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INTRODUCCION

Para reducir y eliminar los efectos adversos de los fertilizantes sintéticos sobre
el medio ambiente, nuevas practicas agricolas se han desarrollado en la
agricultura organica, ecoldgica y sustentable (Chowdhury, 2004). Un cultivo
organico estimula una mayor sintesis de compuestos fendlicos y muchos
estudios sobre la calidad de vegetales organicos indican mayor valor nutricional
y de contenido de compuestos biologicamente activos (Brandt et al., 2001,
Heeb et al., 2005). La liberacién de Nitrogeno (N) total en formas disponibles a
la planta se relaciona con la mineralizacion, factores nutricionales y del
suelo/sustrato como temperatura, humedad, oxigeno, acidez, etc. De forma
que, los fertilizantes organicos son menos solubles que los inorganicos
(Bafados et al., 2012; Hirzel et al., 2012; Tamada, 2004). Las plantas pueden
usar NHs* y NOs™ a través de formas poliméricas de N como las proteinas
(Paungfoo-Lonhienne et al., 2008). Por lo tanto, el concepto de nutricién
organica de plantas se basa en estudios de aminoacidos. Por otro lado, la
composicién de nutrientes de las plantas, incluidos los metabolitos secundarios,
puede verse afectada por diferentes sistemas de produccion, como organicos y
convencionales (Daniel et al.,, 1999; Williams, 2002). Los polifenoles son
importantes fitoquimicos bioactivos cuyo consumo puede ayudar en la
prevencion de enfermedades crénicas, como las cardiovasculares y la diabetes
tipo Il (Rothwell et al., 2013). Los fendlicos son los metabolitos secundarios mas
pronunciados en las plantas, y estan presentes en todo el proceso metabdlico.
Ademas, contribuyen al color y las caracteristicas sensoriales de las frutas y
verduras (Alasalvar et al., 2001). Debido a la relevancia de este problema, y a la
falta de informacion sobre fertilizacion organica en tomates de pequefio tamafio
y su efecto sobre la organoléptica y rasgos nutricionales en condiciones de
invernadero, el presente estudio tuvo como objetivo evaluar  algunos
fertilizantes organicos certificados y sus efectos sobre el crecimiento,

rendimiento y calidad de fruta del tomate tipo uva.
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on growth, yield, fruit quality and polyphenol content in soilless grown grape tomatoes under
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Conclusions: The results indicated that organic fertilization through animal-based fertilizer
application is a feasible alternative for grape tomato production under greenhouse conditions.

Introduction

Tomatoes (Solanum lycopersicum L) are one of the most
widely consumed vegetable food crops worldwide. The
number of specialty tomatoes (e.g. ‘grape-tomatoes’)
has increased in the recent years. These have become
a staple of the produce section in most supermarkets
in the USA and Europe. The increased demand for
grape tomatoes is due to their sweet flavor, smaller
size, and firm texture (Roberts et al. 2002). Organic
farming techniques have gained popularity in recent
years as a result of an increasing consumer preference
for food with high nutritional value with better tasting
and that has been grown with environmentally friendly
techniques (e.g. soil conservation), compared to conven-
tionally grown crops {Larco et al. 2013; Saba and Messina

2003). The total nitrogen (N) released in plant-available
forms is related to mineralization capacity along with
nutritional factors and soil/substrate factors such as temp-
erature, moisture, oxygen, acdity, etc. In this case, organic
fertilizers are usually less soluble than inorganic fertilizers
(Banados et al. 2012; Hirzel et al. 2012; Tamada 2004).
Plants can convert NH{ and NO; [chemical N forms] to
polymeric N forms such as proteins (Paungfoo-Lonhienne
et al. 2008). Thus, the concept of plant organic N nutrition
refies on studies of amino adds, but this issue is still a
matter of intense debate. On the other hand, the nutrient
composition of plants, including secondary plant metab-
ofites, may be affected by different production systems,
such as organic and conventional (Daniel et al. 1999; Wil-
Eams 2002). In recent years, there has been growing
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scientific and commercial interest to identify the bioactive
components of food. Polyphenols are a major class of bio-
active phytochemicals whose consumption may play a
role in the prevention of chronic diseases, such as cardio-
vascular diseases and type Il diabetes (Rothwell et al.
2013). Moreover, polyphenols extracted from the peel,
pup and seeds of selected fruits, including tomatoes,
have an antiproliferative effect on several cancer cell
lines {Li et al. 2013). Phenolics are the most pronounced
secondary metabolites found in plants, and they are dis-
tributed throughout the entire metabolic process. Further-
more, these compounds contribute to the color and
sensory characteristics of fruits and vegetables (Alasalvar
et al. 2001), Several studies have found that the antioxida-
tive effect of tomato fruits is due to the presence of poly-
phenols (flavonoids and hydroxycinnamic acids), which
are able to scavenge peroxyl radicals (Garcla-Valverde
et al 2013). Based on the relevance of this issue,
coupled with a lack of information about organic fertiliza-
tion on small-sized tomatoes, and its effect on organolep-
tic and nutritional traits under greenhouse conditions, the
present study aimed to evaluate some organic certified
fertilizer sources and their effects on growth, yield and
the fruit quality of grape tomatoes.

Materials and methods
Germplasm and experimental conditions

This work was conducted in 2015 in a greenhouse at the
Universidad Auténoma Agraria Antonio Narro, in north-
em México (lat. 25" 21" N, long. 101" 02° W, 1759m
above sea level). The environmental conditions during
the experiment were monitored with a HOBO® U12
data logger (Onset Computer Corporation®) and
included a daily average temperature (18.1°C), average
relative humidity (78%), and photosynthetically active
radiation during the daytime {185 umolm~s"") and
solar noon (317 pmolm~s7'). Grape tomato seeds
(Solanum lycopersicum L) cv. Luciplus (Hazera Genetics
Ltd.) were sown on 2 August 2015 in trays with 200 cav-
ities where sphagnum peat was used as the substrate. On
5 September 2015, seedlings with four developed leaves
were transplanted into black polyethylene 15 L contain-
ers. The containers were filled with a substrate consisting
of a blend of sphagnum peat and perlite (80:20, v:v). The
conventional treatment used in the irrigation system was
a nutrient solution proposed by Steiner (1984), which
was used as the control (treatment V) [KNO,: Ca(NO,),:
Mg(NO,),: K,SO,: HNO,: H,PO,] and included microele-
ments (Ultrasol®Micro) [Zn 0399 mgL™", Fe 66 mgL™',
Mn 246mgL~", B 0465mgL~", Cu 0.199mgL™", Mo
0.133mgL™"]. A fertigation system was used for

application of the nutrient solutions, consisting of drip
irrigation with four emitters per container, dispensing
1 Lh™" each. During the vegetative phase three 1-hour
rrigations were applied per week while in the reproduc-
tive phase 2-hour imigations were applied on a daily
basis. Leaching fraction was maintained at -25%
throughout the experiment. Organically derived OMRI-
approved fertilizers of horn and hoof meal, bone meal,
blood (meal and soluble fiquid), fish soluble lkquid,
calcium chloride, potassium sulphate (non-synthetic)
[Us Mex Nutrition Technologies NUTRITEC], and a biosti-
mulant complex of micronutrients chelated by Green-
Corp Biorganiks de México were evaluated in different
combinations {organic nutrient solutions). The EC of
the nutrient solutions ranged from 2.1 to 2.3 dS/m and
the pH from 5.9 to 6.2 in all of the evaluated treatments.
Citric acid was used to adjust the pH of organic solutions.
The applied quantities of organic material were calcu-
lated to meet equivalent levels of plant available N, phos-
phorus (P), potassium (K), calcium (Ca), magnesium (Mg)
and sulfur (S) as those in treatment IV (control). The com-
position of the organic treatments to 100% is listed in
Table 1. Each plant was cultivated with two stems. The
first lateral shoot, which emerged from the first node
below the first truss of the primary shoot, was not
removed but was allowed to develop into a secondary
stem. The plants were trained to two branches to form
a V' trellising shape, using a rollerplast by Paskal Tech-
nologies® for each stem. Insect pests and disease patho-
gens were controfled by preventative organically derived
and Organic Material Review Institute (OMRI}-approved
compounds such as botanical and microbial pesticides
by GreenCorp Biorganiks de México®, using a portable
electric mist sprayer (SWISSMEX® Model W1000). The
flowers were open-pollinated by bumble bees, and all
additional lateral shoots were removed as they
appeared: old leaves were removed every 15 days.

Growth and optical sensor parameters

The plant height and stem diameter of six selected plants
per treatment were evaluated, starting from 40 days after
transplant (DAT) at 15-day intervals until the end of the
growing season. The plant height was measured from
the substrate surface to the tip of both stems. Stem
diameter was measured in the middle region of both
stems at the same sampling dates as indicated pre-
viously using a digital caliper (Mitutoyo®). The relative
levels of total chlorophyl (SPAD values) were estimated
using a portable SPAD meter (Model SPAD-502, Minolta
Co, Ltd). The first measurement was made one week
after transplanting, which was then repeated weekly
until the end of the experiment. Measurements were
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Table 1, Composition of ic nutrient solutions to 100% 10 tomatoes under greenhouse conditions.
Mineral ngnmmsw
Ig plamt™" per watering|
Treatment Description Comenercial fertfizer Faw Material N P K s
» Animal sold ‘A’ FON® MIX Hom and hoof, bone and blood meal 0481 0124 o0& -
ASA + AL + NK,50, Animal liqued VIGILANTE® 8lood soluble bqud o - - -
Natural K,50, FON* SUPER K Non-synthetic insoluble solid - - 1047 0429
Total 0072 0124 1093 0429
[ ] Arvmal sobd ‘A’ FON" MIX Hom and hoof, bone and blood meal 0238 0080 0030 -
ASA+ AL+ NK;SO+MO  Animal liqud VIGANTE® Slood wiuble Squd 0002 - - -
Natural K,50, FON® SUPER K Non-synthetic insoluble solid - - 0987 0404
By-products of marine onigin  PHYTAFSH® Flsh sokuble Mquid 0372 o0& 0077 -
Total 0672 0720 10% 0404
o) Animal sobd 'A FON® MIX Hom and hoof, bone and blood meal 0417 0112 o00&3 -
ASA + ASB + NK,50, Antmal sobd '8’ FON" HCP #om and hoof meal 07 o012 - -
Natural X,50, FON® SUPER K Non-synthetic iInscluble solid = - 1052 0431
Total 0724 0124 10935 0431

made between 7:00 and 9:00 am to minimize the poten-
tial effects of kght intensity on the chloroplast move-
ment, on four plants in each replicate plot For each
plant, measurement was conducted on the most recently
fully expanded and well-lit leaf. The leaf area was
measured with a leaf area meter (LI-3000C, LICOR, Inc,
USA) in both stems of each plant evaluated.

