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ABSTRACT

The allelochemicals or secondary plant metabolites when released to the environment, influence the germination
and seedling growth of neighbor weeds. The aim of this study was to investigate the effect of the extract of Yarrow
(Achilla millefalium) on the number and mass of weed seedlings and their seed germination under laboratory
conditions. The effects of different concentrations (1.25 to 20%) of Yarrow extracts were evaluated on the
germination and seedlings growth of Zea maize, Johnsongrass (Sorghum halepense), Common lambsquarter
(Chenopodium album) and Redroot pigweed (Amaranthus retroflexus) for 5 days. Results showed that with the
increasing concentration of Yarrow extracts, their effects on reducing seed germination and seedling growth of the
above mentioned plants were more severe. Comparison of extract effects with polyethylene glycol, revealed that
reduction of seed germination and seedling growth in Johnsongrass and Common lambsquarter were attributed to
the osmotic pressure of the extract, whereas inhibition of seed germination of Redroot pigweed and corn was due to
allelochemicals.
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INTRODUCTION

Environmental effects of chemical herbicides arel lthnitations of their implementation have led I tincreasing
importance of non-chemical alternatives in the ngenaent of weeds [3]. Allelopathy is the biochemiczdctions
between two or more plants or cultivars in whicé thlease of natural chemical materials (Allelojethby a herb
affects the physiological processes of neighboplamts or organisms [3]. Using this phenomenon, might be

able to control the weeds in farms without implinieg chemical herbicides. For example, the inhibéfect of

walnut leaves on neighboring herbs is an instafi@dielopathic effects [15]. Jung et al. (2004)aepd that various
types of rice have different inhibitor effects dretemersion of Barnyardgrass seedlings [14]. Intiadd in their

green house experiments, Abdul- Rehman and Hal$i89)ldemonstrated that alfalfa and its decomposgtiins
have allelopathic effects on Graminenperata cylindrica) [1].

Observations conducted in Pakistan indicate thainaiing the remains of forage sorghum with soil anttivating
wheat in it is 40-50 percent effective in contradliweeds and leads to a better performance ofseabd up to 15
percent [4]. With its allelochemicals, Ry&e€ale cereale) has been used as a covering plant and mulch in
cultivations such as corn, cotton and soya in tHe U3, 2].

Medicinal and aromatic plants have ingredients tiwete inhibitor effects on germination and growttother plants
[12]. Inhibitory capability of allelopathins of stidock medicinal plant on the growth of some planticates that
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the extract of this plant has inhibitory effectstbe growth of weeds [8]. Effect of tea leaf extran the growth of
linen showed that this plant is affected by theléad extract [11].

Yarrow (Achilla millefalium) is a several-years-old plant from Asteraceaelfawiich is used as medical plant due
to its multiple essenses and alkaloid and glycosigesdients [3]. Known allelopathing in plants wihihave toxic
properties mostly inclued alkaloid, glycoside amemolic ingredients [9, 18].

The objectives of this research was (i) to studg #llelopathic effects of Yarrow medicinal planta the

germination of the seeds and the growth of seesllinff weeds including Reedroot pigweedméranthos

retroflexus), Common lambsquarterCfienopodium album) and JohnsongrassSofghum halepense) as well as
cultivation plant corn Zea maize) in laboratory circumstances (ii) to segregate #fielopathic effects of the
extracts, from Osmotic pressure (Polyethylene dlgotution).

MATERIALS AND METHODS

This research was conducted in the laboratory ahidn Phytopathology Research Institute. After rdyyin
shaddow and 25°C temperature, aerial parts of Mawas grinded and powdered. Fifty grams of this gemwas
added to 500 ml water containing 20" alchohol dmehtput on shaker with rotational speed of 130 ipmoom
temperature (222°C) for 24 hours. The extract was passed throilggn paper and 500 ml water containing 20°
alchohol and then put on shaker with rotationalespe 130 tpm in room temperature for 24 hours. fidselted
solution was passed through filter paper. The etdrabtained from this two processes were then dréxel kept in
temperature -5°C for the next steps of the experima order to eliminate alchohol, the extract wlaigd in room
temperature under vacuum using rotary evaporatesuling remains from drying the extract was digsdlin 50
ml water containing 20° alchohol and various désibf the medicinal plant extract were providedndrit.
Densities of 1.25, 2.5, 3.75, 5, 10, 15 and 20 ofiters of this alchoholic extract were added tdriPdishes
containing filter paper [19]Table 1).

