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Abstract

The allelopathic effects of fresh shoot aqueous extract of Tithonia diversifolia (Hemsl.) A.Gray, an invasive species introduced into 
Africa from North and Central America, on the growth of seedlings of three woody species: Monodora tenuifolia, Dialium guineense 
and Hildegardia barteri were investigated. The fresh shoot aqueous extract of Tithonia diversifolia was applied to the established 
seedlings of the three woody species over a period of ten weeks. The fresh shoot aqueous extract of Tithonia diversifolia had a significant 
effect (inhibitory and stimulatory) on growth parameters such as shoot height, leaf area, number of leaves and chlorophyll content of the 
three woody species.The study revealed that the fresh shoot aqueous extract of Tithonia diversofolia have different effects (inhibitory and 
stimulatory) on the seedlings and the mode of action depends on the associated woody plant species. 
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Introduction

The two species of the genus Tithonia, Tithonia diver-
sifolia and Tithonia rotundifolia are native to North and 
Central America  from where they have been introduced 
to Africa.  They belong to the tribe Heliatheae and the 
family Asteraceae. This family is one of the most contribu-
tive families to the naturalized flora in Nigeria, as well as 
the most notorious contributors to the naturalized flora 
of the world (Wu and Wang, 2005). The family Asteraceae 
contains about 1620 genera; it is a very large cosmopolitan 
family with trees, vines, shrubs and herbs. They are distrib-
uted throughout the world, and are most common in the 
arid and semi-arid regions of subtropical and lower tem-
perate latitudes (Barkley et al., 2006).

In Africa, 11 species of the genus Tithonia have been 
introduced (Akobundu and Agyakwa, 1987); these two 
species of the genus have become invasive species in Af-
rica. They have become naturalized in Southern Africa, 
while Tithonia diversifolia was naturalized in West Africa 
(Moughalu and Chuba, 2005). In these areas, the species 
have established themselves as serious weeds of arable crop, 
plantations, abandoned lawns and roadsides. They are ag-
gressive colonizers of new sites, colonizing every available 
sunny space with highwater table. They are alloptric, never 
found growing in mixed population. Opinions vary as re-
gards to their introduction and subsequent establishment. 
In West Africa, Tithornia diversifolia has been reported 
to be introduced as an ornamental plant (Akobundu and 
Agyakwa, 1987) and with  imported grains (Lordbanjou, 
1991).

In Nigeria, especially in the lowland rainforest, as well 
as in other habitats, exotic plant species have dominated a 
sizeable portion of the secondary fallow vegetation (Im-
eokpara and Okusanya, 1994). Most farmers find it diffi-
cult to manage Tithonia sp. infestation in their farmlands, 
because the plant exhibit what is known as allelopathy 
(Imeokpara and Okusanya, 1994). Introduction of plant 
species, especially the invasive ones, into a new environ-
ment, deliberately or otherwise, may result into a cascade 
of unexpected ecological effects (Howard et al., 2000).  It 
has been reported that naturalized or invasive species may 
influence other species through competition, altered eco-
system processes or through other pathway such as allel-
opathy or phytotoxicity (Samuel et al., 2005).

Allelopathy is known to include both harmful and 
beneficial biochemical interactions between all types of 
plants, including microorganisms (Rice, 1984). Therefore, 
allelopathy has been described as the inhibitory or stimu-
latory effect of a plant (donor) on another plant (receiver) 
through the chemicals released from the donor plant to 
the environment, mostly in the soil (Taiwo and Mak-
inde, 2005). Samuel et al. (2005) have reported that in-
vasive species succeed over the native species through the 
mechanism of allelopathy. Extract from parts of certain 
invasive species such as Lolium arundinaceam (tall fescue) 
and Elaeagnus umbellata (autum olive) affected seedlings 
emergence time and leaf biomass of native tree seedling in 
varying degrees in North America (Samuel et al., 2005). 
Tongma et al. (1998) reported that T. diversifolia contains 
some allelochemicals and they suggested that the plant is 
capable of posing a serious threat of phytotoxicity to ag-
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pots were set aside for the experimental treatments with 
aqueous extracts from Tithonia diversifolia, while the re-
maining five served as control. 200 ml of the shoot extract 
were added to the individual seedlings every other day for 
about three months, while 200 ml of water were added to 
the control plants.

