicrobial activity against PSA 
after 48 h of exposure in agar plates. Cumin essential oil, in particular, demon-
strated minimum inhibitory concentrations (MICs) as low as 0.5 %. The chemical 
characterization of these oils by gas chromatography–mass spectrometry (GC-MS) 
revealed distinct compositions, which could underpin their different antimicrobial 
activity against PSA. These results provide strong evidence on the potential use of 
plant essential oils in the formulation of more environmentally friendly products 
for PSA control. 
 

Keywords: Antibiogram, inhibition, minimum inhibitory concentration, plant essential oil, 
Pseudomonas syringae pv. Actinidiae 
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(P4-2) Characterization of Botrytis spp. from         
Chilean kiwifruit populations and pre-harvest      
prediction risk of gray mold in long-term storage 
 

H. García, C. Cruzat 
 
Cruz del Sur 133 Of 703, Santiago, Chile 

 

The grey mold is caused, at least, by two species of the Botrytis, B. cinerea y B. 
pseudocinerea kind, and is the main post-harvest kiwifruit disease in Chile. The 
commercial strategy promoted by the Chilean Kiwifruit Committee these past 
years, considers the extension of the export period to avoid exceeding the demand. 
This strategy means stocking a large volume of fruits for a long period, this way 
increasing the risk of losses due to decay. The aim of this research was to analyze 
the Botrytis spp. populations from kiwifruits, related to fungicides sensitivity and 
frequencies on Botrytis species, in order to design control specific strategies; con-
sidering also the adjustments of a qualitative method that allows the early predic-
tion of grey mold in long-term cold storage kiwifruit batches and hence assist in 
segregation. It was tested over 3 seasons, from 6 different orchards of Chile’s Cen-
tral Valley. A total number of 10 isolates from orchard and season, were tested for 
fungicides sensitivity (fludioxonil, iprodione and fenhexamid), through mycelial 
growth testing and later EC50 calculation. In general terms, the isolates showed 
high to moderate levels of sensitivity to the tested fungicides. The same isolates 
were analyzed trough qPCR-HRMtechnique to identify the species, using polymor-
phism’s detection on a one nucleotide located in 1090 Bc-hch gene. Absolute 
dominance of the B. cinerea species was recorded in every studied case. Predictive 
methodology took into account the sowing of sepals and receptacles of fruits, sam-
pled 100 days after bloom, in petri dishes containing a potato-dextrose agar 
amended with a minimal dose of captan, recording the incidence of Botrytis coloni-
zation. The receptacles colonization frequencies during the three studied seasons 
were a better predictor of grey decay frequencies, after 90 days of storage at 0°C 
and modified atmosphere, than those collected from sepals (r2>0.71 and r2>0.56, 
respectively). In conclusion, the Botrytis studied populations have not been se-
lected for the tested actives and they are not under B. pseudocinerea dominance, 
which is a fenhexamid resistant species, allowing an extended use in field control. 
Furthermore, predictive technique through receptacles colonization identification 
might prove to be a powerful tool to generate minimal risk long-term cold storage. 
 
Keywords: Botrytis cinerea, Botrytis pseudocinerea, grey mold, kiwifruit, qPCR-HRM, 
fungicide sensitivity 
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(P4-3) Comparison of the effectiveness of several 
commercial products and new copper complexes to 
control Psa 
 

L. Corrado 1, N. González-Ballesteros 2, M. Scortichini 1, M Rodrigüez-Arguelles 2, E. 
Barreal 3, PP Gallego 3 
 
1 CRA, Via Fioranello 52, Roma, Italy 
2 Dept. Inorganic Chemistry Faculty Chemistry, 36310 Vigo, Spain 
3 Applied Plant Soil Biology, Faculty Biology. Univ. Vigo, 36310 Pontevedra Vigo, Spain 
 
 

Many research groups, institutions and organizations are involved in discovering 
the most effective kiwifruit management scheme for the control of Psa. This com-
plex process requires to analyze and understand how environmental factors affect 
vine susceptibility, which factors favor grow and infection of Psa and overall, how 
implement the most effective practices in protecting against Psa. Several reports 
pointed out that there are not curative treatments, but preventive measures, for 
Psa. Among those treatments, the use of antibiotics, disinfectants or bactericides 
have been employed. In this work we have applied six commercial products con-
taining copper (Nordox® and Cobre-Lux®), zinc (Biobacter®), aluminum (Fosetil-
Al®) and silver and Manganese (Yeti-R® and Yeti-F® respectively). In addition, two 
new copper complexes synthetized in our lab and commercial copper(II) chloride 
to test their efficacy to control Psa. Among all commercial products tested only 
Biobacter® and Fosetil-Al®, showed in vitro bactericidal activity by completely in-
hibiting the growth of all Psa strains isolated and identified from kiwifruit plants of 
Galicia (Spain). Interestingly, the two new copper complexes were very efficient in 
inhibiting completely the bacterial growth of a strain isolated in Italy used as con-
trol. 
 
 
Keywords: Actinidia chinensis var. deliciosa, bactericide, metallic compounds; copper 
complexes 
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(P4-4) Conjugation in PSA (Pseudomonas syringae 
pv. actinidiae) 
 

M. Butler, M. Zhao, R. Poulter 
 
University of Otago, Department of Biochemistry, Dunedin, New Zealand 

 
 
Analysis of the genomes of recently isolated PSA (Pseudomonas syringae pv. acti-
nidiae) in New Zealand indicates that there have been multiple occurrences of 
horizontal transfer into these PSA from non-PSA bacteria. The horizontal transfers 
involve various plasmids and integrative conjugative elements (ICEs). Some strains 
have acquired ‘mega-plasmids’ carrying copper resistance and/or streptomycin 
resistance genes. Other strains have acquired ICEs carrying copper resistance 
genes. We have found similar copper resistance ICEs in non-PSA P. syringae iso-
lated from kiwifruit in New Zealand. We have demonstrated that the plasmids and 
the ICEs can be transmitted between PSA isolates by conjugation. The streptomy-
cin resistance genes (strA and strB) occur on the plasmids as part of Tn3-type 
transposons. These transposons can be transmitted separately from the plasmids 
during conjugation. They integrate at random into the PSA genome. These analyses 
indicate that although the New Zealand PSA population is clonal, it is undergoing 
rapid evolution via horizontal transfer between PSA and other bacteria. It is of in-
terest to discover if similar developments are occurring in Chile or Europe. 
 
Keywords: conjugation, transformation, plasmid, copper resistance, streptomycin 
resistance, transposon 
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(P4-5) Conservation of diploid Actinidia chinensis 
alleles in a Psa environment through wide crossing 
 

P. Datson 1, J. Sekhon 2, K. Hoeata 2, J. Herrick 2, V. Borgers 2, T. Paterson 2, N. Taufa 
2, R. Kaji 3, K. Manako 1, L. Fraser 1, M. McNeilage 1, C. Cheng 1 
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2 412 No 1 Road RD 2 , 3182 Te Puke, New Zealand 
3 Private Bag 11600, 4474 Palmerston North, New Zealand 
 
 
The Plant & Food Research (PFR) Actinidia (kiwifruit) germplasm repository con-
tains over 3000 genotypes from around 350 accessions. The collection provides 
genetic diversity for breeding new cultivars. Traditionally the collection has been 
maintained in field collections. The arrival and spread in New Zealand of a bacte-
rial canker disease caused by a virulent pathovar of Pseudomonas syringae (Psa) 
(biovar 3) has made maintenance of field collections difficult, especially for diploid 
A. chinensis, as over 80% of such genotypes in Psa-positive regions have shown 
severe symptoms of infection and died. The potential loss of alleles from the collec-
tion is a major concern. A substantial reduction in genetic diversity would con-
strain future kiwifruit breeding. In 2011, we undertook a crossing programme, 
comprising 70 males and 35 females, in an attempt to generate a new population 
to retain as many as possible of the alleles present in the diploid A. chinensis germ-
plasm. Pollen from 70 males were bulked into 10 groups of seven individual male 
parents and used in polycrosses. In total, 4361 seedlings from these polycrosses 
were propagated and planted out in 2013. Vines have been subsequently removed 
because of plant death or severe Psa symptoms: 49 vines were removed in 2013, 
2052 vines in 2014, 1356 vines in 2015 and 411 in 2016; 493 vines remain in the 
field. In November 2016, leaves were collected from the remaining vines and DNA 
extracted. We plan to amplify a set of microsatellite markers from these vines and 
compare the diversity of alleles present in the remaining vines with the diversity of 
the original diploid A. chinensis germplasm. Further crosses have been made in 
spring 2016 using the remaining vines as well as pollen collected from males in 
2015. The application of this approach to conserve alleles from susceptible Acti-
nidia germplasm will be discussed. 
 
Keywords: Kiwifruit, Actinidia chinensis, germplasm conservation, microsatellites, 
Pseudomonas syringae pv. Actinidiae 
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(P4-6) Coptyzin for the control of Pseudomonas 
syringae pv. actinidiae in kiwifruit  
 
J. Decorte 1, Y. Dejaegher 1, P. Wright 2, K. Garnham 3 
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2 122 Ongare Point Road, Katikati, New Zealand 
3 21 l'Anson Road, Te Puna, Tauranga, New Zealand 
 
 

The application of copper products is a standard procedure to con-
trol Pseudomonas syringae pv. actinidiae (Psa) in kiwifruit vines. However copper 
can cause phytotoxicity of the leaves and may accumulate in the soil. Therefore, it 
is of importance to reduce the total amount of copper per hectare, without losing 
efficacy. In this poster, the results of three trials with the product Coptyzin are 
summarized. The active ingredient of Coptyzin is copper (Cu) at 95 g/L, chelated 
by tetraethylene pentamine (TEPA) in the form of a soluble concentrate. In a pot-
ted plant trial on ‘Hort 16A’, the efficacy of some copper products was tested in 
2012-2013. Coptyzin was only applied at a lower dosage: 9.5 g Cu/100L. 79 days 
after Psa inoculation, the Coptyzin treatment reduced the leaf spotting with 31%, 
while other copper products at 26 g, 15 g and 14 g Cu/100L reduced the leaf spot-
ting with 54%, 26% and 25% respectively. A second potted plant trial was carried 
out in 2013-2014 on ‘Bruno’ potted plants. After 10 days, Coptyzin at 125 ml/100L 
performed very well compared to all the other samples in the trial. In a field trial 
(2015-2016) in 2 commercial orchards with each ‘Hayward’ and ‘Gold G3’, the phy-
totoxicity of Coptyzin was measured after an intensive full season spray pro-
gramme with a total of 13.25 litres Coptyzin or 1.116 kg Cu/ha. Compared to a 
commercial copper oxide with 2.775 kg Cu/ha, this means less than half of the 
copper per year. According to the Zespri leaf phytotoxicity scoring index, the cop-
per oxide product had significantly more phytotoxicity than Coptyzin at both or-
chards and both varieties. Conclusion: Coptyzin is safe for the plants with less phy-
totoxicity compared to other standard copper products and with similar efficacy 
against Psa despite using lower amounts of copper per hectare. 
 
 
Keywords: Actinidia deliciosa, Actinidia chinensis, copper, Pseudomonas syringae pv. 
actinidiae, bacterial canker 
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(P4-7) Current status of occurrence of bacterial 
canker on kiwifruit in Korea 
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1 Department of Plant Medicine, Sunchon National University, 57922 Suncheon, Korea (Republic of) 
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Bacterial canker caused by Pseudomonas syringae pv actinidiae (Psa) is the biggest 
limiting factor in the cultivation and production of kiwifruit in Korea. Bacterial 
canker caused by Psa biovar 2 designated Psa2 occurred for the first time on the 
green-fleshed kiwifruit cultivar Hayward in 1988 and the yellow-fleshed kiwifruit 
cultivar Hort16A in 2006 in Korea. Psa biovar 3 designated Psa3 began to appear 
in Korea in 2011, causing tremendous economic losses by destroying many kiwi-
fruit vines or orchards in one or a few growing seasons. Bacterial canker epidemics 
caused by both Psa2 and Psa3 are prevailing in Korea in recent years. Especially, 
the number of kiwifruit orchards infected by Psa3 in 2016 increased nearly two 
times compared to 2015. Imported Psa3-contaminated pollens were suspected to 
be the inoculum sources responsible for the current epidemics of kiwifruit bacte-
rial canker in Korea. Psa3 infected almost all of the kiwifruit cultivars growing in 
Korea, but yellow-fleshed cultivars Hort16A and Jecy-gold and red-fleshed cultivar 
Hongyang were severely damaged by the rapid spread and outbreaks of Psa3. 
 
 
Keywords: Bacterial canker, Pseudomonas syringae pv actinidiae, Psa3, epidemics 
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(P4-8) Effect of Bacillus subtilis on fruit yield and 
fruit quality in Actinidea deliciosa orchards 
infected with bacterial canker in the North of 
Portugal 
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 Bacterial canker of kiwifruit, primarily caused by Pseudomonas 
syringae pv. actinidae (Psa), a disease included in the EPPO A2 List, is registered in 
the North of Portugal since 2010. The relationship between the bacteria and 
cultural practices, namely the application of the biological control agent Bacillus 
subtilis in kiwi orchards in Portugal, is poorly understood. The most damaging 
phase of the disease occurs in winter and involves damage of the main vine 
structure and overwintering canes and also in spring during pollen spread, thus 
reducing subsequent yield and fruit quality. The main objective of this study is to 
evaluate the effect of Bacillus subtilis (Serenade Max ®) on yield and kiwifruit 
quality in infected orchards with different ages. Two orchards (Actinidea 
deliciosa cv. Hayward) with typical symptoms of Psa were selected for yield and 
quality assays. Thirty plants were selected from the young orchard (6 years old) 
and other thirty plants were selected from the old orchard (30 years old), located 
in Valença, North of Portugal. The number of fruits per plant, number of fruits per 
lateral branch, kg per plant, ºBrix, pH, pulp hardness, titratable acidity and dry 
matter obtained in plants of both orchards are discussed. 

   

Keywords: Actinidea deliciosa, bacterial canker, kiwifruit yield, kiwifruit quality 
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(P4-9) Efficacy of Bacillus subtilis for the control of 
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Bacterial canker of kiwifruit, caused by Pseudomonas syringae pv actinidiae (Psa) is 
a disease included in the EPPO A2 List because currently increased in the 
Mediterranean region. The climatic conditions determine the multiplication and 
dispersal behavior of Psa and may influence its biological control (BC). However, 
the literature regarding the growth of the bacteria with the climatic conditions in 
Portugal is scarce. The aims of this study were to relate the climatic conditions 
with the efficacy of Bacillus subtilis (Serenade Max ®) in controlling the disease, to 
determine if disease incidence increased over the growing season, and to monitor 
carry-over of disease from one season to the next. Two “Hayward” orchards of 
Actinidea deliciosa with different ages, located in Valença, North of Portugal, were 
selected for BC assay. Thirty plants were randomly selected from a young orchard 
(6 years old) and other thirty plants from an old one (30 years old). Psa was 
identified and characterized by morphological, biochemical and molecular tests. 
The efficacy of Bacillus subtilis was evaluated by the disease incidence, and 
correlated to climatic conditions. A standardized leaf infection index (0 to 4 scale 
of symptoms) was used to determine the disease severity. Monitoring of Psa 
symptoms was performed every 30 days, from June 2016 to April 2017. The 
severity of the disease decreased in the summer season, characterized by 
unfavorable conditions for Psa such as high temperatures and scarce precipitation.. 
Bacillus subtilis was partially effective in controlling Psa in the six-year-old 
orchard, and showed no efficacy in the protection of leaves in the thirty-year-old 
orchard. The disease carry-on from one season to the next, and the Bacillus subtilis 
applied at flowering could be considered as a suitable solution for the control of 
Psa biovar 3 only for the new kiwifruit orchard (6 years old). 

