ABSTRACT

The color varieties of sweet paprika are conquering the Colom- cado de hor-
bian vegetables markets, not only because of their fancy colors, os colores, sino
but also because they are one of the best sources of ascorbic acid i
and carotenoids as well as phenolic compounds, important in
the human diet. Therefore, basic studies related to the growth
and development of the available imported varieties under
greenhouse conditions on the Bogota Plateau are required.
In a completely randomized block design with five replicates,
biometric parameters of the hybrids Plinio, Menta RZ and
Orangery were evaluated, showing that the latter one was
statistically different for leaf area, leaf area index and number
of leaves during the 20 study weeks, while the dry matter in te en los pardmetros area foliar, indice
the leaves, stems and roots showed no differences between the  del 4rea de hojas durante las 20 semanas del
varieties. Although, ‘Orangery’ exhibited the highest percgmtof  estudio, mien e la materia seca en hojas, tallos y raices
final allocation of accumulated dry matter in the fruit o mostré diferencia entre ellos. Igualmente, ‘Orangery’
in general, the most promising hybrid for cultivation un el mayor porcentaje de distribucion final de materia
research conditions. a en los frutos, lo que en general muestra a ese
o el mds promisorio para ser cultivado bajo las
diciones mencionadas.

gery, mostrando que este ultimo se
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y matter,

Introduction

investigated the antioxidant compounds and activity in
Paprika, bell or sweet pe ieti j four different colored, green, yellow, orange and red, sweet
nuum (L.), grown under bell peppers, detecting in all of the varieties a high total phe-
according to the qualit i nolic content; all of the colored sweet peppers revealed sub-

stantial abilities in preventing the oxidation of cholesterol
or docosahexaenoic acid. Ghasemnezhad et al. (2011) even
considered that consumer interest in colored bell peppers is
mainly due to the content of bioactive compounds and their
importance as dietary antioxidants. Different studies have
also demonstrated that, for example, the sweet red pepper
is one of the best sources of ascorbic acid and carotenoids
as well as phenolic compounds that are important in the
human diet (Hallmann and Rembiatkowska, 2012).

cially if they are
typical variety

used as decorative ingredients in

fishes. The main marketed colors  Up to now, aspects of the growth and development of the
are OI'% en. From a health point of view, the  different color varieties have not been studied in Colombia
fruitsare® grtance, as shown by Sun et al. (2007) who  and their management depends only on the instructions
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provided by the seed companies, which are introducing
the planting material.

The botanical family Solanaceae is recognized worldwide
for including important cultivated vegetables and ample ag-
ronomic utility of the species, mainly of the genera Solanum
and Capsicum (SOL, 2004). Colombia, which is situated
in the tropics and subtropics, can ensure the continued
production of many species of this family, representing
promising alternatives with better opportunities to ensure
competition in global market scenarios.

Therefore, a growing demand for fruits, for example
Capsicum species, both sweet and spicy, can be observed
in the country, using imported materials for planting.
Only recently, a variety of sweet and hot paprika has been
cultivated profusely and, in view of its good profitability,
production and export possibilities, has started to expand.
Currently, production is concentrated in the departments
of Santander, Valle del Cauca, Huila and Antioquia with
656, 532, 412 and 349 ha, respectively; corresponding to
79% of the cultivated area nationwide, during the pagiod
2000-2009, the highest production was obtained i
reaching 54,796 t, grown in 2,480 ha (Casilimas et al.,

In the Amazon region, Solanaceae is the most cultivate
genus, by the diverse ethnicities, being part of their cul-

purposes. The Amazon is considered t
C. annuum, C. chinense and
phological, reproductive an

can be expresse
formation of
as weight, v

ry matter or in dim
Is; the growth rate, therefore, is stated

en it reaches maturity or
Daggan and Abak (2003),
orderly and progressive change, often,
d complex stage.

