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ABSTRACT

Plant species encroachment or invasion is next to deforestation in biodiversity destruction. Invasive
plant ousts endemic plant species by competition or/and allelopathy. Alternanthera brasiliana is an

invasive weed of the rainforest zone of Southwest Nigeria that is fast spreading and replacing other
forbs in the agroecosystem.Understanding the mechanism of its interaction will help in taking
decision on its management. This study sought to determine the allelopathic effect of varying
concentrations (100, 50, 23, and 12.5%) of aqueous extracts fiom fresh shoot (S) and root (R) of A.

brasiliana on germination and seedling growth of Amaranthus cruentus and Zea mays with the aim of
establishing its noxiousness and understand its invasive mechanism.

Effects of varying concentrations on germination of seeds, with water as control, was
investigated in petri-dishes in the Ecology Laboratory, Crop Protection and Environmental Biology,
University of Ibadan following complete randomized design (CRD) with three replicates. The
response of growth of seedlings of the two test crops to the various agueous extract concentrations
were also assessed at the roof top garden and screen house of the Department following CRD in three
replicates. One (1) ml of the extract was administered per petri-dish containing 10 seeds of A.
cruentus and 2 ml per petri-dish containing 10 seeds of Z. mays. Three hundred (300) ml of extract at
varying concentrations was administered per pot of five seedlings of A. cruentus and one seedling of
Z. mays. Percentage germination, number of leaves, leaf area, plant height, root length, shoot dry
weight and root dry weight of seedlings were measured using standard methods. Data were analyzed
by ANOVA and treatments of any parameter with significant means were separated using least
significant difference at 5% level of probability.

The varying concentrations of shoot and root had no significant effect on percentage germination
in A. cruentus. Germination ranged from 86.7% in Control to 100% in R100 concentrations. At low
concentrations af root extract R12.5 and R50, the germination of maize seeds were 76.7% and 86.7%
respectively. As the concentration of shoot extract increased, growth of seedlings of A. cruentus and
£. mays increased significantly (p<0.05). Compared to control, S100 in A. cruentus increased
significantly the number of leaves (13.8 £ 0.7), rvot length (23+0.7 cm), leaf area (20.6+1.0 cm’) and
shoot dry weight (9.7+ 0.9g/plant). Also, in Z. mays, S100 significantly (p<0.03) increased the shoot
dryweight (19,.5+0.58 g/plant).

This study showed that interference of Alternanthera brasiliana in the ecosystem may not be by
allelapathy. Rather; its aqueous extract enhanced the performance of Amaranthus cruentus and Zea
mays. The implication of the study may be that if Alternanthera brasiliana is used as a muleh material,
it may not impede germination, but may enhance performance of crop in addition to other benefits of
straw mulching.
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INTRODUCTION

Alrernanthera brasiliana (L.) Q. Kuntze
belongs to the family Amaranthaceae and it is
considered to be a weed in the tropics. Sajeev er
al. (2012) reported that, although Alternanthera
brasiliana is an ornamental plant, it is now fast
spreading as a result of its vegetative growth as
both ruderals and agrestals. It is known as
Brazilian joy weed. and originates from the
tropical and subtropical regions of Australia and
South America (Saawan er al., 2011), Species
which crossover their natural distribution and get
introduced to new habitat are known as alien
species (Keane and Crawley. 2002). When alien
species increase their spread in the new location
to the extent of displacing local biota, they are
called invasive species (Mitchell and Power.
2003).

Alternanthera brasiliana has been observed
to spread and displace native flora wherever it is
growing, Factors that enhance the success of
invasive species include the production of large
quantity of seeds (Enserink, 1999), their mode of
propagation being vegetative and sexual
(Silvertown. 2008). strong ability to rapidly
colonize an area, which may be due to
competition (Funk and Vitousek, 2007). rapid
growth rate (Bums, 2006) and production of
allelochemicals which deter other plants from
‘establishing- in their vicinity (Callaway and
Ascheloug, 2000).