Determination of mineral content

Nutrient concentration [total N, P, K, Ca, Mg, and 5] was
determined on the shoot of plants sampled at the exper-
iment's termination. The leaves were washed twice in
distilled water and bagged prior to placement in an
oven at 70°C for 48 h in a forced-air oven; once the
plant tissues were dry, they were ground to pass a 20-
mesh sieve (Wiley Mill), and a tissue mineral analysis
was conducted, evaluating the total N concentration
using Kjeldahl’s procedure (Bremner 1996), whereas the
P, K, Ca, Mg and S were determined with an Inductively
Coupled Plasma Emission Spectrometer (ICP-AES,
model Liberty, VARIAN, Santa Clara, CA) in ground
tissues digested in a 2:1 mixture of H,SO,HCIO, with
2 mi of 30% H,0, for P, K, Ca and Mg; finally, S was deter-
mined in ground tissues digested in a mixture of HNO,:
HCIO, (Soltanpour et al. 1996).

Plant yield

Fruit yield per plant was determined by weighing all of
the collected fruits in both stems for each replication.
The total plant yield only considered the biomass from
the 1st to 4th truss, expressed in kgm >,

Organoleptic fruit parameters

Tomatoes were harvested at the light-red stage (>90%
red with opaque pericarp), since grape tomato flavor is

best when the fruit is harvested at nearly full-red color
(Roberts et al. 2002). Five representative fruits per truss
in both stems were randomly selected, weighed and ana-
lyzed for their fruit-quality parameters. Following the
harvest, the fruit fresh weight and longitudinal-equator-
ial fruit diameter were measured using an analytical scale
(VELAB*® VE-1000) and an electronic digital caliper (Mitu-
toyo”), respectively. Firmness was evaluated using a fruit
hardness tester by Lutron Electronic Enterprise Co,, Ltd
(Model FR-5120), fitted with a 3-mm-diameter tip on
the fruit equatorial perimeter. The total soluble solid
content was expressed by "Brix of the fresh juice. The
measurement was taken by placing a drop of fruit juice
on the prism of a digital refractometer ATAGO"™ (PAL-1)
with automatic temperature compensation.

Fruit sample preparation

Four tomato fruits, selected from each truss (1st to 4th),
from each evaluated treatment were washed and cut
into halves. These organs were dried in a forced-air
oven at 70°C for 72 h, and the samples were pulverized
and passed through a number 20 sieve (WS Tyler).

Analytical RP-HPLC-ESI-MS in fruit samples

Analyses using Reverse Phase-High Performance Liquid
Chromatography were performed on a Varian HPLC
system including an autosampler (Varian ProStar 410,
USA), a temary pump (Varian ProStar 230, USA) and a
PDA detector (Varian ProStar 330, USA). A liquid chro-
matograph ion trap mass spectrometer (Varian 500-MS
IT Mass Spectrometer, USA), equipped with an electro-
spray ion source, was also used. The samples (5 ul)
were injected onto a Denali C18 column (150 mm x
2.1 mm, 3 pm, Grace, USA). The oven temperature was
maintained at 30°C. The eluents incdluded formic acid
(0.2%, v/v; solvent A) and acetonitrile (solvent B). The
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following gradient was applied: initial, 3% B; 0-5 min,
9% B linear; 5-15 min, 16% B linear; and 15-45 min,
50% B linear. The column was then washed and recondi-
tioned. The flow rate was maintained at 0.2 mL/min,
and elution was monitored at 245, 280, 320 and
550 nm. The whole effluent (0.2 mL/min} was injected
into the source of the mass spectrometer, without
splitting. All of the MS experiments were carried out in
negative mode [M-H]~'. Nitrogen was used as the
nebulizing gas and helium as the damping gas. The ion
source parameters included the following: spray
voltage 5.0 kV, and the capillary voltage and temperature
were 90.0V and 350°C, respectively. The data were col-
lected and processed using MS Workstation software (V
6.9). The samples were first analysed in full scan mode
acquired in the m/z range 50-2000. MS/MS analyses
were performed on a series of selected precursor ions.

Determination of total hydrolyzable polyphenols
(THPs) in fruit samples

The total hydrolyzable polyphenols from SNH extract
were determined using Folin-Ciocalteu reagent
(Ascacio-Valdés et al. 2014). The experiment was per-
formed in triplicate, and the total hydrolyzable polyphe-
nols content was expressed in gallic acid equivalents
(GAE) (as dried weight).

Determination of total condensed polyphenols
(TCPs) in fruit samples

The total condensed polyphenols from SNH extract were
determined using a ferric reagent and HCl-butanol
(Swain and Hillis 1959). The experiment was performed
in triplicate, and the total condensed polyphenols
content was expressed in catechin equivalents (CE) (as
dried weight).

Experimental design and statistical analysis

The experimental design was a randomized complete
block with four treatments and three blocks (replicates),
with a total of six plants per replication. The plants were
placed in three rows, 1.1 m apart, and the space between
plants within a row was 0.40 m, at a planting density of
25 plants m~*. The data were evaluated using a one-
way analysis of variance (ANOVA) in STATISTICA
Version 10 (StatSoft Inc 2013). An LSD test was applied
to establish significant differences between the means,
with a confidence level of 95%. A cormelation matrix
was conducted to show the positive and negative corre-
lations among the researched traits included in the
study.

Results and discussion
Vegetative growth and chiorophyl content

The application of organic fertilizers modified plant
height at the end of the growing season; on average,
organic treatments plants were 11929 cm in length
while in the control plants were 12846 cm. Plants fed
with the Steinefs nutrient solution exhibited the
highest stem height (Table 2). The diameter of the sec-
ondary stem significantly increased (p < 0.05) in the
control plants compared those with the organic treat-
ments (Table 2). The increase in height and stem diam-
eter in plants that received the organic treatments was
sustained throughout experiment duration (Table 2). Sig-
nificant differences (p < 0.05) were observed in leaf area
between the conventional and organic treatments (Table
4). In this case, plants fed with solutions containing the
organic treatments averaged 276.53 cm” at the end of
the experiment, whereas control plants recorded
479.47 cm’. The increased leaf area was probably associ-
ated with a higher leaf K concentration in the leaf
samples (Table 3), since a major role of this nutrient is
related to cell expansion and enlargement (Elumalai
et al. 2002). In our study, the leaf area was higher in
the inorganic treatment than in the organic treatments
at the end of the growing season, indicating insufficient
nutrient supply or availability of nutrients in the three
organic treatments. Montagu and Goh (1990) reported
that nutrients from organic material are often released
more slowly and are not always easily available for
plant use. However, analysis of plant nutrient status
revealed that N and all the other macronutrients of the
organically fertiized plants with treatment | (ASA + AL
+ NK,SO,) were similar to that of the inorganically ferti-
lized plants (Table 3). On the other hand, SPAD exhibited
no significant effects (Table 4). In this case, Bragazza and
Freeman (2007) and Liu et al. (2010) reported that flavo-
nols, a class of polyphenols, are carbon-based secondary
metabolites whose content increases under lower N
availability, and which is generally inversely related to
chlorophyt content. In this study, all of the treatments
(I, 1, I, and IV) exhibited the presence of two flavonols:
Quercetin 4-0-glucoside and Quercetin 3-O-xylosyl-glu-
curonide, and Quercetin 3-O-xylosyl-rutinoside in TI
(ASA + AL + NK,SO,) and TII (ASA+ AL+ NK,S0,+MO)
(Table 6).

Fruit quality attributes

The fruit shape index, firmness and soluble solids content
in tomato fruits were not affected by the treatments
(Table 4). Our results are similar to those of Rinaldi
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Table 2. Effect of organic and inorganic fertilzation on growth of grape tomatoes under conditions.
Mineral m‘nmnn applied Sampling
(g plant ™ per watering) 1 2 F) 4 3
Treatment N P K s Plant height (cm)
00 ASA + AL+ NK;SO, 0072 014 1093 0429 3208 b 2.00b 7200 a* 92842 1626 2
0 ASA + AL + NK,50,+ MO 0672 00 1094 0404 3200 3598 2 2202 10176 » 12020 2
(al) ASA + ASE + NK,50, 0724 e 1095 0431 307b 5380 2 7828 0 95.00 2 121.40 »
V) Control 0672 0124 1092 1388 33842 56.08 2 7738 a 10050 & 12840 3
LsD 0.0%) ERE] 949 1083 wn
Stem diameter 1 (om)
00 ASA + AL+ NK;SO, 0672 oM 1095 0429 0000 b 0.040 2 0834 8 0672 0.020 2
O ASA + AL + NX,50,+ MO 0672 0120 1094 0404 0042 ab 0.008 a 0008 & 0.008 2 0078 a
8l ASA + ASB + NK,50, 0724 0124 1093 0431 0600 ab 0682 2 082 a 0083 3 o528
V) Control 0072 o4 1092 138 07104 or2a 07302 oroa orrza
15D (003 o0 o100 0.100 0107 o103
Stemn diameter 2 {om)
) ASA + AL + NK,SO, 0872 o 1093 0429 as16b 0032 b 0608 b 0es2b omob
00 ASA + AL + NX,50,+ MO 0672 0120 1094 0404 0002 ab 0.620 sh 0.086 ob 0630 b 0098 b
(1) ASA + ASE + NK,50, 0724 o 1095 0431 00% ab 0.678 ab 0085 ab 0050 b arnob
V) Control 0672 o 1092 1348 0ries or2a 0734 ors2a 0804 &
LSD (0.0%) 0073 0073 0.080 0.087 0082

Note: Description for each treatment as given in Table 1.

*Values followed by identical letters in cofumms indicate no statistically significant differences smong treatments according to the LSD test (p < 0.03)

Table 3. Effect of organic and inorganic fertilzation on the mineral content of grape tomatoes under greenh conditions.
Treatment gen (%) Phosph Ml %) Calctam (%) Magresium (%) Sulphur (%)
(0 ASA + AL + NK;50¢ 3782 0138 07s s 2% a 087 070
(M) ASA + AL + NIGSOct MO 214c 0056 b 073 s 151 008 c o b
(M) ASA + ASB + NS08 262 bc onb 0nsa 132b 0.70 be asb
{N) Conteol 320eb 0172 0892 iota 089 a 077 a
LD (0.03) 0774 0043 0432 0438 0170 any

Note: Description for each treatment as given in Table 1.
*Means with the same letter are not signiicantly different .50 test p < 0.03.

Table 4. Effect of organic and inorganic fertilization on growth, physiological and fruit quality measurements.

