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ABSTRACT

Aim of the project was to test 23 strawberry cultiviarshe climate of Poland and evaluate their ecanom
value. 13 of discussed cultivars were newly bredéaland and 10 are of foreign origin including cratis

that were never tested in East—Central Europe. Athe$e cultivars were evaluated in comparison to the
4 standard cultivars used in Poland. The experimerst conducted between 2004 and 2011 in central Po-
land in the Research Institute of Horticulture ineBkiewice. The data were analyzed using linear mixed
model. The results shows that cultivar ‘Paladyn’f@ened exceptionally well regarding yield and fruit
size. Thus, it is one of the best cultivars foduing into canon strawberry cultivars, not onlyRnland.

The rest of tested cultivars, especially those ¥atkign origin, may need specific treatment or mores-
tigation to accomplish more in the climatic conatits of this geographical region.

Key words: strawberry yield, fruit size, harvest, adaptivepense, linear mixed model

INTRODUCTION

Strawberries are known for their taste and excea continuous increase in number of cultivars feslir
lent source of vitamin C, antioxidants, fiber anba markets in Polish production is observed. Now con-
other health benefits [Ames et al. 1993, Heinonten sumers are attracted mostly by large, well shaped
al. 1998]. Strawberry is one of the most importarfruits of very good quality [Roudeillac and Trajkew
fruit crop cultivated in Poland. Its cultivationvery ski 2004]. Strawberry producers are interested in
extensive and fragmented. Almost all of the berrdelivering fruit to the market for as long as pbksi
plantation are individual farms. The yield of strawso techniques to obtain early and late yields becom
berry in highly specialized farms in Poland carupe more popular. The producers are also interested in
to 15 t h&d and on average it is 4 t han private cultivars, which fruit susceptibility to decay iew.
farms [GUS 2013]. Poland is an important frozeThis geographical region’s weather with cold, some-
strawberry exporter and main supplier to the Ewroptimes severe winters (the temperature can dropwbelo
an Union. In the last couple of years number ¢-30°C) and springs with frequent showers and ground
strawberry plantations decreased but the size of frost even in May is the main obstacle for routine
average plantation become larger, which results strawberry farming. Many of interesting strawberry
modernized management and equipment. Recenicultivars come from countries with more favorable
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climate and may not perform as well in Poland as igana’. The summation of cultivars characteristin-co
the country of origin. tains Table 1.

One of the centers where the cultivar evaluation is
conducted is the Research Institute of Horticuliare MATERIALS AND METHODS
Skierniewice. There were many types of fruits evalu
ated in Skierniewice [Rozpara 2008, Pluta et a1220  The project took place in the Pomological Or-
2014, Wojcik-Seliga and Wojcik-Gront 2013]. Therechard in Skierniewice, central Poland, betweensyear
were also several experiments conducted regardi2004-2011. The orchard is owned by the Research
fruiting of strawberries with origins in regionstivi Institute of Horticulture. The main goal of the exp
different climatic and soil condition&{irawicz and iment was to evaluate economic value of new prom-
Masny 2002, Masny ariéurawicz 2010, Masny et al. ising cultivars and identify cultivars that are des
2014]. These experiments provided information foprone to freeze injury and pests. There were 23-mos
Polish producers. The other obstacle in strawberly new to Polish environment conditions strawberry
farming is Verticillium dahliae, a fungal plant pat cultivars tested (tab. 1). These cultivars werduzata
gen. This fungus infects over 300 cultivated planted in comparison to Poland’s standard cultivars,
including strawberry. The severity of the plantaec ‘Kama’ and ‘Senga Sengana’- cultivars popular for
depends on susceptibility of it s genotype [Haanigl processing and ‘Elsanta’ and ‘Honeoye’ — typical
Yang 1996] and suitable environmental conditiohs, dessert cultivars. The whole 2004-2011 experiment
is high humidity and temperature of 23 to 25°C.-Veiconsisted of several trials. Each trial took 3 gear
ticillium dahliae is very difficult to fight againde- There were different cultivar sets tested duringhea
cause it can continue to live in soil even for Bang trial. There were up to 8 cultivars tested in onial t
[Wilhelm 1955]. including at least 2 standards.

