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Abstract

The development of day-neutral (DN) strawberry cultivars and their relationship with the quality of strawberry seedlings are
important for the identification of precocity, ie. early flowering and fruiting. This study aimed to test whether the variability
between morphoagronomic DN strawberry cultivars is associated with precocity. The treatments were four cultivars of strawberry
(Albion, Aromas, Portola and San Andreas), and three plant crown diameters (@B < 8 mm, @A between 8.1 and 12 mm and @A+ >
12 mm). The design was completely randomized with five replications under split plot scheme. The plants were grown in plastic
containers filled with commercial substrate. The analyzed variables were the phenological stages, thermal sum accumulated (TSa)
and phyllochron. The phenological data were submitted to multivariate analysis. The phyllochron (°C day leaf") was estimated as
the inverse angular coefficient of linear regression. Aromas @B and Portola @A were the most divergent. Aromas and San Andreas
@A+ were earlier maturity with phyllochron of 89.28 and 85.472C, respectively. Phenological stage 71 demonstrated larger relative
contribution for separation of the groups according to the crown diameter. The quality of seedlings for DN cultivars is determined
by the crown diameter (>8.1 mm).

Keywords: Fragaria x ananassa Duch.; crown diameters; phenology; phyllochron; multivariate analysis.
Abbreviation: ATt_Accumulated thermal time; bT_base temperature; dmT_daily mean temperature; DN_day neutral; dTS_daily

thermal sum; JD_Julian day; LN_leaf number; TSa_thermal sum accumulated.

Introduction

The strawberry (Fragaria x ananassa Duch.) presents wider cultivars of short days (SD) (Costa et al., 2016). However, this
distribution than many other small fruits and is among the situation occurs only if temperatures do not exceed 27°C
most consumed fruits worldwide (Gongalves et al., 2017). during flowering, because in these conditions, there is a
This is due to its large genotypic diversity, as well as its decrease in the production of flowers (Sgnsteby and Heide,
environmental adaptive capacity (Akhatoua et al., 2016). The 2007). Strawberry cultivars classified as DN vary in the level
culture of strawberries is spread across countries like the of reflowering, according to the place and year of growth
United States, Spain, Japan, Italy, South Korea, and Poland. (Durner, 2015). Some studies have shown variability
In Brazil, the culture mainly occupies subtropical and between the agronomic characteristics of different cultivars
temperate climate regions, where the fruits are used for in in association with their precocity (Davalos-Gonzélez et al.,
natura consumption and industrialization. In southern Brazil, 2014, Hidaka et al., 2017). Phenological data are important
the seedlings used by fruit producers are mainly developed in many aspects of agriculture, because they provide basic
in the Argentine and Chilean Patagonia. This complicates the information on the culture requirements. It is the study of
availability of seedlings at the most appropriate time for the stages of development of plants and their temporal
planting (early fall); thereby, slowing the transplantation. occurrence throughout the year, depending on the
Currently, the planting date is conditioned to the delivery of environmental conditions that contribute to the
seedlings imported to Brazil. This situation makes it difficult understanding of plant reproductive and vegetative patterns
to obtain early production and achieve more balanced (Cascaes et al., 2013). The process of flower formation and
values to the producer, ultimately reducing seasonality. the growth of leaves in strawberries is associated with
There are many factors affecting the early vyield of precocity (Hidaka et al., 2017; Rahman et al., 2016). The
strawberries; among these are the characteristics of the leaves growth rate is estimated by the phyllochron that
cultivar, the climate, the planting season, and the type and determines the interval time necessary for the emission of
quality of seedlings (Ledesma and Kawabata, 2016; Sgnsteby two consecutive leaves (Hermes et. al., 2001, Frank and
et al., 2016). In recent years, there were increases in the use Bauer, 1995).

of seedlings from the day-neutral (DN) group because they
have ability to remain in production for longer periods than
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This study aimed to test whether the morphoagronomic
variability in DN strawberry cultivars is associated with
precocity.