necessary ify phases and stages within the devel-
opment and prédict of each span at different temperatures
(Wurr et al., 2002; Soto-Ortiz et al., 2006; Soto-Ortiz and
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Silvertooth, 2008). For Capsicum sp.,
gested four phenological phases: eme

osystem and their inter-
rom the point of view of
tal supply, climate, temperature, and radiation,

proper management (Soto-Ortiz et
nd Silvertooth, 2008); they are the

the plant and the possible implementation of management
and agricultural practices (Cautin and Agusti, 2005).

rnandez et al. (2004) pointed out heat unit
umulation during different developmental stages of
jcum sp., showing differences between paprika types
an®between different degrees of domestication. Agarwal
et al. (2007) found that, for C. annuum, depending on
the degree of precision required when the developmental
stagesare defined, heat units can be used once each vari-
able and the environment to be evaluated has been defined
as well, but noted that it is impractical to handle many
developmental phases associated with different stages of
the plants development.

Paschold and Zengerle (2000) mentioned three develop-
mental phases for sweet peppers, which are related to dry
matter weight per crop in unit area or individual plants
in relation to time; this behavior generally corresponds
to a sigmoidal curve characterized by a) a logarithmic
phase, where size increases exponentially with time, the
growth rate is proportional to the size of the organism, the
higher the size the faster the growth, and it ranges from
germination to the juvenile stage, b) a linear phase, where
the vegetative growth continues at a nearly constant rate,
having an increased demand for water and nutrients, and
¢) a constant state phase, where the largest amount of dry
matter accumulates, known as physiological maturity; at
this stage, the dry matter gain is balanced with the losses.
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The objective of this research was to determine the differ-
ences in biometric growth parameters, such as foliar area
index, foliar area, leaf number, plant height and dry matter,
of Plinio (yellow), Menta RZ (green) and Orangery (orange)
hybrids under greenhouse conditions, unknown up to now
for these cultivars on the Bogota Plateau.

Materials and methods

The research was carried out at the experimental unit
“El Remanso” of the Universidad de Ciencias Aplicadas
y Ambientales (U.D.C.A), under cover in a greenhouse,
chapel-type with straight walls and a side ventilation rate
0f40%, located on the Bogota Plateau, 4°35'N and 74°04 W,
altitude 2,560 m a.s.l. Hybrid seeds of yellow Plinio (35-702
RZ), green Menta RZ and orange Orangery from the Hol-
land company Rijk Zwaan were employed; the seeds were
germinated in a growth chamber at 26°C and 80% relative
humidity, within 128 alveoli trays, filled with a mixture of
peat, perlite and vermiculite as propagation substrate. The
seedlings were transplanted after approximately 3 weeks
when well-formed with true leaves and a length betjieen
12 and 15 cm. The research had a total duration o

The treatments, each consisting of a color hybrid,
placed in a compartment of an area with a 6.8 m width an
20.0 m length, arranged in a complete randomized block

to five beds per area, each 0.80 m y
between the beds of 0.50 m; in eac

(RODRIP John Deere
between issuers of 0.10

by De Swart ef¥l. (2004), which relates the leaf area ob-
tained with the ground area occupied by the plant. The
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LA was measured on nine occasions, eyg
day 0 after transplanting, estimating

d, starting

aves, stems, roots
°C for 48 h.

plants per treatment, s
and fruits, which were

ogeneity were
, NC) (statistical

d and the differences between the
ined by a Tukey test (P<0.05). The

ding to the analysis of variance, significant diffe-
rences between the treatments related to the leaf area were
observed within the three hybrids. Figure 1 shows that the
treatment with the highest value was ‘Orangery’, for which
3,299 cm” were recorded, significantly higher than ‘Plinio’
and ‘Menta RZ’, which measured 2,802 and 2,503 cm?,
respectively. ‘Orangery’ presented a significant increase
after 75 DAT due to the generation of photosynthetic or-
gans for the growth and development of new tissue. The
data are similar and agree partially with those registered
by Reséndiz-Melgar et al. (2010), who reported an LA of
0.25 m* at a density of 4 plants/m? in hybrids of the purple
bell pepper.

