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ABSTRACT

The production of strawberry seedlings in a soilless cultivation system can be an alternative for the production of
seedlings of high physiological and sanitary qualitye objective of this study was to evaluate the influence of the
use of different nutrient solutions in mother plants on the production and quality of strawberry seedlings of the
Aromas and Camarosa cultivars. The experiment was carried out in two crop cycles: the first cycle in 2016/2017, where
four different nutrient solutions (1; 2; 3 and 4) were used for the nutrition of the parent plants of the cultivars under
study and the second in 2017/2018, when the most productive solutions (nutrient solution 3 and 4) based on the results
of the first cycle were used, together with the two cultivars. The propagules produced were collected, evaluated and
rooted in substrate-filled trays, forming plant plugs, which were evaluated for ghiititional solutions influence
the propagative potential of the parent plants more than the physiological quality of the plug plant seedlings produced,
when they are formed on substrates that provide nutrients. The nutrient solution 4 is the most recommended for the
production of strawberry seedlings of the cultivdresmas and Camarosa, in a soilless system.
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INTRODUCTION to soil diseasespnematodes and larvae, which are

Within the group of small fruits, the strawberrycontm”ed through the use of methyl bromide that
(Fragaria x ananass@uch.) is the species that present®romotes soil fumigation, however it is not a permitted
the greatest economic importanééhough Brazil is not Practice in Brazil. Howeveis carried out in countries such
among the world lagest strawberry producers, nationaPS Chile andrgentina, from where country imports part
production has doubled in the last fifteen years, makirff the seedlings used in the areas of strawberry cultivation
the country the |@est producer in Southmerica, with (Baruzziet al, 2012Antunes & Peres, 2013) Rio Grande
around 4,200 hectares cultivated with the specied0 Sul is the Brazilian state that has the greatest
producing around 120,000 tons of fruit (Fagherarai, —dependence on the import of seedlings, where approxi-
2017). It is estimated that for the establishment ghately 90% of the cultivated area is implanted with
strawberry producing areas in the counthe annual imported seedlings (Gongalvest&tunes, 2016). Usually
demand is 300,000,000 seedlings (Fagheez#i,2021). delays occur in the delivery of these seedlings, meaning

In Brazil, most strawberry seedlings are produced ithat planting ends late, thus delaying the start of
open-air nurseries, which use few technological innovgroduction, and making the producers fail to sell during
tions, generating seedlings of low phytosanitary anihe off-season when the prices paid for the fruit are
physiological quality (Fagherazzi al.,2021). Mainly due highest (Zeit & Resende, 2019).
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Strawberry production in soilless cultivation systems haseedlings of théA\romas and Camarosa cultivars, in a
been growing in Brazil. In this system, substrates andsailless cultivation system.
protected environment are used, making it possible to reduce
the incidence of pests and diseases, in addition to facilitatiMJ'A‘TERIAL AND METHODS
cultural treatments and improving worker ergonomics (Alves The experiments were conducted in the experimental
et al, 2020:Antuneset al, 2020).This system can be usedarea belonging to Embrapa Clifemperado, Pelotas-RS,
for the production of fruits and with some adaptations, it cdatitude 31°40’South and longitude 52°@@&st, at a 60 m
also be used for the production of strawberry seedlings. Fdtitude. The climate of the region, according Y@
this purpose, mother plants from tissue culture are usédjppen, is of the “Cfa” type - humid temperate with hot
which are planted in soilless cultivation beds, nourished wigtummers (Alvarest al, 2013), with average temperature
nutrient solution and their propagules rooted in the substrated annual precipitation of 17.9 °C and 1500 mm,
(Trederet al, 2015), originating plug plants. respectivelyTwo experiments were carried out, the first

