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Abstract. The winter planting system is based on the use of the bare-root plant. It is used extensively in many strawberry
cultivation areas characterized by mild winters. Bare-root plants have disadvantages and plug plants represent a valid alter-
native to the traditional bare-root plant. This study, conducted in Southern Italy, investigated the changes in the fruiting cycle
of bare-root and plug plants of strawberry (Fragaria × ananassa), with a focus on fruit quality. Bare root and plug plants for
three strawberry genotypes were planted in fields and the differences in yield, quality traits and main bioactive compounds
were evaluated. The plants were grown in Scanzano Jonico – Basilicata region (Southern Italy). Yield per plant, fruit size,
total soluble solids content, titratable acidity, flesh firmness, skin colour, antioxidant activity (TAC), total phenols (TPH),
total anthocyanins (TACY), ascorbic acid content (AA) and phenolic profile were determined. The results confirmed that
the start of the harvest for plug plants was significantly earlier than for bare-root plants and plug plants also had higher
productivity. The fruit size of plug plants was initially larger than for bare root plants but became significantly smaller when
the production flow decreased in May. Plant type did not affect flesh firmness, while the sugar content was lower in plug
plants. The fruit colour brightness was higher for plug plants in the first part of the harvest but reduced significantly in the
second part. TPH was lower for plug plants, compared to bare-root plants, in the first part of the harvest but higher in the
second part, when the fruit size of plug plants decreased significantly. TACY showed a considerable variability and was more
influenced by the genotype rather than by the type of plant. Also, TAC, being correlated with TPH, had higher values in
plug plants in the second part of the harvest, coinciding with the decrease in size. The content of the most important classes
of individual polyphenols (anthocyanins and ellagitannins) was on average higher in plug plants than in bare-root plants. In
summary, the plug plant had an early yield start with a production concentrated in March and early April, which is suitable
for Mediterranean areas, but the quality traits showed a lot of variability from year to year.
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1. Introduction

Consumers’ interest in health and nutritional aspects of horticultural products has been increasing in recent
years [1–3]. Strawberry (Fragaria×ananassa Duch.) is an economically important crop in the worldwide fruit
market due to its attractive fruit, good taste, distinctive flavour and its well-known nutritional value [2, 4].
Strawberry fruits, compared with the other fruits and vegetables, have higher amounts of vitamin C and phenolic
compounds, which are known to protect against free radicals [5, 6].

Strawberry is the most important berry crop produced in almost all parts of the world, with different cultivation
techniques, harvest seasons and genotypes adapted to different environmental conditions [3, 6, 7].

In temperate zones, the strawberry winter planting system is based on the use of bare-root plants and is used
extensively in California [8], Florida [9] and Spain [10]. In Southern Italy, the growers use Spanish or Polish
bare-root plants, planted in mid-October [11, 12]. Bare-root plants have weaknesses, mainly in reduced root and
vegetative development in nursery fields [12]. This causes variability in the flowering time. However, in the nursery
the plant digging date is delayed, to reach an optimal vegetative growth and to satisfy chilling requirements.
Furthermore, bare-root plants have high water requirements and a high risk of pathogen contamination in nursery
fields [13, 14]. In the same temperate zones, another type of plant, the plug plant, can also be used. This kind
of plant is obtained from unrooted runners (tips). The tips are grown in trays containing peat and they are
transplanted in the field after 3.5–5 weeks [15]. The advantages of plug plants are: reduced water needs, minimal
root damage during transplanting, easy root-taking, rapid growth and more uniform stand, earlier flowering and
production, a general increase in yield and lower risk of pathogen contamination [16–22].

Bare-root and plug plant management have been compared in many studies and several authors agree that the
use of plug plants increase early yield in strawberry [17, 23, 24]. However, there is still little knowledge of the
impact of this type of plant on fruit quality traits [17, 25–27]. The aim of this study was to evaluate the impact
of strawberry (Fragaria × ananassa Duch.) plug plants and bare-root plants on yield and fruit quality traits in
Southern Italy, where the traditional winter planting system is usually adopted.

2. Material and methods

2.1. Trial sites and cultivation practices

Field trials were conducted in two consecutive strawberry seasons (2011–12, 2012–13) in Sabato Donato
commercial farm, located in Scanzano Jonico, (Italy; 40◦25’N/16◦42’E). The soil was silty clay loam (sand
18%, silt 42%, clay 40%; pH 8.0), alkaline and with an organic matter content of 2.1%.

