
INTRODUCTION

Strawberry (Fragaria x ananassa Duchense ex Rozier) is
one of the most popular commercial berry crops in Latvia.
They are mainly grown under open field conditions, and the
production is used for fresh consumption and sold in local
markets. Fruit quality of old cultivars is not in line with to-
day’s market demands, and growers are looking for new,
better cultivars. Winter hardiness and resistance to diseases
and pests are also important due to the climatic conditions
in Latvia and decreased number of registered plant protec-
tion products.

Proper plant nutrition is very important for good plant
health, high productivity and fruit quality (Lanauskas et al.,
2006). Ca is known as an important mineral nutrient for
plants, which acts in the stabilisation of the cell wall, me-
tabolism, and formation of cell nucleus, it acts as a secon-
dary messenger in metabolic regulations, and promotes up-
take of nitrate N and some cations, i.e. K (Clarkson and
Hanson, 1980). The positive effect of calcium fertilisers on
strawberry firmness, rot resistance, and storage quality is
known (Cheour et al., 1990., 1991; Wójcik and Lewan-
dowski, 2003). However, a positive effect of calcium has

not been observed in all cases (Makus and Morris, 1994; Er-
incik et al., 1998; Lanauskas et al., 2006).

The aim of this study was to evaluate ten strawberry culti-
vars and hybrids and the effect of natural calcium fertiliser
foliar application.

MATERIALS AND METHODS

The experiment was carried out at the Pûre Horticultural
Research Centre, Latvia (57°02` N and 22°52` E). The ex-
perimental site was situated on loam soil on dolomite bed-
rock, pHKCl 7.4, K - 235 mg·L-1; P - 316 mg·L-1; Mg –
8150 mg·L-1; Ca - 15050 mg·L-1.

Cultivars ‘Saint Pierre’, ‘Annapolis’, ’Sonata’, ‘Chambly’,
‘Elegance’, ‘Rumba’, and hybrids 35-1 and 39-1 produced
from local breeding were included in the investigation.
‘Honeoye’ (early ripening) and ‘Senga Sengana’ (medium
late ripening) were used as controls. Locally grown fresh
dug bare root plants were planted in the middle of June,
2012 in 0.8-m-wide two row beds mulched with black plas-
tic. A complex fertiliser (N-P2O5-K20:15-8-18+microele-
ments) with dose 30 g per bed meter was applied during

PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 71 (2017), No. 3 (708), pp. 198–202.
DOI: 10.1515/prolas-2017-0033

FRUIT QUALITY AND RESISTANCE OF STRAWBERRY
CULTIVARS AND HYBRIDS AND THE EFFECT
OF CALCITE FERTILISER

Valda Laugale#, Sandra Dane, Lîga Lepse, and Sarmîte Strautiòa

Institute of Horticulture, Latvia University of Agriculture, Graudu iela 1, Ceriòi, Krimûnu pag., Dobeles nov., LATVIA

# Corresponding author, valda.laugale@llu.lv

Communicated by Edîte Kaufmane

Strawberry (Fragaria x ananassa Duchense ex Rozier) is an important horticultural crop grown in
Latvia. The aim of this research was to evaluate some newly introduced strawberry cultivars and
perspective hybrids and to evaluate the efficiency of natural calcite leaf fertiliser (Megagreen®) on
strawberry fruit quality and spread of pests and diseases. The trial was established in 2012 at
Pûre, Tukums Municipality. Cultivars ‘Saint Pierre’, ‘Annapolis’, ’Sonata’, ‘Chambly’, ‘Elegance’,
‘Rumba’, ‘Honeoye’, ‘Senga Sengana’ and two hybrids: 35-1 and 39-1 were included in the inves-
tigation. Calcite fertiliser was applied four times per season in 2013 and 2014 by spraying on
leaves in concentration 0.5%. Strawberries were grown on two row beds with black plastic mulch
and drip irrigation. The evaluation was done for two seasons. Most of the evaluated newly intro-
duced cultivars and hybrids had better fruit quality and resistance to diseases than control
cultivars. Cultivars ‘Annapolis’, ’Rumba’, ‘Sonata’, ‘Elegance’, and 39-1 were selected as the most
promising related to fruit quality and resistance. The application of calcite fertiliser (Megagreen®)
on leaves had no statistically significant effect on strawberry fruit quality and resistance.

