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Growth and production of ornamental sunflower grown
in the field in response to application of humic acids

Crescimento e producdo de girassol ornamental cultivado em

N

campo em resposta a aplicacio de acidos himicos

Lilian Estrela Borges Baldotto" Marihus Altoé Baldotto!

ABSTRACT

The humic acid fraction of organic matter has a
stimulating effect on the growth and development of ornamental
plants. This study investigated the response in growth and yield
of field-grown ornamental sunflower (Helianthus annuus L.) to
the seed treatment with humic acids. The experiment was arranged
in a randomized block design with three replications. Sunflower
seeds were soaked in solutions of 0, 10, 20, 30, and 40mmol L'
C in the form of humic acids and then sown in the flower beds. At
harvest, the flower stems were collected to determine the variables:
stem height, stem diameter, fresh stem weight, number of leaves per
stem, leaf fresh weight per stem, leaf dry matter per stem, number
of flower stalks, and diameter of the floral receptacle. Data were
subjected to regression analysis. The results showed increases in
all variables in response to the application of humic acids, except
in number of leaves per stem, which remained unchanged. The
greatest increases usually resulted from concentrations from 15 to
20mmol L' C in the form of humic acid. It was concluded that
the seed treatment with humic acid at the indicated concentrations
increases the number and commercial quality of flower stalks of
field-grown ornamental sunflower.

Key words: Helianthus annuus, cut flowers, humic substances.
RESUMO

Os dcidos humicos, fragdo da matéria orgdnica,
apresentam efeitos estimulantes no crescimento e desenvolvimento
de plantas ornamentais. O presente trabalho objetivou estudar o
crescimento e produgdo de girassol ornamental (Helianthus annuus
L.) em resposta a aplicagdo de dcidos himicos em cultivo em campo.
O delineamento estatistico foi o de blocos casualizados com trés
repeti¢des. As sementes foram imersas nas solugées de 0, 10, 20, 30
e 40mmol L' de C na forma de dcidos himicos e, posteriormente,
semeadas em canteiros a campo. No momento da colheita, as hastes
florais foram coletadas para medigdo das variaveis: altura da haste,
diametro da haste, matéria fresca da haste, numero de folhas por
haste, matéria fresca foliar por haste, matéria seca foliar por haste,

numero de hastes florais e diametro do receptaculo floral. Os dados

foram submetidos a andlise de regressdo. Os resultados mostraram

incrementos em todas as variaveis analisadas, em resposta a
aplicagdo de dcidos humicos, com exce¢do do numero de folhas
por haste, que ndo sofreu alteragdo. Os maiores incrementos foram,
em geral, proporcionados em concentragdes entre 15 a 20mmol
L' de C na forma de dcidos himicos. Conclui-se que o uso dos
dcidos humicos nas concentragdes indicadas aumenta o nimero
e a qualidade comercial das hastes florais de girassol ornamental
cultivado em campo.

Palavras-chave: Helianthus annuus, floves de corte, substancias himicas.

INTRODUCTION

The ornamental sunflower (Helianthus
annuus L.) of the Asteraceae family is gaining
importance on the flower and ornamental plant
markets due to the beauty of its inflorescence, the
possibility of arrangements in pots or as cut flowers for
bouquets and flower arrangements (CORMENZANA,
2001). The expansion of the ornamental sunflower
cultivation is also related to the ease of scheduling
production and marketing, the short growing
cycle and the adaptability of the plant to different
environmental conditions (CURTI et al., 2010; 2012).

The productivity of ornamental sunflower
is primarily evaluated by the plant height and
commercial quality of inflorescences (NEVES et al.,
2005). These variables are influenced by different
factors, mainly soil and climatic conditions (CURTI
et al., 2010), mineral nutrition (NEVES et al., 2005;
SILVA et al., 2009; SILVA et al., 2013), quality of
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irrigation water (MACIEL et al., 2012), presence of
silicon in the substrate (CARVALHO et al., 2009),
and the use of plant growth regulators (SABAGGH,
2008; MATEUS et al., 2009). In this context, the seed
treatment with humic acids, substances that markedly
influence the growth and development of ornamental
plants (BALDOTTO et al., 2009; 2012; 2013), could
be an alternative to increase yield and quality of
ornamental sunflower.