One of the main factors that affect plant growth antetween November 2016 and May 2017 and the second
development is the composition of the nutrient solutiorhetween October 2017 and May 2018, for which two
which must be adapted for different cropping systemgreenhouses were used, one for the nursedythe other
production objectives (fruits or seedlings), as well a®r the establishment and growth of seedlings, both
for cultivars (Mattneet al, 2017; Paulust al,, 2018). protected at the top with transparent low density
The concentration of the mineral elements individyallypolyethylene film (150um thick) and laterally with
as well as the maintenance of the balance between themtiaphidicscreen.
a correct absorption and assimilation by the plants is In the first growing cycle carried out in 2016-2017,
very important (Shirket al, 2018). Different formula two commercial strawberry cultivars, Camarosa, of short
tions of nutrient solutions are described in the literaturdays andAromas, of neutral days, and four nutritive
for the soilless cultivation of strawberryn the solutions (Bble 1) were studied. Nutritional solution 1
production of both seedlings and fruits (legal, 2015; (NS1) was formulated based on the solution proposed
Shirkoet al, 2018). by Furlani & Fernandes Junior (2004); Nutritional

According to the concentration of nutrients presergolution 2 (NS2), was based on solutions used by
in the plant, the plant will have more or less vegetativatrawberry producers in a soilless cultivation system in
growth and will produce more or less stolons, a factdhe region of Pelotas-RS; Nutritional solution 3 (NS3)
that will possibly influence the quality of the seedlingvas based on the solution proposed by Sonneveld &
produced.According to Mattneret al. (2017), the Straver (1994) and adapted by Petlal. (2018);
production of stolons from the mother plants is influencedutritional solution 4 (NS4) was a commercial solution
by several factors, among them, the regalimate, the used in the region. The micronutrient content was
cultivar, the nutrition provided to the mother plants andtandardized for nutrient solutions 1, 2 and 3, with the
also the cultivation system usedimong the macronu- following composition in (mg.L): 1.44 Fe; 0.5 Mn; 0.68
trients required by plants, nitrogen is required in th&n; 0.42 B; 0.72 Cu; 0.007 Mo; NS4 has the necessary
largest quantities and also the most limiting for plarmmicronutrients in its composition for the development
development, as itis part of many plant molecules anda$ the crop, however the quantities used for each
directly linked to cell growth (Shirket al, 2018). micronutrient are not specified on the product label.
According to Neriet al. (2012), the production and  Based on the preliminary results of seedling production
branching of stolons, as well as the development of the 2016-2017 cycle, the two nutrient solutions that
strawberry seedlings are influenced by the doses pfesented the best results were selected and together with
nitrogen used in the nutrient solutions. the two Camarosa amdromas cultivars, they were

In Brazil, few research results are found on thetudied again during the 2017-2018 growing cyAlé.
composition and management of the nutrient solution imother plants used in the experiment came from tissue
the production phase of strawberry seedlings. Therefor@jlture acquired from a commercial compdre soilless
further studies must be carried out using different nutrientiltivation system was used, with recirculation of the
solutions, which enable the production of strawberrgutrient solution, which was composed of 2.30m long,
seedlings of high physiological and phytosanitary qualit.80m wide fiber cement tiles and two 0.10m high channels,
leveraging seedling production in Brazil and thus reducirgupported on metal trestles, keeping the tiles at 1.10m
producer dependence on the imported seedling. above the ground and with a 5% slope to drain the nutrient

