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Abstract: The allelopathic potential of aqueous extracts from fruits, leaves, roots and bark of the pepper tree (Schinus 

molle L.) were investigated on emergence and seedling development of wheat (Triticum sativa L.) and agricultural weeds. 

Different concentrations of the original extract (undiluted, 1:1, 1:3 and water, v/v) were applied to a soil amended with 

cattle manure in 2-litre pots. Extracts from all the tree parts significantly (p < 0.05) reduced seedling emergence, height 

and dry matter yields of wheat and weed seedlings compared to the control (water). The inhibitory effects on both wheat 

and weed seedlings were consistently in the order fruit=leaves >roots>bark. The inhibitory effects were however 

progressively reduced by diluting the original extracts suggesting that there was reduction in the concentration of the 

compounds inhibiting the emergence and development of seedlings. 

The weed population and species composition were negatively affected by tree extracts but improved with dilution of the 

extracts. It was observed that grass weed species were relatively more adversely affected by the inhibitory compounds in 

the extracts than broad leaf species at each level of extract dilution. The results confirm the presence of water-soluble 

compounds in the tissues of the pepper tree which can inhibit seedling emergence and growth of wheat and weed 

seedlings. It is concluded that the pepper tree posses allelopathic characteristics that may be explored for weed 

management in agriculture. Further investigations are recommended to elucidate the nature of the phytotoxin, formulation, 

mode of application and the appropriate economic way of exploiting this potential. 

Keywords: Phytotoxin, aqueous extracts, inhibitory compounds, weed control, manure, Schinus molle. 

INTRODUCTION 

 Worldwide, weeds and weed control have become a 
major cost factor determining the economic profitability of 
crop production [1]. Weeds compete with crops for light, 
nutrients and moisture, resulting in losses of grain yield and 
quality. Furthermore, weed control is costly as it demands 
the use of labour and chemicals both of which are usually 
less affordable resources for most small-scale farmers in 
developing countries. 

 Allelopathy is defined as a mechanism by which plants, 
directly or indirectly affects, inhibits or stimulates, growth of 
others by the production of chemical compounds 
(phytotoxin) released to the environment [2]. The use of 
allelopathy for weed management has received strong 
attention in recent times [3-7]. This is because phytotoxins 
are considered to be more environmental friendly as opposed 
to synthetic chemicals of which some have been shown to 
contaminate water and soil resources thereby constituting 
risk to human and animal health [8]. Consequently, the use 
of natural substances from plants is seen as a low input and 
sustainable approach to integrated weed management [9-11]  
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which can also help to reduce the rising incidences of 
herbicide resistance in weeds [12, 13]. 

 Studies have shown the inhibitory effects of plant species 
on not only weeds [6, 14, 15], but also on growth and yields 
of crop species [16-18]. The allelopathic and herbicidal 
effectiveness of different plant species has been shown to 
depend on the plant part [2]. There is therefore need for 
exploration of plants and parts with effective allelopathic 
activity, especially in the control of agricultural weeds. In 
South Africa, this may be more cost effective for small-scale 
and emergent farmers who have limited financial resources 
to afford the cost of labour and herbicides to control weeds 
[19]. 

 Pepper tree (Schinus molle L. Anacardiaceae), is an 
evergreen, fast growing, heat and drought resistant 
ornamental tree species. It originates from South America 
and has been naturalized and extensively planted along main 
roads and residential homesteads in South Africa. Although 
the pepper tree is valued for the shade it creates, it has been 
classified as one of the invasive garden plant species that is 
considered to have a substantial impact on natural and semi-
natural ecosystems [20]. The pepper tree, with its weeping 
branches, feathery pinnate leaves, grows to a height of 4 to 
10 m and produces clusters of attractive pink to reddish 
berry-like fruits. Phytochemical analyses have shown that 
the pepper tree contains aromatic compounds in the form of 
tannins, alkaloids, flavonoids, steroidal saponnins and large 
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amounts of essential oil, some of which could have 
allelopathic effects [21]. 

 A common observation associated with the growth of the 
pepper tree has been the presence of bare soil patches around 
the areas where the tree is growing and also the presence of 
selected weed species compared to areas further away from 
the tree canopy. It is however not clear whether the 
inhibition of vegetative growth around the tree is due to 
exudates from the plant’s above or below ground parts, 
shading or competition for growth resources. Although the 
potency and phytotoxic effects of extracts and essential oils 
from the pepper tree have been shown to have pesticidal and 
antimicrobial properties [21-23], there has been no study 
done to explore this potential for weed management in crop 
production systems. On the other hand, the protection of 
crops from weeds and other vegetation that inhibits crop 
growth is a constantly recurring problem in agriculture. This 
problem calls for the need to exploit the potential of 
allelopathy to enhance weed control in crop production [3]. 

