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Abstract

The chemical composition of strawberry fruit depends
mainly on cultivar, fruit maturity degree and climatic conditions
in the growing period. Fruit quality is also determined by a cul-
tivation technology. The influence of two biostimulants (Atonik
SL and Betokson Super 050 SL), which were used separately, in
combination with each other or with the liquid fertilizer InsolCa,
on yielding and fruit quality of two strawberry cultivars: ‘Senga
Sengana’ and ‘Kent’, was tested. Betokson Super 050 SL + In-
solCa tended to improve the yield of both cultivars. Significant
differences compared to the control were evident especially in
2001. Fruits of ‘Senga Sengana’ started ripening later and had
more ascorbic acid, anthocyanins and acidity than ‘Kent’. The
use of Betokson Super 050 SL + InsolCa improved the content
of ascorbic acid, anthocyanins and sugar as well as acidity in
strawberries of both cultivars. The use of Betokson Super 050
SL + Atonik SL significantly increased the content of ascorbic
acid and sugar in fruits of both cultivars. ‘Kent’ strawberries
also responded to the treatment with an increase in anthocyanin
content and acidity.

Key words: Fragaria x ananassa Duch., fruits, fresh matter,
chemical composition of fruit, biostimulants, fer-
tilizer

INTRODUCTION

Strawberries are in the group of highly valued
fruits in the world. They are grown in large commer-
cial plantations as well as in amateur gardens. Straw-
berries have a special position because of their many
properties. The relationship between fruit consumption
and human health has been recognized since ancient
times. Epidemiological studies have noted a consistent

association between diet with fruits and the lower risk
for chronic diseases, including cancer, heart disease
and stroke [1-3]. The shape and chemical composition
of strawberries allow us to use these fruits for different
purposes. They are consumed fresh as well as in the
form of various types of processed and frozen prod-
ucts. These fruits are one of rich sources of vitamin
C in Polish conditions. The chemical composition of
berries varies depending on genetic factors (cultivar),
climate, weather conditions, and agronomic practices.
Technologies aiming to improve only cultivation are
not sufficient, because they do not use a wide variety of
the biological potential. This is the reason for seeking
the best conditions to ensure plant growth and devel-
opment that will not cause the biotic and abiotic stress-
es. One of the methods which could improve fruit yield
and quality is the use of biostimulants and fertilizers.
Biostimulants are natural growth regulators or chemi-
cals. They are used in many agriculture and horticul-
ture crops to improve fruit quality and to protect plants
against environmental stress [4—7]. Biostimulants used
during the flowering period help the plants concentrate
on flower development and fruit setting [8].

Foliar application of macro- and micronutri-
ents has a very important role in improving fruit set,
productivity and quality. It is well known that calcium
plays an important role in maintaining the quality of
fruits. Serrano et al. [9] found that peach and nec-
tarine trees sprayed with a formulation containing Ca**
produced fruits of higher weight and pulp firmness.
Wdjcik etal. [10] recommended foliar Ca fertiliza-
tion as a way to make strawberry fruits firmer and less
sensitive to B. cinerea. Makus and Morris [11]
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stated that Ca treatments reduced decay of strawberry
fruits during storage.

The aim of this study was to compare the influ-
ence of biostimulants, which were used separately, in
combination with each other or with the liquid fertiliz-
er InsolCa, on yielding and fruit quality of strawberry
cv. ‘Senga Sengana’ and ‘Kent’.

MATERIALS AND METHODS

Strawberry plants (Fragaria x ananassa Duch.)
cv. ‘Senga Sengana’ and ‘Kent” were planted in the
first decade of September in 1999 at Felin, close to
Lublin (NL: 51°, EL: 22°). The soil was characterized
as clay loam, with acidic to alkaline pH (6.1-7.2) and
rich in organic matter content (3.6%). Plant protection
treatments were performed according to the recom-
mendations of the Research Institute of Pomology and
Floriculture in Skierniewice, with the same treatments
used for both cultivars tested. The soil in the plantation
was mechanically tilled.

Each treatment consisted of 120 plants (in five
replications with 20 plants per plot in a split-block de-
sign). Plants were planted at 30 cm x 75 spacing, with-
out irrigation. To avoid the potential movement of the
preparations between the plots, 1m separation strips
were used. All treatments were applied as a foliar spray
during flowering 3 times (beginning of flowering, full
flowering and end of flowering). The substances were
dissolved in tap water.

The experimental design was as follows:

1. Control

2.0.2% Atonik SL;

3.0.1% Betokson Super 050 SL;

4. 0.1% Betokson Super 050 SL.+ 0.2% Atonik SL;

5. 0.1% Betokson Super 050 SL + 0.3% InsolCa.

Atonik SL — a biostimulant containing 0.3% so-
dium para-nitrophenolate, 0.2% sodium ortho- nitro-
phenolate, 0.1% sodium 5-nitroguaiacolate;

Betokson Super 050 SL — a biostimulant con-
taining 25 g L' salt of 2-naphtoxyacetic acid with
triethanolamine.

