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ABSTRACT

Tomatoes are a highlight in theganic vegetables production, but in order to cultivate them, there is a lack of
information on cultivars adapted to the organic system. The objective of this study was to evaluate the productive
performance and to characterize the quality attributed to tomato fruits under the organic production system. The
experiment was conducted in field, on an agroecological farm, in the municipaligyé&fParanat8te - Brazil.The
experiment consisted on fourteen tomato cultivars, under a randomized complete block design, with four replications.
The evaluated traits were the total and commercial fruit production, total and commercial number of fruits, mass and
average diameter of commercial fruits and physicochemical quality traits (firmness, pH, color (L*, C and h°), soluble
solids (SS), titratable acidity A), and the ratio of SSA). Considering together production traits and fruit quality
aspects, the cultivars Netunguamiel, and Cordilheira can be considered the best choices, having potential to be
recommended for organic production system.
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INTRODUCTION farmers and consumers, in addition to causing environmen-

tal imbalance, with the elimination of natural enemies and

in its natural form and appreciated for its nutritiona|0SS of biodiversity (Plgnaet al, 2017;Thaku; 2017, .
Ishaget al,, 2020). In this context, there is an increasing

composition, being a sourceadrotenoids (lycopene, i . o .
. o expansion of organic cultivation, where the production
andp carotene), phenolic compounds (phenolic acids an

) S . . . costs can be reduced to the conventional system; in
flavonoids), vitamins (ascorbic acid and vitamAinand . _ L .
lycoalkdoids (tomatine) (Chaudhargt al., 2018: addition, presenting a greater profitability (Souza & Garcia,
gl vt a., ' 2013Adamteyet al, 2016).

Fernandest al, 2020). Hence, there is a necessity to :
: . ) . . . Howeverthere are some obstacles to tlganic tomato
offer high quality fruits, free of pesticide residues, and in . e . .
. - production, such as the difficulty in controlling tomato
sufficient quantities to meet consumer demand. Thu

) i ﬁhytosanitary problems, being susceptible to pathogens
sustainable food production systems, such as 0r9anifiy insects, vulnerable to nutrient deficierayrthermore,

agriculture, have been strengthening worldwide, with e e is a lack of technical information on tomato cultivars
increase in the area for production and the quality of tha¢ herform well in organic cultivation systems and in
produced food, especially focusing on fruits angjerent producing regions (Mek al, 2009).
vegetables, conquering the consumer market, which seeksgeyeral tomato cultivars are available to meet the
for healthier products (Smith-Spanglet al., 2012; gemand for tomato production, but these cultivars were
EisingerWatzlet al, 2015; Mieet al, 2017). not developed for organic agriculture. These cultivars were
Conventional tomato cultivation is often based on theeveloped for conventional agriculture with high input of
excessive use of soluble chemical fertilizers and pesticidetiemical fertilizers and high use of pesticides. There is a
leading to fruit contamination, afing health risks to lack of information about genotypes which are more