Keywords: Actinidea deliciosa, bacterial canker, Bacillus subtilis, climatic conditions  
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as a vector of Pseudomonas syringae pv. actinidiae 
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Over the past 20 years, the area devoted to kiwifruit cultivation has steadily in-
creased. However, in the last few years, kiwifruit yields and the total cultivated 
area considerably decreased, due to the pandemic spread of the bacterial canker 
caused by Pseudomonas syringae pv. actinidiae. The bacterium is able to infect the 
host plants via natural openings or wounds, such as those caused by sucking in-
sects. Moreover, the role of sucking insects as vectors of bacterial pathogens is 
widely known. However, no evidence of the role of insect-related wounds as entry 
point of sucking insect as vector of Pseudomonas syringae pv. actinidiae is currently 
available. Metcalfa pruinosa Say (1830) is one of the most common sucking insects 
affecting kiwifruit vines in many of the regions where Pseudomonas syringae pv. 
actinidiae is present. Therefore, the possible role of M. pruinosa in the spread of the 
bacterial canker was investigated in controlled conditions. This study demon-
strates the survival of Pseudomonas syringae pv. actinidiae in M. pruinosa digestive 
trait, and the insect’s ability to vector the pathogen to healthy plants. In addition, 
the bacterium was isolated from insects collected in Psa-infected orchards, thus 
confirming the ecological relevance of M. pruinosa in the spread of the bacterial 
canker. 
 
 
Keywords: insect-mediated disease transmission, host plants, microscopical visualization 
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Pseudomonas syringae pv actinidiae (Psa) is an aggressive pathogen that strongly 
compromises kiwifruit production all over the world, including Europe. There are 
currently no curative products for Psa and all existing treatments, including cop-
per-based bactericides, disinfectants, and antibiotics, are preventive measures, 
some of them under ecological/political pressure to be removed from the market. 
Designer enzybiotics are a novel class of antibacterial modular enzymes that kill 
bacteria through degradation of peptidoglycan in the bacterial cell wall followed 
by rapid osmotic lysis and cell death. Unique in the designer enzybiotics concept is 
that the antibacterial properties of the products, including their specificity, can be 
customized depending on their modular composition. Designer enzybiotics have 
been successfully targeted to human and veterinary pathogens, such as multi-drug 
resistant Pseudomonas aeruginosa, but their application in plant protection has not 
been assessed. Consequently, besides establishing their effectiveness in vitro and 
in plants against Psa, potential risks, such as toxicity against plant tissues, pollen, 
pollinating insects and/or detrimental effects on plant growth-promoting bacteria 
or other organisms in the rhizosphere and phylloshere, needs to be addressed. 
Thus, the main objective of our research group is the design, development, and 
characterization of a novel, customized, safe, protein-based, biodegradable, fast-
acting and sustainable crop protection product active against Psa. Here, we report 
on the development of an in vitro pathogenicity test, the generation of enzybiotics 
active against Psa, assessment of the phytotoxicity of these enzybiotics, and pre-
liminary data on the in plant activity of selected enzybiotics against Psa. 
 
 
Keywords: kiwi canker, bleeding canker, Actinidia - phage-derived endolysines 
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Kiwifruit industry has been growing in Portugal, having increased 1 thousand ha 
between 2005 and 2014. Portugal was the 11th worldwide kiwifruit producer in 
2014, with 12 thousand tones exported, which represented an income of 13 mil-
lion euros (FAO, 2016). Currently, one of the major threats to Kiwifruit industries 
worldwide is the bacteria Pseudomonas syringae pv. actinidiae (Psa), that causes 
the bacterial canker of kiwifruit. Psa has been the subject of several studies in at-
tempt to know the population structure, development of reliable detection tech-
niques and control strategies of the pathogen. However, the knowledge of the mi-
crobial population present in the orchards is also fundamental for the develop-
ment of disease control strategies. The aim of this study was to assess the diversity 
of Pseudomonas sp. present in Portuguese kiwifruit orchards. During 2016, both 
epiphytic and endophytic Pseudomonas sp. were isolated from Actinidia deliciosa 
orchards localized in the main production areas in the north and central regions of 
Portugal which were planted in the last 30 to 3 years using modified King’s me-
dium B (KBC). Non Psa isolates were confirmed and were identified and character-
ized by morphological, biochemical and molecular tests, such as BOX-PCR and 
MLST. From 1751 isolates, 60 presented only one band. From those we identified 
isolates belonging to several Pseudomonas syringae pathovars and P. viridiflava. 
Our results allowed us to identify new microbiological contexts that could be ulti-
mately developed and integrated in new management strategies against Psa. 
 
 
Keywords: Pseudomonas syringae, Pseudomonas viridiflava, Portuguese kiwi orchards, 
management strategies, Psa control 
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The aim of this study is to evaluate the relationships among the pathogenicity of 
Pseudomonas syringae pv. actinidiae (Psa) and the geographic origin and cultivars 
for the main cultivars in northern area of Qinling, China. The infected kiwifruit 
branches were collected from Hayward, Huayou and Hongyang cultivars from the 
Zhouzhi county, Yangling district and Mei county. The pathogens of Psa were iso-
lated and purified by the conventional tissue method. The 16S-23S rDNA ITS 
methods were used to analyze the molecular evolution of the pathogens and the 
pathogenicity was also measured. The results showed that a total of twenty Psa 
strains were obtained by isolation, purifying and molecular identification. The co-
lonial morphology showed a large difference for different geographic origin and 
cultivars.  There were not relationships among pathogenicity of the strains and 
geographic origin and cultivars. The quantitative and accurate methods of leaf 
pathogenicity were established based on the software ImageJ 1.50b, and four 
strong strains were selected. These Psa strains provide a basis for further study on 
identify of resistance materials and selection of specific biological pesticide for ki-
wifruit bacterial canker. 
 
 
Keywords: Pseudomonas syringae pv. Actinidiae, pathogen, molecular identification, 
pathogenicity, northern area of Qinling 
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In the past ten years, kiwifruit cultivation has been widely affected by the bacterial 
canker disease, caused by Pseudomonas syringae pv. actinidiae. Many evidences 
suggest a pivotal influence of the microbial community living in the phyllosphere 
on the pathogen’s ability to colonize host plants and cause the disease. In fact, the 
phyllosphere is a complex ecosystem, where plant growth promoting or resis-
tance-inducing bacterial species may be found along with pathogens and oppor-
tunists. Therefore, the characterization of this community may lead to the selection 
of new candidates for the biological control of the bacterial canker with a synergic 
mode of action. In addition, understanding the effects of the cultivation methods on 
the epiphytic bacterial community may contribute to optimize cultivation inputs in 
order to minimize the disease risk. The present study aimed to describe the bacte-
rial community harbored by the flowers and leaves of A. chinensis var. chinensis 
and A. chinensis var. deliciosa in relation to kiwifruit cultivation strategy (conven-
tional or organic) and Pseudomonas syringae pv. actinidiae infection. To achieve 
this goal, a metagenomic approach, based on deep sequencing of epiphyte DNA 
followed by the amplification of V3 - V4 region of gene16S, was adopted. Both cul-
tivation methods and Pseudomonas syringae pv. actinidiae infection highly affect 
the bacterial biodiversity of kiwifruit plants. Pseudomonas syringae pv. actinidiae 
presence reduced biodiversity and negatively influence the abundance of a number 
of different species. The bacteria genus which are not negatively affected by Psa, 
such as Lactobacillus, may represent an important source of potential biological 
control agents. 
 
Keywords: Kiwifruit metagenome, Pseudomonas syringae actinidiae, Biocontrol 



Section 4 – Psa & Plant protection        Poster 

 

116 
 

 

(P4-15) Monitoring Pseudomonas syringae pv.         
actinidiae inoculum production and infection in 
New Zealand over a three-year period 
 

J. Tyson 1, M. Manning 1, C. Curtis 1, M. Vergara 1, S. Dobson 2, C. McKenna 2, R. 
Beresford 1 
 

1 Plant and Food Research, Private Bag 92169, Auckland Mail Centre, 1142 NZ Auckland, New Zealand 
2 Plant and Food Research, The New Zealand Institute for Plant Food, Te Puke, New Zealand 
 
 

Bacterial canker of kiwifruit, caused by Pseudomonas syringae pv. actinidiae (Psa), 
is currently the most important disease of kiwifruit worldwide.  Psa inocula devel-
ops from leaf lesions and cankers on infected vines and is likely to be influenced by 
environmental factors such as daily temperatures and rainfall. The dynamics of 
inoculum production and infection by Psa were studied over a 3-year period in a 
naturally infected kiwifruit orchard using: (a) passive trap plates above and below 
the canopy and (b) trap plants below the canopy. Weather data, including rainfall 
and wind direction, were collected over the period of trapping.  Psa was detected 
on the trap plates during some rain periods and was detected below the canopy 
more frequently than above the canopy.  Psa infection of the trap plants only oc-
curred during exposure periods with recorded rain.  Rainfall was essential for de-
tection of Psa on the trap plates and infection of the trap plants.  Although the pro-
duction of inoculum, and infection of susceptible leaves, occurred during rain 
events year round, there are indications of a strong seasonal component to Psa 
epidemiology in New Zealand. 
 
Keywords: kiwifruit bacterial canker, trap plants, trap plates, Actinidia, epidemiology 
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(P4-16) Preliminary results of the effect of plastic 
covers on the incidence and severity of P. syringae 
pv. actinidiae (Psa) in golden kiwifruit 
 
J. Saavedra Bruna, C. Abud Cabrera, R. Cuevas Aldunate, P. González Ramirez 
 
Casilla 556, Correo de Chile, Curicó, Curicó, Chile 

 
 
This research shows the preliminary results of the use of plastic covers technology 
in golden kiwifruit as an alternative to contain bacterial canker of kiwifruit caused 
by Pseudomonas syringae pv. actinidiae (Psa). The experiment was carried out in 
an orchard of Actinidia chinensis cv Jintao, Psa +, located in the municipality of 
Sagrada Familia, Region of Maule, Chile, during the year 2015-2016. The plastic 
covers used corresponded to a low density polyethylene of retractable structure 
and the time of installation was spring 2015. An evaluation of the level of inci-
dence, severity and damage index (ID) was performed; in addition the level of 
blossom necrosis was evaluated. The preliminary results of this research suggest 
that at 2 months of installation, the plastic covers would reduce the expression of 
the disease at foliar level, obtaining significant differences between treatments 
with and without covers in terms of severity and blossom necrosis. The plastic 
covers would not have an effect on the incidence level of the disease in the early 
stage of its installation. The continuation of this research during the following sea-
sons is criticized. 
 
 
Keywords: golden kiwifruit, Actinidia chinensis, Pseudomonas syringae pv. actinidiae, 
incidence, severity, plastic covers 



Section 4 – Psa & Plant protection        Poster 

 

118 
 

 

(P4-17) Report of the absence of Pseudomonas         
syringae pv. actinidiae in kiwifruit leaves and 
flowers from Buenos Aires Province, Argentina 
 

A. Yommi 1, C. Sanchez 1, G. Clemente 1, A. Alippi 2, A. Ridao 1 
 

1 UIB INTA Balcarce-FCA UNMdP, CC 276. 7620. Balcarce, Argentina 
2 FCAyF UNLP, Avda. 60 y 119 -SN. 1900. La Plata, Argentina 
 

 

Argentina is recognized as a country free of Pseudomonas syringae pv. actinidiae 
(Psa). In 2013, the National Sanitary Service (SENASA) imposed measures to avoid 
the entrance of this bacterium in the kiwifruit production areas. In that way, a vigi-
lance plan was established and the introduction of plant material is regulated. In 
March 2015, three infected samples with Psa were detected in orchards at the 
South-East of Buenos Aires Province. These infected materials were immediately 
eradicated by SENASA. The objective of this work was to identify the bacteria flora 
associated with kiwifruit leaf spots and flower blights in commercial orchards of 
Actinidia deliciosa ‘Hayward’ at Buenos Aires Province, during the 2015-2016 
growing season. On spring and autumn, plant material was collected from 100 ha 
located at the North and South-East of Buenos Aires Province. Bacterial isolates 
were obtained from flowers and leaves tissues by maceration procedures and in-
oculation of nutrient agar supplemented with 5% sucrose media (NSA). The pri-
mary identification of isolates was performed by biochemical and physiological 
tests. To confirm their identity, Duplex-PCR tests proposed by Gallelli et al. (2011) 
were performed, including negative and positive controls (no template and Psa 
DNA, respectively). From symptomatic and asymptomatic samples, one hundred 
and twenty bacterial isolates were obtained. Thirty of these isolates were white-
creamy, convex, domed and mucoid on NSA. All of them were Gram-negative, 
showed fluorescence on King’s B medium and their metabolism was aerobic. All 
PCR reactions were negative. Our results show the absence of Psa in the analyzed 
samples. The identification of these non-Psa bacteria associated with kiwifruit leaf 
spots and flower blights will be performed in coming tests. 
 

Keywords: Actinidia deliciosa, ‘Hayward’, bacterial canker, quarantine pest 
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(P4-18) Screening for Psa Resistance in a breeding 
program 
 

K.Templeton, M. Martínez Sánchez, M. Montefiori, C. Brendolise 
 

Plant and Food Research, Private Bag 92169, Auckland mail center, 1142 Auckland Auckland, New Zealand 

 

Pseudomonas syringae pv. Actinidiae (Psa-V) is responsible for the recent 
occurrence of bacterial canker disease in kiwifruit. This has caused major 
production decreases and requires costly management and control techniques. It 
also creates biosecurity issues which add to the compliance cost. Plant and Food 
Research has a large collection of Actinidia germplasm. New methods were needed 
to identify resistance/tolerance within our collections and provide information to 
our kiwifruit breeding programme to accelerate the development of resistant 
cultivars. We have identified tolerant or resistant lines through screening methods 
including orchard monitoring, stab inoculation and flood inoculation of tissue 
culture plantlets. Resistance identified in some genotypes seems to occur at the 
PAMP-triggered immunity (PTI) level whereas other genotypes develop symptoms 
characteristic of a Hypersensitive Response (HR). Populations were generated 
using these individuals as parents. We have analysed the segregation of resistance 
phenotypes within these populations. HR can be rapidly evaluated by quantifying 
the release of electrolyte in water upon infection. We have developed a high-
throughput method for measuring HR in kiwifruit leaves and are applying it to 
screen the progeny of these crosses. PTI can be evaluated by measuring the 
production of reactive oxygen species in infected material using a rapid 
luminescence assay; we were unable to use this assay in kiwifruit. Instead we have 
measured PTI response via callose deposition and gene expression of PTI genes. 
Here we present some results obtained using the various tools that were 
developed to better characterize resistance within our kiwifruit populations. 