In view of the above, the objective of the present worgolution.
was to evaluate the use of different nutrient solutions, in The tiles were waterproofed with black polyethylene
mother plants, in the production and quality of strawberryim (150 um thick),and the channels were then filled with
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carbonized rice husk, used as a substrate for the suppmmmductivity: 0.4 £ 0.3nS.cnt; Density: 145 kg.r Water
and growth of plant roots, over which an irrigation tapeestention capacity of 55% and maximum humidity of 50%,
was placed at 0.10m intervals between drippers, with ot@gether with the Osmocété5-9-12 fertilizer (nitrogen,
drip tape for each tile channel, to supply the nutriemghosphorus and potassium), in the proportion of 5 kg.m
solution. Subsequentlthe tiles were covered with white 3. The collected propagules were placed in contact with
and black double-sided polyethylene film (LB0thick), the substrate and kept in a misting chamber with an
with the white part facing upwards and thether plants irrigation frequency of 12.5 seconds every 10 minutes for
arranged 0.30m between plants, totaling six plants p#re first 7 days, and 12.5 seconds every hour from day 7
cultivation channel. The irrigation system consisted db 14, with an average flow of 36 L.hduand after this
four motor-pumps and four water tanks of 310 liters eacperiod, the seedlings were transferred to growth benches,
where each set supplied four tiles, that is, eight cultivatidieing manually irrigated once a day until they were well
channels, so that the set (motor-pump and reservofoymed, about 50 days after planting the propagules. The
delimited each nutritive solution. control of pests and diseases was carried out using
Fertigation was performed daily at 2-hour intervalsgchemical products registered for the culture at the Ministry
for ten minutes (6:00; 8:00; 10:00; 12:00; 14:00; 16:00; 18:00f Agriculture, Livestock and Supply (MA9.
20:00 hours and once during the night at 2:00 hours) The analyzed variables were divided into two groups:
totaling nine times a dawll with an average flow per the variables referring to the mother plant and the
dripper of 1.5 L. hout. The pH and electrical conductivity variables referring to the quality of the seedlings
were monitored weekly during the production period, witpproduced. The variables referring to the mother plant
the pH maintained between 5.5 and 6.5 and the electrice¢re as follows: average number of stolons per mother
conductivity between 1.2 and 1.5 dS.frhe experimental plant, obtained by directly counting all the stolons that
design was completely randomized, with four replicationgach mother plant emitted, the same being expressed in
in a 4x2 factorial scheme (four nutrient solutions and twstolons per planfverage number of seedlings per plant:
cultivars) in the first cycle, and 2x2 (two nutrient solution®btained by directly counting all propagules produced
and two cultivars) in the second cycle, with the treatmenly the parent plant, expressed in seedlings per plant;
arranged in subdivided plots, with the main plot#&\verage number of propagules per stolon: obtained by
constituting the nutrient solutions and the cultivarghe quotient between the average number of seedlings
constituting the subplots. Each experimental unit wgsoduced per plant and the average number of stolons
formed by six parent plants. produced per plant, the same being expressed in number
The planting of the mother plants in the first cycle obf propagules per stolon.
cultivation occurred on November 16, 2016 and in the The variables referring to the quality of the
second cycle on October 10, 20All'the flowers from the seedlings were measured approximately 50 days after
mother plants during cultivation were removed. planting the propagules in the trays, when the seedlings
The propagules were collected in both cultivationvere considered ready for transplantation to the fruit
cycles, starting in the second half of Februdfgr production area. For this purpose, four replications of
rooting the propagules, 72-cell polystyrene traysix plants were used for each treatment, evaluating the
(internal volume of 124 mL) were filled with commercialfollowing variables: Crown diameter: measured with the
substrate Carolina Soil®, a compound based oaid of a digital caliper and the results expressed in
Sphagnum peat, expanded vermiculite, dolomitimillimeters (mm)Average number of leaves: measured
limestone, agricultural plastevith pH: 5.5 £ 0.5; Electrical by counting the number of leaves that each seedling

Table 1: Composition of macronutrients of the fdifent nutrient solutions used during the nursery phase, for the production of
strawberry seedlings

Nutrient solution Composition of nutrients (mmol.L™)

NO, HPO, SO, NH,* K* Ca* Mg?*
NS1 9.98 150 1.00 053 5.66 2.65 1.00
NS2 3.05 294 2.36 0.28 523 138 122
NS3 9.99 1.28 248 0.75 598 292 183
NS4 744 297 115 1.86 543 195 0.76

NS1: nutrient solution 1 (proposed by Furlani & Fernandes Junior (2004) NS2: nutrient solution 2 (used by strawberry producers in a soilless
cultivation system in the region of Pelotas-RS); NS3: nutrient solution 3 (proposed by Sonneveld & Straver (1994) and adapted by Peil
al. (2018); NS4: nutrient solution 4 (commercial solution).
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presented at the time of commercialization, resultsultivar, provided the lagest number of propagules per
expressed in leaves.seedligroot system length: stolon, number of stolons and seedlings per mother plant,
measured with the aid of a graduated ruler and thehich is associated with the phosphorus contesRQH)
results expressed in centimeters (cAverage petiole that is present in greater concentration in NS4, than in
length: obtained by measuring the length of the leaifther solutions.
petiole, with the aid of a graduated ruler and the results Nutrient solutions with low concentrations of
expressed in centimeters (cm); Dry mass of leaveghosphorus affect vegetative growth, including the
crown and roots: the material was separated into leavemission of stolons. Once phosphorus is a nutrient that
(leaf + petiole), crown and root system, and then placgxrticipates in the formation of phosphate sugars, which
in an oven at 65 °C with forced air circulation untilare intermediates in photosynthesis and respiration, it is
constant mass, with the results being expressed afso a component of nucleotides, such as adenosine
grams per plant (g.plaft triphosphate (AP), which acts on the emggrmetabolism
The data were subjected to analysis of variance f plants, directly affecting photosynthesis and
the F test, and when significant, the treatment averagespiration, as well as emggr storage and transfezell
were compared with the Tukey test at 5% probability aivision and growth (@izet al, 2017).The quantity of
error All analyses were performed with the Rbio softwar@hosphorus (FPQ,) in NS2 is similar to that of NS4

