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Abstract 

Background  Strawberries are one of the most widely cultivated fruits in the world, and their popularity continues 
to grow due to their unique taste, high nutritional value, and numerous health benefits. The success of strawberry cul-
tivation depends largely on the quality of the growing media used. In recent years, there has been a growing interest 
in soilless media as a sustainable alternative to traditional soil-based growing methods. This study aimed to compare 
the effect of different growing media, both soil and soilless (Hydroponic Production System) media, on the fruit qual-
ity and phytochemical contents of two cultivars of strawberry (Yellow Wonder and Camarosa) in a greenhouse.

Results  The values of Fruit weight, fruit firmness, and SSC were higher in soilless media than in soil media. In addi-
tion, ʻCamarosaʼ was higher than ʻYellow Wonderʼ in these characteristics. The rates of glucose and fructose were 
higher in soil media than soilless media, and ʻYellow Wonderʼ was higher than ʻCamarosaʼ in the rates of glucose 
and fructose. The values of total phenolic content and antioxidant capacity were higher in soil media, and also ʻYellow 
Wonderʼ was found to have more total phenolic content and antioxidant capacity than ʻCamarosaʼ. In terms of min-
eral contents, ʻYellow Wonderʼ had higher values than ʻCamrosaʼ in both media. When the results of the study were 
examined in general, Camarosa red strawberry variety was found to be higher than ʻYellow Wonderʼ in pomological 
characteristics.

Conclusions  Pomological values increased in both strawberry cultivar in soilless media. In terms of phytochemical 
properties, the ʻYellow Wonderʼ had higher values than the ʻCamarosaʼ. Also, Phytochemical contents were higher 
in the soil media compared to the soilless media.
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Background
Fragaria vesca (2n = 2x = 14) commonly known as the 
wild strawberry or alpine strawberry, is a small, dip-
loid herbaceous perennial plant that is widely distrib-
uted throughout Europe, Asia, and North America [1]. 
The Yellow Wonder is a cultivar of Fragaria vesca that 
is characterized by its yellow fruit color. The mentioned 
plant has a low growth rate and also a herbaceous per-
ennial plant that grows up to 15 cm. The leaves are tri-
foliate, with toothed edges and a bright green color. The 
flowers are white and five-petaled, and are followed by 
small, round, yellow fruit that are sweet and juicy [2]. The 
octoploid Fragaria × ananassa (2n = 8x = 56), commonly 
known as the garden cultivated strawberry, is a hybrid 
species (Fragaria virginiana x Fragaria chiloensis) that is 
believed to have originated in Europe. The plant belongs 
to the Rosaceae family and is widely cultivated for its edi-
ble fruit. The garden strawberry has also low growth rate 
and is a herbaceous perennial that grows up to 30  cm. 
The leaf of the plant is trifoliate and has serrated edges. 
The flower of the plant is white and five-petaled, and is 
followed by small, red, edible fruit that are sweet and 
juicy. The plant has a shallow root system and requires 
well-drained, fertile soil for optimal growth [3].

Strawberries are a popular fruit consumed worldwide 
due to their distinctive flavor, aroma, and attractive 
appearance [4]. Also they contain a wide range of phy-
tochemicals, including flavonoids, anthocyanins, ellagic 
acid, and vitamin C. Flavonoids are a type of polyphenol 
that are found in various fruits and vegetables, includ-
ing strawberries [5]. It is demonstrated that strawber-
ries have the antioxidative and anti-inflammatory effects, 
which can cope against some disease including cardio-
vascular and cancer [6]. Anthocyanin is a type of flavo-
noid that give strawberries their red color [7]. Vitamin C 
is an important antioxidant that is found in high amounts 
in strawberries. It plays a key role in protecting against 
cellular damage and boosting the immune system. Vita-
min C, which is also called as ascorbic acid, is a vitamin 
which is soluble in water and has your own beneficials 
for the human body. It has an important effect on various 
physiological processes, including collagen biosynthe-
sis, immune function, and antioxidant defense. Vitamin 
C is not synthesized by humans and must be obtained 
through diet [8]. Strawberry is a fruit rich in nutrients 
that is full of phytochemicals and antioxidants. Miner-
als are essential nutrients that play various vital roles in 
the human body [9]. They are required for the forma-
tion of bone and tooth, regulation of the heartbeat, and 
the transmission of nerve impulses. Minerals also act as 
cofactors in different enzymatic reactions and are applied 
for the production of hormones and other bioactive mol-
ecules [10].

Strawberries are grown in a various locations and cli-
mates worldwide, ranging from open fields to green-
houses. The choice of the growing media is a crucial 
agent which has an affect on plant development, fruit 
performance, and quality [11, 12]. Traditionally, soil has 
been the most commonly used media for strawberry cul-
tivation. However, in recent years, soilless media have 
gained popularity. Both soil and soilless media have their 
own advantages and disadvantages. Soil is a natural and 
readily available media that provides a stable physical 
and chemical environment for plant growth. However, it 
can also harbor soil-borne diseases and pests, which can 
affect on plant growth and yield. Soilless media are clean, 
disease-free, and can be customized to provide optimal 
conditions for plant growth. However, they require care-
ful management of nutrient and pH levels, as well as reg-
ular irrigation. Different literatures have compared the 
application of soil and soilless media for strawberry cul-
tivation [13, 14]. It is demonstrated that the fruit quality 
factors including pH, titrable acidity and also taste index 
(TSS/TA) are different in soil and soilless growing media 
of strawberries as the strawberries grown in soil had the 
maximum amount of pH, Ca, Zn, Fe, P, N, total soluble 
slides and taste index (TSS/TA) [15]. The present work 
was subjected to determine the effect of soil and soil-
less growing media on the contents of pomological and 
phytochemicals in two strawberries ʻYellow Gardenʼ and 
ʻCamarosaʼ.