 

Keywords: Pseudomonas syringae pv. Actinidiae; kiwifruit, gene expression 
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(P4-19) Transcriptome analysis of Psa                        
pathogenesis process  
 

G. Tacconi 1, L. Orrù 1, G. Buriani 2, A. Lamontanara 1, V. Michelotti 1, I. Donati 2, L. 
Fiorentini 2, F. Spinelli 2 
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2 Department of Agricultural Sciences, Alma Mater Studiorum -University of Bologna, viale Fanin 46, 40127 
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Pseudomonas syringae pv. actinidiae (Psa), the causative agent of the bacterial can-
ker of kiwifruit, was firstly isolated in 1989, and seriously threatened kiwifruit 
production worldwide with a pandemic outbreak in 2008. However, very little is 
known about the molecular mechanisms involved in this host-pathogen interac-
tions. To provide insight on the gene expression of Psaduring the different phase of 
the host colonization, bacterial RNA sequencing and transcriptome analysis were 
performed. The study was carried out on both Actinidia chinensis and A. deliciosa in 
order to characterize the different behavior of Psa on the different hosts.  The Psa 
transcriptome was analyzed for I) bacteria grown in artificial medium, II) bacteria 
grown on plant-derived medium, to mimic the bacterial growth inside the plant, 
and III) for bacterial grown on flower, to simulate the floral infection. The differen-
tial gene expression analysis in all the conditions tested, highlighted a widespread 
transcriptional modulation with up to 2000 of genes listed as differentially ex-
pressed genes (DEGs), which represent about half of the total number of Psa genes. 
Many DEGs were found in common between A. chinensis and A. deliciosa: however, 
some of them showed an opposite behavior in the two hosts. Moreover some DEGs 
are characteristic of each Actinidia species. Many metabolic pathways were found 
to be modulated in the different conditions, in particular I) the ABC transporter 
pathways, II) the two-component signaling systems and III) the bacterial secretion 
system. Deep data analysis focusing on the signaling process between the pathogen 
and the host were also performed in order identify the possible pathway where 
Psa is able to recognize the host plant and modulate the infection process. 
 
Keywords: Pseudomonas syringae pv. actinidiae, differentially expressed transcripts, RNA-
seq 
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(P4-20) Molecular cloning and functional analysis 
of NPR1 homolog in kiwifruit 
 

S. Leiming, F. Jinbao, Q. Xiujuan, Z. Yunpeng, L. Miaomiao 
 
Henan province Zhengzhou City , Guangchen, China 

 
 
Kiwifruit bacterial canker, caused by the bacterial pathogen Pseudomonas syringae 
pv. actinidiae (Psa), is a destructive disease of worldwide kiwifruit industry. To 
understand the defense mechanism in kiwifruit is an important precondition for 
the development of new protection strategies. Non-expressor of Pathogenesis-
Related genes 1 (NPR1) is a critical component of salicylic acid (SA)-mediated sys-
temic acquired resistance (SAR). Here, a novel kiwifruit NPR1-like gene, desig-
nated AeNPR1, was isolated by application of the PCR and rapid amplification of 
cDNA ends (RACE) techniques. The full-length cDNA consisted of 1952 base pairs 
with a 1755bp open-reading frame, which encodes a 582 amino acids protein with 
an estimated molecular mass of 64kDa and a calculated pI of 5.68. Homology 
analysis showed that the AeNPR1 protein shares significant similarity to VvNPR1 
of grape, and also contained a Broad complex, Tramtrack, and Bric-a-brac (BTB) 
domain and an ankyrin repeat domain. Real-time quantitative PCR results sug-
gested that the transcriptional level of AeNPR1 could be induced by SA treatment 
and disease bacterial Psa inoculation. Constitutive expression of AeNPR1 induced 
the expression of pathogenesis-related genes in transgenic tobacco plants and en-
hanced tolerance to the bacterial Psa. Furthermore, about 2000bp promoter se-
quence of AeNPR1 was also obtained and identified, a variety of putative cis-
regulatory elements induced by SA and pathogens such as W-box and TGACG-motif 
were predicted by bioinformatics analysis. In conclusion, these results demon-
strated that the AeNPR1 gene was likely to be involved in SA-mediated systemic 
acquired resistance and might play an important role in the defense response to 
bacterial canker of kiwifruit.  
 
Keywords: kiwifruit canker, AeNPR1, disease resistance, expression analysis, salicylic 
acid 

 

 

 



Section 5 – Cultural Management        Poster 

 

122 
 

 
 
 
 

 
 
 
 
 

Posters 

Section 5  

Cultural Managment  

  



Section 5 – Cultural Management        Poster 

 

123 
 

 
(P5-1) Boron toxicity in kiwifruit plants  
 
MA. Forner-Giner, MR. Martínez-Cuenca, A. Primo-Capella, A. Quiñones 
 
IVIA, Carretera Moncada-Naquera km. 5, 46113 Valencia, Spain 

 
 

Soils with toxic levels of B are frequent in some agricultural areas throughout the 
world, limiting crop productivity. Boron toxicity is an important disorder that can 
limit plant growth being a difficult problem to manage. Tolerance to B toxicity var-
ies between plant types and between cultivars of the same species. Severe B toxic-
ity may induce loss of vigour, shorter branches, and even twig dieback. The effect 
of Boron toxicity in kiwifruit plants has been studied in a trial of Actinidia deliciosa 
(Chev) Liang and Ferguson cv Tomuri, and cv Hayward conducted in greenhouse. 
Two different treatments (0 and 250 microM B) in nutrient solutions was applied 
during 60 days, to both cultivars. Plant growth, B concentration and gas exchange 
parameters were measured at the end of the experiment. Plant growth did not de-
crease with the B treatment, although B concentration in leaves and roots in-
creased, especially in Tomuri. As well as Proline content, that is higher in Tomuri 
plants than in Hayward. Transpiration rate was not affected by B treatment, but 
photosynthesis in Hayward decreased rather than Tomuri. 
 

 
Keywords: Boron, plant growth, proline, transpiration, photosynthesis 
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(P5-2) Calcium accumulation in `Hayward´ 
kiwifruit as affected by foliar fertilization 
 

D. Almeida 
 
Instituto Superior de Agronomia, Universidade de Lisboa, Tapada da Ajuda, 1349-017 Lisboa, Portugal 

 
 
Trials were carried out in three consecutive years, 2004, 2005, and 2006, in a kiwi-
fruit (Actinidia deliciosa var. deliciosa ‘Hayward’) orchard located in Paços de 
Ferreira (41º 19' N; 8º 23' W; ca. 320 m), Northwestern Portugal. Field sprays 
were applied to nine experimental plots with 10 vines each. Preharvest calcium 
applications were performed with 0.3 % of CaCl2 sprayed onto the vines using a 
tractor-mounted sprayer. Controls were sprayed with water. Three preharvest 
treatments were used, namely 0, 3, or 6 sprays in 2004, and 0, 4, and 7 sprays in 
2005 and 2006. Preharvest sprays of CaCl2 did not significantly affect fruit growth 
or shape in any of the three years. Calcium accumulated in the fruit followed a sig-
moidal pattern and was largely unaffected by preharvest calcium applications. 
Preharvest calcium applications had a significant on fruit calcium content at har-
vest in 2004 (P=0.046), but not in 2005, and 2006. In 2004 the fruit that received 6 
calcium sprays had significantly higher calcium content (38.9 mg fruit-1) than the 
fruit that received 3 (30.5 mg fruit-1) or none (32.3 mg fruit-1) sprays. In 2005 and 
2006 the average fruit calcium content at harvest was 42.5 and 48.4 mg fruit-1, re-
spectively. Seven to nine weeks after petal fall, fruit calcium content accounted for 
70 to 75 % of the total calcium content at harvest. Preharvest calcium sprays were 
generally ineffective in increasing calcium concentration at harvest in any of the 
fruit parts (skin, pericarp, and core). However, in 2004, calcium sprays signifi-
cantly increased calcium content in the whole fruit and in the core. 
 
 
Keywords: Actinidia deliciosa, fertilization, fruit growth, nutrition 
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(P5-3) Conserving Actinidia germplasm with seed 
produced in greenhouses 
 

A. Currie, P. Datson 
 
Plant and Food Research, private bag 92169, Auckland mail centre, 1142 Auckland, New Zealand 

 

 

Plant & Food Research’s kiwifruit breeding programme has long had a process of 
centralising germplasm from different parts of the world, to ensure that a wide 
range of Actinidia species is maintained and remains available for scientific explo-
ration and future integration into commercial cultivars. New Zealand has strict 
quarantine processes to prevent unwanted plants, insect pests and diseases enter-
ing the country. In addition, the advent of the bacterial canker disease Pseudomo-
nas syringae pv. actinidiae (Psa) has placed some susceptible germplasm at risk of 
being lost in field repositories. To help to counter this we have been maintaining a 
portion of germplasm in greenhouses. To accelerate the delivery of new genetic 
material to the field from these repositories, we have established methods of plant 
training in greenhouses that enable better greenhouse crossing.  Developing plants 
with a long central stem has increased the propensity for the young plants to pro-
duce viable flowers. These flowers have been used for hand pollination and the 
resulting seeds grown into seedlings, which can be screened for susceptibility to 
Psa before field planting. 
 

Keywords: Actinidia, germplasm, greenhouse flowering 
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(P5-4) Deciphering kiwifruit seed germination       
using neural networks tools 
 

J. González-Puelles 1, M. Landín 2, PP Gallego 1, E. Barreal 1 
 
1 Facultad de Biología, Universidad de Vigo, E36310 Vigo, Spain;  
2 Faculty of Pharmacy, University of Santiago de Compostela, 15782 Santiago de Compostela, Spain 
 
 

Germination is a very complex process, which include several factors (tempera-
ture, water availability, light, etc.) influencing the success or fail of seeds. It has 
been described the use of cold temperatures to break the kiwifruit seed dormancy, 
although another factors such as supply gibberellins has been used to substitute 
chilling requirements to break dormancy. In our lab we are interested in obtaining 
rootstocks from seedlings of different Actinidia species such as A. chinensis, A. ar-
guta and A. eriantha, but the literature about seed germination of those species is 
scarce and generally reports poor germination rates. In our experience, almost 
each specie or cultivar would need a specific protocol to achieve high germination 
rates. The aim of this work was to establish what factors are essential on the seed 
germination of kiwifruit. Several factors were analyzed during stratification (time, 
presence / absence of gibberellins) and incubation (temperature, thermo-
photoperiod) stages. Here we described data obtained just from A. chinensis cv. 
Summer to simplify the understanding of the use of neural networks in the analy-
sis of large database. As response parameters, percentage of seed germination, 
Mean Germination Time (MGT), and Germination Index (GI) were calculated. The 
results obtained reveal that neurofuzzy logic model simplify data analysis pointing 
out the key role of gibberellic acid and long stratification period on seed germina-
tion. Through simple rules, neurofuzzy logic allows us to know, in an easy and 
friendly way, which factors are the most important, even when a large database 
with different types of data is used in the analysis. 
 
Keywords: Actinidia chinensis var. deliciosa, fluctuating temperatures, thermophotope-
riod, seed dormancy, seed stratificication, plant growth regulators 
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(P5-5) Effect of different potassium fertilizer            
application on kiwifruit yield, quality and the soil 
chloride iron concentration 
 

L. Yang , Y. Tong 
 
Northwest AF University , No.3 Taicheng Road, Yangling Shaanxi , China 

 
 
The application of S-containing and Cl-containing chemical fertilizers on kiwifruit 
yield, quality and the soil Cl concentration were investigated in a field experiment, 
north China. The treatments included: 1) the basal fertilizer provided by K2SO4, 
and top fertilization provided by KCl( K2SO4 + KCl ); 2) all the potassic fertilizer 
provided by K2SO4 (K2SO4 + K2SO4); 3) the basal fertilizer provided by KCl, and top 
fertilization provided by K2SO4( KCl + K2SO4 ); 4) all the potassic fertilizer provided 
by KCl (KCl +KCl). Under each treatment, the amount of basal and top-dressing K2O 
were the same(297kg/ha), and the applied N, and P nutrients were controlled at 
conventional rates of 528 kg/ha, P2O5 363kg/ha, respectively. The results showed: 
Under the KCl + K2SO4 fertilizer application, the yield of kiwifruit was the highest, 
50514kg/ha, and significantly higher than the treatments that applying K2SO4 + 
K2SO4 and KCl+ KCl. Under the K2SO4 + KCl fertilizer application, the yield of kiwi-
fruit was the second higher, 48657kg/ha, significantly higher than the treatment 
that applying K2SO4 +K2SO4. The kiwifruit soluble solid content, soluble sugar con-
tent, and titratable acid content did not  have significant differences among all the 
treatments. The fruit Vitamin C of applying KCl+KCl was significantly lower than 
when applying K2SO4+KCl, and the three treatments had no significant differences 
except the treatment KCl+KCl. The soil Cl concentration of applying KCl+KCl was 
higher than other treatments in each different layer(0-20cm, 20-40cm, 40-60cm, 
60-80cm,80-100cm) of the soil. And the soil Cl concentration increased with the 
depth of the soil layer. The highest soil Cl concentration is 27 mg/kg(applying 
KCl+KCl fertilizer, the soil layer is 80cm-100cm), it was far less than its safe con-
centration (400 mg/kg). Considering the above results, in conclusion, the best way 
for kiwifruit potassic fertilizer application was basal KCl and top-drssing K2SO4. 
 
 
Keywords: S-containing fertilizer, Cl-containing fertilizer, yield, quality, Cl concentration 
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(P5-6) Effect of irrigation method on vine available 
water in a Mediterranean kiwifruit orchard 
 

C. Xiloyannis, D. Laterza, G. Montanaro, R. Ermini, B. Dichio 
 
Università degli Studi della Basilicata, DICEM, Via S.Rocco, 75100 Matera, Italy 

 
 
Kiwifruit (Actinidia spp.) is a highly water demanding crop cultivated in semi-arid 
Mediterranean areas with dry growing season (~500 mm rainfall per year). Irriga-
tion is mandatory for optimal fruit growth and yield. For saving water purpose, 
drip irrigation is widely adopted in Mediterranean area in fruit tree crops includ-
ing kiwifruit which may require up to 12,000 m3 irrigation water a year. Despite 
that relatively high seasonal irrigation volume, vines often suffer drought events. 
Considering that drip irrigation is neither design not managed to irrigate deep soil 
layer (> 50 cm depth) and that drip irrigation method  keep soil moisture close to 
field capacity (FC) only in the early 30-40 cm of soil, moisture of deeper soil layer 
progressively decline during the season causing some water stress events. There-
fore, we hypothesised that doubling the irrigation line would increase the wetted 
soil volume improving water use efficiency. To test this hypothesis, soil moisture 
was continuously monitored using FDR probes (EnviroSCAN Sentek, Stepney, SA, 
Australia) at 10, 30, 50, 70 and 90 cm depth throughout the growing season at a 
mature kiwifruit orchard (Hayward, 625 p ha-1). Vines were drip irrigated using 
one (1LINE) (2 drippers a plant, 10 l h-1 discharge rate each dripper) or two irriga-
tion lines (2LINE) per row (drippers spaced 60 cm along the irrigation line, 2.5 L h-

1 discharge rate each) based on ET0 data and Kc previously used in the area. Re-
sults show soil moisture oscillations due to water consumption (vine absorption 
and soil evaporation) and replenishment (irrigation) at the early 10-30 cm depth. 
At that shallow layer, soil moisture remained close to FC (~ 38%vol) during spring 
and early summer, while minimum values approached 20% vol during mid-
summer. Soil moisture at deep soil layer (> 50 cm depth) progressively declined 
during the season but at a lower extend in 2LINE plot. In both treatments, at 90 cm 
depth soil moisture was stable. Total irrigation volumes were 5,882 and 7,698 m3 
ha-1 yr-1 in 1LINE and 2LINE, respectively; yield was 28 (1LINE) and 59 (2LINE) t 
ha-1 suggesting that the double lines irrigation method and the related manage-
ment (irrigation timing and volumes based on soil moisture data) allow an im-
provement of the efficiency of irrigation. Implications of these soil moisture dy-
namics in term of various components of water footprint are discussed. 
 