(Bhering, 2017). (Table 1), which produced the lowest number of stolons
and seedlings per mother plant compared to the other
RESULTSAND DISCUSSION solutions, however it has a low nitrogen concentration,

The variables referring to the number of propagulésoth in the form of nitrate (NQ and ammonium (NH).
per stolon, number of stolons and seedlings per moth&ccording to Shirket al.(2018), this mineral nutrient is
plant, in the 2016/2017 cycle, showed significanthe most required and limiting by plants, as it is directly
interaction between cultivars and the studied nutriefihked to cell growth, being part of many plant molecules,
solutions (Bble 2).The use of NS4 for the Camarosancluding chlorophyll, amino acids and nucleic acids.

Table 2: Number of propagules per stolon, number of stolons per mother plant and number of plants per mother plant, fertigated
with different nutrient solutions, in the 2016/2017 and 2017/2018 cycles

Number of propagules Number of stolons Number of plants
Nutrient per stolon per mother plant per mother plant
solution 2016/2017
Camarosa Aromas Camarosa Aromas Camarosa Aromas
NS1 3.93bB 6.75 bcA 23.38 A 9.46bB 92.42 A 63.17bB
NS2 477bB 5.72 A 11.96 A 6.49bB 57.12 A 36.67 LA
NS3 4.75bB 7.28 abA 26.5bA 13.92aB 125.83 A 101.33&A
NS4 6.34aB 8.34 A 30.54 &A 14.25aB 193.75 & 119.17aB
C.Va (%) 11.26 9.93 15.93
C.Vb (%) 8.31 12.02 16.13
2017/2018
Nutrient solutions
NS3 5.59 18.66* 96.19b
NS4 6.14 120.75 120.76 a
Cultivar
Camarosa 4.73b 25.57a 120.49a
Aromas 6.7a 13.84b 96.47 b
C.Va (%) 9.24 12.99 7.88
C.V.b (%) 16.63 1151 17.31

Means followed by the same lower case letters in the columns and upper case in the rows, ter hytTdikey’s test, at 5% probability

of error; ™ not significant; C.\&: Coeficient of variation; C.\b: coeficient of variation; NS1: nutrient solution 1 (proposed by Furlani

