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A PRELlMlNARY STUDY OF THE ALLELOPATHIC 
EFFECT OF SUNFLOWER (Helianthus annus L.) 
ON SEVERAL ECONOMIC CROPS 

L. Beltran, A. Leyva and Lucy Caparicón 

ABSTRACT. This research study was carried out at the 
National Institute of Agricultura1 Sciences under lab con- 
ditions. The objective of this work was to evaluate the 
possible allelopathic effects of sunflower (Helianthus 
annus L.) on the botanical seed germination óf four eco- 
nomically important species in Cuba. Thus, the aqueous 
extraction from the aerial and root parts of sunflower was 
applied on the seeds of tomato (Lycopersicon esculentum 
Mill), soybean (Glycine mar L.), corn (Zea mays L.) and 
bean (Phaseolus vulgans L.). Results showed severe al- 
lelopathic effects of sunflower on the germination rates of 
tomato, in a lesser degree, bean and corn. 

RESUMEN. El presente trabajo se realizó en condiciones 
de laboratorio en el Instituto Nacional dc Ciencias Agrí- 
colas. Dicho trabajo estuvo encaminado a evaluar los po- 
sibles efectos alelopáticos del girasol (Helianthus annus 
L.) sobre la germinación de semillas botánicas de cuatro 
especies de importancia económica en Cuba. Para lograr 
tal objetivo, se procedii a la extracción acuosa de las 
partes aérea y radicular del girasol, las que se aplicaron 
sobre las semillas de tomate (Lycopersicon esculentum 
Mill), soya (Gbcine mar L.), maíz (Zea rnays, L.) y frijol 
(Phaseolus vulgans L.). Los resultados mostraron efectos 
alelopáticos del girasol sobre las germinaciones de los 
cultivos de tomate, en menor grado, de frijol y maíz. 
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As a biological process present either in natural 
ecosystems or agroecosystems, allelopathy has been 
proposed as a potential alternative to the management 
of agroecosystemic compounds, it arising as the scien- 
tific basis of crop rotation and association, for avoiding 
al1 possible allelopathic interferences among crop spe- 
cies in space and time through soil toxin accumulation 
and exuded compounds from living and decaying crop 
parts. 

Our country started the development of a sustai- 
nable agriculture diversifying the agricultural and animal 
environment, besides establishing new programs loo- 
king for our own food supplies. So, in these programs, 
sunflower (Helianthus annus L.) plays an important role 
due to its high contents of oils and proteins (Morffi 
Hernández and Neida Ramírez, 1993). 

However, according to international literature, ne- 
gative allelopathic effects of sunflower are reported on 
some economical crops, which are essential in Cuba, 
such as legumes and solanaceas (Mejía, 1991; Morffi 
Hernández and Neida Ramírez, 1993); so far, in Cuba, 
there is not any scientific evidence of that influence on 
tomato, soybean, corn, bean and others. Therefore, the 
purpose of this research study was to evaluate the 
possible allelopathic effects of aqueous extracts from 
the aerial and root parts of sunflower on tomato, bean, 
corn.and soybean under lab conditions. 
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MATERIALS AND METHODS 
This study was carried out at the National lnstitute 

of Agricultural Sciences (INCA) from January to Fe- 
bruary, 1995. It consisted of the aqueous extraction of 
theaerial (leavesand stalks) and root partsfrom 10 adult 
sunflower plants cv. Cabure-15. 

For obtaining these extracts, a method described 
by Ana M. Primavesi (1991) was used as follows: 
- the aerial and root parts of sunflower were macera- 

ted. The macerated :.ample-distilled water ratio was 
1 :3 either for the aerial or root parts, 

- the solution remained undisturbed in 1 000-mL bea- 
kers for four hours, 

- crop residues were removed by hand from the liquid 
portion, 

- the aqueous extracts pass through a single 1-mm 
strainer. 

Fifieen mililiters aqueous of extracts were put on 
two sheets of filter paper in each previously disinfected 
Petri dish, also placing 100 seeds with 100 % germina- 
tion probability, according to some trials performed with 
tomato cv. Campbell28, soybean cv. Vernal, corn Híbri- 
do T-66 and bean cv. ICA-Pijao. The control was treated 
with distilled water instead of aqueous extracts. 