Under the study conditions, ‘Orangery’ had a higher
development, with more leaves and a higher formation
of structures such as branches and crosses, and showed
an ampler foliar expansion and a defined architecture as
compared with the other two hybrids 90 DAT. Usually,
the leaf surface area is a good indicator of a crop's ability
to intercept radiation and a bigger plant canopy captures
more photosynthetically active radiation, which determines
the LAI and the light absorption of each stratus (Cabezas
and Corchuelo, 2005; Vieira et al., 2009). These positive
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FIGURE 1. Leaf area variation of the three planted paprika hybrids un-
der greenhouse conditions in the Bogota Plateau. Means with different
letters indicate significant differences according to the Friedman test
(P=<0.05).

characteristics of the hybrid Orangey, besides its notable
color, make it stand out from the other hybrids.

Leaf area index (LAI): This variable showed hig
nificant differences (P = 0.0128) among the three h
Figure 2 illustrates that ‘Plinio’ and ‘Orangery’ presen
a higher LAI, as compared to ‘Menta RZ’, recording, re-
spectively, values of 3.3, 3.2 and 2.5. Similar results were
obtained by Cruz-Huerta et al. (2005)
the optimum LAT for sweet paprika j
order to achieve maximum growt
and general performance, a paramet?
the yellow and the orange hybgids.
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FIGURE 2.8 of the leaf area index for the three color paprika
hybrids under g guse conditions in the Bogota Plateau. Means with
different letters inditate significant differences according to the Fried-
man test (P<0.05).
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low bearing, fewer leaves
ment. According to th

tion distribution is reached, allow-
increased photosynthetic efficiency

ids (P = 0.004). Figure 3 reveals that ‘Orangery’
nted a trend of significant increase in this variable over
er two hybrids, recording an average of 207.2 leaves/
plant at 140 DAT; a low average was presented by ‘Menta
RZ’ and ‘Plinio’, 105.8 and 115 leaves/plant, respectively.
These results highlighted the importance of the amount
of photosynthetic organs present in a plant, in order to
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FIGURE 3. Leaf number of the three color paprika hybrids during the 20
week period under greenhouse conditions in the Bogota Plateau. The
means with different letters indicate differences according to the Tukey
test (P<0.05).
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potentiate the uptake of sunlight (energy) for the formation
and development organs (Vieira et al., 2009). According to
Sabater (1977), the higher the energy content, the greater
the rate of chemical reactions is.

The hybrid Orangery, of non-determined growth, de-
veloped a defined architecture with more leaves, which
revealed an inclination for a greater projection of the leaf
blade. The inclination, distribution and orientation of the
leaf might be important for determining light interception.
Cabezas and Corchuelo (2005), noted that, under natural
conditions, the amount and quality of light establish con- . ion: ; The distribution
tinuous production of assimilates, morphogenesis and
biological and agronomic performance.

light between plants an
of the available radiation.

It can be observed that the three hybrids showed a signifi-
cantincrease in leaf production starting with the accumula-
tion of approximately 800 degree-days (°C day) at week 14
(Fig. 3), which coincides with fruit formation and filling.
Moreno-Pérez et al. (2011) stated that the productivity of
plants depends on the physiological activity of the leaves,
which is reflected in the fruit filling. Similar results were
obtained by Bowen and Frey (2002) when evaluati
effects of staking, drip irrigation frequency and fe
N rate on the dry matter partitioning and yield of be
pers, concluding that resources were remobilized from
leaves to support fruit development.

