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Abstract: The allelopathic potential of the leaves (Lv), leaves + stem (LvS), bark and root of Acacia mearnsii
was studied. This was done by examining The effect of aqueous extract and the plant debris on seed
germination and emergence of cabbage (Brassica oleracea), African love-grass (Eragrostis curvula) and maize
(Zea mays). Germination of cabbage and African love-grass were significantly (P<0.05) inhibited by the different
concentration (10g/l, 20g/l and 40g/l) of plant parts extracts. The germination inhibition was in the reducing
order of LvS >Lv >Root > Bark. Germination index was lower in all the extract treatments compared to the control
for both cabbage and African love-grass. This implies that extracts of all the plant parts exhibited varying
degree of inhibition to seed germination. The application of debris from various parts of A. mearnsil resulted
in 6.7 – 46.7%, 50 – 70% and 0 -33% suppression in the emergence of cabbage, African love-grass and maize
seeds respectively. This study lends scientific evidence to the allelopathic potentials of A. mearnsii and the
variation in effect among different parts of the plant. We, therefore, conclude that A. mearnsii may be further
explored in the biological control of weeds.
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INTRODUCTION which is thought to prevent the establishment of seeds of

Acacia mearnsii de Wild (Fabaceae) is a fast-growing To proffer an effective control measure to the
leguminous tree that is indigenous to South Eastern invasion of rangelands by A mearnsii, adequate
Australia.  It  was  introduced  to   South   Africa  about understanding of the cause of reduction in population of
150  years  ago  primarily  for  the  tanning  industry  [1]. grasses and other indigenous species underneath it is
Its invasion of South Africa grassland is viewed to have imperative. The objective of this study therefore, was to
attained an economic threshold that requires scientific assess the allelopathic potentials of different parts of A.
intervention for control [1, 2]. Dense populations of the meansii plant on the germination and early growth of
tree are found around water bodies with immense effect some plant seeds. The three test crops used in this study
on the areas hydrological balance [4]. Visual observation include Cabbage (Brassica oleraceae), African love-grass
across sites with A mearnsii invasion showed a drastic (Eragrostis curvula) and Maize (Zea mays). Cabbage was
reduction in the preponderance of indigenous grass selected as a standard for its conventional use in many
species and most times a complete eradication of such phytotoxicity and allelopathy experiments due to its
grass populations. The cause of these effects is yet to be sensitivity. African love-grass is a common grass species
established by scientific investigation. in most rangelands of South Africa, while maize was used

Few authors have speculated the possibility of some only in the debris bioassay study as a convectional
degree of allelopathy, but such effect has not been cultivated crop.
defined since most species are eradicated within the
system [5, 6]. Another school of thought is the high MATERIALS AND METHODS
shade effect that results from clusters of A. mearnsii trees
and shrubs. This is believed to have the potentials to Sample Collection: Acacia mearnsii was collected from a
stunt the growth of understory grass species, but not natural population of its matured trees at Elliot, Eastern
complete eradication as generally observed. The leaf litter Cape, South Africa. Cabbage (Var: Drumhead) and Maize
under A meansii stands often results in thick mat layer, (Var:  CRN  3505) seeds  were  obtained  from  commercial

other species around the A. mearnsii invaded areas.
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seed dealers, while the seeds of African love-grass were GI = [(G/G ) x (L/L )] x 100
obtained from the seed bank of Pasture Science
Department, University of Fort  Hare. The seeds of Where:
African love-grass were part of 2006 field collection and GI= Germination index
have completed the required one year storage time lag to G  = Germination percentage of control 
break dormancy. L  = Radicle length of the control 

