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ABSTRACT
The production and quality of strawberries may vary according to cultivar, transplant origin, and the system of plant cultivation. The 
objective was to evaluate the effect of different organic substrates and different transplant origins on strawberry production and fruit 
quality. The experiment was conducted in a randomized complete block design with a 2x2x4 factorial scheme using two cultivars (Albion 
and Camarosa) obtained from different origins (National-Brazilian and Imported-Argentine) and four combinations of substrates: (crushed 
sugarcane bagasse [70%] + organic compost [30%], crushed sugarcane bagasse [70%] + Carolina® commercial substrate [30%], burnt rice 
husks [70%] + organic compost [30%], and burnt rice husks [70%] + Carolina® commercial substrate [30%]). The experimental unit was 
composed of eight plants, with repetition in four blocks. The quality parameters of titrable total acidity, total soluble solids, ratio of 
sugar / acidity, firmness, and pulp coloration (chroma, hue angle, and L*, a* and b*) were evaluated, as were the production parameters 
of total number of fruits, total fruit production, average fruit mass, non-commercial fruit production, commercial fruit production and 
total productivity. The substrate influences the strawberry production variables. Fruit yield was highest in the Camarosa cultivar grown 
on the S3 substrate mixture. The cultivar, the transplant origin and the cultivation substrate influence fruit AT. SST and AT / SST are 
influenced only by cultivar and transplant origin. Chroma differs between plants with different transplant origins. Camarosa of National 
origin cultivated in burnt rice husks + organic compost presented the best production results and fruit quality.

Index terms: Fragaria x ananassa; cultivar management; protected cultivation. 

RESUMO
A produção e a qualidade dos morangos podem variar de acordo com a cultivar, a origem das mudas e o sistema de cultivo das plantas. 
O objetivo deste trabalho foi avaliar o efeito de diferentes substratos orgânicos e diferentes origens de mudas na produção de morangos 
e na qualidade dos frutos. O experimento foi conduzido em blocos ao acaso, em esquema fatorial 2x2x4, com duas cultivares (Albion e 
Camarosa, de dias neutros e dias curtos, respectivamente), duas origens de mudas (nacional-Brasileira e importada-Argentina) e quatro 
combinações de substratos: (Bagaço de cana-de-açúcar triturada [70%] + Composto orgânico [30%], Bagaço de cana-de-açúcar triturada 
[70%] + substrato comercial Carolina® [30%], casca de arroz queimada [70%] + composto orgânico [30% ] e cascas de arroz queimadas [70%] 
+ substrato comercial Carolina® [30%]). A unidade experimental foi composta por oito plantas, com repetição em quatro blocos. Foram 
avaliados parâmetros de qualidade: acidez total titulável, sólidos solúveis totais, proporção de açúcar/acidez, firmeza, coloração da polpa 
(chroma, ângulo de matiz e L *, a * e b *), bem como parâmetros de produção: número total de frutas, produção total de frutas, massa média 
de frutas, produção de frutas não comerciais, produção comercial de frutas e produtividade total. A cultivar Camarosa de origem nacional, 
quando cultivada em cascas de arroz queimadas+composto orgânico, apresentou os melhores resultados de produção e qualidade dos frutos.

Termos para indexação: Fragaria x ananassa; manejo de cultivar; cultivo protegido.

INTRODUCTION
The largest strawberry (Fragaria x ananassa) 

producers in the world are China, the United States of 
America, Spain and Japan (Faostat, 2017). Strawberry is an 
economically important crop because its fruits are widely 
consumed in natura (in unprocessed forms) and processed 
by a variety of industries (Xu et al., 2014); aside from its 

sweet taste and organoleptic properties, strawberry has 
been observed to aid in the treatment of chronic diseases 
such as cancer and heart disease (Šamec et al., 2016; Zhang 
et al., 2008). In addition to flavour, which is determined by 
the content of acids and soluble solids (Krüger et al., 2012), 
the acceptance of fruits by consumers depends on the 
colour and firmness of fruits. The market generally favours 
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fruits with a good appearance, flavour and durability and 
a balance between physical and chemical characteristics 
and a high antioxidant content (Šamec et al., 2016). These 
properties can be modified and can depend upon systems 
of production and techniques for controlling environmental 
factors (e.g., cultivation in a protected environment) 
(Krüger et al., 2012).