Treatment Frut shape Index  Plant yield (kgm?)  Chlorophyl (SPAD)  Frmness Ig)  Total soluble sobds (Brix)  Leaf area (on)
00 ASA + AL + NK;SO, 1142 3042 W0A2 8 36417 2 12na 25280
) ASA + AL + NX,SO,+ MO 1322 1332 S192a 38067 & 12202 28007 b
1) ASA + ASB + NK,50, 1342 inda NrEa 373332 12222 23000
V) Control 1142 3202 32122 378332 12222 47947 2
15D (0.05) 0063 0262 209 703518 o7 165.71

Note: Description for each treatment as given in Table 1.
*Values foliowed by id | letters in cokemns indicate no Ih f

et al. (2007) and Polat et al. (2010), who reported that
treatments with organic fertiizer had no effect on the
soluble solid content in tomato; however, fruits obtained
from plants fertilized with treatment | (ASA+AL+
NK,SO,) had the highest TSS (12.71 "Brix) (Table 4). Pre-
ciado-Rangel et al. (2011) found that organic tomato
fruits might have more soluble solids. Iin our study, the
total soluble solids ranged from 12.22% (control) and
12.71% (treatment 1) (Table 4).

Plant yield

The total production of grape tomatoes exhibited a ten-
dency for high yields in treatment Il (ASA + AL + NK,S0,
+MO), compared with the other organic treatments (I

differences among treatments according to the LSD test (g < 0.05)

and 1) and the control (V); however, the differences
were not significant (Table 4); treatments | (ASA + AL +
NK,SO,) and Il {ASA + ASB + NK,SO,) exhibited 6.2%
lower yield than treatment IV (control), and treatment II
(ASA + AL + NK,SO, + MO) was slightly higher than the
control at 4.5%. Our results are similar to those of Zhai
et al. (2009), who succeeded with the use of an organic
pre-plant nutrient source, supplemented with kiquid
organic fertilization, in total tomato yields in the best-
performing organic treatment at 80%-100% of the
hydroponic control. Furthermore, De Pascale et al
(2016) observed that there were not many yield and
quality parameter differences between organic and con-
ventional farming under low N fertilization and different
irrigation levels in tomatoes, while Burnett et al. (2016)
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Table 5. Effect of organic and inorganic fertilization on total
hydrolyzable and condensed polyphenols in grape tomato

fruits under greenhouse conditions.
Total hydrolyzable Total condensed
polyphenols polyphenols
Treatment Img GAE/g) (mg CE/g)
WAsA+ AL+ 3824076 8b 17067 £ 19.84 ab
NK;50a
0 ASA + AL+ 6424070 ab 21388217002
NK;504 + MO
) ASA + ASS = BOT£1512 1833221018 2b
K50
V) Control 43620470 155854888 b

Notes: Description for each treatment as goven In Table 1. identical letters
ndicate no statstically sgrificant differences among the trestments
using the 15D test [p < 0.03).

Table 6. RP-HPLC-ESI-MS parameters for polyphenols in grape
tomatoes in response to organic and mineral fertilization.
Polypherol

Treatment* Analyte sub-class* " Mas
LiLm v 1-Caffeaylq; aad dr 309 3
acids
1 3-Caffeay aad ydi 406 3%
2cds
nmw Delphinidin 3.5-0- Anthocyanins 720 620
dglucoside
LILW IV Quercetin 4-0- Flavonols 7A a4
glucoside
LiLm v pCounarc add 4-0- Hydroxyonnamic 1037 326
acids
1 Salvtanolc acid Other polyphencls 1808 230
] 36-Othydroxy-783 4~ Flavones 1831 374
tetramethoxyfavone
LI Caffex: acd 4-0- Hydroxycinnamic 2042 341
ghucoside acds
LiLm v Sinensetin Flavones n3 n
L] Medioresnol Lignans 376 387
] Quercetn 3-0-nyfosyt-  Favonols 3nz
rutinoside
LiLm v Quercetin 3-O-xylonyt- Flavonols 27 o
glucuronide

*Description for each treatment ax ghven In Table 1.
“Data from Phencl-Explorer Version 3.6 |http//phencl-explorer.cu.
Brt: retention time.

found that tomato yields can match those under conven-
tional fertilizer use, but the grower must take care to
supply all of the essential plant nutrients in appropriate
quantities over the course of the entire cropping cyde.

Leaf nutrient concentrations

Treatment | (ASA + AL + NK,50,) had comparabie N, P, K,
Ca, Mg, and S concentrations as the plants grown in the
control treatment (Table 3). The highest concentrations
of N and P were observed in treatment | (ASA + AL +
NK;S04); however, the highest concentrations of K, Ca,
Mg and S were detected in the control. A higher leaf K
concentration may be associated with higher leaf area
in the control treatment, since the leaves are largely

the most K-demanding plant part. Nitrogen was the
nutrient that plants accumulated the most, followed by
Ca and Mg On the other hand, no significant differences
were observed in K concentrations in the leaves of
tomato plants between the organic and conventional
treatments (Table 3). The elevated N content at the
end of the experiment in organic treatment | (ASA + AL
+ NK,S0,) could be due to different rates of mineraliz-
ation during the growing season compared to treat-
ments Il and Il (Table 3). At the beginning, low
availability of N from organic material was expected,
and thus the plants had to adapt to lower N level,
which was reflected in the lower leaf area in the
organic treatments, compared to the control, at the
end of the study (Table 4). On the other hand, plants
that showed lower concentrations of N had higher poly-
phenol contents in their fruits (Tables 3 and 5). In this
context, Oliveira et al. (2013) indicated that a N deficit
causes oxidative stress in tomato, resulting in higher anti-
oxidant capacity and phenolic content in the fruits. The
level of S was similar in the organic treatment ASA +
AL +NK,SO, and the control (Table 3). If S availability
was enough, sufficient amounts of S-containing amino
acids can be synthesized and contribute to structural
growth.

Polyphenol content

The total hydrolyzable and condensed polyphenols were
higher in all of the organic treatments than did the
control plants (Table 5). This result was concordant
with data obtained by Galhardo-Borguini et al. (2013)
and Toor et al. (2006), that found a higher level of total
phenols in organically fertilized tomatoes compared to
conventional tomatoes. Phenolic compounds are
especially concentrated in the tomato pericarp, and for
this reason, small-sized tomatoes, especially cherry and
plum varieties versus normal-sized ones, exhibit higher
levels of such compounds as a result of their higher
surface or skin/volume ratio (Licciardello and Muratore
2009; Muratore et al. 2005). All of the organic treatments
exhibited more hydrolyzable phenols than the control,
from 562 to 807 mg, with an average of 6.7 mg of
GAE/g (Table 5). Similarly, organic treatments exhibited
a higher amount of condensed phenols than the
control plants, from 1706 to 213.88 mg of CE/g, with
an average of 191 mg of CE/g (Table 5). Several reports
indicate that a clear link exists between greater stress
exposure (which induces the accumulation of antioxi-
dants) during the growth cycde of organic crops, a
lower yield and improved nutritional parameters com-
pared to conventional crops (van Bueren et al. 2011;
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Seufert et al. 2012). The most abundant phenolic com-
pounds in all of the treatments were 1-Caffeoyiquinic
acid, followed by Quercetin 4-O-glucoside, p-Coumaric
acid 4-O-glucoside, Caffeic acid 4-O-glucoside, Sinensetin
and Quercetin 3-O-xylosyl-glucuronide (Table 6). It is
welkknown that the biosynthesis of phenolic com-
pounds in plants is strongly influenced by the cultivar
and mode of fertilization (Macheix et al. 1990). Data on
the phenolic composition of fruits and vegetables
grown either organically or conventionally remain
scarce in the literature as these compounds have only
recently been considered to be interesting functional
microconstituents due to their potential role in the pre-
vention of cardiovascular diseases, degenerative dis-
eases, and cancer (Medina-Remon et al. 2011). Most
research that reports measurements of the total phenolic
content describe a higher phenolic concentration in
organically grown fruits or vegetables. Our results are
in accordance with these studies because organic toma-
toes showed a higher content of polyphenols (hydrolyz-
able and condensed] than conventional tomatoes
(Table 5). On the other hand, hydroxycinnamic acids,
such as p-coumaric acids, contribute to a varying
extent of antioxidant capacity in tomatoes and tomato
products. Furthermore, several flavonoids have been
identified in different tomato varieties. Most of these
structures belong to the flavonols, and the most predo-
minant compound is quercetin 3 rutinoside (rutin)
(Beecher 1998). Similarly, Choi et al (2014) identified
the presence of 3-caffeoylquinic acid (chlorogenic
acid) and quercetin-3-rutinoside (rutin) in extracts of
12 samples of cherry tomato fruits. In our study, treat-
ment | (ASA + AL + NK,S0O,) showed the presence of 3-
Caffeoylquinic acid and Quercetin 3-O-xylosyl-rutinoside
in treatments | (ASA + AL + NK,SO,) and I (ASA+ AL+
NK,50,+MO).

Correlations between variables

A Pearson correlation matrix for the 14 variables showed
both high positive and negative correlations among the
traits included in the analysis. Firmness and chlorophyl
exhibited high correlations (p < 0.01), and total soluble
solids with firmness and chlorophy! exhibited high corre-
lations (p < 0.05). The growth and optical sensory par-
ameters indicated no significant correlation between
any of them, nor with plant yield, polyphenol content
or leaf nutrient concentration. In refation to the leaf nutri-
ent content, Ca, Mg and S concentrations exhibited high
correlations with each other and positive and significant
values (p < 0.01). On the other hand, P exhibited a signifi-
cant correlation with N, Ca, Mg and S (p < 0.05). The

polyphenol content, plant yield, growth and organolep-
tic parameters exhibited no significant correlation
among any of them, nor with the leaf minerals, except
for K, showing a high correlation, with a negative and sig-
nificant value, specifically with the condensed polyphe-
nols content {p < 0.05).

In conclusion, there were no significant differences
between the inorganic and organic solutions in terms
of plant yield and height or diameter at the end of the
study. However, the organically produced tomatoes dis-
played higher phytochemical concentrations in their
fruits, expressed as total polyphenols (hydrolyzable and
condensed), compared to conventionally produced
tomatoes. Plants fed with organic solutions containing
ASA + AL + NK,SO, showed comparable nutrient status
as that of the control plants that received Steinefs nutri-
ent solution, therefore, we conclude that organic fertili-
zation, mainly using ASA, AL and NK,S0, may be a
potential substitute for inorganic fertilization.
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Animal-based organic nutrition induces comparable fruit quality as that of the

inorganic fertigation in soilless-grown grape tomato
ABSTRACT
Purpose: Digital phenotyping aims to accurately describe a trait based on analysis of clectronic images.

The aim of the present study was to determine the effect of animal-based organic nutrition and
environmental parameters on tomato fruit quality, as well as establish relations among color and
morphological values performed by Tomato Analyzer (TA) software application.