Tomato Golanum lycopersicuns consumed, mainjy
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adapted according to the climatic conditions of each regiah., 2013), is Cfa (humid subtropical), with summer
and the form of cultivation (Sediyamet al, 2014). temperature above 22 °C and in wintexlow 18 °C, with
Information on forms of cultivation and capacity of thea precipitation index of 1,800 mm yéar
genotype to adapt the different locations is of paramount The experimental area was under fallow for three years,
importance. When the requirements of different genotyhe plant material was mowed and furrowed following a
pes are not met, it can result in yield losses and reduagihimal soil preparation, adding 3.15 ttwd Calfort calcite
fruit quality. Thus, the production of ganic tomatoes is limestone to adjust soil pH.
linked to the choice of cultivars associated with adequate The chemical analysis of the soil, carried out before
cultural management resulting in plants with healtithe installation of the experiment, presented the
productivity and able to supply high quality fruits to thefollowing contents: organic matter OM = 44.23 g9
consumer market (Souza & Resende, 2014). =10.28 mg dnd; K = 136.85 mg dry pH (CaCl) =5.00; H
When cultivars are released for conventional agricultu-Al = 6.69 cmo| dn®; Ca = 3.70 cmqldm®; Mg = 1.40
re, their set of traits is already defined. Latwhen cmol dm?, cation exchange capacity= 12.14 cpaioh®,
evaluated and recommended for organic cultivation, thhate of base saturation= 44.89%. The fertilization was
cultivar is simply adapted to this type of cultivation.carried out based on the results of the soil analysis and
Otherwise, a very different set of traits is aimed for cultivarthe requirement of the tomato crop (Alvarenga, 2084).
developed specifically for organic farming. The attributetotal of 11 t ha of an organic fertilizer was applied, with
required for a good tomato cultivar for the organicthe following chemical composition: 2.22% of N, 2.29%
production system consist of three main aspects: sensdfyand 1.39% FDuring seedling transplant, a fertilization
phytosanitaryand morphological. In the sensory aspecf 116 g plant of Master thermophosphate (allowed for
breeders look for cultivars with contrasting textures, colorsyganic production) was used.
sizes, acidity’Brix; that is, which diier from what is usually Fourteen tomato cultivars developed for conventional
offered by cultivars from the conventional agriculture. Iragriculture (AfamiaAguamiel Alambra Araucaria, Bata-
addition, cultivars with a greater genotype x environmetia, BRS Kiara, BRS Nagai, BRS Portinari, Cordilheira,
interaction are interesting, in order to take advantage Btision, Minotauro, Monalisa, Netuno, and Paron) were
the unique characteristics conferred bytdreoir where evaluated under organic farming conditions. Important
they are grown. In the phytosanitary aspect, cultivars wittharacteristics of each cultivar were describékhivle 1.
genetic resistance to diseases and pests are essenfia choice of cultivars occurred as follows: some cultivars
since the use of pesticides is prohibited. Considering thesre already cultivated by the farmers (Pafdambra,
morphological aspect, plants with a determined growthind Batalha), and the others were collectively introduced
habit, open architecture and able to tolerate intercropping the study contemplating the suggestions of
are the most appropriate for organic farming. researchers, technicians of the organization and the
In this context, the objective was to evaluate thinterests of the farmers. The experimental design
productive performance and to characterize the qualigpnsisted of a randomized complete block design with
attributes of tomato fruits under organic productiofiour replications. The experimental unit consisted by ten
system. plants. The useful part for evaluation purposes were the
five plants located in the central part.
MATERIALS AND METHODS The seedlings were produced in 128 cells trays, using
The experiment was conducted in the field on asubstrate from organic compost. Transplanting was
agroecological farm, located in the municipalityvefé, performed 30 days after sowing, when plants had from
Parana te - Brazil, during the monthsAfigust 2015 in  three to four definitive leaves, adopting spacing of 0.60 m
January 2016. This property has been under an orgabietween plants and 1.2 m between lines.
production system for approximately 15 years, 14 years of The plants were conducted with two stems, and the
them certified by the Ecovidagroecology Network, staking was performed in an upright position by using a
through the Participatory Guarantee System. The propettyine. Apical pruning was performed at 70 days after
receives technical advice from CAPCenter for Support transplantation (D&), when most cultivars were at a
and Promotion oAgroecology which was a partner in height between 1.80 and 2.00 m. The side dressing
the development of this studyhese farmers are fertilization was carried out at 40, 55, 70, and 85TDA
associated with a cooperative (COORHEREDA) using 144 g plaritby applying the same organic fertilizer
specialized in the production and processing of organigsed for transplanting. Furthermore, a foliar fertilization
productsVeré is located at an average altitude of 485 myith supermagp biofettilizer (3%) was applied biweekly
and coordinated 25°52' S and 52°54' O. The climate of tBeie to the high rainfall index during the experiment, it was
region, according to Kdppentlassification (Alvarest not necessary to use irrigation (Figure 1).
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The crop management adopted in the experime(®Phytophthora infestar)swas carried out using the
such as: sprouting, apical pruning, weeding anBordeaux mixture (0.5%).
phytosanitary control were carried out following the The fruits were harvested at the ideal maturation point,
management allowed for certificate organic farming. Faecognized by the visualization of the fruits when they

the control of tomato leafmineili{ta absoluty, eggs
from Trichogrammaspp were released.he small
tomato borer leoleucinodes eleganta)isand the
tomato fruit borer lelicoverpa zepwere controlled
by the application of DipeRacillus thuringiensivar.

started to become reddish. During the crop cycle, seven
harvests were performed (01, 11, 17, 26, and 30 December
2015, and 06 and 14 January 2016), evaluating the
following traits: total fruit production (TFin g plant),
commercial fruit production (CEF g plant), total fruit

kurstaki). The control of late blight of tomatoquantity (TFQ, in fruits plar), commercial fruit quantity