The cultivation of strawberries in semi-hydroponic 
systems has been growing annually. In these systems, the 
use of substrates with ideal physical characteristics for the 
development of the plants is important; an ideal substrate 
should, for example, provide mechanical support for the 
roots, a balanced and stable porosity in order to provide 
sufficient air and water for root metabolic processes, and a 
good water retention capacity in order to avoid stress due 
to water deficit or hypoxia (Abad et al., 2005). 

The choice of cultivar and transplants is also 
important for obtaining good crop yields. In the state 
of Rio Grande do Sul, there are regions approximately 
900 m above sea level with low summer temperatures, 
which would provide suitable climatic conditions for 
the production of strawberry transplants (Wrege et al., 
2007). When strawberry transplants are started in cooler 
locations, they can achieve relatively higher rates of 
productivity and fruit quality than can transplants started 
in warmer locations; the environment where a transplant 
was produced has a direct influence on cultivation and 
final production (Cocco et al., 2015).

The cultivar and the origin of the transplants are 
determining factors for the overall success of strawberry 
cultivars because these factors can contribute to the quality 
of the fruit. Additionally, good genetic characteristics and 
the sanitary procedures associated with semi-hydroponic 
cultivation can reduce the phytosanitary risks to which the 
plants are exposed (Antunes; Duarte Filho, 2005).

Systems for the cultivation of strawberries still 
require much study. For example, a great number of 
possible substrates exist, and the environment can affect 
yields and fruit quality as previously discussed. In this 
context, the objective of the present study was to evaluate 
the production and the quality of two strawberry cultivars 
obtained from different origins and grown in different 
organic substrates.

MATERIAL AND METHODS

Conditions for cultivation and preparation of the 
study area

The experiment was carried out at the Federal 
University of Santa Maria, Campus of Frederico 

Westphalen, at the geographic coordinates 27º 23’ S, 
53º 25’ W, at 493 m above sea level. The climate of 
the region, according to the Köeppen classification, is 
Cfa, humid subtropical, and presents the characteristics 
of a rainy temperate climate with an average annual 
precipitation of 1800 mm distributed throughout the year 
(Alvares et al., 2013). The experiment was conducted in 
a semi-hydroponic system in an arched, galvanized steel 
greenhouse measuring 20 m long by 10 m wide and 3.5 
m in height and was arranged in a north-south direction. 
The strawberry transplants were transplanted into white 
tubular bags with a mesh diameter of 150 microns; the 
bags were then placed on wooden benches elevated 0.8 
m above the soil.

Irrigation was carried out by means of a drip 
system located inside the substrate bags and composed 
of dripping tubes spaced 0.10 m apart. Fertigation was 
carried out according to a formula developed by Gonçalves 
et al (2016) and applied at a frequency in accordance with 
crop requirements.

Experimental design

The experiment was conducted under a randomized 
block design in a 2x2x4 factorial arrangement with two 
cultivars (Albion and Camarosa, with neutral and short 
days, respectively), two transplant origins (National 
and Imported) and four combinations of substrates (S1: 
crushed sugarcane bagasse [70%] + organic compost 
[30%], S2: crushed sugarcane bagasse [70%] + Carolina® 
commercial substrate [30%], S3: burnt rice husks [70%] 
+ organic compost [30%], and S4: burnt rice husks [70%] 
+ Carolina® commercial substrate [30%]) for a total of 
16 treatments distributed in four blocks and an individual 
experimental unit composed of eight plants, totalling 32 
plants per treatment.

