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Abstract

The study investigated the allelopathic effects of Tithonia rotundifolia on the germination and growth of two
legumes (Vigna unguiculata and Glycine max) and two cereals (Zea mays and Sorghum bicolor). This was with a
view to determining the susceptibility of these test crops to allelochemicals. The germination studies were
carried out by raising seedlings in Petri-dishes which had been lined with Whatman No. 1 filter paper. Ten
millilitres of 100%, 75%, 50% and 25% concentrations of the methanolic or water extract solutions were used
for the treatments while distilled water served as control. Germination and growth analyses were carried out
according to standard methods. The data obtained were analysed by Factorial Analysis of Variance (ANOVA) to
determine significant (P < 0.05) effects. The germination and growth of the juvenile seedlings of all the test
crops were significantly inhibited by the methanolic and water extracts dose dependently. However, the
methanolic extracts had a more pronounced inhibitory effect on these parameters. The study concluded that the
methanolic extracts were more phytotoxic and had higher inhibitory effects on the parameters than the water
extracts. Also, it was observed that the response of plants to allelochemical toxicity was dependent on plant
species.
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1. Introduction

The phenomenon of allelopathy has received increasing attention as a means of explaining vegetation patterns in
plant communities (Miller, 1996). According to Inderjit et al. (1999), allelopathy may occur in all environments
and should be considered as a part of community interaction. Kohli et al. (1998) and Singh et al. (2001) opined
that allelopathy plays an important role in many agro-ecosystems. A large number of plants impose inhibitory
effects on the germination and growth of neighbouring or successional plants by releasing allelopathic chemicals
into the soil, either as exudates from living tissues or by decomposition of plant residues (Rice, 1984; Narwal,
1999; Alam & Islam, 2002; Khan et al., 2009). Bendall (1975) studied water and ethanol extracts and residues in
soil and concluded that an allelopathic mechanism might be involved in the exclusion of some annual thistle
(Carduus crispus L.), pasture and crop species in areas infested with Cirsium arvense (L) Scop. According to
Stachon and Zimdal (1980), C. arvense litter reduced the growth of Amaranthus retroflexus L. and Setaria
viridus L. more than that of cucumber (Cucumis sativus L.) or barley (Hordeum vulgare L.) in greenhouse
experiments. They also observed that high densities of C. arvense reduced the incidence of annual weeds
growing in the vicinity of C. arvemse. Khan et al. (2009) stated that aqueous extracts of Fucalyptus
camaldulensis L. inhibited seed germination, fresh and dry weight of wheat seedlings. Rawat et al. (2002)
reported that aqueous extract of the root of Helianthus annus delayed and inhibited the germination and seedling
growth of linseed (Linum usitatissium L.) and mustard (Brassica juncea L.) Aqueous extracts from the leaves of
Helianthus tuberosus L. Xanthium occidentale, Lactuca sativa and Cirsum japonica all in the Asteraceae family
inhibited the root growth of Lucerne (Chon et al., 2003). Ilori et al. (2007) observed that the radical growth of
Oryza sativa was inhibited by aqueous extract of 7. diversifolia. Otusanya et al. (2007) reported that the growth
of Amaranthus cruentus was inhibited by aqueous extract of 7. diversifolia. Javed and Asghari (2008) reported
that the leaf extract of Helianthus annus inhibited the rate of germination of wheat seedlings.

In Nigeria, Tithonia rotundifolia is a widespread species having colonized roadsides, waste places, fallow land
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and disturbed open spaces like abandoned construction sites etc. and displacing traditional weedy species like
Chromolaena odorata and Panicum maximum (Adebowale & Olorode, 2005). The plant associates with
common crops like vegetables, cassava, yam, rice, sorghum, soyabean e.t.c. and becomes a dominant plant
where it is present (Tongma et al., 1998). Cowpea (Vigna unguiculata (L.) Walpers) and Soybean (Glycine max
(L.) Merr.) which belong to the family Fabaceae are economically significant legumes in the tropics. Maize (Zea
mays L.) and Sorghum (Sorghum bicolor (L.) Moench) are annual grasses belonging to the family Poacea. Z.
mays L. is one of the most important cereal crops growing in the world. It is used as food for human
consumption as well as food grain for animals (Moussa, 2001). S. bicolor (L.) Moench is a drought resistant
cereal important for grain, forage and bioethanol production (Aishah et al., 2011). Considering the effects of
Tithonia species on associated crops, the objectives of this work was to determine the effects of water and
methanolic extracts of fresh shoots of 7. rotundifolia on the germination, growth parameters (plumule and radicle
lengths) and yield parameters (fresh and dry weights of plumule and radicle) of juvenile seedlings of V.
unguiculata, G. max, Z. mays and S. bicolor.