To deliver essential information of new strawber- The plants were planted always in the autumn
ry cultivars, they have to be evaluated under difie @ year before the trails started. The strawbewe®
ecosystems (locations) and years (growing seasorplanted in a randomized block design in four replic
The system of evaluation is called Pre-registratictions. One plot area was around 5and there were
Variety Testing System. One of location, where th20 strawberries planted in a distance of 0.25 x.1 m
horticultural evaluation takes place is the Redeardn the vegetation season of each experiment there
Institute of Horticulture in Skierniewice in ceritra was chemical protection applied to the plants atcor
Poland. After tests many of the cultivars will be e ing to valid recommendations elaborated in the Re-
rolled to Polish National List of Fruit Plant Vaties. ~search Institute of Horticulture.

The cultivars were also included inEwagaria col- Maintenance and fertilization to the plants were
lection conducted in the Research Institute of Hortdone according to rules used for strawberry mass
culture in Skierniewice. The cultivars tested i thproduction. The plants were fertilized and irrighte
trial came from different breeding programs fronduring hot summers. Straw was applied before the
many countries. In the evaluation described in thflowering season to keep ripen berries clean and
paper there were 13 new polish strawberry cultivahealthy. It was removed after picking. The strawper
tested including: ‘Alfa Centauri’, ‘Alioth’, ‘Alkor, runners were cut down in the autumn. In the lalle fa
‘Dominika’, ‘Feriusz’, ‘Filut, ‘Hokent’, ‘Marduk’, plants were covered with straw to reduce winteu-inj
‘Markat’, ‘Paladyn’, ‘Pegat’, ‘Recoda’, ‘Selvik’ ah ry. The experiments were conducted according ® tip
10 foreign, where most of them were never tested from the Community Plant Variety Office (CPVO)
Poland: ‘Camino Real’, ‘Elianny’, ‘Emily’, ‘Eros’, protocol on strawberry [CPVO 2012].

‘Kimberly’, ‘Placartfre’, ‘Plahuelfre’, ‘Plarocifrg For studied strawberry cultivars their ripening pe-
‘Rosie’ and ‘Ventana’. These cultivars were evaluatiod, fruit yield and weight of 100 fruits were ed-

ed in comparison to 4 standard cultivars used in Ped in the years 2004-2011. The crop picked a year
land: ‘Elsanta’, ‘Honeoye’, ‘Kama’ and ‘Senga Senafter planting is not that representative of a srop
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Table 1. Description of strawberries used in the Skierniewidstin 2004—-2011

Cultivar Breeding name Origin Pedigree Time of fripening
Alfa Centauri DM 97211 Poland ‘Pandora’ x ‘Onebor’ atd
Alioth DM 01501 Poland ‘Camarosa’ x ‘Pandora’ x "&#l late
Alkor DO 02752 Poland unknown medium
Camino Real Cc213 USA Cal 89.230-7 x Cal 90.253-3 early
Dominika 5B Poland unknown medium
Elianny Elianny Netherlands restricted early
Elsanta Elsanta Poland ‘Gorella’ x ‘Holiday’ medium
Emily Emily U.K ‘Honeoye’ x ‘Gea’ medium
Eros Eros U.K ‘Allstar’ x 'Elsanta’ early
Feriusz K-1605 Poland ‘Ferrara’ x ‘Syriusz’ late
Filut K-9409-02 Poland ‘Syriusz’ x ‘Vicoda’ late
Hokent K-9536-11 Poland ‘Kent’ x ‘Honeoye’ early
Honeoye Honeoye USA ‘Vibrant’ x ‘Holiday’ early
Kama SIN 72 Poland ‘Senga Sengana’ x ‘Cavlier’ early
Kimberly 93/94 Netherlands ‘Elsanta’ x ‘Parker’ neT
Marduk K-9620-12 Poland ‘Onebor’ x ‘Dukat’ medium
Markat K-97076-01 Poland ‘Onebor’ x ‘Dukat’ medium
Paladyn K-98054-01 Poland ‘Pandora’ x ‘Onebor’ late
Pegat K-99076-01 Poland ‘Pegasus’ x ‘Elkat’ medium
Placartfre 97.10.030 Spain Sel. 92-38 x Sel. 86-032 early
Plahuelfre 96.09.014 Spain Sel. 92-44 x Sel. 86-032 early
Plarocifre 97.06.522 Spain Sel. 92-61 x Sel. 86-032 early
Recoda K-1580 Poland ‘Real’ x ‘Vicoda’ late
Rosie Rosie U.K. ‘Honeoye’ x Italian seedling early
Selvik K-9404-16 Poland ‘Selva’ x ‘Vicoda’ late
Senga Sengana Senga Sengana Germany ‘Markee’'getSie medium
Ventana C216 USA Sel. Cal. 93.170-606 x Sel. Cal. 3531 early