Results and discussion
Results of the current study showed significant impacts 
of growing media on the several quality attributes of Yel-
low Wonder and Camarosa strawberry cultivars. On 
the other hand, a few of the quality parameters were 
observed to not impacted by the growing media, espe-
cially for ʻYellow Wonderʼ. For example, growing media 
(soil or soilless) was noted to not significantly impact the 
fruit weight (Fig.  1A), fruit firmness (Fig.  1B) and solu-
ble solids concentration (Fig. 1C) of the ʻYellow Wonderʼ 
fruits. However, as can be followed from the same fig-
ures, the fruit weight was significantly impacted by grow-
ing media for ʻCamarosaʼ and the soilless growing media 
was noted to have the highest fruit weight by 8%. The 
fruit firmness of the strawberries was also found to be the 
highest at the soilless growing media, but no significant 
difference was observed. Also, significant difference was 
noted between the Yellow Wonder and Camarosa cul-
tivars. The fruit weight and fruit firmness was higher at 
the ʻCamarosaʼ, while on the other hand, Yellow Won-
der cultivar was superior in terms of the fruit SSC. The 
fruit pH was also significantly changed among the tested 
cultivars and growing media (see Fig.  1D). The highest 
pH was noted from the ʻCamarosaʼ fruits grown in soil 
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and was followed by ʻCamarosaʼ fruits grown in soilless 
and ʻYellow Wonderʼ grown in soil. The lowest pH was 
noted from the ʻYellow Wonderʼ fruits grown in soilless. 
Shortly, it was observed that the fruits grown in soilless 
culture has less pH than the fruits grown in soil.

According to the higher values for fruit firmness, pH, 
and fruit weight in ʻCamarosaʼ regardless of the grow-
ing media, it can be attributed to the genetic differences 
among cultivars, which is actually affected by the geno-
type. However, the effect of growth media and nutrition 
should not be overlooked, as it is clearly manifested in the 
fruit weight of ʻCamarosaʼ (Fig.  1A). The same findings 
were obtained by Ebrahimi et al. [16] who reported that 
the growth of strawberries on cocopeat + perlite caused 
to the most fruits weight. Fruit fresh weight is considered 
as one of the main components of plant performance 
in strawberries [17]. When there is no growth limiting 
factors such as temperature and humidity, fruit set and 
the fruit wight depends on the nutritional conditions of 
the plants and growth media during fruit set. Feeding of 
strawberries with appropriate nutrient solution in hydro-
ponic cultures can caused to enhancement in weight, 

performance, and quality of strawberries [18]. Also, 
among the factors affecting on strawberry fruit weight is 
the ratio of nitrogen to phosphorus (N:P) and the ratio 
of potassium to nitrogen (K:N) where if they are close to 
1 and 1.5, caused to increase the fruit weight [18]. The 
pH value of the berry was affected by both cultivar and 
growth mdia as the pH of ʻCamarosaʼ grown in the soil 
was more than ʻYellow Wonderʼ grown in soilless media 
(3.9 vs. 3.3). Increase in the antioxidants level can be one 
of the reasons for increase in fruit pH which is reported 
previously by Bordonaba and Terry [19] in strawberry. In 
general, the flavour of strawberry is related to the balance 
between fruit acidity and soluble solids concentration to 
get good-tasting fruits [20] which is differ according to 
the growing media nutrients. Furthermore, higher SSC 
and lower acidity concentration led to the sweeter fruits 
with better flavor which was observed in ʻCamarosaʼ 
on both soil and soilless culture compared to ʻYellow 
Wonderʼ (lower pH) as having more acidity is equal with 
an undesirable organoleptic taste [21]. Regarding to the 
panel test results, Treftz and Omaye [22] showed that 
most of the people are able to distinguish strawberries 

Fig. 1  Impacts of growing media (soil vs. soilless) on the A fruit weight, B fruit firmness, C soluble solids concentration (SSC) and D pH of Yellow 
Wonder and Camarosa strawberry cultivars
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grown in soil and soilless media and interestingly 70% of 
participants preferred the hydroponically grown straw-
berry as strawberry flavor was affected by the nutrient 
solution used in hydroponic culture. It has been demon-
strated that supplementing nutrient solution with appro-
priate concentration of B and Mo, caused to linearly 
increase in the amount of vitamin C and soluble solids 
concentration of strawberry [23].

The firmness of berries is the crucial factor in evaluating 
berry quality which influenced on postharvest quality of 
strawberry as the firmer ones had the longer shelf life [24]. 
A slight difference in fruit firmness of ʻCamarosaʼ grown 
in soilless culture can be related to the effect of nutrient in 
feeding solution compared to the grown in soil.