Key words: Fragaria x ananassa Duchense ex Rozier, harvesting season, winter hardiness, fruit
size, pest and disease resistance.

198 Proc. Latvian Acad. Sci., Section B, Vol. 71 (2017), No. 3.



preparation of beds. The distance between plants in rows
and between rows on beds was 0.3 m. The distance between
bed centres was 1.5 m. Drip irrigation and fertigation was
applied in the trial. The irrigation and fertigation was done
one to two times per week from May 30 to August 26 in
2013 and from June 10 to September 2 in 2014. In total, 245
L of water, 6.5 g of N, 0.4 g of P2O5, and 14.0 g of K2O
were applied per bed metre in 2013 and 158 L of water, 1.9
g of N, 1.2 g of P2O5, and 14.5 g of K2O were applied per
bed meter in 2014. Additionally, at the beginning of new
leaf growth, ammonium nitrate in concentration 1% was
sprayed. Mowing of weeds and herbicide BastaTM (200
g·L-1 glufosinate-ammonium) with dose 6 L·ha-1 were used
between beds. No fungicides were used for disease control.
To prevent spread of pests and diseases, all leaves and run-
ners were cut and removed from the field after end of fruit
harvest. The acaricide DanadimTM (400 g·L-1 dimethoate)
was used for mite control with dose 1.2 L·ha-1 after end of
fruit harvest in 2013. The insecticide Fastac 50TM (alpha-
cypermethrin 50 g L-1) was applied with dose 0.4 L·ha-1

before strawberry flowering in 2014.

Cultivars and hybrids were planted in randomly located
plots in four replicates with 30 plants per plot. A natural
leaf fertiliser Megagreen® (CaCO3 – 95%, SiO2 – 2%,
MgO – 1.5%, Fe – 8783 mg·kg-1, Mn – 156 mg·kg-1, Se –
0.24 mg·kg-1) was applied for half of the plots four times
per season by spraying on leaves in concentration 0.5%
(500 L·ha-1). In 2013, the spraying was done on 28 May, 6
June, 14 August, and 30 August. In 2014, the spraying was
done on 29 April, 13 May, 30 May, and 2 September.

The evaluations were performed for two growing seasons:
2013 and 2014. Strawberry flowering and fruit ripening
time was recorded. Winter damage, total yield, amount of
grey mould damaged fruits (in % from total), average fruit
weight, and susceptibility to disease and pests were re-
corded during the both seasons. Winter damage was evalu-
ated visually at the beginning of the vegetation season using
a scale 1–9 (where 1 = no visual winter injury; 3 = up to
15% of leaves and crowns damaged, 10% of plants dead;
5 = up to 50% of leaves and crowns damaged, 25% of
plants dead; 7 = up to 75% of leaves and crowns damaged,
50% of plants dead; 9 = all plants totally injured/dead).
Strawberry blossom weevil (Anthonomus rubi) damage was
recorded as percentage of damaged flower buds on 10
plants per plot. The susceptibility to leaf diseases — the
common leaf spot (Mycosphaerella fragariae Tul., Lindau.)
and leaf scorch (Diplocarpon earlianum Ellis & Everh) and
strawberry mite (Tarsonemus pallidus) was evaluated visu-
ally after end of fruit harvest using a scale 1–9 (where 1 =
no visual damages, and 9 = totally injured all plants). Sen-
sory evaluation of fruits was performed. The sensory panel
consisted of 10–12 trained persons who scored the fruit
taste and appearance on a scale of 1–9, where 1 = unaccept-
able, 3 = weak, 5 = medium, 7 =good, 9 = excellent. The
amount of soluble solids (Brixo) was determined using a
hand refractometer, and fruit firmness (g) using a Wagner
fruit penetrometer (cap size 6 mm ¨) pressing it till 8 mm

depth, at maximum fruit harvest for five ripe fruits from ev-
ery plot.