Keywords: drip irrigation, deep soil layer, drought, Actinidia 
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(P5-7) Effect of salt stress on plant growth and ion 
content on kiwifruit 
 

MA. Forner-Giner, A. Primo-Capella, MR. Martínez-Cuenca, A. Quiñones 
 
IVIA , Carretera Moncada-Naquera km. 5, 46113 Valencia, Spain 

 
 
Salinity is one of the major abiotic stresses of crops, since it affects more than one-
third of irrigated land in the world, limiting agricultural production. Salinity causes 
imbalances in ion homeostasis with increases in Cl- and Na+ concentration, and 
even in moderate concentrations may cause significant physiological changes in 
plants, such as reduction of growth and development, necrosis of leaves and 
shoots, defoliation, etc. Then, exposure to salt stunts plant growth and significantly 
reduces yield. We studied responses of Actinidia deliciosa (Chev) Liang and Fergu-
son cv Tomuri and cv Hayward, with two different salinity concentrations (0 and 
40 mM NaCl), for 60 days, with six replicates per treatment and cultivar. Growth, 
ion content and gas exchange response to salt treatment were examined at the end 
of the experiment. Salinity impaired plant growth, with decreases in leaves, stem 
and roots of all the treated plants. All cultivars increased Cl and Na content in 
leaves and roots, but Tomuri accumulated less Cl and Na concentration in roots 
than Hayward. Leaf gas exchange parameters in salt treated plants were reduced 
to different extents, depending on the cultivar. The decreases in net CO2 assimila-
tion were more pronounced in Tomuri, but both cultivar showed similar decreases 
in transpiration rate. 
 
 
Keywords: Salinity, chlorine concentration, sodium concentration, plant growth 
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(P5-8) Fertility of Kiwi female cvs ('Hayward',      
'Earligreen', 'Tsechelidis`, 'Soreli´ ) and male cvs 
('Autari`, ´M56 ', 'Chieftain', 'P1', 'Belén') in the 
north of Portugal 
 

C. Oliveira 1, J. P. Matos Alves 2, J. Raul Rodrigues 3 
 
1 Instituto Superior de Agronomia, Seccao de Horticultura, Tapada da Ajuda, 1349 -017 Lisboa, Portugal 
2 Instituto Superior de Agronomia, Tapada da Ajuda, 1349-017 Lisboa, Portugal 
3 Escola Superior Agrária de Ponte de Lima, 4990-706 Refóios, Ponte de Lima, Portugal 
 
 

The aim of this study was to study the adaptation of the new Actinidia spp. culti-
vars (both male and female) in five orchards of the Minho region. The female culti-
vars studied were ‘Tsechelidis’, ‘Soreli’ and ‘Earligreen’. As for the males: ‘Chief-
tain’, ‘P1’, ‘Autari’, ‘M56’ and ‘Belén’. Fertility index (FI), fertile bud index (FBI) and 
budbreak index (BI) were calculated. The pollen viability of the male cultivars was 
also tested. ‘Tsechelidis’ appeared to have an increased fertility (BI = 56%±5 and: 
FBI = 38%±8), but it started flowering almost one week earlier than ‘Hayward’, 
which might pose a problem when selecting the appropriate male cultivar. Male 
cultivar ‘P1’ seems to match up well with ‘Tshechelidis’, but its pollen germination 
viability is not the best (median pollen viability percentage: 76%, IQR=71-83%) In 
the year of the study, ‘Earligreen’ flowering date was similar to ‘Hayward’, which 
enables to be cultivated with the same male cultivars of the ‘Hayward’. ‘Earligreen’ 
showed a higher fertility (FI = 3.6 ± 0.4) than Hayward (FI=3.0 ± 0.5) (P<0.05). ‘Au-
tari’ and ‘M56’, which also possessed the best pollen germination capacity (median 
percentage of germinated pollen = 92.5, IQR=90-97, N=18 and 90.7, IQR=87-93, 
respectively). As for the cultivar ‘Soreli’, this study observed that it flowered a 
month earlier than ‘Hayward’, and that it had almost no synchrony with its male 
cultivar phenology (‘Belén’). This shows that in this case, in the soil and climate 
conditions of the region a new male cultivar needs to be selected. 
 
 
Keywords: Actinidia spp., cultivar adaptation, pollination, pollen viability 
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(P5-9) Field performance of tetraploid A. chinensis 
'Sanuki Gold' on A. rufa rootstocks 
 

K. Suezawa 1, T. Fukuda 1, R. Mizutani 1, T. Yamahita 1, M. Otani 1, M. Abe, I. Kataoka 
2, K. Beppu 2 
 
1 Fuchu Fruit Tree Research Intsitute, Fuchu, Sakaide 762-0024, kagawa, Japan 
2 Faculty of Agriculture, Kagawa University, Miki-cho, kagawa 761-0795, Japan 
 
 

Kiwifruit was introduced into Japan in 1980s and ‘Hayward’ has been the main 
cultivar for 40 years. The vines planted at that time have aged and have been re-
planted in these years. The young plants newly planted, however, declined occa-
sionally, due to the poor soil conditions. Although seedling of A. deliciosa kiwifruit 
has been commonly used for the rootstock, the needs of selecting rootstocks toler-
ant to insufficient soil conditions are increasing. In this report, the performance of 
the tetraploid A. chinensis ‘Sanuki Gold’ vines grafted on the several rootstocks 
were compared in the field of poor drainage. Tetraploid A. chinensis ‘Sanuki Gold’ 
grafted on several rootstock: A. deliciosa, A. chinensis, A. arguta, A.rufa, and A. rufa × 
A. chinensis hybrid were planted in a rice paddy field of poor drainage and the 
fruiting started 3 years later. Then for 5 years, vine growth, photosynthetic rate, 
root respiration, crop yield, fruit quality and storability were investigated. The 
vines grafted on A.rufa and Hybrid (A.rufa × A.chinensis) rootstocks were more vig-
orous than A. chinensis and A. arguta and the canopy expanded quickly. The vines 
on A.rufa rootstock showed the highest photosynthetic rate and root respiratory 
activity than others. The vigor of the vines on A.chinensis, and A. arguta rootstock 
was obviously weak and many of them died. Yield and fruit quality were better on 
A. rufa rootstock than on A. chinensis, A. arguta. A. rufa rootstock was suggested to 
be applicable to tetrapoid A. chinensis ‘Sanuki Gold’ planted in poor soil condition. 
 
 
Keywords: Rootstock, Actinidia rufa, Actinidia chinensis, Actinidia arguta, rice paddy field 
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(P5-10) Influence of Syncron® and Nitroactive® on 
flowering and fruit quality in kiwifruit 
 

E. Martín, D. Bernad 
 
Camino de Enmedio 120, 50013 Zaragoza, Spain 

 
 
Chilling is required for proper flower bud development and flowering. Chilling re-
quirements are cultivar-specific and highly variable among genotypes, which de-
termine the adaptation of each cultivar to particular areas. In the last decades, 
there is an increasing interest in the use of dormancy-breaking chemicals in sce-
narios of insufficient winter chilling, to advance and synchronize flowering or to 
advance and uniform fruit ripening. The treatments of Syncron® and Nitroactive® 
are widely used for years in other crops like cherries and table grapes all over the 
world. In this work, the influence of Syncron® and Nitroactive® on flowering and 
fruit quality was evaluated in the main kiwifruit cultivar, Hayward. For this pur-
pose, products were applied in different strategies, with different doses and appli-
cation timing combinations of Syncron® and Nitroactive®. Two consecutive years 
were assessed. Statistical significances were found for some of the doses an appli-
cation timing treatments. 
 
Keywords: Chilling, dormancy, budbreak, uniform blooming 
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(P5-11) Physicochemical characteristics of Delta 
Pinios river soils cultivated with kiwifruit 
 
C. Tsadilas, P. Raptis, A. Tsitouras, M. Tzouvalekas 
 
Hellenic Agricultural Organization, DEMETER, Institute of Industrial and Forage Crops, 1 Theophrastos street, 
41335 Larissa, Greece 

 
 

Kiwifruit (Actinidia chinensis L.) is a new crop introduced in Greece about 30 years 
ago, which has spread soon in the country mostly in Pieria, Imathia, Larissa, and 
Epirus areas. Nowadays, at country level, about 6.000 ha are cultivated with kiwi-
fruit with increasing trend, 3.000 ha of which being in the estuary of the Pinios 
river located in the eastern part of the prefecture of Larissa. The purpose of the 
present study was to investigate the physicochemical characteristics of the soils on 
which kiwifruit are grown in order to propose possible ameliorative measures. 
Over 120 composite surface soil samples were selected from the whole area and 
analyzed for the basic soil physical and chemical properties related to kiwifruit 
growth (pH, electrical conductivity, organic matter, calcium carbonate content, 
available phosphorus, potassium and boron). In addition, information from the soil 
map of the area such as soil texture and soil drainage were combined and relevant 
thematic maps were created and presented. According to the results, most of the 
area cultivated with kiwifruit is medium drained whereas there are also areas with 
poorly drained soils. Almost all the soils studied have high CaCO3 content, medium 
electrical conductivity, lower than the desirable K and P but higher than the critical 
B content. Conclusively, these soils are not ideal for kiwifruit growth needing ame-
liorative measures. 
 
Keywords: kiwifruit, soil properties, thematic map 
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(P5-12) Pollination strategies for optimal fruit set 
of kiwiberry 
 

F. Debersaques 1, J. Decorte 2, P. Latocha 3 
 
1 Faculty of Bioscience Engineering, Ghent University, 9000 Gent, Belgium 
2 BMS Micro- Nutrients, 2880 Bornem, Belgium 
3 SGGW, Dep. of Environmental Protection, Fac. of Horticulture, Biotechn. Landsc., Warsaw, Poland 
 
 
Kiwiberry (Actinidia arguta) is becoming a steady niche product worldwide. For a 
homogenous quality and yield some technical aspects will need to be optimized, 
including pollination. Because most kiwiberry cultivars are strictly dioecious, male 
plants are required for fruit set. Usually, in commercial orchards, an average ratio 
of one male vine is planted for every eight female plants. Typical pollen vectors are 
bumblebees and honeybees, although pollination by wind is also significant. Im-
portantly, results of a fertilization experiment clearly showed that fruits were big-
ger on those plants closely located to the male plants, indicating that pollination 
strategies can be improved. Interestingly, female flowers of the kiwiberry can be 
pollinated not only by male selections of A. arguta, but also by pollen of A. deliciosa. 
Therefore, we investigated in a greenhouse setting whether artificial pollination 
with commercially available pollen from the fuzzy kiwi or pollination by bumble-
bees with this pollen were valid alternatives for male plants for the cv ‘Issai’. This 
cultivar can set fruit by parthenocarpy yielding smaller fruits, but only additional 
pollination will guarantee fruit of commercial size. The effect of different frequen-
cies of pollen application was determined by measuring the yield and quality of the 
fruits. Although both methods of pollen delivery were effective in maximizing pol-
lination and significantly improved fruit yield, size and shape, spraying was much 
more labor-intensive. Moreover, this experiment revealed a strong correlation be-
tween fruit size and seed number, which could be confirmed for other species and 
varieties. 
 
Keywords: Actinidia arguta, pollen, pollination, seeds, fruit size 
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(P5-13) Relationship between soil moisture of 
orchard and yellow color expression of fruit flesh 
during maturity in gold kiwifruit (Actinidia 
chinensis cv. Haegeum) 
 
Y.S. Cho 1, H.S. Cho 2, S. M. Lee 2, M. Y. Park 2, B. J. Jung 2 

 

1 Fruit Research Institute of JARES, 48-20 Cheonghaejin-ro(1251), Wando-up, Wando-gun Jeonnam, Korea 
(Republic of) 
2 Fruit Research Institute of JARES, Haenam, Korea (Republic of) 

 
 

There awere about 400ha of gold kiwifruit (Actinidia chinensis) growing area in the 
year 2016 in Korea. As the history of gold kiwifruit growing has just begun in the 
middle of 2000’s in Korea, so the growers of gold kiwifruit are experiencing several 
difficulties in producing high quality gold kiwifruits in various ways. One of the 
difficulties is about reducing the difference of internal yellow color expression of 
fruit among fruits at fruit maturity. In principle, it is well known that the gold color 
expression of gold kiwifruit is the result of chlorophyll degradation in gold kiwi-
fruit during maturity. The difference of chlorophyll degradation among fruits at 
maturity seems to be related to the certain factors. Those are individual difference 
of fruit maturity and nitrogen level in soil as well as day and night temperature 
difference, sunlight, pre-harvest management of soil moisture. Among them, high 
soil moisture level during pre-harvest season may have a role of continuous supply 
of nitrogen to the vine. Furthermore, high soil moisture may contribute to the rela-
tively low surface soil temperature and reduce the difference between day and 
night temperature in the field. 
 
Keywords: Gold kiwifruit, Haegeum, soil moisture, hue angle 
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(P5-14) Shading effect on the yellow color 
expression of gold kiwifruit (Actinidia chinensis 
var. Haegum) 
 

S. M. Lee, H. S. Cho, Y.S. Cho, M. Y. Park 
 
Fruit Research Institute of JARES, Haenam, Korea (Republic of) 

 
 
Good yellow color expression of gold kiwifruit at harvest is crucially important. 
One of the consumer’s complaints who buy gold kiwifruit was due to incomplete 
yellow color of gold kiwifruit even after ripening. This incomplete internal yellow 
color expression is attributed to various reasons such as shading over kiwifruit 
vine, temperature, etc. In particular, the orchards which have been established on 
the hilly place surrounded by tall trees in south bound have a tendency of produc-
ing more greenish fruits than the orchards in the plain field. This is considered that 
the shade by the trees may delay the chlorophyll degradation of gold kiwifruit on 
the vines along the tree shelter. In order to evaluate the shading effect on the in-
ternal yellow color expression of gold kiwifruit (Actinidia chinensis cv. Haegum), 
we have installed artificial net over vines (1.5m high on the pergola system) with 
35% and 55% shading level during growing season. The experimental orchard was 
located in Haenam county (334°36'39.8"N, 126°27'17.8"E). 55% shading has sig-
nificantly delayed the yellow color expression during maturity, so it took 198 days 
after flowering (DAF) to reach the optimum hue angle (103o) for harvest. This was 
clearly compared with 135 DAF of control and 181 DAF of 35% shading. 55% 
shading also lowered the soluble solid content and dry matter weight of gold kiwi-
fruit compared with the control. This implies that if different level of shading hap-
pens in gold kiwifruit orchard the fruits will have different level yellow color ex-
pression even at certain time of maturity. So, gold kiwifruit growers should check 
the internal fruit color conditions by the shading and determine the different har-
vest time by the shading or would better replace tall trees surrounding the orchard 
with artificial net which can allow more sunlight.  
*This study was supported by the Korea RDA research program (PJ011322). 
 
 
Keywords: Gold kiwifruit, Haegeum, shading, hue angle 
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(P5-15) Testing alternative thinning methods for 
kiwifruit cultivars 
 

J. Ansorge 1, M. Currie 2, S. Olsson 1, K. Patterson 2 
 
1 Plant and Food Research, 412 No 1 Rd, Te Puke, New Zealand 
2 Plant and Food Research, 120 Mt Albert Road, Auckland, New Zealand 
 
 

Thinning is commonly used on kiwifruit to improve pollination, fruit size, percent-
age dry matter and economic yield when there is a naturally high budbreak and 
flowers number. Traditional, flower thinning by hand is time consuming and costly 
in a commercial orchard. We have investigated a range of alternative methods for 
managing the crop load for kiwifruit cultivars when there are very high flowers 
number. These included the relatively late application of the budbreak enhancers 
Hi-Cane® and ARMOBreak®, thinning chemicals ammonium thiosulphate and 
naphthalene acetic acid, and a variety of more traditional hand thinning methods 
such as stripping all flowers from defined parts of the canopy. Data presented will 
include the effects of various thinning methods on fruit weight, percentage dry 
matter, timing of maturity and yield. 
 