& Fernandes Junior (2004) NS2: nutrient solution 2 (used by strawberry producers in a soilless cultivation system in the region of Pelotas-
RS); NS3: nutritient solution 3 (proposed by Sonneveld & Straver (1994) and adapted ley &e{2018); NS4: nutrient solution 4
(commercial solution).
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Nitrogen dosages can favor the production and Inthe experiment carried outin 2017/2018, there was no
branching of stolons during the multiplication phase, isignificant interaction between the factors, for the number
addition to influencing the speed and development af propagules per stolon, number of stolons and seedlings
seedlings during their formation period (Netal, 2012). per mother plant @ble 2). ‘Aromashad a higher number
The nitrogen absorption process by plants required propagules per stolon and ‘Camarosa’ a greater number
energy in the of stolons per mother plant. While the use of NS4 was
The nitrogen absorption process by plants is significantly higher than NS3 in relation to the number of
process that requires emgrin the form ofATP  seedlings per mother plant. This variation that is associated
(Daneshmaneét al, 2019), and since phosphorus is parnvith the phosphorus content present eachb(d 1),
of the composition of these substances, the balanicgerfering with absorption and assimilation of nitrogen.
between the ratio of nitrogen and phosphorus is essential Nitrogen can be absorbed by plants in the form of
for one to favor the absorption of the othg61 has an nitrate (NQ) and ammonium (N}). Nitrate absorption
N:P ratio of 7.00, so it has 7 mmol of nitrogen to 1 mmadccurs actively against an electrochemical potential
of phosphorus, NS2 had 1.13, NS3 had 8.39 and NS4 lgrédient, through a symmetrical system, a process that
3.13, which explains the different responses presenteshjuires engy, while ammonium is passively absorbed
by the plants fed with the different solutions. Phosphorusy diffusion, without engyy expenditure @izet al, 2017).
and nitrogen interact syrgastically, so that when both When ammonium is absorbed, it is readily available to be
are made available in adequate quantities, one favassimilated by the plant, however in the case of nitrate,
the absorption of the otheenabling greater yields of there is a greater energy expenditure, since it is necessary
the cultures, than when they are applied separatdly reduce nitrate to nitrite, through nitrate reductase
(Fageria & Baligar2014). enzymes and later to ammonium, through nitrite reductase
The highest number of propagules per stolon, numbenzymes, to then be incorporated into organic compounds,
of stolons and seedlings per mother plant was found witjlutamates and glutamines (letial, 2017). Phosphorus
the use of NS3 and NS4, for theomas cultivarwith no  deficiencies can thus decrease the absorption, as well as
statistical difference between them. ‘Aromas’ presentetie assimilation of nitrate and ammonium, affecting the
the highest number of propagules per stolon thantire metabolism of the plant.
‘Camarosa’, regardless of the nutrient solution used. Si- The largest number of seedlings per mother plant was
milar results were found by Becker (2017), whiclproduced by ‘Camarosa’, with an average of 120.49
demonstrates that ‘Aromas’ tends to have longer leng#ieedlings per mother plant, differing significantly from
stolons and thus a greater number of seedlings per stolgkromas’, which produced 96.47 seedlings per mother
However ‘Camarosaivas significantly superior to ‘Aro- plant. The different rates of propagation of the strawberry
mas’, in relation to the number of stolons produced pean be attributed to the genetic composition of each cul-
mother plant in all nutrient solution&ccording to Gui- tivar, the diferent crop systems, the environmental
mardeset al. (2015), the number of stolons formed peronditions and the management of the crop (Oliveira
plant varies between cultivars, with short-day cultivaral. 2010).
generally producing a greater number of stolons than Theaverage length of the petiole and roots, referring
plants of neutral days. to the quality of the seedlings produced with the different
The Camarosa cultivaproduced a higher number of nutrient solutions, in the 2016/2017 cycle, were influenced
seedlings per mother plant than ‘Aromas’, when both wel® the interaction between the factors studieab(d 3).
fed with NS1 and NS4 @ble 2). Under conditions of high The use of NS2 for the cultivar ‘Camarosa’, produced
temperatures and long days, plants from short-dagedlings with shortest petiole length and the largest root
cultivars such as ‘Camarosa’ tend to emit a large numblength, howevetthis last parameter déred significantly
of stolons, propagating vegetativelyhile the emission only from NS3.
of flowers is inhibited (Guet al, 2021). In contrast, neutral ~ This lower growth of the aerial part and greater root
day cultivars such asromas flower continuously due to growth provided with NS2 may be due to the plant having
insensitivity to the photoperiod and greater tolerance ttestined its reserves to form the root system first, for the
high temperatures, delaying the emission of stolorabsorption of water and nutrients and then later form the
(Strassburgest al, 2010). This can explain the differenceaerial part. For ‘Aromas’, the nutrient solutions did not
found between the cultivars in the production of seedlingsifluence the average length of the petiole and the roots
since the period of production of the same occurred in tlo¢ the seedlings produced.
summey when not only the photoperiod increases, but The ‘Aromas’ seedlings showed greater root length
also the temperature, favoring the emission of stolonthan the ‘Camarosa’ seedlings, when they were produced
mainly in short-day cultivars like ‘Camarosa’. produced with NS1 and NS3.
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The Camarosa cultivar presented seedlings with(@able 4).The isolated déct of the cultivar factor was
longer average petiole than ‘Aromas’, when NS1 was useshly observed for the number of leaves per plant, where
Howeverwhen NS2 was used, the reverse occurred, ‘ArGAromas’ was higher than ‘Camarosa’ in both cultiva
mas’ had leaves with a longer average petiole length, whitibn cycles.
may be related to the nitrogen content present in the Inthe 2016/2017 cycle, seedlings with a larger crown
solutions. diameter were obtained when NS4 was used, but it only

