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Abstract

This experiment was conducted in order to evaluate the allelopathic effects of the aqueous
extract (A.E.) of Xanthium strumarium L. on the seed germination, seedling growth and chlorophyll
content in lentil (Lens culinaris Medic.). Germination and seedling growth tests were performed as
CRD (Completely randomized design) with 5 replications. Greenhouse experiment was carried out as
RCBD (Randomized complete block design) with 4 replications. Treatments included 0, 0.5, 1, 1.5 and
2% (W/V) shoot A.E. of X. strumarium L., with distilled water considered as control. Results showed
that low concentrations of X. strumarium shoot A.E. had no significant effect on the germination
percentage, radicle length, plumule and radicle dry weight, total chlorophyll content and chlorophylls a
and b content. However, treatments with higher concentrations had negative effects on mean rate of
germination, plumule length and seedling dry weight. From practical point of view the identification of
weeds with potential pool of allelochemicals and characterization of their adverse effects on
germination of crops during early growth stages and finally on the commercial yield is highly
recommended.
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Introduction

Some plants may inhibit germination, emergence and subsequent growth of other
plants by exuding toxic substances. These substances are called allelopathic chemicals or
allelochemicals and the process is called allelopathy [1]. Allelopathic chemicals may be
distributed broadly among organs such as seeds, flowers, pollen, leaves, stems, and roots, or
sometimes found in just one or two of such organs [2]. When these allelochemicals are taken
up by germinating seeds of the same or of other plant species there may be some degrees of
germination and emergence inhibition or growth injury [3].

Allelopathy is a mechanism by which weeds affect seed germination dynamics, and
growth of field crops. For this, identification of weeds with potential pool of allelochemicals and
characterization of their adverse effects on germination and early growth of crops is advised.

Xanthium strumarium L. is a predominant weed in Iran and some other countries in
the world [4]. There are several reports that allelochemicals from this plant negatively affect
crops like onion (A/lium cepa L.), sunflower (Helianthus annus L.) and some vegetables [4,5].
Shajie and Saffari [6] reported that leaves and stems extracts of X. strumarium L. significantly
reduced germination and seedling growth in corn (Zea mays L.), canola (Brassica napus L.),
sesame (Sesamum indicum L.), lentil (Lens culinaris Medic.) and chickpea (Cicer arietinum
L.). Cutler and Cole [7] reported that potassium carboxyactractyloside, a glycoside isolated
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from the residues of X. strumarium L and described as a hypoglycemic agent, strongly
inhibited the coleoptile growth of wheat. These allelochemicals also affected corn seedlings
either by decaying of hypocotyls or by producing of dwarf plants. Kadioglu [8] reported that
while A.E. of X. strumarium L. had no allelopathic effect on the seed germination of carrot
(Dacucus carota L.) and sweet cress (Lepidium sativum L.), it considerably inhibited
germination of wheat (7riticum vulgare L.) and barley (Hordeum vulgare L.). According to
Tanveer et al. [9] mean germination time in maize (Zea mays L.), barley (H. vulgare L.), rice
(Oryza sativa L.), wheat (T. vulgare L.) and sunflower was reduced by leaf leaches of X.
strumarium L

The decrease in chlorophyll synthesis is a common response of plants to
allelochemicals, and this might be a subsequent response of plant to these chemicals beside
cellular damage. Allelochemicals adversely affect chlorophyll biosynthesis and accumulation
by interfering in chlorophyll biosynthesis and/or destruction. The upcoming negative effects
of these processes would be retarding of photosynthesis and poor plant growth [4,10].

Lentil is an important food legume cultivated in rain-fed areas in the west and
northwest of Iran [11]. Furthermore, lentil is an important component in the nutritional diet
with 25% protein content [12]. In countries with low meat production and use, cereals and
especially lentil are among the main protein sources of diet [13].

To the best of our knowledge there is scarce information about the effects of
allelochemicals on the seed germination dynamics and subsequent seedling growth in lentil.
The aim of this research was to evaluate for the first time the possible effects of the
widespread weed X. strumarium L. shoot A.E on the seed germination characteristics,
seedling growth and chlorophyll content of lentil plants.

Materials and Methods

This experiment was conducted at the Agronomy and Plant Breeding Department of
Tabriz University, Iran. In this research, seeds of lentil (Lens culinaris Medik. Cv. Ziba),
commonly grown in Iran, were used as biologic material. Treatments included different
concentrations (0, 0.5, 1, 1.5 and 2% W/V) of shoot A.E. of X. strumarium L. weed. X.
strumarium L. plant materials were gathered in the flowering stage from research fields of
Agriculture Faculty of Tabriz University in Karkaj. Weed shoots were separated, washed with
tap water, dried in shade and grinded. For aqueous extraction, 50 grams of grinded material
were soaked with 500 ml (1:10) of distilled water and continuously shaked for 24 hrs at 75 rpm.

