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ABSTRACT

Plant secretions have ability either to promote or inhibit seed germination and
seedling growth of surrounding crops and weeds and this situation is termed as allelopathy.
Laboratory experiment was performed to determine the suppressive or simulative influence
of aqueous extracts of leaves, stem and fruit of Carthamus tinctorius L. at different
concentrations(0, 0.25, 0.50, 1, 2, 4, and 8% )on Echinochloa cruss-galli L. Results revealed
that 8%concentration of aqueous extracts of all tested parts of C. tinctorius was most
phytotoxic against germination as well growth of E. cruss-galli. Maximum mean emergence
time (5.60 days), minimum emergence index (1.87), time to 50% emergence (6.17 days),
minimum shoot (5.82 cm) and root length (1.91 cm) were recorded with the application of
leaf extract at 8% concentration of C. tinctorius. The E. cruss-galli emergence percentage
(53.33%) and seedling fresh biomass (15.35 g) was minimum when treated with 8%
aqueous extract of C. tinctorius fruit extract. The lower concentration (0.25% to 2%) of all
the studied extracts showed a hermetic response and stimulated the root, shoot and
seedling fresh weight of E. cruss-galli. The aqueous extracts inhibitory effect was in order of
leaf > fruit > stem. This study leads to conclusion that 8% or higher concentration of C.
tinctorius leaf aqueous extract may be exploited to biologically suppress the E. cruss-galli.
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INTRODUCTION

The plants ability to prevent the
growth of unwanted plants is normally
called as the allelopathy and it can be
utilized in both organic and conventional
agriculture (Machado, 2007). Allelopathy
is a new technique that keeps weed under
check, protect the atmosphere and help to
get high quality crop produce (Younging,
2005). Some plants have ability to release
certain chemicals in the rhizosphere that
have ability either to promote or suppress
the nearby growing weeds or crops
(Javaid et al.2005; Javaid and Khna,
2020; Javaid et al., 2020). Sunflower is
also famous for allelopathic effect (Ashrafi
et al., 2008). The leaves and roots are the
plant parts that are key source of
allelochemicals (Yang et al., 2007). The
chemicals like phenolics, flavonoids or
terpenoids are generally recognized to
own allelopathic characteristics (Macias et
al., 2002). Ahmad et al.(2000)described
the inhibitory effect of allelochemicals
exuded by sorghum on the growth of
different weeds. Sorghum aqueous
extract application @ 10Lha? in
combination with pigmental herbicide
results in 63 to 95%decrease in total
weeds dry weight (Cheema et al., 2003).
Sorghum, sunflower and oats have been
examined for number of allelochemicals
that behaved like hormones in low
quantities and act as herbicides in high
quantities (Weston and Mathesius,2013).
Awan et al. (2012) reported that
sunflower allelopathic chemicals efficiently
control narrow and broad leaf weeds in
the wheat indicating that some crop
extracts can be used to manage weeds.

Echinochloa crus-galli commonly
known as barnyard grass listed in the
Global Compendium of Weeds are
widespread in warmer temperate, sub-
tropical regions and tropical of the
world(Randall, 2012).It is known as one of
the world’s threatening weeds that has
the ability to reduce crop yields and cause
failure of forage crops by absorbing up to
80% of nitrogen available in the
rhizosphere. So, it is imperative to explore
possibilities of its suppression through
natural environmentally safe means like

bio herbicides. E. crus-galli has ability to
produce large number of seeds and also
have a level of seed dormancy, which
ensures its propagation as well as seed
bank build up in the soil profile (Clay et
al., 2005). It may cause 21 to 79% yield
loss in rice, depending upon the cropping
system and management (Wilson et al,,
2014). Research on E. crus-galli crop
competition has shown that duration, time
of its emergence, weed density, and crop
sowing methods significantly affect the
magnitude of competition and yield losses
(Chauhan and Abugho, 2013). It is
therefore, extremely encouraging to
investigate the phytotoxic effects of this
crop on E. Cruss-galli. The present
research has therefore been designed to
investigate the allelopathic potential of
safflower against world’s one of the worst
crops and environmental weed.

MATERIALS AND METHODS

The study was conducted in 2017at
weed science laboratory Department of
Agronomy, University of Agriculture
Faisalabad to investigate the potential
allelopathic effects of aqueous extracts of
different parts of safflower on barnyard
grass. The study was laid out in
completely randomized design with
factorial arrangement having four number
of replications.
Collection of C. tinctorius plant parts

To prepare aqueous extract of C.
tinctorius plants were collected from
Agronomic Farm, University of Agriculture
Faisalabad, Pakistan. The plants of C.
tinctorius were harvested above the
ground surface at maturity and dried for
two weeks at ambient temperature. After
dried properly different parts of plants
were separated and chopped into pieces
of 2 cm to make aqueous extract.
Preparation of aqueous extracts of C.
tinctorius

C. tinctorius aqueous extracts of
various parts were made by adding 10 g
of chopped dried plant material into 100ml
of distilled water in bottles separately at
ratio of 1:10 w/v. At room temperature
plant material were soaked in the water
for at least 24 hours. These aqueous
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extracts were made from each desired
part of C. tinctorius such as leaves, stem
and fruit. Then the material was passed
through a cheese cotton cloth to attain the
10% (w/v) water extracts of different
parts of C. tinctorius which was used as
stock solution. The stock solution diluted
to prepare the required concentration of
0.25%, 0.5%, 1%, 2%, 4% and 8%.