Prior to planting, the substrate was washed until 
it reached an electrical conductivity of less than 1 mS / 
cm to make it chemically inert. The National transplants 
were acquired from a nursery located in Agudo (Rio 
Grande do Sul, Brasil, between the Central Depression 
and the Middle Plateau) with the geographic coordinates 
29º 62’ S, 53º 22’ W and at 83 m above sea level. The 
Imported transplants from Argentina were produced 
in the nursery Patagonia Agrícola S.A., located in 
the municipality of El Maitén, with the geographical 
coordinates 42º 3 ‘S, 71º 10’ W and at 720 m above sea 
level. The cultivars Albion (National) and Camarosa 
(National and Imported) were transplanted on May 
26, 2015. The Imported plants of cultivar Albion were 
transplanted on June 8, 2015.
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Plant parameters

The following plant parameters were evaluated: 
total number of fruits (NTF), total fruit production (PTF, g 
plant-1), mean fruit mass (MMF, g), non-commercial fruit 
production (PFNC), commercial fruit production (PFC, g 
plant-1), and total productivity (PT, ton ha-1). Strawberries 
were harvested twice a week during the stage of complete 
maturation, and commercial and non-commercial fruits 
were then separated.

Non-commercial fruits were either deformed or 
had a mass less than 6.0 g. Fruit quality variables included 
total titratable acidity (AT); total soluble solids (SST); 
ratio of total soluble solids / acidity (SST / AT); firmness; 
and pulp coloration (chroma variables, hue angle and 
L*). Evaluations of fruit quality were carried out during 
the production cycle to eliminate characteristics that may 
have been due to a variable harvest season.

The determination of total titratable acidity (AT) 
was performed by titration with a standardized NaOH 
solution (0.1 mol L-1), and the determination of total soluble 
solids (SST) was made with a manual refractometer (± 2% 
accuracy), with results reported in ºBrix. The ratio SST/
AT was calculated afterwards using the content of total 
soluble solids and titratable acidity.

The firmness was determined with a bench 
penetrometer with a 6.0 mm tip. Pulp colour was evaluated 
by chroma, hue angle and the values of L*, a* and b*, 
which were determined with a colorimeter expressing 
the components L* [from white (+ L) to black (-L) on the 
z-axis], a* [from red (+ a) to green (-a) on the x-axis], b* 
[from yellow (+ b) to blue (-b) on the y-axis], and (b* / 
a*). The apparatus was calibrated for the L*, a*, b* system 
using the following equation: tan-1 (b* / a*). The apparatus 
was calibrated with the L*, a*, b* regime and a standard 
white ceramic plate.

The results were submitted to analysis of variance 
to determine the effect of the different substrates, cultivars, 
and origins; the means of the variables were compared 
by Tukey’s test with a 5% probability of error using the 
statistical program SAS (SAS institute Inc., 2010).

RESULTS AND DISCUSSION

Temperature in the greenhouse

The minimum and maximum air temperature in the 
greenhouse from May 25 to December 23, 2015, were 0.6 
and 47.8 °C, respectively. The average temperature had 
peaks greater than 20-25 °C, but for most of the cycle, 
it remained between 20 and 25 ºC (Figure 1A). With 

respect to photosynthetically active solar radiation, there 
were decreases in some periods during the experiment, 
specifically until September, after which the average value 
remained above 12 MJ m-2 (Figure 1B).

Solar radiation, photoperiod, temperature and 
water in the soil have a strong influence on strawberry 
productivity (Krüger et al., 2012; Li et al., 2010). For 
example, a 3.0 °C increase in mean air temperature may 
reduce the number of fruits per plant (Radin et al., 2011). 
Heide, Stavang and Sonsteby (2013) also report that 
both air temperature and photoperiod control various 
physiological processes, such as floral induction, because 
high temperatures can cause flower abortion and induce 
the emission of stolons (Sonsteby; Opstad; Heide, 2013). 

