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Yield of chicory ‘Folha larga” and ‘Pao de aculcar’
according to planting density
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ABSTRACT

Plant density directly influences the productive potential of crops, and the best density is not the same for
all cultivars. Because of a lack of research in this area with chicory, this study aimed to evaluate the effect
of plant density on the production of two chicory cultivars, Folha Larga and Pao de Actcar. Seven planting
densities were evaluated (444,444; 370,370; 333,333; 277,778; 266,667; 222,222 and 185,185 plants/ha); the
experiment design used a randomized block design with four replications. The fresh weight, plant height,
leaf number and yield were evaluated. Despite the fact that density did not influence plant height, mass re-
duction was observed in the fresh weight and number of leaves per plant and there was an increase in yield
of both cultivars with the higher density.

Additional key words: Cichorium intybus L., fresh weight, spacing.

RESUMEN

La densidad de planta influye directamente en el potencial productivo de los cultivos y la mejor puede no ser
la misma para todos. Debido a la falta de investigacién en esta linea con achicoria, con el objetivo de estudiar
el efecto de la densidad de plantas sobre el rendimiento de los dos cultivares de achicoria, de Folha Larga y Pao
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de Agucar. Se evaluaron siete densidades de plantas (444.444, 370.370, 333.333, 277.778, 266.667, 222.222 y 185.185
plantas/ha), en un disefio de bloques al azar con cuatro repeticiones. Se evaluaron el peso fresco, altura de planta,
numero de hojas y la rendimiento. A pesar de la densidad no influyé en altura de la planta, habfa una disminucién
en el peso fresco y el ndmero de hojas por planta y hubo un aumento de la rendimiento de los dos cultivares de

mayor densidad.

Palabras clave adicionales: Cichorium intybus L., peso fresco, espaciamiento.
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INTRODUCTION

Chicory (Cichorium intybus L.) has elongated leaves
and a slightly bitter taste. It belongs to the Asteraceae
family, which covers the most consumed vegetables
and herbs with popular acceptance. The most com-
mon cultivars are Folha Larga, which does not form a
head and has a clear green color, and ‘Pao de Acticar’,
forming an elongated head with close leaves and a
bright green color (Filgueira, 2008).

The use of the ideal spacing is one of the factors that
optimize production since more plants per unit area
can mean greater productivity. However, this in-
crease in plants in a given space has limits because
of increased competition and can hinder individual
development, leading to falls in yield and/or quality
if it is not used properly (Corréa et al., 2014). When
increasing the number of plants, there is an increased
competition for water, light and nutrients, resulting
in reduced photosynthesis, decreased growth, and di-
rect interferrence with the production and quality of
the product.

The productive potential of each cultivar is tied to the
use of the area because the planting density has a di-
rect influence on architecture and plant height, fresh
and dry weight and yield (Takahashi and Cardoso,
2014). In addition, consolidation optimizes the abi-
lity to suppress invasive plants as a result of soil sha-
ding negatively interfering with the early growth and
development (Carvalho and Guzzo, 2008). However,
there are few studies on the herbaceous plants of the
Asteraceae family, and the vast majority is restricted
to lettuce (Takahashi and Cardoso, 2014).

It was observed that density may or may not in-
fluence the height of plants depending on the farm.

Keiko and Cardoso (2014) reported that despite the
fact that population does not affect the height of the
mini lettuce Renoir, an increase in the density increa-
sed the height of Sartre. The productivity tended to
increase, up to a certain point, as reported Lopes et al.
(2008), when they observed an increase in the total
yield and commercial roots of carrot. However, it is
worth mentioning that excess thickening resulting
from high competition between plants can harm the
development (Purquerio et al,, 1997). In snap beans,
Pereira et al. (2003) observed that the cultivar Corali-
na was reduced by 6 t ha' when the population was
increased, while the cultivar Tourmaline did not di-
ffer. It was also observed that in addition to physical
qualities, the population affected the physico-chemi-
cal qualities of food, as reported by Bezerra Neto et
al. (2006) who observed a reduction in firmness, vita-
min C and B-carotene in carrots, and vitamin C and
total chlorophyll in lettuce leaves with an increased
density.