Insol Ca — a liquid fertilizer with the follow-
ing composition: 10% nitrate N, 14% CaO, 2% MgO,
0.02% B, 0.1% Mn, 0.02% Zn.

The total yield of ‘Senga Sengana’ was divided
into marketable yield and non-marketable fruits, which
means visibly damaged or rotten fruits. The yield of
‘Kent’ (kg/plot) was recorded by successive harvesting
of marketable fruits from each field every 2-3 days. In
the case of this cultivar, the total yield was equal to the
marketable yield because of a limited number of poor
quality fruits at the sixth harvest. A sample of about
one kilogram from each cultivar was taken for analysis
during the full fruiting period.

© The Author(s) 2014

A quality evaluation was performed on fresh
fruits using standard analytical test methods.

— Dry matter content — in five replications — by

the oven-drying method [12].

— Soluble solids content was determined with
an Abbé refractometer — in ten replicates;

— Ascorbic acid content was determined in five
replicates — by the colorimetric method of
Roe and Kuether [13];

— Anthocyanin content expressed as cyanidin
chloride equivalents — in five replicates by the
colorimetric method [14];

— Reducing sugar content was determined ac-
cording to the Loof-Schoorl method — in five
replicates [15];

— Acidity was determined potentiometrically in
five replicates by titration with 0.1 N NaOH
solution and was expressed as malic acid
equivalents [16].

The experimental data were statistically ana-
lyzed using analysis of variance for two-factorial ex-
periments and Tukey’s test at P=0.05. The data were
analyzed with ‘STATISTICA’ software.

RESULTS

The climatic conditions at the beginning of the
growing season as well as during flowering and fruit-
ing of strawberry plants were similar in both seasons
(2001 and 2002) — the differences were only 1°C in
relation to the long-term average. However, the total
precipitation significantly differed from the long-term
average, especially in June 2002 when it was approxi-
mately 178% of the long-term average (Table 1).

The harvests of ‘Senga Sengana’ fruits were
performed on 11 dates in 2001 (from the 1% to the 20"
of June), while in the case of ‘Kent’ from the 25" of
May to the 18" of June, but in 2002 the harvest of cv.
‘Senga Sengana’ fruits lasted from the 3™ of June to
the 24™ of June and for ‘Kent’ from the 27" of May to
the 20™ of June.

During the two seasons of the study, the straw-
berry cultivar ‘Senga Sengana’ produced yields at a
similar level. In 2002 cv. ‘Kent’ gave an average yield
1.5 kg lower than in 2001. The yield of ‘Kent’, in com-
parison to ‘Senga Sengana’, was lower each year, but
taking into account that there were non-marketable
fruits in the total yield of ‘Senga Sengana’, the mar-
ketable yields were comparable. The yield of ‘Kent’
obtained from the second to the tenth harvest was at
a similar level (from 0.5 to 1.0 kg/plot). In the case
of ‘Senga Sengana’, the weight of the crop up to the
fourth harvest did not exceed 0.5 kg/plot, while from
the fifth to tenth harvest it remained at a level of more
than 1 kg/plot (Tables 2 and 3). In 2001 (Table 3)
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a significantly higher yield of marketable fruits of cv.
‘Senga Sengana’, compared to the control, was found
after the application of Betokson Super 050 SL + In-
solCa. In the following year of the study, no beneficial
effect of the biostimulants was observed in the case of
both cultivars (Tables 3 and 5). In 2001 a significant
increase in marketable yield was found for cv. ‘Kent’
in all treatments with Betokson Super 050 SL. Plants
of cv. ‘Kent’ responded with a significant increase in
marketable yield when treated with Betokson Super
050 SL, Betokson Super 050 SL + Atonik SL, or Be-
tokson Super 050 SL + InsolCa (Table 4).

A variation in climatic conditions between the
years of study was observed which might have af-
fected the results to a greater extent than the treat-
ments. For example, precipitation (Table 1) was much
higher in June 2002 (116.8 mm) in comparison to 2001
(47.6 mm). The growing period had a great influence
on most of the examined features of ‘Senga Sengana’
fruits. The content of soluble solids extract, ascorbic
acid and anthocyanins was significantly higher in 2001
than in the subsequent year of the study. A significant
increase in the content of sugars and acids, compared
to the previous year, was noted in 2002 (Table 6).

There was no significant effect of growing sea-
son on the content of soluble solids and anthocyanins
in fruits of cv. ‘Kent’, however strawberries harvested
in 2002 had much more sugar, acid and dry matter,
and much less ascorbic acid than in the previous year
(Table 8). There were no significant differences in dry
matter content of fruits cv. ‘Senga Sengana’ between
seasons. The application of Atonik SL and Betokson
Super 050 SL + InsolCa significantly increased the
values of the above-mentioned feature as compared to
the control (Table 7). The dry matter content in fruits of
cv. ‘Kent’ in 2001 was significant lower than in 2002.
However, there was no significant effect of chemical
treatment on the values of the above described feature.

