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Assessment of allelopathic properties of Aloe ferox Mill. on turnip, 
beetroot and carrot
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ABSTRACT

Turnip (Brassica rapa var. rapa L.), beetroot (Beta vulgaris L.) and carrot (Daucus carota L.) are common vegetables in South Africa. The 
allelopathic potential of aqueous leaf and root extracts of Aloe ferox Mill.- a highly valued medicinal plant- was evaluated against seed 
germination and seedling growth of the three vegetables in Petri dish experiments. The extracts were tested at concentrations of 2, 4, 6, 
8, and 10 mg/mL. Leaf extract concentrations above 4 mg/mL inhibited the germination of all the crops, while the root extract had no 
signifi cant eff ect on germination irrespective of concentration. Interestingly, the lowest concentration of leaf extract stimulated root length 
elongation of beetroot by 31.71%. Other concentrations signifi cantly inhibited both root and shoot growth of the vegetable crops except the 
turnip shoot. The most sensitive crop was carrot, with percentage inhibition ranging from 29.15 to 100% for root and shoot lengths. Lower 
percentage inhibition was observed for the root extract than the leaf extract against shoot growth of beetroot and carrot. The results from 
this study suggested the presence of allelochemicals mostly in the leaves of A. ferox that could inhibit the growth of the turnip, beetroot and 
carrot.
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INTRODUCTION

Aloe ferox Mill., commonly called bitter or red aloe, is highly 
valued in South Africa for its various medicinal uses. The 
plant is a popular ingredient in cosmetics, herbal remedies 
and food supplements both locally and internationally. The 
processed part of A. ferox is usually taken orally as laxative or 
purgative and to improve digestion. It could also be applied 
to treat skin infections. This plant is also an income earner for 
South Africa through huge exportation of its products to other 
countries, particularly the European countries (Knapp, 2006). 
A. ferox (Fig. 1) is a single-stemmed seed plant that grows 
up to 2 or 3 metres in height. The stem, when old, is usually 
covered in dried leaves. The leaves are succulent and arranged 
in a rosette, each up to 60 – 100 cm long at maturity. The leaves 
have spines along the margins and sometimes on the surfaces. 
The fl owers are carried in a large candelabra-like fl ower head, 
with about fi ve to eight branches. Each branch carries a spike-
like head of many fl owers. The fl ower colour varies from 
yellow-orange to bright red, which attracts pollinating birds 
and insects. In South Africa, the plant grows both in the open 
and on mountainsides.

At present, A. ferox is readily available throughout 
South Africa and it is not currently listed in the Red List of 
Threatened Species (IUCN, 2010). However, since most of the 
A. ferox materials used locally and as international commercial 
products are harvested in the wild, the increase in demand 
for this plant will likely threaten the sustainability of these 
products. According to Gopalan (1992), overexploitation of a 
plant from the natural habitat could cause habitat degradation 
and reduction in its population. The highest priority is 
to conserve species in their natural habitats (in situ). To 
complement the in situ eff orts of conserving plant biodiversity, 
there is a need for ex situ conservation of A. ferox to keep it 

as a sustainable crop, by bringing the plant into cultivation. 
For this to be successful, there is a need for the evaluation 
of its chemical relationships with other cultivated plants 
(Nandakumar, 2009), most especially as intercrops.

This chemical relationship is usually the ability of the 
plant to inhibit, retard or promote the germination of seeds 

Corresponding author: Anthony Jide Afolayan. Phytomedicine Research Centre, Department of Botany, University of Fort Hare, Alice, 5700, South Africa. E- mail: aafolayan@ufh.ac.za. 
Telephone: +27 82 202 2167. Fax: +27 866 282 295

Received: March 5, 2012. In Revised form: June 1, 2012. Accepted: June 4, 2012

Fig.1 Aloe ferox, African Flowering Plants Database”. South African 
National Biodiversity Institute. Retrieved 14 May 2009.