Humic acids are one part of the organic
matter, corresponding to the fraction of humic
substances soluble in alkaline medium (GUERRA et
al., 2008). Their application to cuttings of ornamental
plants induces adventitious rooting in hibiscus
(BALDOTTO et al., 2012), bulb sprouting and
inflorescence production in gladioli (BALDOTTO
et al., 2013) and chlorophyll synthesis and biomass
accumulation in pineapple seedlings (BALDOTTO et
al., 2009). The applied concentration and source of
organic matter used for the extraction of humic acids
are factors that influence their effect on the plant
metabolism (BALDOTTO et al., 2009).

This study aimed to evaluate the growth
and production of ornamental sunflower (Helianthus
annuus L.) in response to the seed treatment with
humic acids for field cultivation.

MATERIAL AND METHODS

The study was carried out in a participatory
manner, on a family farm of flower and ornamental
plant production, named Sitio Natividade, in the
municipality of Florestal, Minas Gerais, and in the
laboratory of the Department of Floriculture of the
Universidade Federal de Vigosa, Campus Florestal
(UFV-CAF) at 19°53°57”’S latitude and 44°26°38°W,
at 780m asl. The experiment was initiated on 27 April
2012 and harvested on June 13, 2012, at the time of
the first cut of flower stalks of ornamental sunflower
for regional marketing.

The experimental matrix consisted of the
following study factors: five doses of humic acids
(0, 10, 20, 30, and 40mmol L' C) extracted from
vermicompost. The non-application of humic acid (HA
Ommol L' C) is the traditional way of cultivation of
ornamental sunflower by the farmer. The humic acids
were previously characterized by BALDOTTO et al.
(2007). The seeds of ornamental sunflower (Helianthus
annuus L.), cultivar Pollenless Sunbright (SAKATA,
2014), were soaked in solutions of the treatment for
24h (BALDOTTO et al., 2009) and the control was
immersed in water. Thereafter, the seeds were sown in
the soil, in an area of crop rotation with Gypsophila sp.

Limestone was applied to the entire area and N-P-K
fertilizer 4-14-8 according to the chemical analysis
of the soil and as recommended by RIBEIRO et al.
(1999). Each bed was prepared with four 46m long
rows and irrigated with a drip system. Each treatment
consisted of a bed area with a length of 7m, with 4
crop rows, 11 seeds per meter, resulting in a total of
308 plants per plot. The experiment was conducted
in a randomized block design with three replications.

The flower stalks were cut in the morning,
when the inflorescences were fully developed
and the ligulate flowers of the capitulum, closed,
corresponding to the harvest stage for regional
marketing in the municipality of Florestal. The
flower stalks were assessed for the variables: stem
height (StH), with measuring tape; stem diameter
(StD), measured in the middle third of the stem using
a digital caliper (Starrett, model 727); stem fresh
weight (StFW), measured on scales; number of leaves
per stem (NLSt); leaf fresh weight per stem (LFWSt),
weighed on scales; dry matter of leaves per stem
(LDMSt), by oven-drying under forced air ventilation
at 60°C for 5 days and subsequent weighing; number
of flower stalks (NFSt); and diameter of the floral
receptacle (DFR), measured with a caliper.

The results were subjected to regression
analysis (ALVAREZ & ALVAREZ, 2006). The choice
of the selected model for each variable was based on
the significance of the parameters and the R? values
(ALVAREZ & ALLVAREZ, 2006). The F test was used
to test the regression coefficients at the same level of
significance. The statistical program SAEG was used
for data analysis. Regression equations were used to
determine the concentrations of maximum physical
efficiency (MPhE) for all studied characteristics.
From these data, it was computed the values of
the characteristics of ornamental sunflower for the
humic acid concentrations inducing MPhE as well as
the relative increase compared to the control (RI =
relative increase, 100 (x-y)/y, where x is the average
value of the treatment with the highest value and y the
mean of the treatment with the lowest value).

RESULTS AND DISCUSSION

The results of the growth and yield analyses
of ornamental sunflower plants in response to humic
acid application showed differences in the number of
flower stalks and their development (Table 1). The
studied variables were positively influenced by the
seed-treatment with humic acids, i.e., increases were
recorded in comparison to conventional cultivation
on the family farm (treatment without the application
of humic acids, AH 0).
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Table 1 - Mean values, coefficient of variation (CV) and regression equation for the characteristics stem height (StH), stem diameter (StD),
stem fresh weight (StFW), number of leaves per stem (NLSt), leaf fresh weight per stem (LFWSt), leaf dry matter per stem
(LDMSt), number of flower per stem (NFSt) and diameter of the floral receptacle (DFR) of ornamental sunflower plants in
response to seed-treatment with humic acids (HA) at concentrations of 0, 10, 20, 30, and 40mmol L' C. The non-application of
humic acid (HA 0) is the traditional way of cultivation of ornamental sunflower by the farmer.

