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Abstract
The allelopathic potential of Eucalyptus camaldulensis and Citrus aurantium were investigated against
Triticum aestivum L. (Var. Gomal) in the laboratory. Fresh and dry leaves (5, 10 and 15g) of E.
camaldulensis and C. aurantium were soaked in 100ml of distilled water for 24hrs and 48hrs and were then
filtered. The extract was then applied on Triticum aestivum to investigate the allelopathic impact on
germination percentage, radicle and plumule length after 72hrs of incubation period at 26°C. The results
showed that the fresh and dry leaves extract of E. camaldulensis and C. aurantium significantly reduced
the plumule and radicle length and showed a lesser effect on the germination percentage of Triticum
aestivum as compared to the control. The germination percentage was effected more by 48hrs soaking
duration extract of E. camaldulensis than C. aurantium and was recorded 24.26%. The radicle length was
effected more by 48hrs soaking duration extract of C. aurantium as compared to E. camaldulensis and was
recorded 77.23%. The plumule length was effected more by 24hrs soaking duration extract of E.
camaldulensis as compared to C. aurantium and was recorded 91.68%. From the results, it was concluded
that the dry and fresh leaves extract of C. aurantium and E. camaldulensis significantly effected the growth
and germination percentage of Triticum aestivum which suggests that some allelochemicals might be
present in C. aurantium and E. camaldulensis.
Keywords: Allelopathy; Citrus aurantium; Eucalyptus camaldulensis; Germination percentage;
Inhibitory effect; Plumule length; Radicle length; Triticum aestivum

Introduction
Eucalyptus camaldulensis is a perennial,
single-stemmed, large-bowled, medium-
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sized to tall tree up to 30m in height. It is
commonly known as river red gum and
belongs to family Myrtaceae. In Pakistan, it
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is known as sufaida or lachi. Eucalyptus
camaldulensis is the most widespread
member of its genus in Australia, where it is
primarily a riparian species. It is evergreen
perennial plant having smooth white or
cream-coloured bark, lance-shaped or curved
adult leaves, flower buds in groups of seven
or nine, white flowers and hemispherical fruit
with the valves extending beyond the rim. It
is a source of timber and produces high
amount of nectar due to which it is cultivated
for honey purpose [1]. The genus Citrus,
belonging to family Rutaceae, includes about
140 genera and 1300 species. Citrus sinensis
(Orange), Citrus reticulata (tangerine) and
Citrus aurantium (sour orange), are some
important fruits of the genus Citrus. Citrus
aurantium is a small evergreen tree in the
flowering plant. Citrus aurantium is local in
southeast Asia and is spread in many parts of
world by humans. Bitter orange is used for
their essential oil, used in flavoring, as a
solvent and also found in perfumes. In
marmalade production Seville variety of
orange is used. It is also used in herbal
medicines as a stimulant and appetite
suppressant, due to its dynamic ingredient,
synephrine [2, 3]. Triticum aestivum L.,
belong to family Poaceae. It is a cereal grain
and is cultivated worldwide. After maize and
rice, it is the most produced crop in the world
(691 million tons per year). Triticum
aestivum is the most important food crop and
is grown on more area than any other crop in
the world. Wheat world trade is more than
any other crop plant [4]. Wheat is considered
to be the first plant which is domesticated by
human.
The
archeological
and
palaeobotanical records have shown that
wheat has been originated somewhere in
turkey [5]. The term “Allelopathy” is derived
from two Greek words “Allelon” means each
other or mutual and “Pathos” means to suffer
i.e., the injurious effect of one upon the other.
However, it refers to all biochemical
interactions either stimulatory or inhibitory