Descriptive statistics, analysis of variance, followed by a
LSD test (p � 0.05) and Pearson’s correlation were used for
data analysis. Data were analysed using the DellTM

StatisticaTM software. Duncan’s multiple range test was ap-
plied to compare means (probability 95%).

RESULTS

Flowering and fruit ripening time. In the trial, the earliest
maximum peak flowering time was observed for
‘Annapolis’, 35-1, ‘Rumba’ and Chambly’ (Table 1). The
earliest beginning of fruit harvest was observed for the same
cultivars, which was similar to that of control cultivar
’Honeoye’. Only hybrid 39-1 had a later ripening time than
the control cultivar ‘Senga Sengana’. It was characterised
also by the latest flowering time. Other cultivars had me-
dium ripening time. The peak flowering time significantly
positively correlated with fruit ripening time (r = 0.62; n =
80). ‘Annapolis’ had the shortest harvest period, whereas
the longest harvest period was observed for ‘Rumba’. The
application of Megagreen fertiliser did not significantly af-
fect strawberry flowering and harvest seasons. However,
there were some differences among cultivars. ‘Elegance’
had a significantly later time of beginning of fruit ripening
in the treatment with application of Megagreen fertiliser,
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T a b l e 1

STRAWBERRY FLOWERING AND FRUIT HARVEST TIME FOR
CULTIVARS AND EFFECTS OF FERTILISER TREATMENTS, AVER-
AGE OF TWO YEARS

Cultivar,
treatment

Maximum of
flowering, day

of the year

Fruit harvesting

beginning,
day of the

year

end, day of
the year

duration,
days

Cultivar

Honeoye 146.3 ab1 162.0 a 190.8 b 28.8

Senga Sengana 147.6 bcd 165.0 c 199.0 d 34.0

Saint Pierre 147.9 cd 165.0 c 198.5 d 33.5

Annapolis 145.1 a 161.3 a 184.4 a 23.1

39-1 148.8 d 167.1 d 198.4 d 31.3

35-1 145.3 a 161.5 a 189.8 b 28.3

Sonata 147.6 bcd 163.5 bc 197.5 d 34.0

Chambly 146.0 a 162.5 ab 192.8 bc 30.3

Elegance 146.4 abc 164.3 c 197.3 d 33.0

Rumba 145.4 a 161.8 a 196.1 cd 34.4

p value < 0.01 < 0.01 < 0.01 < 0.01

Treatment

With Megagreen 146.7 163.6 194.2 30.7

Without
Megagreen

146.6 163.2 194.7 31.5

p value 0.627 0.293 0.585 0.374

1 Values in a column followed by the same letter do not differ significantly
by Duncan’s multiple range test (p = 0.05)



compare to untreated, while ‘Rumba’ had earlier time of
end of fruit harvest and shorter harvest season.

Fruit quality. Fruit size was larger in 2013 than in 2014 for
most cultivars and hybrids (Table 2). All of the evaluated
cultivars and hybrids had larger fruits than the control
cultivar ‘Senga Sengana’, while ‘Sonata’, ‘Elegance’ and
‘Rumba’ had the largest. They also obtained the highest
score for fruit appearance (Fig. 1). ‘Saint Pierre’, 35-1 and
‘Sonata’ had the highest soluble solids content, which was
significantly higher than for both controls. The highest fruit
firmness was observed for ‘Saint Pierre’, whereas ‘Senga
Sengana’ had the softest fruits. During the fruit sensory
evaluation, ‘Sonata’ received the highest score for fruit
taste, and 39-1 had the lowest score.