Laboratory experiment

In laboratory experiment the
aqueous extracts of C. tinctorius fruits,
stem and leaves in different
concentrations viz.0.25%, 0.5%, 1%, 2%,
4%, and 8% were used to explore their
allelopathic effects on germination and
growth of E. cruss-galli. For control,
distilled water was used instead of plant
extract. The study was performed in the 9
cm petri plates and filter paper of double
layer was used as sowing medium.

Twenty-one treatment
combinations of C. tinctorius leaves, stem
and fruits in different concentrations viz.
0% (control), 0.25%, 0.5%, 1%, 2%, 4%,
and 8% were tested against E. cruss-galli
for their allelopathic effects. Five seeds of
E. cruss-galli were placed in every petri
plates. Then 7ml of all C. tinctorius
extracts were added in all the petri plates
having 4 replications. For control, distilled
water was used. To reduce evaporation
losses petri plates were covered and
rapped with scotch tape. The petri plates
were kept at 30°C temperature. The data
regarding seeds germination were
recorded every day for 14 days. After the
14 days, germinated seedlings of
barnyard gras were harvested and used to
record different E.cruss-galli seedling
growth parameters like root and shoot
length, dry and fresh weight. Fresh weight
was noted instantly after harvesting
whereas the dry weight of seedlings was
observed after oven drying for two days at
60°C.
Data collection
Mean emergence time of E. cruss-galli
(days)

The mean emergence time (MET)
was determined by the formula proposed
by Ellis and Reborts (1981).

MET =X(Dn)/X%n
Emergence index of E. cruss-galli

The emergence index was
observed as per association of official seed
analysis (1983) by using formula

No.of emerged seeds

G = Days of first count +
No.of emerged seeds

Days of final count
Emergence percentage of E. cruss-
galli (%)

No of emerged seeds were counted
daily by the method of association of
Official Seed Analysis (1990) and
converted into the emergence (%) by
using the following formula.

Emergence percentage
Number of seeds emerged
" Total Number of seeds
X 100
Time taken to complete 50%
emergence of E. cruss-galli

The time taken to get 50%
emergence (Esg or Tsg) was calculated by
the formula proposed by (Coolbear et al.,
1984).

N .
—-——ni
2

T50 =ti + -
nj —ni

(& —ti)

Shoot length of E. cruss-galli (cm)

All seedlings from each petri plate
were separated 14 days after emergence.
Shoot length was calculated by using scale
from base to plants top and their mean
was taken.

Root length of E. cruss-galli (cm)

Root length was recorded by
selecting plants from each petri plate 14
days after emergence with scale from
start of root to root tip then average was
calculated.

Fresh biomass of E. cruss-galli (g)

Fresh  seedlings weight was
measured by digital weight balance. Then
average weight was worked out.

Dry biomass of E. cruss-galli (g)

The seedlings dry weight was
noted by drying seedlings in oven for
about 48 hours at 60°C. Then dry weight
of seedling was calculated by using digital
balance.
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Statistical analysis

Data analyses were performed by
using Statistics software (version,
8.1Statistix, Tallahassee, FL, USA). To
compare the means least significant
difference test was used at Probability
level of 5% (Steel et al., 1997).

RESULTS AND DISCUSSION
1. Mean emergence time of E. cruss-
galli (day)

Aqueous extracts of C. tinctorius
leaves, stem and fruits depicted a
significant influence on the mean
emergence time of E. cruss-galli (Table 1).
Extracts of all tested plant parts
significantly delayed the mean emergence
time of E. cruss-galli seedlings. Leaves
extract of C. tinctorius showed maximum
emergence time (4.68 days). While the
flower extract gave the lower mean
emergence time (4.49 days). The impact
of extracts concentration on the E. cruss-
galli mean emergence time was
significant. Highest mean emergence time
(4.86 days) was observed with 8% and
lowest (4.39 days) at 1% concentration.
Interactive effect of concentration and
plant part aqueous extract was statically
different on mean emergence time of E.
cruss-galli seedlings. The highest mean
time to emergence (5.60 days) was
showed by leaves at 8% concentration
while the lowest mean emergence time
(4.28 days) was noticed in treatment
where application of fruit extract 0.25%
was applied. The inhibitory effect of
extracts of C. tinctorius plant parts and
their various concentrations on mean
germination time observed in our study is
supported by the findings of Rose and
Anitha (2012) who noted that water
extracts of Euphorbiahirta at different
concentrations exhibited significant
inhibitory impact on the groundnut mean
emergence time and this inhibitory effect
was directly proportional to extracts
concentration. In another study Tanveer
et al. (2010) found that the application of
Euphorbia helioscopia extracts reduced
the germination of Cicer arietinum L.,
Lens culinaris Medic and Triticum
aestivum L. More delayed germination

(higher MGT) of rice with higher (5%)
than lower (2.5%) concentration of
aqueous extract of Vicia sativa has also
been described by previous scientists
(Zohaib et al., 2014).