 The aim of this study was to evaluate the allelopathic 
effects of aqueous extracts from parts of the pepper tree on 
emergence and growth of wheat (Triticum aestivum L.) and 
weed seedlings. The efficacy of the extracts on the 
population and species diversity of common agricultural 
weeds was also studied. 

MATERIALS AND METHODS 

Collection of Tree Parts 

 Fresh fruits, leaves, bark and roots of pepper trees 
growing within a 5 km radius of the North-West University 
(Mafikeng campus) were sampled in April 2006. All parts 
were washed with distilled water and dried in an oven at 
60°C for 72 h. The dried material was chopped into small 
pieces (1-2 cm size) using a mechanical chopper (Model MF 
10 IKA WERKE, South Africa) and then ground into 
powder using a plant tissue grinder (Model TECA TOR-
CEMOTEC 1090, South Africa) with a 2 mm sieve. The dry 
powders were stored in glass bottles and kept at room 
temperature until extraction. 

Preparation of Aqueous Extracts 

 The original extract was prepared by mixing 100g of the 
dried plant part powder to 100 ml of deionised water. This 
ratio was used on all plant parts. Aqueous extracts were 
made using the method of [18]. Different concentrations 
(1:1, 1:3 and water v/v) of the original undiluted extract were 
prepared by mixing the original extract with deionised water. 
The solutions were kept in a refrigerator at 5

o
C until 

bioassay. 

Experimental Design and Layout 

 Treatments consisted of a combination of two factors viz: 
four tree parts (leaves, fruits, bark and roots) and four 
dilutions (undiluted, 1:1, 1:3; and water v/v) of each part. 
The water treatment served as a control. The experimental 
design was a randomized complete block with four 
replicates. PVC pots with a volume of two litres were filled 
with air-dried soil collected from a maize field at the 
University farm. The soil was from the sub-surface (20-40 cm) 
of a red sandy loam, classified as Hutton form according to 
the South African soil classification system [24]. Preliminary 

tests indicated that the soil at this depth was devoid of 
weeds. The soil in each pot was thoroughly mixed with air-
dry, partly decomposed cattle manure (1:3 v/v parts; manure: 
soil) collected from the floor of the dairy kraal at the 
University farm in order to increase the weed seed bank in 
the soil [25]. The pots were placed in a glasshouse where the 
day and night temperatures were 27 + 3

o
C and 15 + 2

o
C 

respectively. The experiment was repeated after three weeks 
and the results have been combined as replicates. 

Wheat and Weed Growth Bioassay 

 Wheat (Triticum sativa L. cv SST 825) was used for the 
bioassay due to its sensitivity to agrochemicals. Ten seeds 
were sown in each pot at a depth of 10 mm. From planting 
time, each pot was watered to field capacity with the 
appropriate aqueous extract solution at two-day intervals. 
The plants were grown for a period of 4 weeks after 
emergence when the weed species could easily be identified. 
Seedling emergence percentage of wheat was calculated by 
dividing the total number of seedlings that emerged by the 
total seeds sown in each pot. For both wheat and weeds, 
emergence was considered to be when the shoot of the 
seedling had protruded to at least 1-2 mm above the soil. At 
the end of the growing period, roots of both wheat and weed 
species were washed free of soil by running a stream of tap 
water over a 1.0 mm sieve to remove the adhering soil 
particles. 

 Plant height and root length of wheat seedlings were 
measured with a ruler. Fresh and dry matter yields of the 
shoots and roots in each pot were measured respectively by 
weighing the materials before and after drying in an oven at 
65

o
C for 48 h. The numbers of weed seedlings that had 

emerged in each pot were counted and the species were 
identified and classified as either broadleaf or grass using the 
keys provided by [26] and [27]. After identification, all the 
weeds from each pot were placed in paper envelopes and 
dried in the oven at 60

o
C for 48 h to determine dry matter. 

Statistical Analysis 

 All the data were subjected to analysis of variance 
(ANOVA) using the General Linear Model procedure of the 
Statistical Analysis System [28]. The emergence percentages 
were transformed to angular values using an arc-sine 
function in order to normalize them and analysis of variance 
was conducted on the transformed data [29]. The Duncan’s 
Multiple Range test was used to separate the means where 
significance was indicated. 