is regulated within the source leaves,
ts, which are enzymes, that allow

Iso, ‘Orangery’ showed a lower percentage of
ry matter, whereas the demanding organs, the
,occupied the highest value, distinguishing again and
Height: The statistical analysis indicated

of the stems and branches of the or S A similar behavior can be appreciated regarding the final
amount of stem dry matter (DM) for the evaluated hybrids

nificant increase from week 14 on, presen (Fig. 5). The opposite occurred in the accumulation of leaf
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t reached by the color paprika hybrids during the

20 weeks un house conditions in the Bogota Plateau. Means  FIGURE 5. Final percentage of accumulated dry matter distribution in
with different lettefS indicate significant differences according to the  different organs: leaves, stems, roots and fruits, for each evaluated co-
Tukey test (P<0.05). lored paprika hybrid under greenhouse conditions in the Bogota Plateau.

Pefia B. and Zenner de Polania: Growth of three color hybrids of sweet paprika under greenhouse conditions 143



DM, registering the highest percentage of 29% in ‘Plinio’
and ‘Menta RZ’, while ‘Orangery’ presented 23%. The cu-
mulative percentage of DM was higher in the ‘Orangery’
fruits, as compared to the other hybrids. Magan et al.
(2007), in a study of paprika production in multi-tunnel
cover in a greenhouse, found that the final dry matter in
leaves, stems and fruits at 102 DAT was 29, 28 and 46%, re-
spectively, similar results as those obtained in this research.

which registered less dr
of branches and interno
Allocation refers to the way the photosynthetic products
are dedicated to meet the different metabolic processes and
peculiar needs of the plant development. The distribution
or redistribution concerns the mechanism for equitable
and successful division ofthe earned resources for each
demanding organ, whether they are tissues, cells, subcel-
lular compartments or more complex organic systems
(Komor, 2000).

Dry matter in the leaves, stems and roots: According to
the ANOVA, no statistical differences were detected within
these parameters between the three evaluated hybrids (P =
0.91; P =0.4419; P=0.0229 for Orangery, Plinio and
RZ, respectively). The content of DM in the lea
similar in the hybrids up to sample number 5, whi
incided with the flowering stage. ‘Orangery’ increased
DM, as compared to the other hybrids, and also presente
the highest final value, followed by ‘Plinig” and ‘Menta

rown under greenhouse conditions
(Peil and 05); growth and root development is
ulated by temperature, with roots and stems having dif-
perature thresholds and root growth occurring
res above 7°C.

rding to Tab. 1, there was a higher performance for
d Orangery, as compared to the other materials, pre-
Galvez (2005) stated that initially, a senting the highest number and weight of fruits per plant,
behaves more like a demand organ: g reaching the highest yield per area 4.1 kg m™. Therefore, in
from other similar leaves, until it reacl - this study, we can state that the hybrid Orangery increased
photosynthetic capacity due to its greater leaf develop-
ment; hence, it will be more productive, similar results
were reported by Moreno-Pérez et al. (2011) for the hybrid
Magno orange paprika epidermis, presenting a final yield
of 5.7 kg m™. Casilimas et al. (2012) argued that the yield
of a crop is determined by environmental factors, such as
radiation, efficiency of biomass production and biomass
fraction, which distributes the organs of interest.

Q Al

size, gradually decreasing i
export. When a leaf has r
presents the maximum
cally a source organ or,

Conclusions

Based on the results obtained under the greenhouse condi-
tions of this research, it was concluded that the best option

‘Plinio’ ‘Orangery’ ‘Menta RZ’
73 92 78
6 12 5
kg/plant 0.438 1,104 0.390
kg m2 3.2 41 3.9
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for commercial colored bell peppers is the hybrid Orangery,
specifically taking into account the highest fruit dry mat-
ter, a total of 46%, as compared to the other varieties.
However, before starting mass production of this colored
bell pepper, its real productivity has to be established, as
well as consumer preferences for any of the available fruit
colors. Frank et al. (2001) conducted a conjoint analysis in
the United States, which, besides other items, revealed a
consumer preference for green fruits. A similar result could
be obtained in Colombia.
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