Treat-ments

Mean values

StH StD StFW NLSt LFWSt LDMSt NFSt DFR
-cm- -mm- -g- -g- -g- -mm-

HA 0 125.00 10.67 86.1 12 52132 5.508 52 37.00

HA 10 138.33 12.00 118.1 11 47.712 7.131 67 49.00

HA 20 152.33 12.67 137.5 11 54.693 6.534 75 47.00

HA 30 120.00 11.33 129.2 11 53.287 6.217 74 44.67

HA 40 132.00 11.00 106.9 9 30.628 4.157 81 44.67

CV (%) 3.94 9.68 11.99 11.41 25.01 31.00 2.92 5.63

Variable Regression equation R?

StH (cm) y=123.03 +4.4861 x — 0.2533 x* + 0.0056 ®< 3 0.57

StD (mm) y=10.771+0.1524 x — 0.0038 " x* 0.79

StFW (g) y=85.556+4.4167 x— 0.0972 " x> 0.99

NLSt y=11.686+0.0162 x — 0.0019 ®<020 2 0.82

LFWSt (g) y=48.768 + 0.9075 x — 0.032 ®<012x2 0.73

LDMSt (g) y=5.6201+0.1663 x — 0.0051 " x* 0.94

NFSt y=53.2+1.3833 x—0.0183 °x* 0.94

DFR (mm) y=38.79 +0.8052 x — 0.0174 ° x* 0.66

** % %and P = significant at 1, 5, 10, and P % probability, respectively.

It is noteworthy that the phenotypic features
of all collected flower stalks were consistent with the
regional consumption standard and the flowers were
marketed by the farmers after growth evaluations.
According to CURTI et al. (2012), the flower stalks
of ornamental sunflower are cut at the opening of the
ligulate ray flowers, which may be completed after the
cut, when the stalks are arranged in water-filled vases.
Since this stage can vary according to the region, season,
field or greenhouse cultivation, variety, distance from
the consumer market, and the quality standards for each
plant material, harvesting should follow region-specific
recommendations (LAMAS, 2002).

The response curves of the application
of increasing humic acid concentrations generally
showed quadratic variation (Table 1). With these
equations it was calculated the concentrations
of maximum physical efficiency (MPhE) of all
measured characteristics of ornamental sunflower
and increments in relation to the control (Table 2).

One of the determinant characteristics of
the quality of ornamental sunflower is the height of
the flower stalks (NEVES et al., 2005; SLOAN &
HARKNESS, 2006), which increased by 22% over
the control by the application of 15mmol L' C in the
form of humic acids (Table 2). According to SAKATA
(2014), the height of flower stalks of cultivar Pollenless

Sunbright varies from 100 to 150cm. In this study, the
control plants had, on average, 125cm high flowers,
and with humic acid applications at the concentration

Table 2 - Concentration of maximum physical efficiency (MPhE),
average control, average MPhE, relative increase (RI =
relative increase, 100 (x-y)/y, where x is the average
value of the treatment with the highest value and y the
mean of the treatment of lowest value) for the
characteristics, stem height (StH), stem diameter (StD),
fresh weight of stem (StFW), number of leaves per stem
(NLSt), leaf fresh weight per stem (LEFWSt), leaf dry
matter per stem (LDMSt) number of flower stalks
(NFSt) and diameter of the floral receptacle (DFR) of
ornamental sunflower plants in response to seed-
treatment with humic acid (HA) at concentrations of 0,
10, 20, 30, and 40mmol L™' C.

MPhE
Vi Spremten MM Gl
of HA)
StH (cm) 15.08 15228  125.00 22
StD (mm) 20.05 12.30 10.67 15
StFW (g) 22.77 13573 86.10 58
NLSt 426 12 12 0
LFWSt (g) 14.18 55200  52.132 6
LDMSt (g) 16.30 6980  5.508 27
NFSt 37.80 79 52 52
DFR (mm) 23.14 48.11 37.00 30
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of MPhE this height reached 152cm, increasing the
quality of the product, since longer stems allow a
greater diversification in the assembly of bouquets and
flower arrangements. The height of the flower stalks
of ornamental sunflower is determined, among several
other factors, by the hormonal balance (SABBAGH,
2008). For potted sunflower plants, for example, it is
known that the application of gibberellin inhibitors
decreases the plant height by reducing the internode
length (SABBAGH, 2008). To date, there are no reports
in the literature that the seed treatment with humic acids
would interfere with the endogenous concentration of
gibberellins. However, studies show that one of the
mechanisms of action of humic acids is the activation
of H*-ATPases of cell membranes (ZANDONADI et
al., 2007), similarly to the mechanism of action of the
plant hormones of the auxin type. This mechanism
is related to the theory of acid growth that postulates
that the increase in proton extrusion induces the action
of enzymes that act on the cell wall increasing its
plasticity and, consequently, allowing cell elongation
(RAYLE & CLELAND, 1972).