According to the obtained results, it can be concluded 
that the growing media has no significant impact on the 
colour a (Fig. 2A) and colour hue value on both cultivars. 
On the other hand, it was observed that the growing 
media do not impact the colour b (Fig. 2B) and colour L 
(Fig. 2C) of ʻYellow Wonderʼ, but significantly impact the 
same parameters of ʻCamarosaʼ. The colour b (Fig.  2B) 
value of ʻCamarosaʼ fruits increased in soilless culture, 

which means that the fruits grown in soilless are more 
yellowish than the fruits grown in soil. Similarly, the 
colour L (lightness) of theʻ Camarosaʼ fruits increased 
on fruits grown in soilless culture. Moreover, there was 
a significantly difference between the cultivars in terms 
of the colour values. In general, Camarosa cultivar was 
more reddish than Yellow Wonder, while the lightness 
of Camarosa cultivar was less than the ʻYellow Wonderʼ. 
Besides to that, the hue value of ʻYellow Wonderʼ was 
higher than the Camarosa cultivar (Fig. 2D).

The larger hue angle, can caused to a brighter ber-
ries. Color brightness is a component that lead to have 
an attractive and desirable fruit for retail, although the 
strawberries with an intense red color prefeerd by the 
consumers for purchase intention [25].

Our results were in line with Treftz and Omaye [22] who 
reported that there was no significant correlation between 
fruit color and juiciness for strawberries grown in the 
soil, although the significant correlation was observed 
between odor intensity and berry surface color with vita-
min C. However, the effect of soilless culture on some 
color parameters of ʻCamarosaʼ confirmed the important 

Fig. 2  Impacts of growing media (soil vs. soilless) on the colour values A) a, B) b, C) L and D) hue of ʻYellow Wonderʼ and ʻCamarosaʼ strawberry 
cultivars
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role of nutrients in berry appearance in our experiment. 
Besides the effect of nutrient solution, light intensity also 
plays a key role in improving external color of strawberry 
[26] indicating that the external color of berry can not be 
estimated by nutrient or cultivar lonely.

Phytochemical quality parameters of fruits are of great 
importance in fruit production. Results of the current 
work demonstrated that the growing media has slight 

impact on the glucose, TPC and antioxidant activity, 
while has no significant impact (but slight) on the ascor-
bic acid content and significant impact on the fructose 
content of the fruits (see Fig. 3). Glucose content of the 
tested fruits was noted to be the highest at the Yellow 
Wonder cultivar (3.97) which was cultivated in soil and 
was followed by the same cultivar grown in soil (3.75) 
(Fig.  3A). The different between the growing medias 

Fig. 3  Impacts of growing media (soil vs. soilless) on the A glucose content, B fructose content, C ascorbic acid concentration, D total phenolic 
contents and E antioxidant capacity of “Yellow Wonder” and “Camarosa” strawberry cultivars
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was not significant. The Camarosa cultivar had the low-
est glucose content (mean of cultivars 2.69). Similarly, 
the fructose content was also higher in ʻYellow Wonderʼ 
and soil growing media (Fig. 3B). Contrary to the glucose 
content, the fructose content of the ʻCamarosaʼ fruit was 
found to be significantly less when cultivated in soilless 
media than the soil media. The amount of vitamin C in 
berries varied from 57.25 mg100 mL−1 to 64.41 mg 100 
mL−1. The influence of different growing culturs on the 
amount of ascorbic acid content between cultivars was 
not significant as illustrated in Fig. 3C. One of the most 
important findings of this experiment is that the content 
of phenolics and antioxidant of the fruits are less at the 
ʻCamarosaʼ fruits while growing media has no significant 
impact on them (Fig. 3D). It has been proven that glucose 
is the most important substituting sugar in strawberrys’ 
anthocyanin, although other sugars inculding rutinose, 
arabinose, and rhamnose conjugates have been found 
in some strawberry cultivars [27]. Some studies indicate 
a relationship between glucose and anthocyanins [28]. 
So, the higher amount of glucose than fructose (Fig. 3A 
and B) was expectable in the present work because of the 
higher amont of TFC (Fig. 3D) and antioxidant capacity 
(Fig.  3E) in ʻYellow Wonderʼ compared to ʻCamarosaʼ. 
Our results were in agreement with Treftz and Omaye 
[19] who demonstrated that the amount of glucose, and 
fructose in strawberry and raspberry respectively were 
significantly higher for the soil grown berry in compari-
son with the soilless grown berry, although the amount of 
vitamin C, vitamin E and polyphenols were significantly 
more in soilless cultivated strawberry in comparison with 
the soil grown strawberry, and the amount of vitamin C 
and polyphenols were significantly maximum in soil cul-
tivated raspberry in comparison with the soilless grown 
raspberry. The phytochemicals concentration of F. vesca 
was analyzed by Urrutia et al. [29] and 22 (poly)-phenols, 
such as anthocyanins, flavonols, flavan-3-ols, flavanones, 
hydroxycinnamic acid derivatives, and ellagic acid were 
recongnized in the wild strawberries (Yellow Wonder 
cultivar) which means that it is enriched with antioxi-
dants. Also it was demonstrated that the plant genotype 
was more crucial than the environment for the produc-
tion of phytochemicals. So, F. vesca can be considered as 
a potent germplasm to increase the antioxidative capacity 
(by genetic manipulation) of F. × ananassa which is more 
commercially planted one.