among plants including micro-organisms.
Allelopathy generally refers to the effects of
one species on the germination, growth and
development of plants of another species.it is
different from competition which involves
the removal or reduction of some growth
factors from the environment that is required
by some other plants sharing the same habitat
e.g., water, minerals and sunlight [6]. The
phenomena of allelopathy are caused by
chemical
substances
known
as
allelochemicals.
Allelochemicals
are
secondary metabolites and are produced as
byproducts of primary metabolic pathways.
These chemical substances belong to
different secondary compound groups, such
as terpenoids, steroids, alkaloids, tannins,
phenols, coumarins, flavonoids, glycosides,
cyanogenics, derived from benzoic acid, fatty
acids and quinones, among others. These
can occur in different plant parts including,
leaves, flowers, roots, rhizomes, stems and
seeds. Allelochemicals can have beneficial
(positive allelopathy) or detrimental
(negative allelopathy) effects on the target
organisms [7]. Mohsen [8] carried out an
experiment on broccoli (Brassica oleracea L.
var. Italica) and the main objective was to
evaluate the effect of two aqueous extract
concentrations of fresh leaves from Basil
(Ocimum basilicum) and Eucalyptus
(Eucalyptus camaldulensis) on growth of the
broccoli seedlings. The growth parameters of
broccoli seedling significantly were
increased by basil and eucalyptus leaf
extracts. The fresh and dry weight of seedling
root, stem length and leaf area of broccoli
seedling were also significantly increased.
Also, Broccoli seedlings photosynthetic
pigments chlorophyll a, b and carotenoid
contents were increased. In addition, the
soluble protein and the sugars metabolism
were markedly enhanced. The important
nutrients absorption was increased by
eucalyptus extract which was reflected on the
plant growth. According to Akram [9], the
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leaves, roots, bark, fruits and seeds of many
plants produce allelochemicals which effect
the growth and germination of another
adjacent plant. They observed that aqueous
extracts of Eucalyptus leaves at a
concentration 10, 15, 20 and 25% had
negative effect on wheat germination
percentage and found significantly higher
fresh and dry weight of Seedling in control
treatment. The inhibitory effect of the
eucalyptus increased with increase of the
extract concentration. This observation
showed that wheat sown in field under or near
eucalyptus trees has inhibitory effect on
germination, growth and ultimately resulting
in lower yields of wheat. Khan [10],
conducted
experiment
to
evaluate
allelopathic effect of eucalyptus on the
germination and seedling growth of cotton,
sunflower, sorghum, mungbean and
mothbean under the laboratory conditions.
The results revealed that the germination and
growth of roots and shoots of seedlings of
crops belonging to different families was
reduced and suppressed with the application
of aqueous extract of fresh leaves. The orange
peel after juice extraction is rich in essential
oil. Essential oil of several species can inhibit
the germination and growth of other species
[11]. The orange peel essential oil is highly
bioactive possess strong inhibitory effects on
the germination and initial growth of several
species [12, 13]. Moreover, Katonoguchi
[14] reported that the aqueous methanol
extracts of Citrus junos peel, inhibited the
growth of the roots and shoots of alfalfa
(Medicago sativa L.), cress (Lepidium
sativum L.), crabgrass (Digitaria sanguinalis
L.), lettuce (Lactuca sativa L.), timothy
(Pheleum pratense L.), and ryegrass (Lolium
multiflorum Lam.).
Materials and Methods
The present study investigated to compare
the allelopathic potential of Eucalyptus
camaldulensis and Citrus aurantium on
Triticum aestivum var. Gomal. The leaves