 
Keywords: chemical thinning, zone thinning, timing of thinning, flower bud numbers, crop 
load 
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(P5-16) Effect of alternative cultural practices 
against bacterial canker of kiwifruit in Actinidia    
deliciosa orchards in the North of Portugal 
 

A. Vaz1,3, L. Moura3, I. Mourao3, AM Pereira2 
 
1 Universidade de Trás-os-Montes e Alto Douro, 5000-801, Vila Real, Portugal 
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3 Escola Superior Agrária, Instituto Politécnico de Viana do Castelo, Refóios do Lima, 4990-706 Ponte de Lima, 
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Bacterial canker of kiwifruit, caused by Pseudomonas syringae pv. actinidae (Psa), 
a disease included in the EPPO A2 List, is registered in the North of Portugal since 
2010. The relationship between the bacteria and cultural practices in kiwifruit or-
chards in Portugal is poorly understood and some used cultural practices end up to 
have negative effects because they may spread the disease in the orchard. Adapting 
new cultural practices to reduce the spread of the disease is an important step for 
Psa integrated disease control. The most damaging phase of the disease occurs in 
winter and involves damage of the main vine structure and overwintering canes, 
thus reducing subsequent yield. For this reason, the “leader pruning” appears to be 
an alternative cultural practice when compared with conventional winter pruning.  
The main aim of this study is to monitor, over time, the incidence of Psa in plants 
submitted to both types of pruning (“leader pruning” and winter pruning), and to 
evaluate its effects on disease severity, productivity and kiwifruit quality. Two or-
chards of Actinidea deliciosa cv. Hayward, with different ages and with typical 
symptoms of Psa, were selected for pruning and productivity assays. Thirty plants 
were selected from the young orchard (6 years old) and other thirty plants were 
selected from the old one (30 years old), located in Valença, North of Portugal. The 
number of fruits per plant, number of fruits per lateral branch, fruit yield, ºBrix, 
pH, pulp firmness, titratable acidity and dry matter obtained in “leader pruning” 
and conventional winter pruning plants of both orchards are discussed. 
 
 
Keywords: Actinidia deliciosa, bacterial canker, kiwifruit, leader pruning, Psa 
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(P6-1) CPPU and 1-MCP applications on kiwifruit 
(Actinidia deliciosa cv. Hayward) and 
determination of taste and quality effects in the 
storage process   
 
A. Atak , A. Sen, K. Kahraman, M. Yalcin 
 
Horticultural Central Research Institute, Ataturk Horticultural Central Research, 77102 Yalova, Turkey 

 
 

Kiwifruit production is increasing every year due to long storage life and yield po-
tential in Turkey. CPPU is a very effective bio-regulators which stimulating fruit 
growth in kiwifruit. For this reason it is widely used in many countries also in Tur-
key. However, there are different opinions about effects on fruit taste, quality and 
storage. 1-MCP applications are widely used to protect the quality of the fruit for a 
long time. In this study, effects of CPPU increased fruit size and 1-MCP used post-
harvest on fruit taste and quality were investigated in normal atmosphere condi-
tions. 10 ppm, 20 ppm and 40 ppm doses of CPPU were applied to kiwifruits after 
full blooming and also 0.625 ppm 1-MCP was applied before Normal atmosphere 
storage. Kiwifruits were kept at 0 oC and 90-95% relative humidity during the cold 
storage. During the cold storage; ethylene production (ppm), flesh firmness (lb), 
amount of TSS (%), pH and total titratable acidity (citric acid), fruit color (L a* b *), 
weight loss (%),  1-9), Quality Test (1-9), and Taste Test (1-5) were analysed.  It 
has been determined that high dose have negative effects according to results ob-
tained from the analysis and tests. 
 
 
Keywords: Quality test, Taste, CPPU, Normal Atmosphere, Hayward 
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(P6-2) Edible coatings enriched with essential oils 
for extending the shelf-life of `Hayward´ fresh-cut 
kiwifruit 
 
C. Gago1,2,3, A. Vieira1,2, A. Guerreiro1,2,3, M.G. Miguel1, M. Faleiro3, MD Antunes12 
 
 
MeditBio1, CEOT2, CBMR3, Faculdade de Ciências e Tecnologia, Edf. 8, Universidade do Algarve, 8005-139 Faro, 
Portugal  
 

 

Edible coatings based on sodium alginate at 2%(w/w) enriched with lemongrass 
0.5% (w/w), eugenol 0.08%(w/w)+citral 0.2%(w/w) and eugenol 0.16%(w/w)  
were used to preserve the quality of fresh-cut ‘Hayward’ kiwifruit. All emulsions 
were obtained by using an ultra turrax mixer; in one of the two emulsions with 
eugenol 0.16% a high pressure homogenizer was additionally used.  Cut kiwifruit 
were dipped in those emulsions for 2 min, and then stored at 4ºC. Control 
consisted of uncoated fruit.  On days 0, 5, 9 and 12, samples were taken to perform 
analysis of firmness, soluble solids content (SSC), weight loss, microbial growth 
and appearance. Through storage time, firmness decreased in all edible coatings 
and control, reaching similar values at day 12. Weight loss was higher in 
treatments with lemongrass 0.5% and eugenol 0.16% (nano). SSC was higher in 
uncoated fruit. The fruits treated with lemongrass 0.5% were the first to present 
appearance impairment at day 5, followed by untreated fruits and eugenol 0.16% 
at day 9. At the end of the shelf-life only the fruits covered by eugenol 0.16% 
(nano) maintained an acceptable appearance (value=4). The Hierarchical cluster 
and PCA analyses showed that Eugenol 0.16%, Eugenol 0.16% (nano) and Eugenol 
0.08%+Citral 0.2% were the coatings better preserve the fruit quality 
characteristics through the shelf-life period. 

 
Keywords: Kiwifruit, fresh-cut, eugenol, lemongrass, citral 
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(P6-3) Non-destructive assessment of harvest        
maturity stage in kiwifruit (Actinidia chinensis Pl. 
cv. Jintao) through VIS/NIR reflectance 
spectroscopy 
 

A.I. Vieira 1,2, A. Guerreiro 1,2,3, A. Brazio2, C. Gago1,2,3, A. Cavaco2, T. Panagopoulos4, 
R. Guerra2, F. Veloso5, M.D. Dulce1,2 
 
MeditBio1, CEOT2, CBMR3, CIEO4 Faculdade de Ciências e Tecnologia, Edf. 8, Universidade do Algarve, 8005-
139 Faro, Portugal 
5Frutas Douro ao Minho, Lugar da Granda , Briteiros St Estêvão e Donim , Guimarães, Portugal 

 

 
The new cultivar of Actinidia chinensis Planch cv Jintao is becoming introduced in 
the Iberian market with success.  Harvest time determination is based mainly on 
soluble solids content (SSC) and firmness determinations by destructive methods. 
The objective of this work was to find a current non-destructive methodology for 
ripening stage determination based on main quality parameters. Measurements of 
SSC (˚Brix), firmness, titratable acidity, dry matter, weight loss and ethylene 
production were performed in every fruit taken at two harvest dates and through 
storage at ambient temperature for 20 days. Complementary non-destructive 
VIS/NIR (Visible, Near Infrared) transmittance spectroscopy was also performed. 
Results showed similar values for firmness at harvest and a higher decrease after 
10 days. SSC increased through storage up to 18%. Dry matter and titratable 
acidity almost did not change through storage. Autocatalytic ethylene production 
started after 13-14 days and peak was higher in fruit from the first harvest date. 
The reflectance spectra showed good correlation with SSC, fair correlation with 
firmness and no significant correlation with titratable acidity, pH and dry matter. It 
was then possible to develop models for the prediction of SSC and firmness. The 
results suggest that SSC may be assessed non-destructively through VIS/NIR 
spectroscopy, while more measurements are needed to establish the feasibility of 
non-destructive measurement of firmness, dry matter and titratable acidity. 
 
 
Keywords: Actinidia chinensis, kiwifruit, postharvest, spectroscopy, soluble solids, 
firmness. 
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(P6-4) Phosphites delay climacteric changes on 
'Hayward' kiwifruit and improve shelf life 
 

A.Yommi 1, MC Baeza 2, V. Quillehauquy 1, G. Fasciglione 2, A. Andreu 3, PA Gómez 4 
 
1 UIB INTA Balcarce-FCA UNMdP, CC 276. 7620. Balcarce, Argentina 
2 Fellow CONICET, UIB INTA Balcarce-FCA UNMdP, CC 276. 7620. Balcarce, Argentina 
3 IIB- FCEyN, UNMdP-CONICET, Funes 3250. 7600. Mar del Plata, Argentina 
4 Institute of Plant Biotechnology, UPCT, Murcia, Spain 
 
 
Phosphites (Phi) are salts of P2O5 or K2O, listed as fertilizers or fungicides, with 
several physiological effects reported in plants. It has been demonstrated, the foli-
age spray of Phi delays softening in ‘Hayward’ kiwifruit which was associated to a 
lower ethylene production in relation to untreated fruits. The objective of this re-
search was to evaluate the effect of Phi (30% P2O5, 20% K2O) as foliage spray, 
postharvest dipping or their combination on ‘Hayward’ fruit ripening and quality. 
Treatments were: T1: non-treated fruits; T2: fruits sprayed on the plant during 
fruit growth with six weekly foliage pulverizations (0.3% v/v Phi); T3: postharvest 
fruit dipping (1% v/v Phi); T4: T2 and T3 combined. Firmness (N), color (CIELab), 
total soluble solids content (%) and titratable acidity (%) were analyzed at har-
vest, after 4 months of cold storage (0-1°C, 90% RH) and subsequent shelf-life (7 
days at 20°C, 82% RH). Ethylene production and respiration rate were measured 
after cold storage (during 21 days at 20°C, 76%RH). Foliage spray of Phi did not 
affect any ripening indices at harvest. All Phi-treated fruits were firmer than con-
trol at the end of cold storage, mostly when Phi were applied both at preharvest 
and postharvest (T4). After shelf-life, firmness for T2 and T4 was higher than for 
T1, demonstrating that preharvest Phi sprays were as effective as the combined 
treatment. Delayed softening for Phi treated fruits might be associated to a drastic 
diminution in ethylene production during shelf life. Control fruits showed a typical 
climacteric pattern, with an increase in ethylene production, whereas low (T3 and 
T4) or very low (T2) increases were detected in Phi-treated fruits. These results 
indicate that Phi pre or postharvest applied delays the climacteric process in 
‘Hayward’ kiwifruit, and could be considered as a useful tool to make fruits more 
suitable for long-term storage. 
 
Keywords: Actinidia deliciosa, ethylene, softening, ripening 
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(P6-5) Quality characterization of kiwifruit 
(Actinidia deliciosa) cv. Hayward using destructive 
and optical non-invasive methods  
 

A. Guerreiro 1,2,3, A.I. Vieira 1,2, A. Brázio1, C. Gago 1,2,3, A. Cavaco 1, T. Panagopoulos4, 
F. Veloso 5, MD. Antunes 1,2, R. Guerra 1 
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139 Faro, Portugal 
5 Frutas Douro ao Minho, Lugar da Granda - 4805-483 Briteiros Stº Estêvão e Donim Guimarães, Portugal 
 
 

Optimum harvest maturity and storage conditions are important factors determin-
ing quality in kiwifruit. The aim of this study was to analyze the quality character-
istics of Kiwifruit (Actinidia deliciosa cv. Hayward) in different ripening stages and 
correlate them to noninvasive spectroscopic method, aiming to improve the qual-
ity control at harvest and during storage. Kiwifruit cv. Hayward were harvest at 
two different times and stored for 27 days at room temperature. At 0, 4, 7, 11, 20 
and 27 days measurements of firmness, weight loss, solid soluble content (ºBrix), 
titratable acidity and dry matter were performed in 15 fruits, as well as, noninva-
sive spectroscopic measurements using VIS/NIR (Visible/Near Infrared) reflec-
tance spectroscopy.  The reflectance spectra showed good correlation with soluble 
solids content (SSC), fair correlation with firmness and no significant correlation 
with titratable acidity, pH and dry matter. We have constructed models for the 
prediction of SSC and firmness. These were calibrated and cross validated with 
fruit from the first harvest and then subjected to external validation through the 
fruits from the second harvest. The results suggest that SSC may be assessed non-
destructively through VIS/NIR spectroscopy, while more measurements are 
needed to establish the feasibility of non-destructive measurement of firmness. 
 
 
Keywords: Actinidia deliciosa, storage, spectroscopy, fruit quality, harvest 
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(P6-6) Quality evaluation of ‘Hayward’ kiwifruit 
snacks 
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The consumption of healthier and convenient foods has increased during 

the last years. Fruit snacks are becoming very popular since all the fresh fruit 
nutrients are concentrated maintaining the fruit benefits. The aim of this work was 
to develop a snack with high fruit content based on kiwifruit and evaluate its 
nutritional parameters and sensory quality. Snacks formulations were as follow: 
fruit mixed with pectin solution (4%)+ascorbic acid (1%) at equal proportions 
(fruit); to part of this mixture was added natural yogurt at a proportion of 3:1 
(fruit-yog) and to this last combination was added  5%, w/v  stevia powder (fruit-
yog-stevia) or 5%, w/v multifloral honey (fruit-yog-honey). The final mixtures 
were poured in a baking foil, in 2 mL portions, and dried at 40 ºC for 48 h, then 
stored at room temperature (   23 ºC). Measurements of microbial content, color, 
hardness, water activity, sugars, flavonoids, total phenolics, antioxidant activity 
and taste panels were performed through 7 month storage. Fat content and 
mineral composition were also determined. Results showed good sensory and 
nutritional quality of the snacks. Lightness and chroma were higher in snacks with 
yogurt than in just fruit snacks, while hue did not significantly differ. Water activity 
was below 0.6 for all snacks. Hardness was higher in fruit snacks and lower in 
fruit-yog-stevia. Fruit and fruit-yog-honey snacks were richer in fructose and 
glucose. Fruit snacks showed higher phenolic content and DPPH, while fruit-yog 
had higher flavonoids. Although microbial counts were higher in fruit snacks up to 
1 month, all snacks types were safe for consumption, being the microbial counts 
always below the acceptable limits. Generally, quality parameters did not 
significantly change through the 7 months storage. Panelists preferred the fruit-
yog-stevia, being the one with honey the least favorite.  

 

 

Keywords: Actinidia deliciosa, fruit, healthy foods, quality, snacks 
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(P6-7) The art of segregating ‘Hayward’ kiwifruit 
for storage potential  
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Storage life of Actinidia deliciosa ‘Hayward’ kiwifruit is limited by fruit softening 
and development of disorders such as low temperature breakdown (LTB) and rots. 
Predicting storage potential can be done on either a fruit batch basis or on an indi-
vidual fruit basis. Prediction on a fruit batch basis may use a range of preharvest 
and postharvest factors including fruit attributes measured destructively on a sub-
sample of fruit from each batch. A prediction model, once developed, would be use-
ful to the industry to deliver fruit to market before quality deterioration. However, 
the challenge is to carry out experiments using a sufficient number of fruit batches 
evaluated over multiple years under the same storage conditions using consistent 
measurement technologies. This is often difficult to achieve due to the lack of long 
term funding and standardised methodologies. Given the sensitivity of kiwifruit to 
trace amounts of ethylene produced from a small number of poor quality fruit or 
from environmental contamination, experimental results may also be affected by 
ethylene management. In some cases, fruit to fruit differences override the differ-
ence among fruit batches. Thus, our recent work has been focused on predicting 
storage potential on an individual fruit basis. The major challenge here is to de-
velop fast and nondestructive measurement technologies to make measurement 
on every piece of fruit in order to separate high risk fruit from low risk fruit for 
long term storage. Given the limitations in applicable nondestructive measurement 
technologies such as NIR (near infrared spectroscopy), segregation of kiwifruit on 
an individual fruit basis need to strategically designed so that the segregation is 
carried out at the stage when there is significant fruit to fruit variability. Experi-
mental data will be presented to demonstrate the issues discussed above and to 
showcase the potential to reduce fruit loss through fruit segregation. 
 