Nutrients, especially macronutrients are essential for 
plants’ growth and development. The essential macro 
elements including nitrogen, phosphorus, and potas-
sium play fundamental roles in that. Nutrient deficien-
cies may cause stunted growth, chlorosis, death of plant 
tissue (even the plant), resulting in reduced plant health 
and crop yield. It is well-known that the roots accounts 

for approximately all nutrient adsorption, whereas foliar 
adsorption is important under some situations. There-
fore, it is very important to compare the impacts of 
growing media on the nutrient contents of the fruits too. 
Results showed that the growing media had no significant 
impact on the nitrogen (Fig.  4A), potassium (Fig.  4C), 
magnesium (Fig. 4D) and calcium (Fig. 4E) content of the 
fruits, while significantly impacted the phosphorus con-
tent of only Yellow Wonder cultivar (Fig.  4B). However, 
the significant effect of cultivar was shown on nutrient 
pool of fruits so that all of these five nutrients are higher 
in Yellow Wonder cultivar and lower in ʻCamarosaʼ.

The higher amount of P in ʻYellow Wonderʼ grown in 
soil compared to the soilless media can be attributed to 
the amount of phosphorus in the nutrient solution which 
is limited and a determind amount in balance to other 
micro and macro nutrients. So, it is likely that strawber-
ries have access to more phosphorus from the soil cul-
ture, which had unlimited sources of phosphorus, and on 
the other hand, due to the nature of strawberry rooting, 
which improves the ability to absorb less mobile elements 
such as P from all over the soil. The same findings were 
obtained by Recamales et al. [15] who demonstrated the 
different levels of N and P in soil and soilless cultures of 
strawberry.

The findings about the micronutrients were found 
to be very similar to the results about macronutrients. 
Again, the Yellow Wonder cultivar was noted as superior 
in terms of the contents of cupper, manganese and iron 
(Fig. 5A and B, and D). Therefore, the zinc content of the 
Camarosa fruits was noted to be slightly higher than the 
Yellow Wonder cultivars, whereas this increase was not 
statistically significant (Fig. 5C). The cupper content was 
about double at the ʻYellow Wonderʼ as compared with 
ʻCamarosaʼ (Fig. 5A).

Cocopeat is an organic growing media with a good ven-
tilation because of namerous pores in it. So, it has a high 
water retention capacity, high durability, high physical 
stability, and suitable pH [30]. Hence, it has a good poten-
tial for cations adsorption and higher cation exchange 
capacity (CEC). It assumed that the soilless media 
because of the individual properties of cocopeat (hav-
ing more CEC and water retention) had the better per-
formance in nutrient adsorption rather than soil media, 
although there was no difference in growing media in 
term of concentrations of Zi (Fig.  5C), Cu (Fig.  5A), Fe 
(Fig.  5D), and Mn (Fig.  5B) but the ʻYello Wonderʼ was 
enriched of the mentiond micronutrients in berries.

As expected, the leaf colour a value was measured as 
negative, which represents the green colour. No signifi-
cant difference was observed among the cultivars and 
growing media, but the values are less at the Yellow Won-
der cultivar which means greener leaves (Fig.  6A). The 
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leaf colour b value was observed positive and significant 
difference was observed between the cultivars (Fig. 6B). 
The C (Fig. 6C) and L (Fig. 6D) values of the leaves were 
also observed as higher at the ʻYellow Wonderʼ and lower 
at the ʻCamarosa fruitsʼ. The hue value (Fig. 6E) was then 
found to be highest at the ʻCamarosaʼ fruits grown in 
soil and was followed by both cultivars grown in soilless. 

Another important findings of current work is that the 
chlorophyll index of the fruits is high at the ʻCamarosaʼ 
fruits and less at the ʻYellow Wonderʼ (Fig. 6F).

According to the results of Fig.  6C, ʻCamarosaʼ leaf 
color was the least when it was grown in soil media 
compared to the soilless media (Fig. 6E). Also the men-
tioned leaves were brighter, since they had the highest 

Fig. 4  Impacts of growing media (soil vs. soilless) on the A Nitrogen, B Phosphorus, C Potassium, D Magnesium and E Calcium contents of “Yellow 
Wonder” and “Camarosa” strawberry cultivars
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hue angle, as illustrated in Fig. 6E. These findings sug-
gested that strawberries grown in soil may had a lighter 
green leaves compared to the same cultivar which is 
grown in soilless culture, although no significant dif-
ference was observed in leaf chlorophyll regarding to 
the chlorophyll readings. The higher leaf chlorophyll 
in ʻCamarosaʼ campared to ʻYellow Wonderʼ could be a 
direct effect of genotype.

Correlations analysis of current data presented very 
important findings for the current research (Fig.  7). For 
example, fruit weight was observed to have very strong 
positive relationship with fruit firmness (0.99), colour a 
value (1.00) and chlorophyll content (0.88); while it has 
very strong negative relationship with SSC (-0.99), col-
our L value (-0.91), colour hue value (-0.98), glucose con-
tent (-0.96), fructose content (-0.96), TPC (-0.98), TEAC 
(-0.96), nitrogen (-0.94), phosphorus (-0.83), potas-
sium (-0.99), magnesium (-0.99), calcium (-0.98), cup-
per (-0.99), manganese (-0.93) and iron (-0.96). Each of 
the study parameters was observed to have very strong 
positive or negative relationships with other parameters, 

except for the ascorbic acid content. The relationships 
among ascorbic acid and others was negligible (between 
− 0.23 and 0.24). Details of the findings are presented in 
Fig. 7.

As expected, the hierarchical clustering analysis placed 
the study factors into 4 district groups (see Fig. 8). This 
grouping clearly showed that the cultivars (Yellow Won-
der and Camarosa) are significantly different from each 
other, while at the same time, growing conditions (soil 
and soilless) significantly impacts the quality parameters, 
and so the grouping of the factors.