long term productivity so the data were not takén i ing each year. They also can be influenced by soll
account during statistical analysis. Fruits werked type although the trails were not far away fromheac
three times a week, almost every other day not iother. In the analysis we wanted to eliminate these
cluding weekends and all fruits from each planteveleffects by applying the best model possible ansl thi
weighed and counted. The data on 100 berries weway evaluate cultivars adaptive response to Polish
collected based on yield in 3, 5, 7. Harvest whgh climate.
at least once a week. First and last harvest detes The comparisons among cultivars from unbal-
determined based on 5 and 95% harvest. anced datasets can be done based on selected bal-
Regarding the experiments design we had to lanced data subsets [So and Edwards 2009]. This
very careful with statistical analysis. The two wayapproach allows using classic statistical methdds a
combination: 23 cultivars x 8 years creates an knbihe expense of loosing part of the data and impbrta
anced dataset, because during the entire experiminformation. Instead, we decided to use linear hixe
period, different sets of cultivars were testedépa- model (LMM), which is now a method often used for
rate trials. The yield and fruit size of strawbesrcan analyzing unbalanced data from cultivar evaluation
be influenced by weather, especially temperatur{Smith et al. 2001, 2005, Crossa et al. 2006, Rieph
and amount of water fall during flowering and ripenand Mohring 2006].
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Table 2. Strawberry cultivars ripening periods in the Skier-

niewice trials in 2004-2011

Cultivar 2004 2005
Recoda 21.06-23.07 20.06-8.07
Feriusz 14.06-12.07 13.06-8.07
Kama 5.06-5.07 7.06-8.07
Elsanta 7.06-12.07 7.06-8.07
Senga Sengana 11.06-16.07 10.06-8.07
Plahuelfre 7.06-5.07 7.06-8.07
Placartfre 11.06-12.07 10.06-8.07
Plarocifre 7.06-12.07 7.06—6.07
2005 2006
Kama 7.06-12.07 9.06-30.06
Elsanta 10.06-12.07 9.06-5.07
Senga Sengana 10.06-12.07 14.06-5.07
Selvik 15.06-12.07 16.06-5.07
Filut 13.06-12.07 14.06-7.07
Honeoye 7.06-12.07 7.06-30.06
Camino Real 7.06-12.07 7.06-30.06
Ventana 7.06-12.07 9.06-5.07
2007 2008
Kama 28.05-18.06 6.06—27.06
Elsanta 30.05-3.07 4.06-1.07
Marduk 1.06-28.06 9.06-7.07
Hokent 4.06-22.06 4.06-4.07
Alfa 8.06-5.07 16.06-11.07
Emily 1.06-28.06 9.06-4.07
Rosie 28.05-25.06 2.06-23.06
Eros 28.05-25.06 4.06-27.06
2008 2009
Kama 4.06-25.06 28.05-25.06
Elsanta 4.06-4.07 28.05-2.07
Senga Sengana 9.06-4.07 3.06-2.07
Markat 9.06—4.07 5.06-2.07
Kimberly 4.06-4.07 1.06-2.07
2009 2010
Honeoye 25.05-2.07 2.06-2.07
Elsanta 28.05-6.07 9.06-2.07
Senga Sengana 3.06-6.07 9.06-29.06
Paladyn 10.06-13.07 11.06-2.07
Elianny 28.05-6.07 7.06-29.06
Dominika 8.06—6.07 9.06-2.07
2010 2011
Honeoye 4.06-2.07 31.05-15.06
Elsanta 7.06-2.07 2.06-15.06
Senga Sengana 11.06-2.07 2.06-17.06
Pegat 7.06-29.06 2.06-17.06
Alioth 11.06-29.06 6.06-17.06
Alkor 4.06-2.07 2.06-15.06
14