The average length of the petiole and roots of thdiffered significantly from NS2, which had the smallest
seedlings produced in the 2017/2018 cycle were notown diametera fact related to the low nitrogen content
influenced by the interaction between nutrient solutiongresent in NS2 @ble 1)According to Silveirat al.(2016),
and cultivars (@ble 4).The seedlings ohromas culti- nitrogen is part of the synthesis of chlorophyll, thus being
var had a longer root length than those of ‘Camarosalirectly linked to the photosynthetic metabolism of plants,
where the nutrient solutions did not influence thisherefore the deficiency of this nutrient compromises the
variable. development of the plant, decreasing the production of

The number of leaves and the crown diameter of tllry mass of the aerial part and the root system.
seedlings produced in the 2016/2017 and 2017/2018 The crown diameter is directly related to the pknt’
cycle did not show any interaction between the factorgserves, since the crown contains carbohydrates, mainly

Table 3:Average petiole length and root length of strawberry seedlings produced ¥etbrdifhutrient solutions, in the 2016/2017
cycle

Nutrient solution Average petiole length (cm) Root length (cm)
Camarosa Aromas Camarosa Aromas
NS1 15.52 A 13.58aB 10.52abB 11.83 A
NS2 11.37bB 14.22 &A 11.25 aA 11.75 aA
NS3 13.82 A 14.44 &A 10.23bB 11.67 &A
NS4 15.78 A 14.22 &A 10.83 alA 11.33 A
CVa (%) 7.96 494
C.V.b (%) 6.78 3.39

Means followed by the same lettéower case in the columns and upper case in the rows, do festlwifTukey’s Test, at 5% probability

of error; C.Va: Coeficient of variation; C.\b: Coeficient of variation; NS1: nutrient solution 1 (proposed by Furlani & Fernandes Junior
(2004) NS2: nutrient solution 2 (used by strawberry producers in a soilless cultivation system in the region of Pelotas-RS); NS3: nutrient
solution 3 (proposed by Sonneveld & Straver (1994) and adapted bgtR#il(2018); NS4: nutrient solution 4 (commercial solution).

Table 4:Average length of petiole and root of strawberry seedlings produced vigtfredifnutrient solutions in the 2017/2018 cycle
and crown diameter and number of leaves of strawberry seedlings produced with different nutrient solutions, in the 2016/2017 and
2017/2018 cycles

) Average petiole  Root length Crown diameter Number of leaves
Nutrient length (cm) (cm) (mm) per plant
solution 2017/2018 2017/2018  2016/2017  2017/2018 2016/2017  2017/2018
NS1 - - 8.76 ab - 542b -

NS2 - - 8.36Db - 5.81ab -

NS3 7.19° 10.11s 8.69 ab 9.40ns 5.92ab 6.77b
NS4 6.61 10.12 9.79a 9.95 6.29a 7.65a
Cultivar

Camarosa 7.36° 9.98b 8.96" 9.78" 5.54b 6.85b
Aromas 6.44 10.25a 8.84 9.57 6.18a 7.56 a
CVa (%) 13.05 5.05 9.44 6.55 8.80 777
C.Vb (%) 11.94 2.15 6.38 4.08 9.73 6.52