For Brazilian conditions, research papers on chicory
in the 1990s and in the past decade were published
for this crop (Godoi et al., 2007). However, there is a
lack of research on chicory plant density for all cul-
tivars, especially Pdo de Agucar. Filgueira (2008) re-
ported that the ideal spacing for cultivation is 25 to
30 cm between rows and 8 to 10 cm between plants.
Tranier al. (1996), in a fertilizer recommendation bu-
lletin for the state of S&o Paulo, indicated 25-30 cm x
10-15 cm (222,222 to 400,000 plants/ha).

Because of the lack of research on this area for chi-
cory, this study aimed to evaluate the effect of plant
density on the yield of two cultivars, Folha Larga and
Pao de Acgtcar.
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MATERIAL AND METHODS

The experiments were conducted in Sdo Manuel,
SP (Brazil) at 22°46’ S and 48°34” W and 740 m a.s.l.
The climate of Sdo Manuel érea, using as the crite-
ria adopted by Koppen and based on meteorological
observations, is CFA (clima temperado mesotérmico)
(Cunha and Martins, 2009).

Two experiments were conducted simultaneously,
each with a different plant variety: 'Folha Larga’ and
‘Pao de Agtcar’. Sowing was done on the April 4%,
2014 using polypropylene trays with 200 cells filled
with the commercial substrate Carolina Soil and the
transplant was done on May 12t 2014.

Seven treatments (0.25x0.09, 0.25x0.12, 0.25x0.15,
0.25x0.18, 0.30x0.09, 0.30x0.12, 0.30x0.15 and
0.30x0.18 m) (densities of 444,444; 370,370; 333.333;
277,778; 266,667, 222,222 and 185,185 plants/ha)
were used in a randomized block design with four
replications. The densities were obtained with the
combination of two row spacings (25 and 30 cm) and
four plant spacings (9, 12, 15 and 18 cm), a total of
seven densities, based on the ideal spacing range of
Filgueira (2008) and Trani er al. (1997), considering
that the treatments 30x15 cm and 25x18 cm had the
same density. The plots consisted of 40 plants, eva-
luating 10 plants.

The soil is a Dystrophic Red Latosol, with the fo-
llowing results obtained from chemical analysis prior
to experiment installation (Tab. 1). For plant fertili-
zer, 2 kg m? of commercial organic compound (PRO-
VASO®) and 100 g m? 4-14-8 (NPK) and cover (9 g
m? urea every 7 d) were applied, as recommended
in Bulletin 100 for the State of Sdo Paulo (Raij er al,
1997). The soil was graded and the fertilizers were
incorporated with the help of a rotary hoe.

The cultural practices performed were: thinning on
a tray, leaving only one seedling per cell, weeding the
flowerbeds and sprinkler irrigation. There was no oc-
currence of pests or diseases.

A single harvest was done 44 d after transplantation;
the following characteristics are evaluated: number
of still green leaves, height and fresh weight and pro-
ductivity, calculated for each density. Height was
measured as the distance from the soil to the highest
part of the plant. For the mass, all of the leaves were
weighed with a precision scale.
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Joint analysis of the experiments was performed to
compare the two cultivars and analysis of variance
and regression were done to evaluate the effect of
the planting densities, using the Sisvar program (Fe-
rreira, 2011).

RESULTS AND DISCUSSION

The cultivar Folha Larga had a higher height (47.4
cm) than ‘Pdo de Agtcar’ (43.2 cm) (Tab. 2). Despi-
te reporting lower values than those of the present
study, Novo et al. (2003) also observed a greater plant
height for the cultivar Folha Larga (35.8 cm) than ‘Pao
de Agtcar’ (28.7 cm), using a spacing of 0.03x0.20 m.
Perhaps these lower values were associated with the
smaller spacing between plants, only 3 cm, which
provided greater competition and lower development
of each plant individually. These authors found that
cultivating Folha Larga had a greater vertical develop-
ment as compared to ‘Pao de Agticar’, which showed
the highest lateral growth, forming a “head”; moreo-
ver, the experiment was conducted in a greenhouse
and under different nitrogen levels, which may have
also influenced the results.