2. Emergence index of E. cruss-galli

Water extracts from all plant parts
of C. tinctorius with all concentrations
significantly affected the E. cruss-galli
emergence index. Lowest emergence
index (1.87) was noted at 8% while the
highest (3.30) at 1% concentration. Leaf
extract showed the maximum inhibitory
effect. While the stem extract showed the
promotive effect. Fruit also showed
somewhat inhibitory effect. Interactive
influence of all parts and their
concentration was non-significant. Lower
rate of germination due to the application
of  aqueous extracts and higher
concentrations of extracts indicated by low
values of emergence index found in this
study was probably due the presence of
phytotoxic metabolites in extracts which
reduced germination index of E. crus-galli
seeds. These findings are corroborated by
the results of Khan et al. (2011) who
studied the influence of Silibummarianum
aqueous extracts and found that the
germination percentage and germination
index values of Glycine max, Vigna radiata
L., Cicer arientinum L. and Phaseolus
vulgaris L. seeds were significantly
reduced. Our observations are also in
conformity with report of D'armanti et al.
(2015) who stated that the application of
purple nutsedge tuber extract caused a
significant reduce in GI of Glycine max L.
at 5% and inhibitory effect was
concentration dependent.
3. Emergence percentage of E. cruss-
galli (%)

Influence of water extracts of fruit,
leaves and stem of C. tinctorius on E.
cruss-galli seedling emergence percentage
was significantly different (Table 3). Fruit
extract resulted in maximum reduction in
the E. cruss-galli emergence than leaves
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and stem extract. Maximum germination
percentage was noted with stem extract.
The statically significant difference
was found in emergence percentage of E.
cruss-galli due to the application of
aqueous extracts having different
concentrations. The peak value of
emergence percentage (100 %) was
noted at 1%extract concentration. While
the least value of emergence (77.78%)
was observed with 8% extract
concentration. The aqueous extract of
fruits caused maximum inhibitory effect
on emergence percentage (88.57%),
while the stem extract showed the
stimulatory effect (96.19%). Interactive
impact of different C. tinctorius part
extracts and their concentrations on
emergence percentage of E. cruss-galli
was also significant. Stem extracts gave
maximum emergence percentage (100%)
at 0.5% and 1% whereas minimum
(53.33 %) emergence was noted with the
application of fruit extract at 8%
concentration. The significant reduction in
E. crusgalli emergence percentage with
aqueous extract application is attributed
to the existence of water soluble phenolics
in different tissues of tested plants
(Heidarzade et al., 2012). These
allelopathic compounds interfere with
plant  photosynthesis, cell division,
respiration, hormonal activity and cell
enlargement (Li et al., 2010). The
abnormality in functioning of seed
hydrolytic enzymes and respiration inhibit
seed germination partially or fully. Zohaib
et al. (2014) assessed the phytotoxic
effects of 2.5% and 5% (w/v) extracts of
five weed species and 2% (w/w) soil
incorporated these weed residues found
significant inhibitory effects on emergence
percentage of rice. Takao et al (2011)
explored the influence of leaf aqueous
extract of Ipomoea cairica on Ipomoea
grandifolia, Euphorbia heterophylla, E.
cruss-galli and Bidens Pilosa and reported
that the test species had a significant
inhibitory impact on emergence (%) of
these weeds at higher concentrations.

4. Time to 50% emergence of E.
cruss-galli (days)

Allelopathic influence exerted by
different plant parts of C. tinctorius and
different concentrations on time taken to
50% emergence of E. cruss-galli was
statistically significant (Table 4). Fruit
extract resulted in least (3.58) days and
stem extract caused maximum (4.24)
days delay in 50% emergence of E. cruss-
galli seeds. Highest time taken to
complete50% emergence was recorded by
8% concentration of extract. The lowest
values of time taken to the 50%
emergence were observed with 1%
concentration. The interactive influence of
different plant part extracts and their
concentration on the time to 50%
emergence was significant. Fruit extract
treated seeds of E. cruss-galli took least
time to achieved50% emergence (3.33
days) at 2% concentration while leaves
extract treatment resulted in maximum
time (6.17 days) to complete 50%
germination at 8% concentration. The
longest time to reach 50% (T75) of E.
crusgalli seeds by the application of leave
extract was probably due to the existence
of more water soluble allelochemicals in
this extract. Anjum and Bajwa (2005)
reported R. dentatus aqueous extracts at
higher concentration enhanced the time
taken to the 50% germination of T.
aestivum and Helianthus annus seedlings.
The lower concentrations of aqueous
extracts might have hermetic influence on
growth of test species (Cheema et al.,
2003). The negative impact leaf extracts
of Ageratum conyzoides and Eupatorium
odoratum on GP, GI, MGT of Glycine max,
Oryza sativa and Brassica campestris has
also been reported by Kumar et al.
(2007).

