Ann. Bot. Fennici 41: 37-45
Helsinki 27 February 2004

ISSN 0003-3847

© Finnish Zoological and Botanical Publishing Board 2004

Does allelopathy have a role in the ecology of

Chenopodium murale?

Ahmed A. El-Khatib’, Ahmed K. Hegazy? & Hanaa K. Galal'

" Department of Botany, Faculty of Science, 82524 Sohag, Egypt
2 Department of Botany, Faculty of Science, Cairo University, Egypt

Received 10 Jan. 2003, revised version received 3 June 2003, accepted 12 June 2003

El-Khatib, A. A., Hegazy, A. K. & Galal, H. K. 2004: Does allelopathy have a role in the ecology of
Chenopodium murale? — Ann. Bot. Fennici 41: 37—45.

Bioassays on Chenopodium murale demonstrated that root and shoot aqueous extracts
reduced the seed germination, seedling establishment, plant growth and metabolite
production of four target species. Leaf area and dry matter production showed a
decreasing trend in response to the different treatments. Similar effects were found
for pigment, carbohydrate and protein contents. In general, inhibition percentage was
a function of extract concentration and plant tissue type. Shoot treatment was more
strongly inhibitory than root treatment. The target species arranged from the most
affected to the least affected were Melilotus indicus—Trifolium alexandrinum—Triticum
pyramidal-Lycopersicon esculentum—Cucumis sativus.
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Introduction

The importance of allelopathy in nature has
attracted ecologists’ attention with the main
goal of using the phenomenon in interpretation
in many disciplines related to plant community
structure (cf. Einhellig 1995, El-Khatib 1998,
2000, Hegazy 1999). Allelopathy, or the chemi-
cal mechanism of plant interference, is charac-
terized by a reduction in emergence or growth of
some target species in the community.
Chenopodium murale (nettleleaf goosefoot)
is one of the fast-growing annuals of the family
Chenopodiaceae and is widespread throughout
different habitat types in Egypt (Kosinova 1975,
Shaltout et al. 1992). It was introduced from
Europe and grows in moist soil. It is an abundant

winter weed and is considered a pest in agro-eco-
systems, roadsides etc. Galal (2000) studied the
plant sociological characteristics of a C. murale and
reported its negative association with many species,
even with those with similar ecological require-
ments. Also, this study showed that the rhizosphere
soil of C. murale inhibited growth of the species
they tested. It can therefore be hypothesized that C.
murale may have allelopathic activity, which might
play a part in its wide geographic distribution.

The present investigation focused on using
aqueous extract to study the hypothesis that
water-soluble materials of C. murale can be
released from the plant tissue and exert allelo-
pathic effects on the neighboring species. This
information will assist our understanding of
structuring mechanisms in its ecology.
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Materials and methods

The community of Chenopodium murale was
surveyed from a range of environmental con-
ditions at Sohag, Egypt, where the climate is
extremely arid (El-Khatib 1997). Samples were
taken from different habitat types including
agro-ecosystems, roadsides and waste places.

Sampling

Sufficient amounts of above- and below-ground
organs of adult C. murale individuals were
collected to allow analysis. The samples were
brought to the laboratory in paper bags and
allowed to air dry, and the material was then
refrigerated until used. Ripe seeds of an associ-
ate weed species (Melilotus indicus), crop spe-
cies (Trifolium alexandrinum), cereal species
(Triticum pyramidal) and two vegetable species
(Lycopersicum esculentum and Cucumis sati-
vus) were collected from the natural stands at
Shandawil Agriculture Research Station, Sohag
Governorate, Egypt.

Tissue extract bioassay

Each tissue type was mixed with deionized
water to prepare 15% (m/v) aqueous extracts
according to Wardle et al. (1992), El-Khatib and
Abd-Elaah (1998), El-Khatib and Hegazy (1999)
and El-Khatib (2000). The purified extracts were
adjusted to pH 6.8 with IM HCI (Rice 1972).
A series of dilutions (8%, 10%, 12%) from the
stock solution were used in the bioassay. These
concentrations were prepared based on the
results of a preliminary experiment to detect the
lethal dose. All experiments were conducted in
a growth chamber, with conditions adjusted to
75% humidity, a temperature of 22 + 2 °C, and
photon flux density of 170 ymol m=2 S™! during
11 h photoperiod.

Bioassay tests were carried out in 9-cm Petri
dishes. Five ml of the bioassay extract was added
to dishes containing 25 seeds of the test species
on two pieces of Whatman No. 1 filter papers.
Dishes were incubated under the growth cham-
ber conditions. One ml of deionized water was

added to each dish, as needed. The percentage
of germination was recorded every day for 14
days. Distilled water replaced the extracts in the
control samples. Three replicates were set up for
each tissue type X species X concentration com-
bination. Speed of germination index S was cal-
culated as described by Khandakar and Bradbeer
(1983), i.e.:

S=(N/1+N/2+N/3+...+N/n)x 100 (1)

where N, N, N, ...N = Proportion of seeds
which germinate on day 1, 2, 3, ..., n following
setup of the experiment.