Plant height was not influenced by the densities,
with an overall average of 44.9 cm. In some cases,
it was observed that reducing the space between
plants may cause shading since there is increased
competition for light. Furthermore, increased com-
petition may also reduce the availability of nutrients
for each individual plant and hinder development,
leading to the formation of smaller plants (Taiz and
Zeiger, 2004). In the present study, these effects
from planting density were not observed. There was
no research on chicory for comparison. However,
there is a lot of research on lettuce, which belongs
to the same family. Castoldi et al. (2012) observed
that plant density did not affect the plant height
of three varieties of mini lettuce. Takahashi and
Cardoso (2014) reported that density did not affect
the height of the plants from the cultivar of lettuce
mini Renoir, but observed a small increase in plant
height (0,06 m) in the cultivar Sartre with an in-
creased density. Moniruzzaman (2006) reported an
increased plant height in different lettuce cultivars
with an increased plant density. Therefore, it was
observed that the response time may vary according
to the cultivar and, for chicory cultivars, the density
did not influence this characteristic of the plants.
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| Table 1. Results obtained from the chemical analysis. Sao Manuel, UNESP-FCA, 2014.

pH MO.  P.. AP HtA K Ca Mg SB cTC V% S
CaCl, g dm?® mg dm?® mmol, dm® ————— mg dm?®
55 15 201 — | 1w | 27 s | 9 | o | e 7

Table 2. Plant height, fresh weight and productivity for the chicory cultivars Folha Larga and Pao de Agiicar. Sao Manuel,

UNESP-FCA, 2014.

Cultivars Height (cm) Fresh weight (g) Productivity (t ha'')
Folha Larga 474 a 136.29 b 3.85b
Pao de Aclcar 42.3b 203.59 a 5.68a
Standard error 0.69 6.35 0.19
CV (%) 8.70 21.14 22.20

Means followed by the same letter in the columns did not differ by Tukey test at 5% probability.

Sao Manuel, UNESP-FCA, 2014.

Table 3. Number of leaves per plant for the chicory cultivars Folha Larga and Pao de Acticar according to plant density.

Cultivars Plant density (plants/ha)

185,185.2 222,222.2 266,666.7 271,777.8 333,333.3 370,370.4 444,444.4
Folha Larga 21.67a 14.79 a 15.42a 1450 a 11.42a 12.92a 13.58 a
Pao de Aclicar 11.75b 11.88b 11.17b 1142 a 11.17a 12.22 a 10.09b
Standard error 1.21 0.85 1.21 1.21 1.21 1.21 1.21
CV (%) 18.34

Means followed by the same letter in the columns do not differ by Tukey test at 5% probability.

The number of leaves per plant was the only charac-
teristic where we obtained a significant interaction
between the factors plant density and cultivar. For
most densities, the cultivar Folha Larga had more
leaves than ‘Pao de Agtcar’ (Tab. 3). Again the va-
lues obtained in this study were higher than those of
Novo ez al. (2003), who obtained averages of 6.93 and
7.05 leaves per plant for ‘Folha Larga” and ‘Pao de Agu-
car’, respectively, at a much higher density (1,666,666
plants/ha). For density, there was no effect on Pao
de Actcar, averaging 11.5 leaves per plant. Moreo-
ver, there was a reduction in the number of leaves on
‘Folha Larga’ with increasing density (Fig. 1). This de-
crease in the number of leaves can be explained by the
increased competition between plants for water, light
and nutrients, limiting the formation of new leaves.

The higher the planting density, the less fresh weight
per plant in both cultivars (Fig. 1), probably becau-
se of increased competition for water, light, and nu-
trients, among other factors. On the other hand, the

yield increased with the higher density of the plants
(Fig. 1), despite the reduction in the fresh mass of
each plant. The cultivar ‘ Pao de Agtcar’ had a higher
fresh weight and productivity (Tab. 2) than ‘Folha
Larga’, probably because of the formed head, while
the ‘Folha Larga’ had taller plants (Tab. 2). Also, Novo
et al. (2003) observed a higher fresh weight and pro-
ductivity in the cultivar ‘Pao de Agtcar’ (66.7 t ha)
than ‘Folha Larga’ (69.5 t ha).