Means followed by the same letters in the columns, do nferdify theTukey test, at 5% probability of errof; not significant; C.\A:
Coeficient of variation; C.\b: Coeficient of variation; NS1: nutrient solution 1 (proposed by Furlani & Fernandes Junior (2004) NS2:
nutrient solution 2 (used by strawberry producers in a soilless cultivation system in the Pelotas-RS region); NS3: nutrient solution 3
(proposed by Sonneveld & Straver (1994) and adapted byePail (2018); NS4: nutrient solution 4 (commercial solution).
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starch, such that its concentration can be positivefgctors that most influence strawberry production (Menzel
correlated with the productive potential of plantsr(@s- & Smith, 2012).
Quezadat al, 2015). When NS1 was used, the seedlings of the Camarosa
In the 2017/2018 cycle, when only NS3 and NS4 wereultivar showed a greater dry mass of leaves and crown
studied, these did not influence the crown diameter of tlilean those of ‘Aromas’. While with the use of NS2 and
seedlings, similar to the previous cycle (2016/2017). It NS3, there was no difference between cultivars, for any of
worth noting that, regardless of the nutrient solution dhe variables referring to the dry mass of seedlingblér
cultivar studied, all seedlings produced had an avera§e However when NS4 was used, the seedlings of
crown diameter greater than the minimum requirement f@amarosa cultivar showed a higher dry mass of leaves
a seedling to be marketed in the countrigich according and roots compared &romas cultivar
to Brazilian legislation is 5 mm (Brasil, 2012). The root system of the seedlings is one of the factors
The higher number of leaves per plant was obtaingdat most influences the success after transplanting the
with the use of NS4, differing significantly from NS1, inseedlings, as they are tissues that have energy stored in
the 2016/2017 cycle éble 4). Itis worth mentioning that the form of starch and are also used to absorb water and
the NS1 and NS4 solutions have similar amounts ofutrients, which are essential for the formation of new
nitrogen (NQ and NH), but their phosphorus contentleaves and rootdccording toTorres-Quezadet al.(2015),
(H,PQ;,) varies, with NS4 having a higher content thatissues with high amounts of dry mattéavor the
NS1 (Table 1), a fact that may have limited nitrogermresumption of plant growth after transplantation.
absorption by plants fed with NS1. Similar to the seedlings The dry mass referring to the different partitions of
produced in the 2017/2018 cycle, the largest number lefaves, crown and roots of the seedlings produced in the
leaves was observed in seedlings in which the stolo8617/2018 cycle did not show significant interaction
were produced with NS4, possibly due to the differendgetween cultivars and nutrient solutionslfe 5).The
between the phosphorus contenfB,) present in NS3 nutrient solution factor did not influence the dry mass of
and NS4. leaves, crown and roots of the seedlings produced, while
According to Liet al, (2014), the process of nitrogenthe cultivar factor interfered only in the variable dry mass
absorption requires erggr and phosphorus is part of of leaves, where ‘Camarosa’ produced greater mass than
the energy metabolism of plants. Thus, the loweéAromas’.
phosphorus content present in NS1 and NS3, may have The cultivars are plants of the same species, which
negatively affected the energy metabolism of the plahiave different genetic characteristics, which gives them
and thus compromised the absorption of nitrogen, whidifferent behaviors when they are taken to the field, not
caused less growth of the aerial part and as a consequenaly in aspects related to fruit production, resistance to
a smaller number of leaves per plant. pests and diseases but also in plant architecture, where
The dry mass of leaves, crowns and roots of seedlingigjor can be one of the parameters used to differentiate
produced in the 2016/2017 cycle, showed significamultivars.According to Oliveira 8Antunes (2016), one of
interaction between the factors studie@lle 5).The the characteristics of the Camarosa cultivar is the high
seedlings of the Camarosa cultivahowed the highest vigor presented by its plants, while ‘Aromas’ is considered
dry mass of roots when the stolons were produced with be a medium vigor cultivaa characteristic that is mainly
NS4, while the highest dry mass of leaves was verifiaibticed in the leaf mass of the plants. in this experiment, it
with the use of NS4 and NS1, For with no differencewas observed that the ‘Camarosa’ seedlings presented a
between them, but both differed significantly from NS2higher dry mass of leaves than those of ‘Aromas’,
The lower nitrogen content present in NS2, may havewever for the other variables, the cultivars showed
affected the development of the propagules from thstatistically similar results.
nursery stage, as well as in the next stage, when the stolonsThe interest of nurserymen, producers of strawberry
are placed in substrates to root and form the seedlirggedlings, is the search for management techniques that
and since this propagule has already been formed withovide high seedling production per mother plant, so
nutritional deficiencies, the quality of the seedling endshat they can obtain the highest possible profitability
up being compromised. while the interest of fruit producers is the search for
For theAromas cultivaronly the crown dry mass was seedlings of excellent quality and with high health and
influenced by the nutrient solutions, where NS4 wagroductivity.
statistically superior to NS1. In plug plant seedlings, the However the research fails to meet the demand of the
main parameters used to evaluate the quality of thkemtire production chain through the recommendation of a
seedlings are the crown diametée volume and quality cultivation technique that encompasses all requirements,
of the roots and the dry mass of the aerial part, as they decause many times when a mother plant produces many
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Table 5: Dry mass of leaves, crown and roots of strawberry seedlings produced feitrdihutrient solutions, in the 2016/2017
and 2017/2018 cycles