Results
Phenological stages of strawberry plant

After analyzing the morphoagronomic characteristics in DN
strawberry cultivars, it was possible to classify them into
seven groups using Tocher’s optimization method. Then, the
variability between cultivars was compared. Aromas and San
Andreas were formed group Il with crown diameter larger
than 12 mm and found to be the most precocious. They
required an average Julian day (JD) to achieve the right
phenological stage (Table 1).

The Albion cultivar with a diameter less than 8 mm to 12
mm was the latest. From the stage of the appearance of
flower primordial, the differences between cultivars were
separated. However, the stage in which the receptacle
started its development (stage 71) represented the most
significant relative contribution (90%) among the other
phases, in terms of divergence between the distinct groups
formed by the cultivars in response to precocity (Table 2).

Calculation of the D* showed that Albion and Aromas
seedlings, classified as A" (> 12 mm) are similar in terms of
their phenological attributes. Meanwhile, Aromas seedlings
with a crown less than 8 mm and Portola seedlings with a
crown larger than 12 mm were the most divergent (Table 3).

Thermal sum accumulated from the transplant to the fruit
harvest.

Associating the seven groups with the TSa in each
phenological stage, the group formed by Aromas A" and San
Andreas A" required 346°C for phase changes to obtain the
harvest of the main flower. In terms of precocity, we found
that Albion A", Aromas A, Portola A" and San Andreas A were
similar to this group. Group | (Albion B and A) needed an
average of 430°C to reach harvest and was considered the
most tardy (Fig 1).

Phyllochron required to emerge two consecutive leaves

Aromas A" with 0.0112 leaves per each C day accumulated
needed phyllochron of 89.282C to emerge two consecutive
leaves. However, San Andreas A" with 0.0117 accumulated
leaf per 2C day, needed phyllochron of 85.47 °C. Both
cultivars belong to the group Ill, and they were considered
to be most precocious because they required a TSa of 2652C
to reach stage 71, when they presented 5.6 and 6.0 leaves,
respectively (Fig 2). Meanwhile, Albion B with a lower
accumulation of leaves (0.0072 per each 2C day) and with
that TSa had only 2.4 leaves and phyllochron of 138.88 oC to
emerge two consecutive leaves; thus, it was considered the
most tardy.

Discussion

The results showed significant divergence between DN of
strawberry cultivars, relating the attributes of phenology
with precocity. Many researchers have reached this
conclusion (Costa et al., 2014; Wan et al., 2014), but few
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have used multivariate analysis, calculation of the
Mahalanobis distance, and Tocher’s optimization method to
verify the variability of morphoagronomic characteristics
associated with precocity. The quality of seedling, given by
the higher C/N ratio on the crown of DN strawberry cultivars
had a positive influence on plant development, preceding
the beginning of harvest by up to 13 days. Crown diameters
greater than 8.1 mm resulted in more precocious cultivars.
The highlights in this attribute were the cultivars gathered in
the groups 11, 1, and IV.

The low quality of the material in transplantation is the
main limiting factor of the strawberry crop (Torres-Quezada
et al., 2015). Components like genotype (Rahman et al.,
2016), crown diameter (Torres-Quezada et al., 2015), initial
weight of the plant (Bartczak et al., 2010) and number of
leaves (Costa et al., 2014) can influence plant development.
Greater vegetative growth is associated with higher growth
rates, especially in leaf area, thereby increasing the drain-
source ability and enhancing the quality of seedling (Rosa et
al., 2011). We emphasize that photoassimilates stored in the
crown represent an important factor to be considered in the
production of strawberry fruits. This is because their
diameter is the main characteristic used to determine the
quality of strawberry seedlings, and they must present a
diameter greater than 8 mm (Torres-Quezada et al., 2015).

The difference between the groups was described when
the strawberry plants passed the appearance of flower
primordial at the base of the rosette (stage 55) for first open
flowers (stage 60), and when posteriorly reached the phase
where the receptacle emerged from the sepal’s crown (stage
71). This is related to the days needed for the cultivars to
complete their cycle.