5. Shoot length of E. cruss-galli (cm)

Different plant parts of C. tinctorius
and their wvarious concentrations had
significant impact on the shoot length of
E. cruss-galli. Maximum shoot length
(9.80 cm) was recorded with aqueous
extract of stem at 4% concentrations
whereas minimum shoot length (4.51)
was produced by leaves extract
application at 8% concentration. Among
different concentrations highest shoot
length (7.63 cm) was noted at 2% while
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smallest (6.17 c<m) seedlings were
produced at 8%concentration. The
extracts of leaves, fruit and stem
produced significant influence on shoot
length of E. cruss-galli. Shortest shoot
length (5.82 cm) was found with the
aqueous extracts of leaves whereas,
longest shoot lengths (9.06 cm) were
noted by the application of stem extracts
of C. tinctorius. The fruit and stem
extracts caused stimulatory influence at
lower extract concentrations. The
application of stem extracts up to 4%
concentration promoted shoot length
while, the fruit extract stimulated shoot
length up to 1%concentrationthan control.
The allelochemicals present in extracts of
different parts of safflower at lower
concentration might have acted as growth
regulators and stimulated the growth of
barnyard grass. Increase in phytotoxicity
of plant aqueous extract by increasing
concentration has also been documented
by Hossain and Alam (2010) who found
that seedling length of Albiziaprocera,
Vigna sinensis, Paraserianth esfalcataria,
Acacia auriculiformis, Amaranthus tricolor,
Cucurbita  pepo, Triticum  aestivum,
Oryzasativa and Abelmoschus
esculentuswas reduced by Lantana
camara water  extract at higher
concentrations while lower concentrations
caused stimulatory effect. Khaliq et al.
(2009) has also been observed inhibitory
influence of safflower water extracts on
Cichorium intybus seedling growth.

6. Root length of E. cruss-galli (cm)
Aqueous extracts of various parts
of C. tinctorius had significant influence on
the root length of barnyard grass (Table
6). The weed seedlings with smallest root
length (1.92 cm) were produced by
safflower leaves aqueous extract whereas,
seedlings with lengthiest roots (4.02 cm)
were noted by application of stem
aqueous extracts of C. tinctorius. The
interactive effect of different C. tinctorius
part aqueous extracts and their
concentrations on E. cruss-galli seedling
root length was significant. Maximum root
length (4.80 cm) was noted with 2%

aqueous extract concentration of stem
whereas, minimum (1.78 c<cm) shoot
length was recorded by leaves extract at
1%concentration. Among various aqueous
extract concentrations, minimum root
length (2.38 cm) was found at 8% while
maximum root length (3.54 cm) was
notedby0.25%concentrated extracts. The
allelochemicals in different parts of
safflower at lower concentration may have
behaved as hormones and promoted the
root length of E. cruss-galli. Reduction in
root length by aqueous extracts
application of safflower leaves may be due
to suppressive effects of allelopathic
mixtures found in the extracts. Results are
parallel with the observations of
Randhawa et al. (2002) who noted
reduction in Tianthema portulacastrum
root length by sorghum aqueous extract
application. The increase in root length of
barnyard seedling with the treatment of
safflower stem extract is in harmony with
the findings of Mubeen et al. (2012) who
recorded an increase in root length of rice
seedlings over control with sole or
combined application of sunflower and
sorghum water extracts which indicate the
presence of stimulatory allelochemicals in
these extracts.

7. Fresh biomass weight of E. cruss-
galli (g)

The extracts of different C.
tinctorius parts had a significant influence
on the fresh weight of E. cruss-galli
seedling (Table 7). The lowest values of
fresh weight (11.18 g) was recorded in
those seedlings which were treated with
the aqueous extract of fruits of safflower
because it restricted the growth of
seedlings whereas, higher values of fresh
weight (15.52 g) was found by stem
aqueous extracts of C. tinctorius.

The interaction among different
concentrations and plant parts produced a
significant impact on barnyard seedling
fresh weight. It has been noted that
control treatment (0.0% concentration)
resulted in higher values of seedling fresh
weight due to no interference of
allelochemicals in distilled water
(control)which was statically similar with
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the fruit extract application at the
concentration of 0.25%. The stem extract
of safflower gave higher values of fresh
weight of E. crus-galli seedlings at lower
concentrations up to 2.00% concentration.
Fruit extract application at 0.25%
concentration demonstrated a stimulatory
response however its higher
concentrations reduced the fresh weight of
E. cruss-galli seedling. Among different
concentration maximum seedling fresh
weight (19.16 g) was obtained at 0.25%
and minimum (11.55 g) at
8%concentration. The delayed
germination and slow growth of seedlings
can be attributed to the reduction in the
fresh weight. The significant modifications
in barnyard seedling fresh weight detected
with the application of water extracts of
safflower leaves, stem and fruits were
probably due to hermetic effect which
enhanced seedling length and thickness
and ultimately fresh weight at lower
concentrations. The lower concentration of
metabolites in aqueous extracts of various
parts of safflower might have acted as
growth regulators and improved barnyard
grass seedling growth and ultimately
seedling fresh weight was enhanced. The
increase in rice seedling weight due to the
treatment of sunflower and sorghum
water extract has also been reported and
attributed to improved seedling length and
thickness caused by stimulatory
allelochemicals (Mubeen et al., 2012).
Lowest barnyard seedling fresh weight
with the application of safflower fruit
aqueous extract at higher concentration is
attributed to presence of phenolics such
as gallocatechin and epigallocatechin with
a 4-hydroxy benzhydrazide derivative (Yu
et al., 2013) which repressed the growth
of seedling. Past studies (Calabrese and
Baldwin, 2003) have frequently related
stimulatory effects of aqueous extracts at
low concentrations and inhibitory at higher
concentration (hormesis). The
development of E. crus-galli shoot was
improved by the 2.5% extract

concentration and inhibited at higher
concentrations of extracts (Takao et al.,
2011).