06 BR AFOLAYAN.indd   36306 BR AFOLAYAN.indd   363 28-12-12   13:5828-12-12   13:58



AROWOSEGBE & AFOLAYAN Biol Res 45, 2012, 363-368364

or seedling growth of other plants through the production of 
allelochemicals. This phenomenon is known as allelopathy 
(Inderjirt, 1996; Rice, 1984). Allelochemicals may be present in 
any part of the plant, from where they are released to the soil 
in many ways (Rice, 1984; Chou 1990).

The allelopathic property of some medicinal species is of 
special interest in recent years. For example, Fujii et al (2003) 
screened 239 medicinal plants for allelopathic activity and 
reported that 223 species were inhibitory, while 17 species 
enhanced radicle growth in lettuce. Again, 11 Thai medicinal 
plants that were evaluated against five plant species by 
Piyatida and Kato–Noguchi (2010) were reported to have 
inhibitory eff ects on all the test species. Nazir et al. (2007) 
investigated the allelopathic potential of three medicinal 
species against some crops. Germination of all the crops was 
reduced by 2 of the 3 medicinal species. The present study was 
therefore carried out to investigate the allelopathic potential 
of aqueous leaf and root extracts of A. ferox on turnip (Brassica 
rapa var. rapa L.), beetroot (Beta vulgaris L.) and carrot (Daucus 
carota L.). The seeds were chosen as test crops because they 
are good representatives of crops planted as homestead crops 
in South Africa, supplying the community with the required 
vitamins, fi bres and some other essential nutrients.

MATERIALS AND METHODS

Extract preparation

Fresh leaves and roots of A. ferox were collected from the fi eld, 
taken to the laboratory and washed several times with tap 
water. Both materials were cut into small pieces, oven-dried 
at 50 0C for 48 h, and pulverized using a grinder (Polymax 
PX-MFC 90 D, Switzerland). 100g each of the materials were 
soaked in 2 litres of distilled water and allowed to shake in 
an orbital shaker for 24 h at room temperature (23 - 25 ºC) 
for extraction. The extracts of the leaf and root samples were 
fi ltered using a Buchner funnel and Whatman No.1 fi lter paper. 
The fi ltrates were quickly frozen at - 40 ºC and dried for 48 
h using a freeze dryer (Savant Refrigerated Vapour Trap, RV 
T41404, USA) to obtain the leaf and root extract samples.

Germination experiment

Appropriate portions of the leaf and root samples were 
each reconstituted in 100 mL distilled water to give five 
concentration levels of 2, 4, 6, 8 and 10 mg/mL, respectively. 
Certifi ed seeds of turnip (Brassica rapa var. rapa), beetroot 
(Beta vulgaris L.) and carrot (Daucus carota L.) were purchased 
from a seed store in Alice, South Africa. Ten uniform and 
surface sterilized (2% sodium hypochlorite for 15 min) seeds 
each of the three crops were placed in 9 cm sterilized Petri 
dishes lined with two Whatman No.1 filter papers. The 
papers were moistened with 6 mL of diff erent concentrations 
of the aqueous extracts. Treatment in the same manner, but 
with distilled water, served as the control. Each treatment 
had three replicates maintained in a complete randomized 
design. The Petri dishes were kept on the germination table 
under laboratory conditions (room temperature 23 - 25 ºC at 
mid day, and diff use light during the day). After 7 days, seed 
germination counts and measurements of the root and shoot 
growth (cm) of seedlings were made using the method of 
Abugre and Sam (2010).

Statistical analysis

The data were subjected to one way analysis of variance 
(ANOVA) and the mean values were separated at P < 0.05 
using Duncan’s Multiple Range Test. Correlations between the 
extract concentrations and germination, root and shoot lengths 
of the crops were estimated. The percentage contribution 
of extract concentrations to the variation observed in the 
studied parameters was also analysed using the coeffi  cient of 
determination (R2). All statistical analyses were done using 
SAS software, 1999 version.

RESULTS

Eff ect of extracts on turnip

The aqueous leaf extract of A. ferox at the lowest concentration 
(2 mg/mL) had no significant effect on the germination 
of turnip (Table 1). However, concentrations above 2 mg/
mL signifi cantly inhibited seed germination of the crop in 
a concentration dependent manner. The root extract had no 
signifi cant eff ect on the germination of turnip irrespective of 
concentration.

