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ABSTRACT 
 
 To identify the allelopathic effect of sunflower, the effect of different aqueous extracts (0%, 2.5%, 5%, 7.5 
% and 10% m/v) obtained from roots, stem and leaves of sunflower on the seed germination and early seedling 
growth of amaranth and purple nutsedgewere studied by bioassay. All extracts of sunflowerin most cases 
inhibited the seed germination and early seedling growth of amaranth and purple nutsedge. Leaf extracts was 
more effective to germinationand early seedling growth than the root and stem extract. The effectiveness of 
these extracts on the root growth wasgreater than that of the shoot growth of the test plants. Growth studies 
conducted in soil amended with different amounts of sunflowerresidues also revealed phytotoxic effects of 
residues on seed germination and seedling development of both weed species. Dry weight, leaf area and height 
of weeds were determined. The results of greenhouse experiments indicated that incorporation of sunflower 
residues in the soil (fresh or decomposed residues) reduced growth of amaranth and purple nutsedge. The 
difference between fresh and decomposed residues was not significant. This study indicated that, fresh stem 
residues of sunflower are able to apply, its harmful effects on dry weight, leaf area and height of both weeds 
species. 
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Introduction 
 
 Weeds compete for light, nutrients, moisture and 
space with the crop and thus cause severe losses to 
yield. At present weeds are controlled manually, 
mechanically and chemically. However, the control 
of weeds by manual labour and other mechanical 
method is laborious, time consuming and expensive 
[28]. Chemical weed control method has been found 
cheaper, more effective and time saving. 
 Given the increasing emphasis on sustainable 
agriculture and concern about the adverse effects 
(e.g. contamination of the environment, greater 
resistance of seeds to herbicides and high costs) of 
extensive use of synthetic chemicals, research 
attention is now focused on reducing the dependence 
upon synthetic herbicides and finding alternative 
strategies for weed management [19]. 
 This situation demands that efforts should be 
made to develop an alternative technology for weed 
control [9]. Allelopathy could be an appropriate 
potential technology for this purpose. It promises to 
be one such strategy, which can be put to good use in 
several ways in agroecosystems [19]. The production 
of allelochemicals in crop plants and their release 
into the soil can influence the germination and 

growth of plant species [27]. These effects are 
selective and concentration dependant and may have 
inhibitory or stimulatory effect on the growth of 
companion or subsequent crops or weeds [10,18,24]. 
Allelopathy is a novel approach to keep the 
environment safe and to develop sustainable 
agriculture [32]. Allelopathy may be used as a tool in 
weed management by applying the residues of 
allelopathic weeds or crop plants as mulches, 
growing them in successions and leaving their 
residues in the field [1,15].  
 Sunflower (Helianthus annuus) are potent 
allelopathic plants and have been reported to have 
allelopathic effects on other plants [2,5,6,8,12,17]. 
The plant has been reported to be rich in several 
phenols and terpenes [20], which have been found to 
have a wide range ofThey are often water soluble 
substances that are released into the environment 
through root exudation, leaching and decomposition 
of plant residues [30,21]. 
 [2] reported that sunflower allelochemicals has a 
potential as possible alternative for achieving 
sustainable weed management. Similarly, [29] 
reported that sunflower extract was the most 
inhibiting to germination, shoot and root length of 
wheat and to all species of weeds. Most studies on 
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Allelopathy have focused on the effects of extract 
from plant organs on seed germination and seedling 
growth, for it is difficult to identify the 
allelochemicals from the effects of competition 
among plants [7]. 
 Allelochemicals that inhibit the growth of some 
species at certain concentration might stimulate the 
growth of the same or different species at different 
concentrations [23]. It is essential to identify 
concentration at which each specific response occurs 
if allelopathic interaction is to be used in weed 
management programme. In addition, various plant 
parts may vary in their allelopathic potential [11,16].  
 Therefor the present study was conducted (a) to 
determine the allelopathic potential of aqueous 
extracts obtained from root and leaves of sunflower 
through Petri dish on germination and early seedling 
growth of six problematic weeds in Iran under 
laboratory conditions and (b) to elucidate any 
allelopathic interference of fresh sunflower residue 
incorporation with the growth and development of 
amaranth (Amaranthusretroflexus) and purple 
nutsedge(Cyperusrotundus) in pot test. 
 