RESULTS AND DISCUSSION 

 The analysis of variance showed significant interactions 
(P<0.05) between tree parts and extract concentrations 
(dilutions) on all the measured parameters in both wheat and 
weeds. All the growth parameters measured in wheat were 
significantly reduced (P<0.05) by undiluted extracts of tree 
parts (Fig. 1). The reductions were less when the original 
undiluted extracts were diluted with water. All the measured 
parameters improved progressively with each level of 
dilution. Within the dilution treatments, the inhibitory effects 
of the tree parts on growth of wheat were consistently in the 
order fruits=leaves>roots>bark suggesting differences in 
concentration of phytotoxin in the parts of the tree. The 
effects of the bark were significantly lowest (P<0.05) 
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compared to the other parts. Differences among the latter 
were more evident in the undiluted extract and became less 
with dilution. Generally, seedling emergence was the 
parameter most affected by the extracts followed by plant 
height, root length and total dry matter (Fig. 2). 

 When the non-emergent wheat seeds were excavated and 
examined, it was observed that the majority did not 
germinate or had only partly germinated suggesting that the 
inhibitory compounds in the extracts may have affected the 
germination process [8]. This is consistent with the 
suggestion of [3] who indicated that the enzymatic processes 
involved in seed germination are more sensitive to potency 
of extracts than seedling development. According to [3] and 
[8], disruption of some processes can result in complete 
suppression of seed germination. This could explain the 
existence of bare patches observed under the canopy of most 
pepper trees which could be related to the failure of seeds of 
plants, especially weeds, to germinate in this soil 
environment. 

 The populations of both weed and species were 
significantly reduced (P<0.05) by the extracts from different 
tree parts (Fig. 3). As was the case with wheat seedlings, the 
bark had the least effects compared with fruits, leaves and 
roots in reducing the population of weeds and species. Fruits 
and leaves had the most severe inhibition at each level of 
extract concentration (dilution). In all the tree parts, the 
reductions were highest in the undiluted extracts and 
progressively increased with dilution. There was a higher 
occurrence of grass weed species numbers compared with 
broadleaf among all the tree parts. However, the effects of 

both tree parts extracts and their dilution showed a similar 
pattern in both weed and species population. Except for the 
water treatment, the weed populations and species diversity 
were significantly higher (P<0.05) in the bark and roots 
compared to those in the extracts from leaves and fruits at all 
other dilutions. The results for weed dry matter followed a 
similar trend. Total weed population was the parameter most 
adversely affected by the extracts while dry matter was the 
least. 

 Out of the ten weed species that emerged in the study, 
60% were grass while 40% were broadleaf (Table 1). The 
majority (90%) of the weed species were classified as annual 
weeds. The occurrence of large numbers of annual grass 
weed species could partly be a reflection of the dominance of 
such species in the veld (grazing lands) where most of the 
cattle are grazed in this semi-arid environment [30]. The 
dominant grass weed flora that occurred were Cynodon 
dactylon, Dactyloctenium austral and Sporobolus nitens 
while for broadleaf it was Chenopodium album and Tagetes 
minuta. The trend in the occurrence of both grass and broad-
leaved weed species were similar in that both were higher in 
the extracts from bark and roots than leaves and fruits. The 
numbers of weed species were largest in the control and 
progressively reduced by increasing the dilution of the 
original extracts. The total weed occurrence was reduced by 
64% (undiluted), 51% (1:1) and 29% (1:3) in the 1:3 
dilutions (Fig. 4). This implies a stronger efficacy of the 
extracts in the former. At each level of dilution, the 
reductions were higher in grass than broadleaf weeds. In all 
the species categories (annual or perennial), the control had 
the highest number of both grass and broadleaf species. The 

 

Fig. (1). The interactive effects of tree parts and their dilutions on growth of wheat seedlings. The bar represents the least significant range at 

the 0.05 probability level according to the Duncan’s Multiple Range Test. 
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reduction in the occurrence of grass weed species was 
consistently higher than that for broadleaf weeds at each 
level of extract dilution. 

 Our previous studies [25] showed that the urea in the 
kraal manure did not reduce the emergence and growth of 
weed seedlings. Although the numbers of weed seeds in the 

 

Fig. (2). Reductions in growth and development of wheat seedlings (expressed as proportion of the control) by the different dilutions of tree 

part extracts. The bar represents the least significant range at the 0.05 probability level according to the Duncan’s Multiple Range Test. 