8. Dry weight of E. cruss-galli (g)

The extracts of C. tinctorius leaves,
stem and fruits had significant influence
on dry weight of E. cruss-galli seedlings.
The extracts of C. tinctorius parts and
their different concentrations had non-
significant influence on E. cruss-galli dry
weight (Table 8). Among aqueous extracts
of different C. tinctorius parts the lowest
seedlings dry weight (0.65 g) was
recorded with leaves extract at 0.25%
because its application reduced growth of
barnyard grass seedlings whereas, highest
value of dry weight (5.83 g) was noted by
fruit aqueous extracts of C. tinctorius.
Minimum barnyard seedling dry weight
with the leaf aqueous extract application
was due to fact that phytotoxic
compounds were released in higher
concentration from leaves which imparted
growth inhibitory rather than promontory
action. Hamidi et al. (2008) reported the
repressive effects of Hordeum
spontaneum decomposing residues on
seedling dry weight of T. aestivum. Ismail
and Siddique (2011) also documented
decrease in seedling weight of O. sativa
by residues of Cyperus iria.

CONCLUSION

It is concluded from this research
that water extracts of safflower leaf, stem
and fruit possess phytotoxic potential
against E. crus-galli germination and
seedling establishment. Higher
concentration (8%) of all plant part
extracts was found highly toxic as
compare to control (0%). The overall
inhibition in the germination and seedling
growth of barnyard grass was highest by
leaf water extract application. The
inhibitory ingredients in safflower aqueous
extract could be exploited as a potent bio
herbicide for the eco-friendly management
of E. crus-galli.
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Table 1: Mean emergence time of E. cruss-gallias influenced by different aqueous extract
concentrations of leaf, stem and fruits of C. tinctorius.

Plant Mean emergence time

Parts Concentration Mean
0% 0.25% 0.5% 1% 2% 4% 8%

Leaf 4.60b- | 4.43d-g | 4.74b-f | 4.36fg | 4.43d- | 4.59b-g | 5.60a 4.68a

g g
Stem 4.40efg | 4.85bcd | 4.81b-e | 4.299 4.76b-f | 4.92b 4.40efg | 4.63ab
Fruit 4.34fg | 4.28¢ 4.31g 4.52b- | 4.48c- | 4.88bc | 4.59b- | 4.49b
g g g
Mean 4.44c | 4.52c 4.63abc | 4.39c | 4.56bc | 4.80ab | 4.86a

Means not sharing identical alphabets are different significantly at 5% probability level.
HSD at 5%: Concentration=0.263, Plant parts= 0.166, Concentration x plant parts =0.161

Table 2: Emergence index of E. cruss-galli as influenced by different aqueous extract
concentrations of leaf, stem and fruits of C. tinctorius.

Plant Emergence index

Parts Concentration Mean
0% 0.25% | 0.5% 1% 2% 4% 8%

Leaf 2.11% | 2.92 1.72 3.08 2.69 2.03 1.86 2.35b

Stem 2.92 2.94 3.31 3.36 3.08 3.58 2.42 3.09a

Fruit 2.78 3.47 2.89 3.44 3.17 3.08 1.33 2.88a

Mean 2.60c | 3.11ab | 2.64bc | 3.30a | 2.98abc | 2.89abc | 1.87d

Means not sharing identical alphabets are different significantly at probability level of 5%.
HSD at 5%: Concentration=0.437, Plant parts= 0.394, Concentration x plant parts ="°

NS= Non-significant.

Table 3: Emergence percentage (%) of E. cruss-gallias influenced by different aqueous
extract concentrations of leaf, stem and fruits of C. tinctorius.

Plant Emergence percentage (%)
Parts Concentration Mean
0% 0.25% | 0.5% 1% 2% 4% 8%
Leaf 93.33%° | 100.00 | 93.33 100.00 100.00 | 86.67 93.33 95.24
NS

Stem | 100.00 | 93.33 100.00 | 100.00 93.33 100.00 | 86.67 96.19
Fruit | 86.67 100.00 |93.33 100.00 86.67 100.00 | 53.33 88.57
Mean |93.33a|97.78a | 95.55a | 100.00a | 93.33a | 95.56a | 77.78b

Means not sharing identical alphabets are different significantly at probability level of 5%.



HSD at 5%: Concentration= 6,983, Plant parts="°, Concentration x plant parts ="°

NS= Non-significant.
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Table 4: Time taken to 50% emergence of E. cruss-galli as affected by different aqueous
extract concentrations of leaf, stem and fruits of C. tinctorius.