Materials and methods: Organic tomato fruits (fully red-ripe stage) produced by three organic nutrient
solutions, which consisted of different mixtures of several OMRI (Organic Materials Review Institute)
certified nitrogen fertilizers of industrially processed residucs and one inorganic nutrien solution (Steiner
solution) as the control, were evaluated for their polyphenol and carotenoid content. We used Tomato

Analyzer (TA) for evaluating frust size and shape. Morcover, we mpl ted a digital image analysis

tool, Color Test (CT), as part of the TA software application to collect and analyze fruit color parameters.
Results: The application of organic fertilizers positively affected the total hydrolysable and condensed
polyphenols of tomato fruits compared to the control. Plants fed with organic solutions containing
ASA+AL+NK:S0; showed comparable nutrient status as that of the control plants that received Steinefs
nutrient solution. The high air temperature (>30°C), and sub-optimal light intensity negatively affected the
carotenc content of tomato fruits as well as their morphological and color attributes. Plants fed with
organic solutions containing ASA+ASB+NK:SO; showed comparable morphology and fruit color
attributes as that of the control plants that received Steiner’s nutrient solution.
Conclusions: The results indicated that organically produced tomatoes through animal-based fertilizer
application displayed similar fruit morphology and color attributes compared to conventionally produced
tomatoes, so is a feasible alternative for grape tomato quality under greenhouse conditions.
Key words: Solanum lycopersicum L., bioactive compounds, morphology, color, image processing,
temperature.

INTRODUCTION
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Today's consumers have increased their expectations for the quality of food they purchase. Tomatoes have
been ranked first as a source of lycopene (71.6%), second as a source of vitamin C (12.0%). pro-vitamin A
carotenoids (14.6%) and other carotenoids (17.2%), and third as a source of vitamin E (6.0%) (Garcia-
Closas et al. 2004). Lycopene represents the predominant lipid-soluble compound and constitutes more
than 80% of total tomato carotenoids in fully red-npe fruits. Most of the lycopene is attached to the
insoluble and fibrous parts of the tomato and the skin may contain about five times as much lycopene as
the pulp (Charanjit and Kapoor 2008). B-carotenc is of special interest for its provitamin A activity and
constitutes nearly 7-10% of total tomato carotenoid synthesis (Nguyen and Schwartz 1999). Plant
polyphenols have been reported to interfere with the initiation, promotion and progression of cancer
(Ramos 2008). In rccent years, nondestructive optical methods based on image analysis have been
developed for determining quality of fruits and vegetables, since it requires less sample preparation, do not
disturb the product, cost cffective and rapid technique (Shao et al. 2007). In this context, Tomato
Analyzer (TA) provides objective and accurate measurements of several fruit morphological and
colorimetric traits in a high-throughput and semi-automatic manner (Rodriguez et al. 2010). TA has
become a key tool for the objective and reliable evaluation of morphology and color variation of plant
organs. The TA software automatically recognizes and outlines images of fruit, and the Color Test module
(CT) records RGB values of cach pixel of the sclected object and translates them into average L*, a*, and
b* values (Darrigues et al. 2008). The Color Test module implemented in TA s more precise and
accurate, and less expensive than other methods to analyze fruit color. Based on the relevance of this
issue, coupled with the lack of information about the animal-based organic nutrition (mincral content) and
its effect on phenotypic charactenstics of fruits under greenhouse conditions, the present study aimed to
apply image color analysis for quantification of quality attributes of specialty tomatoes based on color and
shape and their relationship with bioactive compounds and environmental parameters under greenhouse
conditions. Nowadays, no reports exist of the use of phenomic tools like Tomato Analyzer to study fruit
shape and color variation in organic grape tomatoes.

MATERIALS AND METHODS
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Crop management and experimental conditions

This work was conducted in a greenhouse at the Universidad Autonoma Agrana Antonio Narro, in
northern Meéxico (lat. 25° 21* N, long. 101° 02' W, 1759 m above sca level). Grape tomato scedlings
(Solanum lycopersicum L.) cv. Luciplus (Hazera Genetics Ltd.) were transplanted on 25 July 2016. This
work was subjected to identical experimental management according to Guajardo-Rios et al. (2018), in
order to study the influence of animal-based organic nutrition and environmental parameters on
morphological and fruit color attributes, as well as the content of bicactive compounds in soilless-grown
grape tomato fruits.

Environmental parameters

The environmental conditions duning the experiment including photosynthetically active radiation (PAR),
air temperature (7,) and relative humidity (R#) inside the greenhouse were measured using a HOBO®
U12 data logger (Onsct Computer Corp., USA). The daily averaged T, and RH were 23.0°C and 65.0%,
respectively. The photosynthetically active radiation during the daytime was 85.5 pmol m s ' and solar
noon (109.7 umol m* s'). This study was performed by sub-optimal light intensity and continuous
stressing temperatures. In this context, a high number of days with maximum temperatures > 30°C were
recorded in this study. The daily averaged temperature of cropping cycle is shown in Figure 1.
Determination of mineral content

Nutrient concentration [total N, P, K. Ca, Mg, and S] was determined on the shoot of plants sampled at the
experiment’s termination. The leaves were washed twice in distilled water and bagged prior to placement
in an oven at 70°C for 48 h in a forced-air oven; once the plant tissues were dry, they were ground to pass
a 20-mesh sieve (Wiley Mill), and a tissue mineral analysis was conducted, evaluating the total N
concentration using Kjeldahl's procedure (Bremner 1996), whereas the P, K, Ca, Mg and S were
determined with an Inductively Coupled Plasma Emission Spectrometer (ICP-AES, model Liberty,
VARIAN, Santa Clara, CA) in ground tissues digested in a 2:1 mixture of H:SO.:HCIO with 2 ml of 30%
H,0, for P, K, Ca and Mg: finally, S was determined in ground tissues digested in a mixture of

HNO:HCIO, (Soltanpour et al. 1996).
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Fruit sample preparation for bioactive compounds quantification

Four tomato fruits, sclected from each fully-red ripe truss (truss follows the order of emission in the plant,
in which 1st is the first truss to appear and 8th is the last truss), from cach evaluated treatment were
washed and cut into halves. These organs were dried in a forced-air oven at 70°C for 72 h, and the
samples were pulverized and passed through a number 20 sieve (WS Tyler).

Analytical RP-HPLC-ESI-MS in fruit samples

The content of total polyphenols was determined by Reverse Phase-High Performance Liquid
Chromatography, according to Guajardo-Rios et al. (2018). In this case, the total hydrolyzable
polyphenols (THPs) in fruit samples from SNH extract were determined using Folin-Ciocalteu reagent
(Ascacio-Valdés et al. 2014). The expenment was performed in triplicate, and the total hydrolyzable
polyphenols content was expressed in gallic acid equivalents (GAE) (as dried weight). Likewise, the total

[

polyphenols (THPs) in fruit samples from SNH extract were determined using a ferric reagent

and HCl-butanol (Swain and Hillis 1959). The experiment was performed in triplicate, and the total
condensed polyphenols content was expressed in catechin equivalents (CE) (as dried weight).

HPLC-PDA in fruit samples

Carotenoids identification was done by HPLC (Pursuit XRs 5 C18 column, 150 * 4.6 mm) described by
Hernandez-Almanza et al. (2014) with some modifications. Briefly, the analysis was determined by
gradients, phase A: acctone and phase B: water (0-3 min: 75% A, 25% B: 3-6 min: 95% A, 5% B; 6-20
min: 95% A, 5% C: 20-22 min: 75% A, 25%B and 22-27 min: 75% A, 25% B). flow 1.0 mL/min and UV
detector 450 nm, the clution program Varnan WorkStation 6.9 was employed (Hernandez-Almanza et al.
2017).

Fruit shape characterization

A step-by-step protocol was used for digitalization of grape tomato fruit and subscquent semi-automatic
analysis of morphology and color atributes using the Tomato Analyzer (TA) software package version
2.2.0.0 (Rodriguez et al. 2010). Fruit scanning. as well as the manual adjustments and morphological

analyses by TA, was previously reported (Brewer et al. 2006). For cach truss, five fruits were harvested at
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fully-red ripe stage in cach cvaluated treatment. Previous maturity stages were not considered in the
sampling plan because of their negligible lycopene content (Davies and Hobson 1981). Fruits were
brought to the laboratory and washed immediately after the harvesting. Subsequently, fruits were cut
longitudinally through the center, placed cut-side down on a HP Scanjet G3110 (Hewlett-Packard, Palo
Alto, CA, USA) at a resolution of 300 dpi, which was covered with a cardboard box to minimize the effect
of shadow and provide a black background, and subsequently subjected to phenotypic analyses of fruit
shape traits with Tomato Analyzer version 2.2.0.0 software. A total of 28 fruit shape traits organized in
cight categories within the softwarc: Basic Mcasurement (6), Fruit Shape Index (2), Blockiness (3),
Homogeneity (3), Proximal Fruit End Shape (4), Distal Fruit End Shape (2). Asymmetry (4), and Internal
Eccentricity (4), were evaluated (Table 1, Figure 2).

Color Test

For obtaining color standards and scanning. was used a standard 24-color rendition chart (ColorChecker,
X-Rite, Grand Rapids, MI). Each of the 24 patches was considered an individual object and was analyzed
for color. We collected RGB data and converted it to estimates of L*, a*, and b* mecasurements for cach
patch using TACT (Tomato Analyzer-Color Test) (Darrigues et al. 2008). The color test module "Tomato
Analyzer Color Test" is designed to quantify the color parameters inside the boundaries recognized by the
software. The color measurements are based on the RGB color space: R (red). G (green), and B (Blue).
The average RGB values for cach pixel is taken by Color test module and then translated to the CIELAB
color space which uses L*, a*, b* to describe color in a way that approximates human visual perception.
The Color test module calculates Hue and Chroma color descriptors based on a* and b* (Rodriguez et al.
2010). The chromaticity was expressed in L*, a*, b* colour space coordinates (CIELAB). The L*
coordinate indicated the darkness or lightness of the colour and ranged from black (0) to white (100).
Coordinates a* and b* indicated colour directions: + a* was the red direction, — a* the green direction, +
b* the yellow direction, and - b* the bluc direction (Darrigues et al. 2008).

Data analysis
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The data were evaluated using a one-way analysis of variance (ANOVA) in STATISTICA Version 10
(StatSoft Inc. 2013). An LSD test was applicd to establish significant differences between means, with a
confidence level of 95%. Also, 1t was performed a correlation matrix to show the positive and negative
correlations among the cvaluated traits included in the study.

