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ABSTRACT. The study was developed in order to determine
the effect of aqueous extracts of Helianthus annuus Lin on
Solanum lycopersicum Lin growth. Roots and leaves samples
of sunflower plants were collected from a policulture system
located in a mountainous agroecosystem and their effects.
These effects were evaluated on certified tomato seeds about
germination, radicle and hypocotyl length. Nine treatments
with four replicates were established in Petri plates. The
extracts of sunflower from roots, and from leaves, at 15, 30
and 45 and at 75 and 90 days of development, respectively,
inhibited tomato seed germination. Sunflower root extracts
at 75 and 90 days of development stimulated tomato radical
and hypocotyl growth. These results showed that sunflower
plant produces chemical substances inhibiting tomato growth
specifically the radicle and the hypocotyl in the earlier 45
days of growth after germination, and it is not recommended
the association of these two crops simultaneously.
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INTRODUCTION

Suinflower growing (Helianthus annuus L),
belonging to the Asteraceae, family is original of North
America; at present it expands to all continents and
cover an area of approximately 18 million hectares
according to the quality of its oil.
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RESUMEN. Con el objetivo de determinar el efecto de
extractos acuosos de Helianthus annuus Lin. sobre el
crecimiento de Solanum lycopersicum Lin, se tomaron
muestras de raiz y hojas de plantas recolectadas de un sistema
de policultivo ubicado en un agroecosistema montafioso.
Los extractos acuosos de girasol se obtuvieron a partir de
raiz y hojas de plantas recolectadas durante dos afios. Se
evaluaron los efectos de estos extractos sobre la germinacion,
longitud de la radicula y del hipocétilo de semillas de tomate
certificadas, para ello se ejecutaron nueve tratamientos con
cuatro repeticiones dispuestos en placas Petri. Los extractos
deraiz de girasol alos 15,30y 45 dias y de hojas alos 75y 90
dias de desarrollo inhibieron la germinacion de las semillas
de tomate y el crecimiento de la radicula y el hipocétilo. Los
extractos de raiz de girasol con 75 y 90 dias, estimularon el
crecimiento de la radicula y del hipocétilo del tomate. Estos
resultados demuestran que el girasol produce sustancias
quimicas que inhiben el crecimiento del tomate y no se
recomienda asociar estos dos cultivos de forma simultanea.

Palabras clave: girasol, tomate, radicula, hipocotilo,
inhibicion

This crop is considered among the four of higher
production of edible plant oil, and sunflower oil runs
second in world consumption (1). Sunflower plants
also have potential as fodder for milk cattle feeding in
low rainy periods”.

The intensification of this crop is related to its use
as raw material for the production of biofuel. In Brazil
it is driven by the creation of the “National Biodiessel

A Penichet, C.; Carballo, G.; Guerra, G. y Alemén, P. E cultivo del girasol
como alternativa forrajera viable para la alimentacion del ganado vacuno
lechero, [95], Observatorio de la Economia Latinoamericana, 2008.
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Program” whose target is the insertion of family
agriculture into the production of agroenergy® (2).

Under the conditions of Cuba’s mountainous
agroecosystems, sunflower growing is being promoted
in polycrops systems. The presence of this specie
in the agroecosystem contribute to human feeding
with an oil of food value and the enrichment of
animal feeding with the residues of the oil extraction
process. However, the introduction of sunflower in
association with tomato (Solanum lycopersicum Lin)
affected tomato development when they were mainly
associated simultaneously (3).

Previous studies show that sunflower can interfere
in the development of neighbor plants (4), though
mechanisms responsible for such effects are well
known; they probably occur because sunflower is a
source of sesquiterpenoids and other compounds
with variable biological among genotypes (5).
Therefore, it is required to deepen on the knowledge
of ecological relations of the introduced specie and its
potential as source of bioactive compounds, especially
with allelopathic activity.

Research works related to allelopathic effects
have gained importance after the boom of ecological
agriculture. Nevertheless, results in this field still run
short to consider them as an immediate solution to
problems that tropical agriculture has historically faced
with due to a high specie diversity under interspecific
competition in any economic crop®. Allelochemicals
have multiple functions in the biotic structure of the
original distribution area: allelopathic, defense against
gass-feeding organisms, metal transporting agents or
symbiosis agents between soil microorganisms and
the plant (6, 7).