Determination of Chemical Composition of A. Mearnsii L = Radicle length 
Plant Parts: Electrical conductivity (EC) and pH were
determined in water extract (1:10 w/v) of the plant parts The treatments were replicated three times to yield a
using pH and EC meter (Model: WTW pH 340-A/set-1 total of 78 experimental units, that were laid out as a three
and  WTW  Cond  330i/SET  respectively) according to factor experiment in completely randomized design.
the method described by [7]. Total nitrogen and carbon
content was determined on a 150 mg sub-samples using Debris Bioassay Study: The powdered plant materials
a LECO Carbon and Nitrogen auto-analyzer (model were applied to top soil at the rate of 0, 2, 4 and 8 g /1200
TrueSpec CNS 1.1,  Leco  Corp.  St.  Joseph,  MI,  USA). g of soil in a pot; this corresponds to 0, 4.0, 8.0 and 16.0 t
The C: N ratio was calculated from the total N and C ha respectively using a derivation based on 2.24 x 10  kg
content. soil/ha on 15 cm deep furrow slice. Five seeds each of

Preparation of Aqueous Extract of A. Mearnsii: Leaflets love-grass (Eragrostis curvula) and Maize (Zea mays)
with the primary mid rib were separated and regarded as were planted in separate pots arranged on a raised
leaves (Lv), while the complete bipinnate leaves were platform in a screen house fitted with automated climate
removed from the main stem and designated as leaf + stem control facilities for temperature and humidity.
(LvS) in this study. Bark of fully matured stem was Temperature was maintained at 26 C and humidity at 75%.
designated as bark, while the non lignified roots were The pots had drainage holes at the base to prevent over
referred to as root. All plant materials were oven-dried at watering. Two grains of Horticote slow release fertilizer
60 C for 72 hours and pulverized in a hammer mill fitted was applied to each pot, to supply the required nutrient
with 1mm sieve [11, 12]. for early growth. The seedling emergence count was taken

Twenty grams of each plant material was added to at one week after planting, while the plant shoots were
one liter distilled water and agitated for 48 h before harvested 21 days after planting to determine the
filtration through Whatman 41 filter paper. The filtrate was aboveground biomass. The study was a three factor
freeze dried at -50 C under vacuum using Savant experiment laid out in completely randomized design with
refrigerated vapour trap (RVT4104, USA). Freeze dried three replicates. 
plant materials were reconstituted in distilled water to give
the desired concentration of 10 g/l, 20 g/l and 40 g/l. Data Analysis: Data were subjected to ANOVA for

Seed Germination Experiment: The treatments consisted factors and their interactions in the two studies. Separate
of three extract concentrations including distilled water F-tests were conducted for each factor to account for the
only as control. Twenty seeds each of cabbage var differences that existed among the levels of the factors.
Drumhead and African love-grass were placed in different All ANOVA tests were conducted using the GLM
covered Petri dishes lined with filter paper. The Petri procedure of SAS (SAS Institute, 1999) and means were
dishes were wetted with 5 ml of the plant extract or separated with Fisher LSD procedure. 
distilled water for the control. Thereafter, the Petri dishes
were incubated at 27 C without illumination. Percentage RESULTS
germination count was taken after 4 days, where seed with
5 mm radicle was considered as germinated. Growth was Chemical Characteristics of Different Part of Acacia
assessed on the length of radical taken from five randomly Mearnsii Plant: The pH, EC, total N, total C and C:N ratio
selected seeds. A germination index (GI) was computed varied significantly (P<0.05) among the parts that were
from the percentage germination and the length of the investigated in this experiment (Table 1). The pH was mild
radicle using the expression of [8] as follows: acidic  for  all  the  plant  part,  but  the highest value of

0 0

0

0

G = germination percentage of the extract treated

-1 6

Cabbage (Brassica oleracea)  var  Drumhead,  African

factorial experiment, to test the differences among the
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Table 1: Chemical characteristics of different part of A. mearnsii plant

EC Total N Total C C:N

Plant part pH uS m % % %-1

Leaves(Lv) 5.42 0.021 2.68 49.77 18.58

Leaves + Stem (LvS) 5.78 0.010 2.37 50.93 21.53

Bark 5.93 2.440 1.07 48.77 45.60

Root 5.29 0.005 1.27 43.13 33.88

CV 1.17 20.61 1.34 0.66 1.96

LSD 0.13 0.25 0.05 0.64 1.17

Table 2: ANOVA probability (Pr>F) levels for main effects and interactions in aqueous extract study and debris bioassay study

Aqueous extract study Debris bioassay study

---------------------------------------------------------------------------------------------- --------------------------------------------------