The result of stage 71 was definitive for the identification
of cultivars with higher precocity. If we consider the
beginning of leaf emission for cultivars identified as
precocious, crowns with a diameter larger than 12 mm have
greater ability to mobilize reserves to start the apprearance
of leaves and axillary buds that turn into flower buds.
Because of this, when stage 71 is reached, the precocious
cultivars already present 5.6-6 leaves (Aromas and San
Andreas A, respectively) with a thermal sum of 265°C,
justifying the beginning of fruit formation beforehand. The
cultivar Albion B is considered tardier (slow), as this stage
and TSa showed only 2.4 leaves. This induced less nutrient
mobilization capacity for the formation of fruit. In
strawberry, there is a high correlation between leaf number
and number of fruits because many axillary buds develop
into flower buds (Rosa et al., 2013). This justifies
identification of precocity in cultivars with a larger crown
diameter, reaching faster to stage 71.

Although all cultivars were considered DN, there were
mainly differences between Aromas B and Portola A* when
considering the phenology and crown diameter of plants,
where the value of D* was maximal (D2=4.672322). The
formation of groups may represent valuable information for
the choice of parents in breeding programs, because the
new hybrid populations to be established must be based on
the magnitude of their distances and the “per se” potential
of parents (Bertan et al., 2006). The similarity or dissimilarity
between cultivars permits identification of parents to obtain
crossings with a stronger heterotic effect; thereby,
increasing the chance to obtain superior individuals (Cruz



Table 1. DN strawberry cultivars crown with different crown diameters, grouped by Julian days by Tocher optimization method.

Phenological stages*

Groups 11 55 60 71 87
Julian Days (JD)

| Albion Band A 212.7+1.0 234.0+2.8 244.0+2.3 253.0+1.1 274.8+14.4
1 Albion A" and Aromas A 213.2+1.6 227.2+1.1 239.61£0.0 247.7£3.0 263.115.7
1] Aromas A" and San Andreas A* 213.4+2.0 227.3£1.0 240.1+0.1 249.1+0.7 261.845.9
\Y) Portola A" and San Andreas A 213.4+0.0 229.2+0.0 241.4+0.3 248.2+0.3 262.4+2.8
Vv Aromas B and Portola B 213.4+0.0 229.7+2.7 239.4+1.4 251.0+2.0 270.7+10.6
VI Portola A 212.0+0.0 233.4+0.0 245.41+0.0 252.4+0.0 270.0£0.0
VIl San Andreas B 212.0+0.0 226.610.0 238.810.0 248.0+0.0 267.210.0

*Stage 11, first leaf expanded; stage 55, appearance of first flower primordial at the base of the leaf rosette; stage 60, the 1st open flowers (primary); stage 71,
receptacle is jutting out from the sepal’s crown; stage 87 main crop with most of the fruits red colored. Mean values followed by +SD.
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Fig 1. Accumulated thermal time (ATt) and Julian days (JD) needed for groups for each phenological stage. Stage 11= first leaf
expanded; stage 55= appearance of first flower primordia at the base of the leaf rosette; stage 60= first open flowers (primary);
stage 71 = receptacle jutting out from the sepal’s crown; stage 87 = main crop with most of the fruits red colored.

Table 2. Relative importance of characteristics (Sj) to study the divergence between strawberry cultivars with plants that have
different crown diameters.

Phenological stages * 5] Si (%)
11 0.000001 0.1
55 0.000019 6.2
60 0.000001 0.4
71 0.000281 90.1
87 0.000009 2.9

*Stage 11, first leaf expanded; stage 55, appearance of first flower primordial at the base of the leaf rosette; stage 60, the 1st open flowers (primary); stage 71,
receptacle jutting out from the sepal’s crown; stage 87 main crop with most of the fruits red colored.

Table 3. Mahalanobis distance squared (D2) between seedlings of strawberry cultivars with different crown diameters.