Plant Time to 50% emergence

Parts Concentration Mean
0% 0.25% | 0.5% 1% 2% 4% 8%

Leaf 3.94b-f | 3.64d-g | 4.22bcd | 3.64d- | 3.94b-f | 4.14bcd | 6.17a 4.24a

g
Stem 3.67c- | 4.08b-e | 3.92b-g | 3.42fg | 4.25bc 4.33b 4.06b-e | 3.96
g b
Fruit 3.42fg | 3.33¢g 3.67c-g | 3.50efg | 3.33¢g 4.06b-e | 3.75b-g | 3.58c
Mean 3.68cd | 3.69cd | 3.94bc | 3.52d | 3.84bcd | 4.18b 4.66a

Means not sharing identical alphabets are different significantly at 5% probability level.
HSD at 5%: Concentration=0.334, Plant parts= 0.217, Concentration x plant parts =

0.411

Table 5: Shoot

length of E. cruss-gallias

concentrations of leaf, stem and fruits of C. tinctorius.

influenced by different aqueous extract

Plant Shoot length (cm)

Parts Concentration Mean
0% 0.25% 0.5% 1% 2% 4% 8%

Leaf 5.98de | 5.91de | 6.52cd | 7.10bcd | 6.18cde | 5.34de | 4.51e 5.82c

Stem 8.45ab | 6.17cde | 4.59%¢ 9.55a 8.80ab | 9.80a 8.72ab | 9.06a

Fruit 7.43bc | 7.07bcd | 7.4bc 7.90abc | 7.91abc | 7.23bcd | 5.57de 7.21b

Mean 7.28ab | 6.38b 6.27b 8.27a 7.63ab | 7.37ab | 6.17b

Means not sharing identical alphabets are different significantly at 5% probability level.
HSD at 5%: Concentration= 0.994, Plant parts= 0.864, Concentration x plant parts =

1.904

Table 6: Root

length of E.

cruss-gallias

concentrations of leaf, stem and fruits of C. tinctorius.

influenced by different aqueous extract

Plant Root length (cm)

Parts Concentration Mean
0% 0.25% | 0.5% 1% 2% 4% 8%

Leaf 2.58cd | 2.46cd | 2.32cd 1.78d 2.01cd | 1.68d 1.53d 1.92c

Stem 4.03ab | 5.13a 3.27bc 3.55abc | 4.80a 4.21ab 3.49abc | 4.02a

Fruit 3.19bc | 3.03bcd | 3.61abc | 2.89bcd | 3.40abc | 2.90bcd | 2.13cd | 2.90b
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Mean

3.27a

3.54a

3.4a

2.74ab

3.40a

2.93ab

2.38b

Means not sharing identical alphabets are different significantly at 5% probability level.
HSD at 5%: Concentration= 0.797, Plant parts= 0.415, Concentration x plant parts =1.412

Table 7: Fresh weight of E. cruss-galli seedling as influenced by different aqueous extract

concentration of leaf, stem and fruits of C. tinctorius

Plant Fresh biomass (g)

Parts Concentration Mean
0% 0.25% 0.5% 1% 2% 4% 8%

Leaf 18.00ab | 15.33ab | 14.33bc | 12.66bcd | 14.00bc | 18.00ab | 15.16b | 15.35a

Stem 14.00bc | 17.50ab | 14.66b 14.66b 17.33ab | 16.00ab | 14.50b | 15.52a

Fruit 16.00ab | 24.66a | 12.88bcd | 12.00bcd | 3.77d 4.00d 5.00cd | 11.18b

Mean 16.00ab | 19.16a | 13.94ab | 13.11b 11.70b | 12.66b | 11.55b

Means not sharing identical alphabets are different significantly at probability level of 5%.

HSD at 5%: Concentration= 5.222, Plant parts= 0.189, Concentration x plant parts

=9.127

Table 8: Dry weight of E. cruss-galli seedling as influenced by different aqueous extract
concentrations of leaf, stem and fruits of C. tinctorius.

Plant Dry weight (g)

Parts Concentration Mean
0% 0.25% | 0.5% 1% 2% 4% 8%

Leaf 0.98"° 0.80 0.65 0.80 1.00 0.57 0.45 0.75b

Stem 3.00 3.25 2.73 2.33 1.08 1.06 0.93 2.05ab

Fruit 1.10 4.53 5.83 4.73 2.20 2.60 0.83 3.12a

Mean 1.69" | 2.86 3.07 2.62 1.42 1.41 0.73

Means not sharing identical alphabets are different significantly at 5% probability level.
HSD at 5%: Concentration="°, Plant parts=1.083, Concentration x plant parts ="°




Pak. J. Weed Sci. Res., 26(3): 367-379, 2020 377

REFERENCES CITED

Ahmad, A., Z. A. Cheema and R. Ahmad.
2000. Evaluation of sorghum as
natural weed inhibitor in maize. J.
Anim. Plant Sci. 10:141-146.

Anjum, T. and R. Bajwa. 2005. A bioactive
annuionone from sunflower Ileaves.
Phytochem, 66:1919-1921.

Anjum, T., R. Bajwa and A. Javaid. 2005.
Biological Control of Parthenium I:
Effect of Imperata cylindrica on
distribution, germination and seedling
growth of Parthenium hysterophorus
L. Int. J. Agric. Biol.7:448-450.

Ashrafi, Z. Y., S. Sadeghi, H. R. Mashhadi
and M. A. Hassan.2008. Allelopathic
effects of sunflower (Helianthus
annuus) on germination and growth of
wild barley (Hordeum spontaneum). J.
Agri. Tech. 4(1):219-229.

Association of Official Seed Analysis
(AOSA), 1990. Seed vigor testing
handbook. Contribution No. 32
to the handbook on seed testing.