Data collection and analysis
Physical plant parameters such as plant shoot height, 

leaf length, leaf breadth with the latter two parameters 
used to calculate the Leaf Area (LA) using the formula of 
Hoyt and Bradfield (1962) were measured. All measure-
ments were done in replicates and the means were calculat-
ed. Determination of the chlorophyll content was carried 
out using the method of Comb et al. (1985). Chlorophylls 
‘a’ and ‘b’ and total chlorophyll contents were calculated 
as follows: 

Chlorophyll ‘a’ (µm) = 13.19A664 – 2.57A647; 
Chlorophyll ‘b’ (µm) = 22.10A647 – 5.26A664; 
Total chlorophyll (µm) = 7.93A664 + 19.53A647 or
 Chlorophyll ‘a’ + chlorophyll ‘b’. A664 = absorbance 

at 664 (µm) wavelength; A647 = absorbance at 647 (µm) 
wavelength. 

The data obtained were subjected to Analysis of Vari-
ance using the software SAS Release 8.1. Significant means 
were separated by Duncan’s  multiple range test at the 5% 
probability level.

Results

Growth characteristics during the period of the seedlings 
establishment, before the application of the extract
The three woody species seedlings revealed a steady in-

crease in the mean shoot height, mean leaf number and 
mean leaf area throughout the period of seedlings estab-
lishment, before the application of Tithonia extract. It 
was observed that H. barteri had the highest mean shoot 
height and mean leaf area, while D. guineense had the high-
est mean leaf number, lowest mean shoot height and mean 
leaf area. Monodora tenuifolia had the intermidiate shoot 
height, mean leaf number and mean leaf area (Fig.1). The 
analysis of variance for the seedlings growth parameters 
that were measured during the growing period, before ex-
tract application, revealed that H. barteri had a significant-
ly higher mean shoot height and mean leaf area (p<0.05) 
than M. tenuifolia and D. guineense, while D. guineense had 
a significantly higher mean leaf number (p<0.05) than  H. 
barteri  and Monodora tenuifolia (Tab. 1).

Growth characteristics of the seedlings during the period 
of extract application
The results of the measured three physical parameters  

of the three woody species during the application of the 
extract, weeks after establishment (WAE), revealed a 
steady increase in the mean shoot height, mean leaf num-
ber and mean leaf area throughout the period (ten weeks) 

ricultural crops. In addition, extracts from Tithonia spe-
cies have shown to cause retardation in germination and 
growth parameters as well as fresh and dry matter pro-
duction in Amaranthus cruentus; these retardations were 
shown to be pronounced in older plants (Otusanya et al., 
2007). They further suggested that the degree of retarda-
tion of the aqueous extract from fresh shoot was greater 
than the dry shoot aqueous extract. 

Many works on Tithonia species extracts have shown 
that it can be either beneficial or harmful to crop plants 
or weeds. The dual role of allelopathic substances on the 
growth parameters of woody plant species have not been 
fully investigated. Hence, the present study aims to inves-
tigate the effects of the fresh shoot aqueous extract of Ti-
thonia diversifolia on the growth of the seedlings of three 
woody plant species namely Monodora tenuifolia, Dialium 
guineense and Hildegardia barteri.

 Materials and methods

Collection of plant materials 
This study was carried out at the screen house of the 

Botany Department, Obafemi Awolowo University, Ile-
Ife, Nigeria, between January and July 2007. The plant 
materials used include fresh shoot of Tithonia diversifo-
lia and seedlings of Monodora tenuifolia Benth., Dialium 
guineense Willd. and Hildegardia barteri (Mast.) Kosterm. 
The fresh shoot of Tithonia diversifolia were collected from 
a research field containing T. diversifolia beside the screen 
house. The seedlings of the of D. guineense and H. barteri 
were collected from the Forestry Research Institute of Ni-
geria (FRIN), Ibadan, Nigeria, while the seedlings of M. 
tenuifolia and the top soil used for the study were collected 
from the reforestation project site of the Department of 
Botany, Obafemi Awolowo University, Ile-Ife, Nigeria. 