2. Materials and Methods
2.1 Study Area

This study was conducted at the Botany Department of the Obafemi Awolowo University (O. A. U.), Ile-Ife,
Osun State, Nigeria, Latitude 07°30°N - 07°35°N and Longitude 04 °30’ - 04°40’E.

2.2 Plant Materials

The plant materials that were utilized in this study are the seeds of the following plants Tithonia rotundifolia
(Miller) S. F. Blake, Vigna unguiculata L.Walp, Glycine max L. Merr., Zea mays L. and Sorghum bicolor (L.)
Moench. The seeds of the test crops (Vigna unguiculata, Glycine max, Zea mays, and Sorghum bicolor) were
collected from IITA (International Institute of Tropical Agriculture) Ibadan. T. rotundifolia seeds were collected
along Road 20 at the Senior Staff Quarters of O. A. U., Ile Ife.

2.3 Germination Experiment

Preparation of extracts for the different treatments was carried out according to the modified method of Qasem
and Abu - Irmaileh (1985). The extract solution (100%) was diluted appropriately with water to give 75%, 50%,
and 25% concentrations of the aqueous extracts while distilled water served as control. Petri-dishes were
thoroughly washed and oven dried. The seeds of the different test plants were selected randomly on the basis of
uniformity of size and the seeds were then soaked for five minutes separately in 5% sodium hypochlorite to
prevent fungal infection. Thereafter they were rinsed for about five minutes in running tap water. Ten of the
seeds were placed in each of the clean oven dried Petri-dish which had been lined with a Whatman No. 1 filter
paper. The filter paper in each of the Petri-dishes allocated to the control was moistened with ten millilitres of
distilled water while that of the Petri-dishes allocated to the other treatments were moistened with ten millilitres
of the appropriate concentration of the extracts. The Petri-dishes were incubated at room temperature for two
weeks. Emergence of one millimetre of the radicle was used as the criterion for germination. Measurements of
germination, plumule and radicle lengths, fresh and dry weights were carried out using standard methods.

2.4 Statistical Analysis

The data obtained were analysed by factorial Analysis of Variance (ANOVA) to determine significant (P < 0.05)
effects.

3. Results

The percentage germination of the control seeds of the test crops was higher than that of the seeds treated with the
different extracts (Figure 1). In most cases the percentage germination increased as extracts concentration
decreased. There was significant reduction of the germination of the seeds by all the concentrations of FME and
FWE at P < 0.05. Seedlings of the test crops in the control had plumule and radicle lengths that were significantly
higher than those of the seedlings in all the extract regimes and these plumule and radicle lengths reduced with
increase in the concentration of the methanolic extracts and water extracts (Figures 2 & 3). The control seedlings
of all the test crops had plumule fresh weight that was significantly higher than that of the seedlings in both the
FME and FWE regimes (Figure 4). The plumule fresh weights of the seedlings in all the extract regimes increased
with decrease in the concentration of the extracts. The radicle fresh weight of V. unguiculata and S. bicolor
seedlings in the 25% and 50% FWE was almost equivalent or slightly higher than that of the control seedlings
while the other extracts inhibited the radicle fresh weight of these seedlings. In the case of the G. max and Z. mays
seedlings, the methanolic extract was more phytotoxic than the water extracts and the radicle fresh weight was
inhibited by all the extracts (Figure 5). The plumule dry weight of the control V. unguiculata seedlings was higher
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than that of the seedlings in all the extract regimes while that of the seedlings in the 75% and100% extract regimes
were almost equivalent and lower than that of the 25% extracts regime. Also, the 25% FWE seedlings of Z. mays
had the same plumule dry weight with that of the control while that of the S. bicolor seedlings in the 25% FME was
lower than that of the seedlings in the 50% FME regime. In the case of the G. max, the plumule dry weight of the
seedlings in the 100% FME and FWE regimes was much lower than that of the control, FME and FWE seedlings
(Figure 6). V. unguiculata, G. max and Z. mays seedlings in the control regime had radicle dry weight that were
higher than those of the seedlings in all the extract regimes. However, the radicle dry weight of the control S.
bicolor seedlings was equivalent to that of the 25% FWE seedlings (Figure 7). Interactions of extracts x crops, crop
x extract concentrations were found significant for all the parameters except plumule dry weight (Table 1).
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Figure 1. Effect of the methanolic extracts and water extracts of the fresh shoots of 7. rotundifolia on the
germination of the test crops. Capped bars indicate standard errors
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Figure 2. Effect of the methanolic and water extracts of the fresh shoots of 7. rotundifolia on the plumule length
of the test crops. Capped bars indicate standard errors
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Figure 3. Variation in the radicle length of the test crops treated with the methanolic extracts and water extracts
of the fresh shoots of T. rotundifolia. Capped bars indicate standard errors