Polyethylene glycol tests were conducted to detegntiie standard of osmotic pressure in exploriegetfiects of
Yarrow extract on the germination and growth of dgand differentiating it from allelopathic effddO]. For this
purpose, osmotic potential of the extracts withioigs densities was determined by osmometer and tREG
solutions with similar potential were provided. Eation of indicators including percentage of geration, length
of radicles and plumules were examined five dakey [®].

Table 1. Osmotic potential of various densities of arrow

Density of extract (%) 0] 125| 25 3.75 5 10 15 20
Osmotic potential (mega passcal) 0 | 4.12| 8.25| 12.37 16.5p 33.00 49.50 66/00

To evaluate the effects of Yarrow extract and piblylene glycol, tests were conducted separatelyeusdnilar
conditions. After evaporating the organic resolysirile aquapura was added to each Petri disheimte various
densities of the extract in terms of milligraméii{6]. In laboratory, 50 aseptic seeds of weedscmn were placed
in each Petri dish. Viability of the tested seeatsdorn, Redroot pigweed, Common lambsquarter ahdsbngrass
were determined 90, 98, 40 and 60 percent, resdctiln order to break the sleep of the seeds am@on
lambsquarter case Clorox solution (5.25 percentobiglorite sodium) was applied in temperature 2%€ X0
minutes and in Johnsongrass case it was done atcBinrg the seeds.

Petri dishes containing filter paper and water #@8C alchohol were used as instance. Petri dishasining seeds
were placed in germinator in thermal and lightingles of 25°C and 14 hours of lighting and 20°Chwi® hours of
darkness. Each of the two experiments on the extrand polyethylene glycol were conducted as balhrand
random models with four repetitions for each treattrin laboratory conditions including 16 hourdlighting with
25°C and 8 hours of darkness with 22°C.

Statistical analysis

Transformation of data using the formul& + 0.5[10]. Analysis of variance and mean comparison \Bitmcan,s
multiple range test were performed by SAS software.

RESULTS

Results indicated that Yarrow extract had the ciypa€ inhibitory effects on the germination andogith of wild
Redroot pigweed, Common lambsquarter, Johnsongrassorn seedlings. This effect, however, is diffitron the
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germination and length growth of the radicles ahgples of the species studied. In this regard, effiects of
Yarrow extracts with various densities were comgaréth those of polyethylene. Since polyethylengcgl does
not have phototoxic effect and the inhibition ofrg@ation and growth of corn seedlings and weeklsstglace due
to osmotic pressure, it can differentiate betwdtsiopathic effect of the extract and osmotic puee419].

It was also observed that the allelopathic effécYarrow extract on the germination and growth ohidsongrass
and Common lambsquarter seedlings was low due nootis pressure, while its effect on the germinatifn
Redroot pigweed and corn was considered as allilimpaffect.

Effect of Yarrow extract

Effect of Yarrow extract on the percentage of geation and length of radicles and plumules of Retipigweed,
Common lambsquarter and Johnsongrass as weedandsca cultivation plant is demonstratedrable 2 The
results exhibited that densities of 2.5 percent laigtier of Yarrow extract significantly reduced thercentage of
germination of Redroot pigweed and Common lambggualts extract with densities of 10 and 15 petcamd
higher decreased percentage of germination of dwignass and corn significantly. Yarrow extract gigantly
decreased the radicles length of Redroot pigw€edymon lambsquarter and Johnsongrass in all desigiable
2).

However, its effect on the radicles length of cormlensities of 3.75 and higher was significantijlesbompared to
that of the instance. Length of plumules of Rednoigiveed, Common lambsquarter and corn in densitfie.5
percent and higher significantly decreased, whieeffect on the plumules length of Johnsongrasseimsities of
3.75 percent and higher was significant, while carad to that of the instance.