The experiment was conducted in a split plot randomized design, with two factors and four replications (30
plants per plant type and genotype). The first factor (main plot) consisted of two plant types: bare-root plants
and plug plants. The second factor (sub-plots) consisted of three June-bearing strawberry (Fragaria × ananassa
Duch.) varieties ‘Pircinque’, ‘Jonica’ and ‘Sabrosa’.

All plants were supplied by the Italian companies Planitalia srl (‘Sabrosa’) and Coviro Soc. Cons. a r.l.
(‘Pircinque’ and ‘Jonica’). The bare-root plants were transplanted on the 10th October of each year. The plug
plants were transplanted on the 27th September to allow an early harvest. Plants were grown under tunnel-
culture in accordance with the standard management practices. The tunnels were covered in early November and
strawberry plants were grown in double rows on raised beds, covered with black polyethylene mulch and spaced
1.2–1.4 m (centre-to-centre); planting density was 7.4 plants per m2.

2.2. Yield and average berry weight (fruit size)

Plot harvests were recorded at each picking (1–2 times per week) when the berries were fully red in colour. Total
yield per plant was calculated by summing the data of each harvest. Marketable yield was defined as intact fruits
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having a diameter of > 22 mm. Irregular, rotten and smaller diameter fruits were recorded as discard. Average
berry weight per month (January–May) was calculated by the formula (

∑
[fp])P–1 where f is the average berry

weight per harvest (ten fruits), p is the marketable yield per plant per harvest, and P is the sum of marketable
yields of all pickings (

∑
p).

2.3. Fruit sampling

At three time points (mid-March, mid-April and mid-May) fruit samples were picked in both years. Secondary
or tertiary fruits were selected for uniform size, fully red colour and lack of damage. Twenty ripe fruits of the
first sample batch were used within ten hours of the picking time to determine flesh firmness, total soluble solids
content, skin colour, titratable acidity and ascorbic acid content. A second batch of ripe fruits were collected,
freeze dried and ground with a pestle and mortar to a fine homogeneous powder for determining total antioxidant
capacity, total polyphenol content, total anthocyanin content; and the determination of the phenolic profile by
HPLC-DAD [28].

2.4. Flesh firmness and skin colour

Twenty fruits were chosen and the flesh firmness of each was measured with an Ametek digital penetrometer
with a 6 mm diameter probe (star-shaped plug). Next, the external colour of the fruit, in two opposite areas of the
equatorial region, was measured using a Minolta Chromameter reflect II with an 8 mm window providing the three
colour coordinates: L∗, a∗ and b∗. Colour data were reported as L∗ (brightness), hue angle (degrees) indicating
colour shade (hue = arctan [b∗ a∗–1] where 0◦=red-purple; 90◦=yellow) and chroma C∗=(a∗2 + b∗2)1/2, which
is indicative of colour intensity or saturation. The instruments were calibrated with standard white (Y = 93.96;
x = 0.3138; y = 0.3214).

2.5. Total soluble solids content and titratable acidity

Juice total soluble solids content (TSS) was measured (◦Brix) with an Atago digital refractometer PR-32
Alpha (LaboandCo, Torino, Italy) for twenty fruits. Titratable acidity (TA) was determined using a 702 SM
Titrino automatic titrator Metrhom Swiss. A 5.0 g sample of juice was diluted with 25.0 mL distilled water and
titrated with 0.1 N sodium hydroxide solution (NaOH) to pH 7.0. The data was reported as meq of NaOH per
100 g of fresh weight (FW).

2.6. Ascorbic acid

Ascorbic acid content (AA) was determined by the Merckquant® Ascorbic Acid Test (Reflectoquant®, Merck)
using test-strips dipped in strawberry juice [29]. Results were expressed in mg per 100 g FW.

2.7. Total phenolic content, total anthocyanin content and total antioxidant capacity

Nutraceutical compounds were determined by slightly modifying the method of Diamanti et al. [30]: 250 mg
of freeze-dried fine homogeneous powder were added to 10 mL methanol, stirred, sonicated for 5 min in an
ultrasonic bath at 4◦C and centrifuged for 30 min at 4,500 rpm. The supernatant was collected in a vial and
stored at –20◦C for subsequent analysis. Total phenolic content (TPH) was determined via the Folin-Ciocalteu
method as gallic acid equivalents (GAE) after Slinkard and Singleton [31]. Absorbance was measured after
two hours using a uv-1601-spectophotometer at 750 nm; the results were expressed as mg GAE per 100 g FW.
Total Anthocyanin concentration (TACY) was determined using a pH differential method [32]. The assay was
based on the peculiar pH dependent anthocyanin colour change [33]. The samples were diluted (1 : 20, v/v) with
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solutions of KCl 0.025 mol/L (pH 1.0) and sodium acetate 0.4 mol/L (pH 4.5); the absorbance was measured
at 510 and 700 nm in buffers at pH 1.0 and 4.5, respectively, using A = [(A510–A700)pH1.0 – (A510–A700)pH4.5]
with a molar extinction coefficient for pelargonidin-3-glucoside of 15,600. The results are reported as mg of
pelargonidin-3-glucoside equivalent (Pg-3-gluc) per 100 g FW. Total antioxidant capacity (TAC) was determined
by ABTS assay [34]. The radical cation solution was generated overnight with potassium persulfate. The sample
reading was carried out after 3 min using a uv-1601-spectophotometer at 734 nm and the results were reported
as mmol Trolox equivalent (TE) per 100 g FW.