Seedlings establishment and treatments
The seedlings of the three woody plant species were 

transplanted into pots filled with topsoil. Twenty pots, 
perforated at the base (to allow drainage and prevent water 
logging) were set up for each species. The seedlings were 
left in a shaded area for about two months to allow them to 
acclimatize and survive the transplanting procedure. They 
were thereafter exposed to sunlight and adequate watering 
of the plants was done in order to establish them. Within 
the first two months, the shoot height, leaf area and leaf 
number of each plant were recorded weekly. Plants that 
showed symptoms of weakness were removed and replaced 
during this period. The pots with properly labelled plants 
were later moved into the screen house of the Department 
of Botany, Obafemi Awolowo University,Ile-Ife, Nigeria. 
Extract from the fresh shoot of Tithonia diversifolia was 
prepared using the methods of Ahn and Chung (2000) 
and that of Samuel et al. (2005). After the successful estab-
lishment of the plants into their new environment, each 
species was randomly divided into two groups. Fifteen 
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of extract and water applications. In the extract applica-
tion regime, the mean shoot height and mean leaf area of 
H. barteri is significantly higher than those of M. tenui-
folia and D. guineense, while its mean leaf number is sig-
nificantly lower. In the water application regime, which is 
the control, all the three measured physical parameters of 
H.barteri were significatly higher than that of M. tenuifolia 
and D. guineense  (Tab. 2). The growth rate in H. barteri 
and M. tenuifolia was very sharp and a consistent trend was 
observed in both treatment regimes, whereas D. guineense 
maintained a slow increase throughout the growing pe-
riod. Comparison of the response of the seedlings of the 
three woody species to extract and water application re-
gimes  revealed that the plants grown in the extract regime 
had higher mean shoot height and higher mean leaf area 
in H. barteri and M. tenuifolia than those grown in the 

water regime. The seedlings of all the three woody species 
had higher values for mean leaf number in the extract re-
gime than the water regime. D. guineense had higher mean 
shoot height and higher leaf area in the water regime than 
in the extract regime. (Fig. 2a, b, c). The t-test showed that 
the seedlings in the extract regime had significantly higher 
values for the measured physical parameters than in water 
regime.

 The results of the chlorophyll content of the seedlings 
of the three woody species in the extract and water appli-
cation regimes revealed a decline in their chlorophyll con-
tent as the growth period progresses in the extract regime, 
while it was not the same in the water regime (Fig.3a, b, 
c). The rate of decline was the most for D. guineense, least 
in H. barteri and intermediate in M. tenuifolia. The t-test 
showed that the seedlings in the extract regime had sig-
nificantly lower values for the chlorophyll than in water 
regime.

Discussion

The effects of fresh shoot aqueous extract of Tithonia 
diversifolia on the growth characteristics of the selected 
three woody species: M. tenuifolia, D. guineense and 
H. barteri were investigated in this study. The choice of 
growth parameters of young seedling was due to the fact 
that known sites of action for some allelochemicals have 
been reported to include cell division, pollen germination, 
nutrient uptake, photosynthesis and specific enzyme func-
tion, with commonly cited effects being reduced on seed 
germination and seedling growth (Ferguson and Rathina-
sabapath, 2009). The results clearly showed that Tithonia 
diversifolia aqueous shoot extract is an important factor in 
the growth of these woody species. Studies carried out in 
the past on allelopathy activity of Tithonia diversifolia have 
revealed that it could affect the growth and development 

Week before application of extract
Fig. 1. Growth characteristics of the three woody species during the period of the seedlings 
establishment, before the application of the extract

Tab. 1. Response of the three woody species seedlings during the 
period of the seedling establishment before the application of 
the aqueous extract

MSH MLN MLA
H. barteri 42.84a 6.45b 227.09a

M. tenuifolia 23.49b 8.55b 102.33b
D. guineense 21.66b 13.30a 56.27c

Means in each column with the same letter are not significantly different at p < 0.05

Tab. 2. Response of the three woody species seedlings during the 
period of aqueous extract application

Water regime Extract regime
Species MSH MLN MLA MSH MLN MLA

H. barteri 51.08a 9.90a 299.36a 61.45a 13.79b 400.22a
M. tenuifolia 28.13b 6.43b 114.92b 36.50b 16.47a 153.56b
D. guineense 28.77b 9.10a 72.42b 24.79c 19.41a 57.31c

Means in each column with the same letter are not significantly different at p < 0.05
MSH- mean shoot height, MLN- mean leaf number and MLA- mean leaf area
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Fig. 2a. Response of mean shoot height of the three woody species to water and 
extract regimes during growing period after establishment

Fig. 2b. Response of mean leaf number of the  three woody species to water and 
extract regimes during growing period  after establishment

Fig. 2c. Response of mean leaf area of  the three woody species  to water and 
extract regimes during the growing period after establishment
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M. tenuifolia and H. barteri, but it was inhibitory in D. 
guineense. This is in agreement with the findings of Nassir 
et al. (2005) on the stimulatory effect of Stevia rebaundi-
ana on lettuce and cucumber, and with the work of Mo et 
al. (2004) where they reported that aqueous extract from 
Lactarius hatsudake had stimulatory effect on the growth 
of rice. Taiwo and Makinde (2005) have equally reported 
similar effects when Vigna unguiculata was treated with 
extract from Tithonia sp. 