Dry mass of leaves Dry mass of crown Dry mass of roots
Nutrient (g.plan (g.plarf) (g.plar
solution 2016/2017
Camarosa Aromas Camarosa Aromas Camarosa Aromas
NS1 1.59 alA 1.32aB 0.29 A 0.19bB 0.24 A 0.28 A
NS2 1.21 A 1.38 A 0.24 A 0.26 alA 0.29 A 0.24 A
NS3 1.31 bA 1.38 A 0.25aA 0.27 abA 0.26 bA 0.27 &A
NS4 1.74 aA 1.36aB 0.27 &A 0.30 &A 0.41aA 0.27aB
CVa (%) 13.95 17.27 20.06
C.V.b (%) 12.24 17.66 13.6
2017/2018
Nutrient solution
NS3 1.39 0.31ms 0.28
NS4 1.46 0.31 0.27
Cultivar
Camarosa 1.62a 0.34 0.28™
Aromas 1.24b 0.29 0.27
CVa (%) 9.40 19.13 15.78
C.V.b (%) 10.35 16.03 6.22

Means followed by the same letters, lower case in the columns and upper case in the rows, o hgfTdikey’s Test, at 5% probability of

error; " not significant; C.\&: Coeficient of variation; C.\b: Coeficient of variation; NS1: nutrient solution 1 (proposed by Furlani &
Fernandes Junior (2004) NS2: nutrient solution 2 (used by strawberry producers in a soilless cultivation system in the Pelotas-RS region); NS3:
nutrient solution 3 (proposed by Sonneveld & Straver (1994) and adapted fey &e{2018); NS4: nutrient solution 4 (commercial solution).

seedlings, part of them end up being weak, since thayrsery phase, but also on the next stage, in which the
have low quantity of reserves and after transplanting, theyopagules are placed to root in substrates that provide
end up dying or showing low fruit production. Thus, it iertain amounts of nutrients.
necessary to use nutritional solutions that provide an Thus, the nurseryman, producer of strawberry plug
adequate nutrition to the mother plant, so that it producpkant seedlings, can choose nutrient solutions that enable
seedlings in quantity and quality to supply the needs tfie production of a greater number of propagules per
the country$ domestic market. mother plant, since they do not have a strong influence
With the accomplishment of this work, it was observedn the quality of the seedling, but can make the cultivation
that the nutrient solutions have more influence on thectivity as profitable as possible and also offer the market
number of propagules produced per mother plant, thauoality seedlings at a fair price.
on th(—? quality of the seedlings produced, since plug pla&tONCLUSIONS
seedlings are formed from the propagules collected from
the mother plant and placed to root in substrates. In this S€edling production is influenced both by the
experiment, a substrate that had a certain amount ggnotype and by the constitution of the nutrient solution
nutrients was used, and together with it the Osm&cotéS€d in the nursery phase. The cultivar Camarosa has a
fertilizer was addedTogether these two provided the 9reater propagation potential tharomas in a soilless
necessary nutrients for the growth and development gfltivation system;
the root system and the aerial part of the seedlings. Nutritional solutions influence the propagative
Through the analysis of the evaluations carried opotential of the parent plants more than the physiological
regarding the quality of the seedlings, it was observetyality of the plug plant seedlings produced, when they
that overall, regardless of the nutrient solution used, th&je formed on substrates that provide nutrients;
showed satisfactory results, showing little variation The commercial nutrient solution (NS4) is the most
between them, and therefore in plug plant seedlingsecommended for the production of strawberry seedlings
Growth and development depend not only on the nutriert$ the cultivarsAromas and Camarosa, in a soilless
and reserves provided by the mother plant, during tloeiltivation system.
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