Aliquots were separated from plant residues by 4 layers of cotton textile and diluted to
obtain different concentrations. Germination and seedling growth tests were conducted as
CRD with 5 replications. Germination test was carried out in 12 cm Petri-dishes with 25 seeds
laid on a double layer Whatman No.2 paper, before adding of 9 ml of A.E. The seeds were
maintained at constant 20°C and light intensity of 350 pmol m™s™ in an incubator. Seven days
old plantlets were used for measurement of seed germination percentage and rate, as well as

of length and dry weight of plumule and radicle. Mean rate of seed germination (E) was
calculated according to Ellis and Roberts [14],

S
R— 2.Dn

where R stands for mean rate of germination, n: number of germinated seeds in defined day
and D: day after experiment commence. For determination of plumule and radicle dry weight
these organs were dried in an air forced oven at 70°C for 24 hrs.

5224 Romanian Biotechnological Letters, Vol. 15, No. 3, 2010



Allelopathic Effects of Xanthium strumarium L. Shoot Aqueous Extract on Germination,
Seedling Growth and Chlorophyll Content of Lentil (Lens culinaris Medic.)

Chlorophyll a and b assay

This experiment was arranged as RCBD with 4 replications at Research Greenhouse
of Agriculture Faculty of Tabriz University in Iran. Five liter pots were filled with a 1:1
vermiculite and fine grade perlite as growing bed. Fifteen seeds were planted at 2 cm depth
and pots were irrigated with 30 ml of X. strumarium L. shoot A.E.. Greenhouse ambient
temperature, relative humidity and light intensity were 15-30°C, ~ 40% and ~ 400 umol m™s™
respectively. For chlorophyll assay 0.25 g fresh leaf materials were sampled from 7 days old
seedlings. Leaf samples were extracted with 25 ml of 80% Acetone in a pestle and mortar.

In the resulted extracts the color intensity was measured through UV-VIS
Spectrophotometer (UNICO 2100 series, Germany) at specific wavelengths (645 nm and 663
nm) to estimate chlorophyll a and chlorophyll 5 content [15]. The total chlorophyll content of
leaves was estimated by taking the sum of both the chlorophyll « and chlorophyll 4 and
expressing it in milligrams per gram fresh weight of leaves:

Chla (mg g fresh weight of leaf) = (12.7A663 — 2.69A645) v/a x 1000 x w
Chl b (mg g71 fresh weight of leaf) = (22.9A645 — 4.68 A663) v/a x 1000 x w

where a = length of light path in cell (usually 1 cm),
w = fresh weight of leaf sample (g) and v = volume of extract (ml).

Data analysis

Variance analysis of data was performed by SPSS 15. Mean comparisons were carried
out by Duncan's multiple range test at 0.001, 0.01 and 0.05 probability levels. Graphs were
drawn with Microsoft Office Excel 2003 software.

Results and Discussion

Results of variance analysis for germination experiment showed that germination
percent, radicle length and plumule and radicle dry weight of lentil plant were not significantly
affected by different concentrations of X. strumarium L. shoot A.E. These results are in
accordance with the findings of Shajai and Saffari [6] in lentil. However, different treatments
affected mean rate of germination (P<0.001), plumule length (P<0.01) and seedling dry weight
(P<0.05) (Table 1). Results showed that mean rate of germination for control treatment was
higher than that of other treatments, but there was not any significant difference between control
and 0.5% treatment. The lowest value for this trait belonged to the highest concentration of
aqueous extract i.e. 2% (Table 2). The increase in X. strumarium L. shoot A.E. concentration
was concomitant with decrease of the mean rate of lentil seed germination. In this case, there
was a negative linear regression between A.E. concentration and plumule length as well
(R*=0.97 and y=-0.086x+0.703) (Figure 1). It is noteworthy that decrease in germination rate
led to a delayed emergence and poor establishment of lentil seedlings.

Table 1: Variance analysis for seed germination traits and seedling growth of lentil (Lens culinaris Medic.)
affected by different concentrations of shoot aqueous extract of X. strumarium L.

Mean square
Source of Degree Germination Mean‘rate? of Plumule Radicle Pluml}le dry Radicle dry Seedll'ng dry
variation of percent germination length length weight weight (mg) weight
freedom (%) (1/day) (mm) (mm) (mg) ghtimeg (mg)
AE 4 15.04™ 0.0238" 38.7" 15.4™ 0.183™ 0.058™ 0.445"
concentration
Experimental 20 11.84 0.0028 5.1 62 0.117 0.055 0.142
error
CV (%) 3.54 8.57 15.13 9.77 11.67 9.21 6.88
ns,*, ** and *** not significant and significant at P<0.05 ,P<0.01 and P<0.001 respectively.
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Table 2: Mean comparison of germination rate, plumule length and seedling dry weights of lentil (Lens
culinaris Medic.) affected by different concentrations of shoot aqueous extract of X. strumarium L.