Increases in the flower stalk diameter of
approximately 2mm by the application of humic
acid concentrations of 20mmol L' C were observed
(Table 2). A larger stem diameter (12.30mm)
contributes to decrease the lodging of flower
stalks in the field and breaking in the post-harvest
process, aside from favoring the support of larger
inflorescences. NEVES et al. (2005) found that the
ornamental sunflower plants grown in hydroponics
also have a larger stem diameter (13mm) than those
grown in the conventional system (8mm).

Fresh matter accumulation in flower
stalks and dry matter accumulation in leaves were
also favored by humic acid concentrations close to
20mmol L' C (Table 2). BALDOTTO et al. (2009;
2012; 2013) found that humic acid applications
close to 20mmol L' C to gladiolus bulbs, pineapple
seedlings and croton cuttings concentrations increased
the biomass. The positive effects on the accumulation
of shoot matter in humic acid treated sunflower
plants can be explained by different physiological
factors such as increased synthesis of chlorophyll
(BALDOTTO et al., 2009), increased nutrient uptake
(NARDI et al., 2002), growth promotion of the root
system (BALDOTTO et al., 2011) and the formation
of root hairs (SILVA et al., 2011).

The number of leaves per flower stem was
not affected by application of humic acids (Table 2).
For the cultivation of ornamental sunflowers as cut
flower, a higher number of leaves per stem would be

of no avail because this could increases costs in the
post- harvest process, when the leaves are removed
by hand for later sale of the stalks. It was also found
that the fresh and dry weight of leaves per sunflower
stem increased at humic acid concentrations inducing
MPhE (Table 2), i.e, in humic-acid treated plants, the
cumulativeefficiency of waterandnutrientswasgreater.

The flowers of ornamental sunflower not
open at the same time, successive crops are necessary
at the same cultivation in accordance with the flowers
opening. This study was based on information
obtained in the first cut for local marketing. It was
observed that the number of flower stems collected in
the first cut increased with the application of humic
acids (Table 2), consequently there is a decreasing
trend in the crop cycle of ornamental sunflower,
which, according to the company SAKATA (2014)
the cycle of the studied cultivar Pollenless Sunbright
lasts approximately 60 to 70 days. Similar results were
obtained by BALDOTTO et al. (2013) with gladioli,
in which flowering was increased and anticipated by
the application of humic acid extracted from humus.

The diameter of the floral receptacle
of ornamental sunflower was influenced by the
application of humic acid, with an increase of 30%
at a humic acid concentration close to 20mmol L' C
(Table 2). According to ROSSI (1998), the diameter
of the capitulum, of the sunflower is influenced by
the genotype and environmental conditions. The use
of growth regulators (SABAGGH, 2008), mineral
nutrition (NEVES et al., 2005; CARVALHO et al.,
2009) and sowing date (CURTI, 2010) also influence
the size of the inflorescence of ornamental sunflower.

The characteristics with the strongest
influence on the marketing of ornamental sunflowers
as cut flowers is the flower diameter and the length
and diameter of the flower stalk (NEVES et al., 2005;
SLOAN; HARKNESS, 2006). These properties
were improved by the application of humic acids,
particularly at 20mmol L C. These results suggest
that humic acid used in commercial sunflower
cultivation for cut flower can be a viable alternative
to increase production and product quality.

It is worth emphasizing the participatory
form of this study and the data generation within
the production system. This way of conducting
research facilitates the achievement and enriches
the interpretation of results, since it is based on the
participation of professionals (researchers and farmers)
with different experiences. In addition, it ensures the
rapid assimilation of information or products by the
farmers, for being integrated in all experimental stages.
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CONCLUSIONS

The seed treatment of ornamental
sunflower with humic acids increases the number and
quality of the flower stems. The concentration range
of humic acids that induces maximum efficiency in
the production and quality of ornamental sunflower
stalks is 15-20mmol L' C.
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