Radiation is especially important for the production 
and quality of strawberry fruits (Xu et al., 2014). For 
example, plant growth occurs only when the amount of 
solar radiation received is greater than the trophic limit, 
which is approximately 8.4 MJ m-2 d-1 for most crops and 
is considered to be the level at which a plant produces the 
minimum amount of photoassimilates necessary for self-
maintenance (Tullio et al., 2013). In the present work, the 
average photosynthetically active radiation met the needs 
of the crop. High solar radiation makes the production and 
conversion of photoassimilates more efficient (Martinez-
Ferri et al., 2016), which favours the production of fresh 
fruit matter (Rosa et al., 2013); dry matter in the crown, 
roots, leaves and stolons; and the accumulation of reserve 
substances (Verdial et al., 2009) and of sugars in the fruit.

Analysis of variance between the factors studied in 
each variable

Regarding production, it was possible to observe 
significant interactions between the cultivar x origin of 
the transplants and, separately, for substrate combinations. 
For the fruit quality analyses, there was a significant three-
way interaction (cultivars x origins of the transplants x 
substrates) for the variable AT, and for the SST/AT ratio, 
there was an interaction only between cultivars x transplant 
origins.

Effects of cultivar, origin of the transplants and 
substrate combinations in on yield of strawberry 
fruits

For total number of fruits (NTF), it was possible to 
observe that, for both Imported and National sources, the 
cultivar Camarosa showed significantly greater values than 
did the Albion cultivar. When comparing the origin of the 
transplants within each cultivar, there was no significant 
difference (Figure 2A).
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Figure 1: Maximum temperature (T Max), minimum temperature (T Min) and average temperature (T Ave) air 
temperatures (A) and solar radiation (B) recorded inside the greenhouse from May 2015 to December 2015.

The NTF values found in this work were higher 
than those found by Radin et al. (2011) for the cultivar 
Camarosa, which presented an average of 18 fruits per 
plant. According to Padua et al. (2015), the cultivar 
Camarosa produces approximately 17 fruits per plant, and 
Albion produces 12 fruits per plant. This can be attributed 
to the greater number of leaves in the Camarosa cultivar 
(Diel et al., 2017) conferring a greater net transformation 
rate of photosynthetic energy into fruit production.

For the total fruit production (PTF), commercial 
fruit production (PFC) and total productivity (PT) 

variables, it was possible to observe that, for the plants 
of National origin, the values for the cultivar Camarosa 
were significantly higher than those for Albion, but no 
significant difference was observed for the Imported 
plants. When comparing the origin of the transplants 
for the cultivars, the values for Camarosa of National 
origin were significantly higher than those for Camarosa 
of Imported origin. It was also possible to observe that, 
regarding the origin of the transplants, the Albion cultivar 
presented no significant differences for these variables 
(Figure 2B, 2C and 2D). 
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Figure 2: Production of strawberry cultivars of Imported and National origins grown in different substrates: 
(A) Total number of fruits (NTF); (B) Total fruit production (PTF); (C) Commercial fruit production (PFC); (D) Total 
productivity; (E) Average fruit mass (MMF); and (F) Production of non-commercial fruits (PFNC). Lowercase 
letters denote differences between the origins of the transplants within each cultivar, and capital letters denote 
differences between the cultivars for each origin based on Tukey’s test (p<0.05).
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The PTF results were opposite to what was verified 
by Oliveira and Scivittaro (2009), who found that Imported 
transplants from Chile performed better when compared to 
those produced in southern Rio Grande do Sul. Medeiros, 
Strassburger and Antunes (2008) observed that the cultivar 
Camarosa had a PTF of 345 g plant-1, and Pádua et al. 
(2015) observed 157.34 and 137 g plant-1 for Camarosa 
and Albion, respectively. Greater production was obtained 
by Godoi et al. (2009), with a total of 934.7 g plant-1 in 
bags and closed systems. In this work, the commercial 
fruit yields were higher than those found by Pádua et al. 
(2015), in which values of 81.78 and 81.24 g plant-1 were 
measured for Camarosa and Albion, respectively.