Awan, F. K., M. Rasheed, M. Ashraf and M.
Y. Khurshid. 2012. Efficacy of
brassica, sorghum and sunflower
aqueous extracts to control wheat
weeds under rainfed conditions of
Pothwar, Pakistan. J. Ani. Plant.
Sci., 22(3):715-721.

Calabrese, E. J. and L. A. Baldwin. 2003.
Hormesis: the dose-response
revolution. Annu. Rev.
Pharmacol., 43(1):175-197.

Chauhan, B.S and S.B. Abugho, 2013.
Effects of water regime, nitrogen
fertilization, and rice plant density on
growth and reproduction of f lowland
weed Echinochloa crus-galli L. Crop
Prot. 54:142-147

Cheema, Z. A., S. Hussain and A. Khalig.
2003. Efficacy of sorghum in

combination with allelopathic water
extracts and reduced rates of
pendimethalin for weed control in
mung bean (Vigna radiata L.). Indus.
J. Plant Sci., 2:21-25.

Clay, S.A., J. Kleinjan, D.E. Clay, F.
Forcella, W. Batchelor, 2005. Growth
and fecundity of several weed species
in corn and soybean. Argon. J. 97:
294-302.

Coolbear, P., A.Francis and D. Grierson.
1984. The effect of low temperature
pre-sowing treatment on the
germination performance and
membrane integrity of artificially aged
tomato seeds. J. Exp. Bot.,35:1609-
1617.

D'Amato, G., G. Liccardi, M. D'amato and
M. Cazzola. 2002. Outdoor air
pollution, climatic changes and
allergic bronchial asthma. Eur. Respir.
J.,20:763-776.

Darmanti, S., S. Santosa, K. Dewi and L.
H. Nugroho. 2015. Allelopathic Effect
of Cyperus rotundus L. on Seed
Germination and Initial Growth of
Glycine max L. cv. Grobogan. Bioma:
Berkala Ilmiah Biologi., 17:61-67.

Ellis, R. A. and E. H. Roberts.1981. The
quantification of aging and survival in
orthodox seeds. Seed Sci.
Technol.,9:373-4009.

Gallan dt, E. R. and J. Weiner. 2015.
Crop-weed competition Els.,1-9.

Ghosheh, H. Z. 2005. Constraints in
implementing biological weed control:
a review. Weed boil. Manage., 5:83-
92.

Hamidi, R., D. Mazaheri, H. Rahimian, H.
M. Alizadeh, H. Ghadiri and H. Zeinali.
2008. Phytotoxicity effects of soil
amended residues of wild barley
(Hordeum spontaneum Koch) on



378 Nadeem et al. Allelopathic Effects of Aqueous ............

growth and yield of wheat (Triticum
aestivum L.). Desert,13:1-7.

Heidarzade, A., H. Pirdashti, M. A.
Esmaeili and J. Asghari.2012.
Inhibitory activity of allelochemicals
on barnyard grass (Echinochloa crus-
galli L.) seed and seedling
parameters. World Appl. Sci. 13,
17:1535-1540.

Holm, L. G., J. V. Pancho, J. P. Herberger
and D. L. Plucknett.1991. A
geographic atlas of world weeds.
Malabar, Florida, USA: Krieger
Publishing Co. pp 391.

Ismail, B. S. and M. A. B. Siddique.2011.
The inhibitory effect of grasshopper’s
cyperus (Cyperus iria L.) on the
seedling growth of five Malaysian rice
varieties. Trop. Life Sci. Res.,22:81-
89.

Javaid, A., I. H. Khan (2020). Potential
use of Coronopusdidymusin
parthenium management. Pak. J.
Weed Sci Res., 26(1): 37-45.

Javaid, A., T. Anjum and R. Bajwa.2005.
Biological control of Parthenium II:
Allelopathic effect of Desmostachya
bipinnata on distribution and early
seedling growth of  Parthenium
hysterophorus L. Int. J.
Biotechnol., 2:459-463.

Javaid, N., M.H. Shah, I.H. Khan, A Javaid
and S.M. Waleed. 2020. Herbicidal
activity of Ageratum conyzoides
against parthenium. Pak. J. Weed Sci
Res.,26(2):137-146.

Khalig, A., A. Matloob, M. N. Mushtaq and
F. Aslam.2009. Inhibitory effects of
sorghum and sunflower water extracts
on germination and growth of
Cichorium intybus L. Proceeding, 1st
Asian Allelopathy Society (AAS),
December, 18: 110-125.

Khan, R., M. A. Khan, M. Waqas, A. M.
Khan, Z. Hussain, A. Khan and M. A.

Raza.2011. Allelopathic potential of
Silybum marianum L. against the seed
germination of edible legumes. Pak. J.
Weed Sci. Res., 17:293-302.

Kumar, M., S. Siangshai and B.
Singh.2007. Allelopathic influence of
two dominant weeds on agricultural
crops of Mizoram, India. Pak. J. Weed
Sci. Res.,13:83-92.

Li, Z. H., Q. Wang, X. Ruan, C. D.Pan and
D. A. Jiang.2010. Phenolics and plant
allelopathy. Molecules, 15:8933-8952.

Machado, S.2007. Allelopathic potential of
various plant species on downy
brome. Agro. J., 99(1):127-132.