PCA – Biplot analysis is the best method to investigate 
the impacts of quality parameters on the cultivars and 
growing media. The Fig.  9 made it possible to make an 
overall evaluation of the study parameters, cultivars and 
growing media. It is clear from there that ascorbic acid 
content, fruit firmness, fruit weight and fruit colour a 
value are the most important parameters of ʻCamarosaʼ 
fruits grown in soilless culture. When the same cultivar 
is grown in soil, the superior parameters are pH, chloro-
phyll content and zinc content. On the other hand, the 

Fig. 5  Impacts of growing media (soil vs. soilless) on the A Cupper, B Manganese, C Zinc and D Iron contents of “Yellow Wonder” and “Camarosa” 
strawberry cultivars
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superior parameters of ʻYellow Wonderʼ in soil are colour 
b value, colour L value, phosphorus content, colour hue, 
magnesium content and calcium content. And finally, the 
superior parameters of the ʻYellow Wonderʼ in soilless 
growing media are glucose, fructose, TPC, antioxidant 
activity, nitrogen, potassium, cupper, manganese, iron 
and SSC.

Conclusion
According to the qualitative traits of two cultivars of 
strawberry grown in soil and soilless media results, 
genetically differences were observed between two culti-
vars of strawberry, although the kind of growing media 
influenced on some qualitative traits of srawberry. It 
can be concluded that almost of sensory properties of 

Fig. 6  Impacts of growing media (soil vs. soilless) on the leaf colour values A) a, B) b, C) C, D) L and E) hue and F) chlorophyll index of “Yellow 
Wonder” and “Camarosa” strawberry cultivars
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strawberry such as berry weight and taste, and exter-
nal color are influenced by the growing media while 
phytochemicals content of strawberry including TPC, 
antioxidant capacity, and reducing sugars (glucose and 
fructose) are likely inherited traits which is more affected 
by genotype than growing media. In general, regardless 
of people’s preference for accepting a certain cultivar, 
it is clear that there is a relationship between sweet-
ness, flavor and taste with several nutrients. ʻCamarosaʼ 
is one of the most economically planted strawberries, 
although ʻYellow Wonderʼ had more TPC, antioxidant 
capacity, and nutrient. For this reason, it can be said that 
wild strawberry species that show superior biochemical 

content should be used in breeding and these superior 
properties should be transferred to commercial varieties.

Material and method
The experiment was done in greenhouses (Soil media 
and Hydroponic Production System) in the Serik loca-
tion of Antalya district (36° 50’- 37° 20’ N, 30° 50’- 31°10’ 
E; 26  m altitude), Turkey. Camarosa and Yellow Won-
der strawberry cultivars were used in the experiment. 
ʻCamarosaʼ was obtained in 1992 by crossing “Douglas 
× Cal. 85.218-605” at the University of California. Its 
plants are a short day cultivar with vigorous and ver-
tical growth [31]. ʻYellow Wonderʼ grows naturally in 

Fig. 7  Correlations among the biochemical and fruit pomological quality characteristics of “Yellow Wonder” and “Camarosa” strawberry cultivars
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Fig. 8  Hierarchical clustering (left) and individual factor map (right) of the “Yellow Wonder” and “Camarosa” strawberry cultivars grown in soil 
or soilless culture

Fig. 9  PCA-Biplot analysis of the study parameters and strawberry cultivars grown in soil or soilless culture
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sunny areas on dry slopes, forest clearings and edge of 
forests. Voucher specimen of F. vesca ʻYellow Wonderʼ 
is deposited in the Herbarium of Akdeniz University. 
It is a well-known plant, valued for its nutritional as 
well as medicinal properties. Plant growth is medium 
vigorous. The most typical feature is the high aroma of 
fruits. Apart from fruits, also leaves and roots of wild 
strawberry are used as an herbal material [32]. The 
plant materials for wild collection was obtained under 
the supervision and permission of the Akdeniz Uni-
versity guidelines and according to national guidelines 
and all authors complied with all the local and national 
guidelines.

Soilless media (Hydroponic Production System)
Growing bags containing cocopeat (100 cm long, 18 cm 
wide, 15  cm high) (pH of 5.2 to 6.8) were used as the 
growing media in hydroponic production, and 13 plants 
were planted in each bag. In the experiment, fertigation 
was performed by automation (INTA Crop Technology 
S.L, Murcia, Spain) and fertigation was planned depend-
ing on solar radiation and drainage. Nutrient solution 
formulations applied in the vegetative and generative 
period are given in Table 1. In the experiment, pH and 
EC settings of the nutrient solution were made during 
the growing season, and the pH values were kept at 5.8 
and the EC value at 1.50–1.80 mS cm−1.

Soil media
The work was done in the greenhouse with the same 
characteristics as the soilless production system. The 

soil has a heavy-clay texture, the height of the bank is 
25  cm, the width of the bank is 75  cm and the walking 
paths are planned as 60 cm, and planting was carried out 
in the form of triangular planting at 30 × 30 cm distances 
between rows and above the rows. The drip irrigation 
system was used in the experiment and in the soilless 
production model was applied for fertigation. Soil media 
and Hydroponic Production System in the greenhouse 
had been shown in Fig. 10.