The responses of the production variables can be 
explained by the meteorological conditions and genetic 
backgrounds. The action of these two factors can act directly 
on the production of strawberry fruits (Rosa et al., 2013). For 
example, air temperature and photoperiod affect the fruiting 
of strawberry cultivars (Darnell et al., 2003) because they 
alter the beginning of flowering and delay the emission of 
new flowers (Bradford; Hancock; Warner, 2010) or even 
lead to flower abortion, making these environmental factors 
critical for maintaining flowering for a long period of time 
(Massa et al., 2015). For example, in neutral-day cultivars, 
flowering occurs under certain day and night temperature 
regimes (Massa et al., 2015), with the flowering stage 
persisting if the air temperature is approximately 21 °C and 
ceasing at temperatures above 30 ºC (Durner et al., 1984). In 
the present study, there were periods with high temperatures 
above 40 ºC, which may have reduced productivity.

Fruit production may also be affected by the vigour 
of the plants during the productive period. If a plant has 
a small leaf area, then the production of the fruits will be 
reduced due to the reduced production of photoassimilates. 
Such a pattern would demonstrate that plant nutrition as 
well as meteorological elements and irrigation are vitally 
important for crop production (Martinez-Ferri et al., 2016), 
and a lack of one factor may have a negative effect on the 
production of commercial and non-commercial fruits.

For the variable average mass of fruits (MMF), 
Albion had significantly higher values than did Camarosa. 
In addition, the Imported cultivars presented MMF values 
that were higher than those of cultivars of domestic origin 
(National) (Figure 2E). The Camarosa cultivar presented 
lower values than did Albion (Figure 2F). Imported 
transplants generally have a greater accumulation of cold 
hours; however, this may result in difficulties in the return 
to growth and lead to lower productivity, lower fruit quality 
and lower resistance to pests and diseases due to the stress 
caused by a long transport period (Morrison; Herrington, 

2002). The fruits, if smaller than 6.0 g, are classified as non-
commercial. In the present study, high production of non-
commercial fruits (PFNC) was observed for both Camarosa 
and Albion (9.2 and 11.3 g plant-1, respectively). Pádua et 
al. (2015) observed lower masses of non-commercial fruits 
than did the present study (6 g plant-1), and Antunes; Duarte 
Filho, (2005) observed averages of 20 g plant-1. Oliveira 
and Scivittaro (2009) observed heavier fruits in plants of 
Imported origin than in those of National origin.

It was observed that S3 (burnt rice husks [70%] + 
organic compound [30%]) caused a significantly greater 
number of fruits (NTF), total fruit production (PTF) and total 
productivity (PT) than did the other substrates (Figure 3A, 3B 
and 3C). For commercial fruit mass (MFC), the S3 substrate 
only differed from the S4 substrate (burnt rice husk [70%] 
+ Carolina® commercial substrate [30%]) (Figure 3B). For 
the mass of fruits (MMF), S3 differed from S2 (Figure 3D).

Substrates S1, S2 and S4 have relatively low 
densities and higher porosity, which led to low water 
retention capacity and may have negatively influenced 
plant growth and development. In contrast, the higher 
water and nutrient retention capacity in the fertigation 
probably promoted a greater fruit yield for this substrate 
treatment (S3) (Figure 4).

The results concerning the effect of the substrate are 
related to the physical characteristics of the substrate, as the 
water saturation content of a substrate can often be higher 
than 50%; however, it can rapidly decrease to less than 10% 
in the case of a small increase of between 20-40 cm in the 
water tension of the water column (Wang et al., 2016). The 
low rates of productivity obtained for the combinations S1 
and S2 can be attributed to the use of sugarcane bagasse in 
the composition of the mixture; for this combination, the 
lowest amount of water was available for the plants, leading 
to a greater water deficit. In contrast, the mixture of burnt 
rice husks and organic compost can provide better water 
use efficiency and productivity in the semi-hydroponic 
cultivation of strawberries (Diel et al., 2016). 