A.E. Mean rate of germination Seedling Plumule
concentration (1/day) dry weight (mg) length (mm)
0 0.71a 5.77a 1737 a
0.5 0.65 ab 57a 18.26 a

1 0.62 bc 56a 143 b

1.5 0.55 cd 5.28 ab 12.3b
2 0.54d 5.07b 12.37b

Different letters in columns are significant difference between treatments based on Duncan's multiple range test
at P<0.05.

y=-0.086x+ 0.703
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Figure 1. Effects of different concentrations of X. strumarium L. shoot aqueous extract on seed germination
rate of lentil

X. strumarium shoot A.E. do not adversely influenced plumule dry weight of lentil in
the 0.5% A.E. treatment, compared to the control. But, plumule length decreased at higher
A.E. concentrations of 1, 1.5 and 2%. Furthermore, these treatments displayed significant
differences compared with control (Table 2). The relationship between plumule length and A.E.
concentration was negative linearly (R*=0.82 and y=-3.19x+18.117) (Fig. 2). These results are
consistent with the findings of Shajie and Saffari [6]. The decrease in plumule length induced
by allelochemicals might be due to either the prevention of cell division and enlargement or by
reduction of the stimulatory growth controlling effects of IAA and GA;3 [16,17].

20
18

y=-3.19x + 18.117
R2=0.82

Plumule lenght (mm)
[=Y
o
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Concentrations of aqueous extract

Figure 2. Effects of different concentrations of X. strumarium L. shoot aqueous extract on the plumule length of lentil.
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Furthermore the decrease in plumule length accompanied the delay in plant emergence and
establishment. We realized that 0.5 and 1% concentrations of X. strumarium L. shoot A.E. do
not influenced seedling dry weight of lentil, since there was not any significant difference
between these treatments and control (Table 2). Effects of shoot A.E. concentrations of X.
strumarium L. on lentil seedling dry weight was as type two regression (R>=0.98 and y=-
0.142x%+ 0.0806x+5.77). The increase in concentrations of shoot A.E. of X. strumarium L.
was parallel with decrease in lentil seedling dry weight. These finding are in conformity with
the results of Shajie and Saffari [6]. Findings of this experiment especially data related to the
seedling dry weight guide us to the fact that X. strumarium L. residues present in the soil and
implicitly the allelopathic chemicals derived from this plant in natural conditions in the fields
can induce a remarkably weak growth of lentil seedlings. Eventually, this trend negatively
influences homogenous emergence of plants and the result would be weak plants susceptible
to biotic and abiotic stresses, leading to very low marketable yields.

7 y=-0.142x2-0.0806x + 5.77
_ R2=0.98
fn 5
: 4
e
° 3
o
£
s 2
s
‘n 1 T T T T 1
0 0.5 1 1.5 2 25
Concentrations of aqueous extract

Figure 3. Effects of different concentrations of X. strumarium L. shoot aqueous extract on the seedling dry
weight of lentil.

Chlorophyll content

ANOVA results for chlorophyll content showed that different concentrations of shoot
A.E. of X. strumarium L. had not any significant effect on total chlorophyll and chlorophylls «
and b content of lentil seedlings (Table 3).

Table 3: Anova results for total, a and b chlorophylls of 7 days old lentil seedlings affected by different
concentrations of shoot aqueous extract of X. strumarium L.

oo Degree of Mean square
Source of variation freedom
Chlorophyll a Chlorophyll » | Total chlorophyll
Replication 3 0.042° 0.0133™ 0.0981™
A.E. concentration 4 0.0246" 0.0043™ 0.0475"
Experimental error 12 0.0116 0.0064 0.0323
CV (%) 20.58 12.76 14.55

ns and * not significant and significant at P<0.05 respectively.

It is postulated that the neutral response of some traits to allelochemicals present in
our experiments might be due either to the low concentration of these chemicals or to
different controlling mechanisms of the mentioned traits which make plants tolerant to the
allelochemicals action.
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Conclusion

High concentrations of X. strumarium L. shoot A.E. negatively influenced seed
germination rate, plumule length and seedling dry weight of lentil. However, their effects
were not considerable at low concentrations. It is noteworthy that preventative effects of X.
strumarium L. A.E. on germination rate, plumule length and seedling dry weight of lentil was
closely dose dependant. In contrast, it seems that chlorophyll content of lentil seedling is more
stable to a broad spectrum of A.E. concentrations. In conclusion, we can claim that
mismanagement of weed population in field condition especially high densities of X
strumarium L. weed and presence of high concentrations of water soluble chemicals produced
by this weed adversely influence early growth (delayed emergence and dwarf and weak
seedlings) of lentil plants. An ultimate result of all these failures would be great yield loss in
field grown lentil plants.
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