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Abstract

Weed releases an array of bioactive secondary metabolites from its various parts such
as leaves, stem, root and sometimes decomposed body residues through different
mechanism into its surrounding environment. The bioactive chemicals are often termed
as allelochemicals and interact with plants which are present in vicinity. Effects of
allelochemicals to the agricultural and biological ecosystem are may be positive or
negative basing on the type of weed, crop plants and soil medium. Xanthium indicum
L. and green gram are growing on paddy field after harvesting of the paddy. Green
gram is cultivated by farmer on the post harvested paddy field during winter season in
the mean time dormant seeds of the test weed are breakdown dormancy by cold
treatment and germinated to produce plants along with crop. Hence, a pot experiment
was conducted to find out the effect of various types of leachate of Xanthium indicum
with its different graded dose (5, 10, 15 and 20 %) on total carbohydrate and protein
content. The data of total carbohydrate and protein content obtained revealed a
significant negative correlations with increase in the various types of leachate
concentrations of test weed and positive correlations with increase in growth period
upto 10 DAS thereafter a negative correlation were marked. This indicates that
allelopathic stress of various types of leachates of Xanthium indicum L. were
phytotoxic to green gram, when incubation period increase (i.e. 10 days after sowing)
the degree of toxicity was higher, this might have due to profuse root system and
absorbed more allelochemicals by plant as a result altering or blocking the process of
intermediate biochemical pathways which reduced the macromolecular contents. The
main purpose of this pot culture experiment is to highlight the adverse allelopathic
effect of Xanthium indicum L. on green gram in agro-ecosystem.
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Introduction

Allelopathy is a natural ecological phenomenon in which
different organisms affect the functioning of other
organisms in their vicinity by releasing secondary
metabolites as byproducts called allelochemicals during
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different physiological processes in plants. Weeds are the
most prevalent group of organism interferes with crop
plants through competition and allelopathy. The
allelochemicals release from weed plants takes place
through volatilization, root exudates, leaf leachates and
decomposition of plant residues which effect crops and
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succeeding crops in various cropping systems. Liberation
of allelochemicals from weeds affects the germination,
establishment of growth, yield and physiology of crop
plants. They cause substantial reduction in germination
and growth of the crop plants by altering various
physiological processes such as enzyme activity, protein
synthesis and photosynthesis.

The unfavorable effects of allelochemicals on recipient
plants are considered as biotic stress called
‘allelochemical stress’ (Cruz-Ortega et al., 2002). In
recent decades, many researchers such as Jabeen et al.,
(2011), Raoof and Siddiqui, (2012) and Mangal et al.,
(2013, 2014) have reported the effect of various
allelochemicals of different plants on physiological and
biochemical processes of the recipient plants. Cutler and
Cole (1983) reported that potassium
carboxyactractyloside and hypoglyaemic isolated from
the residues of cocklebur, strongly inhibited the
hypocotyl of wheat and caused a serious decaying and
dwarfing in the corn seedling.

Green gram belongs to the family Leguminosae having
unusual flower structure, podded fruits, and the ability to
form nodules with rhizobia. In the context of human
importance, it is with grain legumes contributing 33% of
the dietary protein nitrogen (N) for humans need.
Legume seeds contain 20% - 50% protein which is
highly essential for balanced diet. Green gram is
generally catch crop in between cereals to enhance crop
yield by increasing soil nitrogen through root nodules of
rhizobia.

Cocklebur (Xanthium indicum L) is a weed, which is
predominant in post harvested paddy field of study area
where farmers of this locality cultivated green gram crop
during winter season. Putman and DeFrank (1983),
Duzenli et al., (1993) and Kadioglu (1997) reported that
cocklebur causes damage on the crops (cotton, onion,
sunflower and some vegetables) mostly during summer.
Data are needed to know whether cocklebur has any
negative allelopathic effect on the crops besides its
competition. There are several reports mentioned on
allelochemicals from different plants and test plant that
negatively affect crops but there is very no information
about the effects of Xanthium indicum allelochemicals on
the total carbohydrate and protein content. Basing on the
above facts and review literatures, the main objective of
this study was to evaluate the effect of different
concentration of various types of leachate of Xanthium
indicum on the total carbohydrate and protein content of
green gram (Phaseolus radiatus L.).
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Materials and Methods

In the morning hours Xanthium indicum plants collected
at flowering and post flowering stage, from agricultural
fields, were washed thoroughly with tap water followed
by distilled water to remove the dust and other adhering
particles from the surface of plants. Plant parts such as
leaves, fruits were separated and allowed to dry-up in an
incubator at 40 + 2°C. Different types of leachate from
leaves, fruits and whole plant body were prepared as per
the methods described below.