The observed values of cultivar fruit mass and
yield were analysed using a two stage combined
analysis. That kind of approach is recommended and
practiced in cereal cultivars evaluation [Smithaét
2005]. It also can be successfully used in hottical

for fruit cultivars evaluation. In the first stagé the
analysis we used the data separately for each trial
(two year experiment) and applied a mixed model
ANOVA for randomized block design treating culti-
vars and blocks (possible differences in soil)&s r
dom effects and years as a fixed one:

Xjk =+ Y + B + G+ 0¥k + ik (1)

where ¥ is the response of tHeth cultivar in the
j—th block within the—th year;u is the overall mean;
yi is the fixed effect of the-th year; ky is the ran-
dom effect of thg-th block within the—th year; g is
the random effect of thie-th cultivar; gy; is the ran-
dom effect of the interaction effect between kkhth
cultivar and thé—th year; ¢ is the residual random
effect NID(0,6%). This way we calculated least
squares (LS) means for all cultivars, which themewe
used to create an unbalanced two-way -cultivar
(G — genotype) x trial (T) table. Then we useddme
mixed model (LMM) to estimate the effect of cultiva
and trial on the results:

Xa= i+ g+t + 6 (2)

where X, is the response of theth cultivar in the

I-th trial; u is the overall mean;ds the random ef-
fect of thek-th cultivar; t is the fixed effect of the
trial; g, is the residual random effecﬂ\I+D(0,aze).

This procedure is analogue to the augmented design
[Federer 1956, Federer et al. 2001]. The estimaftes
the genotypic effects fpfrom the equation 2 were
obtained using the Best Linear Unbiased Predictor
(BLUP) with the Residual Maximum Likelihood
(REML) method. To eliminate potential influence of
weather and soil on yield and fruit size of strawbe
ries they are assessed by the model and the resalts
expressed as estimated adjusted means calculated
from the formulam®'= 4*'+ g, wherem'is the
estimate of cultivar mean for theth cultivar, 4*'is

the estimate of overall mean, agd®™ is the BLUP
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estimate of th&-th cultivar. Thus, obtained cultivar RESULTS AND DISCUSSION
meansm®* for fruit mass and yield were unbiased
regarding years and trials effects [You et al. 3013 In the experiment there were also ripening time
Therefore, the cultivars can by evaluated jointlysaved (tab. 2 and fig. 1). While there were sldjfier-
although they were assessed in various trial series ences from year to year with harvest date, on geera

Decision, if adjusted means differed significanththe cultivars fell into couple groups. First to éor
(pairwise comparisons), was based on the criteri@a ripen crop in the end of May was ‘Elsanta’, ‘Eros
calculated as two times the standard error of tfKama’ and ‘Rosie’ in 2007, ‘Elianny’, ‘Elsanta’Ho-
means [Piepho 2000, Emrich et al. 2008]. The lattneoye’ and ‘Kama’ in 2009 ‘Honeoye’ in 2011. Be-
abbreviations of pairwise comparisons are assignsides Elsanta these cultivars are known as egey-i
on the algorithm by Piepho [2004]. ing. The one cultivar that bore a ripen crop thesia