Table 2. Effect of Yarrow on germination and growthof weeds and corn seedlings

= Common lambsquarter Redroot pigweed Johnsongrass @o
(]
c b ~—~ (=] — (=} ~— (=] ~—~ (=}
3 % € = > € € S € € > € € S
£ 2 £ E c £ g c £ g c S E =
S O ~ = S ~ = S ~ = S ~ = S
o 2> 3 2 s 2 2 kS 2 2 s 2 2 ks
F o S = £ 8 > £ 8 > £ 8 = £
S| 3| 5| E| 8 |5| E |8 |5 E | 5| 5 S
x o O 4 o o a4 o O x o o
0% 57 | 3.9 26.7 17.083 | 8.4 46.5 16.05 | 21.7 45.8 25.3 8.7 455
125% | 4.4 | 3.05 | 2058 11.8 6.9 | 447 7.8 20.3" 45 20.%" 7.05¢ 455
25% | 1.6° | 1.2 | 107" 5.05 2.6 | 37.2° 6.9° | 19.7 47 19.5¢ 5.3° 41.8
375% | 1.9 | 1.2 12 4.3° 1.6 31.7 6.3¢ 18.8 43.7 16.5° 3.8° 45
5% 1.3° 1° 8.7 3.3 1.4 23.5 6.3° 18.7 | 42.7 12.5° 2.9° 43
10% 1% | 1.08 6.5 1.15 1° 9 5.6 14.8 37.7 11.5° 2.7 39.5
15% 05 | 08 0.78' 025 | 025 | 0.28 2.3 107 31 10.7 2.5 29
20% 05 | 08 0.5 025 | 025 | 0.28 1.4 8.6 29.7 10.7 1.8 30.8
Table 3. Effect of polyethylene glycol on germinatin and growth of weeds and corn seedlings
e Common lambsquarter Redroot pigweed Johnsongrass Qo
Q —~ —~ —~ —~
& = = L = = L = = S = = S
g5 £ £ < g E S € E < E € s
c
gs| &£ 1 E| s | E | E | 5| EE 5| EE 5
20 o 2 b z 2 ks z 2 @ 2 @ =
o > S S £ 3 S £ 3 S £ S = £
F G 5 E £ g E g g E € 5 E €
g | & g g ¢ g g ¢ g g & g 2
= o o O o

0% 1465 | 8685 | 36.2 23 1465 | 4558 18.4 3537 | 33.7 | 387 17.95 45.5
125% | 14.08 | 8.7 34" 20.97 | 14.2, 44.7 18¢ 3468 | 32.7 | 33.8 17.85 44.5
2.5% 12.7 | 835 | 32.7 19.05 | 13.8" 427 | 18,65 | 33.68 | 31.7 | 32.1% | 15.67 435"
3.75% | 12.5% & 32.7° | 19.45% | 13.6% 407 | 17.97° | 3385 | 288 | 30.78° | 15.4% 42 5™

5% 11.68 | 718 | 29.7 13.9 9.3 40.7 16.7° 33.8 | 27.7 | 285° | 15.48 428"

10% 9.25 6.7 27 12.6 8.45 335 19.9 | 30.6% | 20.7 281 13.65 4275
15% 7.2 | 4.45 2F 1225 | 755 25.7 12.45 245 160 | 26.09 13 471
20% 6.8 375 | 137 11.5 5.6 17.7 10.F 219 | 135 | 17.3 4.4 40

Effect of polyethylene glycol

Effect of polyethylene glycols on germination penzge and length of radicles and plumules of Redpaweed,
Common lambsquarter and Johnsongrass as weedsoem@g cultivation plant is demonstratedTiable 3. The
results revealed that polyethylene glycol in déesitof 3.75 percent and higher significantly deseeh the
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germination percentage of Redroot pigweed and dwilgnass. On the other hard, its effect on the getian of
Common lambsquarter in densities of 2.5 percentlagtder and in corn, in densities of 15 and 20 @etravas
significant. Polyethylene glycol significantly deased the radicle length of Redroot pigweed and dorall
densities. Its effect on the length reduction ofhfBmn lambsquarter and Johnsongrass in densiti@s5odnd 5
percent respectively and higher was significanijemompared to the instanc&aple 3). Comparison of the means
showed that densities of 2.5, 3.75, 5 and 10 pérmath higher reduced significantly plumule lengtitarn, Redroot
pigweed Common lambsquarter and Johnsongrass
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Fig. 1. Effects of Yarrow extract and PEG on germiation percentage in common lambsquarter, Redroot pigweedphnsongrass and

corn.
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—_ ““-‘\_ ComPEG
g 25 Tl e 04420 + 32,5429 Linear (lambsquarter Concentration)
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Fig. 2. Effects of Yarrow extract an PEG on the pimule length in Common lambsquarter, Redroot pigwee, Johnsongrass and corn.