Source of variation Germination Percentage Root Length Germination Index Emergence Percentage Biomass

Main effects

Plant part <0.001 0.0015 0.0136 0.0321 0.0124

Test crop <0.001 0.5118 0.6469 <0.0001 <0.0001

Application rate <0.001 <0.001 <0.001 0.0115 0.0001

Interactions

Plant part * Application rate 0.0012 0.4328 0.2807 0.8809 0.1343

Plant part * Test crop 0.0891 0.0002 0.0340 0.4904 0.0032

Application rate * Test crop 0.0975 0.0018 0.9849 0.1148 0.0116

Table 3: Effects  of different  concentration  of A. mearnsii aqueous extract on the germination, root growth and germination index of Cabbage and African

love-grass

Germination (%) Radicle length (mm) Germination Index

----------------------------------------------------- ----------------------------------------------------- ---------------------------------------------------------

Extract conc. Lv LvS Bark Root Lv LvS Bark Root Lv LvS Bark Root

Cabbage

Control 98.3 29 100

40 g/l 1.66 0 90.0 38.3 0.2 0 7.2 10.9 0.03 0 23.0 15.6

20 g/l 35.0 10. 93.3 100 6.6 3.0 6.6 6.5 11.2 1.86 21.8 22.7

10 g/l 65.0 96.6 96.7 58.3 15.7 19.7 7.4 12.7 38.5 68.1 24.9 26.0

LSD 38.3 15.1 NS 47.3 8.8 12.2 NS NS 30.9 42.7 NS NS

Eragrostis curvula

Control 62.5 25 100

40 g/l 0 0 45 25 0 0 13.3 5.7 0 0 37.7 9.7

20 g/l 23.3 0 36.7 25 6.4 0 16.6 7.1 10.6 0 40.8 10.17

10 g/l 38.3 31.7 60. 56.7 14 10.5 13.7 17.4 36.7 23.1 58.0 51.3

LSD 22.0 19.9 NS NS 9.4 3.9 NS 6.9 NS 20.7 NS 16.6

Extraction Concentration: Full strength= 33.3 g L , half strength = 16.7 g L , Quarter strength= 8.3 g L Plant part: Lv= leaves, LvS= Leaves + Mid-rib;-1 -1 -1

Stem= Bark, Root = non lignified root

5.93 was recorded for the bark. Electrical conductivity was root and bark respectively. Total C content of the plant
substantially higher in the bark in comparison to the Lv, parts ranged from 4.13 – 5.93 g kg with the Lvs having
LvS and root where the values obtained were a hundred the highest while the root had the lowest. The C:N ratio
fold lower (Table 1). The Total N content of the Lv was ranged from 18.6 – 45.6, with Lv being the least while the
11.6, 52.6 and 60 % higher than the N content of the LvS, highest was the bark.

-1
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Fig. 1: Effects of different part of A. mearnsii on the of 20 g/l of Lv and LvS yielded the lowest GI with both
germination,  root  growth  and  germination  index cabbage and African love-grass seeds, while GI was not
of Cabbage and Africa love-grass seeds. Bar significantly (P<0.05) affected by the different extracts of
Represent LSD bark and roots on cabbage seeds (Table 3). 

Germination and Radicle Elongation of Seedlings:
Germination  of  both  Cabbage  and  Africa  love-grass
were significantly (P <0.05) affected by the different
concentration  of  extracts   from   the   various   parts  of
A. mearnsii. Germination inhibition increased with the
reduction in concentration of the aqueous extract on both
cabbage and African love-grass seeds (Table 3). General
germination inhibition due to different plant part was in
the reducing order of LvS > Lv > Root > Bark (Figure 1).
This trend was observed both in Cabbage and African
love-grass seeds as the interaction of test species and
plant parts were not significant (Table 2). 