Keywords: Firmness, disorders, storage life, fruit loss, near infrared spectroscopy 
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(P6-8) The effects of CO2 and 1-MCP on the uniform 
softening of Hayward kiwifruit 
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Kiwifruit (Actinidia deliciosa) is harvested when mature but unripe, and needs to 
ripen before consumption. During ripening, dramatic changes occur in its texture 
and sweetness, due to the depolymerisation of cell wall components and starch. 
However, the rates of these changes may be distinctly different in the outer peri-
carp and core, leading to non-uniform softening of these tissues and making the 
fruit inedible. As the rate of fruit ripening is affected by environmental postharvest 
conditions, such as temperature, storage atmosphere and exposure to ethylene or 
the ethylene action inhibitor 1-MCP (1-methylcyclopropene), we examined the 
response of the outer pericarp and core tissues to these factors. ‘Hayward’ kiwi-
fruit was stored for 6 months at -0.5ºC in controlled atmospheres with different 
concentrations of CO2 (5%CO2+2%O2, 3%CO2+2%O2), following treatment with 1-
MCP. Ripening during storage and subsequent shelf-life at 20ºC was monitored by 
periodically assessing firmness and TSS in the outer pericarp and core tissues. De-
spite different rates of softening between treatments, the firmness ratio (core: 
outer pericarp) during the first three months of storage remained constant at ~2. 
During the subsequent three months, the outer pericarp softened more rapidly 
than the core and differences between treatments began to appear. Whereas CO2 
contributed to maintaining the uniformity of firmness during storage of fruit not 
treated with 1-MCP, treatment with 1-MCP delayed softening of both tissues more 
markedly during storage, irrespective of CO2 and its effect on the uniformity of sof-
tening only became apparent during shelf-life. With regard to the increase in TSS 
during storage, maximum values (13-15%) in the core were obtained after 2 
months, whereas in the outer pericarp the same values were achieved only after 4 
months and storage conditions had no effect. 
 

Keywords: firmness, core, outer pericarp, controlled atmosphere, 1-MCP 
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(P6-9) Ethylene induced ripening and low-
temperature modulated ripening in kiwifruit 
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Kiwifruit is classified into climacteric fruit, which ripen with ethylene. ‘Sanuki 
Gold’ kiwifruit treated with propylene, ethylene analog, initiated ethylene produc-
tion and ripened within 5 days at room temperature. The accelerated ripening by 
propylene was severely interrupted by a pre-treatment with 1-MCP. Fruit stored at 
5°C for 8 weeks ripened in terms of fruit softening and increase of sweetness with-
out any detectable ethylene production. Fruit stored at 20°C without development 
of ripening rot disease, showed delayed ripening with slow softening and acidity 
decrease. The fruit ripening at low temperature was not affected by 1-MCP treat-
ment. RNA seq analysis displayed ripening associated expression profile in 3838 
genes; 2111 genes were up-regulated solely by propylene treatment, 467 genes 
up-regulated by low-temperature only, while 636 genes were up-regulated by both 
ethylene and low-temperature storage. Real-time PCR analysis validated that rip-
ening associated genes are consisted of three categories; genes responsible to eth-
ylene signal only (as shown in ACS, ACO1, PL1, AAT, ERF4 etc.), to low temperature 
signal only (ACO3, bAMY2, MADS2 etc.), and to both signals (PG, PL2, bAMY1, 
MADS1, etc.). The low-temperature modulated fruit ripening and gene expression 
pattern were observed in also ‘Rainbow Red’ and ‘Hayward’ kiwifruit. Interestingly 
similar ripening behavior and gene expression profile were observed in fruit re-
mained on-vine after commercial harvest. Our results indicate that kiwifruit ripen-
ing is mediated by both ethylene signalling pathway and low-temperature signal-
ling in ethylene-independent manner. This highlights distinct and overlapping mo-
lecular mechanisms during ripening in kiwifruit in response to ethylene and low 
temperature exposure. 
 

Keywords: fruit ripening, ethylene, low temperature, RNAseq, gene expression 
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Commercial produce storage losses, during kiwi storage, are so high as to require 
the adoption of specific techniques and preventive measures. Post-harvest curing 
techniques alone are not sufficient to guarantee valid economic results above all 
when fruits are harvested in high-humidity environmental conditions due to rain 
or heavy dew .The incidence of rot due to Botrytis spp. penetrating the pulp at the 
detachment point of the stalk can reach even high percentages (10-20% of dam-
aged fruit), and is such that the specific post-harvest chemical treatment known as 
DRENCHING is required. As verified in the past, (see: Prevention of quality deterio-
ration in Actinidia chinensis (cv. Hayward) while stored in Controlled Atmosphere 
using continuous ion purification), an alternative to the use of chemical molecules, 
with air sanitation of the storage environment using an ionizer (JONNY®) is possi-
ble. Recent tests carried out during the 2016-2017 season, have confirmed the va-
lidity of this technique in CA storage conditions (Temp.-0,5/-0,7 °C, RH  >90%, CO2 
3-4 %, O2 2,5-3 %, C2H4 alongside curing, with results comparable to those ob-
tained using the chemical treatment FENHEXAMIDE in Drencher. The batch of kiwi 
(cv.Hayward) produced in the Trentino (Italy) area was divided into three groups: 
1. Treatment with Fenhexamide+ curing + AC; 2. Curing+ AC in an ionized envi-
ronment; and 3. No treatment + curing + AC (TEST). The trial highlighted group 3. 
(test) with a % of fruits infected with Botrytis spp. > 15 %, and vice versa in groups 
1. and 2., 100 % of healthy fruits. These results, as well as confirming the outcome 
of previous trials, have also highlighted in group 2. , (CA storage with air sanitized 
by Jonny®), the best quality requirements (firmness, total acidity) both at the end 
of storage and also after 8 days shelf-life at room temperature. 
 

Keywords: technology, storage, microbial infection, safety, post-harvest defence, 
sanitization, ionization 
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Kiwifruit is considered a climacteric fruit since exogenous ethylene induces ripen-
ing-associated changes. However, we previously reported that low temperature 
modulated ripening in kiwifruit since ripening occurred faster during storage at 
5°C compared to 20°C, in the absence of any detectable ethylene. It is therefore not 
clear which temperature is suitable for long-term storage of kiwifruit. The purpose 
of this study was to determine the optimum temperature for long-term storage 
and analysis of ripening-related genes in ‘Rainbow Red’ kiwifruit. Kiwifruit were 
harvested at commercial maturity, and stored at either 0°C, 2°C, 5°C or 22°C in 
ethylene-free chambers. During storage, incidence of fruit rot and changes in fruit 
firmness, soluble solids concentration (SSC) and titratable acidity (TA) were moni-
tored at 4-week intervals. Real-Time PCR was also conducted to analyze the 
changes in expression of selected ripening-related genes. Incidence of fruit rot was 
high at 22°C and thus, kiwifruit could only be stored for a maximum of 8 weeks. 
Nevertheless, healthy fruit at 22°C remained firm and maintained high TA for 8 
weeks. Incidence of fruit rot was greatly reduced at 5°C, while it was completely 
suppressed at 0°C and 2°C. Fruit at 5°C decreased firmness and TA fastest, attain-
ing eating quality within 8 weeks. At 2°C, fruit decreased firmness and TA gradu-
ally, achieving eating quality after 12 weeks. Conversely, fruit at 0°C maintained 
high firmness and TA, and did not attain eating quality even after 12 weeks. Fruit 
SSC increased at all storage temperatures, although lowest levels were observed in 
fruit at 0°C. Real-Time PCR analysis revealed that cell wall modifying genes (AcPG, 
AcPL2, AcEXP1 and AcXET2) and carbohydrate metabolism-associated genes (Acβ-
AMY1 and Acβ-AMY2) were markedly induced in fruit at 5°C. Overall, these results 
indicate that 0°C is the suitable temperature for long-term storage of kiwifruit, 
while 2°C is suitable for medium-term storage. For short-term storage, 5°C can be 
recommended. 
 
Keywords: Low temperature-modulated ripening, eating quality, cell wall modifying 
genes, carbohydrate metabolism-associated genes
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(P7-1) Bioactive Compounds of seven varieties of 
Actinidia arguta produced in Northern Portugal 
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The demand for plant food with high levels of bioactive compounds has led to in-
troduce edible fruits of wild or ornamental plants in the current diets. One of these 
cases is the kiwi berry, from Eastern Asia, that belongs to Actinidia arguta or A. 
purpurea species, being available different varieties and hybrids with high frost 
resistance. They are small fruits, with a smooth green and edible peel, and a pulp 
similar to the common kiwifruit. Recently, A. arguta production has increased in 
New Zealand, USA, Japan, Chile and some European countries. In Portugal, the pro-
duction is increasing and results are very promising due to the favorable environ-
mental conditions. The objective of this work was to assess the presence of bioac-
tive compounds in seven varieties of kiwi berries (Ananasnaya, Geneva, Issai, 
Jumbo, Ken’s Red, Maki and Weiki) grown in Portugal. For that, 100 g of kiwi ber-
ries of each variety was first freeze-dried and homogenized. About 0.3 g was ex-
tracted with a MeOH solution (80%) in an ultrasound bath (15 min). The extract 
was used to assess the total phenolics, flavonoids and characterize the antioxidant 
capacity (FRAP, DPPH and ABTS methods) of the kiwi berries. Vitamin C content 
was assessed by a spectrometric method based on the reaction of ascorbic acid 
with 2,6- dichloroindophenol and the vitamin E profile was determined after a mi-
croextraction with n-hexane, by HPLC-DAD-FL method. All varieties proved to be a 
good source of bioactive compounds. ‘Issaí’ fruits stood out due to its content in 
phenolic compounds, vitamin C and antioxidant activity. The vitamin E content was 
highest in ‘Ananasnaya’ samples, and all varieties showed a higher content of γ-
tocopherol and α-tocopherol. Therefore, these fruits are a valuable option to in-
crease the intake of antioxidant compounds in a balanced diet. 
 
Keywords: Actinidia arguta, bioactive compounds, phenolics, flavonoids, vitamin C, 
vitamin E 
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(P7-2) Changes of Actinidia arguta berry quality 
during storage 
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Criteria for the extensive cultivation of hardy kiwi Actinidia arguta (Siebold & 
Zucc.) Planch. ex Miq. are their ornamental characteristics and other valuable 
properties, such as winter-hardiness, resistance to pests and diseases, and accu-
mulation of biologically valuable substances in berries. This species have been 
used for breeding of new cultivars by crossing with different A. melanandra 
Franch. and A. purpurea Rehd genotypes. The aim of this study was to investigate 
weight loss and firmness as well as changes of soluble solids, total polyphenols, 
and ascorbic acid contents in berries of different genotypes of hardy kiwifruit dur-
ing storage. The berry samples were kept for 25 days at ambient temperature 
(20±2 ºC). It was observed that firmness values of berries started to decline after 
the first day of storage. Statistically reliable changes of this parameter were not 
detected during the period from 8 to 15 days. Consequently, berry firmness was 
low and presented 30% of initial value after 25 days of storage at ambient tem-
perature. Amount of ascorbic acid was reduced from 150.3 mg/100 to 73.5 
mg/100g at the end of storage, however, this compound did not change signifi-
cantly during the first seven days.  Decrease in total polyphenols content in berry 
samples was observed during the first twelve days, while a remarkable reduction 
was determined from 12th till 25th day. Soluble solids content in the berries of 
hardy kiwifruit did not change significantly during the first four days and reached 
on average of 12.0±0.02% at the end of storage. 
 
 
Keywords: berry, firmness, polyphenols, ascorbic acid, soluble solids 
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Commercial production of the kiwiberry (Actinidia arguta) is relatively new but it 
is increasing rapidly. Due to the initial phase of kiwiberry introduction into the 
world fruit production, looking for the best cultivars is still an important issue. The 
yield structure and the plant vigour are very important indicators for growers. The 
research was conducted on the four cultivars: ‘Geneva’, ‘Weiki’, ‘Ananasnaya’ and 
‘Bingo’, cultivated on a commercial kiwiberry plantation in Central Poland 
(51°47'49.9"N+20°48'44.0"E) in years 2015-2016. The plant were trained on T-
bar support and maintained according to the standard recommendation. Three 
repetitions (blocks) containing four female plants each, equally located in respect 
of distance to the male plants were applied for each cultivar. Chlorophyll a fluores-
cence and chlorophyll content in leaves were measured for each plant five times 
each season. The average leaves lamina surface, the number and diameter of one-
year-old strong (>1m long) summer shoots were measured or counted once a year. 
Fruit was harvested at harvesting maturity stage (6.5-7.5% SSC) and total yield 
(TY), marketable yield (MY) and average fruit weight were measured. The plants of 
‘Weiki’ and ‘Ananasnaya’ showed the best physiological condition during both sea-
sons. As a result, these plants were more vigorous and developed stronger summer 
shoots. They produce significantly highest TY and MY. The lowest TY was pro-
duced by ‘Bingo’ while MY - by ‘Geneva’. The latter was connected with high sus-
ceptibility of this cultivar to rusting and fruit diminutiveness. The fruit of ‘Bingo’ 
was the biggest and more unified than the other cultivars tested. It seems that 
‘Weiki’ and ‘Ananasnaya’ cvs are better suitable for commercial production in Pol-
ish climatic conditions than ‘Bingo’ and ‘Geneva’. 
 
Keywords: Actinidia arguta, mini kiwi, Weiki, Bingo, Ananasnaya, Geneva 
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Plant species micropropagation allows obtaining a large number of genetically 
identical individuals (clones) in a relatively short time. Almost each specie or culti-
var would need specific culture conditions to achieve the highest proliferation rate. 
The aim of this work was to establish what factors are the most important on in 
vitro proliferation phase of Actinidia arguta cv. Issai. Four factors were analyzed: 
culture media, subculture number and concentration of two plant growth regula-
tors (BAP and GA3). A. arguta apical explants were cultured in three different me-
dia commonly used in Actinidia micropropagation (Murashige & Skoog, Standardi 
and Gamborg) containing different concentration of BAP (0, 0.5, 1.0, 1.5, 2.0 and 
2.5 mg L-1) and GA3 (0, 0.1, 0.5 and 1.0 mg L-1) during three consecutive subcul-
tures. Two response parameters were measured: shoot number and shoot length. 
The data obtained were analyzed with traditional statistics and modelled using an 
artificial intelligence tool: neurofuzzy logic. The results revealed that neurofuzzy 
simplified data analysis and interpretation compared to traditional statistics and 
not only allowed us to extract information from a large database, but also to obtain 
a high predictive model. The model disclosed that most important factor were BAP 
concentration for shoot number and the combination of BAP and GA3 for shoot 
length. In fact, if A. arguta explants were cultivated with intermediate or high BAP 
concentration, the highest number of shoots was obtained. Also, if GA3 concentra-
tion was high and BAP low, shoots were always long. The model also showed that 
number of subcultures is the second most important factor, being necessary at 
least two subcultures to observe improvement on explants response to the new 
medium condition. Finally, the type of culture media was pointed out by the model, 
being Standardi which promotes the best results for both parameters. 
 