All LLM calculation were performed via the around 28 June in 2004 and 2005, was ‘Recoda’, that
ASReml 3.0 software [Gilmour et al. 2009], imple-is a late cultivar. All the rest cultivars felt antwo
mented in R package — ASReml-R. The analysis givgroups with ripening period in the very first deyfs
separate evaluation for weight of 100 fruits inngsa June or a week later, at the end of the firstdfaline.
and fruit yield in kg per plot. For selecting cudtis The results of the LLM analysis are shown in Ta-
which group together, regarding mass and yieldhet tble 3. There are estimates of the cultivar meamgltei
same time, the Ward's cluster analysis was perfdrmof 100 fruits and fruit yield shown. Mean value$ fo
assuming seven clusters. The results of clustdysima lowed by the same letter are not significantly etiff
were generated using procedure PROC CLUSTER ent. The results are also plotted in Figure 2.
the SAS 9.3 software (Copyright, SAS Institute Inc. The results of statistical analyses indicated that
SAS and all other SAS Institute Inc. product ovser there were significant differences € 0.01) in yield
names are registered trademarks or trademarks $f Sand fruit weight due to cultivar and year, and ¢her

Institute Inc., Cary, NC, USA). were significant cultivar x year interactiongean
2004 2005 2006 2007 2008 2009 2010 2011
Kama Camino R Camino F Kama Rosie Elsanta Honeoye Alkor
Elsanta Elsanta Honeoye Rosie Eros Honeoye Alkor Elsanta

Placartfre Feriusz Kama Elsanta Kama Kama Alioth Honeoye
Plahuelfre Filut Elsanta Emily Elsanta Kimberly Elianny Pegat
Plarocifre Honeoye Ventana Eros Emily Senga S. Elsanta Senga <.
Senga S. Kama Filut Marduk Hokent Elianny Dominike Alioth
Feriusz Placartfre Selvik Hoken Kimberly Marakat Paladyn
Recoda Plahuelfre Senga S. Alfa Marduk Dominika Pegat
Plarocifre Markat Paladyn Senga 3.
Senga S. Senga S.
Ventana Alfa
Recoda
Selvik

Fig. 1. Strawberry cultivars ripening periods in the Skiewice trials in 2004-2011
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Table 3. Estimated yield and berry weight for 27 strawbercan perform worse in Polish environment. In Table 3

ry cultivars grown in Skierniewice and harvested 0942

can be seen that there are couple of groups with si

2011. Mean values followed by the same letter are nlar performance regarding fruit yield. The worst-pe

significantly different

Cultivar Weight Fruit yield
of 100 fruits (g) (kg/plot)

Alfa Centauri 1326 bc 116 d
Alioth 1287 bc 5.7 cfghi
Alkor 1324 bc 5.0 bcfgh
Camino Real 1201 abc 4.4 abcfgh
Dominika 1112 ab 5.7 cfghi
Elianny 1234 abc 5.9 fghi
Elsanta 1096 ab 5.7 cfghi
Emily 1319 bc 1.9 abc
Eros 982 ab 6.4 fghij
Feriusz 1067 ab 5.3 cfghi
Filut 1200 abc 7.4 ehij
Hokent 1111 ab 4.4 abcfgh
Honeoye 1152 abc 6.4 fghij
Kama 810 a 3.8 abcfgh
Kimberly 1034 ab 3.1 abcfg
Marduk 1153 abc 10.0 dej
Markat 938 ab 2.6 abcf
Paladyn 1579 c 10.7 de
Pegat 1175 abc 54 cfghi
Placartfre 1252 abc 2.0 abc
Plahuelfre 1236 abc 0.9 a
Plarocifre 1142 abc 1.0 a
Recoda 1045 ab 6.8 ghij
Rosie 1111 ab 11 ab
Selvik 1142 abc 8.9 deij
Senga Sengana 898 ab 7.0 ehij
Ventana 1176 abc 4.1 abcfgh

yields of cultivars were statistically different dan
varied from 0.9 kg per plot in case of cultivardPlI
huelfre’ to 11.6 kg per plot for ‘Alfa Centauri’,hich

is more than 10-fold higher. ‘Plahuelfre’ is thdteu
var with origin in Spain, where is much warmer 0 i