In general, the application of Megagreen calcium fertiliser
did not significantly affect strawberry fruit size and quality,
but some increase of fruit firmness was observed. A signifi-
cant increase (p < 0.01) of fruit firmness was observed only
for ‘Rumba’ (+0.38 kg·cm-2 or 16%) compared to the un-
treated control. However, the application of Megagreen fer-
tiliser significantly (p < 0.01) reduced the average fruit size
for ‘Rumba’ (–1.5 g or 11%).

Winter damage and spreading of pests and diseases.
During the two evaluation years, ‘Senga Sengana’ and

‘Saint Pierre’ had the lowest winter damage while 35-1 was
the most damaged (Table 3). Other cultivars and hybrid
39-1 had similar winter hardiness to the control cultivar
‘Honeoye’.

Leaf diseases and grey mold were observed in the trial. Leaf
scorch was more spread than common leaf spot disease.
‘Senga Sengana’ had the lowest amount of damage by leaf
scorch, and 35-1 was the most damaged. All evaluated
cultivars and hybrids had better resistance to the common
leaf spot disease than ‘Senga Sengana’. No symptoms were
observed on ‘Saint Pierre’, ‘Annapolis’ and ‘Chambly’. The
amount of grey mold damaged fruits was low in both evalu-
ation years. In general for the two years of study, the high-
est disease damage was observed for control cultivar ‘Senga
Sengana’, while ‘Annapolis’ was the most resistant.

Serious strawberry blossom weevil and strawberry mite
damage was observed during the trial. During the two years,
‘Honeoye’ and ‘Annapolis’ had the lowest damage, while
‘Saint Pierre’ suffered the most damage. The lowest amount
of damage by strawberry mite was observed for ‘Chambly’,
‘Rumba’ and 39-1, while the highest amount was recorded
for ‘Sonata’.

In general, no statistically significant effect of application of
Megagreen fertiliser on the occurrence of pests and diseases
was observed.

DISCUSSION

Significant difference between evaluated cultivars and hy-
brids regarding flowering and fruit ripening time, fruit
quality and resistance to pests and diseases was observed.
The evaluated cultivars and hybrids can be divided in three
groups according to fruit ripening time: early ripening —
‘Annapolis’, 35-1, ‘Rumba’, ‘Honeoye’ and ‘Chambly’;
medium ripening time — ‘Sonata’, ‘Elegance’, ‘Saint Pi-
erre’ and ‘Senga Sengana’; late ripening — 39-1. Growers
are usually more interested in early and late ripening
cultivars to prolong the strawberry production season and to
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T a b l e 2

STRAWBERRY FRUIT SIZE, CONTENT OF SOLUBLE SOLIDS AND
FIRMNESS FOR CULTIVARS AND EFFECTS OF FERTILISER
TREATMENTS

Cultivar,
treatment

Average fruit weight, g Soluble
solids,

average of
two years,

Brix°

Fruit
firmness,
average of
two years,
kg·cm-2

2013 2014 average

Cultivar

Honeoye 10.9 bc1 10.5 d 10.7 cd 9.9 ab 2.51 b

Senga
Sengana 7.6 a 7.2 b 7.4 a 9.5 ab 2.14 a

Saint Pierre 12.0 cd 10.5 de 11.3 d 11.7 d 3.59 d

Annapolis 13.2 de 7.6 bc 10.4 c 10.2 bc 2.93 c

39-1 12.0 cd 12.1 f 12.1 e 9.9 ab 2.21 a

35-1 10.0 b 6.2 a 8.1 a 11.1 cd 2.73 c

Sonata 15.2 f 11.9 f 13.5 f 11.0 cd 2.73 c

Chambly 9.8 b 8.3 c 9.1 b 9.3 a 2.77 c

Elegance 13.6 e 11.6 ef 12.6 e 9.6 ab 2.85 c

Rumba 13.8 ef 10.6 de 12.2 e 9.5 ab 2.52 b

p value < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Treatment

With
Megareen 11.7 9.7 10.7 10.1 2.72

Without
Megagreen 11.9 9.6 10.8 10.2 2.67

p value 0.515 0.773 0.682 0.546 0.261

1 Values in a column followed by the same letter do not differ significantly
by Duncan`s multiple range test (p = 0.05)

Fig. 1. Strawberry fruit sensory evaluation for taste and appearance, scores
1–9, average of two years.