2.8. Phenolic content by HPLC (high-performance liquid chromatography)

The phenolic profile was determined after Andreotti et al. [28]. Samples of phenolic compounds from 0.1 g
of freeze-dried fruits were extracted with 1 mL methanol, stirred for 30 s, sonicated for 30 min in an ultrasonic
bath at 4 ◦C and centrifuged for 30 min at 12,500 rpm. The supernatant was filtered through Millipore 0.2 �m
filters, collected in a vial and stored at –20◦C for analysis using an Agilent 1100 HPLC system with a photodiode
array detector (DAD) and an Agilent ZORBAX SB-C18 Rapid Resolution HT column (3.0 × 50 mm, 1.8 �m
particle size), kept at 35◦C in a solution of 0.1 M H3PO4 (solvent A) and methanol (solvent B) as the mobile
phase. The solvent gradient was 5% B in A at the beginning of analysis; 50% B in A at 8 min; 100% B at 13 min;
and 100% B (isocratic) at 15 min, followed by column preparation for the next analysis, with a total analysis
time of 20 min. The flow rate was 0.5 mL/min and chromatograms were recorded at 280, 320, 350 and 510 nm
for simultaneous monitoring. The total phenolic compounds were divided into five groups and quantified using
external standards: anthocyanins as pelargonidin-3-glucoside (Pg-3-gluc) and cyanidin-3-glucoside (Cya-3-gluc)
at 510 nm, flavonols as quercetin-3-gluoside (350 nm), ellagitannins as ellagic acid (280 nm), hydroxycinnamic
acids as chlorogenic acid (320 nm) and flavan-3-ols as catechin (280 nm). The phenolic compound count was
reported as �g per g of FW.

2.9. Statistical analysis

The data were processed by two-way analysis of variance (ANOVA), including the effects of plant type and
genotype and their interaction. Significant differences among means were evaluated by the Least Significant
Difference (LSD) multiple range test. The coefficient of variation (CV, %) was calculated for each trait. Rela-
tionships between parameters were analysed by the Pearson coefficient (r; p < 0.05). Statistics were performed
using STATGRAPHICS Centurion (Statpoint Inc., USA).

3. Results and discussion

3.1. Yield and fruit size

In 2012, the harvest for all varieties was started in late January for plug plants and about 3 weeks later
for bare-root plants (Fig. 1). The harvest was finished for both types of plant at the end of May. In 2013, the
favourable climatic conditions, with high minimum temperatures in December and January, led to an earlier start
than in 2012. The harvest began in mid-January for plug plants while bare-root plants began to bear fruit in early
February. Plug plants had higher marketable yield than bare-root plants, for all varieties in both years (Fig. 2).

In both years, plug plants for all varieties had a significantly higher yield than bare-root plants, from February
to April. In May the yield of bare-root plants was higher than for plug plants.

In both years, in the first months of harvest (until March), the plug plants of all varieties provided larger fruit.
In contrast, in April and May when most of the production was concentrated, the fruit size provided by plug
plants was consistently and significantly smaller than for bare-root plants (Fig. 3).
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Fig. 1. Starting harvest data per plant type (plug plant and bare-root) of different varieties in 2012 and 2013. ∗Indicate statistically significant
differences between two plant types, variety and year, intra variety via LSD test P < 0.05.

Fig. 2. Monthly partitioned and marketable yield (g/plant) of strawberry varieties in 2012 and 2013 years in plug and bare-root plants.
∗Indicate statistically significant differences between two plant types, variety, month, and year, intra month via LSD test P < 0.05.