Different plant material i.e. whole plant, leave and fruits
were chopped into pieces separately and 200 gm of such
chopped materials were allowed to leach for 72 hr in 1
litre of distilled water at 30 + 2°C as per the method
adopted by Padhy et al., (2002). The leachates were
filtered through 2 layer gauge cloth and then watman No.
1 filter paper were considered as 20 % concentration and
different diluted leachetes (5, 10, 15 and 20 %) with
distilled water were prepared and used for seed
germination studies.

Seed germination

The seed germination of green gram influenced by
different concentration of leachate were carried out,
initially visually selected good seeds of test crop were
surface sterilized with 0.03 % formalin solution for 10
minutes separately and then washed thoroughly with
distilled water. The surface-sterilized seeds were allowed
to germinate in plastic trays (3 x 9 x12 cm size) at the
rate of 20 seeds per tray containing equal volume of
sterilized sand wetted with equal volume of 5, 10, 15 and
20 % concentrations of leachate. The seeds were placed
0.5 cm below from the top sand level. Trays with equal
number of seed of test cultivar placed in sand, wetted
with distilled water, equal to the volume of different
leachate, were served as control set. For accuracy of the
experiments, the trays of both treated and control sets
were divided into five replicates with 3 trays in each set
for each type of leachate. All the trays of both treated
and control sets containing seeds were kept in a B.O.D.
incubator maintaining 30 + 1T for germination. To
maintain the wetness of the sand care was taken to add
distilled water and leachate as per experimental schedule.
Appearance of sprouts from the seeds was considered as
the criteria of germination.

All the trays of control and treated sets containing
germinated seeds were transferred into the seedling
growth chamber maintained at 30 + 2°C provided 12 hr
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photoperiod per day with illumination of 2 + 0.8 Klux
light intensity from two florescent electric tube lights
from top of the seedlings. The seedlings were provided
with equal volume of respective test leachates and
distilled water as per the experimental design at an
interval of 24 hours. The first pair of leaves of seedlings
was collected at an interval of 2 days from 6 days after
sowing (DAS) till 12 DAS. Changes in macromolecular
content (total carbohydrates and protein) in the first pair
of leaves during seedling growth were estimated as per
the procedures described below.

Extraction and estimation of total carbohydrate

The first pair leaves of the seedlings collected from both
control and treated sets separately at random on 6, 8, 10
and 12 DAS were washed with distilled water, blotted on
blotting paper, cut into small pieces and weighed for 250
mg of such leaf-tissues were ground with 80% (v/v)
ethanol with pre-chilled mortar and pestle. The
homogenate was centrifuged at 5000 X g for 20 min at
28 + 2°C and the supernatant was collected in a test tube
and the pellets were again homogenized with little
guantity of 80 % ethanol and centrifuged. All the
supernatants were pooled together and were evaporated
in a water bath till the volume was reduced to slurry of 1
or 2 ml. To this slurry distilled water was added to make
a definite volume which served as extract of total
carbohydrate and content was estimated spectro-
photometrically by anthrone method as described by
Plumber (1979). To 1 ml of extract and 4 ml of anthrone
reagent (2g / | conc. H,SO,) was added and mixed
thoroughly by shaking. The test tubes were placed in a
boiling water bath for 10 minutes with marble ball on top
to prevent loss of water by evaporation. The reaction
mixtures were then cooled and their optical densities
were recorded at 620 nm with help of spectrophotometer.
D-Glucose was used for standard curve. For blank, 1 ml
of distilled water was used in place of extract. The total
carbohydrate content was expressed in mg / g fr. wt. of
leaf tissues.