RESULTS AND DISCUSSION
Leaf nutrient concentrations
Treatment | (ASA+AL+NK2S0y) had comparable N, P, K, Ca, Mg, and S concentrations as the plants
grown in the control treatment (Table 2). Similar behavior was observed by Guajardo-Rios et al. (2018).
The highest concentrations of N, K, Mg and S were observed in treatment | (ASA+AL+NK,SO,);
however, the highest concentrations of P and Ca were detected in the control. Nitrogen was the nutrient
that plants accumulated the most, followed by Ca, K and Mg. On the other hand, no significant differences
were observed in K and Mg concentrations in the lcaves of tomato plants between the conventonal and
organic treatments (Table 2). The clevated N content at the end of the experiment in organic treatment |
(ASA+AL+NK:S0,) could be duc to different rates of mincralization dunng the growing scason
compared to treatments Il and Il (Table 2). On the other hand, plants that showed lower concentrations of
N had higher polyphenol contents in their fruits (Tables 2 and 3). Oliveira et al. (2013), suggested that
the higher concentrations of polyphenols that they found under organic production would be related to
stressing  conditions resuling in oxidative stress. In  this context, ASA+AL+NK.SO, and
ASA+AL+NK;SO,+MO showed 40.2% and 46.1% higher hydrolyzable and condensed polyphenols,
respectively, in relation to control treatment (IV) (Table 3). The level of S was similar in the organic
treatment ASA+AL+NK:SO; and the control (Table 2). Montagu and Goh (1990) reported that nutrients
from organic matenal are often released more slowly and are not always casily available for plant use.
However, analysis of plant nutrient status revealed that N and all the other macronutnents of the
organically fertilized plants with treatment | (ASA+AL+NK.SOy) were similar to that of the inorganically
fertilized plants (Table 2).

Polyphenol content
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The total hydrolyzable and condensed polyphenols were higher in all of the organic treatments than did
the control plants (p < 0.05) (Table 3). All of the organic treatments exhibited more hydrolyzable
polyphenols than the control, from 5.37 1o 6,65 mg, with an average of 6.2 mg of GAE/g (Table 3).
Similarly, organic treatments exhibited a higher amount of condensed polyphenols than the control
treatment, from 150.85 to 218.54 mg of CE/g. with an average of 175.51 mg of CE/g (Table 3). In this
context, Guajarde-Rios et al. (2018), reported an similar average of 6.7 mg of GAE/g. and 191 mg of
CE/g. It is well-known that the biosynthesis of phenolic compounds in plants is strongly influenced by the
cultivar and mode of fertilization (Macheix et al. 1990). Most rescarch that reports measurements of the
total phenolic content describe a higher phenolic concentration in organically grown fruits or vegetables.
Our results are in accordance with these studies because organic tomatoes showed a higher content of
polyphenols (THP and TCP) than conventional tomatoes (Table 3). This result was concordant with data
obtained by Guajardo-Rios et al. (2018), that found a higher level of total phenols in organically
fertilized tomatoes compared to conventional tomatoes. On the other hand, the higher was air temperature,
the higher was TCP content. In this study, the maximum biosynthesis of condensed polyphenols occurred
at 38.4°C (Table 4).

Carotenoid content

Significant differences (p < 0.05) were observed in lycopene and B-carotenc content in tomato fruits
between the organic and conventional treatments. Plants fed with the Steinefs nutrient solution exhibited
the highest carotenoid content in tomato fruits (Table 5). In this case, plants fed with solutions containing
the organic treatments averaged 44.71 and 47.94 mg/100 g of lycopene and f<carotene content,
respectively, whereas control plants recorded 76.71 and 100.81 mg/100 g for cach bioactive compound at
the end of the experiment, which represents an increase of 41.72% and 52.45%, respectively. All of the
cvaluated treatments showed higher [-carotene content in their fruits, except for treatment |
(ASA+AL+NK:S0;), which presented higher lycopene biosynthesis (Table 5). Plants fed with
ASA+AL+NK,SO,+MO, showed lower lycopene and P-carotene fruit content versus treatment |

(ASA+AL+NK;S0,). On the contrary, carotenoid fruit content significantly increased (p < 0.05) in the
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treatment 11l (ASA+ASB+NK:S0,) compared with the organic treatment ASA+AL+NK:SO+MO (Table
5). The lycopenc and P-carotene content in tomato fruits was not significantly affected among the
harvesting dates; however, harvested fruits from plants on third truss had the highest lycopene and i
carotene content (77.53 and 93.20 mg/100 g dry weight, respectively) (data not presented). Before third
truss harvesting, the daily averaged temperature ranged from 18.8°C to 21.0 °C. In this context, Dumas et
al. (2003) indicated that the optimal temperature for lycopene synthesis 1s 16°C to 22°C, whereas the
ceiling temperature is 30°C to 32°C, but within the above mentioned range, optimum levels vary with
variety, cultivar and other environmental and growth conditions of tomato plants. Kuti and Konuru
(2005) cvaluated 40 tomato varictics under greenhouse and field conditions: lower lycopene content was
reported for cherry tomatoes grown in the greenhouse because of temperatures over 32°C in most cases. fi-
carotene tended to increase with increasing lycopenc content, but not to the same degree. In this study, the
maximum biosynthesis of f-carotene occurred at 34°C. In this case, the daily maximum air temperature
(T,) preceding the first harvest was the highest (40.7°C), and during cropping cycle ranged between
31.9°C and 40.7°C. This prolonged. extremely high temperature may have led to the diminishing of the
lycopene content among the harvesting dates. There was a linear relationship between B-carotenc and b*,
as well as lycopene and a* in fruits. In this context, lycopene content, which causes red coloration of
fruits, is characterized well by a® parameter (Sacks and Francis 2001).

Morphological fruit descriptors

Significant differences (p < 0.05) were observed in ell, pan, piar, hob, e, and pe attributes between the
conventional and organic treatments (Table 6). On the other hand, /1 11, fd 1, fs 1, fx 1, pbik, dblk, tri, cir,
rec, psh, pan, dan I, dan 11, ovo, ver, wwp, de, and fsi, exhibited no significant effects between all of the
cvaluated treatments. All of the fruit shape descriptors were highly influenced by air temperature
throughout the entire harvesting period (Table 7). For the attnibutes included in the fruit shape category,
the most significant differences were found for basic fruit shape measurements. Highly significant
differences (p < 0.001) were found among the four nutrition solutions evaluated for four out of the 28 fruit

shape traits studied (per, ar, fd I, and fI 1) (Table 6). Treatments | (ASA+ASB+NK,SO,) and IV
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(Control) showed similar basic morphological features (per, ar, fd 11, f1 I) (Table 6). Furthermore, highly
significant differences (p < 0.001) were observed among all of the harvested fruits for per, ar, f1 11, fd 1, fd
11, and /11 (Table 7). No significant differences in fs / and fs // were found. However, for these fruit shape
descriptors, organic treatments and control showed values greater than |, which indicates an clongated
fruit. Plants fed with organic solutions containing ASA+ASB+NK,SO, showed comparable fruit shape
index (fs / and fs /) as that of the control plants that received Steiner’s nutrient solution. The highest fx /
and fs /1 values were found in the scventh truss, followed by the sixth truss with the smallest index found
in the fourth truss (Table 7). For pblk, dbik, and tri no significant effects among the evaluated treatments
were detected. However, the seventh truss was the least blocky (1.c. more tapered) whereas the second
truss was the most blocky (dblk). A fruit shape triangle (i) value greater than 1 indicates that the
proximal end of the fruit is wider than the distal end of the fruit, while a value less than 1 indicates that the
distal end of the fruit is wider (Brewer et al. 2006). In this context, all of the harvested fruits tended to be
wider at proximal end of the fruit than the distal one. Furthermore, fruits from the seventh truss tended to
be more triangular (Table 7). Significant differences (p < 0.05) were found among the four nutrition
solutions evaluated for eff descriptor. Treatment Il (ASA+ASB+NK,SO,) had the highest ellipsoid-
shaped fruit value compared to the control (p < 0.05). Furthermore, fruits from the seventh and fourth
truss were the most cllipsoid and circular, respectively. The sun and ovate loci both have a large cffect on
fruit clongation, and the underlying genes arc known. The ovate allele canbe found in many obovoid and
cllipsoid varietics such as grape tomato (Wu et al. 2015). On the other hand, fruit shape rectangular (rec)
exhibited no significant diffcrences. For pan and piar descriptors, significant differences among the
cvaluated treatments were found although at a lower level of significance (p < 0.05). Treatment Il
(ASA+AL+NK,S0,+MO) showed fruits more tapered (<180°) than treatment IV (control). On the
contrary, ASA+AL+NK,SO, had fruits more flat (almost 180%) (p < 0.05). Furthermore, the cighth truss
presented the more tapered fruits (<180°) (p < 0.05). For shoulder height (psh) no significant differences
were detected neither among treatments nor harvesting dates. The angle of the distal fruit end was

measured at the point where the lines intersected and was expressed in degrees (where 1807 is flat, >180°
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3 234 is indented and <180° is pointed). No significant differences in dan / and dan 1l were found among the
g 235  treatments evaluated. However, dan [ from the tip of the fruit clearly differentiated the seventh truss from
g 236  the other ones, that is, it was higher pointed (Table 7). Horizontal asymmetry (hob) and vertical
9

10 237 asymmetry (ver) describe how asymmetric a fruit is when divided along a horizontal or vertical axis,
"

:g 238 respectively. The horizontal or vertical axes that divide the fruit are termed n and m, respectively (Figure
:g 230 2). Vertical and horizontal asymmetry values of 0 signify a perfectly symmetric shape. Honzontal
:g 240  asymmetry ovoid is defined by the gencral formula for horizontal asymmetry if there is more arca above
:g 241 the honzontal axis n than below it; otherwise, honizontal asymmetry ovoid equals 0 (Brewer et al. 2006).
g? 242 In this study, the horizontal assymetry ovoid descriptor exhibited a value equals 0 in all of the treatments,
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23 243 that is, there was more arca above the horizontal axis n than below it in all of the harvest fruits, thus we
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g; 247 2006). In this case, significant differences (p < 0.05) were found among the four nutrition solutions
§ 248 cvaluated for hob descriptor. Furthermore, treatment 11 (ASA+AL+NK,SO,#MO) had the lowest hob
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36 249  value whereas the highest hob value was displayed by the control treatment. Likewise, the second truss
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g 257  evaluated treatments were found (p = 0.05) (Table 6). The seventh truss had the highest f5i value (higher
gg 258  ratio of the cllipse arca over total fruit arca), whereas the lowest fsi value was displayed by the fourth truss
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(p <0.05) (Table 7). No significant differences for de and f5i descriptors were found among the treatments
evaluated.