Materials and Methods 
 
Aqueous Extracts: 
 
 Sunflowerplants were collected during the 
flowering stage from agricultural research station of 
University of Zabol, (36° 38′ N and 59° 7′ E), Iran. 
To evaluate the phytotoxicity of allelochemicals 
produced by Sunflower, the effects of water soluble 
compounds on germination was analyzed using a 
methodological design similar to the one previously 
used by [4] and [22]. The plant material was 
separated into leaves and stems after being washed 
thoroughly with distilled water and was dried in an 
oven at 70°C for 24 hours. The dried samples were 
grounded in a blender after being cut into 1-cm 
pieces and. The aqueous leaf extract was prepared by 
soaking 5 gram of this powdered leaf material in 100 
ml distilled water for 24 hours. Then, this extract was 
filtered (using Whatman filter paper No. 42). The 
filtered solutions (stock solutions) were held in a 
refrigerator for a short time until they got bioassay. 
Stock solution (5% w/v) was diluted appropriately 
with distilled water to give the final concentrations of 
5, 10, 20, 30, 40 and 50 g l-1. Distilled water was the 
control. 
 
Plant Materials: 
 
 Seeds of amaranth (Amaranthusretroflexus) and 
purple nutsedge(Cyperusrotundus) were obtained 
locally and before being used for bioassays, their 
germination potentials was examined at 25 ± 1°C in 
darkness and germination over 85% also guaranteed 

the viability of the seeds [25]. The plant seeds were 
sterilized with 10:1 water/bleach (commercial 
NaOCl) solution for 5 minutes and subsequently 
washed with diluted water. 
 
Seed Germination Tests:  
 
 Six tests corresponding to the treatments 
mentioned above were performed on each species in 
this study; watering with concentrations of 5, 10, 20, 
30, 40 and 50 g l-1 along with a control in a 
germination test consisting of seeds incubated on 
filter paper with solely distilled water. For each 
treatment, four different replications were tested. 
Each replicate was composed of 25 seeds placed in a 
10-cm diameter plastic Petri dish on a filter paper, 
kept saturated by regular watering. The Petri dishes 
were placed in a germinator (25°C, 70% humidity 
and constantly dark) and a period of 7 days was 
allocated to their growth. The Petri dishes were 
watered once in every 2-3 days with either different 
concentrations of aqueous solution of root and leaf 
extract or distilled water for the controls if necessary.  
 After these 7 days, the length of root and shoot, 
as well as the weight of the dry matter of the plants 
were measured. During the experiment, germinated 
seeds (root emergence 1 mm) were counted each day. 
Seed germ inability was assessed by the final 
cumulative percentage of germination at the end of 
the tests. 
 
Phytotoxic Effect of Residue Incorporation: 
 
 In order to test the short-term allelopathy of 
sunflower, effect of plant residues incorporated with 
soil was studied. For incorporation treatments, 
residues of dried sunflower were mixed with a 
garden soil per 200 cm3 pot. The amount of plant 
residues incorporated in a soil medium was 0, 5, 10, 
20 and 30 g kg-1. In each pot 10 seeds from one of 
weedswere sown at a depth of 1 cm. The pots were 
saturated with water by surface irrigation. During 
plant growth pots were irrigated daily by spraying 
with water until water drained from the bottom of the 
pot. Germination was measured daily for 20 days. 
All plants were harvested to determine shoot height, 
root length and dry weight of roots and shoots of 
seedlings. The tests were performed in a green house 
in four replicates. 
 
Statistics Design: 
 
 Germination and seedling growth bioassays 
were conducted in a complete randomized design 
(CRD) with four replications. The experiments were 
repeated twice and the pooled mean values were 
separated on the basis of Duncan Multiple Range 
Test (DMRT) at a probability level of 0.05. 
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Results and discussion 
 
Laboratorystudies: 
 