Betokson Super 050 SL + InsolCa application
was found to have a clear positive effect of on soluble
solids content in ‘Senga Sengana’ fruits, especially in
the second year of the study. The soluble solids extract
in ‘Kent’ fruits was similar in both growing seasons,
but a significant effect on increasing the values of this
trait was detected after the application of Betokson Su-
per 050 SL (Table 9). All treatments improved the val-
ues of ascorbic acid content in ‘Senga Sengana’ fruits
as compared to the control (Table 7), while fruits of cv.
‘Kent’ responded with an increase in the values of the
above-mentioned feature after the application of Be-
tokson Super 050 SL + Atonik SL or Betokson Super
050 SL + InsolCa (Table 9). In our study, the content
of ascorbic acid ranged from 40.29 mg% (‘Kent’ con-
trol in 2002) to 59.73 mg% (‘Senga Sengana’ treated
with Betokson Super 050 SL+Atonik SL in 2001). The
anthocyanin content in ‘Senga Sengana’ fruits was
significantly higher in 2001 than in the following year
(Table 6). A significant positive effect of Betokson Su-
per 050 SL + InsolCa application, as compared to the
control, was found (Table 7). The growing seasons had
no significant effect on the content of anthocyanins in
‘Kent’ fruits (Table 8). The application of Betokson
Super 050 SL + Atonik SL and Betokson Super 050 SL
+ InsolCa increased the anthocyanin content compared
to control (Table 9). Each of the treatments caused
a significant increase in sugar content in fruits of
both cultivars, in comparison to the control (Tables 7
and 9). The acidity of fruits of cvs. ‘Senga Sengana’
and ‘Kent” was much higher in 2002 than in the previ-
ous year. Only the use of Betokson Super 050 SL +
InsolCa resulted in a significant increase in acid content
in fruits of ‘Senga Sengana’. ‘Kent’ fruits were char-
acterized by a significant increase in acid content after
the application of Betokson Super 050 SL, Betokson
Super 050 SL + Atonik SL or Betokson Super 050 SL
+ InsolCa.

Table 1
Climate conditions. Mean monthly air temperature and total precipitation
in 2001 and 2002 versus the long-term average

2001 2002
Month 1951-2005
Decade Mean Decade Mean
1 11 I I I I
April 9.6 5.3 10,5 8.5 3.5 10.3 12.0 8.6 7.4
Tem(p;érj‘mre May 154 142 123 139 111 112 148 124 13.0
June 13.7 149 17.2 15.3 15.8 18.9 18.7 17.8 16.2
April 15.0 32 46.7 64.9 5.8 2.2 10.3 18.3 40.2
Precipitation May 0.0 25 174 199 - 28 258 286 57.7
(mm)0
June 27.7 12.7 7.2 47.6 65.1 32.7 19 116.8 65.7
© The Author(s) 2014  Published by Polish Botanical Society
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Table. 2
The influence of biostimulants and fertilizer on marketable yield, non-marketable fruit yield
and total yield of strawberry cv. ‘Senga Sengana’ in 2001

Average marketable yield per plot on individual harvest dates (kg/plot) Non-marketable .
. Total yield
Treatment fruit yield

1VI 3VI 5VI 7VI 8VI 10VI 12VI 14VI 16 VI 17VI 20VI  (kg/plot) (ke/plot

Control 0.11a* 0.12a 0.17a 0.32a 0.88a 2.25ab 0.88a 1.22a 1.14a 0.76a 0.79 a 0.58 a 922 a

Atonik SL 0072 0.112 02220292 0.89a 1.58a 1.01ab 1.31a 1.61b 1.34b 1.08b 1.14b 10.62 ab
gse(t)oé‘ion SUPEr 012 0.112 0.162 0312 0.80a 2.36b 1.13ab139ab 142b 1.17b0.89ab  0.87 ab 10.62 ab
Betokson Super

050 SL 0.11a 0.132 0242 0312091 ab 2.31b 1.04ab 1.31a 1.44b 1.14b091ab  0.79 ab 10.64 ab
+ Atonik SL

Betokson Super

050 SL 0.08a 0.172 0272 039a 1.11b 259b 1.27b 1.63b 1.63b 1.15b0.97 ab 0.95b 1221b
+InsolCa

*Means within column with the same letter are not significantly different by Tukey’s Multiple Range Test at PL0.05.