The previous experiment was repeated with
five pre-germinated seeds of each test species
placed in each petri dish, and the seedling length
was then measured after one week. Percentage
seedling length inhibition of the test species
(PLI) was calculated according to the formula of

Vokou (1992):
PLI = [(AL.— AL,)/AL.] x 100 2)

where AL = difference of mean initial seedling
length from mean final seedling length of the
respective control, AL = difference of mean ini-
tial seedling length from mean final length of the
treated species.

Metabolite and growth characteristics
bioassays

Fifteen seeds of each test species were planted
in pots (9-cm diameter X 10 cm deep) filled with
soil collected from an area distant from the com-
munity of Chenopodium murale. The pots were
irrigated with the aqueous tissue extracts and kept
at field capacity. Tap water was used with the
control samples. Three replicates were set up for
each tissue type X species X concentration com-
bination. After 14 days, the developing seedlings
were thinned to five individual plants per pot for
every test species. The experiments continued
for two months. The plants were then harvested,
and their leaf area (Watson & Watson 1953), dry
matter, pigment content (Metzner et al. 1965),
carbohydrate content (Badour 1959) and protein
content (Lowery ef al. 1951) were determined.



ANN.BOT.FENNICI Vol.41 -« Allelopathy and ecology of C. murale 39
120
?g Shoot extract Shoot tissue
| 100|
60 | —_
50 A T 80;
40 4 §
> 60}
30 | S
5 201 S 40|
3 =
c | <]
£ 10 € 20}
2 0 - » - c
©
g 2 0
€ 80 [S)
@ Root extract 2 120
-;) 70 § Root tissue
- 60 @ 100}
(]
(] i ()
- & 80|
40 4 S
(s}
304 E 60}
20 4 401
10 4
~ E— 20¢
Control 8 10 12 o

Extract concentration (%)

—— C. sativus —e— M. indicus
—— T. pyramidal —#— L. esculentum

—— T. alexandrinum

Fig. 1. Effect of extract concentration of C. murale on
the speed of germination index of the target species.

Statistical analysis

All data for germination and seedling growth
were subjected to analysis of variance followed
by least significant differences test (LSD) to
determine significant differences among mean
values at P < 0.05 and P < 0.01 probability level
using “general linear model” procedure of the
Statistical Analysis System (SAS) program (SAS
Institute 1985). The growth responses of the test
species to the concentrations of shoot and root
aqueous extracts of Chenopodium murale were
measured by fitting the appropriate regression
model using the regression procedure of SAS
program.

Results and discussion

Concerning the speed of germination, data of all
target species demonstrated a significant degree
of suppression and a negative response to the
increasing concentration of different extracts.
There were significant differences (P < 0.01)
between the test treatments and control. Regres-
sion analysis revealed that the degree of inhibi-
tion was a function of the extract concentration.
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Fig. 2. Percentage seedling inhibition of the target spe-
cies in response to the effect of tissue extract concen-
tration of C. murale.

The shoot extract has more negative effects on
the speed of germination than the root extract
(Fig. 1). This supports the findings of El-Khatib
and Abd-Elaah (1998) on Zilla spinosa and El-
Khatib and Hegazy (1999) on wheat (Triticum
pyramidal), who found that shoot extract was
more toxic than root extract on the seed germina-
tion of the test species. This inhibition may be
attributed to the alteration of enzyme activity,
which affects the mobilization of storage com-
pounds during germination (Einhellig 1995) and,
therefore, may explain the situation under the
field conditions, where the different test species
in association with Chenopodium murale had
low density values.

The seedling elongation inhibition of the
test species was more obvious at the high shoot
concentrations (Fig. 2). Trifolium alexandrinum
and Melilotus indicus were more susceptible to
the inhibitory effect of the extract than the other
test species. In some cases, the seedling growth
inhibition of the test species responded variably
to the various concentrations of the extract. Sta-
tistical analysis showed significant differences
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Fig. 3. Effect of aqueous tissue extract of C. murale on
the leaf area of the different test species.

(P <0.01) between the control and test treatments
at the different concentrations of Chenopodium
murale extract. Some authors (Leather & Einhel-
lig 1985, Hegazy & Fadl-Allah 1995, El-Khatib
1999, 2000) have reported that, in the seedling
stage, the susceptibility to allelochemicals
increased and some morphological abnormalities
occurred. They suggested that seedling growth is
more affected by the allelopathic interaction than
is seed germination.