Berry weight (g), Berry firmness (kg), total soluble solids 
and pH
The mature strawberries were harvested based on the 
harvesting indices for berry analysis. Berry weight (g), 
berry firmness (kg cm−2), soluble solids concentra-
tion and pH were examined in terms of morphologi-
cal characteristics. Fruit weight (g) was measured by 
means of a digital precision balance (0.00 g). Firmness 
measurement was conducted by means of a penetrom-
eter (FT011) with a 3 -mm probe. Firmness assay was 
performed on the two opposite sides of the equatorial 
region of 5 different berries for 1 replication, and was 
recorded as kg cm−2. Soluble solides concentration was 
measured with a refractometer (Model REF121, China) 
and recorded as ºBrix. The amount of pH was assayed 
using a portable pH meter (Model HI-96,100, German) 
at room temperature.

Berry Colour L*, a*, b* and h°
The color of strawberries (5 berries for each replicate) 
was measured by means of 3NH NR20XE Precision Col-
orimeter (Shenzhen Threenh Technology Co., Ltd.). The 

Table 1  Composition of the nutrient solution applied during the vegetative and generative development periods

Period of Nutrient Solution 
Applied

Macro Elements Concentrations (mmol L−1) Micro Elements Concentrations (µmol 
L−1)

Vegetative Phase NO3ֿ 11.5 Fe 20

H2 PO4ֿ 1.5 Mn 20

SO4
−− 1.5 Zn 10

NH4
+ 0.5 B 12

K+ 3.5 Cu 0.75

Ca++ 4.5 Mo 0.5

Mg++ 1.5 - -

Reproductive Phase NO3ֿ 11 Fe 20

H2 PO4ֿ 1.5 Mn 20

SO4
−− 1.5 Zn 10

NH4
+ 0 B 12

K+ 5.5 Cu 0.75

Ca++ 3.5 Mo 0.5

Mg++ 1.5 - -
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surface color values of strawberries were evaluated as L* 
(darkness-lightness), a* (greenness-redness), b* (blue-
ness-yellowness) and h° (hue angle).

Total phenolic compound
Measurements of phenolics were determined regard-
ing to the protocol of Spanos and Wrolstad [33]. In 
this case, 100 µL of the obtained extraction was trans-
ferred into the tubes and the lids were sealed, then 900 
µL of ddH2O, 5 mL of Folin-Ciocalteau solution (10 
times dilution in ddH2O) and after 3 min 4 mL of 7.5% 
Na2CO3 solution, were added to test tubes, respec-
tively. This solution was vortexed for 30 s and leaved for 
2  h at ambient temperature and in the dark. Then the 
adsorbance of the solution was recorded by spectro-
photometer (Specord UV-vis L 40) at 765 nm and were 
expressed as mg GAE 100 g−1 Fw.

Antioxidant capacity
The antioxidant capacity of strawberries were evaluated 
using the improved ABTS protocol [34]. The ABTS·+ 
radical cation was produced by reacting 7 mmol L−1 
ABTS and 2.45 mmol L−1 potassium persulfate after 
16  h incubating in the ambient temperature and dark 
room. The ABTS·+ solutions were diluted with 80% 
ethanol to an absorbance of 0.700 ± 0.005 at 734  nm. 
About 3.9 ml of ABTS·+ solution was added to 0.1 mL 
of the berry samples and vortexed completely. The solu-
tion kept at ambient temperature for 6  min and the 
absorbance of the solution was read at 734  nm. Vari-
ous amounts (0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mmol L−1) of 

Trolox standard solution in 80% ethanol were prepared 
and measured under similar situations and the data 
were recorded as mmol Trolox 100 g−1 Dw.

Ascorbic acid
In order to evaluate the amount of ascorbic acid, the 
berries extracts were mixed with metaphosphoric acid 
(6%). 5 mL of berry juice, 5 mL of acetate buffer (pH 
4.0), 1 mL of 2.6 dichlorophenolindephenol and 10 
mL of xylene were mixed in the falcon tubes. Then, 
the mixture was centrifuged at 8600 x g for 10  min at 
4ºC. At the same time, a tube containing 5 mL of ace-
tate buffer (pH 4.0), 1 mL of 2.6 dichlorophenolininde-
phenol and 10 mL of xylene was used as a control. The 
absorbance of the samples was recorded at 500 nm and 
the ascorbic acid content was expressed according to 
method described by Cemeroglu [35].

Glucose and fructose analysis
5 g of berry pulp was mixed with ddH2O or meta-
phosphoric acid (2.5%) reaction for each of the sugars 
analysis, respectively. The homogenated solutions were 
centrifuged at 6000  rpm for 5  min. The supernatants 
were purified by means of a 0.45  μm membrane filter 
(Iwaki Glass) before HPLC analysis, and the mobile 
phase solvents were degassed and were injected three 
times each and mean values were evaluated.

Mineral element analysis
Measuring the nutrients were done by mixing the 
grounded strawberry in nitric acid and evaluated by 
inductively coupled argon plasma emission spectros-
copy (ICAP) (Thermo Jarrell Ash ICAP 1100; Waltham, 
MA, USA and Spear Scientifc Digital refractometer 
model 300 016; Scottsdale, AZ, USA). For measuring 
the amount of P, K, Mg, Ca, N, Fe, Mn, Cu, and Zn a 
modified protocol of Wang and Lin [36]. was used.