Table. 3
The influence of biostimulants and fertilizer on marketable yield, non-marketable fruit yield
and total yield of strawberry cv. ‘Senga Sengana’ in 2002

Average marketable yield per plot on individual harvest dates (kg/plot) Non-marketable .
. Total yield
Treatment fruit yield

3VI 5VI 7VI 9VI 11VI 13VI 15VI 17VI 19VI 21 VI 24Vl (kg/plot) (ke/plot

Control 0.122* 0.152 0.2820.45ab 1.0a 1.01a 1.28b 1.64b 2.21b 1.47 bc 0.99 a 0.78 b 1138 b
Atonik SL 0.06a 0.142 0452 0.31a 0.99a 098a 0.74a 1.0a 124a 094a 0.68a 0.53a 8.06 a

gse(t)oé‘i"“ SUPCr () 194 0.192 0252 051b 1.0a I.11ab1.24b 1.57b 1.85ab 1.70c 097a  0.75ab 1126 b
Betokson

Super 050 SL+ 0.09a 0.172 0.26a 0.51b 1.01a1.11ab1.22b 1.46ab1.86ab0.99ab 0.74a  0.63 ab 10.05 ab
Atonik SL

Betokson Super 104

050 SL+In-  0.23b 0202 0.30a 049b 1.01a 1.35b 1.27b 144ab 213b 7 10la  075ab 11.42b

solCa

*Means within column with the same letter are not significantly different by Tukey’s Multiple Range Test at PL0.05.

Table. 4
The influence of biostimulants and fertilizer on marketable yield of strawberry cv. ‘Kent’ in 2001

Average marketable yield per plot on individual harvest dates (kg/plot) Marketable
Treatment fruit yield

25V 27V 29V 31V 2VI 4VI 6VI 9VI 12VI 15VI 18 VI (kg/plot)

Control 0.41a* 0.64a 0.70a 0.54a 0.57a 0.86a 2.04a 0.57a 0.70a 0.54a 0.34a 792a
Atonik SL 0.35a 0.63a 0.65a 098b 0.58a 1.19b 2.34ab 0.69a 0.87a 0.68 ab 0.38 a 9.33 ab

Betokson Super 050 S 0.44a 196a 0.80a 0.68a 0.68a 1.27b 2.45ab 0.74a 0.80a 0.73 ab 0.39 a 1093 b

Betokson Super 050 SL
+ Atonik SL

Betokson Super 050 SL
+InsolCa

042a 0.67a 0.78a 097b 0.70a 1.29b 2.77b 0.74a 0.77a 0.75ab 0.37 a 10.23 b

044a 0064a 0.79a 092b 0.67a 1.32b 293b 0.76a 0.76a 0.77b 0.33 a 10.32b

*Means within column with the same letter are not significantly different by Tukey’s Multiple Range Test at PL0.05.
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Table. 5
The influence of biostimulants and fertilizer on marketable yield of strawberry cv. ‘Kent’ in 2002
Average marketable yield per plot on individual harvest dates (kg/plot) Marketable
Treatment fruit yield
27V 29V 31V 2VI 4VI 6VI 9VI 13VI 17VI 20VI (kg/plot)
Control 0.32a* 0.50a 0.60a 08la 087a 1.14a 0.82a 089a 0.75a 0.77a 747a
Atonik SL 029a 0.66a 0.76ab 1.0ab 092a 0.84a 098a 1.02a 1.13b 0.76a 836a
Betokson Super 050 SL  0.38ab 0.65a 0.72ab 1.06b 093a 1.08a 091a 0.88a 1.02ab 0.77a 8.40 a
Betokson Super 050SL 6 471, 0672 0.74ab 1.02ab 0.89a 1.11a 088a 087a 090ab 0.60a  8.15a
+ Atonik SL
fle;‘s’(l;s(‘;’;‘ Super O50SL 6 3g4b 0.68a 0.81b 1.13b 094a 108a 093a 1.09a 088ab 0.77a  8.69a

*Means within column with the same letter are not significantly different by Tukey’s Multiple Range Test at PL0.05.

Table. 6
The influence of preparations and growing season on the content of dry matter, soluble solids, ascorbic acid, anthocyanins and
sugar as well as on acidity of strawberries cv. ‘Senga Sengana’

Treatment Year Dry matter  Soluble solids  Ascorbic acid Anthocyanins Sugar Acidity
(%) (%) (mg%) (%) (%) (%)
Control 9.94 a-c* 7.82 a-c 4430 a 0.066 ab 452 a 1.022 a
Atonik SL 10.15 be 7.88 a-c 52.28d 0.069 ab 5.23 be 1.032 ab
Betokson Super 050 SL 9.31 ab 8.08 a-c 54.66 e 0.071 ab 5.32b-d 1.030 a
Betokson Super 050 L 2001 973, 822ac 59.73 0067ab  508ab  1.022a
+ Atonik SL
Betokson Super 050 SL 9.82 a-c 8.42 be 59.08 0.074 b 574cd  1.040ab
+InsolCa
Mean for year 9.79 A 8.08 B 54.01 B 0.069 B 5.18A 1.029 A
Control 9.03 a 7.24 a 4934 ¢ 0.063 a 4.81 ab 1.032 ab
Atonik SL 10.18 be 724 a 46.55b 0.066 ab 5.05 ab 1.040 ab
Betokson Super 050 SL 9.61 a-c 7.72 a-c 50.05 ¢ 0.067 ab 5.25b-d 1.040 ab
Betokson Super 050 8L 2002 ¢ 56, 7.44 ab 1984 ¢ 0066ab  584cd  1.050b
+ Atonik SL
Betokson Super 050 SL 1043 ¢ 8.64 ¢ 4941 ¢ 0.070 ab 585d L112¢
+InsolCa
Mean for year 9.76 A 7.66 A 49.04 A 0.066 A 536B 1.055B
*Means within column with the same letter are not significantly differ by Tukey’s Multiple Range Test at P£0.05.
Table. 7
The influence of preparations on the content of dry matter, soluble solids, ascorbic acid, anthocyanins
and sugar as well as on acidity of strawberries cv. ‘Senga Sengana’
Treatment Dry matter Soluble solids ~ Ascorbic acid ~ Anthocyanins Sugar Acidity
(%) (mg%) (%) (%) (%)
Control 9.49 a* 7.53 a 46.82 a 0.065 a 4.67 a 1.027 a
Atonik SL 10.17 b 7.56 a 4942 b 0.068 ab 5.14b 1.036 a
Betokson Super 050 SL 9.46 a 7.90 ab 52.36¢ 0.069 ab 5.28b 1.035 a
Betokson Super 050 SL g 65 7832 54.79d 0.067 ab 5.46 be 1.036 2
+ Atonik SL
Betokson Super 050 8L 15, 8.53b 5425d 0.072 b 579¢ 1.076 b
+InsolCa