Fruit Color attributes

No significant differences for L*, a*, b*, Huc and chroma values were found among the treatments
cvaluated; however, significant differences (p < 0.05) were observed among all of the harvested fruits
(Table 8). The increase in the a® valuc is known to be directly associated with lycopene synthesis,
contrary to L* values, which decrease at full-ripe stage. The pigmentation characteristics of tomato fruits
are attributed to the transformation of chloroplasts to chromoplasts due to the synthesis of carotenoids,
mainly lycopene and ficarotene (Pek et al 2010). Our results exhibited averaged L*, a*, and b* values
from 47.18 to 47.24, 18.63 to 19.23, and 28.74 to 29.46 (organic treatments versus inorganic one,
respectively). In this context, treatment HI (ASA+ASB+NK:SO;) had higher a* and b* and lower L*
values (data not presented). On the other hand. the a* valuc was significantly higher in the sixth and
seventh truss (p < 0.05); which indicates more red coloration intensity (Table 8). The hue paramecter, the
most usable color index of the CIELab color system. is closely correlated to the lycopene content of
tomato fruits (Hertog et al. 2007). The hue value of tomato fruits was significantly lower (more red color)
in the fifth truss, than of those harvested in the second truss. Color index a* (redness) significantly varied
(p = 0.05) from 16.63 (third truss) to 20.68 (sixth truss) as a consequence of the lycopene synthesis, color
index b* (yellowness) from 26.6 (third truss) to 31.68 (seventh truss), and chroma (C*) from 32.38 (third
truss) to 37.65 (seventh truss) at p < 0.001. The hue, significantly varied from 54.7° (fifth truss) to 60.6°
(third truss) at p < 0.05. A hue of 180° represents pure green and a hue of 0°, pure red (Shewfelt 1988).
Significant differences (p < 0.05) were observed in lightness value (L*), among the harvesting dates
(Table 8). The L* value on full-ripe truss stage reflects the darkening of the tomatoes with carotenoid
synthesis and the loss of greenness.

Correlations between variables

A Pcarson correlation matrix for the 37 vanables showed both high positive and negative correlations

among the traits included in the analysis. In this case, strong corrclation was observed for THP content
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and color attribute a* (r = —0.97). A negative significant correlation was found among THP with -
carotene content, per, ar, fd II, and f1 1. On the other hand, TCP content exhibited high correlation with
lycopene content, piar and hob, with a negative and significant value (p < 0.05). In contrast, we found a
strong positive correlation between TCP with dan /I and e (r= 0.98 and 0.98, respectively) at p < 0.05.
Lycopene and B-carotenc exhibited high positive correlations with per (p < 0.05). A significant negative
correlation (r = —0.89, p = < 0.0000) was found between lycopenc and [-carotenc content among
harvesting dates. The higher was air temperature, the higher was the B-carotenc content. In this context,
only f-carotenc might be synthesized above 30°C, which has a ceiling temperature of 38°C (Brandt et al.
2006). A significant negative corrclation (/= —0.996) was found between lycopence content and e (p <
0.05), indicating that higher eccentricity values were related to lower lycopene content. B-carotene, per, fd
I, {11, fs 1 and fs I/, exhibited high correlations with cach other and positive and significant values (p <
0.05). The fruit arca (ar) showed a significant correlation with fd /7, /I I, a*, b* and chroma (p < 0.05).
Fruit perimeter exhibited strong correlations with ar, fd I/ and fI I (r = 0.98, 0.99, and 0.99, respectively).
A positive correlation (r= 0.736) was found between lycopene content and a* color trait. The increase in
the a* value is known to be directly associated with lycopene synthesis (red coloration of fruits), contrary
to L* values, which decrease at full-ripe stage. fi-carotenc is an orange colorant of fruits, in which the
parameter is measurable by b* in the CIELab color system (Sacks and Francis 2001). In this case, fi-
carotene exhibited a significant positive and negative correlation with b* (r = 0.83) and L* (r=-0.26). A
statistically significant stronger correlation was found between chroma, a* and b* color traits (= 0.95 and
0.99, respectively). f-carotene exhibited a strong negative and positive correlation (/= -0.97 and 0.98,
respectively) with two internal eccentricity descriptors (de and fsi). Fd | exhibited a strong positive
correlation with b* (r= 0.96) and chroma (r= 0.98). Width at Mid-height (/7 //) exhibited high positive
correlations with a* and chroma (= 0.96 and 0.98, respectively). f-carotene, per, fd I, fl 1, fs ! and fs 11,
exhibited high correlations with cach other and positive and significant values (p < 0.05). Height at Mid-
width (fd 1) exhibited a strong positive correlation with /1 1, fsi, fs [ and fs If (= 0.99,0.97, 0.96, and 0.97,

respectively). On the contrary, fd /I showed a strong negative correlation with ¢ir and rec (r= —0.98 and

URL: http:/mc.manuscriptcentral.com/sagb Email: actab@informa.com



WD D& WN -

3

314
315
316
317
318

319

330
33
332
333
334
335

336

32

Acta Agriculturae Scandinavica, Section B - Plant Soil Science Page 14 of 30

—0.97, respectively). Fruit shape index was negatively correlated with civ (r = -0.98), but positively
correlated with fsi (r = 0.99). On the other hand, piar (representing proximal fruit end shape) and el
(representing the TA category, homogeneity) were negatively correlated (r = -0.75). The air temperature

(T.) exhibited a significant positive correlation with the basic fruit shape traits studied (per, ar, f1 11, fd 1,

fd 11, and #I 1) throughout the entire harvesting period.

As a final conclusion of this study, we can state that organically produced tomatoes exhibited higher levels
of polyphenols compared to conventionally produced tomatocs, which may offer potential health benefits.
Treatment 111 (ASA+ASB+NK,S0,) displayed higher lycopenc and B-carotene content among the organic
nutrient solutions. As the contents of bioactive compounds in tomatoes were affected by both nutnition and
air temperature, morphological and fruit color were also affected. Color Test (CT), revealed no significant
differences between the morganic and organic solutions in terms of fruit color. Plants fed with organic
solutions containing ASA+ASB+NK,SO, showed comparable morphology and fruit color attributes as
that of the control plants that reccived Steiner’s nutrient solution, therefore, we conclude that organic
fertilization, mainly using ASA+ASB+NK:S0,, may be a potential substitute for inorganic fertilization in
terms of fruit quality. However, this work strongly points to the need for additional studies to define the
effect of organic fertilization and environmental parameters on morphological and fruit color traits of
grape tomato and its possible beneficial role on bioactive compounds synthesis.
DISCLOSURE STATEMENT
No potential conflict of interest was reported by the author(s).
FUNDING
This work was supported by PRODEP-SEP (Programa para ¢l Desarrollo Profesional Docente, para el
Tipo Supenior-Secretaria de Educacion Pablica) under Grant [DSA/103.5/14/11033].
REFERENCES

Ascacio-Valdés JA, Buenrostro-Figueroa JJ, De la Cruz R, Scpulveda L, Aguilera AF, Prado A, Contreras

JC., Rodrigucz R, Aguilar-Gonzalez CN. 2014. Fungal biodegradation of pomegranate

cllagitannins. J Basic Microbiol. 54(1):28-34.

URL: http:/mc.manuscriptcentral.com/sagb Email: actab@informa.com



Page 15 of 30 Acta Agriculturae Scandinavica, Section B - Plant Soil Science

WD D& WN -

3

337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

352

354

355

356

361

Brandt S, Pek Z, Bama E, Lugasi A, Helyes L. 2006. Lycopene content and colour of ripening tomatocs as
affected by environmental conditions. J. Sci Food Agr. 86:568-572.

Bremner JM. 1996. Total nitrogen. In: DL Sparks, editor. Mcthods of soil analysis: chemical methods.
Madison (W1): Soil Science Society of America; p. 1085-1086.

Brewer MT, Lang L, Fujimura K, Dujmovic N, Gray S, van der Knaap E. 2006. Development of a
controlled vocabulary and software application to analyze fruit shape vanation in tomato and other
specics. Plant Physiol. 141(1):15-25.

Charanjit K, Kapoor HC. 2008. Tomatocs and Tomato Products: Nutritional, Medicinal and Therapeutic
Propertics. In: VR Preedy, RR Watson, editor. Science Publishers, Enficld, NH, USA; p. 111-131.

Darrigues A, Hall ), van der Knaap E, Francis DM. 2008. Tomato Analyzer-color test: a new tool for
cfficient digital phenotyping. J. Amer Soc Hort Sci. 133(4):579-586.

Davies JN, Hobson GE. 1981. The constituents of tomato fruit. The influence of environment, nutrition
and genotype. Crit. Rev. Food Sci Nutr. 15(3):205-280.

Dumas Y, Dadomo M, Di Lucca G, Grolier P. 2003. Effects of environmental factors and agricultural
techniques on antioxidant content of tomatoes. J. Sci Food Agric. 83:369-382.

Garcia-Closas, R. and A. Berenguer, M. Tormo, M.J. Sanchez, and J.R. Quiors. 2004. Dictary sources of
vitamin C, vitamin E and specific carotenoids in Spain. Brit J Nutr. 91:1005-1011.

Gonzalo MJ, van der Knaap E. 2008. A comparative analysis into the genetic bases of morphology in
tomato varictics exhibiting clongated fruit shape. Theor Appl Genet. 116:647-656.

Gonzalo MJ, Brewer MT, Anderson C, Sullivan D, Gray S, van der Knaap E. 2009. Tomato Fruit Shape
Analysis Using Morphometric and Morphology Attributes Implemented in Tomato Analyzer
Software Program. J. Amer Soc Hort Sci. 134(1):77-87.

Guajardo-Rios O, Lozano-Cavazos CJ, Valdez-Aguilar LA, Benavides-Mendoza A, Ibarma-Jiménez L,
Ascacio-Valdés JA, Aguilar-Gonzalez CN. 2018. Animal-based organic nutrition can substitute

inorganic fertigation in soilless-grown grape tomato. Acta Agnic Scand Sect B. 68(1):77-85.

URL: http:/mc.manuscriptcentral.com/sagb Email: actab@informa.com



WD D& WN -

3

362
363
364
365
366
367
368
369

370

374
375
376
377
378
379
380
381
382
383
384
385

386

34

Acta Agriculturae Scandinavica, Section B - Plant Soil Science Page 16 of 30

Hemindez-Almanza A, Montafiez-Saenz J, Martinez-Avila C, Rodriguez-Herrera R, Aguilar CN. 2014,
Carotenoid production by Rhodotorula glutinis YB-252 in solid-state fermentation. Food Biosci.
7:31-36.

Hemandez-Almanza A, Navarro-Macias V, Aguilar O, Aguilar-Gonzalez MA, Aguilar CN. 2017.
Carotenoids extraction from Rhodotorula gltinis cells using various technigues: A comparative
study. Indian ) Exp Biol. 55:479-484.