Keywords: CHAID, plant tissue culture, baby kiwi, model, plant growth regulators 
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(P7-5) First observations on some cultivars of 
Kiwiberry (Actinidia arguta) grown in Central Italy 
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We report on the results of first observations of fruits collected in a kiwiberry 
varietal collection located in central Italy and established by Exoticplant Nursery in 
Cisterna di Latina, located in central Italy. The purpose of the collection which in-
cludes about 80 genotypes, it is to conduct a varietal screening and to check the 
vegetative and productive behavior as well as the quality of the fruits. Year 2016 
was an exceptionally warm and drought climatic year, and plants suffered for 
much evapotranspiration, resulting in a delay in maturation compared to cooler 
climates as in Northern Italy. On 2016, at the second year of cultivation, fruits were 
scalarly collected from 22 different varieties, and observations on the fruit crops 
have focused on the ºBrix level. The harvesting period was between late August 
and early October. The most early cultivars were found to be 'Kiwai Rouge', 'Issai 
AG3', 'W20 Bordeaux 1995' and 'Geneva', while the latest were found to be 'Fresh 
Jumbo', 'Kokuwa', 'Issai AG6', 'HonigBeere', 'Kiewskaya Gibridnaya'. These initial 
results show the wide variability of pomological traits offered by various cultivars, 
as well as the different maturation periods. 
 
 
Keywords: Actinidia arguta, kiwiberry, cultivar 
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Actinidia arguta (kiwiberry) has become very popular as commercial crop in re-
cent years. Because A. arguta is dioecious, efficient pollination is crucial for pro-
ducing high quality fruit. There hasn’t been any research made on commercial pol-
linators for this species yet. Therefore, the aim of this study was the comparison of 
flowering morphology of six A. arguta male clones. The study was done in the 
years 2015 and 2016 on plants grown in the collection garden of Environmental 
Protection Department at Warsaw University of Life Sciences - SGGW, Poland. Five 
one-year-old canes of min. 50 cm were randomly chosen for each plant in early 
spring. The abundance of flowering (e.g. percentage of budbreak and flowering 
shoots, number of flowers per flowering shoot) and flower characteristics (diame-
ter, number of petals, stamens and pollen grains number) were counted or meas-
ured. Then the flowering potential (number of flowers per winter bud) was calcu-
lated for each genotype. The dates of the flowering period for each genotype were 
recorded as well. Most of the parameters investigated varied depending on the 
plant genotype. In spring, 48-54.4% of winter buds started growing and from 
44.2% (‘Weiki’) to 100% (‘Nostino’) of summer shoots produced flowers. The 
number of flowers per summer shoot was from 7.2 for F21 to 41.2 for ‘Rubi’. The 
richest in pollen grains were flowers of ‘Rubi’ (4 060 938 items per flower, on av-
erage) while the one of F21 genotype was the lowest (225 074 items per flower). 
The highest flowering potential was calculated for ‘Rubi’ (20.0 flowers per winter 
bud) followed by ‘Nostino’ and ‘Joker’ (15.9 and 10.3 flowers per winter bud, re-
spectively). 
 
 
Keywords: Kiwiberry: Hardy kiwifruit, fruit quality, pollen, pollination 
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‘Hortgem Tahi’ is a proprietary cultivar of Actinidia arguta (kiwiberry) bred by 
Plant & Food Research.  As with all kiwiberry fruit, storage life is limited by rapid 
softening and a risk of shrivel in drying conditions.  Methods of slowing fruit sof-
tening (ripening) in storage have been investigated to maximise the marketing 
window.  Technologies commonly used to slow ripening for kiwifruit and other 
crops include controlled atmosphere (CA) storage and treatment with the ethylene 
action inhibitor 1-methylcyclopropene (MCP; SmartFresh™).  Both storage in CA 
(2% or 5% oxygen with 5% or 10% carbon dioxide) and treatment with Smart-
Fresh™ MCP slowed the softening of kiwiberry fruit during storage.  Subsequent 
determination of the low oxygen stress point at ≤ 1% suggests it may be possible 
to improve the CA response further using a lower oxygen concentration.  Modified 
atmosphere packaging approaches might be utilised with films of appropriate 
permeability.  The most common quality problem seen after storage was skin 
markings.  While this damage appeared to be orchard, or harvest, dependent, it 
may be exacerbated by high carbon dioxide concentrations in CA storage. Smart-
Fresh MCP treatment did not affect the incidence of skin markings. The risk of 
shrivel was reduced by inclusion of a liner around the punnets in each fibreboard 
tray that reduced water loss from the fruit. 
 
Keywords: Kiwiberry, storage, controlled atmosphere, MCP, disorder 
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Commercial production of the kiwiberry (Actinidia arguta) started in the early 80’s 
of the last century and is thus relatively new. The grape size kiwiberry can be eaten 
without peeling, is tasty, and contains numerous pro-health chemical compounds, 
positioning it in the lead of the most nutritious fruits in the world. Nowadays, the 
area of kiwiberry commercial cultivation increases worldwide. The marketing 
strategy for this small ”great” fruit is being developed in order to ensure its com-
mercial success. Apart from some general facts, there is only limited information 
available about the current status of worldwide kiwiberry production. Collecting 
this information is difficult because the lack of statistics in this area. The first 
commercial plantations were established in the USA, Chile and Europe, but nowa-
days, kiwiberry production has spread into other regions as well. Dynamic in-
crease in kiwiberry production is observed in New Zealand and recently especially 
in China were new plantations on an area of 1000 ha have been established. On a 
smaller scale kiwiberry is produced in Japan and Korea. Unlike kiwifruit, kiwiberry 
cultivation is based on various, often local selections. Although kiwiberry is con-
sumed rather locally, new postharvest technologies now enable long-distance 
transport. According to the current data, the total kiwiberry crop in 2015 can be 
estimated at 600 tons. At the moment the largest kiwiberry producers are New 
Zealand with a harvest of 157 tons this year and Sofruileg, owner of Nergi® who 
started growing cv ‘Hortgem Tahi’ in Europe in 2009. A rapidly expanding group 
are growers connected with Ghent University in Belgium, with about 45 ha of plan-
tations located mainly in Belgium and the Netherlands, and also in Poland ki-
wiberry cultivation is becoming more significant. The increasing quantity of ki-
wiberry fruit on the market requires intensive promotion among consumers in 
order to maintain a balance in supply and demand. 
 
 
Keywords: Actinidia arguta, mini kiwi, hardy kiwifruit, market, superfood, 
commercialization 

 



Section 7 – Actinidia arguta        Poster 

 

160 
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Kiwiberries (Actinidia arguta) are an emerging specialty crop with long-
recognized economic potential. While research on the physiology of kiwiberry rip-
ening under modified atmospheres and ethylene inhibition has increased in recent 
years, basic questions surrounding best practices for harvesting and handling 
nontreated berries remain.  In regions where kiwiberries appeal particularly to 
consumers of local and organic produce (e.g. the northeast United States), research 
is needed to address such gaps in knowledge. The primary goal of this study was to 
develop sampling, harvesting, and ripening protocols for kiwiberry producers in 
such regions. First, an assessment of canopy-wide variation in berry maturity was 
conducted on vines of five cultivars (cvs. 'Chang Bai Mountain 1,' 'Jumbo,' 'Ogden 
Point,' 'Ananasnaya,' and 'Geneva 3') in an effort to detect and characterize spatial 
ripening patterns. The presence of such patterns permits the establishment of an 
efficient pre-harvest sampling procedure for growers as well as an accurate 
method for assessing ripening uniformity as a key trait in segregating breeding 
populations. Using berries of cv. ‘Michigan State,’ we also investigated the effects of 
both differential levels of ripening at the time of harvest and post-harvest storage 
conditions on fruit quality and longevity, thereby establishing harvesting and stor-
age recommendations for growers. This research provides insight into the on-vine 
ripening behavior and post-harvest performance of some common kiwiberry va-
rieties in North America and lays the foundation for ongoing studies. 
 
Keywords: Actinidia argute, kiwiberry, harvesting, post-harvest ripening, storage, soluble 
solids, Brix, fruit quality 
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(P7-10) New phenolic compounds from the fruits of 
Actinidia arguta and their anti-oxidative activity 
 
J. Ahn 1, Y. Park 2, Y. Jo 1, B Hwang 1, M. Lee 1 
 
1 Osongsaengmyeong 1-ro, Yeonje-ri, Osong-eup, 194-21, 28160 CheongJuChungbuk, Korea (Republic of) 
2 National Institute of Forest Science, 116631 Gyeonggi-do Suwon, Korea (Republic of) 
 
 

The fruit of Actinidia arguta, commonly called hardy kiwi fruit or kiwi berry, is the 
native fruit of Korea. In contrast to the fruit of A. deliciosa, A. arguta fruit is cold-
resistant, which can be cultivated in Asia including Korea. A. arguta fruit has been 
traditionally used for the treatment of diabetes and liver diseases. Anti-oxidative, 
anti-inflammatory and anti-proliferative effects of A. arguta fruit are also reported. 
A. arguta fruit is harvested in hard condition and consumed after-ripening due to 
its bitter taste in hard condition. Investigation of changes through after-ripening 
period showed that glucose content and extraction yield increased during after-
ripening period whereas phenolic content in the extract decreased. Further analy-
sis showed the correlation between phenolic content and antioxidant activity of A. 
arguta fruit. Therefore, we suggests phenolics as anti-oxidative constituents of A. 
arguta fruit and strong antioxidant activity of extract of A. arguta fruit in hard con-
dition due to high phenolic content with low glucose content. 
 
 
Keywords: Actinidia arguta, anti-oxidant, phenolics, flavonoids, methylsuccinic acid 
derivatives, hardy kiwi fruit 
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(P7-11) Positive effects of foliar nutrition on yield 
and storage life of kiwiberry 
 

J. Decorte 1, F. Debersaques 2 
 
1 BMS Micro-Nutrients NV, Rijksweg 32, 2880 Bornem, Belgium 
2 Ghent University, Faculty of Bioscience Engineering, Applied Biosciences, Valentin Vaerwyckweg 1, 9000 
Ghent, Belgium 
 
 

Although kiwiberry (Actinidia arguta) is becoming an important crop worldwide, 
there is still very little information about its needs for mineral nutrients. So, a re-
search project was launched focusing on foliar nutrition for multiple reasons: 1) 
fertilization is important both for fruit size and fruit quality; 2) the efficacy of foliar 
nutrition is high; 3) there are fewer losses compared to soil fertilization; 4) quick 
adjustments can be made to the fertilization regime; and 5) there is less chance 
that nutrients become fixed in the soil. During two years, foliar fertilization field 
trials were set up on the cultivars ‘Geneva’, ‘Weiki’ and ‘Issai’ in four mature ki-
wiberry orchards in Belgium and the Netherlands. Based on soil analyses, the ideal 
soil fertilization was determined for each site. In a randomized block design three 
different treatments were compared: 100% soil fertilization as a control, 50% soil 
fertilization combined with a complete foliar nutrition program, and a complete 
foliar nutrition program with main, meso and chelated trace elements, without soil 
fertilization. In this study the results of the second year are shown. Even in the rich 
soils of Belgium and the Netherlands very good results were achieved with foliar 
fertilization. Overall, for the three cultivars, the best yields were obtained when 
soil and foliar fertilization were combined with an average productivity gain of 
16% as compared to the control. The berries from plants that received only foliar 
nutrition had the highest firmness after 4 weeks storage at 1°C. The increased 
firmness differed strongly by cultivar: ‘Issai’= 5.3 kg/cm², ‘Geneva’=1.9 kg/cm² and 
‘Weiki’=0.5 kg/cm². From these data we conclude that foliar fertilization is a valu-
able tool to optimize yield and storage life of kiwiberry. 
 
Keywords: Actinidia arguta, hardy kiwifruit, fertilization, shelf life, storability 
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(P7-12) Potentialities of baby kiwi leaves:                 
Preliminary study    
 
J. Santos 1, F. Rodrigues 2, A. Costa 2, B. Oliveira 2 
 
1 Rua 9 de Julho n 40 1 Hab 3, 4050-433 Porto Porto, Portugal 
2 Faculdade de Farmácia, Universidade do Porto, Rua de Jorge Viterbo Ferreira n. 228, 4050 013 Porto, 
Portugal 
 
 

Actinidia arguta, commonly known as baby or berry kiwi, is a perennial native vine 
in Japan, Korea, Northern China, and Russian Siberia. In Europe, the fruit is very 
popular in the French, Belgian and Dutch markets. Recently, kiwi berry has been 
introduced in Portugal. The main, and unique, by-product of this fruit are leaves. 
However, to the best of our knowledge, until now any study reported the potenti-
alities of baby kiwi leaves. The aim of this study was to evaluate the nutritional 
composition of leaves as potential ingredient of foodstuffs. Also the antioxidant 
activity of three different extracts (aqueous, hydro-alcoholic and alcoholic), the 
total flavonoids content (TFC) and total phenolic content (TPC), as well as cell vi-
ability (Caco-2), were determined in such extracts. Baby kiwi leaves were nutri-
tionally characterized in what concerns total protein (18.2%), ash (8.7%), dietary 
fiber (37.1%), and moisture (2.9 %) contents. Extracts were screened for antioxi-
dant activity (DPPH and FRAP assays) and cell viability (Caco-2). Hydro-alcoholic 
extract displayed the highest antioxidant activity. The TPC and TFC also presented 
good results in comparison with other food by-products. Cell viability results sug-
gested that leaves have no adverse effects at concentrations until 1mg/ml on Caco-
2 cells. This preliminary study demonstrated the high potential of baby kiwi leaves 
as active ingredient for different industries such as pharmaceutical, cosmetic and 
nutraceutical. 
 
 
Keywords: baby kiwi leaves; antioxidants; total flavonoids content; total phenolic 
content; cell viability. 
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(P7-13) Seasonal accumulation of micronutrients 
by kiwiberry leaves: year, cultivar and soil N-level 
effects 
 
B. Lata, J. Stefaniak 
 
Warsaw University of Life Sciences - SGGW, Lab of Basic Sciences in Horticulture, Nowoursynowska 159, 02-
776 Warsaw, Poland 

 
 
Actinidia arguta is a promising fruit species with worldwide commercial produc-
tion increasing, but being a relatively new fruit on the market, there is still insuffi-
cient knowledge with respect to its nutritional requirements. The importance of 
micronutrients in plant nutrition is high and they should not be neglected although 
they are needed in minor quantities. Therefore, leaf micronutrients status in rela-
tion to kiwiberry cultivar (‘Weiki’ vs ‘Geneva’) and soil N-fertility (in the range of 
3-8 mg 100 g-1) was monitored over two growing seasons: 2015 and 2016. Leaf 
samples were collected 5-times, every three weeks, starting with the beginning of 
June. Time of leaves sampling followed by the year, cultivar and soil N-fertility in-
fluenced micronutrient contents in kiwiberry leaves. The seasonal patterns for the 
content of micronutrients could be grouped into different types of action. Regard-
less of the year, leaf manganese and boron concentrations clearly increased 
through growing season, whereas copper concentration in the leaves slightly de-
clined. Concentration of iron increased in 2015 and remained relatively stable in 
2016. Changes in zinc concentration was strongly year dependent. In both years 
the increasing soil N-level was accompanied by the increasing leaf manganese con-
centration. Based on mean value, ‘Weiki’ was characterized by a higher leaf micro-
nutrient content in comparison with ‘Geneva’. 
 