An effect can be identified as allelopathic when itis
proven to be the cause of biochemical actions and not
of edaphic and climatic factors or competition for water,
light and nutrients (8). Therefore, the objective of this
research has been determining the effect of sunflower
extracts on tomato plants growth, to contribute to make
clear the chemical interactions related to the marked
negative effect produced in tomato development by the
simultaneous association of these crops.

B Silva, H.P.; Neves, J.M.G.; Reis, A.P.D.; Branddo Junior, D.S;
Sampaio, R.A. y Colen, F. “Desenvolvimento da Cultura do Girassol em
Diferentes Doses de Lodo de Esgoto e Silicato de Célcio e Magnésio”,
Congresso Brasileiro de Agrobioenergiae Simposio Internacional de
Biocombustiveis, Anais, Uberlandia, MG, Brasil, 2008.

€ Leyva, G.A.; Beltran, R.L. y Falcon, A. “Alelopatia. Diversidad de
plantas potencialmente 1til en los agroecosistema”, Conferencia en Taller
Nacional de productores destacados, edit. Instituto Nacional de Ciencias
Agricolas, La Habana, Cuba, 2005.
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MATERIALS AND METHODS

COLLECTION AND PROCESSING OF PLANT MATERIAL

Collections were done in September and
December 2009 and from September to December
2010 in polycrop systems within the mountainous
agroecosystem of La Loma Farm, locality of Limonar
de Monte Rous, Guantanamo province, Cuba.
Sunflower roots (Caburet variety) were collected at
15, 30, 45, 60, 75 and 90 days from the emergence;
leaves were collected at 75 and 90 days. Plant material
was dried at room temperature for 15 days and then
ground on a knife mill.

PROCUREMENT OF THE EXTRACTS

The dried and ground plant material was extracted
by maceration with water for 4 hours (2 g in 100 mL
of distilled water) (9). Each extract was filtered with
Whatman 1 paper and it was stored at a temperature
of 4 °C till its evaluation. The total soild content
of 1 mL of the extract was determined at the electronic
moisture analyzer Santorius MA-45, 3 replicates were
made for each extract. Mean values were calculated
and analyzed by Tukey’s (p<0,05).

BIOESSAY TO DETERMINE THE EFFECT ON GROWTH

The effect of water extracts from roots
and leaves collected at different times of crop
development was determined in Petri dishes (11
cm of diameter) with Whatman No.1 filter paper
placed at the bottom. Tomato seeds from the Vita
variety were used.

The evaluated treatments were the following:

Distilled water (Control).

Sunflower plant extracts 15 days after emergence.
Sunflower plant extracts 30 days after emergence.
Sunflower plant extracts 45 days after emergence.
Sunflower plant extracts 60 days after emergence.
Sunflower plant extracts 75 days after emergence.
Sunflower plant extracts 90 days after emergence.
Sunflower plant extracts 75 days after emergence.
Sunflower plant extracts 90 days after emergence.
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In every Petri dish, 30 seeds were dipped in 2 mL of
each treatment (distilled water or extract) for 1 minute.
Then, they were placed over the Whatman 1 filter paper
previously wet with 5 mL of the corresponding extract
(water in the control). Four replicates per treatment
were used arranged on a random block design (9).
Petri dishes were incubated at room temperature.
The number of germinated seeds was determined
every 24 hours and the length of the radicle and the
hypocotyl after 7 days. Radice and hypocotyl length
data are presented as percentage of difference with
the control; so cero accounts for the control, positive
values represent stimulation of the studied parameter
and negative values are equivalent to inhibition (10).

STATISTICAL ANALYSIS

For differences among means, the mean
comparison with Tukey’s Test at p <0.05 was used,
through the statistical package STATGRAPHICS Plus
5.0 (11).

RESULTS AND DISCUSSION

Graphic 1 shows the results of evaluating the
effect of root and sunflower leaf extracts collected
at different stages of crop development, on the
germination of tomato seeds. The start of germination
occured at 72 hours in the control treatment, 40 % and
33 % for evaluations of 2009 and 2010 respectively, but
the percentages were very low for all extracts in time.