Allelopathy is a phenomenon that involves
the release of allelochemicals. It is an example of
ammensalism interaction in which one of the
relating organisms is losing while the other is
unaffected (Radosevich et al., 1997). However, it
has been redefined as the beneficial or harmful
effect of one plant, both crops and weed species,
by the release of chemical substance (Han er al,
2008). Aqueous extracts of certain plant species
on seed germination. seedling growth and plant
biomass of other plants have been reported 10
exhibit inhibitory and stimulatory effects
(Owsanya er al., 2007; Oyerinde er al., 2009),
Ratwat er al. (2002) reported that water extract of
Helianthus annus L. inhibited germination of
seeds of tobacco (Nicotiana tabacum L.), linseed
(Linn usitatissu L.), mustard ( Brassica junceal..)
and wheat (Triticum sp.). Also. several medicinal
plants that produce and store large amounts of
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secondary metabolites hayve been reported to
have pronounced effect on the growth and
distribution of flora in their vicinity
(Alagesaboopathi, 2011). Mathela (1994)
reported that the secondary metabolites
(flavonoids. glycosides, steroids and
diterpenoids) of some medicinal plants
accounted for theirallelopathic activity.

Although 4. brasiliana has been reported as
a medicinal plant (Anonymous. 2005; Macedo et
al., 2009). reports on its allelopathic potential are
limited. In addition, Lemmens and Horsten
(1999) reported that some species of
Alernanthera are noxious weedsin upland rice,
carrot and tomato (Alternanthera sessilis), in
irrigated rice (Afrernanthera philaxeroides) and
in coffee plantation (Alrernanthera brasiliana).
Recently, it is observed that Tithonia diversifolia
is fast being replaced by A. brasiliana in the
fallow and farmlands in Ibadan, Nigeria, This
displacement may be as a result of competition
or/and allelopathy. Thercfore, the objectives of
this study are 10 investigate the allelopathic
effects of varying concentrations of aqueous
extract of fresh shoot and root of Alrernanthera
brasiliana on the germination of seeds of
Amaranthus cruentus and Zea mays and on the
growth of their seedlings. '

MATERIALS AND METHODS

The experiment was carried out in the
Ecology Laboratory, roof top garden and screen
house of the Department of Crop Protection and
Environment Biology., University of Ibadan,
(Latitude 7°27.047'; Longitude 3°53.832";
clevation 214m asi), Tbadan. Nigeria from
December 2012 to March 2013, Ibadan is in the
lowland rainforest-savanna transition ecological
zone in the Southwestern, Nigeria. with a mosaic
vegetation of fire tender trees and secondary
grassland (Awodoyin et al., 2007). The soil used
for pot experiments was sandy loam, collected in
the crop garden of Crop Protection and
Environmental protection Biology, University of
Ibadan. Seeds of 4. cruentus and Z. mays were
obtained from the Institute of Agriculuural
Research and Training, Moor Plantation, Ibadan.
Fresh shoots and roots of 4. Arasiliuna were
collected from the erop garden of the Department
of Crop Protection and Environmental Biology,
University of Ibadan,
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The extraction procedure was carried out
according to the method of Ahn and Chung
(2000) with modification. Instead of 72 g of
freshly harvested plant parts being used by the
authors, 144 ¢ was used in this study to prepare a
stock solution with higher concentration. Shoots
and roots of 4. brasiliana were cut into chips.
ground with mortar and pestle, soaked in one litre
of distilled water for 12 hours and [Gltered
through cheese cloth and Whatman No.1 filter
paper. The final filtrates obtained from cach plant
part were considerad as the stock solution. Other
concentrations of the aqueous extract (50%. 25%
and 12.5%) were obtained using serial dilution
with distilled water (equal V/V). The extracts
were stored in the refrigerator at 20°C to prevent
putrefaction and degradation of the
allelochemicals that may be present in them. The
nine treatments were Distilled water
(CONTROL). 100% concentration of [resh shoot
aqueous extract (S100), 50% concentration of
fresh shoot aqueous extract (S50). 25%
concentration of fresh shoot agueous extract
(825).12.5% concentration of fresh shoot
aqueous extract (S12.5). 100% concentration of
fresh Toot aqueous extract (R100), 50%
concentration of fresh root aqueous extract
(R50), 25% concentration of fresh root aqueous
extract (R23), 12.5% concentration of fresh root
agqueous extract (R12.3),