There was a wide variation in the aver-
age leaf area as expressed in cm? plant™! along
the concentration gradient, and type of tissue
extract (Fig. 3). The results of regression analy-
sis showed that there is an inverse relationship
between the leaf area of the test species as a
response variable and extract concentration as
an independent variable. In general, the leaf area
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Fig. 4. Effect of aqueous tissue extract of C. murale on
the dry matter production by the different test species.

of the test species has the same trend of decreas-
ing with the increases of extract concentration,
regardless of the extract type. Shoot extract
appeared to be lethal to Lycopersicon escu-
lentum, Trifolium alexandrinum and Melilotus
indicus, even at the low concentrations, where
the determinant coefficient (R?) in the regres-
sion model indicates the highest amount of
variation in their leaf area with the increase of
extract concentration, being 93%, 95% and 98%,
respectively. For the root extract, there was only
significant difference from the control (P < 0.05)
at the high extract concentrations.

Concerning dry matter production, no dif-
ferences were detected (P > 0.05) with most of
the test species at the low extract concentrations
(Fig. 4). However, a highly significant difference
was found with higher concentrations. In the
case of Triticum pyramidal, the decrease in dry
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matter production was not affected by the extract
type, since the regression coefficient for shoot
and root treatment is the same. This reduction
suggests interference by the toxic substances
from the extract with the cell division, causing a
reduction in the root cell growth. This may lead
to a decrease in mineral uptake, nutrient absorp-
tion, and the transport of nutrients from the root
to other plant parts. The reduction in growth and
development also resulted in the reduction of dry
matter production.

When the pot plants were treated with dif-
ferent concentrations of Chenopodium murale
tissue extract, pigment content of all test species
exhibited significant differences from control
(Fig. 5). In comparison with other test species,
chlorophyll b and carotenoide contents of 7riti-
cum pyramidal and Cucumis sativus were more
negatively affected than chlorophyll a, their
slope value in the regression model being —0.18
and —0.29 with shoot and root extract treatment,
respectively. Based on regression slope analysis,
pigment contents of most test species demon-
strated more susceptibility to the shoot extract of
C. murale than root extract. The degree of inhi-
bition in the pigment content varied according
to the variation in the concentrations, where no
significant differences (P > 0.05) were recorded
with root extract concentration of 8% and 10%,
with some of the test species. In general, shoot
extract was more severe in its inhibition effect
on the pigment content of all test species than
root extract. Colton and Einhellig (1980), and
Einhellig and Rasmussen (1993) reported that
allelochemicals caused marked reduction in the
chlorophyll content of the test plants through
their effect on the biosynthesis and denaturation
of chlorophyll molecules.

Concerning total carbohydrate content, the
linear regression analysis for the data of all test
species has reflected the descending function
in the content of the different plant parts with
the increase of the tissue extract concentration
(Fig. 6). The slope of the regression line varied
for different test species, plant parts, and extract
types and concentrations. The carbohydrate
content of Cucumis sativus parts exhibited a
significant reduction compared to those of other
test species. Triticum pyramidal was the most

tolerant species tested, and its slope values were
smaller than those of the other species. The
reduction in the carbohydrate content may oper-
ate through inhibition of stomatal opening and
CO, uptake, and/or through inhibition of coupled
electron transport and both cyclic and non-cyclic
photophosphorylation. Gonzalez et al. (1997)
reported the inhibition effect of allelochemicals
on photosystem II electron transfer reaction.
The results of this investigation are in agree-
ment with those of many others (Zelitch 1967,
Einhellig 1971, Arntzen et al. 1974, Inderjit &
Dakshini 1992, Hegazy & Fahmy 1999), who
reported inhibitory effects of allelochemicals on
the net photosynthetic rate causing reduction in
the carbohydrate content.

Soluble protein content varied widely among
the different parts of the test species with vari-
ation of the extract concentration. The soluble
protein content of Lycopersicon esculentum
and Melilotus indicus treated with shoot extract
of Chenopodium murale was more negatively
affected than that of the other test species, even
at low extract concentrations (Fig. 7). These
species were comparatively the most inhibited
in their contents of soluble protein. Concerning
Triticum pyramidal, shoot extract has a similar
inhibition effect as root extract on the production
of soluble protein within different plant parts.
The reduction in the protein content may be due
to inhibiting the incorporation of many amino
acids into protein (van Sumere et al. 1971).

Phytotoxicity appears to be associated
with allelochemicals contained within aqueous
extracts of Chenopodium murale. This is indi-
cated by its inhibitory action on the test species.
Inhibition covers all stages of plant growth from
seeds to adult plants. The inhibitory effects are
reflected in decreased seed germination, seedling
growth, leaf area, dry matter production, pigment
content, and carbohydrate and protein contents of
the adult plants. These effects result in an inhibi-
tion of plant development and growth, which is
not significant only for the individual plant, but
can influence an ecosystem by changing the pat-
tern of vegetation. The negative association of C.
murale with some of the test species under field
conditions can be explained by its allelopathic
effect on these species.
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Fig. 5. Effect of different tissue extracts of C. murale on the pigment content of the test species. S = shoot extract,
R = root extract.
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Fig. 7. Effect of different tissue extracts of C. murale on soluble protein contents of the test species. S = shoot
extract, R = root extract.
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