Diagram comparisons

Comparing the effect of Yarrow extract with thatREG diagram on the reduction of germination peag in

corn and Redroot pigweed has a sharper slope Harof polyethylene glycolHig. 1). This reduction is due to
osmotic pressure as well as the allelopathic effe€tyarrow extract. Results suggested that dygatallelism and
similarity between the graphs of PEG effects arab¢hof Yarrow on the reduction of germination petage of

Common lambsquarter and Johnsongrass one carutdtthis reduction to osmotic pressure. Since edeaasities
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of PEG and Yarrow extract demonstrated differefaéat$, increase in the effects of Yarrow extracs wansidered
as allelopathic effectHg. 1).

Effects of Yarrow extract on the reduction of léngrowth of radicles and plumules in Redroot piggdyeg@ommon
lambsquarter, Johnsongrass and corn can be adlitiatosmotic pressures because their graph issalpaoallel
with that of PEG Fig. 2, 3).
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Fig. 3. effects of Yarrow extract and PEG on adicléength in Common lambsquarter, Redroot pigweed, Jinsongrass and corn.
DISCUSSION

Allelochemicals affect physiological processes @ighboring plants or mechanisms. Ingredients inionea of
aromatic plants contain materials which have irbilyi effects on the germination and growth in othkmts [12,
20, 21]. Results of this research and Cheng firgl[®j indicated that the extract of aerial partsrafdicinal plants
had a significant effect on the reduction of gemtion and growth of the neighboring plants seedlinbhese
indicators demonstrated that in some plants, itdnipichemicals exist mainly in the growing partsnp@ring to
their under ground parts.

The results also showed that ingredients in thealaparts of Yarrow medicinal plant have inhibitagffect on the
germination and growth of seedlings of wild Redrp@weed, Common lambsquarter and Johnsongraseedsw
and corn as a cultivation plant, athough this ¢ffedifferent on seed germination and length ghoeftradicles and
plumules. Our results as well as those of researcbeducted by Romangi and Tworkoski [24, 25] setgge that
ingredients in the extract and essence of mediglzadts have strong herbicidal effects and in dexsshigher than
1 percent can prevent weeds from germinatiig.(1, 2, 3.

In consistence with Hartman et al. [12] and Riamd Rizvi reports [21], our finding showed that Mav extract
affects the length of radicle more than that ofnplie in the plants under investigation. The higéffect on the
radicle length is because of its direct contachulite extract. In higher densities, a reductiothim radicle growth
comparing to plumule growth was observed whichue tb the extract type, plant species and cherpicglerties
of the allelochemicals.

The studies of Fuji [8] on 239 medicinal plantsptiyed that ingredients in various parts of thdaatp have strong
inhibitory effects. Intensity of this effect on ialé and plumule depends on the density of theaektas well as its
ingredients. Moreover, with regard to the existeatesmotic pressure in such extracts, their irtbilyi effects can
be attributed to the allelopathy phenomenon [19]r esult along with findings of Dayan et al. [fosved that
effect of Yarrow extract on the growth of seedlinfy cultivation plants is mostly due to the alleltpa
phenomenon.

Studying the allelopathic effects of medicinal ptaon controlling weeds is useful for organic agitire and can
be a proper guide for selecting alternation progfad]. Cultivating medicinal plants which are reaig against
cold weather in mild and cold regions has the atagem of autumn sowing. The advantage of rainingnduthe
growth season, decrease in illnesses and weedsraneg advantages of placing medicinal plants saatamomile,
oxtongue and maritigal in alternation programs [5].
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Since weather conditions and genetic charactesigifcplants are considered among the most impoftators
affecting the formation and diffusion of allelopiathmaterials, controlling weeds using this methodalternation
systems requires supplementary experiments in éamditions and on other cultivating types of cdtf]|
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