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Abstract

Allelopathic effects of exotic Eucalyptus camaldulensis Dehnh. have been widely reported and are considered the
major factor limiting the establishment of native tree species in local forests. A lab study was conducted to investigate the
allelopathic effects of Eucalyptus camaldulensis on native trees and Acacia nilotica was selected as bioassay plant. Since
Eucalyptus leaf litter enters in the soil environment either in the form of solid matter or as aqueous extract. The allelopathic
impacts of these two forms were assessed in laboratory experiment conducted at Green House of Institute of Plant Sciences,
University of Sindh, Jamshoro, Pakistan. In a pot experiment the leaf litter was applied in total 6 concentrations along a
control, no leaf litter. The three concentrations of ground solid leaf litter were mixed with soil in 10, 20 and 30%. Similarly,
the aqueous stock solution of 1:20 was prepared and dilutions were made in 10, 20 and 30%. The plant parameters such as
percent germination, relative germination ratio (RGR), percentage mortality rate (MR), seedling vigour index (SVI),
chlorophyll content (mg/g f. wt.), relative elongation of shoot (RERsS), relative elongation of root (RERr), relative biomass
ratio (RBR), fresh and dry weight (g) was calculated. Soil samples were taken from laboratory experiments and analyzed for
pH, soil salinity, organic matter, N, P, K, and Na. Results suggest that Eucalyptus leaf litter and leaf litter aqueous extract
significantly reduced the frequency of percent germination and relative germination ratio, Eucalyptus leaf litter show high
mortality rate than leaf litter extract, reduced seedling vigour index, chlorophyll content, relative elongation of shoot and
relative elongation of root, also reduced the fresh and dry weight of the plant. The soil pH decreased with increasing
concentration and soil salinity increased with increasing the concentration. While organic matter, nitrogen, phosphorus and
potassium concentrations increased in soil with increasing concentration. The solid leaf litter was found more dangerous

than aqueous extracts.

Introduction

The exotic invasive species are considered to be the
second largest cause of biodiversity loss after habitat
destruction (Schwartz et al., 1996; Shinwari et al., 2012).
The negative impact of such species on native
biodiversity has been well documented (D’Antonio &
Mahall 1991; Ridenour & Callaway, 2001). Exotic
invasive plants have been found to change the
composition of native communities and been associated
with reduced native plant diversity (Bone et al., 1997;
Ferreira & Marques, 1998; Shinwari & Qaisar, 2011).
Many native forests have been destroyed by the
introduction and large-scale planting of fast growing
exotic tree species. Due to the invasion of exotic species
some native species have become endangered and the
ecosystem services provided by native forests are
diminishing (Islam et al., 1999; Foroughbakhch et al.,
2001; Sangha & Jalota, 2005). Most of the exotic plant
effects reported have been identified as caused by
allelopathic interaction which resulted in interference with
physiological and biochemical processes in plants, due to
chemicals released by exotic plants (Alhammadi, 2008).
The Australian native Eucalyptus camaldulensis was first
introduced in Pakistan in 1843, but no substantial
plantations were made until 1950. A rise in Eucalyptus
plantations seemed during 1970s, when it was primarily
used for the reclamation of saline and waterlogged soils.
The plantations were boosted at large scale in 1985 by
farmer motivation through social forestry projects
(Tanvir, 1996).

The Eucalyptus is now considered a threat to both
plant and animal biodiversity because it reduces the

growth of under-story and adjacent plant communities by
secreting allelochemicals in the soil and declining the
avifaunal and other animal populations by habitat loss.
The allelopathic effects of Eucalyptus have been studied
extensively by various workers for example; Del Moral &
Muller, 1970; Willis, 1999; Sasikumar et al., 2001; Bajwa
& Naz, 2005; El-Khawas & Shehata, 2005 etc. It has been
found that Eucalyptus species release volatile compounds
such as benzoic, cinnamic and phenolic acids, which
inhibit growth of crops and weeds growing near it
(Sasikumar et al., 2001; Kohli et al., 1998). Phenolic
acids and volatile oils released from the leaves, bark, and
roots of certain Eucalyptus spp. have deleterious effects
on other plant species (Sasikumar et al., 2002; Florentine
& Fox, 2003). According to studies made by Yamane et
al., (1992) all the basic plant processes such as hormonal
balance, protein synthesis, respiration, photosynthesis,
chlorophyll formation, permeability and plant water
relations may be disturbed by allelopathy. The continuous
planting of Eucalyptus in monoculture may cause
accumulation of allelochemicals in soil, which result in
soil degradation and loss of productivity (El-Khawas &
Shehata, 2005; Forrester et al., 2006).