Aromas San San
AlbionB  Albion A  Albion A" AromasB AromasA A" PortolaB PortolaA PortolaA®™ AndreasB  Andreas A
Albion B 0.000059
Albion A" 0.000023 0.000009
Aromas B 4.671613 4.671698 4.671653
Aromas A 0.000264 0.000571 0.000442 4.671821
Aromas A" 0.00004  0.000003 0.000002 4.671674 0.000506
Portola B 0.000054 0.000223 0.000146 4.671641 0.00008 0.000183
Portola A 2.076273 2.07634 2.0763 0.51907 2.076517 2.076318 2.076316
Portola A* 0.000623 0.0003 0.000407 4.672322 0.001697 0.00035 0.001038 2.076923
San Andreas B 0.519127 0.519302 0.519223 2.076306 0.519142 0.519261 0.519068 0.519119 0.52013
San Andreas A 2.076312 2.076467 2.076395 0.519089 2.076369 2.076429 2.076272 0.000033 2.07725 0.51907
San Andreas A®  0.000299 0.000093 0.000156 4.671972 0.001123 0.000122 0.000603 2.07659 0.000059 0.519689 2.076829

*B <8mm; A = between 8,1 to 12 mm; A" >12 mm
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Fig 2. Estimative of phyllochron given by the accumulated thermal time (ATt), Julian days (JD), and number of leaves in the main

crown.

Stage55

Stage 11

Stage 87
Stage 71

Fig 3. Phenological stages of strawberry considered for evaluation, according to the scale described by Meier et al. (1994). Stage 11,
first leaf expanded; stage 55, appearance of first flower primordia at the base of the leaf rosette; stage 60, first open flowers
(primary); stage 71, receptacle jutting out from the sepal’s crown; stage 87, main crop with most of the fruits red colored.

Table 4. Concentration of macronutrients in nutrient solutions for the cultivation without soil of the strawberry.

Concentration (mmol L'l)

+

Authors NO; NH, K* H,PO, Ca mg™ S0,”
Furlani and Fernandes Janior (2004)" 8.3 0.8 3.8 1.6 2.6 1.5 1.5
Furlani and Fernandes Janior (2004) 8.3 - 4.6 1.6 2.6 1.5 1.5

1
Vegetative phase; ZFruiting phase

and Carneiro, 2003). Accordingly, based on the matrix, it can
be inferred that the most promising crossing is between the
cultivars Aromas B and Portola A, which present the highest
dissimilarity (D’=4.672322) for precocity. Several methods
are available to evaluate the genetic diversity in plant
populations (Morales et al., 2011). These differ in their
ability to detect differences between genotypes, cost, ease
of use, consistency and repeatability of results. The use of
morphoagronomic characters in the evaluation of genetic
divergence provides a simplified quantification of genetic
variation and simultaneously makes it possible to evaluate
the performance of genotypes in the growth environment
(Malik et al.,, 2014). In general, morphoagronomic
characteristics are efficient when it comes to characterizing
cultivars and studying genetic divergence. In strawberry, the
shortening of day length and low temperatures causes
dormancy. For DN cultivars more specifically, temperature is
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a determining factor (Durner, 20015). Just before the plant
enters dormancy, paralysis of growth occurs along with
overproduction of carbohydrates, which are stored in
various organs (crown, petiole, primary roots), mainly in the
form of starch. It is known that in short-day strawberry
cultivars, crown diameter influences the general plant
development and precocity of production (Durner, 2016).
The present results show that for the DN strawberry
cultivars tested, this assertion is also true. In this way, it is
emphasized that the use of DN cultivars mainly benefits the
producers because the product can be supplied in advance
to the consumer market due to the precocity. In addition to
this benefit, the use of DN cultivars allows production during
off-season, which in the Brazilian subtropics occurs from
February to April (Costa et al.,, 2016). These aspects
contribute to increasing profitability for producers.