Extraction and estimation of protein

The first pair leaves of the seedlings collected from both
control and treated sets separately at random on 6, 8, 10
and 12 DAS were washed with distilled water, blotted on
blotting paper, cut into small pieces and weighed for 250
mg of such leaf-tissues were ground with 80% (v/v)
ethanol with pre-chilled mortar and pestle. The
homogenate was centrifuged at 5000 X g for 20 min at
28 + 2°C and the supernatant was discarded and the
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pellets were again homogenized with little quantity of 80
% ethanol and centrifuged. The colorless pellets left over
after ethanolic extraction from leaf materials were
suspended in ethanol and ether mixture (2:1 and then
1:1) for 30 minutes, centrifuged at 5000 X g for 20 min.
at 4 = 1° C. Then the pellets were suspended in 5 %
Trichloro-acetic acid (TCA) (w/v) at 0°C for 15 minutes,
centrifuged at 5000 X g for 20 min at 4 + 1° C. The
procedure repeated twice and supernatants were
discarded. The pellets were treated with 10% Trichloro-
acetic acid (TCA) (w/v) at 90 + 1° C for 15 minutes,
cooled and centrifuged at 5000 X g for 20 min. at 28 £ 1°
C. Then the pellets , free from lipids and histones, were
treated with 5 ml of 1 N NaOH, heated in a water bath
for 20 minutes, cooled and centrifuged at 3000 X g for
20 min. at 28 £+ 2° C. The supernatants were considered
as protein extract and their contents were determined
following the method of Lowery et al., (1951). To 0.5 ml
of NaOH extract, 2.5 ml of alkaline reagent (mixture of
50 ml of 2% Na, CO; in 0.1 N NaOH and 1 ml of a
mixture containing equal amount of 1 % copper sulphate
and 2 % sodium potassium tartarate) and 0.5 ml of folin-
Ciocalteau reagent were added. The reaction mixtures
were allowed to stand at room temperature (30 = 1°C)
for half an hour and the optical densities (O. D.) of the
reaction mixtures were measured at 570 nm. Bovine
Serum Albumin (BSA) was used as the reference
standard. Equal amount of 1N NaOH in place of protein
extract and folin reagent were run parallel as blank. The
protein content was expressed in mg / g. fr. wt. of leaf
tissues.

Results and Discussions

Seedling establishment and their growth play a vital role
on the productivity of a particular crop. Changes in
macromolecular content (total carbohydrates and protein)
in the first pair of leaves during seedling growth
influenced by different concentrations of various types of
lechates of Xanthium indicum plant on green gram are
described below.

Total carbohydrate content

Changes in total carbohydrate content in the first leaf
(leaves) of any crop seedling during their growth period
are considered as an important parameter as it bears
direct relationship with photosynthesis. The results on
the influence of various types of different concentrations
of aqueous whole-plant, leaves and fruits leachate of
Xanthium indicum on total carbohydrate content in
leaves of green gram seedling are described below.
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It was observed that the total carbohydrate contents in
the first pair of leaves of green gram seedling increased
gradually from 4 Das uptol0 DAS and then decreased in
both control and treated sets. The maximum total
carbohydrate content estimated from first pair of leaves
of control set seedling on 10 DAS was 0.43 + 0.01 mg/g
fr. wt. whereas it was minimum (0.28 = 0.02 mg/g fr.
wt.) on 10 DAS in the leaves of seedling affected by 15
% leachate. Other concentrations of the leachate
exhibited intermediate values during course of seedling
growth (Table-1). The total carbohydrate contents in the
first pair of leaves exhibited positive correlations with
increase in growth period upto 10 DAS and negative
correlations with increase in concentrations of leachate
throughout the period of observation.

The maximum total carbohydrate content estimated from
first pair of leaves of green gram seedlings of control set
on 10 DAS was 0.43 = 0.01 mg/g fr. wt. which on 12
DAS decreased to 0.37 = 0.01 mg/g fr. wt. whereas it
was minimum (0.30 £ 0.02 mg/g fr. wt.) on 10 DAS in
the leaves of seedling affected by 15 % leachate. Other
concentrations of the leachate exhibited intermediate
values during course of seedling growth (Table-1). The
total carbohydrate contents in leaves exhibited positive
correlations with advancement of seedling age upto 10
DAS only and negative correlations with increase in
concentrations of leachate as was noticed in the case of
whole-plant-leachate.

Maximum amount of total carbohydrate content
estimated from first pair of leaves of control set seedling
on 10 DAS was 0.43 + 0.01 mg/g fr. wt. which later
reduced to 0.37 = 0.01 mg/g fr. wt. on 12 DAS, whereas
it minimum amount of 0.34 + 0.02 mg/g fr. wt. of
carbohydrate was estimated from first pair of leaves of
test seedling influenced affected by 15 % leachate on 10
DAS. Other concentrations of the leachate exhibited
intermediate values during course of seedling growth
(Table-1). Like other leachate, it also exhibited positive
correlations with increase in growth period upto 10 DAS
and negative correlations with increase in concentrations
of leachate throughout the period of observation.