*Means within column with the same letter are not significantly differ by Tukey’s Multiple Range Test at P£0.05.

© The Author(s) 2014
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Table. 8
The influence of preparations on the content of dry matter, soluble solids, ascorbic acid, anthocyanins
and sugar as well as on acidity of strawberries cv. ‘Kent’
Dry matter ~ Soluble solids Ascorbic acid Anthocyanins Sugar Acidity
freament Year (%) (%) (ing%) (%) (%) (%)
Control 9.33 b-d* 7.38 ab 49.70 ¢ 0.055 a 449 a 0.770 a
Atonik SL 9.56 b-d 7.68 a-c 49.60 ¢ 0.059 a-c 492b 0.780 ab
Betokson Super 050 SL 9.10 a-c 832¢ 49.20 ¢ 0.055a 595f 0.864 a-d
Betokson Super 050 SL 2001 8.78 ab 7.30 ab 52.96d 0.064 a-c 5.58d 0.800 ab
+ Atonik
Betokson Super 030 SL 824 792 ac 52.98 d 0.062 ac 535¢ 0.910d
+ InsolCa
Mean for year 9.00 A 772 A 50.89 B 0.059 A 526 A 0.825 A
Control 9.62 b-d 7.72 a-c 40.29 a 0.058 ab 542¢ 0.790 ab
Atonik SL 9.67 cd 7.42 ab 40.54 a 0.056 ab 5.57d 0.810 a-c
Betokson Super 050 SL 10.11d 8.12 bc 41.60 b 0.055a 5.84e 0.870 b-d
Betokson Super 030 L 2002 9.98 d 7.40 ab 42.13b 0.065 be 5.54d 0.900 cd
+ Atonik
Betokson Super 050 SL 9.74 cd 7.16 a 40.55a 0.068 ¢ 597 f 0.930 d
+InsolCa
Mean for year 9.832B 7.56 A 41.02 A 0.060 A 5.67B 0.860 B
DISCUSSION found that optimal environmental conditions promote

The results of the present study showed that
the fruiting pattern of the studied cultivars varied. Cv.
‘Senga Sengana’ produced yields at a similar level in
both seasons, while ‘Kent’ gave a lower yield in 2002
than in the previous year. According to Karp and Sta-
rast [17], strawberry yield is the most abundant in the
second and third year of cultivation. The yield from
older plants decreases, while the percentage of 2nd
grade fruits in total yield increases.

Betokson Super 050 SL + InsolCa tended to
improve the yield of both studied cultivars. The ben-
eficial effect of Betokson Super 050 SL on the yield
of ‘Senga Sengana’ was found by Masny et al. [4,
6] and on black currant yield by Michalski [18].
However, Cholewinski [19] observed only a
slight increase in strawberry yield after the applica-
tion of this biostimulant. Similar strawberry yields
from cvs. ‘Senga Sengana’ and ‘Kent’ were obtained
by Kopytowski et al. [20] in the conditions
of Warmia and by Pawtowska et al. [21] in the
conditions of Lubelszczyzna. Biostimulants used dur-
ing the flowering period help the plants concentrate
on flower development and fruit setting [8]. This can
be an explanation of a significantly higher yield, as
compared to the control, at some harvest dates. The
influence of the bioregulators differed between grow-
ing seasons. This might have resulted from the age of
plants or from climatic conditions. Zmuda etal. [22]

© The Author(s) 2014

fruit setting and then the effect of exogenous auxin is
smaller. Strawberries have high water requirements
due to their shallow root system, large leaf area and
fruits with high water content [23]. Studying the effect
of substrate moisture content on cv. ‘Elkat’ strawberry
yield, Klamkowski etal. [24] found that the opti-
mal moisture content was between 25 and 34% v/v or
between 74 and 100% of water holding capacity. May
and June in 2002 were more abundant in precipitation
than in 2001.