The production of strawberries requires large 
amounts of water, especially for cultivation in protected 
environments, which depend entirely on water supplied 
through irrigation. Water consumption can differ substantially 
between cultivars due to a plant’s total biomass and the 
efficiency of transpiration (Martinez-Ferri et al., 2016). In 
this way, the use of cultivars more tolerant to water deficit 
can provide better water use efficiencies (Martinez-Ferri et 
al., 2016). Camarosa stands out as being more efficient in its 
water use and generally has a longer phyllochron than does 
Albion, which reflects the higher rate of fruit productivity 
of Camarosa (Diel et al., 2016; Diel et al., 2017).
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Figure 3: Substrate effect on yield. (A) Total number of fruits (NTF); (B) Production of commercial fruits (PFC) and 
Total fruit production (PTF); (C) Total Productivity (PT); and (D) Average fruit mass (MMF). Means followed by the 
same letter do not differ from each other based on a 5% probability of error. 

Effects of cultivar, origin of the transplants and 
substrate combinations in on quality of strawberry 
fruits

The content of total soluble solids characterizes 
the sweetness in fruits (Silva; Dias; Pacheco, 2015) and, 
together with the titratable acidity, defines the strawberry 
aroma; both are directly influenced by genetic factors and 
environmental conditions (Cao et al., 2015). The flavour 
of a fruit is mainly determined by its total acid and total 

soluble solids contents and the relationship between these 
factors (Krüger et al., 2012). 

The lowest averages of titratable acidity (AT) 
were observed in S4 for the Imported Camarosa cultivar 
and National Albion cultivar. For the National Albion 
cultivar, a lower AT was observed in S4 than in the 
other combinations of substrates. The fruits produced by 
Camarosa plants of National origin showed the lowest 
AT for all the combinations of substrates used (Table 1).
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Figure 4: Water retention curve for substrate combinations: (A) S1: crushed sugarcane bagasse (70%) + organic 
compost (30%); (B) S2: crushed sugarcane bagasse (70%) + Carolina® commercial substrate (30%); (C) S3: burnt rice 
husks (70%) + organic compost (30%); and (D) S4: burnt rice husks (70%) + Carolina commercial substrate (30%)].

Table 1: Total acidity (AT) for Camarosa and Albion 
strawberry cultivars of both Imported and National origin 
cultivated in different substrates (S1, S2, S3 and S4).

Substrates
Camarosa Albion

National Imported National Imported

S1 1.07 aBβ* 1.57 aAα 1.67 aAα 1.55 aAα

S2 1.22 aBβ 1.5 aAα 1.62 aAα 1.62 aAα

S3 1.17 aBβ 1.45 aAα 1.65 aAα 1.42 aAα

S4 1.12 aAα 1.17 bAβ 1.27 bBα 1.52 aAα

CV (%) 12.82
*Lowercase letters compare substrates for each cultivar 
and each origin, uppercase letters compare each cultivar 
in different transplant origins, and Greek letters compare 
the origin of the transplants within cultivars at a 5% level of 
probability.

environmental conditions than on genotypes. That is, the 
variation in SST content can be modified by a system of 
cultivation as well as by cultural practices such as planting 
time, soil cover, fertilization and irrigation (Correia et al., 
2011; Moshiur Rahman et al., 2014). 

For the variable SST/AT, it was verified that 
Camarosa plants of National origin showed a higher 
SST/AT ratio than did those of Imported origin (p <0.05). 
Camarosa of National origin also showed a higher 
SST/AT ratio when compared to Albion of the same 
origin (p<0.05); as for the Imported origin, there was 
no significant difference between the cultivars (Figure 
5B). The ratio SST/AT depends on the crop and on the 
harvest season (Krüger et al., 2012; Šamec et al., 2016). 
According to Samikanno et al. (2013), the fruits of the 
Albion cultivar had a lower SST/AT ratio with an average 
of 10. The cultivar Camarosa presented a lower value of 
SST/AT (7.7) than did the Festival and Ventana cultivars, 
which suggests a lower quality of this cultivar (Neocleous 
et al., 2012). These same authors did not find differences 
according to the type of substrate used.