Leaf chlorophyll indices and colour
Leaf chlorophyll indices in strawberry leaves were 
determined by chlorophyll meter (FieldScoot CM1000). 
The color of selected strawberry leaves was measured 
by 3NH NR20XE Precision Colorimeter (Shenzhen 
Threenh Technology Co., Ltd.).

Statistical analysis
A factorial experiment based on completely rand-
omized design with 3 replicates was done to compare 
the effect of different growing media, both soil and soil-
less (Hydroponic Production System) culture, on the 
fruit quality and phytochemical contents of two culti-
vars of strawberry (Yellow Wonder and Camarosa) in 

Fig. 10  Strawberry varieties (a Yellow wonder; b Camarosa), growing 
media (c soil media; d soilless media) in the greenhouses
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a greenhouse. Comparison of the cultivars in different 
growing media was then carried with independent sam-
ples t-test at 5% significance level by using SPSS 22.0. 
Besides to that, several other analyses were performed 
by using the R 4.2.2 software and its free packages. Cor-
relation among the quality parameters was computed 
and visualized by using the corrplot function. Thus, 
functions of res.hcpc<- HCPC(res) from the Facto-
MineR R package were applied to calculate and visual-
ize cluster analysis; and function of fviz_pca_ind from 
the factoextra R package were applied to calculate and 
visualize the PCA – Biplot analysis.

Acknowledgements
We thank Akdeniz University of Antalya for supporting and providing material 
and instrument to perform the present study.

Authors’ contributions
V.O. perceived the idea, N.U. and J.B.  conducted the field experiments. I.K. data 
collection and analysis, V.O. wrote the first draft of manuscript, H.S.H. and V.O. 
reviewed and prepared the final draft of the manuscript. All authors reviewed 
the manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Associate Professor Dr Nafiye Unal was identified the wild type plant. The plant 
material for wild collections were obtained under the supervision and permis-
sion of the Akdeniz University guidelines and according to national guidelines 
and all authors complied with all the local and national guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Horticulture, Faculty of Agriculture, Akdeniz University, 
Antalya, Turkey. 2 Department of Horticulture, Faculty of Agricultural Sciences 
and Technologies, European University of Lefke, Gemikonagi, Mersin 99780, 
Northern Cyprus, Turkey. 3 Department of Horticulture, Faculty of Agriculture, 
University of Maragheh, Maragheh 55136‑553, Iran. 4 Department of Horticul-
ture, Faculty of Agriculture, Eskişehir Osmangazi University, Eskişehir 26160, 
Turkey. 

Received: 12 June 2023   Accepted: 11 August 2023

References
	1.	 Urrutia M, Rambla JL, Alexiou KG, Granell A, Monfort A. Genetic analysis 

of the wild strawberry (Fragaria vesca) volatile composition. Plant Physiol 
Biochem. 2017;121:99–117.

	2.	 Kang C, Darwish O, Geretz A, et al. Genome-scale transcriptomic insights 
into early-stage fruit development in woodland strawberry Fragaria vesca. 
Plant Cell. 2013;25:1960–78.

	3.	 Shulaev V, Sargent DJ, Crowhurst RN, et al. The genome of woodland 
strawberry (Fragaria vesca). Nat Genet. 2011;43(2):109–16.

	4.	 Abouelenein D, Mustafa AM, Angeloni S, et al. Influence of freezing and 
different drying methods on volatile profiles of strawberry and analysis 
of volatile compounds of strawberry commercial jams. Molecules. 
2021;26(14):4153.

	5.	 Nile SH, Park SW. Edible berries: bioactive components and their effect on 
human health. Nutrition. 2014;30(2):134–44.

	6.	 Sarıdaş MA, Ağçam E, Akbaş FC, Keskinalan GS, Kamar R, Safkan B, Paydaş 
S. Yield and taste related components variation ın new superior bred 
strawberry genotypes and commercial cultivars during the wide harvest 
season. Genetika. 2022;54(2):729–47.

	7.	 Walia A, Gupta AK, Sharma V. Role of bioactive compounds in human 
health. Acta Sci Med Sci. 2019;3(9):25–33.

	8.	 Chambial S, Dwivedi S, Shukla KK, et al. Vitamin C in disease prevention 
and cure: an overview. Indian J Clin Biochem. 2013;28:314–28.

	9.	 De LC, De T. Healthy food for healthy life. J Glob Biosci. 2019;8:6453–68.
	10.	 Yatoo MI, Saxena A, Deepa PM, et al. Role of trace elements in animals: a 

review. Veterinary World. 2013;6(12):963.
	11.	 Yuan BZ, Sun J. Bibliometric analysis of strawberry (Duch.) research from 

plant sciences category based on web of Science. Folia Horticulturae. 
2021;34(2):1–15.

	12.	 Panfilova O, Okatan V, Tsoy M, et al. Evaluation of the growth, drought tol-
erance and biochemical compositions of introduced red currant cultivars 
and russian breeding genotypes in temperate continental climate. Folia 
Horticulturae. 2021;33(2):309–24.

	13.	 Wan C, Kahramanoğlu İ, Okatan V. Application of plant natural products 
for the management of postharvest diseases in fruits. Folia Horticulturae. 
2021;33(1):203–15.

	14.	 de Resende JTV, Matos R, Zeffa DM, et al. Relationship between 
salicylic acid and resistance to mite in strawberry. Folia Horticulturae. 
2021;33(1):107–19.