The chemical composition of strawberry fruit
depends mainly on cultivar, fruit maturity degree and
climatic conditions during the growing period. It is
also determined by cultivation technology [25]. The
significantly higher amount of sugar and acid in fruits
of both cultivars in 2002 may have resulted from the
higher air temperatures in the first two decades of June.
Besides light, air temperature is a major factor that in-
fluences the photosynthetic activity in plants, so that
the starch concentration in leaves is higher in plants
exposed to high air temperatures. Sugar accumulation
in the plant is influenced by the sink strength, which
means the fruit development stage [26]. Dantas et
al. [27] found that higher sink strength occurred in the
summer when the air temperatures were higher. Ki-
tano etal. [28] suggested that respiration in fruits en-
hanced the effect of temperature on expansive growth
and sugar accumulation through regulation of the ener-
gy-dependent postphloem sugar transport in the fruits.

Published by Polish Botanical Society
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The beneficial influence of Ca spraying on vi-
tamin C content in strawberry was reported by Na -
phun et al. [29]. Similar results were obtained by
Poovaiah et al. [30], who found that CaCl, in-
creased the ascorbic acid content in apples.

The values were similar to the results obtained
by Skupienand Oszmianski [31]-33.8-64.5mg
x 100 g' (‘Kent’ and ‘Elkat’), and lower than those
reported by Cordenunsi et al. [32] — 47-80 mg x
100 g'. In an experiment on raspberry, Grajkows -
ki and Ochmian [8] found that the control plants
and plants treated with Atonik SL had the highest vita-
min C content. However, the experiment of Mikos -
Bielak [33] showed that Atonik SL definitely low-
ered the vitamin C content in raspberries.

The red or scarlet color of the fruit and its flesh
is one of the most important features of strawberry,
because the color may be the most important quality
factor that the consumer first realizes. Anthocyanins
are accumulated in the inner flesh of the strawberry
fruit during the late stage of development and their ac-
cumulation may be regulated by auxin [34].

Sugar content is one of important factors in de-
termining the quality of strawberry fruits. Fructose ac-
cumulation in fruits is not only a result of sucrose trans-
port and metabolism, but also occurs due to fructose
metabolism. Le Clere etal. [35] pointed out that the
sugar concentration in maize kernels was affected by
auxin biosynthesis. W an g et al. [36] found that exog-
enous auxin affected fructose accumulation, but their
signaling and regulating mechanisms are still unclear.

CONCLUSIONS

1. Betokson Super 050 SL + InsolCa tended to im-
prove the yield of both cultivars; especially in 2001
significant differences were evident as compared to
the control.

2. The fruit of ‘Senga Sengana started ripening later
and had more ascorbic acid, anthocyanins and acid-
ity than ‘Kent’.

3. The use of Betokson Super 050 SL + InsolCa in-
creased the content of ascorbic acid, anthocyanins
and sugar as well as acidity in strawberries of both
cultivars.

4. The use of Betokson Super 050 SL + Atonik SL
significantly increased the content of ascorbic acid
and sugar in fruits of both cultivars. ‘Kent” straw-
berries also reacted with a higher content of antho-
cyanins and higher acidity.

Acknowledgements

This work was financially supported by the
Ministry of Science and Higher Education as part of

© The Author(s) 2014

the statutory activities of the Department of Pomology,
University of Life Sciences in Lublin.

Authors’ contributions

The following declaration about authors’ contri-
butions to the research has been made: study concept:
IS and AB; field research and data collection: IS and
TL; data interpretation: IS, TL, writing of the manu-
script, table and figure arrangement: IS and TL.

REFERENCES

1. Hannum SM. Potential impact of strawberries on hu-
man health: a review of the science. Crit Rev Food Sci
Nutr 2004; 44: 1-17. http://dx.doi.org/10.1080%2F10408
690490263756

2. Tulipani S, Mezzetti B, Battino M. Impact of
strawberries on human health: insight into marginally dis-
cussedbioactivecompoundsfortheMediterraneandiet. Public
Health Nutr. 2009; 12, 9A: 1656—-1662. http://dx.doi.org/10.
1017%2FS1368980009990516

3. Giampieri F, Tulipani S, Alvarez-Suarez JM,
Quiles JL, Mezzetti B, Battino M. The strawberry:
Composition, nutritional quality and impact on human health.
Nutrition. 2012; 28: 9-19. http://dx.doi.org/10.1016%?2
Fj.nut.2011.08.009

4. Masny A, Zurawicz E, Basak A. Influence of
,.Betokson Super (BNOA) and Rother growth regulators on
yield and quality in strawberry. Proceedings of 4™ Interna-
tional Strawberry Symposium, 9-14 July 2000, Tampere,
Finland. Acta Hort. 2002; 567: 467-470.