During the process of photosynthesis in green tissues, the
primary photosynthate is glucose which later-on converts
into different forms and enters into various metabolic
pathways. The reduction of chlorophyll synthesis in the
leaves influenced by all concentrations of various types
of leachate directly affected on carbohydrate content in
the leaves of the test crop seedlings. Since most of the
important enzymes associated with various metabolic
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pathways are directly or indirectly affected by
allelochemicals present in the leachate, the metabolic
processes might have disturbed at cellular and sub-
cellular levels resulting lower rate of photosynthesis
which have reflected of carbohydrate content in leaves.
As chlorophylls have direct bearing on carbohydrate
synthesis and accumulation of carbohydrate on plants, it
is directly proportional to the amount of chlorophyll
present in the leaves. As the allelochemicals present in
the leachate caused inhibitory effect on chlorophyll
synthesis and content, it is obvious that there should be a
lower that of accumulation of carbohydrate in the leaves.
This postulation holds true in the present investigation.
Similar findings on reduction of carbohydrate content
have been reported in the ragi seedling influenced by
Eucalyptus globulus leaf-litter-leachate by Pattnaik,
(1998) and Padhy et al., (2000). Tripathy, (2000) also
reported a decreased amount of carbohydrate content in
rice seedlings of two improved cultivars (IR-36 and
Swarna) influenced by phyllode-leachate of Acacia
auriculaeformis and bark leachate of both Acacia
nilotica and Acacia auriculaeformis. Similar findings of
Hunsal et al., (1998) in soybean also corroborate the
present observation. Saleh (2013) demonstrated that
corn seeds with olive processing wastes extract at
concentration 3.0% (w/v) significantly increased the
soluble sugars content in seedlings tissues, while the
higher concentrations were inhibitory. The soluble sugars
can keep the intracellular osmosis pressure and play
important roles in maintaining the normal physiological
function of cells (Kohyama & Nishinari, 1991).

Protein content

Growth of any plant generally depends on the synthesis
of various metabolites, particularly protein, which later
on take part on different metabolic activities. Change in
protein content in first pair of green gram seedlings
influenced by different concentrations of various
aqueous-leachate of Xanthium indicum plants are
described below.

From the Table-2 it can be observed that protein content
in first pair of leaves of green gram seedling exhibited
distinct declined trend by the influence of all
concentrations of leachate compared to seedling of
control set. The maximum amount of 30.14 £ 0.01 mg/g
fr. wt. protein content was estimated from green leaves
of green gram seedling of control set on 10 DAS whereas
during same period of growth, it was only 14.24 + 0.02
mg/g fr. wt. in first pair of leaves in the seedling raised in
15% concentrations of test leachate.
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Other concentrations showed intermediate values (Table-
2). The protein content in leaves exhibited negative
correlations with increase in the leachate concentrations
and positive correlations with increase in growth period
upto 10 DAS only.

In this cultivar, changes in protein contents in first leaves
of the seedling also showed more or less similar trends
with increase in concentration of leaf-leachate and
seedling growth period as were noticed in seedlings
influenced by whole-plant-leachate.

In case of fruits-leachate, it can be noted that the
minimum protein content estimated from leaves of green
gram seedlings grown in 15 % of leachate on 10 DAS
was 15.24 + 0.02 mg/g fr. wt., whereas in control set it
was 25.30 + 0.02 mg/g fr. wt. All other concentrations of
the leachate exhibited intermediate values on different
DAS in other seedlings (Table-2). The protein content in

leaves of green gram seedlings exhibited negative
correlations with increase in the leachate concentrations
and positive correlations with increase in growth period
upto 10 DAS only.

From the experimental results, it can be observed that the
protein content in first pair of leaves in test crop
seedlings exhibited declined trends by the influence of
all concentrations of whole-plant, leaves and fruits
leachate of the test weed plant. This might be due to the
interference of phytotoxic and other phenolic compounds
present in the different plant parts. The trend indicating
decrease of protein level in leaves was comparatively
more in seedlings of treated sets than in control
seedlings. The effect of phenolic compounds on protein
synthesis have been extensively investigated in algae
(Van Sumere and Dadonder, 1971, Van Sumere et al.,
1972, isolated leaf cell of Velvet leaf (Mersi and Singh,
1993).

Table 1. Effect of different concentrations of various types of aqueous leachate of Xanthium indicum on total carbohydrate
content in the first pair of leave of green gram seedlings at different developmental stages.
(Each value is mean of 5 replicates + S.E.M. expressed in mg/g fresh wt.)