The s¢eds of amaranthus and maize were
sterilized separately in 5% sodium hypochlorite
for 90 seconds to prevent fungi infection, after
which they were rinsed for five minutes in
running tap water. The seeds were randemly
selected and washed thoroughly in distilled
water. Fifty four petri-dishes were sterilized
using 5% sodium hypochlorite, rinsed
thoroughly and lined with Whatman No. 1 filter
paper. Nine petri-dishes were in each replicate.
Ten seeds of each test crop were placed in cach
petri-dish. The filter paper in the petri-dishes was
replenished with appropriate treatments daily to
prevent drying out (2ml for maize and 1ml for
amaranthus). The petri-dishes were incubated at
room temperature (27°C) for a period of seven

days in cach experiment. The number of seeds
that germinaled in cach petri-dish was counted
and recorded, taking protrusion of plumule as
criterion  for germination. The germination
experiment for each test crop was done in two
trials.

For growth experiment, seeds of 4. cruentus
were sown in bags (13 x 9 em) that contained 4 kg
soil. while sceds of Z mays were sown in bags
(13x 1] ¢m) that contained 5 kg scil. Each bag
was supplied with 300 ml of water daily for two
weeks. AlL2 weeks after sowing (WAS) seedlings
in cach bag for 4. eruenfus were thinned to five
scedlings per bag while in maize it was thinned to
one seedling per bag. The treaiments (300
ml/bag) were applied from 2 WAS. having taken
the initial readings on growth parameters.
Thereafter, destructive sampling was done
randomly at weekly interval from 2 to 6 WAS for
A.crventus, while itwas 2 to 8 WAS for Z mays.

The growth parameters taken (or each test
crop were plant height (using meter rule). root
length (using meter rule). number of leaves (by
visual counting) and leal area. The leaf'area for 4.
cruentus was determined from the formula length
x breadth x 0.5 (Otusanyaer a/., 2007) and that of
maize from the formula length x breadth x 0.7
(Elings. 2000). For biomass determination. the
plant in each pot was lifted out with the ball of
earth and lowered into a bucket of water to loosen
the soil so that the root can be fully recovered as
much as possible (Awodoyin and Ogunyemi,
2005). Each of the plants was harvested and
separated into shoot and root. packaged
separately in envelopes, labeled and then oven-
dried 1o constant weight at 80°C in a Gallenkamp
oven. The dried plant parts were then weighed on
amettler balance (model P1210) to obtain the dry
weight. All experiments were conducred in three
replicates. The design for each experiment was
completely randomized design (CRD).
Treatments in each experiment were statistically
compared using ANOVA following SAS (2000).
Treatments of parameters with significantly
different means were scparated using least
significant difference (LSD p<0.03).
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Table 1: Effect of varying concentrations of shoot and root aqueous extracts of 4. brasiliana on
germination of seeds of Amaranthus cruentus and Zea mays in Ibadan, Nigeria

% Germination

Treatments Amaranthus cruentus Zea mays

Trial 1 Trial 2 Trial 1 Trial 2
CONTROL - 93.3+£0.82 96.7+ 041 100.0 = 0.00
8125 90.0£1.22 90.0+0.71 90.0+0.41 90.0 £0.00
525 90.0£0.71 70.0 = 1.87 93.3+041 96.7 =041
S50 100.0+ 0.00 86,7+0.82 90.0=0.71 96.7 =041
S100 96.7 + 0.41 86.7+1.08 96,7 =0.41 93.3+0.41
RI125 86.7+04] 96.7+ 041 76.7+1.08 90.0 £ 0.00
R25 93.3+0.82 90.0=0.71 93.3+0.82 96.7 0.4
R50 90.0£0.71 90.0=0.71 96.7 =041 86.7 = 0.41
R100 100.0 = 0.00 93.3+0.82 96.7 £ 0.41 96,7+ 0.41
LSD p<0.05 NS NS 4.8 8.1