 

Fig. (3). The interactive effects of tree parts and their dilutions on weed population and species diversity. The bar represents the least 

significant range at the 0.05 probability level according to the Duncan’s Multiple Range Test. 
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manure were not counted, the occurrence of significantly 
higher (P<0.05) weed population and species in the control 
treatment (water) suggests that the extracts from parts of the 
pepper tree could have contained some biologically active 
compounds which had inhibitory effects on the emergence 
and development of both wheat and weed seedlings. These 
phytotoxic compounds need to be isolated and their 
behavior, activity and persistence well elucidated in future 
studies. This could help explain the observed bare patches 
under the canopies of the pepper trees. 

 Although the results of this study highlight potential 
where aspects of allelopathy may be exploited for practical 
weed control, the non-selective nature of the allelopathic 
chemical substances from the pepper tree extracts on both 
food crop and weeds implies that the method and time of 
utilization in the field must be properly established in order 
to avoid damage to crop seedlings. The use of phytotoxins 
by small-scale farmers may be cost-effective if they could be 
able to plant the trees with a food crop in intercropping. 
However, the control of weeds in a growing crop requires 
the use of selective herbicides which control the weeds while 

 

Fig. (4). Reductions in growth and development of weed seedling population and species diversity (expressed as proportion of the control) 

by the different dilutions of tree part extracts. The bar represents the least significant range at the 0.05 probability level according to the 

Duncan’s Multiple Range Test. 

Table 1. Numbers of Weed Species as Influenced by Aqueous Extracts from Pepper Tree Parts and their Dilution 

 

Tree Part Dilution 
Species Common Name Family 

L F R B Und. 1:1 1:3 0:1 

Grass Weeds 

Eleusine coracana (L.) Gaertn Goose grass Poacea (A) np np 1 2 np 1 1 3 

Cynodon dactylon (L.) Pers. Common couch grass Poaceae (P) np np 1 3 1 1 2 4 

Dactyloctenium australe Sweet smother grass Poaceae (A) 1 1 3 1 np 1 3 5 

Eragrostis heteromera Bronze lovegrass Poaceae (A) 1 np 2 3 np np 2 3 

Eragrostis lehmanniana Lehmann’s love grass Poaceae (A) np 1 3 4 np 1 2 4 

Sporobolus nitens Curly leaved dropseed Poaceae (A) 1 np 1 1 np 2 3 5 

Broadleaf Weeds 

Amaranthus hybridus L. Common pigweed Amaranthaceae (A) np np 1 3 np 1 2 3 

Bidens pilosa Common blackjack Asteraceae (A) np 1 1 4 np 1 1 3 

Chenopodium album (L.) Nettle-leaved goosefoot Chenopodiaceae (A) 1 np 2 3 1 np 3 5 

Tagetes minuta L. Khaki weed Asteraceae (A) np np 3 5 np 1 2 3 

Letters in brackets describe the life form of the weed species in terms of annual (A) and perennial (P). 
L=leaves; F=flowers; R=roots; B=bark; np= not present. 
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leaving the crop undamaged. This requirement may exclude 
the use of the tree in mixed or intercropping systems 
commonly practiced by small-scale farmers in South Africa 
and points to the need for extraction and formulation of the 
compounds. The process of extracting the phytotoxins from 
the tree may be complicated and/or expensive for individual 
farmers and may require the interest and involvement of 
large companies [31]. Furthermore, the nature of the 
phytotoxin present in the extracts, choice of formulation, 
mode of application and cost effectiveness of such an 
exploration needs to be established. 

CONCLUSIONS 

 The study has shown that parts of the pepper tree may 
contain certain phytotoxins that inhibit the emergence and 
growth of wheat and weed seedlings. The potency of the 
phytotoxin in the different parts of the tree were in the order 
fruit=leaves >roots>bark. The inhibitory effects of the 
compounds on emergence and growth of wheat and weed 
seedlings was significantly reduced by diluting the original 
extracts with water. Emergence and diversity of grass weed 
species were more severely inhibited by the phytotoxins than 
in broad-leaved weeds. These results suggest that the pepper 
tree has potential in the development of natural herbicides 
for weed control in agriculture and that the fruits and leaves 
are the ones with the greatest potential. However, the non-
selective nature of the phytotoxic effects of the phytotoxins 
on both crop and weeds presents a practical problem in terms 
of weed management and therefore, the appropriate 
economic way of exploiting this potential needs further 
investigation. 
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