The root length elongation of this crop at all concentrations 
of both the leaf and the root extracts was signifi cantly reduced 
compared to the control. The percentage inhibition also 
increased as the concentration of the extracts increased.

The reduction in shoot length at 10 mg/mL of the extracts 
was not signifi cantly diff erent from the control. However, 
concentrations below this seemed to have produced a 
stimulatory eff ect on the shoot elongation of turnip, with 
the percentage stimulation increasing as the concentration 
of the extracts decreased. The correlation between the leaf 
extract concentrations and germination percentage and root 
elongation were strong and negative (Table 4). The coeffi  cient 
of determination (R2) of the leaf extract concentrations on 
turnip was about 0.932 and 0.740 for germination and root 
length, respectively. Meanwhile, signifi cant correlation of root 
extract concentrations was found only with root length, with 
an R2 value of 0.740.

Eff ect of extracts on beetroot

Eff ects of A. ferox aqueous extracts on the germination of the 
seeds of beetroot were found to vary with the part used for the 
extract preparation and the concentration of the extract (Table 
2). All the applied concentrations of the root extract had no 
signifi cant eff ect on the germination of the crop. By contrast, 
leaf extract at 8 and 10 mg/mL caused signifi cant inhibition in 
germination, by 35.01% and 50.01%, respectively. However, 2 
mg/mL of the leaf extract appeared to stimulate germination 
of this crop, although it was not signifi cantly diff erent from the 
control.

Leaf extract at 2 mg/mL had a signifi cant stimulatory eff ect 
on the root elongation of beetroot by 31.71%. Concentrations 
above this however, caused a reduction in root elongation, with 
percentage inhibition ranging from 23.98 to 63.41%. The root 
extract of A. ferox was comparatively less active than the leaf 
extract, with only the 10 mg/mL having signifi cant inhibitory 
eff ect on root length elongation.

The shoot length of beetroot was signifi cantly inhibited by 
the leaf extract at all concentrations; the percentage inhibition 
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was between 14.63% and 45.07%. This was also the same 
for the root extract except at 2 mg/mL with no signifi cant 
diff erence from the control. There was signifi cant and negative 
correlation between the leaf extract concentrations and all 
the parameters studied in beetroot (Table 4). The coeffi  cient 
of determination (R2) of the leaf extract concentrations on 
beetroot was 0.686, 0.678 and 0.855 for germination, root 
and shoot lengths, respectively. However, root extract 
concentrations correlated signifi cantly only with the shoot 
length of the crop, with an R2 value of 0.841.

Eff ect of extracts on carrot

Carrot seemed to be the most sensitive of all the crops to A. 
ferox leaf extract (Table 3). All the concentrations signifi cantly 
inhibited seed germination of carrot, with 10 mg/mL 
completely preventing any seed germination. The root extract 
had no signifi cant eff ect on the germination of carrot at all 
concentrations. While all concentrations of the leaf extract 
imposed significant reduction in the root elongation of 
carrot, with 100% inhibition at 10 mg/mL, the root extract 

TABLE 1

Effect of aqueous leaf and root extracts of Aloe ferox on the germination (%), root and shoot lengths (cm) of turnip (±SE).

Treatments (mg/
mL)

Leaf extract Root extract

Germination Root length Shoot length Germination Root length Shoot length

Control 100.00±0.00a 6.17±0.108a 1.16±0.026cd 100.00±0.00a 6.17±0.108a 1.16±0.026c

2 86.67±3.333a 2.45±0.044b 2.82±0.240a 100.00±0.00a 2.47±0.260b 2.27±0.020a

*(-13.33) (-60.29) (+143.10) (0) (-59.97) (+95.69)

4 63.33±8.82b 1.12±0.079c 2.44±0.162ab 96.67±3.333a 1.39±0.110c 2.26±0.144a

(-36.67) (-81.85) (+110.34) (-3.33) (-77.47) (+94.83)