extract of these allelopathic plants were
tested against germination percentage,
radicle and plumule length of Triticum
aestivum.
Preparation of extracts
Fresh leaves of Eucalyptus camaldulensis
and Citrus aurantium were collected and are
washed with distilled water. From the
collected leaves some were chopped while
some were kept in shade for 17 days for
drying. The solution was prepared from fresh
leaves in sterilized flasks using different
concentrations such as 5g, 10g, and 15g in
100ml of distilled water separately and were
filtered using filter paper after 24hrs and
48hrs. These extracts were stored in a
refrigerator and are used as a stock solution.
After that, dried leaves were powdered. The
solution was prepared from dry leaves
powder in sterilized beakers using different
concentrations i.e., 5g, 10g and 15g dried
leaves powder in 100 ml of distilled water
and were filtered after 24hrs and 48hrs.
Relative toxicity of plant part
Petri dishes were lined with doubly folded
Whatman No.1 filter paper. Each Petri dish
was provided with 5 healthy grains of T.
aestivum that were placed in order on the filter
paper. Before using the seeds were put in
water to check the viability i.e., the seeds that
settled down in water were viable seeds. The
filter paper was moistened with two to three
drops of leaves extract or distilled water in
case of control. These Petri dishes were
placed in incubator at 26°C for 72 hours.
Each treatment and control had 3 replicates.
The parameters were measured such as
germination percentage, radicle and plumule
length after 72hrs incubation.
Statistical analysis
The experiment was performed in triplicates.
The data obtained was statistically analyzed
using one-way ANOVA through IBM SPSS
2.0 software, followed by Dunnett’s Multiple
Comparison Test [15].
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camaldulensis, 15g dry leaves extract which
reduced the radicle length to 93.57% while
lowest inhibition was shown by Citrus
aurantium, 5g fresh leaves extract which
reduced the radicle length to 35.88% as
compared to control. The results also showed
that dried leaves extract was more inhibitory
than fresh leaves extract (Fig. 1).

Results
Effect of 24 hours soaking duration extract
on radicle length
The results showed that the inhibitory effect
of Eucalyptus camaldulensis on radicle was
more prominent than Citrus aurantium. From
the result, it was obvious that the inhibitory
effect was concentration dependent. The
highest inhibition was shown by Eucalyptus
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Figure 1. Effect of 24 hours soaking duration extract of Eucalyptus camaldulensis and Citrus
aurantium on radicle length of Triticum aestivum. T0= Control, T1= 5g (fresh leaves extract),
T2= 10g (fresh leaves extract), T3= 15g (fresh leaves extract), T4= 5g (dry leaves extract),
T5= 10g (dry leaves extract), T6= 15g (dry leaves extract). Bars with different letters
represent significant difference at P= 0.05
was observed in Citrus aurantium 5g fresh
leaves extract which reduced radicle length to
41.54% as compared to the control. The
results showed that Citrus aurantium showed
the highest and lowest inhibitory effect as
compared to Eucalyptus camaldulensis.
From the results it was also observed that
dried leaves extract was more inhibitory than
fresh leaves extract (Fig. 2).

Effect of 48 hours soaking duration extract
on radicle length
The inhibitory effect of 48hrs soaking
duration
extract
was
concentration
dependent. Maximum inhibition was
recorded in Citrus aurantium 15g dry leaves
extract which reduced radicle length to
94.71% followed by 10g dry leaves extract of
Citrus aurantium which shown 93.66%
inhibition while minimum inhibitory effect
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Figure 2. Effect of 48 hours soaking duration extract of Eucalyptus camaldulensis and Citrus
aurantium on radicle length of Triticum aestivum. T0= Control, T1= 5g (fresh leaves extract),
T2= 10g (fresh leaves extract), T3= 15g (fresh leaves extract), T4= 5g (dry leaves extract),
T5= 10g (dry leaves extract), T6= 15g (dry leaves extract). Bars with different letters
represent significant difference at P= 0.05
effect of Citrus aurantium 5g fresh leaves
extract was least as compared to control
which reduced plumule length to 50.38%.
From results, it was observed that plumule
was more sensitive towards these treatments
than radicle (Fig. 3).

Effect of 24 hours soaking duration extract
on plumule length
All the treatments were inhibitory for
plumule growth, but the most adverse result
was shown by 10g fresh leaves extract of
Eucalyptus camaldulensis which reduced the
plumule length to 97.70%. The inhibitory
5
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Figure 3. Effect of 24 hours soaking duration extract of Eucalyptus camaldulensis and Citrus
aurantium on plumule length of Triticum aestivum. T0= Control, T1= 5g (fresh leaves
extract), T2= 10g (fresh leaves extract), T3= 15g (fresh leaves extract), T4= 5g (dry leaves
extract), T5= 10g (dry leaves extract), T6= 15g (dry leaves extract). Bars with different letters
represent significant difference at P= 0.05
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the radicle length to 94.08% while least
inhibition was shown by 5g fresh leaves
extract of Citrus aurantium which reduced
the plumule length to 54.49% as compared to
the control. It was observed from the results
that plumule length was more sensitive
towards Eucalyptus camaldulensis as
compared to Citrus aurantium.