3.2. Standard quality traits

Flesh firmness was not influenced by plant type growing year or different periods of the harvest season (Fig. 4).
In 2012, lower values for total soluble solids content were found in plug plant fruits for all cultivars and analysis

times. In 2013, these results were confirmed only for ‘Sabrosa’ at all time points. The higher plant production of
the plug plants was correlated with less fruit sweetness, confirming the negative correlation between these two
traits [36]. The higher stress for plug plants, due to their higher yield in comparison to bare-root plants, resulted
in a lower TSS. In 2012, in March only, ‘Sabrosa’ plug plants had lower titratable acidity values than bare-root
plants, while in April and May bare-root plants had the lower values. In 2013, no differences were found between
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Fig. 3. ‘Sabrosa’, ‘Jonica’ and ‘Pircinque’ average fruit weight (g) per month for plug plants and bare-root plants in years 2012 and 2013.
∗Indicate statistically significant differences between two plant types, variety, month, and year, intra month via LSD test P < 0.05.

the types of plant for the three varieties. In 2012, fruit colour brightness (L* value) was higher in March for plug
plants of all varieties than for bare-root plants. In April, this was only observed for ‘Jonica’; in May, this was
observed for ‘Jonica’ but ‘Sabrosa’ and ‘Pircinque’ had lower values in plug plants. In 2013, similar results were
measured in March and April, with fruit colour brightness being higher in plug plants than in bare-root plants.
In May, only ‘Pircinque’ plug plant fruits had a lower L∗ value than those of the corresponding bare-root plants.
In 2012, the plug plant chroma values were higher than those of the bare-root plants in March for all varieties. In
April and May only, ‘Sabrosa’ plug plants had a lower value than the bare-root plants. Similar results were also
obtained in the second year for all varieties. In 2012, plug plants’ hue values were lower than those of bare-root
plants in all months for the ‘Sabrosa’ variety; the opposite result was found for ‘Jonica’. Variable results were
recorded for ‘Pircinque’: higher hue values were found in plug plants in March, no significant differences in
April, but lower values in May. In 2013, plug plants’ hue values were higher than those of the bare-root plants
only for ‘Jonica’, confirming the results previously obtained.

3.3. Antioxidant capacity

AA is one of the main bioactive compounds of strawberry fruits and a main determinant of their antioxidant
capacity [37, 38]. In both years, in all the three months and for all varieties, plug plants and bare-root plants did
not show any significant differences (Fig. 5). This result was partly in disagreement with the study of Crespo
et al. [37] who detected a negative correlation between daily production (g per day) and AA content.

Strawberry fruits contained considerable amounts of TPH with putative health-promoting effects. In 2012, in
March no differences were detected between the TPH values of the two plant types; in April, for ‘Sabrosa’ and
‘Pircinque’ varieties, and in May for all varieties. Fruit plug plant values were higher than bare-root plants. In
March 2013, TPH results confirmed the data obtained for the previous year. In April, the TPH of ‘Jonica’ (and
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Fig. 4. Flesh firmness, total soluble solids content, titratable acidity and colour traits (brightness, chroma and hue angle) of the two plant
types (plug plant and bare-root) for the 3 varieties, in 3 months of harvest period, in 2012 and 2013. ∗Statistically significant differences
between two plant types, per variety, month, and year, intra variety via LSD test P < 0.05.
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Fig. 5. Ascorbic acid (AA), total phenolics (TPH), total anthocyanins (TACY) and total antioxidant capacity (TAC) of the two plant types
(plug plant and bare-root), for the 3 varieties, in 3 months of harvest period, in 2012 and 2013. ∗Statistically significant differences between
two plant types, per variety, month, and year, intra variety via LSD test P < 0.05.

for all varieties in May) was higher for plug plants. A significant negative correlation between TPH and fruit
weight was found (r = –0.45*), in agreement with previous studies [36, 39]. Phenolics are mainly concentrated
in fruits skin [4], larger fruits have a lower surface-to-pulp ratio and, hence, lower TPH than the smaller ones.
In this study, the smaller size of the fruit from the plug plants in April and May explained (even if not for all
varieties and years) the higher content of TPH in fruit produced from plug plants.

TACY was negatively correlated to colour traits L∗, chroma and hue (r = –0.55∗, –0.54∗ and –0.51∗ respec-
tively), indicating that high TACY corresponded to darker fruit with a more saturated colour, supporting the
findings of Cocco et al. [36]. In 2012, plug plants showed higher content of TACY for ‘Sabrosa’ in all the three
months; in the other two varieties the opposite was found. In 2013, results were variable: only ‘Sabrosa’ confirmed
the results of the previous year, while plug plants of ‘Jonica’ (in April) and ‘Pircinque’ (in March and May) had
higher TACY content than the corresponding bare-root plants; the opposite of the results of the previous year.