Eucalyptus produces prolific litter in the form of
dropping leaves and naturally flecked off bark. If
allelochemicals are released from Eucalyptus leaf litter its
accumulation in the soil could result in poor development
of native flora. In Pakistan Eucalyptus is mostly grown on
crop field banks, as part of agro-forestry, on road sides,
along fish ponds in aquaculture and as monoculture stands
in forests. It has been observed that most of the farmers
and forest managers destroy Eucalyptus leaf litter, when
in excess, or by leaving it on ground, leaf litter mixes in



98

soil directly as solid material or as leaf litter extract when
field is irrigated. From this it is assumed that the
Eucalyptus leaf litter may enter in soil environment in two
ways i.e., solid leaf litter and leaf litter extract. Thus the
present study is designed primarily to investigate the
allelopathic impacts of these two media on the
germination and growth of native Acacia nilotica (L.)
Delile. and the changes caused by them in the soil
environment in terms of nutrient availability.

Materials and Methods

Collection of leaf litter: The dropped dried leaves of
Eucalyptus camaldulensis Dehnh., were collected from
Eucalyptus camaldulensis monoculture stands growing at Pai-
Forest, District: Shaheed Benazirabad, Sindh, Pakistan. The
leaves were washed thoroughly with distilled water to
remove dust and dried for one week at room temperature.
The dried leaves were ground, passed through 2.0 mm sieve
and stored at room temperature. This powder was further
divided into two equal parts of 2kg each. The one part was
directly used in soil as leaf litter (w/w) and second part was
used to formulate leaf litter extract (w/v) respectively.
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Preparation of Treatments: For Eucalyptus leaf litter
treatment ground powder of leaves was mixed in three
concentrations i.e.10, 20 and 30% (w/w) in sandy-silt soil.
For Eucalyptus leaf litter extract treatment, the ground
leaves powder was soaked in deionized distilled water in
the ratio of 1:20 (w/v) and kept for 72 hours. The extract
was filtered through a double layer muslin cloth
(Fikreyesus et al., 2011) and designated as stock solution
of 100% concentration. From this stock solution other
concentrations viz., 10, 20 and 30% (v/v) were prepared
by diluting it with distilled water (Hussain & Gadoon,
1981).

Experimental design and replications: The experiment
was conducted in the Green House of Institute of Plant
Sciences, University of Sindh, Jamshoro. The minimum and
maximum inner environmental conditions of Green House
were temperature 32.2-38°C, light 3620-6500 lux, heat index
43.2-50.5, humidity % 45.7-72.6, altitude 172m. Total 06
treatments (02 formulations and 03 concentrations) and a
control each replicated four times were applied in
randomized complete block design (Table 1).

Table 1. The scheme of treatments applied in the experiment.

Treatments/formulations

Concentrations

TO= Control

Soil without leaf litter or extracts

C1=Soil mixed with 10% dry leaf litter (w/w)

T1= Leaf litter

C2= Soil mixed with 20% dry leaf litter (w/w)

C3= Soil mixed with 30% dry leaf litter (w/w)

C1= Soil mixed with 10% leaf litter aqueous extract (w/v)

T2= Leaf litter extract

C2= Soil mixed with 20% leaf litter aqueous extract (w/v)

C3= Soil mixed with 30% leaf litter aqueous extract (w/v)

Germination & growth: The native Acacia nilotica (L.)
Delile., tree was selected as bioassay plant. The seeds
were collected from Acacia nilotica (L.) Delile., trees
growing at Pai-Forest, District: Shaheed Benazirabad,
Sindh, Pakistan. The seeds were subjected to physical
scarification with sand paper and were sown in 8 inch
diameter earthen pots filled with sandy-silt soil (soil pH
8.0, salinity 350 mg/kg, organic matter 0.34%, N 0.014%,
P 2.14ppm, K 38 ppm, Na 200 ppm). The 20 seeds per
treatment per replication were used. The seed germination
was regularly recorded after each 24 hours until the last
germination reached in control. The plants were harvested
after two months. The seedling growth (cm) and biomass,
fresh and dry weight (g) were obtained after the oven
drying to constant weight at 65°C for 24 hours was
recorded on harvest.