5.Masny A, Basak A, Zurawicz E.Effects of foliar
application of Kelpak SL and Goémar BM 86® prepara-
tion on yield and fruit quality in two strawberry cultivars.
Skierniewice, Poland. J Fruit Ornam Plant Res. 2004; 12:
23-27.

6. Masny A, Basak A, Zurawicz E.Wplyw Betok-
sonu Super na wielkos¢ i jakos¢ plonu owocéw trzech odmi-
an truskawki. Mat. VIII Ogélnopolskiego Zjazdu Hodowcéw
Roslin Ogrodniczych, Lublin, 4-5 lutego 1999, t. 1: 291-294.
(in Polish)

7.Szabdé V, Hrotkd K. Preliminary results of biostimu-
lator treatments on Crategus and Prunus stockplant. Bull
Uasvm Horticulture 2009; 66, 1: 223-228.

8. Grajkowski J, Ochmian I. Influence of three biostim-
ulants on yielding and fruit quality of three primocane rasp-
berry cultivars. Acta Sci Pol Hortorum Cultus 2007; 6 (2):
29-36.

9. Serrano M, Martinez-Romero D, Castillo S,
Guillén F, Valero D. Effect of preharvest sprays con-
taining calcium, magnesium and titanium on the quality of
peaches and nectarines at harvest and during postharvest
storage. J Sci Food Agric. 2004; 84: 1270-1276. http://
dx.doi.org/10.1002%2Fjsfa.1753

10. Wojcik P, Filipczak J, Alexander A.Effectof
foliar application of Wuxal fertilizers on strawberry yield
and fruit quality. Acta Hort. 2005; 721: 27-32.

Published by Polish Botanical Society



106

Iwona Szot, Tomasz Lipa, Alina Basak

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Makus DJ, Morris JR. Influence of soil and foliar
applied calcium on strawberry fruit nutrients and post-har-
vest quality. Acta Hort 1989; 265: 443-446.
Narasimhalu P, Kunelius HT, Winter KA.
Rapid determination of dry matter in grass silage of Lolium
sp. using microwave oven. Canad J Plant Sci 1982, 62, 2,
233-235.

Roe JH, Kuether CA.Determination of ascorbic acid
in whole blood and urine through the 2,4-DNPH derivative
of dehydroascorbic acid. J Biol Chem 1943; 147: 399-407.
Fuleki T, Francis FJ. Extraction and determining of
total anthocyanin in cranberries. J Food Sci 1968; 33 (1): 72—
77. http://dx.doi.org/10.1111%2Fj.1365-2621.1968.tb00887.x
Kretkowska-Kutas M. Badanie jakosci produktéw
spozywczych. PWE, Warszawa, 1993; 53-55 pp. (in Polish)
Yermakov AI, Arasimovic VV, Yarosh NP,
Peruanskij JV, Lukovnikova GA, Ikonniko-
va MI. Methods of biochemical analyses. Agropromizdat,
Leningrad 1987; 431 pp.

Karp K, Starast M. Influence of the age of plants and
foliar fertilization on the yield of strawberry cultivar Jon-
sok’ under plastic mulch. Acta Hort. 2002; 576: 459-462.
Michalski P. Effect of growth regulators on the yield
and fruit quality of black currant cultivars. Zesz Nauk Inst
Sadown Kwiac 2004; 12: 141-146.

Cholewiniski A. Wstgpna ocean wptywu wybranych
stymulatoréw wzrostu na plon dwéch odmian truskawki w
uprawie polowej. Mat. XXXVII Ogdlnopol Nauk Konf Sa-
dow Skierniewice 25-27 sierpnia 1998: 1998; 57-60. (in
Polish)

Kopytowski J, Kawecki Z, Bojarska JE.Oce-
na plonowania i jakosci owocéw kilku odmian truskawki
uprawianej na Warmii. / Yielding and fruit quality of some
strawberry cultivars cultivated in the Warmia region. Zesz
Nauk Inst Sadown Kwiac 2006; 14: 53-61. (in Polish)

.Pawtowska D, Zmuda E, Wieniarska J. Theef-

fect of forecrops on the strawberry yielding. Acta Sci. Pol.,
Hortorum Cultus 2004, 3 (2):197-206.

Zmuda E, Murawska D, Szember E. Study on
application of Betokson Super in growing of strawberry cv.
‘Senga Sengana’. Zesz Nauk Instyt Sadown Kwiac 2001; 9:
185-191

Treder W. Nawadnianie plantacji truskawek jako czyn-
nik warunkujacy jakos¢ owocéw. Materiaty Ogélnopolskiej
Konferencji Truskawkowej, Skierniewice, 2003.; 88-92 pp.
(in Polish)

Klamkowski K, Treder W, Tryngiel-Gacé A.
The effect of substrate moisture content on water potential,
gas exchange rates, growth, and field in strawberry plants
grown under greenhouse conditions. J Fruit Ornam Plant
Res 2006; 14: 163-171.