Each treatment was replicated four times and the 
experiment was conducted twice using a randomized 
complete block design. Observations were daily recor- 
ded, evaluating the following indexes: 
a) days to mass germination beginning (>50 %) 
b) total germination percentage 



c) plant height 15 days after germination 
d) root length 15 days after germination 
e) total biomass production. 

Germination percentage was transformed through 
arcsen \/p. In every case, a single classification varian- 
ce analysis was performed by comparing means with 
Duncan's Multiple Range Test. 

RESULTS AND DlSCUSSlON 
The analysis of germination process in al1 crops 

proved germination took place four or five days after 
seeding, indicating a little variability among them (Fig- 
ure 1). Also, tomato was the most affected crop by 
sunflower aqueous extracts, since its root extracts had 
a negative influence; a similar behavior was observed 
on the total germination percentage (Figure 2). On the 
other hand, leaf extracts had a negative effect on bean 
mass germination but not on its total germination. 

Concerning corn, both leaf and root aqueous ex- 
tracts delayed s e d  mass germination, the former sho- 
wing a greater inhibiting effect. There was a similar 
influence on the total germination percentage. 

For soybean crop, there were no significant diffe- 
rences among treatments. 

Taking into account these results, a negative alle- 
lopathic effect of sunflower aqueous extracts was recor- 
ded on tomato, in a lesser degree on corn and bean, 
which was mainly caused by leaf aqueous extracts. 
Such results agree with some others obtained by Rice 
(1 979), Benhammonouda et al. (1995), Oleszek (1 987), 
Einhellig and Souza (1992), who stated the highest 
allelochemical concentrations are located in the aerial 
parts of plants. Also, a rbmarkable negative influence of 
sunflower aqueous extracts was observed on tomato 
seeds, it showing a possible antagonism between sun- 
flower and some solanaceous species (Mejía, 1991). 

As it is shown in Figure 3, negative effects on plant 
height were recorded in tomato and bean 15 days after 
germination, which evidently proved once more the 
negative character of sunflower leaf aqueous extracts. 
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Figure 1. Days to mass germination 
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Figure 3. Plant height 

Regarding treatments in corn and soybean, there 
were no significant differences. Other studies (Bewick 
et al., 1994) have reported growth reduction among 
different economical crop species, often caused by 
allelopathic interactions among them. 

Results shown in Figure 4 indicate root lengths of 
tomato, bean and corn were affected by sunflower 
aqueous extracts. Tomato was again the most affected 
crop since almost 50 % of root length was reduced by 
leaf aqueous extracts. 

Either by this parameter or the previous one, there 
was evidence of an allelopathic interference caused by 
sunflower aqueous extracts on tomato, bean and corn. 
However, we should not dismiss the possible interferen- 
ce caused by plant competition, mainly due to spatial 
distribution of seeds in dishes. Similar results were 
obtained by Chung and Miller (1995). This is an impob 
tant aspect to be taken i i to  account in further allelopat- 
hic researches among crop species. 
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Figure 4. Root length 

Total biomass production (Figure 5) was variable 
in every crop. Aqueous extracts affected the final bio- 
mass value in tomato, bean and corn. Tomato plant 
weight was seriously affected (=50 %). 

SE-O.:" 

Tomato Bean Corn Soybean 

Crops 

69 ieaf m root control 

Figure 5. Totai biomass 
1 .' . > _ a  

Regarding soybean, values did not differ signifi- 
cantly. Differences were previously reported in tissue 
phytotoxicity by May and Ash (1990), Putnam and Tang 
(1986). These differences might be related to allelopat- 
hic compound production, which is higher in aerial 
organ tissues with a high level of toxicity (Shilling et al., 
1992). 

In general, the negative allelopathic effects of sun- 
flower leaf and root aqueous extracts on the germinative 
process and other parameters evaluated were proved 
in tomato, in a lesser degree, bean and corn under lab 
conditions. 

These results should be confirmed under field con- 
ditions to characterize its real implications, since the 
environment alters allelochemical -production and ac- 
tion (Nwaja et al., 1995; Putnam and Tang, 1986). 
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