Table 1: Characteristics of fourteen tomato cultivars released for conventional agriculture tested for adaptationgémithe or

production system

Cultivars Group Resistance
Afamia Slicer tomatoes ToMV; V; F1, F2, F3TSWV; TYLCV; N;
Aguamiel Roma tomatoes F1, F2, F3ToMV; S;TSWV;, V; TYLCV;
Alambra Slicer tomatoes TMV; V; F1, F2; C1-5; N
Araucaria Slicer tomatoes V; F2; N;TMV; TY

Batalha Slicer tomatoes TMV;V; F1, F2, F3; C 1-5; N
BRS Kiara Santa Cruz V1; F1, F2;TMV; C2; N;

BRS Nagai Saladette V1; F1, F2,TMV; TSWV; TY; N;
BRS Portinari Slicer tomatoes V1; F1, F2; C2TMV; TY; N;
Cordilheira Saladette TMV; F2;V; N; TSWV; TYLCV
Fusion Slicer tomatoes F1, F2, F3ToMV; V; C5
Minotauro Slicer tomatoes F1, F2, F3TSWV;A; S; N
Monalisa Slicer tomatoes V1; F1, F2;ToMV

Netuno Roma tomatoes V; F1, F2,;TMV; N

Paron Slicer tomatoes F1, F2;V1; TMV; C1-5;TSWV

1 ToMV= Tomato mosaic virusTMV= Tobacco mosaic virusfYLCV= Tomato Yellow Leaf CurlVirus; TSWV= tomato spotted wilt virus;

TY= Germivirus; V= Verticillium dahliae;V1= Verticillium dahliae, race 1; N=Nematodes; F1= Fusarium oxysporum f.sp. melonis, race O;
F2= Fusarium oxysporum f.sp. lycopersici, race 1; F3= Fusarium oxysporum f.sp. lycopersici, feceARernaria solani; S= t&nfilium;

C1-5 = Cladosporium fulvum race 1 and race 5; C2= Cladosporium fulvum race 2; C5= Cladosporium fulvum race 5.
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Figure 1:Accumulated precipitation (mm), maximum, minimum and average temperature (°C) during the madagusb2015 to
January 2016 in the municipality @eré, Paranat8te — Brazil. Source: GEBIOMER016.
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(CFQ, in fruits plant), average commercial fruit massin the target region due to the high precipitation index. In
(CFM, in g), obtained as CFP/ CFQ. The average frudecember/2015 there was an accumulation of 400 mm,
diameter (AFD, in mm) was measured with a digitainfluencing the smaller amount of CHRirthermore, the
pachymeter occurrence of high daily temperatures, above 32 °C,
The qualitative analysis of the fruits was performedesulting in sterile pollen and floral abscission resulted in
removing the ripe fruits positioned in the third cluster ofeduced production (Gusma al, 2006; Zhouet al.,
each plant. The analysis was performed according to tA816; Santiago & Sharke®019).
methodology proposed by thedolfo Lutz Institute The cultivars NetunoAguamiel, and Cordilheira
(2008), being evaluated: soluble solids (SS) contergresented higher average values of TFQ and CFQ. In the
titratable acidity (R) and pH were determined from juice experiment, these cultivars presented a longer production
prepared in a centrifuge. The content of SS was measumgatle, influencing the amount of fruit produced. In other
using a digital refractometer and the results expressedsiudies, tomato cultivars of the Roma group showed good
Brix°. TheTA was determined by titrating 10 roEtomato  performance for TFQ, the cultivar Netuno showed 76.0
juice with 0.1 N NaOH to pH 8.ZheTA was expressed as fruits plant* (Shirahigeet al, 2010). Howeverit is
a percentage, assuming citric acid as the predominant aicithbortant to note that in organic agriculture, the
in tomato juice. The results determined the relationshjgroductivity can be less important compared to some
between SS antiA (SS/T). The color was determined attributes, like as the ganoleptic properties, colshape
with a digital colorimeterusing the configuration of among many others, which make the product unique or
luminosity (L*) and Hue angle (h°), with three readings aspecial. In other words, the consumer values the
different points in the equatorial region of each fruit. Theonsumption experience. In this wagonsumers of
fruit firmness (FF) was analyzed with a bench penetrometerganic products are willing to pay more for products with
using a 2 mm diameter tip. The measurement was perfornettain qualities, which paysfdhe lower productivity
with the absence of epidermis, at three equatorial points In relation to CFM, the highest value was observed in
of each fruit. Statistical analyses were performed usirtge cultivar Batalha, with 164.57 g frijidifferent from the
analysis of variance (ANQA) and grouping of means by other cultivars also presenting a greafeD, together with
the Scott-Knott test at the 5% probability level, using ththe cultivardAraucéria and Fusioithe cultivars belonging