Chlorophyll content: The total chlorophyll content
(mg/g f. wt.) was determined according to the method of
(Arnon, 1949). The fresh leaves weighed 0.2g were cut
and extracted overnight with 80% acetone at 0-4°C. The
extracts were centrifuged at 100,000xg for 5 minutes.
Absorbance of the supernatant was read at 645 and 663
nm using a Lambda 35 UV-V Spectrophotometer.

Soil nutrient analysis: The composite soil samples were
taken from each treatment and taken to laboratory. The
soil was analyzed for pH (JENWAY 3510 pH meter), soil

salinity (WTW EC Meter), Organic matter (Walkley &
Black, 1934), Nitrogen (Kjeldahal method), Potassium
and Sodium (Flame Photometer Model 400), Phosphorus
(PC Spectro Lovibond Company).

Statistical analysis: The data was statistically analyzed
for ANOVA and Pearson correlation tests. The
differences between the means were computed using
Tuckey’s pair wise comparison test at 0.05. All the
statistical analysis has been done using Minitab®.

The germination and growth ratios were obtained
through the formulas as under:

1. Percentage germination; (Scott et al., 1984)

6w = SN 4100
GN

where Gn is the number of seeds germinated after 14 days
and GN is the total number of seeds sown.

2. Percentage mortality rate;

MR = MRT 100
GN

where MR is percentage mortality rate, MRn is the
number of seeds died after germination and GN is the
total number of seeds germinated.
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3. The relative germination ratio; (Rho & Kil, 1986).

GRt

RGR = x100
GRc

where RGR is the relative germination ratio, GRt is the
germination ratio of plants under treatment and GRc is the
germination ratio of plants under control.

4. Relative elongation of shoot; (Rho & Kil, 1986).

RERs — MLSt
MLSc

x100

RERs is the relative elongation ratio of shoot, MLSt is the
mean length of shoot of plant under treatments and MLSc
is the mean length of shoot of plant under control.

5. Relative elongation of root;

RERr = MR 100
MLRC

RERr is the relative elongation ratio of root, MLSt is the
mean length of root of plant under treatments and MLSc is
the mean length of root of plant under control.

6. Relative biomass ratio;

MBt

RBR = x100
MBc

where RBR is relative biomass ratio, MBt is the mean
biomass of plant under treatments and MBc is mean
biomass of plant under control.

7. Seedling Vigour Index; (Abdul-Baki & Anderson, 1993)
SVI = Germination percentage (Shoot length + Root length)

Results

Germination and mortality: The allelopathic effects of
Eucalyptus leaf litter and leaf litter extract significantly

reduced the percentage germination of Acacia seeds when
compared to control in which seeds attained the highest
germination. The highest percentage germination in case of
treatments was recorded in leaf litter extract followed by leaf
litter (Table 2). However the leaf litter has more severe
effects on germination percentage than leaf litter extract and
as the leaf litter decompose in soil its effect increases. It was
found that as the concentration of each formulation increased
the percentage germination decreased significantly, showing
the negative correlation between concentration and
germination percentage. Similarly the relative germination
ratio (RGR) was found significantly high in leaf litter extract
than leaf litter (Fig. 1).

The Eucalyptus treatments also induced mortality,
calculated in percentage seedlings died after germination.
The leaf litter when more decomposed, plants become
yellow in colour and their growth is stunted and induce
the mortality of seedlings. The highest mortality rate was
found in leaf litter than leaf litter extract (Fig. 2).

Shoot and root length: All the Eucalyptus formulations
significantly decreased the shoot length. The more
decrease was found in leaf litter than leaf litter extract.
But the difference between these two formulations was
non-significant.  Similarly  shoot length  reduced
significantly as the concentration of the formulations
increased. The highest concentration reduced highest
shoot growth and lowest concentration reduced smallest.
This relationship is confirmed by the Pearson correlation
analysis which shows the negative correlation between
shoot growth and concentration (Table 2).

The root length was also reduced significantly by
Eucalyptus formulations and the more reduction was found
in leaf litter than leaf litter extract. The concentration - root
length correlation was negative and highest reduction in
root length was observed under the highest concentration of
either formulation applied (Table 2).

The analysis of relative elongation ratio of shoot
(RERs) was highest in leaf litter extract, while the lowest
values were found that of leaf litter (Fig. 3). Also the
relative elongation ratio of root (RERr) was higher in leaf
litter extract than leaf litter (Fig. 4).

Table 2. The allelopathic effects of various E. camaldulensis treatments on various plant parameters.
The values are the mean of four replications.