The responses of the seed’s radicle length to
different concentration of A. mearnsii plant part extracts
were similar to that of seed germination. Radicle
elongation was significantly (P<0.05) reduced by the
extract of LV and LvS at the three concentrations, while
the bark and root extracts did not have significantly
different effects on cabbage radicle elongation (Table 3).
The observed effects in seed germination and radicle
elongation were reflected in the derived germination index
(GI) which was consistently low in all experimental units
of the study in comparison to the control. The application

Fig. 2: Effects of different part of Acacia mearnsii plant on the emergence and dry weight of three bioassay species
(Cabbage, Africa Love-grass and Maize). Bars represent LSD, LV=Leaves; LVS= Leaves + stem
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Emergence and Early Growth of Plants: The emergence density of leaves fall, the density of trees, soil
of cabbage was reduced by the incorporation of debris characteristics such as pH and EC, availability of
from different part of A. mearnsii plant. The incorporation moisture,  decomposition  rate  of the allelopathic plant,
of Lv debris suppressed cabbage emergence up to 80%, the type and nature of the allelochemicals [13]. When
53.3% and 93.3% of the control respectively for 4 t/ha, 8 these  factors  are  present  in sufficient quantity and
t/ha and 16 t/ha application rates. However, suppression under the right condition, they support the release of
of cabbage emergence increased with increasing allelochemicals against the germinating seeds. Some
concentration  of  LvS,  root  and  bark  debris  (Figure 2). natural chain of events could aid allelopathy from plants,
The  emergence  response  of  African  love-grass to a typical chain of events in A. mearnsii is the shedding of
incorporation   of  A.  mearnsii  debris  ranged  between its leaves during the off season (winter) resulting in large
30% - 50%  of  the  control  treatment  across  the  plant volume of leaves' litter under its canopy. This is followed
parts and application rates. Emergence at the highest by availability of moisture in the succeeding raining
application rate of 16 t/ha was uniform (30%) for all the season, which supports the decomposition and
plant parts compared with the lower application rates that mineralization of the leave litter and subsequent release of
showed varying responses. The effects of A. mearnsii their allelochemicals to the soil. These occurrences often
debris  on  the   emergence   of   maize   ranged   between coincide with the germination of the soil seed bank which
67 -100% of the control and was lower than those of is also triggered by moisture availability. These chains of
cabbage and African love -grass. events could inhibit the germination and early growth of

The dry weight of plant across the bioassay species grass seeds and other species in an encroached
reduced with increased application rate, although cabbage rangeland. [14] asserted that when the prevailing
appears to be more sensitive to the debris application condition supports' allelopathy, plant that germinate will
than African love-grass and maize (Figure 2). The often grow at a slower rate and may not be able to
application of Lv had the most suppressing effect on compete sufficiently for resources as water, sunlight and
plant dry weight across the species followed by LvS, nutrient.
while the debris of the roots had the least effect. Of the studied plant parts, the leaves of A. mearnsii

DISCUSSION germination,  radicle  elongation, the seedling emergence

An  understanding  of  the  cause  of  reduction in growth of plants. This observation is well corroborated
the population of grasses and other species in rangeland with the chemical characteristics (pH, EC and the C:N
encroached by A. mearnsii plant is an important ratio). The C:N ratio is sufficiently low (C:N = 18.6) to
knowledge base with an economic implications. This is enhance rapid microbial decomposition and mineralization
because of its multiple economic uses that should be of the fallen leaves resulting in rapid release of
balanced with the known demerits of its encroachment on constituent substances including allelochemicals into the
rangelands. Allelopathy has been implicated to be soil [13].
responsible in many cases for non germination, stunted In conclusion, this study has validated the
growth and sometimes outright kill of plants [9]. Results allelopathic potentials of A. mearnsii and the variation, in
from our study showed that all parts of A. meansill plant effect, among different part of the plant. Most allelopathic
exhibited varying degree of allelopathy, by inhibiting the effects are found in the leaves' portion. Further studies are
germination of seeds and suppressing the early growth of required to isolate and characterize the putative
plants. We also observed that the degree of inhibition allelochemicals in A. meansii and the interaction that
was higher in Lv and LvS treatments compared with bark could be responsible for the observed suppression of
and root, yet, the degree of inhibition was more seed germination and plant growth.
dependent on the concentration of the extract rather than
specific plant part. These observations are consistent REFERENCES
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