 Laboratoryresultsshowed thataqueous extractof 
differentorgansof sunflower had significant effect 
ongermination percentage, germination rate, root 
lengthand plumule length of … The degree of 
germination percent sensitivity can be classified in 
order of decreasing inhibition as follow; oldleaves, 
youngleaves, shoot and leaves. 
 Oldleaf extracthad the most effective impact on 
the final germination-percent of both seeds which 
decreased the germination by 43% compared with 
that of the control (Table 3). 
 In most cases, Leaf extracts had more 
allelopathic effect than did the root extracts. The 
results of this study are also congruent with the data 
by [31] who reported that most inhibitory effect of 
allelopathic plants was produced by leaf extracts. 
Extract inhibitory effect 
increasedwithincreasingextractconcentration.  
 Among the survivors, the highest inhibitory 
effect (98.33%) was recorded in concentration of 
10% aqueous extract. 
 While, there was nosignificant difference 
between concentrations of 10% and 7.5% extract.  
These findings coincided with the report of [14], who 
has formerly stated that allelopathy includes both 
promoting and inhibitory activities and is a 
concentration-dependence phenomenon. 
 Interaction of treatment revealed that amaranth 
had greater inhibitory effect on germination 
percentage than that forpurple nutsedge. So that, 
sunflower leaf extract makes thefinalgermination 
ofseeds ofamaranth from 95% to 42%, while in 
purple nutsedgethis reduction was from 53 to 46%.  
 As it can be seen at Fig. 3, although theextracts 
ofoldleaveshad the greatest inhibitory effect, at 
concentration of 5%, young leaves extract exhibited 
greatest inhibitory. Mean germination-time 
significantly decreased with increasing aqueous 
extract concentration. The reduction in mean 
germination time across all concentration ranged 
between 53 to 67% than control. Although there is no 
significant difference among different concentrations 
of extract, however aqueous extract at the greatest 
influence reduced mean germination time from 3.129 
day to 0.452 day. 
Reducedweedseedgerminationprovides 
opportunitiesforcrop to growth andextent its canopy 
at early growth stages. Mean seed germination in 
amaranth more influenced than that of purple 

nutsedge. In general, plantswithsmallseedsweremore 
sensitive to allelochemicals, because small seed has 
greater areatovolumerationthanlarger seeds and has 
high contact withthese chemicals (9). 
 Plumule and radicle length was affected by 
different extract (Table 1). The greatest reduction in 
plumule and radicle length was observed in extract of 
young and old leaves and followed by stem extract. 
Delaysinthe radicleand plumule growth of 
weedsmakes cropmore successful in competition 
withweedforresources. Radicle and plumule growth 
reduction affected by allelochemicals may be due to 
reductionincell division and theamount ofauxin 
which decreased growth (4). 
 
Green Housestudies: 
 
 Laboratoryresultsshowed thatresidues of 
differentorgansof sunflower significantly decreased 
leaf area index, dry weight and height of amaranth 
and Purplenutsedge.Inmost cases,fresh and decayed 
debriswere notsignificantly different. Inthe case 
ofleafarea indexinamaranth the greatest inhibition 
was observed at two-leaf stage and decayed leaves. 
In purple nutsedgethe greatest reduction was 
observed at two-leaf stage at debris of stem.Themost 
effectivetreatmentinreducing theleaf index in 
amaranth was decayed debris of stem and leaves, 
while in purple nutsedgefresh debris of stem caused 
the greatest decrease in leaf area index.  
 In amaranth corporation of stem debris to soil at 
all growth stages had the least plant height. However, 
in purple nutsedgedebris of leaves and root caused 
the least growth parameters. Regarding dry matter at 
two-leaf stage debris of all parts of sunflower 
significantly reduced plant dry weight. The most 
influenced treatment was debris of root incorporation 
in to the soil. The dry weight,in two leaf stage at all 
organs of sunflower leaf debris will cause weight 
loss, dry grass, pigweed, but this remains the most 
effective treatments in the fresh root. As it can be 
seen, sensitivity ofdifferent developmental 
stagesandspeciesofweedresiduesusedare different. 
Butin general, application offreshmulch 
ofstemsunflowerreduceddry weight, leaf areaindex 
and height of amaranth and purple nutsedgeand help 
to cropestablished beforeweedsin thefield and with 
fasterabsorption ofwater, nutrientsandlight win 
incompetition withweeds. However, before 
sunflower debris application we should ensure 
thatthecropdid not showsensitivityto the 
allelochemical material of sunflower. 
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