Recamales AF, Lopez-Medina J, Hernandez D.
Physiochemical characteristics and mineral content of
strawberries grown in soil and soilless system J Food Qual
2007, 30: 837-852. http://dx.doi.org/10.1111%2F].1745-45
57.2007.00154.x

Schrier, AA, Hoffmann-Thoma G, Bel AlJ.
Temperature effects on symplasmic and apoplasmic phloem

© The Author(s) 2014

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

loading and loading-associated carbohydrate processing.
Australian J Plant Physiol Collingwood, 2000; 27: 769-778.
http://dx.doi.org/10.1071%2FPP99166

Dantas BF, Pereira MS, Ribeiro L, Maia JL,
Bassoi LH. Effect of humic substances and weather con-
ditions on leaf biochemical changes of fertigated guava tree
during orchard establishment. Rev Bras Frutic Jaboticabal
— SP 2007; 29 (3): 632-638. http://dx.doi.org/10.1590%2
FS0100-29452007000300040

Kitano M, Araki T, Eguchi H. Temperature de-
pendence of postphloem transport regulated by respiration
in tomato fruit. Biotronics 1998; 27: 33-39.

Naphun W, Kawada K, Matsui T, Yoshida Y,
Kusunoki M. Effects of calcium spray on the quality
of ‘Nyoho’ strawberries grown by peat-bag-substrate bench
culture. Kasetsart J. Nat. Sci. 1997; 32: 9-14.
Poovaviah BW. Role of calcium in prolonging stor-
age life of fruits and vegetables. Food Technol. 1986, 58:
86-89.

Skupien K, Oszmiariski J.2007. Influence of tita-
nium treatment on antioxidants content and antioxidant ac-
tivity of strawberries. Acta Sci Pol Technol Aliment. 6, 4:
83-94.

Cordenunsi BR, Genovese MI, Nascimen-
to JRO, Hassimotto NMA, dos Santos J,
Lajolo FM. Effects of temperature on the chemical
composition and antioxidant activity of three strawberry
cultivars. Food Chem. 2005; 91: 113-121. http://dx.doi.
org/10.1016%2Fj.foodchem.2004.05.054
Mikos-Bielak M. Bioregulacja plonowania i chemic-
znej jakosci plonu malin jako efekt zastosowania Asahi. /
Bioregulation of yielding and chemical quality of raspberry
as an effect due to Asahi. Annales UMCS, Sec. E Agricultu-
ra 2004; 59 (3): 1471-1479. (in Polish)

Yoshida Y, Goto T, Hirai M, Masuda M.
Anthocyanin accumulation in strawberry fruits as affected
by nitrogen nutrition. Acta Hotr. 2002; 567: 357-360
LeClere S, Schmelz EA, Chourey PS. Sugar
levels regulate tryptophan-dependent auxin biosynthesis in
developing maize kernels. Plant Physiol. 2010; 153: 306—
318. http://dx.doi.org/10.1104%2Fpp.110.155226

Wang WP, Cui N, Dong XF, Shuang-Shuang LV,
Bo Q, Tian-Lai LI. Effect of exogenous auxin on ac-
tivity of fructokinase and gene expression in tomato fruits.
Middle-east J Sci Res 2011; 7 (6): 984-989.

Wplyw atoniku sl, betoksonu super 050 sl
and insolu ca na plonowanie
truskawek (Fragaria x ananassa Duch.)
odmian ‘Senga Sengana’ i ‘Kent’

Streszczenie

Sktad chemiczny truskawek zalezy gtéwnie od

odmiany, stopnia dojrzatosci owocéw oraz warunkow
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klimatycznych w danym sezonie wegetacyjnym. Na
jakos¢ owocow wpltywaja takze zabiegi pielegnacyjne
prowadzone w czasie uprawy. W doswiadczeniu
badano wplyw dwoéch biostymulatoréw (Atonik SL
i Betokson Super 050 SL), uzytych samodzielnie lub
w potaczeniu, albo z ptynnym nawozem InsolCa, na
plonowanie i jakoS¢ owocow dwodch odmian ‘Senga
Sengana’ i ‘Kent’. Betokson Super 050 SL + InsolCa
wplynat na poprawe wielkosci plonéw obu odmian,
zwlaszcza w 2001 roku réznice byly wyraZznie wi-
doczne w stosunku do kontroli. Owoce odmiany

‘Senga Sengana’ zaczg¢lty dojrzewad pdzniej i miaty
wiecej kwasu askorbinowego, antocyjandw i1 wiekszg
kwasowos¢, niz odmiany ‘Kent’. Zastosowanie Be-
tokson Super 050 SL + InsolCa istotnie wptyneto
na zwiekszenie zawartosci kwasu askorbinowego,
antocyjandéw, cukréw i kwasowosci truskawek obu
badanych odmian. Zastosowanie Betokson Super
050 SL + Atonik SL wptyng¢to na wzrost zawartosci
kwasu askorbinowego i cukru w owocach obu odmian.
Truskawki odmiany ‘Kent’ charakteryzowaly si¢ takze
wzrostem zawartosci antocyjandw i kwasowosci.
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