Hertog MLATM, Lammertyn J, Scheerlinck N, Nicolai BM. 2007, The impact of biological variation on
postharvest behaviour: The case of dynamic temperature conditions. Postharvest Biol Technol.
43:183-192.

Kuti JO, Konuru HB. 2005. Effects of genotype and cultivation environment on lycopene content in
red ripe tomatoes. J. Sci Food Agric. 85(12):2021-2026.

Macheix JJ, Fleurict A, Billot J. 1990. Fruit phenolics. Boca Raton, FL: CRC Press. 302 p.

Montagu KD, Goh KM. 1990. Effects of forms and rates of organic and inorganic nitrogen fertilisers on
the vield and some quality indices of tomatoes (Lycopersicon esculentum Miller). New Zeal J
Crop Hort. 18:31-37.

Nguyen ML, Schwartz SJ. 1999. Lycopene: chemical and biological propertics. Food Technol. 53: 38-45.

Oliveira AB, Moura CFH, Gomes-Filho E, Marco CA, Urban L, Miranda MRA. 2013. The impact of
organic farming on quality of tomatoes is associated to increased oxidative stress during fruit
development. PLoS ONE. 8(2):¢56354. doi:10.1371/journal.pone.0056354.

Pek Z, Helyes L, Lugasi A. 2010. Color changes and antioxidant content of vine and postharvest-ripened
tomato fruits. Hortic Sci. 45:466-468.

Ramos S. 2008. Cancer chemoprevention and chemotherapy: dictary polyphenols and signalling
pathways. Mol Nutr Food Res. 52:507-526.

Rodrigucz GR, Moyseenko JB, Robbins MD, Huarachi-Morejon N, Francis DM, van der Knaap E. 2010.

Tomato Analyzer: A Usecful Software Application to Collect Accurate and Detailed

URL: http:/mc.manuscriptcentral.com/sagb Email: actab@informa.com



Page 17 of 30 Acta Agriculturae Scandinavica, Section B - Plant Soil Science

WD D& WN -

3

387
388
380
390
391
392
303
304
395
396
397
398
399

400

402

403

405

Morphological and Colorimetric Data from Two-dimensional Objects. J Vis Exp. (37):c1856.
doiz10.3791/1856.

Sacks EJ, Francis DM. 2001. Genetic and environmental variation for tomato flesh color in a population
of modemn breeding lines. J Amer Soc Hort Sci. 126:221-226.

Soltanpour PN, Johnson GW, Workman SM. Jones JB, Miller RO. 1996. Inductively coupled plasma
cmission spectrometry and inductively coupled plasma mass spectrometry. In: DL Sparks, editor.
Methods of soil analysis. Part 3. Chemical methods. Madison (WI1): Soil Science Society of North
America; p. 91-139.

Shao Y, He Y, Gomez AH, Percir AG, Qiu Z, Zhang Y. 2007. Visible/ncar infrared spectrometric

technique for destructive asscssment of tomato “Heatwave™ (Lycopersicum esculentum)
quality charactenistics. Joumal of Food Engincering. 81(4): 672-678.

Shewfelt R, Thai C, Davis J. 1988. Prediction of changes in color of tomatoes duning ripening at different
constant temperaturcs. J Food Sci. 53:1433-1437.

StatSoft  Inc. 2013, Electronic  Statistics  Textbook.  Tulsa, OK: StatSoft. WEB:
http://www.statsoft.com/textbook/

Swain T, Hillis E. 1959. The phenolic constituents of Prunus domestica. The quantitative analysis of
phenolic constituents. J Sci Food Agr. 10:63-68.

Wu 8, Clevenger JP, Sun L, Visa S, Kamiya Y, Jikumaru Y, Blakeslee J, van der Knaap E. 2015. The

control of tomato fruit elongation orchestrated by sun, ovate and £s8.1 in a wild relative of tomato.

Plant Sci. 238:95-104.

URL: http:/mc.manuscriptcentral.com/sagb Email: actab@informa.com



WD D& WN -

55858

3

36

Acta Agriculturae Scandinavica, Section B - Plant Soil Science Page 18 of 30
38 3000
56 !
i 200
3
32 2000
30
> 1500
.
= o —Ta z
- PAR 1000
N
n 00
b
00
18
1" 500
106 11 16 21 26 31 36 41 46 51 56 61 66 71 6 81 6 61 96 101 306

Cropping Crcle Days)

Figure 1. Seasonal variations of mean daily light intensity-PAR (pmol m-2 s-1), and air temperature-Ta

(°C) inside the greenhouse
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20 Fruit shape traits by the Tomato Analyzer software in organic grape tomato. Basic measurements: A, Width

21 at Mid-height [fi IT1. B, Height at Mid-Width [fd II1. Fruit shape index: C, Fruit Shape Index I and II [fs I and

22 fs II]. Blockiness: D, Proximal Fruit Blockiness [pblk]. E, Distal Fruit Blockiness [dblk]. F, Fruit Shape

23 Triangle [tri]. Homogeneity: G, Fruk Shape Elkpsoid [ell]. H, Fruit Shape Rectangular [rec]. Asymmetry: I,

2 V. Asymmetry [ver]. J, H. Asymmetry (Obovoid) [hobl. Internal eccentricity: K, Eccentricty [el. L, Proximal
4 eccentricity [pe]. M, Distal Eccentricity [del. N, Internal Fruit Shape Index [fsil.

26 1195x441mm (120 x 120 DPI)
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Table |. Grape tomato fruit shape descriptors studied and their description.

Basic measurements Code Units/description
Perimeter per Perimeter length (cm)
Area ar Fruit area (cm’)
Width at Mid-height i The width measured at ': of the fruit's height (cm)
Widest Width [Maximum Width] fd1 The maximum horizontal distance of the fruit (cm)
Height at Mid-width fan The height measured at % of the fruit's width (cm)
Highest Height [Maximum Height] a1 The maximum vertical distance of the fruit (cm)
Fruit shape index
Fruit Shape Index | 61 The ratio of the maximum height to maximum width (H/W)
Fruit Shape Index 11 a1 The ratio of mid height to mid width (#,/W,)
Blockiness
Proximal Fruit Blockiness pblk Ratio of fruit width at the proximal end to mid width, (w,/W.).
Distal Fruit Blockiness dbik Ratio of fruit width at the distal end to mid width, (wyW,,)
Fruit Shape Triangle tri The ratio of proximal width to distal width (w,/w.).
Homogeneity
Fruit shape circular % E;xl::epfrre\;:s:m ),,?:; :‘l!::cuul shape 10 a circle; larger values indicate
Fruit shape ellipsoid el Fitting precision (') of the actual shape to an ellipse; larger values

indicate that the fruit is more ellipsoid
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S 2 The ratio of maxi area inscribing the le to the mini area
Fruit shape rectangular oo of the enclosing rectangle, (S,/S,.,).
Proximal fruit end shape
. The ratio of the average height of the shoulder points sbove the proximal
Shoakder husght P end point 10 Maximum Height
Proximal end angle at 2%, and 20% pan The angle from the shoulder points to the site of pedicel attachment or the
proximal end, where 1807 is flat, greater than 180” indented, and less than
180 is tapered.
Proximal fruit end indentation: area piar  The ratio of the indentation area o the total fruit area.
Distal Fruit End Shape
. . D ines where the g | angle is d, ranging from 2% 1o
Distal Angle Micro danl o from the tip of the fruit
3 Dy ines the p ge of the g from the bottom where the
Distal Angle Macro dan 1l angle will be measured, ranging from 5% to 50%.
Asymmetry
Calculated according to the formula provided in the tomato Analyzer
Ovoid oo Manual (Rodriguez et al. 2010). The higher the value, the greater is the
area of the fruit above mid height
V. Asymmetry ver Fruit shape ic vertical Y, (St — ) ber of rows L
H. Asy (cbovoid) ob :onlnl shalf)e Y. (Et — n/Vnumber of
Width Widest Pos np The.muo olt the height at which the maximum width occurs to the
maximum height
Internal eccentricity
Eccentricity e The ratio of the height of the intemal ellipse to the Maximum Height
Prosimal Eccentricity pe The ratio of the area of the height of the internal ellipse to the distance

URL: http:/mc.

between the bottom of the ellipse and the top of the fruit
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e o The ratio of the area of the height of the internal ellipse to the distance
Distal Eccentricity 4 parween the bottom of the ellipse and the bottom of the fruit

Internal Fruit Shape Index Ssi The ratio of the imtemal ellipse’s height to its width

All traits, were measured with Tomato Analyzer software version 2.2.0.0. Further details for the measurement of fruit shape
traits with Tomato Analyzer can be obtained from Brewer et al. (2006), Gonzalo and van der Knaap (2008), and Rodriguez et
al. (2010).
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under b diti

Table 2. Effect of organic and inorganic fertilization on the mineral content of grape

41

Treatment Nitrogen (%) Phosphorus (%) Potassium (%) Calcium (%)

Magnesium (%) Sulphur (%)

(1) ASA+AL+NK SO, 019003 a 098 +0.37 a* 30120374

31920242

(1) ASA+AL+NK:SO+MO 265+ 063 3b 0.11 £005b 0.76+020a 155+ 0.62b

(III) ASA+ASB+NK,S0, 0.10£0.02b 0840194 149+ 025b

228:0.10b

(IV) Control 021003 089=041a 302:032a

31920783
LSD (0.05) 0.763 0.048 0.385 0.597

091+021a 0800161

0700202 024=011b
068:0.19a 020004 b
0.76+0.15a 07120132

0.260 0.162

Note: Dy ition of nutrient solutions) ding to G do-Rios et al. llO_ISL

for each
*Means with the same letter letters indicate no statistically signifi diffe s among
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Table 3. Effect of organic and inorganic fertilization on total hydrolyzable and condensed polyphenols in grape

tomato fruits under greenhouse conditions

Total hydrolyzable polyphenols Total condensed polyphenols
Treatment
(mg GAE/g) (mg CE/g)

(I) ASA+AL+NK:S0, 665+082a* 15715+ 12.24b
(1) ASA+AL+NK.SO+~ MO 658+ 066a 21854 22.04a
(1lI) ASA+ASB+NK.SO, 537x261b 15085+ 23.08b
(1V) Control 398+ 118 ¢ 11719+ 1021 ¢

LSD (0.05) 115 1589

Note: Description for each treatment (composition of nutrient solutions) according to Guajardo-Rios et al. (2018).

*Means with the same letter letters indicate no statistically significant differences among treatments using the LSD

test (p < 0.05).
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Table 4. Effect of organic and i ic fertilization on polyphenols content in relation 1o harvest date for each fully-red ripe truss under greenhouse conditions.