6 53.33±6.667b 0.33±0.022d 1.99±0.087b 100.00±0.00a 0.94±0.060d 2.16±0.111a

(-43.67) (-94.65) (+71.55) (0) (-84.76) (+86.21)

8 36.67±3.333c 0.23±0.021de 1.44±0.239c 93.33±3.333a 0.50±0.015e 1.85±0.079b

(-63.33) (-96.27) (+24.14) (-6.67) (-91.90) (+59.48)

10 16.67±3.333d 0.11±0.013e 0.71d 93.33±3.333a 0.42±0.42e 1.13±0.120c

(-83.33) (-98.22) (-38.79) (-6.67) (-93.19) (-2.59)

C.V.(%) 12.91 6.31 14.10 4.47 10.06 8.45

Values with the same letter within a column are not signifi cantly different at P < 0.05 by Duncan’s Multiple Range
Test (DMRT). C.V: Coeffi cient of Variation. *Data in brackets represent the % inhibition (-) or stimulation (+) over control

TABLE 2

Effect of aqueous leaf and root extracts of Aloe ferox on the germination (%), root and shoot lengths (cm) of beetroot (±SE)

Treatments (mg/mL)
Leaf extract Root extract

Germination Root length Shoot length Germination Root length Shoot length

Control 66.67±3.333ab 2.46±0.177b  3.35±0.093a 66.67±3.333a 2.46±0.177a 3.35±0.093a

2 73.33±3.333a 3.24±0.145a 2.86±0.108b 66.67±3.333a 2.49±0.173a 3.21±0.126a

*(+9.99) (+31.71) (-14.63) (0) (+1.22) (-4.18)

4 63.33±3.333ab 1.87±0.224c 2.38±0.195c 63.33±3.333a 2.49±0.220a 2.70±0.128b

(-5.00) (-23.98) (-28.96) (-5.01) (+1.22) (-19.40)

6 53.33±3.333bc 1.26±0.164d 2.26±0.080cd 66.37±8.819a 2.43±0.066a 2.62±0.132b

(-20.00) (-48.78) (-32.54) (-0.45) (-1.22) (-21.79)

8 43.33±6.667cd 1.11±0.144d 2.04±0.037de 63.33±6.667a 2.41±0.134a 2.40±0.048bc

(-35.01) (-54.88) (-39.10) (-5.01) (-2.03) (-28.36)

10 33.33±8.819d 0.90±0.153d 1.84±0.117e 70.00±0.000a 1.26±0.058b 2.2 ±0.038c

(-50.01) (-63.41) (-45.07) (+4.99) (-48.78) (-32.84)

C.V.(%) 14.57 16.65 6.54 14.26 10.66 5.91

Values with the same letter within a column are not signifi cantly different at P < 0.05 by Duncan’s Multiple Range
Test (DMRT). C.V: Coeffi cient of Variation. *Data in brackets represent the % inhibition (-) or stimulation (+) over control
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only at 8 and 10 mg/mL had signifi cant inhibitory eff ect. 
The same trend was observed in the response of shoot length 
to the leaf extract (Table 3). All root extract concentrations 
except 2 mg/mL also inhibited shoot elongation of this crop. 
However, the percentage inhibition on both the root and shoot 
elongation were small compared to the eff ects caused by the 
leaf extract. Negative signifi cant correlations were observed 
between the leaf and the root extract concentrations and all 
the studied parameters in carrot except germination (Table 
4). The coeffi  cients of determination (R2) of the leaf extract 
concentrations on carrot were 0.926, 0.815 and 0.950 for 
germination, root and shoot lengths, respectively, while the R2 

value of the root extract concentrations was 0.715 and 0.829 for 
root and shoot lengths, respectively.