obtain higher fruit price by selling out of season. In our
trial, ‘Annapolis’ and ‘Rumba’ were the most promising
among early ripening cultivars. ‘Annapolis’ had similar
fruit size to the early ripening control cultivar ‘Honeoye’, as
well as good resistance to diseases. Good resistance of
‘Annapolis’ to leaf spot disease was also reported by
Delhomez et al (1995). ‘Rumba’ had larger and more attrac-
tive fruits, and better resistance to strawberry mite than
‘Honeoye’. However, it had more damage by common leaf
spot and strawberry blossom weevil. Hybrid 39-1 had the
latest fruit ripening time among evaluated cultivars and hy-
brids. It had large, attractive fruits, but of medium taste and
firmness, and it had good resistance to strawberry mite. ‘So-
nata’ and ‘Elegance’ showed the best results among me-
dium ripening cultivars. Both of them had large, firm and
attractive fruits, while winter hardiness was lower, as for
‘Senga Sengana’. ‘Sonata’ also had low resistance to pests,
especially to strawberry mite. Good fruit taste and suscepti-
bility to strawberry mite of ‘Sonata’ was reported also by
Pfeifer and Brockamp (2010). Good fruit quality of ‘Ele-
gance’ was reported by Simpson et al. (2014). More investi-
gations on these cultivars and hybrids are necessary in dif-
ferent growing regions of Latvia.

Foliar sprays of calcium are recommended for strawberry
due to demand for calcium during peak production for rap-
idly growing strawberry fruits (Anonymous, 2000). In con-
trast, Makus and Morris (1998) reported that foliar applied
Ca did not affect fruit Ca concentrations. In our trial, foliar
application of natural calcite fertiliser (Megagreen®) had no
statistically significant effect on strawberry. This can be ex-
plained by high concentration of calcium in the soil, which

probably was sufficiently available for plants. According to
Norton and Wittwer (1963), Ca uptake occurs mainly
through the root system in strawberry plants. However,
some cultivars showed response to foliar application of cal-
cium fertiliser in the trial, which might be explained by dif-
ferent requirements for calcium among cultivars. Different
Ca concentrations in fruits among cultivars have been re-
ported previously (Albregts and Howard, 1978; Makus and
Morris, 1998).

The application of calcium fertiliser influenced the duration
of the harvesting period for cultivar ‘Rumba’ and beginning
of fruit harvesting for ‘Elegance’ in our trial. An effect of
foliar application of calcium to delay ripening has been re-
ported from Poland (Wójcik and Lewandowski, 2003).
There are contradictory results reported on the increase of
fruit firmness after application of calcium fertiliser. A posi-
tive effect was reported by Na Phun et al. (1995) and
Wójcik and Lewandowski (2003), whereas a negative effect
was reported by Makus and Morris (1994) and Ericik et al.

(1998). In our trial, calcium fertilisation increased fruit
firmness only for ‘Rumba’. Probably this occurred due to
the decrease of fruit size for this cultivar. It is reported that
small fruits are firmer than large ones (D¸ving and Måge,
2002). The application of calcium fertiliser did not increase
the content of soluble solids in fruits, which is consistent
with observations of Makus and Morris (1987, 1989)
and Lanauskas et al. (2006) Fertiliser treatment also did
not reduce pest and disease damage. As the results are not
convincing, more investigations in less calcareous soils are
necessary to determine the effectiveness of Megagreen ferti-
liser.

201Proc. Latvian Acad. Sci., Section B, Vol. 71 (2017), No. 3.