Therefore, the greatest number of plants favored in-
creased productivity within this density range. The
higher density also helped cover the soil faster, cau-
sing weed choking (Flesch and Vieira, 2004), which
could favor higher yields (Carvalho and Guzzo,
2008). However, it is important to note that chicory,
and most leafy vegetables, is sold per unit or stack or
crate, and rarely by weight. Thus, the increase in pro-
ductivity becomes more important than the reduc-
tion in fresh weight per plant since density means
increasing the number of plants per area. However,
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Figure 1. Number of leaves per plant, fresh weight and productivity of the chicory ‘Pao de Agiicar’ (Y;,) and ‘Folha Larga’ (Y,)
according to planting density. Sao Manuel, UNESP-FCA, 2014.

one must be attentive to the market because there
is a lower limit on the size of the plants to be sold
individually or in packs.

Pereira er al. (2003) reported a reduction of up to 6
t ha'! when increasing the plant population of snap
beans. In carrots, the increased density resulted in an
increased overall productivity and commercial roots,
despite having decreased the weight average. The
root length was reduced, increasing the percentage of
short roots (Lopes et al., 2008). According to Oliveira
et al. (2011), the total biomass is positively related to
density. Santos et al. (2013), comparing chicory ‘Ca-
talonha’, ‘Folha Amarela’, ‘Folha Larga’ and ‘Pao de
Agtcar’, at a density of 112,000 plants/ha, found that
there was no difference between the fresh and dry
weight, height of plants, number of leaves and pro-
ductivity. However, it is noteworthy that the density

Rev. Colomb. Cienc. Hortic.

used by these authors was much lower than in this
study, which ranged from 185,185 to 444,444 plants
per hectare.

Usually, with an increase in planting density, the ve-
getative/productive characteristics of various vege-
tables are reduced, such as root, lettuce, couliflower,
gherkin, rocket and row (Purquerio et al., 2007; Car-
valho and Guzzo, 2008; Oliveira et al., 2010; Silva et
al., 2011; Porto et al., 2012; Corréa et al., 2014; Taka-
hashi and Cardoso, 2014). Most of this study also de-
monstrated increased productivity with increases in
plant density despite having a threshold at which loss
from competition between plants is greater than the
gain from increasing the number of plants. However,
this density has a limit which, when reached, the
competition between plants is so great that the re-
duction in the vegetative/productive characteristics
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is not offset by the larger number of plants. This
study apparently did not reach this limit. However,
the higher planting densities started to have a few
plants with the beginnings rotting in the base, pro-
bably because of the lower ventilation and increased
moisture at the base, once the sprinkler irrigation
was the same for all plants. Since the precipitation
during the study period was almost nil, this decay
was not widespread.

It should be noted that the management was the
same, regardless of density, including fertilization.
This increase in the number of plants may require hi-
gher amounts of nutrients per plant, as reported by
Purquerio et al. (2007) in rocket. However, different
levels of fertilization have not been tested since, in
this study, the fertilization was the same for all treat-
ments, according to the recommendation of Raij ez
al. (1997), which is to lower the densities evaluated
in this experiment. At higher densities, the availabi-
lity of nutrients may be reduced for each plant, and
can be a factor responsible for a reduction in yield
per plant. Perhaps with higher doses of fertilizers it
would be possible to increase the yield per plant by
reducing the effect of competition for nutrients.

CONCLUSION

Pao de Agticar had a greater yield than ‘Folha Larga’
despite having lower plants.

The number of leaves of each variety was influenced
by the plant population; ‘Pdo de Actcar’ was lower
than ‘Folha Larga’ for the majority of the densities.

An increased planting density increased the producti-
vity of the chicory ‘Folha Larga’ and ‘Pao de Agtcar’
although it reduced the fresh weight of each plant.
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