DISCUSSION

The results of this study demonstrated that extracts from 
Aloe ferox plant contain indeed some phytochemicals capable 
of aff ecting germination and seedling growth of the tested 
vegetable crops. The extent of the eff ect of the phytochemicals 
seemed to be dependent on the part of the plant used for 
the extract preparation, the concentration of the extracts 
as well as the target vegetable crop involved. Leaf extracts 

TABLE 4

Correlation coeffi cient and Coeffi cient of determination (R2) between extract concentrations and studied parameters of the test vegetable 
crops

Plant extracts

Correlation Coeffi  cient R2

Test crops Parameters Leaf Root Leaf Root

Turnip germination - 0.965** - 0.545NS 0.932 0.297

root length - 0.860** - 0.856** 0.740 0.740

shoot length - 0.436NS - 0.144NS 0.190 0.021

Beetroot germination - 0.828**  0.065NS  0.686 0.004

root length - 0.824** - 0.623NS 0.678 0.388

shoot length - 0.925** - 0.917** 0.855 0.841

Carrot germination - 0.962**  - 0.249NS 0.926 0.062

root length - 0.903** - 0.845** 0.815 0.715

shoot length - 0.975** - 0.910** 0.950 0.829

NS: No signifi cant difference at P < 0.05; ** signifi cant difference at P < 0.01 level of probability.

TABLE 3

Effect of aqueous leaf and root extracts of Aloe ferox on the germination (%), root and shoot lengths (cm) of carrot (±SE)

Treatments (mg/mL)
Leaf extract Root extract

Germination Root length Shoot length Germination Root length Shoot length

Control 96.67±3.333a 2.56±0.096a 2.47±0.104a 96.67±3.333a 2.56±0.096a 2.47±0.104a

2 80.00±0.000b 1.56±0.047b 1.75±0.135b 90.00±5.773a 2.54±0.083a 2.39±0.112ab

*(-17.24) (-39.06) (-29.15) (-6.90) (-0.78) (-3.24)

4 66.67±6.667b 0.76±0.123c 1.09±0.107c 86.67±6.667a 2.44±0.116a 2.18±0.046bc

(-31.03) (-70.31) (-55.87) (-10.34) (-4.69) (-11.74)

6 23.33±6.667c 0.92±0.039c 0.80±0.087c 93.33±3.333a 2.32±0.032ab 2.03±0.074c

(-75.87) (-64.06) (-67.61) (-3.46) (-9.38) (-17.81)

8 20.00±5.773c 0.85±0.047c 0.42±0.027d 90.00±5.773a 2.05±0.110b 1.93±0.056cd

(-79.31) (-66.80) (-83.00) (-6.90) (-19.92) (-21.86)

10 0.00±0.000d 0.00±0.000d 0.00±0.000e 86.67±6.667a 1.65±0.159c 1.74±0.059d

(-100.00) (-100.00) (-100.00) (-10.34) (-35.55) (-29.55)

C.V.(%) 16.06 7.99 15.64 11.35 8.49 7.00

Values with the same letter within a column are not signifi cantly different at P < 0.05 by Duncan’s Multiple Range
Test (DMRT). C.V: Coeffi cient of Variation. *Data in brackets represent the % inhibition (-) or stimulation (+) over control
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were found to have more inhibitory property than the root 
extracts. For instance, leaf extract of A. ferox above 4 mg/mL 
exhibited signifi cant inhibitory eff ects on seed germination 
of all the vegetable crops studied, whereas no significant 
inhibitory eff ect was recorded for root extract on germination 
of the crops. Similarly, stronger inhibitory allelopathic eff ects 
of leaf extract than root extract of A. ferox was observed in the 
elongation of root and shoot lengths of beetroot and carrot.

The observed stronger allelopathic impact of leaf extracts 
than root extracts on the tested vegetable crops might be 
connected with the presence of higher concentrations of 
allelochemicals such as tannins, alkaloids and fl avonoids in 
the leaves than in the roots (Kanchan and Jayachandra, 1980). 
Diff erent tissues of plants (leaves, stems and roots) are capable 
of releasing different amounts of allelochemicals into the 
surrounding environment (Scrivanti, 2010), thereby infl icting 
different effects on other plants in that vicinity. Stronger 
inhibitory potential of leaf extracts than other vegetative 
parts was also reported for some other plants like Parthenium 
hysterophorus (Tefera, 2002; Maharjan et al., 2007) and Croton 
bonplandianum (Sisodia and Siddiqui, 2010).