Table 2: Effect of varying concentrations of shoot and root aqueous extracts ofdlternanthera

brasiliana on number of leaves and leaf area (em/plant) of Amaranthus cruentus at 6WAS and
Zeamays at 8WASin badan, Nigeria

TREATMENTS  4maranthus cruentus Zea mays

Number of Leaves Leaf area Number of Leaves  Leaf area
CONTROL 13.1 £0.6 95%0.8 16.0£0.7 215.0=20.0
S12.5 143+0.2 10.8+0.7 143+08 203.9+£9.7
8§25 133204 13112 14304 2117+ 24.0
S50 13.3%12 33217 1400 239.8 = 12.7
S100 13.6=0.2 20610 16308 2425277
R12:5 13.0£0.5 122 0.7 12.3£0.8 216.1 £25.2
R25 1.5+ 04 9.7£ 11 13.6=0.8 2159 =110
R50 L3307 9.1x12 16,0=0.7 199.9=18.9
R100 13.7+ 0.9 9.1+0.5 15704 278.0+ 10.6
LSD p<0.05 NS 3.1 1.6 45.9

Table 3: Effect of varying concentrations of shoot and root aqueous extracts of Alternanthera
brasiliana plant height (cm/plant) and root length (cm/plant) of Amaranthus cruentus at 6WAS
and Zea mays at 8 WAS in Ibadan, Nigeria

TREATMENTS _Amaranthus cruentus Zea mays

Plant Height Root fength Plant Height Root length
CONTROL 39215 184+1.8 121.7+£35.7 80.7 18,5
8125 358+£24 203+1.1 135551 74.0+£28.0
525 402+ 1,1 208+ 1.0 144+10.2 547+£29
S50 37419 209 1.0 1265+ 7.6 713 119
5100 41,7+ 1.5 23.0+0.7 1553+ 14.5 51.0£09
R123 33206 182404 1355+ 1.6 59304
R25 291+ 1.6 158+0.7 1448429 547+15
R30 32.7+3.0 21.3+0.7 143.7+3.9 5§7.3+23
R100 36,709 223423 150.5+ 4.6 69.0+12.6
LSD p<0.05 52 3.7 NS NS

260



Cuwosent & Awodoyin

Table 4: Effect of varying concentrations of shoot and root aqueous extracts of Alternanthera
brasiliana shoot dry weight (g/plant) and root dry weight (g/plant) of Amaranthus cruentus at

6WAS and Zea mays at 8 WAS in Ibadan, Nigeria

TREATMENTS _Amaranthus cruentus Zea mays
Shoot dry weight Reot dry weight Shoot dry weight  Root dry weight

CONTROL 6.5x0.7 1401 134+143 1.56£0.28
S12.3 6803 14+02 15.7 1.57 116014
825 7006 12200 14.53+0.60 1.1 £0.07
§50 6609 1.5+0.1 16.8+ 107 2.08 % 0.66
S100 9709 23202 19.5+0.38 1.93+0.18
RI2:3 7407 1,L1£0.] 11.0=0.94 0.81 £0.18
R25 57413 1.2+0.1 14.4+0.58 1.83£039
RS0 57+05 1.0+02 12.8+0.56 1.29 £ 041
R100 53203 1.3%0.6 16,5+ 069 1.67£0,03
LSD p<0.05 21 0.4 2.7 NS
RESULTS LeafArea

The mean percentage germination in A.
cruentus ranged from 86.7 to 100% in the first
trial and 70 to 96.7% in the second trial (Table 1).
There was no significant difference between
control and the varying concentrations of fresh
shoot and root extracts of 4. brasiliana in the two
trials. In Z. mays, germination ranged from 76.7
t0 96.7% in the first trial and from 86.7 to 96.7%
in the second triai. Control (96.7 £ 0.41% - Ist
trial and 100.0 = 0.00% - 2nd trial) was
significantly greater than $12.5 (90.0% in the 2
trials) and R12.5 (76.7% - 1st trial and 90.0% -
2nd trial) (Tablel).