TAC is taken as the cumulative action and synergic interaction of all the antioxidant compounds and, hence,
represents overall free radical scavenging capacity. In 2012, ‘Jonica’ plug plants showed higher TAC values than
bare-root plants in all the three harvest months. No significant differences were found for the other two varieties
in these three months. In 2013, ‘Jonica’ plug plants showed higher TAC values than bare-root plants only in
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March. No significant differences were found in April. In May, the TAC of ‘Sabrosa’ and ‘Pircinque’ plug plants
were higher than those of the bare-root plants.

It is well known that phenolic compounds are closely associated with TAC. We found a significant positive
correlation between TAC and TPH (r = 0.51**), in agreement with others [4, 36, 38, 40]. A significant negative
correlation between TAC and fruit size was also observed (r=–0.56∗), showing a higher antioxidant capacity in
smaller fruits.

Fig. 6. Concentrations of phenolic compounds (anthocyanins, ellagitannins, hydroxycinnamic acids, flavan-3-ols and flavonols �g/g FW)
determined by HPLC of the two plant types (plug plant and bare-root), for the 3 varieties, in 3 months of harvest period, in 2012 and 2013.
∗Statistically significant differences between two plant types, per variety, month, and year, intra variety via LSD test P < 0.05.
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3.4. HPLC analysis of phenolics

The five classes of phenolic compounds identified were anthocyanins, ellagitannins, hydroxycinnamic acids,
flavan-3-ols and flavonols, confirming previous findings [36]. The main anthocyanin pelargonidin–3–glucoside
(Pg-3-gluc) was more than 95% of the total anthocyanin content (data not shown). Plug plants had higher average
values for Pg-3-gluc in fruits, with some differences among the cultivars (Fig. 6), indicating that strawberry
anthocyanin content was strongly affected by genotype, as previously reported [36, 41, 42]. The values for
‘Sabrosa’ plug plants were higher than for bare-root plants in all three months for both years; for ‘Jonica’, this
was the case in April in both years; and for ‘Pircinque’, in April 2012 and March and May 2013. Predictably,
Pg-3-gluc was correlated with TACY (r = 0.77∗), in agreement with other findings [36, 38, 43]. In agreement with
Crespo et al. [37] no significant correlation between Pg-3-gluc and TAC was found, indicating that anthocyanins
are not the only important TAC determinants. Moreover, a significant negative correlation between fruit colour
parameters and Pg-3-gluc content was found (r=–0.31∗ and –0.41∗ for chroma and hue, respectively), indicating
that a high Pg-3-gluc count corresponded to darker colour, confirming previous results [44, 45].

Ellagitannins were the second phenolic compound studied. In 2012, ‘Sabrosa’ and ‘Pircinque’ plug plants had
fruits with higher values than bare-root plants in all the three months. No significant differences were observed
in 2013. The content of ellagitannins and TACY showed a significant correlation (0.53∗∗), similar to Pg-3-gluc.
The content of other phenolic compounds (hydroxycinnamic acid, flavan-3-ol and flavonol) in strawberry plants
was not affected by plant type or genotype in either year.

4. Conclusions

This study confirmed that the start of the harvest for plug plants was significantly earlier than for bare-root
plants, for all varieties in both years. The plug plants had a higher early productivity in February, March and
April for all varieties. In May, the production slowed down with respect to the bare-roots plants. The fruit size of
plug plants was larger than that of bare-root plants until March, but it decreased in April and May, when the yield
was highest, and was significantly smaller than the berry weight of bare-root plants. This behaviour negatively
affects the costs of production as the time needed to pick fruits is related to fruit size, so it is necessary to spend
more time to collect small fruits.

With regards to the qualitative parameters of the fruit, the type of plant did not affect flesh firmness, TA, hue,
AA, TAC and TACY, but it markedly influenced the other parameters.

The fruit of the plug plants had higher brightness and chroma in the first part of the harvest, compared with the
bare-root plants, and higher TPH content in the second part. During harvest time, anthocyanins and ellagitannins
were higher in the fruits of the plug plants than in those of the bare-root plants, while the sugar content was lower
for the plug plant fruits.

Growers could successfully cultivate plug plants, if the purpose was to anticipate the harvest. In fact, the
technique is well established in Sicily in order to take advantage of the favourable environmental conditions.
This allows a considerable advance in ripening. Suitable nursery scheduling could allow plug plants to be supplied
at a specific time such that it was possible to guarantee to the growers good results in terms of early harvesting
time, taking into account the decrease in fruit size and the consequent increase in picking costs.
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