Assistat software (Silva &zevedo, 2016). to the Slicer group have morphological characteristics of
plurilocular fruits and, therefore, of greater caljlbesulting
RESULTSAND DISCUSSION in higher values of CFM anlFD compared to cultivars

In Brazil, there are no tomato cultivars developed fdrom the Roma group (Alvarenga, 2004).
organic agricultureTo change this scenario, two  The pH ranged from 4.62 to 4.92, with the cultivars
possibilities can be considered: the first is the evaluatid©ordilheira andAguamiel showing highest values,
of cultivars developed for conventional agriculture, whichliffering significantly from the others éble 3).The
are able to adapt to the cultivation conditions of organidetuno cultivar had a pH of 4.72, in other studies under
agriculture. The second is the development of cultivarrganic management, a lower value of 4.2 was found (Ara-
specifically for organic agriculture; it requires theujoetal, 2014)A great range for pH in tomatoes is from
identification of germplasm sources and the entire breediBg’ to 4.5 (Silva & Giordano, 2000). For industrial purposes,
process a time span of about 10 years. This study faite pH below 4.5 prevents the proliferation of microorga-
under the first option. Thus, throughout the text, theisms. Howevertomatoes with a less acidic pH are
differences between the first and second option apeeferred by the consumers (Borguini & Silva, 2005).
discussed considering sens@fiytosanitarymorpholo- The adequate relationship of S&/dontributes to the
gical and market aspects. The market aspect is not diredtbymation of the flavor of the tomato fruit, with high values
related with the cultivar itself, but essential for cultivaindicating mild flavor due to the combination of sugar
adoption by the farmers. and acid, while low values are correlated with acid flavor

Regarding the evaluated production components, tfiBeckles, 2012). Here, the cultivars CordilheXtamia,
cultivarsAguamiel Alambra, Batalha, BRS Nagai, Fusion,Aguamiel, BRS Kiara, BRS Portinari, Minotauro, Netuno,
and Netuno presented the best performance fo(CH#e and Paron showed the highest $Sfatio.According to
2). Otherwise, Monalisa and BRS Portinari presented tikader (2013), the optimal SSATratio for tomato
worst performance forFP. Compared with the literature, consumption is above 10; thus, all cultivars studied
Meloet al (2009) and Matost al (2012) obtained higher showed higher values for the S8/Matio. The cultivars
values for CFP and TFP for some cultivars here evaluated.the present study showed satisfactory results for the
The lower production values could be a consequence giysicochemical quality given the climatic conditions, high
the unfavorable climatic conditions to tomato cultivatiomainfall and high temperatures. This is due to the ecological
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management of the area, where the plants would be abl&t&ilva, 2005). These cultivars presented a color pulling
develop and extract the necessary nutrients, because riiere towards the yellovbeing a characteristic of these
soil is biologically physically and chemically balanced,cultivars.
providing the plants with the necessary nutrients for Forthe variable L*, which represents the fruit lumingsity
growth and production, optimizing agricultural yield undethe lowest value was found in the cultivar Cordilheira, not
adverse conditions (Kamiyarefal, 2011). differing from the cultivar&\guamiel, Alambra, Batalha,
The cultivar BRS Kiara (85.39 °h) and BRS PortinarMinotauro, Monalisa, and Parong@le 3) These cultivars
(77.82 °h) presented the highest values for dbl@ 3). have a lower degree of brightness, due to the ripening of
The °h parameter shows the average color of the fruithe fruits, and the luminosity is lower in ripe fruits, a
the higher the color angle (°h) obtained, the closer twnsequence of the loss of brightness of the fruits due to
yellow; and the lowetthe color approaches red (Bami  the synthesis of carotenoids (Camelo & Gomez, 2004).