For the bioassay done in 2009, germination
reached the highest percentage (96 %) in the control
treatment at 96 hours while the rest of the treatments
significantly inhibited this parameter. For the second
year, germination was monitored till 120 hours when the
control treatment reached the maximum percentage
(87 %) and again, the number of germinated seeds was
lower in all treatments than in the control throughout
the evaluation period since germination started.

In both years, it was evident that root extracts
collected at 15, 30 andy 45 days produced a more
marked inhibitory effect with percentages below
45 %. When leaf extracts are applied, percentages
are less than 10 %, lower to those reached in root
treatments at the same stage of sunflower phenological
development. These results coincide with previous
studies showing that water extracts of the upper part
of the plants, mainly leaves, produce a higher inhibition
for tomato plants that root extracts (12).
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Figure 1. Effect of sunflower root extracts (A) and
leaf extracts (B) on the germination of
tomato seeds in 2009 and 2010



Cultivos Tropicales, 2015, vol. 36, no. 4, pp. 28-34

October-December

Different concentration of water extracts from
sunflower leaves reduced the germination of some
species like mustard (Brassica nigra (L.) Koch),
radish (Raphanus sativus Lin.), wheat (Triticum
vulgare Willd.) and cucumberpino (Cucumis sativus
Lin.) (4). Previous research has reported the inhibited
germination of other cotyledoneous plants, Lactuca
sativa Lin., Lepidium sativum Lin. and Allium cepa Lin,
by compounds produced from water extracts of leaves
collected one month before harvest (it coincides
with 75 days after emergence) (13). Also, different
concentrations of water extracts from sunflower leaves
inhibited the germination and development of wheat
seedlings (Triticum aestivum) and mustard (Sinapis
alba), though mustard was more sensitiveP.

P Gawronska, H.; Bernat, W.; Janowiak, F. y Gawronski, S.W.
“Comparative studies on wheat and mustard responses to
allelochemicals of sunflower origin”, European Allelopathy
Symposium “Allelopathy - From Understanding to Application,
Poland, 3 de junio de 2004, 28 p.
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Graphic 2 shows the results of evaluating the
effect of sunflower roots and leaves extracts on the
radicle growth. All treatments from 2009 inhibited
this parameter regardless the part and stage of
development of the plant. This behavior repeated with
the samples from 2010, except for root extracts of 75
and 90 days that stimulated root development.

Graphic 3 shows the result of determining the
effect sunflower roots and leaves extracts on hypocotyl
growth. The lengths of the hypotocyl were lower than
the control for the variants used: from root extracts at
15, 30, 45 and 60 days, and the leaf extracts at 75 and
90 days in both evaluated years together with the root
extract at 75 days of the first year. A higher hypocotyl
growth compared to the control was true for the root
extract treatment at 90 days when samples from 2009
were evaluated; in 2010 growth was also stimulated
with the root extract corresponding to this time and
with the one of 75 days.
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Figure 3. Effect of sunflower root and leaf extracts on the growth of tomato hypocotyl in 2009 and 2010
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Sunflower is a known specie with a high production
of secondary metabolites; however, the great
variability of the allelopathic potential on germination,
root growth and the aereal part of the plant is
recognized among sunflower genotypes (4, 13). The
effect of its metabolites can be either stimulant or
inhibitory, depending on the indicator specie used, the
different compounds isolated from its extracts and its
concentrationslos (13). In this study, the effects of the
evaluated treatments on the three parameters show
the presence of bioactive metabolites in the grown
sunflower variety (Caburet) under the conditions of a
mountainous ecosystem.

Tomato germination reduced with the sunflower
extracts during growth and results indicate that
substances are produced at the beginning of its
growth, on the roots (till 45 days) and on the leaves
in the most advanced stages (75 and 90 days). Such
substances affect this parameter, either chemically
or for its concentration in the evaluated samples. In
addition to this, chemical compounds extracted from
the roots at early crop stages, from 15 to 60 days in the
leaves and from 75 to 90 days inhibit not only tomato
germination, but also radicle and hypocotyl growth
and development. During the two years of the trial, the
tendency of results kept on, as to the inhibitory effect
of the extracts at the start of radicle development and
of the leaves at the end of the cycle. It could be due to
the fact that metabolites produced by sunflower plants
in these development states were similar in both years.