Keywords: Actinidia arguta, nitrogen, manganese, boron, iron, copper, zinc 
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(P7-14) Seasonal changes in leaf nutrient                    
concentration for hardy kiwi in Oregon 
 
B. Strik, A. Vance 
 
Department of Horticulture, Ag. & Life Sci. Bldg 4017, Oregon State University, Corvallis,OR 97331-
7304,United States of America 
 
 

Hardy kiwifruit [Actinidia arguta (Siebold and Zucc.) Planch. ex Miq] female 
(‘Ananasnaya’) and male mature vines were evaluated for leaf nutrient concentra-
tion throughout the growing season in 2008 and 2009. Determinate and indeter-
minate shoots were sampled to identify the optimum timing of leaf sampling for 
hardy kiwifruit in Oregon. Male vines were pruned after bloom in late June. Leaves 
were sampled every 2 weeks from mid-May to late October, starting when flower 
buds reached 6 mm diameter and finishing after fruit harvest. Leaf nutrient con-
centration varied by year, plant gender, and shoot type for many nutrients and 
sampling dates. Key plant developmental stages were approximately 2 weeks ear-
lier in 2009 than in 2008 despite fewer cumulative growing degree days (GDD) at 
each phenological stage in 2009. Patterns of change in nutrient concentration were 
similar between years, but were shifted 1 week earlier in 2009, likely reflecting the 
advanced phenology. The leaves of female plants had higher concentrations of N, K, 
S, Cu, and Zn early in the season, but were similar to males later in the season. For 
other nutrients, including P, Mg, Fe, and Mn, females had consistently higher leaf 
concentrations across the whole season. Determinate and indeterminate shoot 
leaves generally followed the same patterns of change in nutrient concentrations 
for many nutrients. The concentration of most nutrients were relatively stable in 
August, corresponding to fruit ranging from 18 to 23 mm in diameter, depending 
on season. The measured leaf nutrient concentrations in our study often fell out-
side the published standards for Actinidia deliciosa (C.F.Liang & A.R.Ferguson). We 
propose developing nutrient sufficiency levels specific to hardy kiwifruit in Ore-
gon. 
 
 
Keywords: Actinidia arguta, tissue sampling, nutrient management 
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(P7-15) Seasonal changes of macronutrients in 
leaves of kiwiberry: N-level, year and genotype        
effects 
 
B. Lata, J. Stefaniak, P. Latocah, A. Stasiak 
 
Warsaw University of Life Sciences - SGGW, Lab of Basic Sciences in Horticulture, Nowoursynowska 159, 02-
776 Warsaw, Poland 

 

 
All plants require 6 essential macronutrients which are present in plant tissue in 
relatively large amounts, namely nitrogen, potassium, calcium, magnesium, phos-
phorous and sulfur. Among them, the soil N-availability is considered as one of the 
major limiting factor in crop growth. Both N forms (nitrate or ammonium) are 
highly mobile in the soil and the N management needs special attention under con-
trolled plant nutrition. Therefore, N-dose should be closely related to individual 
crop nutritional requirements and soil characteristics. Given the aforementioned 
issues the aim of this work was to assess the relationship between soil N-fertility 
and N as well as other macronutrients uptake efficiency during growing season. 
The following soil N-levels were examined: N1-3, N2-5, N3-8 mg 100 g-1. The re-
maining macronutrients were kept at the same level for all N treatments. Fertiliza-
tion was applied on the basis of chemical analysis of the upper layer of the soil. 
Seasonal leaf macronutrient changes were monitored in two growing seasons: 
2015 and 2016. Two cultivars were tested: Weiki and Geneva. Leaves were sam-
pled 5-times during each growing season starting from early June. All examined 
factors considerably affected leaf macronutrient content. In general, the increasing 
soil N-level was accompanied by the increasing concentrations of N, Mg, Ca. Con-
trary to this, leaf P and K contents decreased with a better N-supply. Changes of S 
content was year dependent. The distinct nutrient-dependent fluctuations during 
growing season were also noted. Cultivars differed in the mean macronutrient con-
tents. ‘Weiki’ was characterized by a higher N, P, and Ca and lower contents of K, 
Mg and S as compared to ‘Geneva’. The results might be used to create the leaf and 
soil guide values in kiwiberry plant mineral nutrition. 
 
 
Keywords: Actinidia arguta, cultivar, nitrogen, leaf chemical composition 
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(P7-16) Selection an efficient proliferation medium 
for Actinidia arguta cv. Issai explants 
 
R. Hameg, T. Arteta, E. Barreal, P.P. Gallego 
 
Applied Plant Soil Biology, Faculty Biology, Univ. Vigo, 36310 Vigo, Spain  

 

 

Designing optimal mineral-salt composition for plant micropropagation is one of 
the biggest challenges for plant biotechnologist. Several micropropagation proto-
cols for Actinidia spp has been proposed since Harada in 1975, although the MS 
(Murashige and Skoog, 1962) medium was the most used to that propose. In this 
research six different standard culture media for Actinidia: MS (Murashige and 
Skoog), Ch (Cheng) H (Harada), St (Standardi), B5 (Gamborg) and Kh medium 
(modified Cheng) were tested to assess the multiplication response of in vitro cul-
tured Actinidia arguta cv Issai. All media were supplemented with 1 mg L-1 6-
benzylaminopurine (BAP) and 1 mg L-1 gibberellic acid (GA3). The vegetative 
growth of explants significantly varied depending on the media used, being the St 
medium the most effective, generating healthy and long shoots (3.4 cm) and the 
highest number of leaves (27 per explant) with the largest area (43.1 mm2). Con-
trary, B5 medium produced physiological disorders such as undesirable callus and 
abnormal leaves. Also promotes low shoot number (3.5) and length (1.9 cm), low 
leaves number (18) and the lowest leaf area (21.4 mm2). The rest of media pro-
duce intermediate results compare with St and B5. Our results suggest that Stan-
dardi medium seems to be the more adequate medium for a good proliferation for 
Actinidia arguta cv Issai. 
 
 
Keywords: plant tissue culture, Hardy kiwi, baby kiwi, micropropagation, culture media 
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(P7-17) The door is opening for commercialization 
of ‘Ruanzao Kiwi’ (Actinidia arguta) in China 
 

Y. Wang 
 
Wuhan, Moshan, Hubei, P.R.China, Wuhan, 430074, China 

 
 
The fruit of Actinidia arguta have the reputation of short storage life and shelf life, 
which limits development and commercialization of the species in China in many 
years. However, the winter hardiness, excellent flavor and unique convenience 
attract farmers, fruit sellers and consumers. In recent years, the sleeping wide-
spread resources have been awakened by the demands. We describe some culti-
vars and selections of Actinidia arguta used in the beginning commercial orchards 
established in northeast China. The door of commercial production is opening be-
cause the vast areas in north, northwest and northeast China is waiting for the new 
production, although some technical problems need to be solved. The Chinese 
planters are still confronting difficulties in cultivation of Actinidia arguta, such as 
orchard site selection, pollinating male setting, training and pruning, etc. We sum-
marize the attempts for overcoming the difficulties under the different conditions. 
 
Keywords: Actinidia arguta, selection, training, male setting, commercial production  
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(P7-18) Characterising hybrid populations of           
Actinidia arguta and related species 
 

A. Currie 1, P. Jaksons 2 
 

1 Plant and Food Research, 55 Old Mill Rd, RD3, Motueka 7198, New Zealand 
2 Plant Food Research, Private Bag 4704, Christchurch Mail Centre, 8140 Christchurch, New Zealand 
 
 
Commercial cultivars from the genus Actinidia are mainly derived from larger 
fruited species like Actinidia chinensis var. deliciosa and var. chinensis. Small 
fruited species such as A. arguta have been of interest for their smooth skin and 
novel flavours but have had limited success to date primarily because of shorter 
storage and less robust handling properties. The New Zealand Institute for Plant & 
Food Research Limited’s Motueka site has intra- and interspecific populations util-
ising A. arguta and other small fruited Actinidia sp. We present data frequency dis-
tributions and correlations to demonstrate the variation in agronomically impor-
tant traits. This is done by using various descriptive statistics as well as a multi-
variate mixed model which incorporates the pedigree structure as well as year and 
trial effects. 
 
 
Keywords: Actinidia, arguta, interspecific 
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(P7-19) The development of sex-linked molecular 
markers for two kiwiberry species, Actinidia 
arguta and A. kolomikta 
 

I. Hale, A. Melo, H. Gustafson 
 

UNH Rudman Hall, Rm 385, 46 College Road, Durham NH 03824, United States of America 
 
 
Developing improved fruiting varieties of kiwiberry (Actinidia arguta and A. ko-
lomikta) is highly resource intensive (land, labor, and time) due to the dioecy and 
extended juvenile phase (3-5 years) of these vigorous, woody vining species. The 
ability to identify gynoecious plants at the seedling stage is therefore desired as a 
means of increasing the resource-use efficiency of breeding programs. In this 
study, sex-linked polymorphisms in both species were identified through refer-
ence-independent (de novo) genotyping-by-sequencing (GBS) analysis, validated 
in multiple independent populations, and converted into robust gel-based PCR 
markers appropriate for marker-assisted breeding programs. The marker for A. 
arguta, designed using male-allele-specific primers based on a SNP within a 157 bp 
GBS amplicon, exhibits perfect sex-linkage across the entire set of A. arguta germ-
plasm currently available through the US nursery trade and the USDA's National 
Plant Germplasm System (NPGS). By multiplexing conserved primers for an inter-
nal 178 bp control, this male-specific marker was made effectively co-dominant, 
thereby enhancing scoring accuracy. Similarly, the marker for A. kolomikta was 
designed with male-allele-specific primers based on a 3 bp Indel within a 270 bp 
GBS amplicon and displays perfect sex-linkage within all available A. kolomikta 
germplasm. Both markers are now being used for high-throughput sex-screening 
assays of seedling populations.. 
 
 
Keywords: Actinidia, arguta, interspecific 
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New scientific knowledgement in kiwifruit storage 
using sanitization systems (Ionny®) avoiding 
postharvest chemical treatments 
 
 L. Fadanelli1, L. Turrini1, F. Zeni1, P. Mattè2, L. Buglia2  
1Fondazione Edmund Mach,CTT, U. Frutticoltura-piccoli frutti e Frigoconservazione ,Via E. 
Mach, 38010 San Michele all’ Adige (TN)  
2Fruit Control Equipments Srl (FCE), via R. Luxemburg 55, 20085 Locate Triulzi ( MI)  
 
FRUIT CONTROL EQUIPMENTS 
 

Commercial produce storage losses, during kiwi storage, are so high as to require 
the adoption of specific techniques and preventive measures. Post-harvest curing 
techniques alone are not sufficient to guarantee valid economic results above all 
when fruits are harvested in high-humidity environmental conditions due to rain 
or heavy dew .The incidence of rot due to Botrytis spp. penetrating the pulp at the 
detachment point of the stalk can reach even high percentages (10-20% of dam-
aged fruit), and is such that the specific post-harvest chemical treatment known as 
DRENCHING is required. As verified in the past, (see: Prevention of quality deterio-
ration in Actinidia Chinensis (cv. Hayward) while stored in Controlled Atmosphere 
using continuous ion purification), an alternative to the use of chemical molecules, 
with air sanitation of the storage environment using an ionizer (JONNY®) is possi-
ble. Recent tests carried out during the 2016-2017 season, have confirmed the va-
lidity of this technique in CA storage conditions (Temp.-0,5/-0,7 °C, RH >90%, CO2 
3-4 %, O2 2,5-3 %, C2H4 15 %, e vice versa in groups 1. and 2., 100 % of healthy 
fruits . These results, as well as confirming the outcome of previous trials, have 
also highlighted in group 2. , (CA storage with air sanitized by Jonny R), the best 
quality requirements (firmness, total acidity) both at the end of storage and also 
after 8 days shelf-life at room temperature. Key words: technology, storage, micro-
bial infection, safety, post-harvest defense. 
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Introduction of new varieties of kiwifruit and their 
agronomic evaluation 
Fabien Bec 

SOFRUILEG S.A. 

 

The genus Actinidia has a very large number of species, many of which are edible. 
It is a paradox for this crop that for nearly 40 years commercial development has 
centered on a single green-fleshed variety ‘Hayward’. The last fifteen years have 
seen the appearance of new fruit types with a recent acceleration of varieties 
proposed to commercial growers including fruit with yellow flesh, early maturing 
green-fleshed varieties, red-fleshed varieties and kiwi berry. SOFRUILEG S.A. has 
participated in these introductions with the launch of several new varieties in 
Europe and South America, in regions with diverse climate and soil types. The 
success or otherwise of these varieties is made possible thanks to the 
experimentation by a network of innovative growers. The great genetic diversity of 
these new selections, however, reveals extremely varied adaptations and behavior 
with economic consequences of exploitation that range from success to failure. 
This raises questions around the conditions in which the early of evaluation of 
these selections were made. Generally, these evaluations are undertaken in 
soil/climates specific to that of the breeding center. The selection criteria that are 
then selected correspond to the local phenotypic expression, with varieties being 
retained or rejected according to these expressions. But, have we made the right 
choice? It is obvious that a breeding program cannot be replicated in all regions 
that represent kiwi production zones. However, there is the opportunity to 
improve this evaluation of early selections by exchanging and evaluating advanced 
selections in a network of independent research centers. This method, which is 
already widely used in other species, could lead to new varieties that are better 
adapted to each region of production. We will thus avoid agronomic and economic 
failures and give confidence to the industry for the launch of new varieties. 
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Beyond visible quality 
Raffaele Benedetti 

UNITEC 

 

In addition to shape, weight, size, skin defects, thanks to Kiwi Vision it is now 
possible also to classify kiwis according to their softness. 
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Defects detection on Kiwi 
 

MAF RODA-Agrobotic 

 
As undisputed market leader in fresh fruit and vegetable grading, packing and 
grading processes, MAF RODA is committed to bringing high performance 
solutions, which are adapted to customer exact needs and evolve according to their 
future development. 
MAF RODA’s strength is built upon the capacity for innovation of its R&D+I 
Department, with headquarters in Montauban (France), its complete mastery of 
the necessary technological skills and its 100% integrated manufacturing process, 
which allows  to provide solutions for every enquiry, from the most simple to the 
most demanding one. 
Along with the main variety (the Hayward), many other kiwi varieties are available 
on the market. The kiwi is the archetypal "difficult" fruit, extremely sensitive to all 
mechanical handling. In order to collect only the best and acceptable fruit with the 
market requirements and in addition to weight and color control, MAF RODA’s 
electronic sorting equipments allow to sort products on several critical criteria 
such as : 
 External quality: 
  Shape: square, flat 
  Defects: dark mark, hayward mark, chimera mark, bird lime 
  Softness: soft spot, soft fruit 
 Internal quality: 
  Brix, Dry matter 
MAF RODA is a leading player within development of these key sorting analyses 
which are in constant technical evolution and taking a major role in the post-
harvest global process solution for fresh fruit in a high quality demanding market. 
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Summerfruit: New varieties and new growing        
systems 
G. Dal Pane  

 

DORI;SUMMERFRUIT 

 
1) Development of new green-, yellow- and red-fleshed varieties.  
2) Green fleshed kiwifruit: MERIS (breeder: Meris srl-Scandola) and R21 (a selec-
tion of Hayward) 3) Yellow fleshed kiwifruit: AC 1536 – breeder: University of Bo-
logna and University of Udine (Professor Costa, Professor Testolin and Professor 
Cipriani) 
 4) Red fleshed kiwifruit: RK 2018 –selection obtained from seeds  
5) Varieties innovations go hand in hand with innovations in the field and in the 
nursery. 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