The results of this study also indicated that the inhibitory 
eff ects of the extracts on germination, root and shoot growth 
of the three crops, in most cases increased as the extract 
concentration increased, and hence were concentration 
dependent. Maharjan et al .  (2007) reported that high 
concentrations of aqueous leaf extract of Parthenium 
hysterophorus also had strong inhibitory effect on the 
germination of some cultivated and wild herbaceous plant 
species. In all extracts of sunfl ower, allelopathicity was also 
found to increase with increase in concentrations (Ashrafi  et 
al., 2008). The negative but signifi cant correlation observed 
between the extract concentrations and most of the parameters 
of the target crops in this study further confi rmed that the 
eff ect of A. ferox extracts on the germination and seedling 
growth of these crops is concentration dependent. Singh et 
al. (2005) also found a strong positive correlation between 
extract concentrations of residues of Parthenium hysterophorus 
and reduction in seedling length of Brassica species. (i.e. 
extract concentration negatively correlated with increase in 
seedling length). About 74.03% of the variation observed in 
the root length of turnip seedlings as a result of application 
of A. ferox leaf extract could be attributed to diff erences in 
the concentration of the extract, as indicated by the R2 value 
of 0.740. Moreover, diff erences in the extract concentrations 
contributed between 67.80 - 85.20% (R2; 0.678 – 0.852) and 81.50 
– 95.00 (R2; 0.0815 – 0.950) to the eff ects of the leaf extract on 
the germination, root and shoot lengths of beetroot and carrot, 
respectively.

The 100% inhibition of seed germination, root and shoot 
elongation of carrot by the 10 mg/mL leaf extract of A. ferox 
could occur only when some allelochemicals present in the 
leaves prevented growth of the embryo or caused complete 
death of the cells. The allelochemicals might have also 
prevented water uptake (Tawaha and Turk, 2003), or caused 
an alteration in the synthesis or activation of gibberelic acid 
(Olofsdotter, 2001), a growth promoting hormone.

It was also observed in this study that there were stronger 
inhibitory effects of extracts on seedling roots than the 
shoots of the tested crops in most cases. The diff erence in the 
sensitivity might be due to the fact that roots were in direct 
contact with the extract and subsequently with inhibitory 

chemicals, as described in earlier studies on some other plant 
species (Bhowmik and Doll, 1984; Quasem, 1995; Tefera,

2002). According to Chon et al. (2000), root length was 
the best indicator of allelopathic effects of plant extracts 
due to its higher sensitivity to phytotoxic compounds than 
the hypocotyls. Root tissue was also reported to be more 
permeable to allelochemicals than shoot tissue (Nishida et 
al., 2005). The diff erence in the genetic makeup of the target 
vegetable crops is likely to be responsible for the diff erential 
responses to the extract treatments, with carrot being the most 
sensitive crop.

Aqueous extracts of A. ferox exhibited allelopathic activity 
on the three vegetables, with the greatest eff ect on carrot. The 
leaf extract of the plant had more inhibitory eff ect than the 
root extract. Whereas the lowest concentration of leaf extract 
(2 mg/mL) stimulated root growth of beetroot, leaf extract 
concentrations above 4 mg/mL generally inhibited seedling 
growth of the vegetable crops investigated in a concentration 
dependent manner. At present, A. ferox is not vulnerable in 
the wild; however, there is concern that continuous harvesting 
from the wild could lead to local extinction (Van Wyk and 
Smith, 1996). The results of this study could be a way forward 
to the assertion of Pfab and Scholes (2004) that sustainability of 
plants harvested from the wild can never be achieved without 
ex situ cultivation. Even though the eff ects obtained under 
laboratory conditions may not always be what are obtained in 
the fi eld, it can be concluded that A. ferox is better planted as 
a sole crop since it could aff ect crops like carrot, beetroot and 
turnip as intercrops.
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