	15.	 Recamales AF, Medina JL, Hernanz D. Physicochemical characteristics and 
mineral content of strawberries grown in soil and soilless system. J Food 
Qual. 2007;30(5):837–53.

	16.	 Ebrahimi R, Ebrahimi F, Ahmadizadeh M. Effect of different substrates on 
herbaceous pigments and chlorophyll amount of strawberry in hydro-
ponic cultivation system. American-Eurasian J Agricultural Environ Sci. 
2012;12(2):154–8.

	17.	 Shokaeva DB. Relationships between yield components in first cropping 
year and average yield of short-day strawberries over two main seasons. 
Sci Hort. 2008;118(1):14–9.

	18.	 Morgan L. Hydroponic strawberry production, a technical guide to the 
hydroponic production of strawberries. okomaru New. Zealand: Suntec 
(NZ) Ltd; 2006. 118.

	19.	 Bordonaba JG, Terry LA. Manipulating the taste-related composition of 
strawberry fruits (Fragaria× ananassa) from different cultivars using deficit 
irrigation. Food Chem. 2010;122(4):1020–6.

	20.	 Lerceteau-Köhler E, Moing A, Guérin G, et al. Genetic dissection of fruit 
quality traits in the octoploid cultivated strawberry highlights the role of 
homoeo-QTL in their control. Theor Appl Genet. 2012;124(6):1059–77.

	21.	 de Resende JTV, Camargo LK, Argandoña EJ, et al. Sensory analysis and 
chemical characterization of strawberry fruits. Hortic Bras. 2008;26:371–4.

	22.	 Treftz C, Omaye ST. Comparison between hydroponic and soil-grown 
strawberries: sensory attributes and correlations with nutrient content. 
Food Nutr Sci. 2015;6(15):1371.

	23.	 Sharma RM, Yamdagni R. Modern strawberry cultivation. Ludhiana, India. 
Kalyani Pub. 2000;37(1):163–5.

	24.	 Nestby R, Lieten F, Pivot D, et al. Influence of mineral nutrients on straw-
berry fruit quality and their accumulation in plant organs: a review. Int J 
Fruit Sci. 2005;5(1):139–56.

	25.	 Martins de Lima J, Welter PD, Soares dos Santos MF, et al. Planting density 
interferes with strawberry production efficiency in southern Brazil. 
Agronomy. 2021;11(3):408.

	26.	 Wang J, Wang H. Effects of shade on strawberries in hydroponic cultiva-
tion. Acta Hort. 2014;1049:733–6.

	27.	 Lopes da Silva F, Escribano-Bailon MT, Perez Alonso JJ, et al. Anthocyanin 
pigments in strawberry. LWT Food Sci Technol. 2007;40:374–82.

	28.	 Shi L, Cao S, Shao J, Chen W, Zheng Y, Jiang Y, Yang Z. Relationship 
between sucrose metabolism and anthocyanin biosynthesis during rip-
ening in chinese bayberry fruit. J Agric Food Chem. 2014;62(43):10522–8.



Page 15 of 15Unal et al. BMC Plant Biology          (2023) 23:400 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	29.	 Urrutia M, Schwab W, Hoffmann T, et al. Genetic dissection of the (poly) 
phenol profile of diploid strawberry (Fragaria vesca) fruits using a NIL col-
lection. Plant Sci. 2016;242:151–68.

	30.	 Ahmed AK, Johnson KA. Growing Australian native edible plants using 
hydroponic techniques. In: In XXV International Horticultural Congress, 
Part 1: Culture Techniques with Special Emphasis on Environmental Impli-
cations- 511. 1998. p. 225–32.

	31.	 Voth V, Bringhurst RS. Strawberry plant called “ Camarosa .” 1994. http://​
paten​ts.​uspto.​gov.

	32.	 Dias MI, Barros L, Morales P, et al. Nutritional parameters of infusions and 
decoctions obtained from Fragaria vesca L. roots and vegetative parts. 
LWT – Food Sci Technol. 2015;62:32–8.

	33.	 Spanos GA, Wrolstad RE. Influence of processing and storage on the 
phenolic composition of Thompson seedless grape juice. J Agric Food 
Chem. 1990;38(7):1565–71.

	34.	 Cai YZ, Luo Q, Sun M, et al. Antioxidant activity and phenolic compounds 
of 112 traditional chinese medicinal plants associated with anticancer. 
Life Sci. 2004;74(17):2157–84.

	35.	 Cemeroğlu B. General methods in food analysis. In: Cemeroğlu B, editor. 
Food analysis. 2nd ed. Ankara: Food Technology AssociationPublications; 
2010.

	36.	 Wang SY, Lin S. Composts as soil supplement enhanced plant growth 
and fruit quality of strawberry. J Plant Nutr. 2002;25:2243–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://patents.uspto.gov
http://patents.uspto.gov

	Effect of different growing media on pomological and phytochemical parameters of Fragaria vesca ʻYellow Wonderʼ and Fragaria ×ananassa ʻCamarosaʼ: a comparative study
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Results and discussion
	Conclusion
	Material and method
	Soilless media (Hydroponic Production System)
	Soil media
	Berry weight (g), Berry firmness (kg), total soluble solids and pH
	Berry Colour L*, a*, b* and h°
	Total phenolic compound
	Antioxidant capacity
	Ascorbic acid
	Glucose and fructose analysis
	Mineral element analysis
	Leaf chlorophyll indices and colour
	Statistical analysis

	Acknowledgements
	References