Types of Leachate 6 DAS 8 DAS 10 DAS 12 DAS
leachates concentration
(%)
Whole-plant Control 0.34 £0.06 0.40+0.03 0.43£0.02 0.37+£0.01
5 0.31+0.06 0.35+0.06 0.40 £ 0.05 0.32+0.02
10 0.27 £0.03 0.32+0.02 0.35+0.03 0.20 £ 0.04
15 0.18 £0.08 0.22 £ 0.02 0.28 £0.02 0.12 £ 0.02
Leaves Control 0.34 £ 0.06 0.40 +0.03 0.43+0.02 0.37+0.01
5 0.32+0.08 0.37£0.02 0.40 + 0.04 0.35+0.01
10 0.28 £0.03 0.35+0.02 0.38+0.03 0.26 +0.04
15 0.17 £0.05 0.25+0.06 0.30 £0.02 0.15+0.01
Fruits Control 0.34 £ 0.06 0.40 £ 0.03 0.43+0.02 0.37+0.01
5 0.33+0.08 0.38 £0.06 0.41+£0.05 0.36 £ 0.02
10 0.30 £0.03 0.36 £ 0.02 0.40+£0.03 0.33+0.04
15 0.20 £ 0.07 0.29 £ 0.06 0.34 £0.02 0.24 £ 0.02
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Table 2. Effect of different concentrations of various types of aqueous leachate of Xanthium indicum on protein content in the
first pair of leave of green gram seedlings at different developmental stages.

(Each value is mean of 5 replicates = S.E.M. expressed in mg/g fresh wt.)

Types of Leachate 6 DAS 8 DAS 10 DAS 12 DAS
leachates concentration
(%)
Whole-plant Control 14.60 £ 0.06 22.38£0.03 30.14 £ 0.02 20.75+£0.04
5 09.34 + 0.02 17.90 £ 0.02 24.50 £ 0.05 1457 £ 0.04
10 08.26 + 0.03 14.43+0.01 18.29 + 0.02 12.27 +0.04
15 05.31+0.04 11.39+£0.02 14.24 + 0.02 09.52 £ 0.05
Leaves Control 14.60 + 0.06 22.38+0.03 30.14 +0.02 20.75 +0.04
5 10.74 £ 0.04 18.30 £ 0.03 24.90 £ 0.02 14.97 £ 0.04
10 08.66 + 0.03 14.83 £ 0.02 18.69 + 0.02 12.67 £ 0.04
15 05.71 £ 0.04 11.79 £ 0.02 14.64 + 0.02 09.92 £ 0.05
Fruits Control 14.60 + 0.06 22.38 + 0.03 30.14 + 0.02 20.75+0.04
5 11.31+0.03 18.90 £ 0.04 25.30+£0.02 15.57£0.01
10 09.26 + 0.02 15.43 +0.03 19.29 + 0.02 13.27 £ 0.04
15 06.31 £ 0.03 12.39 £ 0.02 15.24 £ 0.01 09.52 £ 0.05

Comerson and Julin (1980) have reported the inhibition
of protein synthesis in lettuce leaves affected by
allelopathic compounds. Similarly, Pattnaik (1998) and
Padhy et al., (2000), have reported the adverse effect of
allelochemicals of Eucalyptus globulus on protein
content in leaves of several crop plants. Baziramakenga
et al., (1997) reported that phenolic acids, the major
allelochemicals of various plant leachates and extracts,
interfere with protein metabolism. Hence, the decrease of
protein content influenced by different concentrations of
leachates might be due to impact of those
allelochemicals present in the leachates of different plant
parts of test weed. The decline in protein content on the
advancement of seedling age indicate that the leaves
might have attained the age of senescence, where the
amino nitrogen content increases with decline in protein
content. The reports of Kumar (1983) agree to this
observation. Thiaman et al., (1974) reported that in the
attached senescing leaves of oat, the protein content
gradually declined and ultimately reached to zero level.
The soluble proteins with colloidal properties are main
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components in cell matrix, and they can increase
protoplasm hydration (Fisher et al., 1992). Allelopathic
stress of test weed on crop might have caused
degradation of soluble protein and disorganize the
cellular matrix as a result cell undergoes to atrophy.
Hence, it is confirmed that the phytotoxic compounds
present in the various types of leachates of the test weed
which accelerate the reduction of protein content in
seedlings of test cultivars.
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