16

forming are: ‘Plahuelfre’, ‘Plarocifre’, ‘Rosie’ Emi-

ly’, ‘Placartfre’, ‘Markat’, ‘Kimberly’, ‘Kama’,
‘Ventana’, ‘Hokent’ and ‘Camino Real’ with the
yield from 0.9 to 4.4 kg per plot. Then there id-‘A
kor’ with 5.0 kg fruits per plot. Next is group it
‘Feriusz’, ‘Pegat’, ‘Alioth’, ‘Dominika’, ‘Elsanta’
with the yield from 5.3 to 5.7 kg per plot. ‘Eliayin
‘Honeoye’ and ‘Eros’ come into next group with the
yield 5.9-6.4 kg per plot. Then Recoda — 6.8 kg per
plot. Then Senga Sengana and Filut with the yield
from 7.0 to 7.4 kg per plot. And the last one with
highest yield is the group with: Selvik, Marduk,|Pa
adyn and Alfa Centauri 8.9-11.6 kg per plot. Mean
masses of 100 fruits were also influenced by cailtiv
and vary from 810 g for ‘Kama’ to 1579 g, almost
twice as high, for ‘Paladyn’ (tab. 3, fig. 2). Theran

be several group extracted with cultivars havinatgr

of similar size/mass. The smallest fruits belong to
‘Kama’, ‘Senga Sengana’, ‘Markat’, ‘Eros’, ‘Kimber-
ly’, ‘Recoda’, ‘Feriusz’, ‘Elsanta’, ‘Rosie’, ‘Hoke’,
‘Dominika’, ‘Plarocifre’, ‘Selvik’, ‘Honeoye’, ‘Mar
duk’, ‘Pegat, ‘Ventana’, ‘Filut’, ‘Camino Real’,
‘Elianny’, ‘Plahuelfre’, ‘Placartfre’ and 100 of ¢m
measure from 810 to 1252 g. Next group: ‘Alioth’,
‘Emily’, ‘Alkor’, ‘Alfa Centauri’ has fruits with
weight of 100 from 1287 to 1326. The biggest fruits
belonged to ‘Paladyn’.

In the cluster analysis there were 7 groups ap-
pointed with cultivars having similar together el
and fruit mass. The dendrogram is showed in Fi-
gure 3. First group with the highest yield and lestv
fruits consists of only one cultivar: ‘Paladyn’. i
there is a second group with ‘Alfa Centauri’, ‘Skiv
and ‘Marduk’. Third group contains three cultivars:
‘Marakat’, ‘Kimberly’ and ‘Kama’. Next are ‘Eros’,
‘Recoda’ and ‘Senga Sengana’. Then the group with
‘Rosie’, ‘Placartfre’, ‘Plahuelfre’, ‘Plarocifre’ rad
‘Emily’. Sixth group comprise ‘Alioth’, ‘Alkor’,
‘Eliany’, ‘Honeoye’, ‘Pegat’ and ‘Filut’. And thealst
one is made of ‘Dominika’, ‘Elsanta’, ‘Feriusz’,
‘Hokent’, ‘Camino Real’ and ‘Ventana'.
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= Paladyn

1450
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= 1350 . Alkor
2 etmily . Alioth (3
S Plahuelfre LJ P Alfa Centauri
&= e L] ®piacartfre Camino Real L ki oFilit

. Pegat

§ 1150 .Plammfre Ventana @ L @oneoye ° .Mardm‘
by ®Rosie ® Qoominika Selvik
o 1050 Hokent @ CElsanta
ﬂ o Feriusz ®Recoda
© Kimberly °
E E

— ®narkat ros

@ Senga Sengana
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®Kama
750
0 2 4 6 8 10 12
yield [kg/plot]

Fig. 2. Estimated yield and berry weight for 27 strawbemticars grown in Skierniewice and
harvested in 2004-2011

Name of Ohservation or Cluster

Dominika
Elsanta
Feriusz
Hokent
Camino Real
Ventana
Alioth

Alkaor
Elianny
Honeoye
Pegat

Filut

Emily
Placartfre
Plahuelfre
Plarocifre
Rosie

Eros
Recoda
Senga Sengana
Markat
Kimherly
Kama

Alfa Centauri
Selvik
Marduk
Paladyn

it

07 0.6 05 04 0.3 0.2 0.1 0.0
R-Squared

=
| i |
o
=1
o

Fig. 3. Dendrogram of cultivars clusters regarding yield d&erry weight for 27 strawberry
cultivars grown in Skierniewice and harvested in 2@1.1
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