41



www.ccsenet.org/ijb International Journal of Biology Vol. 6, No. 1; 2014

V.o unguiciata G.ranax Z.rrrays 5. bicolor

=
i

Plumule fresh weight {g)

Contldge 75 S 25 Cont 1600 75 Sk 25 Coant 100 TS S0 Cant 1440 T5 540 15

Concentration of Extracts{%)
O Methanalic oxtrast of fresh shoots (FME} 0O wWater ext-act of fresk saoots (FWE

Figure 4. Variation in the plumule fresh weight of the test crops treated with the methanolic extracts and water
extracts of the fresh shoots of 7. rotundifolia. Capped bars indicate standard errors

4. Discussion

According to Leu et al. (2002) and Inderjit and Duke (2003), allelopathy in natural and agricultural ecosystems is
receiving increasing attention because allelochemicals significantly reduce the growth of other plants and the
yields of crop plants. Allelochemicals are secondary plant products or waste products generated by the plant’s
main metabolic pathways which are released into the environment in appreciable quantities via root exudates,
leaf leachates, roots and other degrading plant residues (Putnam, 1988). These chemicals have harmful effects on
crops in the ecosystem resulting in the reduction and delayed germination, seedling mortality and reduction in
growth and yield (Herro & Callaway, 2003). The process of seed germination is a crucial stage in plant growth.
During germination, biochemical changes take place, which provides the basic framework for subsequent growth
and development (Khan et al., 2009). According to Bhownmik and Inderjit (2003), allelochemicals can affect the
establishment or regeneration of population by affecting seed germination. These authors were of the opinion
that increasing germination can enhance the competitive ability of a plant species for both above-ground and
underground resources.

The water and methanolic extracts from 7. rotundifolia had significant inhibitory effect on the germination of the
seeds of all the test crops in this study.This observation agreed with the findings of Inderjit and Dakshini (1994)
who reported that the water extracts from the roots of Pluchea lanceolata in the family Asteraceae inhibited the
germination of tomato and mustard. The water extracts from tissues of Helianthus annus were also observed to
inhibit germination of Solanum nigrum (Sedigheh et al., 2010). Rawat et al. (2002) found that the aqueous
extract of the root of Helianthus annus delayed and inhibited the germination and seedling growth of linseed
(Linuna usitatissium L.) and mustard (Brassia Juncia L.). Nandal and Dhillon (2005) reported that the aqueous
extracts of poplar leaves adversely affected the germination and seedling growth of some wheat varieties at high
extract concentrations. Mulatu et al. (2006) reported that aqueous extract of Parthenium hysterophorus leaves
and flower inhibited seed germination of lettuce. Preliminary investigations have revealed that the aqueous
extract from the leaves of 7. diversifolia retarded the germination and the radicle growth of Oryza sativa,
Amaranthus cruentus, Capsicum annum and Lycopersicon esculentum (Ilori et al., 2007; Otusanya et al., 2007;
Otusanya et al., 2008). Khan et al. (2009) reported that the reduction in germination counts of wheat became
more pronounced with increasing levels of Eucalyptus camaldulensis aqueous extract concentration. Javed and
Asghari (2008) also found that the leaf extract of Helianthus annus inhibited the rate of germination of wheat
seedlings. A related work by Arshad (2011) showed that the water and methanolic extracts of Withania somnifera
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markedly suppressed the germination, root and shoot growth of Parthenium hysterophorus.