Effect of varying concentrations of aqueous
extracts on growth and biomass accumulation
Number of leaves (NL)

At 6 WAS the NL of 4. cruentus ranged
between 11.5 in R25 to 14.3 in S12.5 (Table 2),
Generally, the NL was more in extract treatments
than Control, except R12.5 and R25, The NL was
less in root extracts than shoot extracts, but the
treatments were not significantly different.

Al 8 WAS the NL of maize was reduced by
both the shoot and root extracts with the number
ranging from 14 to [6.3 in shoot extract and 12.3
to 16.0 in root extract (Table 2). The S§12.5, 825,
850,R12.5,R25 and R100 were significantly less
than Control with regards to NL.

The leafarea of 4. cruentus ranged from 9.1
cm’/plant in R100 to 20.6 cm®plant in S100
(Table 2). The leaf area increased as the
concentrations of shoot extract increased but
conversely decreased as the concentrations of
root extract increased. The $25 (13.1 em¥/plant),
S50 (13.3 em’/plant) and $100 (20,6 cm*/plant)
were significantly (p<0.05) greater than Control
(9.5 em/plant). All other treatments and Control
were not significantly different.

In maize, the leaf area per plant for S50
(239.8 cm'/plant), S100 (242.5 cm’/plant) and
R100(278.0 cm/plant) were greater than Control
(215.0 cm7/plant), though only R100 was
significantly different (Table 2).

Plant Height

The root extracts at low concentrations
(R12.5 to R50) significantly suppressed height
growth compared to Control while shoot extracts
enhanced the growth, though not significantly
different from Control (Table 3). Amaranthus
cruentus plants given $100 were the tallest (41.7
cm), though not significantly taller than Control
(39.2 cm). However, the plants given R25 were
significantly shorter (29.1 em) than Control.

The plant height of maize compared to
Control (121.7 cm) was increased by the shoot
and root extracts, though the mean height values
were not significantly different. In the shoot
extract the mean height varied from 126.5 cm in
850t0 155.3 cm in S100, while in the root extract
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themean height ranged from 135.0eminR12.510
1530 5cminR100 (Table 3).

Root Length

InA. eruenius the root length ingreased as the
concentrations of shoot extract increased.
However, the root extracts did not follow a
specific wend. The plants g@iven, S100 had
significantly (p<0.05) longer roots (23 cm) than
Control (184 ¢m) (Table 3).

In maize, both shoot and root extracts
reduced root length compared to control (80.7
cm) at 8 WAS, For shoot extract the root length
ranged from 34.7cminR12.51069.0cmin R100,
The extract concentrations and Control were not
significantly different withregards toroot length.

Shoot Dry Weight

For A. cruentus the shoot dry weight at 6
WAS varied from 3.3 g/plant in R100 10 9.7
g/plant in S100 (Table 4). The shoot diy weight
inereased with increasing shoot extract
concentrations but decreased with inereasing root
extract concentrations. Only 5100 (9.7 g/plant)
was significantly (p<0.03) higher than Contiel
(6.5 g/plant) with regards-to shoot dry weight. All
other treatments and Control were not
significantly different.

The shoot dry weight of Z. mays plants that
received shoot extract treatments ranged [rom
14.5 g/plant in $25 (o 19.5 g/plant in S100, while
in those that received root extract treatments the
shoot dry weight ranged from 11.0 g/plant in
RI2.5 to 165 g/plant in RI100 (Table 4).
Generally, the shoot dry weight increased with
increasing concentrations in both shoot and root
extracts, With regards 1o shool dry weight $50,
5100 and R100 soncentrations were significantly
(p=<0.05) higher than the Control while others
were not significantly different.