Plant parameters

Treatments Germination Shoot length Root length Fresh weight Dry weight
% (cm) (cm) )] )]
TO 98.13 36.75 18.00 11.22 5.05
T1 81.88 12.38 12.50 2.05 1.13
T2 63.75 10.75 9.75 1.78 0.93
T3 56.88 10.25 6.00 1.53 0.80
T4 91.88 12.38 11.50 2.65 1.35
T5 83.13 11.50 9.75 1.63 0.78
T6 75.00 9.50 9.25 1.30 0.50
Mean 78.664 14,7871 10.9642 3.1657 1.5057
LSDg 05 1.08 1.32 1.02 0.22 0.20
Pearson correlation -0.195 -0.648 -0.624 -0.641 -0.678

coefficient
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Fig. 1. Effect of E. camaldulensis on relative germination ratio

(RGR) of Acacia nilotica.

5.00

450 1

400

350 1

3.00 1 v

250 1 - 4

200 4

1.50

1.00

0.50 +

000 +4
TO TI T2

Mortality Rate %o

<
<
<

T3 T4 T5 T6
Treatments

Fig. 2. Effect of E. camaldulensis on percentage mortality rate
of A. nilotica.

Biomass (g): The Eucalyptus formulations showed the
significant decrease in fresh & dry biomass of Acacia
seedlings as compared to the control. There is no
significant difference between leaf litter and leaf litter
extract, but as the concentration increases, fresh and dry
biomass of both the formulations decreased. The reduction
in fresh biomass was observed in leaf litter extract followed
by leaf litter. Similarly dry biomass was reduced in leaf
litter extract followed by leaf litter (Table 2).

The relative biomass ratio (RBR) calculated in
percentage (Fig. 5), the leaf litter has more values than
leaf litter extract. In both formulations, the concentration
effect was significantly different at p<0.05 and dry
biomass was negatively correlated.

Chlorophyll content: The total chlorophyll content
(mg/g f. wt.) was decreased significantly in all the
treatments as compared to the control. Like other plant
parameters the leaf litter has more negative effects on
chlorophyll content than leaf litter extract (Fig. 6).
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Fig. 3. Effect of E. camaldulensis on relative elongation ratio of
shoot (RERs) of Acacia nilotica.
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Fig. 4. Effect of E. camaldulensis on relative elongation ratio of
root (RERr) of Acacia nilotica.

Seedling vigour index (SVI): The seedling vigour
index was significantly reduced in all treatments as
compared to the control, it was also noted that as the
concentration increases the SVI decreases in both the
formulations. The SVI was greater in leaf litter extract
than leaf litter (Fig. 7).

Soil analysis: The soil pH decreased in leaf litter and leaf
litter extract treatments as compared to the control, as the
concentration of the both formulations increases, the pH
decreased. Soil salinity increases as the concentration of
both the formulations increases except T4 where it is less
than control. The organic matter was greater in both
formulations than control and greater in leaf litter than
leaf litter extract. Nitrogen was also greater in both
formulations than control, increased with increasing of
concentration and slightly greater in leaf litter. P, K, Na
was also greater in both formulations than control,
increased with increasing of concentration and greater in
leaf litter extract (Table 3).
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Fig. 5. Effect of E. camaldulensis on the relative biomass ratio
(RBR) of Acacia nilotica.
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Fig. 6. Effect of E. camaldulensis on total chlorophyll content
(mg/g f. wt.) of Acacia nilotica.
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Fig. 7. Effect of E. camaldulensis on seedling vigour index
(SVI) of Acacia nilotica.

Discussion

The results clearly indicate the inhibitive effect of E.
camaldulensis leaf litter and leaf litter extract on percent