Table 2: Total fruit production (TFP), commercial fruit production (CFP), total fruit quantity (TFQ), commercial fruit quantity
(CFQ), commercial fruit average mass (CFM) and average fruit diameter (ADF) for fourteen tomato cultivars under organic production

. TFP CFP TFQ CFQ CFM AFD

Cultivars
(g plary (fruits plant) (g fruit®) (mm)

Afamia 3342.6 a* 17408 b 27.9d 13.8b 128.45b 39.71b
Aguamiel 3997.5a 21236 a 455a 22.0a 96.89 d 38.54 b
Alambra 3806.1 a 2069.5 a 29.9d 146b 139.20 b 38.13b
Araucaria 3563.1a 17753 b 32.8¢c 12.8b 137.42 b 44.15a
Batalha 3437.0a 1936.4 a 26.6d 11.8b 164.57 a 46.15a
BRS Kiara 34449 a 12835b 33.9c 11.3b 113.48 ¢ 34.85¢
BRS Nagai 3636.3 a 1840.9 a 28.6d 13.3b 143.35b 39.42b
BRS Portinari 29159 b 1598.8 b 28.1d 13.1b 120.63 ¢ 31.66¢c
Cordilheira 3300.1a 1621.0b 45.0a 18.2a 87.03d 29.99c
Fusion 3581.9a 2100.1a 31.7c 156 b 13297 b 42.78 a
Minotauro 4223.7 a 1497.3 b 36.5b 10.8 b 140.36 b 38.52b
Monalisa 2456.6 b 1470.4 b 24.8d 136 b 107.52¢c 38.19b
Netuno 3815.1a 2209.6 a 42.6a 22.1a 101.13d 3231c
Paron 3368.1 a 1524.6 b 28.3d 104 b 145.39b 36.86 b
CV (%) 11.9 17.8 10.6 19.3 11.04 10.51

* Means followed by the same letter, in the column, belong to the same group by the Scott-Knott test at 5% probability level.

Table 3: Mean values of pH, soluble solids (SS), titratable acidify),(BS/TA ratio, luminosity (L*), Hue angle (h°), and fruit
firmness (FF) of fourteen tomato cultivars under organic farming

Cultivars pH S S TA SS/TA L* Hue FF
(°Brix) (%) (°h) (N)
Afamia 4.76 b* 423 a 0.27b 16.49 a 42.49 a 70.57 b 2.03b
Aguamiel 4.88 a 3.74b 0.22b 17.20a 40.13 b 67.25b 157b
Alambra 478 b 3.64b 0.30a 12.11b 39.30b 66.18 b 1.38b
Araucaria 470 b 3.54b 0.34a 10.48 b 42.20 a 71.27b 3.03a
Batalha 4.68b 3.89b 0.32a 12.21b 39.34 b 65.81b 1.49b
BRS Kiara 473 b 3.92b 0.27b 14.49 a 44.68 a 85.39 a 343 a
BRS Nagai 472 b 3.87b 0.36 a 10.96 b 41.28 a 69.38 b 2.14b
BRS Portinari 474 b 453 a 0.31a 14.46 a 41.07 a 77.82a 2.06b
Cordilheira 492 a 4.03b 0.24b 18.58 a 37.30b 56.21 b 1.76 b
Fusion 462b 3.43b 0.33a 10.61 b 42.79 a 69.06 b 2.78 a
Minotauro 479b 442 a 0.25b 18.05a 39.59 b 66.33 b 1.78 b
Monalisa 469 b 3.88b 0.37 a 10.75b 40.36 b 59.57 b 1.24b
Netuno 472 b 4.34 a 0.3la 14.08 a 42.29 a 76.37 a 1.48b
Paron 469 b 4.44 a 0.3la 16.71a 40.07 b 66.52 b 1.69b
CV (%) 1.68 7.86 17.33 25.12 5.16 12.83 38.04

*Means followed by the same letter, in the column, belong to the same group by the Scott-Knott test at 5% probability level.
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All traits evaluated immables 3 and 4, followed the  These cultivars can increase the number of cultivars
conventional agriculture pattern. When we considarsed by organic farmers or even replace the cultivars
these traits from the organic agriculture perspective, thiaron,Alambra, and Batalha which were previously
requested values are quite different from those presentmdtivated, since they perform better
here. It indicated that no useful genetic variability is A previous cultivars are from the Slicer group,
present in these materials, in an organic agriculture poighereas the cultivars that stood out in the present
of view. Thus, it is necessary to appeal to germplasyydy belong to other groups: Netuno akgliamiel

banks, which include wild relatives, old cultivars, anthre Roma tomatoes; and Cordilheira belongs to
landraces, to obtain genotypes with the desiregajadette group.

composition for oganic production system €&Va-
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