On the other hand, the stimulant effect on growth
produced by root samples of 75 and 95 days, mainly
at the second evaluated year, indicates the presence
of changes in the metabolite profile (qualitative and/or
quantitative) in roots as plant develops. These results
confirm the theory that allelochemicals can influence
by having a stimulant or inhibitory effect (14).

Bioassays to determine the effect of released
allelopathic compounds, frequently use extracts from
the donor developed plant or in decomposition process
(10, 15, 16, 17, 18). The experimental design has the

advantage of simulating the interference sunflower-
tomato in the different development stages of sunflower
plants. In order to achieve the greatest approximation
to the situation of plants under field conditions, it is
very important to represent the interference among
plants at the initial development stages, a time in
which the allelopathic process can be determinant to
establish seedlings as shown by the inhibitory effect
of root extracts (from 15 to 60 days of development)
on the three evaluated parameters simultaneously with
sunflower plants (3).

When comparing the results of two years
regarding the type of effect (inhibitory or stimulant)
the only differences show up with root extracts at 75
days (radicle and hypocotyl length) and aty 90 days
(radicle length) that could be associated to variations
in the biosynthesis of bioactive metabolites, caused b
y changes in environmental factors like climate, soil,
etc., from one year to another. The allelopathic effects
of chemical compounds can increase in nutrient poor
soils; for example, it was shown that high levels of
capheinquinic acids in sunflower plants are caused
by nitrogen, potassium and sulphur deficiencies (19).
The changes of the effect on growth by comparing the
results of the two years under study could, therefore,
be due to variations in the organic matter content and
in the content of some of these elements in growing
areas.

The mechanism responsible for sunflower effects
on the different target species are not totally clear,
but they are asociated to the biosynthesis of some
metabolities among which some sesquiterpenic
lactones are found (5). It is said that most of these
compounds make their effects through a common
action mechanism, the renting of organic molecules.

Activity levels can be correlated to quantitative
and/or qualitative composition of the extracts.
The variability of the target plant response can be
attributed to substances present on sunflower extracts.
Therefore, during the second year of the trial, total
solids in each of them were determined (Table I).

Table I. Concentration of total solids of water extracts from evaluated sunflower roots and leaves

Extracts

Concentration (mg mL™")

Sunflower root extract 15 days after emergence
Sunflower root extract 30 days after emergence gencia
Sunflower root extract 45 days after emergence
Sunflower root extract 60 days after emergence
Sunflower root extract 75 days after emergence
Sunflower root extract 90 days after emergence
Sunflower root extract 75 days after emergence
Sunflower root extract 90 days after emergence
Standard error

5,7a
2,7 ab
4,7 ab
3,3 ab
2,3 ab
1,3b
3,3 ab
1,3b
0,00050
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Only root extracts at 15 and 90 days show
significantly different total solid values; the first one
with a higher concentration inhibits both radicle and
hypocotyl growth, while the second one stimulates
both parameters. The total solid values from root
extracts are not directly correlated with the effect on
the growth because the inhibiting extracts (15, 30 and
45 days) and others that stimulate (75 and 90 days) do
not differ statistically in their total solids concentration.
Leaf extracts do not differ among themselves as to the
concentration of total dissolved solids.

Though total solid values remained within a
range in which no statistical differences were found,
the variations of root extracts effect on growth can be
due to a different qualitative composition, or because
the quantity of some bioactive compound significantly
varied, though total value did not. Extracts with
greater effects on tomato plants can have a higher
concentration of the compounds responsible for the
biological effect. For allelopathic substances be able to
influence target plants, different stages should occur.
Compounds should be released from donor plants in
adequate quantities and reach enough concentrations
to be uptaken, translocated and act on some relevant
biochemical mechanisms for the development of the
target specie (19).

This research provides very important information
that helps explain the marked negative effect of
the simultaneous association of tomato plants with
sunflower plants. It makes evident the presence of
allelochemicals that can be halfway through ecological
relations in the agroecosystem and confirms the
importance of considering the environmental impact
of introducing a new specie into the system.

CONCLUSIONS

Sunflower plants produce chemical substances
that inhibit tomato plants growth that can be responsible
for the negative effect on the development of this crop
when associated to others.
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