So lub le  sugars  a re  d i rec t  p roduc t s  o f 
photosynthesis, and differences in fruit sugar content 
also indirectly reflect photosynthetic efficiency (Yu et al., 
2015). The percentage of citric acid may vary according 
to the cultivars, as found by Samikanno et al. (2013), 
who observed higher relative values of AT (1.0% citric 
acid) in the fruits.

The Albion cultivar presented higher values of 
SST than did the Camarosa cultivar. For the factor 
of transplant origin, it was verified that the Imported 
transplants had higher values than did those of National 
origin (Figure 5A). The cultivars have different degrees 
of SST (Cao et al., 2015); in addition, the origin of the 
cultivars may influence the SST. For example, European 
cultivars have a lower SST content than do Japanese 
cultivars (Samykanno; Panga; Marriot, 2013; Yashiro; 
Tomita; Ezura, 2002). SST content is more dependent on 
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Neocleous (2012) observed that the Camarosa 
cultivar produced more-acidic fruits (0.92% citric acid), 
and Correia et al. (2011) observed that Camarosa had the 
highest AT values, with a mean of 0.42% citric acid. It 
can thus be inferred that differences in the acidity of the 
fruits are influenced by genotype. With regard to ºBrix, 
values may vary between cultivars and cultivation sites; 
for example, in a conventional cultivation system in 
Mexico, averages ranged from 8.4 to 9.0 ºBrix (Ornelas-

Paz et al., 2013), and for Albion cultivated in a protected 
environment in China, Cao et al. (2015) observed values 
of 7 and 8 ºBrix. 

The chroma values were significantly higher in 
transplants of National origin than in those of Imported 
origin (Figure 5C), which indicates that these fruits 
presented a more intense red colour (a more attractive 
colour for the consumer market). The greater the value 
of C*, the redder the fruit is (Šamec et al., 2016). More 

Figure 5: Total soluble solid content (SST) (A), the ratio SST/AT (B) and chroma (C*) (C) of strawberry cultivars of 
National and Imported origins and cultivated in different combinations of substrates. Lowercase letters compare 
transplant origins within each cultivar, and uppercase letters compare the different cultivars within each seed 
source (p<0.05).
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vibrantly red fruit is likely related to larger amounts of 
anthocyanins (Josuttis et al., 2012), which can be attributed 
to the higher content of 3-glucoside pelargonidin, an 
anthocyanin that results in the red colour of strawberries 
(Krüger et al., 2012). 

There is a relationship between temperature and 
genotype, and the increase in the thermal amplitude 
between day and night can affect the colour of the fruits 
(Šamec et al., 2016). In addition, the value of C* can be 
influenced by the location where the fruits are produced 
(Cocco et al., 2015). For example, when the cultivar 
Korona was cultivated in areas farther south relative to the 
Northern Hemisphere, higher values of C* were observed 
compared with those grown farther north, suggesting a 
positive effect of low temperatures on colour saturation 
(Krüger et al., 2012). These results contradict what was 
verified in the present work, in which higher chroma values 
were observed when the transplants of National origin 
were cultivated under higher temperatures.

CONCLUSIONS
The present study has shown that when cultivated in 

organic compost + burnt rice husks, the cultivar Camarosa 
of National origin presented the best values of production 
and quality of strawberry fruits. The physical characteristics 
of the substrate mixture used should be taken into account. 
The water holding capacity is crucial to provide a good 
environment for high fruit production capacity. From 
the results obtained in this study, it is possible to infer 
that substrates with ideal physical characteristics can 
greatly affect the production of strawberry plants and, 
in some cases, provide regional producers with low-cost 
alternatives to more conventional substrates and thus 
increase the net profitability of cultivation systems.
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