T a b l e 3

WINTER DAMAGE AND DAMAGE BY PESTS AND DISEASES FOR STRAWBERRY CULTIVARS AND EFFECTS OF FERTILISER TREAT-
MENTS, AVERAGE OF TWO YEARS

Cultivar, treatment Winter damage* Common leaf spots* Leaf scorch* Grey mold damaged
fruits, % from total

Strawberry blossom
weevil damaged

buds, % from total

Strawberry mite*

Cultivar

Honeoye 5.0 cde1 1.9 ab 4.5 d 0.88 ab 13.9 a 3.8 c

Senga Sengana 3.1 a 4.8 d 1.4 a 3.23 c 15.2 ab 4.3 cd

Saint Pierre 3.9 b 1.0 a 3.5 bc 1.78 b 28.1 c 3.9 cd

Annapolis 5.5 de 1.0 a 3.1 b 0.07 a 13.7 a 4.9 de

39-1 4.5 bc 2.3 bc 3.6 bc 2.11 bc 19.8 abc 2.8 b

35-1 6.4 f 1.5 ab 5.8 e 1.08 ab 18.4 ab 4.5 cde

Sonata 5.0 cde 1.5 ab 3.6 bc 1.69 b 22.2 abc 5.5 e

Chambly 4.5 bc 1.0 a 4.1 cd 0.27 a 18.0 ab 1.5 a

Elegance 4.8 cd 1.1 ab 3.5 bc 1.54 b 16.6 ab 3.9 cd

Rumba 5.6 e 3.1 bc 3.0 b 0.16 a 23.7 bc 2.5 b

p value < 0.01 < 0.01 < 0.01 < 0.01 0.018 < 0.01

Treatment

With Megareen 4.9 2.0 3.7 1.36 17.2 3.6

Without Megagreen 4.8 1.8 3.6 1.20 20.7 3.9

p value 0.544 0.326 0.430 0.128 0.053 0.114

* evaluation given in scores 1–9, where 1 = no damage observed; 9 = all plants fully damaged

1 Values in a column followed by the same letter do not differ significantly by Duncan’s multiple range test (p = 0.05)
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ZEMEÒU ÐÍIRÒU UN HIBRÎDU OGU KVALITÂTES UN IZTURÎBAS IZVÇRTÇJUMS UN KALCIJA MÇSLOJUMA IETEKME

Zemenes (Fragaria x ananassa Duchense ex Rozier) ieòem nozîmîgu vietu starp audzçtajiem augïaugiem Latvijâ. Pçtîjuma mçríis bija
izvçrtçt jaunintroducçtâs zemeòu ðíirnes un perspektîvos hibrîdus un dabiskâ kalcija lapu mçslojuma (Megagreen®) ietekmi uz zemeòu ogu
kvalitâti un slimîbu un kaitçkïu izplatîbu. Izmçìinâjums tika rîkots 2012. gadâ Pûrç, Tukuma novadâ. Pçtîjumâ vçrtçtas ðíirnes: ‘Saint Pi-
erre’, ‘Annapolis’, ’Sonata’, ‘Chambly’, ‘Elegance’, ‘Rumba’, ‘Honeoye’, ‘Senga Sengana’, un hibrîdi: 35-1 un 39-1. Kalcija mçslojums
tika dots 2013. un 2014. gadâ èetras reizes sezonâ, smidzinot to uz lapâm 0,5% koncentrâcijâ. Zemenes tika audzçtas divrindu dobçs ar
melnâs plçves mulèu un pilienveida apûdeòoðanu. Vçrtçðana tika veikta divas sezonas. Lielâkajai daïai vçrtçto jaunintroducçto ðíiròu un
hibrîdu bija raksturîga labâka ogu kvalitâte un izturîba pret slimîbâm nekâ kontrolðíirnçm. Ðíirnes ‘Annapolis’, ’Rumba’, ‘Sonata’, ‘Ele-
gance’ un hibrîds 39-1 tika izdalîti kâ vislabâkie attiecîbâ uz ogu kvalitâti un izturîbu. Organiskâ kalcija mçslojuma (Megagreen®)
lietoðana, smidzinot to uz lapâm, statistiski bûtiski neietekmçja zemeòu ogu kvalitâti un izturîbu pret kaitçkïiem un slimîbâm.
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