Macias, F. A., R. M. Varela, A. Torres, J. L.
Galindo and J. M. Molinillo.2002.
Allelochemicals  from sunflowers:
chemistry, bioactivity and
applications. In Chemical ecology of
plants: allelopathy in aquatic and
terrestrial ecosystems pp 73-87.

Mubeen, K., M. A. Nadeem, A. Tanveer
and Z. A. Zahir.2012. Allelopathic
effects of sorghum and sunflower
water extracts on germination and
seedling growth of rice (Oryza sativa
L.) and three weed species. J. Anim.
Plant. Sci., 22:738-746.

Qasem, J. R. 2013. Potential allelopathic
effects of Matthiola arabica on wheat
(Triticum durum L.). Agric.
Sci.,39:75-87.

Randall, R. P. 2012. A Global Compendium
of Weeds. Perth, Australia:
Department of Agriculture and Food
Western Australia pp
1124. http://www.cabi.org/isc/FullTex
tPDF/2013/20133109119.pdf.

Rashid, B., T. Husnain and S.
Riazuddin.2010. Herbicides and
pesticides as potential pollutants: a
global problem. In Plant Adaptation
and Phytoremediation. Springer,
Dordrecht, pp 427-447.


https://www.cabi.org/isc/abstract/19922319732
https://www.cabi.org/isc/abstract/19922319732
https://www.cabi.org/isc/abstract/19922319732
https://www.cabi.org/isc/abstract/19922319732
https://www.cabi.org/isc/abstract/19922319732
http://www.cabi.org/isc/FullTextPDF/2013/20133109119.pdf
http://www.cabi.org/isc/FullTextPDF/2013/20133109119.pdf

Pak. J. Weed Sci. Res., 26(3): 367-379, 2020 379

Razzaq, A., Cheema, Z. A., Jabran, K.,
Farooq, M., Khalig, A., Haider, G., &
Basra, S. M. A. (2010). Weed
management in wheat through
combination of allelopathic water
extract with reduced doses of
herbicides. Pak. 1J. Weed Sci.
Rese., 16(3): 247-256.

Roses, M. L. and S. Anitha.2012. Effect of
Euphorbia hirta L. extract on the
germination and seedling growth of
groundnut. Biotechnol.
Adv.,12(1):27-29.

Steel, R. G. and J. H.
Torrie.1997. Principles and procedures
of statistics, a biometrical

approach 2"  edition.  McGraw-Hill

Kogakusha, Ltd.

Takao, L. K., J. P. N. Ribeiro and M. I. S.
Lima.2011. Allelopathic effects of
Ipomoea cairica (L.) Sweet on crop
weeds. Acta. Bot. Bras., 25:858-864.

Tanveer, A., A. Rehman, M. M. Javaid, R.
N. Abbas, M. Sibtain and A. U.
Ahmad.2010. Allelopathic Potential of
Euphorbia helioscopia L. against
Wheat (Triticumaestivum L.),
Chickpea (Cicer arietinum L.) and
Lentil (Lens cularis Medic). Turk. J.
Agric. For.,34:75-81.

Turk, M. A. and A. R. M. Tawaha.2002.
Impact of seeding rate, seeding date,
rate and method of phosphorus
application in faba bean (Vicia faba L.
minor) in the absence of moisture
stress.  Biotechnol. Agron. Soc.
Environ.,6:171-178.

USDA-ARS.2014. Germplasm Resources
Information Network (GRIN). Online
Database. Beltsville, Maryland, USA:
National Germplasm Resources

Laboratory. https://npgsweb.ars-
grin.gov/gringlobal/taxon/taxonomyse
arch.aspx

Weston, L. A. and U. Mathesius.2013.
Flavonoids: their structure,
biosynthesis and role in the
rhizosphere, including allelopathy. J.
Chem. Ecol., 39:283-297.

Wilson, M.J., J.K. Norsworthy, R.C. Scott
and E.E., Gbur, 2014. Program
approaches to control herbicide-
resistant barnyard grass (Echinochloa
crus-galli) in Midsouthern United
States rice. Weed Technol., 28:39-46.

Yang, Y. X., W. Wu, Y. L. Zheng, L. Chen,
R. J. Liu and C. Y. Huang.2007.
Genetic diversity and relationships
among safflower (Carthamus
tinctorius L.) analyzed by inter-simple
sequence repeats (ISSRs). Genet.
Resour. Crop Ev., 54:1043-1051.

Younqging, M. A. 2005. Allelopathic studies
of common wheat (Triticum aestivum
L.). Weed Biolo. Manage., 5(3):93-
104.

Yu, S. Y., Y. J. Lee, J. D. Kim, S. N. Kang
and S. K. Lee. 2013. Phenolic
composition, antioxidant activity and
anti-adipogenic effect of hot water
extract from safflower (Carthamus
tinctorius L.)
seed. Nutrients., 5:4894-4907.

Zohaib, A., A. Tanveer, A. Khalig and M.
E. Safdar. 2014. Phytotoxic effect of
water soluble phenolics from five
leguminous weeds on germination and
seedling growth of rice. Pak. J. Weed
Sci. Res., 20:417-329.


https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysearch.aspx
https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysearch.aspx
https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysearch.aspx