Effect of 48 hours soaking duration extract
on plumule length
The (Fig. 4) showed that all the treatments
were inhibitory, and this effect was
concentration as well as species dependent.
Higher the concentration of extract higher
was the inhibitory effect. The highest
inhibition was shown by 15g dried leaves
extract of Citrus aurantium which reduced

4

ba

E. camaldulensis
C. aurantium

ca

3
ca

f

2

c

k

ba g

l

m

T6

ba

ac

T5

a

cd

T3

1

T2

Plumule Length (cm)

5

T4

T3

T2

T1

T0

T6

T5

T4

T1

T0

0

Figure 4. Effect of 48 hours soaking duration extract of Eucalyptus camaldulensis and Citrus
aurantium on plumule length of Triticum aestivum. T0= Control, T1= 5g (fresh leaves
extract), T2= 10g (fresh leaves extract), T3= 15g (fresh leaves extract), T4= 5g (dry leaves
extract), T5= 10g (dry leaves extract), T6= 15g (dry leaves extract). Bars with different letters
represent significant difference at P= 0.05
Eucalyptus camaldulensis as compared to
control. From the results it was also observed
that the extract of Eucalyptus camaldulensis
caused inhibition in all treatments except 10g
dry leaves extract which showed no effect
and 15g dry leaves extract which stimulated
the germination percentage to 33.33% as
compared to control. On comparing control,
Maximum inhibition was recorded 55.56% in
10g fresh leaves extract of Eucalyptus
camaldulensis whereas minimum inhibition
was recorded 11.11% in 5g fresh leaves
extract of Eucalyptus camaldulensis (Fig. 5).

Effect of 24 hours soaking duration extract
on germination percentage
As compared to radicle and plumule length,
most of the treatments instead of showing
inhibitory effect showed stimulatory effect
on germination percentage. It was observed
from the recorded data that the fresh and dry
leaves extract of Citrus aurantium stimulated
the germination percentage in all treatments
except 5g dry leaves extract. Maximum
stimulatory effect was observed 44.43% in 5g
fresh leaves extract of Citrus aurantium
whereas minimum stimulatory effect was
observed 11% in 5g fresh leaves extract of
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Figure 5. Effect of 24 hours soaking duration extract of Eucalyptus camaldulensis and Citrus
aurantium on germination percentage of Triticum aestivum. T0= Control, T1= 5g (fresh
leaves extract), T2= 10g (fresh leaves extract), T3= 15g (fresh leaves extract), T4= 5g (dry
leaves extract), T5= 10g (dry leaves extract), T6= 15g (dry leaves extract). Bars with different
letters represent significant difference at P= 0.05
33.33% as compared to control. Highest
inhibition germination percentage was shown
by Citrus aurantium 10g dry leaves extract
which reduced germination percentage to
55.56% followed by 15g dried leaves extract
of Citrus aurantium and 10g, 15g fresh
leaves extract and 5g dry leaves extract of
Eucalyptus camaldulensis which reduced the
germination percentage to 44.45% as
compared to control.

Effect of 48 hours soaking duration extract
on germination percentage
The (Fig. 6) showed that some treatments
showed stimulatory effect while some
showed inhibitory effect on germination
percentage of T. aestivum. Highest stimulatory
effect was shown by 15g fresh leaves extract
of Eucalyptus camaldulensis and 5g fresh
leaves extract of Citrus aurantium which
stimulated the germination percentage to
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Figure 6. Effect of 48 hours soaking duration extract of Eucalyptus camaldulensis and Citrus
aurantium on germination percentage of Triticum aestivum. T0= Control, T1= 5g (fresh
leaves extract), T2= 10g (fresh leaves extract), T3= 15g (fresh leaves extract), T4= 5g (dry
leaves extract), T5= 10g (dry leaves extract), T6= 15g (dry leaves extract). Bars with different
letters represent significant difference at P= 0.05
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