germination and relative germination ratio of A. nilotica. E.
camaldulensis also induce seedling percentage mortality
rate. The results also indicate that the allelopathy is a
concentration dependent process, when the concentration
increases the extent of the inhibition also increases. The
effect of leaf litter was more severe on these plant
parameters than leaf litter extract. The leaf litter as more
decomposed it has more inhibitive effect on plant
parameters studied. These results are agreed with the work
of Niakan & Saberi (2009) who reported that the most of
the growth parameters of Phalaris were decreased when
exposed to different amounts of decompose and water
extracts of E. camaldulensis leaves, the reduction was more
severe by decomposed leaves of E. camaldulensis. Kil &
Lovett (1999) reported the inhibition of seed germination
and seedling growth of some herbaceous plants such as
chick pea, maize and pea by aqueous leaf extracts of E.
camaldulensis. Muhammad et al., (2008) also reported that
leaf extract of E. camaldulensis have allelopathic effect on
seed germination and seedling growth of wheat (Triticum
aestivum L.). The allelopathic effects of Eucalyptus may
be attributed to the water soluble inhibitors present in its
leaves (Al-Mousawi & Al-Naib, 1975). The inhibition of
germination is dependent on the concentration of the
extract, it may be due to the entry of water soluble
allelochemicals in to the seed, which retards the
germination and growth (Suseelamma & Venkataraju,
1994; Gilani et al., 2007). Djanaguiraman et al., (2002)
observed that the aqueous extract of E. globulus caused
inhibition of seed germination in greengram, blackgram
and cowpea. Porwal & Mundra (1993) reported similar
allelopathic effects of purple nut sedge and barnyard grass
on germination and seedling growth of rice and black gram.
Fikreyesus et al., (2011) observed that the extracts of E.
camaldulensis delayed as well as hindered the germination
significantly in the receptor plant compared to the control.
Eucalyptus is toxic, due to allelopathic properties which
serve to reduce germination of other plants (Khan et al.,
2005; Shiming, 2005). Ahmed et al., (2008) reported that
with the increased application of E. camaldulensis leaf litter
percentage, germination rate of the bioassay crops reduced.
Padhy et al., (2000) also reported the suppressing effects of
Eucalyptus leaf leachates on germination and seedling
growth of finger millet. The allelochemicals have harmful
effects on crops in the ecosystem resulting in the reduction
and delaying of germination, mortality of seedlings and
reduction in growth and yield (Mcworthier, 1984; Herro &
Callaway, 2003). Aqueous extract of some plants inhibited
germination (Pratley et al., 1996) and induce mortality of
plants (Eyini et al., 1996). Eucalyptus trees might
negatively impact seed germination and growth of native
species (Everett, 2000; Duarte et al., 2006).

The shoot and root length was also reduced in all
treatments (Table 2). These results are correlated with Lawan
et al., (2011) who reported that aqueous extract of E.
camaldulensis has highest inhibitory effect on root length of
Arachis hypogea. The aqueous extracts of seeds, leaf, root of
Ageratum conyzoides delayed the germination and decreased
the root and shoot elongation in chickpea (Angiras et al.,
1988). Aqueous extract of some plants inhibit seedling
growth (Athanassova, 1996), root and shoot growth (Das &
Bandyopadhyay, 2011). The root leachate of Anagallis arvensis
decreased the radical length of mung bean, which showed
allelopathic effect of the weed (Salam et al., 2011).
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Table 3. The soil analysis showing the allelopathic effect of various Eucalyptus camaldulensis treatments.

Soil parameters
Treatments

pH | Salinity (mg/Kg) | OM (%) | N () | P (ppm) | K (ppm) | Na (ppm)
TO 8.20 220 0.44 0.020 2.40 56 100
Tl 8.10 260 8.10 0.11 9.30 75 100
T2 8.00 297 9.94 0.13 10.23 84 104
T3 7.80 300 11.20 0.14 10.50 97 135
T4 8.00 190 1.50 0.061 12.10 175 100
T5 7.90 387 3.28 0.064 13.87 300 200
T6 7.80 600 6.30 0.065 14.50 610 400

Initial Soil
8.0 938 0.34 0.014 2.14 38 475

The fresh and dry weights were also reduced in all
treatments (Table 2). These results are correlated with
several authors, Khan et al., (2008) reported that aqueous
extract of E. camaldulensis reduced the fresh weight and
dry weight of wheat seedlings. The chemicals like
phenolics, terpenoides and alkaloids and their derivatives
found in plants are potential inhibitors of germination,
seedlings growth, fresh weights and dry weights (Herro &
Callaway, 2003; Siddiqui & Zaman, 2004; Siddiqui &
Zaman, 2005). Similar findings were reported by
Sanginga & Swift, 1992; Lisanework & Michelson, 1993;
Khan et al., (1999) who found that Eucalyptus extract
reduces the fresh weight and dry weights of maize
seedlings. The reduction in biomass may be due to stunted
and reduced seedling growth (Tripathi et al., 1999, 2000).
E. globulus leachate decreased the dry matter in black
gram and rice, the magnitude of the reduction in the crops
was proportionate with the leachate concentration
(Djanaguiraman et al., 2005).