Materials and Methods
Plants and cultivation area

Seedlings of bare root of four cultivars originating from
Llahuen nursery, located in Chilean Patagonia (33250'15.41
"S and 70240'03.06" O) were tested during the period of July
to October 2014. The tests were conducted in an agricultural
greenhouse with an area of 90 m? located in the northeast-
southeast direction in the Horticulture Sector of the Faculty
of Agronomy and Veterinary Medicine of the University of
Passo Fundo, Passo Fundo, Rio Grande do Sul, Brazil
(28915’39"S, 52924’33”W). Plants were grown in plastic pots
with a capacity of 2 L. The growth substrate was sand.
Irrigation was individualized per pot and distributed using
the drip system, with flow rate of 1.3 L per hour. The
fertigations solutions used were those described by Furlani
and Fernandes Junior (2004) according to the stage of
development of the plant (Table 4). The solutions were
administered twice week.

Treatments and experimental design

Treatments were composed of seedlings of four strawberry
cultivars (Albion, Aromas, Portola and San Andreas) and
three plant crowns diameters (@ B < 8 mm; @ A= 8.1 to 12
mm; @ A" > 12 mm) for each of them according Faby (1996).
Each plot consisted of 12 plants with five repetitions. The 4 x
3 experiment was distributed in a randomized design, with
split plots, where the main plot represented the cultivars
and the split plots included the crown diameters.

Procedures
Phenological stages

Phenological evaluations consisted of observations and
weekly registrations of the different phases of development,
from the main stadium, O until 8, corresponding to sprouting
and maturation of the fruit, respectively, according to the
BBCH (Biologishe Bundesanstalt, Bundessortenamt and
Chemical Industry) coding of the phenological stages of
strawberry development as described by Meier (1994).

Thermal sum

To determine the thermal sum, a Sato brand thermo-
hygrograph was used. This was located inside the
agricultural greenhouse at a height of 1.5 m. The data were
extracted according to the minimum and maximum air
temperature. The daily mean temperature (dmT) was
calculated by the following equation: DmT = ((t0 + t2 + t3 +
..t22 + t24)/12). This calculates the arithmetic mean of
temperatures (2C) recorded by the thermo-hygrograph every
2 hours. The daily thermal sum (dTS) was calculated as
proposed by Gilmore and Rogers (1958) and Arnold (1960),
using the equation: dTS = (dmT-bT) [2C day'l] at where,
dmT= daily mean temperature and bT = base temperature.
Base temperature is defined as the minimum temperature,
below which there is no appearance of leaves. The bT for
strawberry was considered to be 7°C. The dTS was
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accumulated since the transplantation of seedlings, resulting
in thermal sum accumulated (TSa), that is: TSa = 2 dTS.

The strawberry cycle was expressed in Julian days (JD) and
the cultivation was continued until the maturation of fruits
obtained from the primary raceme.

Phyllochron

To determine phyllochron, the evaluations consisted of
counting the leaf number (LN) weekly from the beginning of
leaf appearance until the harvest of fruits in the primary
raceme. A new leaf was considered to have been emerged
when the leaflets became visible at approximately 1 cm
wide.

Data analysis

For data analysis, some main stages were marked within the
strawberry crop. Specifically, at stage 11, the first leaf
expanded; stage 55 marked the appearance of the first
flower primordia at the base of the leaf rosette. The stage
60, is the appearance of first open flowers (primary). At
stage 71, a receptacle was seen to be jutting out from the
sepal’s crown; and at stage 87, the main crop had grown and
most of the fruits were red colored (Fig 3).

The phenological data were subjected to multivariate
analysis, calculating the Mahalanobis distance (D?) and
Tocher’s optimization method to quantify the dissimilarities
between treatments. This analysis was carried out using the
Genes Software (Cruz, 2001).

To estimate the phyllochron, a linear regression was
carried out between the LN in the main crown and the TSa.
The phyllochron (2C day leaf™) was estimated as the inverse
angular coefficient of the linear regression.

Conclusion

The morpho-agronomic variability between DN strawberry
cultivars is associated with precocity of the crop, especially
Aromas A and San Andreas A © with harvest anticipated in
13 days. The variability between groups is evidenced mainly
by stage 71, when the receptacle had emerged from the
sepal’s crown. The quality of the seedling verified by the
crown diameter, greater than 8.1 mm, is determinant for the
precocity of DN strawberry cultivars. This study could help
producers to select DN strawberry cultivars that start
production in advance, giving them greater profitability.
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