Root Dry Weight

For A. cruennis the root dry weight varied
from 1.0 g/plant in R50 1o 2.3 g/plant in S100.
Only S100 (2.3 g/plant) was significantly
(p<0.05) higher than Control (1.4 g/plant). Other
treatments ‘and Control were not significantly
different (Table 4).

The root dry weight of Z. mayvs plants that
received shoot extract treatments ranged from 1. ]
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w/plant'in $25 to 2.08 g/plant in S50, However,
those that received root extract had their root dry
weight ranging from 0.8 1 ¢/plantinR12.510 1.83
g/plant in R25. Compared to Control (1,56
g/plant) the concentrations were not signiticantly
different (Table 4).

DISCUSSION

The result obtained from the study revealed
that in the germination experiment. application of
aqueous extract of Alernanthera brasiliana on
Amaranthus cruentus had no significant effect.
However, in maize while root extract at low
concentration (R12.3) significantly suppressed
sermination in the first trial, it was not significant
in the second trial. Though Fujil er al. (1992)
reported that allelopathy has ability to reduce or
cause depression in the germination of seeds, the
extracts of 4, brasiliana did not in this study. This
result is in agreement with Sangakkara et al.
(2003) who found that Tithonia diversifolia did
not suppress germination in maize.

On the other hand., shoot extract of A.
brasiliana stimulated seedling growth of 4.
cruentus and Z. mays. Result indicated a better
performance of 4. cruentus at 6 WAS and Z mays
at 8 WAS in the shoot extract at higher
concentration {S100) than in Control. This may
indicate that shoot extract of 4. brasiliana at high
concentration (S100) stimulated the growth, The
results of this study agree with Oudhia et al.
(1997) who reported that leachate of Blumeral
wcere L. promoted seedling vigourin wheat
( Triticum sp.) and germination was not affected.
However, the results are in contrast to the report
of Otusanya er al. (2007) that aqueous and shoot
extracts of T. diversifolia was inhibitory to the
cermination and growth of Amaranthus cruentus.

The shoot extract at high concentration
(S100) stimulated betrer dry matter accumulation
in Z mavs and A. cruentus seedlings than
Control. This conforms to the findings of
Oyerinde ef al. (2009) who reported that aqueous
extract of T. diversifolia stimulated growth of Z.
mayvs, Also. Oudhia (2001) reported positive
allelopathic effects of Parthenium leaf extract on
wheat.

The enhanced growth of seedlings of A
crienfus and Z, mays by the shoot extract of 4.
Brasiliana at high concentration (S100) revealed
that 4. brasiliana is allelopathic, but stimulatory
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rather than inhibitory. This indicates that the
spread of 4, hrasiliuna inthe ecosystem isnotas a
result of allelopathic displacement of other plant
species, It may be as a result of atiributes like its
extensive oot system, vegetative mode of
propagation (Sajeever a/., 2012), perennial life
eycle. or ability of 4. hrasifiana to withstand
trimming according to Lemmens and Horsten
(1999).Perenniality assists A. brasiliana 10
survive dry season. This may help the plant to
dominate a habitat and to fully establish. giving

little room for the indigenous species, and even .

other invasive alicn species, that are ansuals to
establish in another season.

The studv also reveals that shoot of
Alternanthera brasiliana may be used as mulch
in the production of 4. cruentus and Z mays. The
leachate from its decomposition may also be used
as a biofertilizer which is in accordance with
Sangakkara er «l. (2003) who reported in their
investigation that 7 diversifolia is a potential
green manure and organic fertilizer for vegetable
crops. This is further corroborated by Otusanya e
al. (2007) who reported the stimulatory effect of
T diversifolia on the germination and growth of
Orvza sativa.

This study showed that interference of
Alternanthera brasiliana in the ecosystem may
not be by allelopathy. Rather, its aqueous extract
enhanced the performance of Amaranthu

scruentus and Zea mays. The implication of the

study may be that if Alternantherabrasiliana is
used as a mulch material, it may not impede
germination, but may enhance performance of
crop.
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