The plant characteristics that were examined in this 
study revealed that each plant had its own response to 
the extract regime during its growth; however, a general 
pattern could be established. This study shows that the 
mean shoot height of M. tenuifolia and H. barteri seed-
lings were higher in the extract regime than in water, even 
though it was more pronounced in H. barteri. It shows 
that the growth of these two woody seedlings, except for 
D. guineense, was not inhibited by the allelochemicals that 
are present in the fresh shoot extract of Tithonia diversi-
folia species. Inhibitions of germination and growth by 
some members of Asteraceae family in several plants have 
been reported (Analuisa and Silvia, 1978), and Otusanya 
et. al. (2007) who noted that growth parameters of Ama-
ranthus cruentus have been inhibited by aqueous extract 
of T. diversifolia. Similarly, Baruah et al. (1994) have re-
ported inhibition of some crops by Tithonia diversifolia. 
These reports support the observed inhibition of growth 
found in D. guineense and contradict the present observa-
tions with the other two woody species. 

The leaf area results show that in the extract regime, 
the leaf area of the seedlings was higher than in those of 
seedlings in water regime, except again for D. guineense, 
where that of water regime was a little more than that of 

of other plants, including the growth of several crops (Oy-
erinde et al., 2009), and most times, it completely suppress 
other plants that share the same habitat (Liu and Lovett, 
1993). The allelopathic interactions between plants have 
been implicated in the patterning of vegetation and weed 
growth in agricultural systems (Rice, 1984). 

The results of the experiments show that the extract of 
Tithonia diversifolia could either have inhibitory effect or 
promote the growth of the seedlings of the three selected 
woody species. The results clearly show that the extract 
promoted the shoot height, leaf number and leaf area in 

H
B

8W
A

E

H
B

10
W

A
E

H
B

12
W

A
E

H
B

14
W

A
E

H
B

16
W

A
E0

3
6
9

12
15
18
21
24
27

w r
er

Y

C
hl

or
op

hy
ll 

co
nt

en
t

Week after establishment
Fig. 3a. Chlorophyll content of Hildegardia barteri in water and 
extract regimes
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the extract regime. The observation with D. guineense is 
found to be consistent with the findings of Patterson 
(1981), who reported that applications of some synthetic 
allelochemicals reduce the leaf area of soybean. Einhellig 
et al. (1982) stated that allelochemicals must be present 
at a level above threshold concentration for the impact to 
be seen. This perhaps was the case with the seedlings of M. 
tenuifolia and H. barteri, where lower concentration of the 
extract may have enhanced the leaf area rather than inhib-
iting them. In addition, seedlings grown in extract regime 
were shown to have an increase in the mean number of leaf 
as compared to those grown in water regime. 

The results equally show that chlorophyll content of 
the seedlings grown in water regime were higher than 
those grown in extract regimes; the extract greatly reduce 
the chlorophyll contents of the seedlings grown in it. It 
shows that the extract of Tithonia diversifolia reduced the 
chlorophyll contents of the plant grown in it, and the effect 
is much more with the seedlings of D. guineense than for 
the other two species. Similar results have been observed 
where extract from allelopathic plants have been shown 
to impair chlorophyll synthesis or reduce chlorophyll 
content in plants (Colton and Einhellig, 1980; Alsaadwi, 
1992; Otusanya et al., 2007). The reduction in chlorophyll 
content would definitely results in impaired or reduced 
photosynthesis, thereby leading to a reduction in growth 
of the affected plants (Yang et al., 2002). This appears to 
be the reason why the shoot height in D. guineense is great-
ly reduced as compared to the other two species.

In general, the results revealed that H. barteri seedlings 
responded more positively than the other two species to 
the extract. This might be because H. barteri is a tree with 
soft wood while the other two species are hard wood. The 
response of D. guineense might equally be because it is a 
hard wood with dense leaf crown.

In conclusion, this study has shown that the effect of 
Tithonia diversifolia shoot extracts on the three woody spe-
cies seedling was pronounced. It reinforces the importance 
of Tithonia diversifolia as an allelopathic plant which gives 
either stimulatory or inhibitory interaction with other 
plant species. We therefore suggest that Tithonia diversi-
folia could be used as an allelopathic plant, which can be 
employed to achieve an increase in the seedling of some 
woody species.
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