Tomato fruit harvesting/Air temperature (max-min)

WONDDBWN -

1st truss 2nd truss 3rd truss Ath truss Sthtruss 6th truss Tth truss 8th truss
11 Bioscive  Septl6  Sem2d  Sep30  Otos Otl6  Oa23 0«30 Nov0?
12 compound  [{07°C-139°C]  BSAC-I43C]  [MECILAC]  BLYC-126°C]  [(50°C-126°C]  [362C-105C]  [B20°C-106°C]  [349°C-110°C]

14 THP 571=123b 8$35:201a 537=147b 609+ 1.15b 481+ 156b 499+ 1.52b 466:228b 5.18=146b

16 TP 1615224213 bc 1849443092 16028 +3541bc  154.32:41.46bc 169.03=53.63ab 156.15£59.35bc 14438=3231¢ 15683 +43.01 be

:g Notes: THP = Total hydrolyzable polyphenols (mg GAE/g), TCP = Total condensed polyphenols (mg CE/g). The daily averaged ( in), was calculated bet each

g(‘) harvest period. For the first truss was only considered the daily average temperature beginning with fruit setting period.

?’meimmesammrmmwilhinmmindicawm istically significant diffe using the LSD test (p < 0.05).
3

24
25
26
27
28
29
30
31
32
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Table 5. Lycopene and f-carotene content in grape tomato fruits under greenhouse conditions.

Lycopene arotene
Treatment T Fa

(mg/100 g) (mg/100 g)
(I) ASA+AL+NK.SO, 49.66 = 17.80 ab 34.01 £26.28 be
() ASA+AL-NK,SO+ MO 2488+367b 2800+31.20¢
(1) ASA+ASB+NK,SO, 5960+ 11.71a 81.81 =31.93ab
(IV) Control 7671 £ 4590 a 10081 = 7834 a

LSD (0.05) 27.47 50.28

Note: Description for each treatment (composition of nutrient solutions) according to Guajardo-Rios et

al. (2018).

*Means with the same letter letters indicate no statistically significant differences among the treatments

using the LSD test (p < 0.05).
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Table 6. Effect of organic and inorganic fertilization on tomato fruit morphology attributes under greenhouse conditions

Fruit shape descriptors Treatment

(N (an () v
ASA+AL+NK.SO, ASA+AL+NK.SO,+MO  ASA+ASB+NK.SO, Control

Basic measurements

per 9.49 = 0.94 ab* 939+ 087b 9.69 + 0.61 ab 986:087a
ar 6.24 + 1.05 ab 618+ 101b 6.42 £ 0.63 ab 6.74=1.12a
fd i 3.07 £0.29 ab 3050270 3.17+£023ab 324=028a

i 3.12:029b 3090270 3.22+023ab 32920284

Homogeneity

ell 0.79 = 0.004 ab 079001 a 0.79 = 0.005 ab 0.78 £ 0.004 b

Proximal fruit end shape
pan 17963 =6.58a 17294 =698 b 17733 +5.11 ab 17985 £5.38a

piar 0.004 = 0.004 ab 0.001 =0.002b 0.003 £ 0.002 ab 0.006 =001 a

Asymmetry

hob 10.02 = 3.52 ab 812+ 152b 9.76 + 1.94 ab 1059+ 1.67a

Internal eccentricity
s 0.79 = 0.004 ab 0.79+001 a 0.79 = 0.005 ab 078+ 0004 b

pe 0.89 £ 0.001 a 0.89 = 0.001 ab 0.89 = 0.001 ab 089+0001b

Notes: Description for each fruit shape atributes as given in Table |. Description for each treatment (composition of nutrient
solutions) according to Guajardo-Rios et al. (2018).

*Means with the same letter letters within rows indicate no statistically significant differences using the LSD test (p < 0.05).
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Table 7. Effect of organic and inorganic fertilization on grape tomato fruit descriptors in relation to harvest date for each fully-red ripe truss under greenhouse conditions
Tomato fruit h ing/Air temp ! in)
1st truss 2nd truss 3rd truss 4th truss Sth truss 6th truss Tth truss $th truss
Sept 16 Sept 24 Sept 30 0Oct 08 oct 16 0ct 23 Oct 30 Nov 07
[H07°C-139°C]  [3R4°C-143°C] [340°C-114°C] [319°C-12.6°C] [35.0°C-126°C] [362°C-10.5°C] [320°C-106°C]  [34.9°C-11.0°C]
1051£049a* 104820473  954:04lc  1015:032ab  922:055¢  971£029be  862+014e  B63:062de
749£067a 7500742 607:046c  6914043sh  SS8:064be  640:036ab  S508+024d  SK3=074cd
268+0.124 27040143 246+005b 2640062 239+0.13b 245:007h 209011 ¢ 216+0.11¢
2710122 2730142 250+ 006b 2680072 242:0.13b 2492008 b 22:000c 219:0.10¢
34250212 340£047a  306+023be  324+0.06ab  303:017bed  321:016ab  289:004cd  280+022d
349£020a 34420083 311£024bc  32840.07sb  306:019bed  326:014ab  294:004cd  286:022d
129008 ab 126:004ab  12550093b 123:005b 126£0023h  1.31006sb 1330082 131004 3b
128000 3b 126:004ab  125+0093b 123£005b 126£002ah  1.31£0063b 1330082 130004 sb
0.5+ 0.02ab 058+002a  054+004ab  054:003sb  052:002bc  052:004be  048:004c  053=003ab
128+ 006 be 122+ 005¢ 133£010bc  129:001bc  139£003ab  1.41£0.15ab 1520142 1342009 be
093£00183b  094£0008ab  094+002sb  095:001a  094:0002ab  093:001b 0934002b 0932001 sb
0.78 £ 0.001 be 0.79=0.002a 0.79 + 0.003 abe 0.79 +0.003 a 079001 a 0.79 £ 0.01 ab 0.79 + 0.004 ab 0.78 = 0.004 ¢
17991£299ab  18160+341a  17964£7.15ab  17898£491ab 179132 1015ab 17694 £842abc  172562337be 17074276 ¢
URL: http:/ gb Email: actab@informa.com
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14830 + 8.82 ab 15265+495a 13389+ 1590ab 145202 10.15ab 144.172524ab 15081 £31.32a 120.17+ 761 b 13891 +6.19ab

ove 0.17£002b 0.17=001b 0.19 £0.02 ab 0.190.02 ab 0.20 £ 0.01 ab 0.19+0.04 ab 021£0.02a 0.17£002b

O@AD OB -
£
=
A

ver 460=131a 421 =1.023b 318+ 1.08be 272:055¢ 2492078 ¢ 284+ 068¢ 243:075¢ 3122063 be
1" hob 942 1.89ab 798 = 0.84 ab 9.77+245ab 948 £3.50 ab 10.22 £ 1.04 ab 1107+353 ab 11211622 784+230b
14 wwp 0442001 ab 044001 ab 043:001b 0.43£0.01 ab 0.42:001b 0.44+0.03ab 043+002b 045:001a
16 ¢ 0.78 £ 0.001 be 0.79=0.002a 0.79 £ 0.003 abe 0.79+0.003 a 0792001 a 0.79+0.01 ab 0.79 £ 0.004 b 0.78 = 0.004 ¢
18 pe 0.89 +0.001 ab 0.89+0.001 b 0.89 £ 0.000 ab 0.89 = 0,001 ab 0.89 = 0.001 ab 0890001 a 0.89=0.001a 0.89 + 0.000 ab
20 de 0.89 £ 0.002 ab 089=0001a 0890001 a 0880003 b 0.89 = 0.001 ab 0.89 + 0.001 ab 0890001 a 0.89 £ 0.001 ab

Bi 1.28£0.08 ab 1.26 = 0.04 ab 125£009ab 1230041 127 £ 0.02 ab 1.31 £ 0.06 ab 133£008a 1.30£ 0.04 b

Notes: Description for each fruit shape atributes as given in Table |. The daily averaged temperature (max-min), was calculated between each harvest period. For the first truss was only
26  considered the daily average temperature beginning with fruit setting period.
*Means with the same letter letters within rows indicate no statistically signifiy diffe using the LSD test (p < 0.05).
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Table 8. Effect of organic and inorganic fertilization on fruit color atributes in relation to harvest date for each fully-red ripe truss under greenhouse conditions

Tomato fruit harvesting/Air temperature (max-min)

Ist truss 2nd truss 3rd truss Ath truss Sth truss 6th truss Tth truss 8th truss

Fruit color Sept 16 Sept 24 Sept 30 Oct 08 Oct 16 Oct 23 Oct 30 Nov 07
atributes  [40.7°C-139°C] [38.4°C-14.3°C] [34.0°C-11.4°C] [31.9°C-126°C] [35.0°C-126°C] [362°C-10.5°C] [32.0°C-10.6°C] [34.9°C-11.0°C]

L* i 4720 1.40b  49.20= 0.63 a* X 4586+ 038bc  47.512052ab ’ 44542060c 4691:190b 49.16=187a  47.19%1.28b
a* 1877+ 1.01ab 1868:270b 1663 +058¢c I844=2073bc 1878 :067ab 2068:036a 1941+159ab [88720.76ab
b* 2891+ 161be 2936=077bc 2660:037¢ 2840=132cd 2705:039de 3041:092ab 3168=137a 2898=153be
Hue 5837+2.09ab 6049:211a 6064:083a 5823:044a3b S5471=138c 5728=087bc 5884:320ab 35826 196ab

Chroma 3525+ 164cd 3585:203bc 323R:064e 34612062cd 3365:050de 3738:099ab 3765:030a 3534=143cd

Note: The daily ged p ( i), was calculated between each harvest persod. For the first truss was oaly considered the daily average temperature

beginning with first fruit setting period.
*Means with the same letter letters within rows indicate no statistically significant differences using the LSD test (p < 0.05).
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CONCLUSION GENERAL

En conclusién, no hubo diferencias significativas entre las soluciones orgénica e
inorganica en términos de rendimiento de la planta y la altura o el diametro de
tallo al final del estudio. Sin embargo, los tomates producidos organicamente
mostraron mayores concentraciones fitoquimicas en su frutos, expresadas
como polifenoles totales (hidrolizables y condensados), comparadas a los
tomates producidos convencionalmente Las plantas alimentadas con soluciones
organicas que contenian ASA + AL + NK2SO4 (tratamiento 1) mostraron un
estado nutricional comparable al de las plantas control que recibieron la
solucion nutritiva Steiner. Asi mismo, la fertilizacion organica, principalmente
utilizando ASA + ASB + NK2SOq (tratamiento ll), puede ser un posible sustituto
de la fertilizacion inorganica en términos de calidad de fruto. Es importante
sefalar que con este trabajo se genera la necesidad de estudios adicionales
para definir el efecto de fertilizacion organica y de parametros ambientales
sobre caracteristicas de morfologia y color del fruto de tomate uva y su posible

papel benéfico en la sintesis de compuestos bioactivos.