The growth of the plumule and radicle of the water and methanolic extracts treated seedlings of the test crops
were significantly inhibited at P < 0.05. The inhibition of the growth of the radicle of G max and Z. mays were
more pronounced than that of the plumule growth. These results corroborates the earlier findings of several other
workers such as Chou and Kuo (1986), Alam (1990), Zackrisson and Nilsson (1992) and Munir and Tawaha
(2002) who all asserted that root growth was more sensitive to the increasing concentration of plant aqueous
extracts in comparison to the shoot growth. The more accentuated effect of the allelochemical on the roots might
be due to their closer contact with the leachates or extracts especially when maintained on filter/germination
paper (Chung et al., 2001). Rahman (1998) reported that aqueous extract derived from the inflorescence, stem,
and leaves of Parthenium hysterophorus L. inhibited the growth of radicle and plumule of Cassia sophera Linn.
Florentine et al. (2006) observed that allelopathy is characterized by reduction in plants emergence or growth,
reducing their performance in the association. A similar result was reported by Kushima (1998) who stated that
there was an inhibition of the growth of the plumule length of tomato seedlings by the application of leachate
from water melon seeds. James and Bala (2003) found that dried mango leaf powder significantly inhibited the
sprouting of purple nutsedge tubers while Yang et al. (2006) reported that its aqueous extract inhibited the
germination and growth of some crops. Also, the results in this study was consistent with the finding of Ilori et al.
(2007) who stated that the radicle growth of Oryza sativa was inhibited by the aqueous extract of 7. diversifolia
(a close relative of the donor plant). This retardation of the juvenile seedling growth of the target crops was
observed to increase significantly with increasing extract concentrations. This was consistent with the work of
Khan et al. (2009) who reported that the inhibitory effects of aqueous extracts of Fucalyptus camaldulensis L. on
germination and seedling growth (fresh and dry weight) of wheat were increased as the extract concentration
increased. A similar result was obtained by Swapnal and Badruzzaman (2010) on the allelopathic effect of
Croton bonplandianum Baill. weed on seed germination and seedling growth of crop plants. They reported that
the root length, shoot length of Melilotus alba Medik., Vicia sativa L. and Medicago hispida Gaertn. decreased
progressively when the plants were exposed to increasing concentration of the extract of Croton bonplandianum
Baill. Khan et al. (2009) from their study of the effect of Eucalyptus extracts on twelve varieties of wheat
concluded that the variation in germination of different varieties might be due to variation of the genetics of
these twelve varieties. Likewise, it was observed in this study that the response of plants to allelochemicals
toxicity was found to be dependent on plant species. The most affected crops were G max and Z. mays for
radicle fresh and dry weights and V. unguiculata for germination.

5. Conclusion

It can be summarized from the results of this study that both the water and methanolic extracts at any
concentration inhibited the germination, growth and ultimately the yield of the test crops. The methanolic extract
was more phytotoxic than the water extracts. The extent of the inhibition by the water and methanolic extracts
followed this order: 100% > 75% > 50% > 25%. This affirmed the fact that the response of the target crops was
extract concentration dependent. In conclusion, the effectiveness of these extracts on the germination and growth
of the crops in this study showed that the presence of 7. rotundifolia would negatively affect the neighboring or
successional crop plants.
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Figure 5. Radicle fresh weight of the test crops as affected by the methanolic and water extracts of the fresh
shoots of T. rotundifolia. Capped bars indicate standard errors
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shoots of T. rotundifolia. Capped bars indicate standard errors

44



www.ccsenet.org/ijb International Journal of Biology Vol. 6, No. 1; 2014

3.25

S bicolor

V.o unguicuiata G.rmax Z. IS

o2

o
s
n

Radicle dry weight {g)

=}
=

3.05

Cont 16 7S SG 5 Cont 104 75 50 5 <ont Iy 7S S0 25

Concentration of Extracts{%)
OMethanclicoxtracs of fresh shoots (SNE Owater extract of froch shoots (FWE

Figure 7. Radicle dry weight of the test crops as affected by the application of the methanolic extracts and water
extracts of the fresh shoots of 7. rotundifolia. Capped bars indicate standard errors

Table 1. Results of analysis of variance of the traits determined

Radicle

Source daf Germination Plumule Radicle Plumule fresh Plumule  Radicle dry
ul . T . .
percentage length length fresh weight . dry weight weight
weight
Crops(C) 3 ok ok ok *% sk . *
Extracts(E) 1 Hk *k ok o sk ns ok
Conc. 4 Hk ok ok *3% o sk Kk
CxE 3 *ok ok ok o ok ns ok
CxConc. 12 Hk Hok *k Hk Heok sk sk
E x Conc. 4 Hk ok sk o sk ns %
CxEx 12 *k ok sk ok ok ns o
Conc

** P <0.05, df, degrees of freedom. Conc., concentration
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