The total chlorophyll concentration was also reduced
significantly in all treatments (Fig. 6). These results are
correlated with several authors, such as Djanaguiraman et
al., (2005) reported that in black gram, chlorophyll a was
reduced by 50%, chlorophyll b by 138% and total
chlorophyll by 71% in 20% concentrated leaf leachates of
E. globulus. Abu-Romman (2011) reported that
photosynthetic pigments in Capsicum annum seedlings
were significantly and negatively affected by treatment
with Achillea biebersteinni, chlorophyll a, chlorophyll b
and total chlorophyll decreased with increasing leachate
concentration. These photosynthetic pigments of Acacia
nilotica seedlings were reduced by allelochemical stress
(Fig. 6). Reduction in chlorophyll a, chlorophyll b, total
chlorophyll was previously reported as a result of
allelochemical stress (Singh et al., 2009; Ervin & Wetzel,
2000; Moradshahi et al., 2003). A correlation between
photosynthetic alteration and the action of some
allelochemical compounds was shown in previous works
(Einhellig, 1986; Hejl et al., 1993) being the disruption of
electron transport chain one of the most usual ways for
affecting photosynthesis by allelochemical compounds
(John, 1982; Al-Khatib et al., 1992; Nimbal et al., 1996;
Gonzelz et al., 1998). Mersie & Singh (1993) found a
direct relation between the application of some phenolic

acids (vanillic, chlorogenic, ferulic and p-coumaric) on
Abutilon theophrasti Medik and an inhibition of the
photosynthetic rate. Jayakumar et al., (1990) observed
reduction in chlorophyll content of crops treated with
extracts of abscised leaves of Eucalyptus, which hints the
possibility of poor photosynthesis and in turn poor plant
growth.

The Eucalyptus leaf litter and leaf litter extract also
caused significant reduction in seedling vigour index of
Acacia nilotica (Fig. 7). These results are correlated with
Djanaguiraman et al., (2002) who found a similar type of
result that E. globulus reduced the vigour index in
greengram, blackgram and cowpea. A similar inhibitory
effect of Digera muricata on sorghum was reported by
(Karthiyayini et al., 2003). Mubeen et al., (2011) who
found significantly minimum seedling vigour index (SVI)
for rice seeds which were soaked in leaf extract of
Trianthema portulacastrum. Sasikumar et al., (2001)
reported that leachates of bark, fresh leaves and leaf litter
of four Eucalyptus species revealed significant reduction
in germination and vigour index of redgram compared to
the control. Das et al., (2012) reported that with the
increasing the concentration of leachate of E. globulus
and Shorea robusta the vigour index of the Cicer
arietinum decreased.

The OM, N, P, K, Na concentrations were greater in
Eucalyptus leaf litter treatments than control but the growth
of tested plant was higher in control. It is because of the
phenolic compounds not present in control soil. When
Eucalyptus leaf litter and leaf litter extract was added with
soil in different concentrations, phenolic compounds
released in soil and come in contact with roots of test plants
and may alter its absorption capacity for water and
minerals, cell division and other physiological functions.
The allelochemicals can alter the rate at which ions are
absorbed by plants. A reduction in both macro- and
micronutrients are encountered in the presence of phenolic
acids (Rice, 1974). El-Khatib et al., (2004) reported that the
decrease in dry matter production of Triticum pyramidal
was due to phenolics and alkaloids from the extract of
Chenopodium murale which affect the cell division,
causing a reduction in the root cell growth. This may lead
to a decrease in mineral uptake, nutrient absorption and the
transport of nutrients from the root to other plant parts. This
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reduction in growth and development also resulted in the
reduction of dry matter production.

The above results also agreed with findings of
(Anon., 1971) which reported that when plants were
subjected to an allelopathic regime, plants showed
impoverished appearance and suffering from acute
deficiency of minor and major elements. The tissues of
those plants were observed to be low in essential mineral
nutrients, even the soil in which they were growing has an
adequate supply of mineral nutrients. Such deficiency
response might be due to an impairment of the ability of
the affected plants to absorb sufficient nutrients for
normal growth from the soil medium or an inability of
affected plants to transport mineral nutrients to the shoots.
The allelopathic compounds in soil come in contact with the
roots of tested plant and may alter its absorption capacity for
water and minerals, cell division and other physiological
functions (Majeed et al., 2012).

Conclusion

Based on the results present above it is concluded that
allelopathy is a concentration-dependent phenomenon, as the
concentration of the E. camaldulensis treatments increases,
its effect increases. The leaf litter and leaf litter extract
affected all the parameters as compared to the control.
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