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Fig. 1. Images of SEM microscope from spherical particle formation

Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -138 Peak1: 242 100.0 6.14
Zeta Deviation (mV): 883 Peak 2: 000 0.0 0.00
Conductivity (mS/em): 0.0564 Peak 3: 0.00 0.0 0.00
Result quality : See result quality report
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Fig. 2. Zeta potential of nano emulsion of yarrow oil
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f percentage rate length length Seedhpg dry
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bl e 1 1976.33" 1.68 * 5633 41.87° 0.764°
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Essential i ol 5 8488.23 % 2507 29648  205.28" 3.19%
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bl e x il g5
Type of o1l x Essential 5 169.43* 0.437" 4.93* 3.50* 0.0548*
oil concentration
Error:lbs 36 40.63 0.284 1.84 1.24 0.019
() el ey - 16.17 20.49 1436 1421 14.52

C.V (%)

" Significant at 5 probability, and ™ non-significant
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Table 2. The effects of essential oil type and different concentrations on germination percentage, plumule
length, radicle length and seedling dry weight of common purslane

Trait cio
Ll “
il g3 Concentra Sidlex oy 4;‘;’ ;Jsb azaile Job azalS Sis )9
Type of essential oil tionl Germination l:n;he Plumule length Seedling dry
1L i
(ulL7) percentage (mm) (mm) weight (g)
0 85.75a 18.00 a 15.000 a 1.875a
100 71.75b 14.25b 11.875b 1.484 ab
ool il 200 55.25d 11.50d 9.583d 1.198 be
Normal essential oil 400 36.75 ¢ 10.50d 8.750d 1.094 ¢
800 17.75 £ 6.00 e 4875f 0.609 cd
1000 775¢ 3.00f 2.583 ¢ 0.310d
0 85.75a 18.00 a 15.000 a 1.875a
100 62.75 ¢ 12.75 ¢ 10.458 ¢ 1.245b
I | &b
ool 5ol 5 200 30.50 e 10.50 d 7.750 e 0.980 ¢
Nano emulsion of
essential oil 400 11.00 fg 7.00 e 5.583 f 0.673 cd
800 Oh Og Oh 0d
1000 Oh 0g Oh 0d
LSD (P<0.05) 7.05 1.03 1.23 0.48

65 Salsr ot il Gl g bl g5 esl SIHLY Jgan
Table 3. The effect of type of oil and oil concentration on germination rate of common purslane.

Si¥lsr ey
ol g5 Gy 5o %)
Type of oil Germination Rate
(Seed/day)
ek L
Normal essential oil 242 a
bl ygund gl il 1.79b
Nano emulsion of essential oil
LSD (P<0.05) 0.42
I
ool cdale Goy 5o %)
Essential oil concentration (pul L'l) Germination Rate
(Seed/day)
0 525a
100 3.87b
200 2.87 ¢
400 2.0d
800 1.12¢
1000 0.5f

LSD (P<0.05) 0.72
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Table 4. Mean squares of analysis of variance for the type and concentration of essential oil on germination
percentage, germination rate, root length, plumule length and seedling dry weight of common rye

Mean squares olay o (5 Sikee

- < . 4")‘5 .- P .
Sl s solyl Sl deye Gl Cepw azady; b azdle Job azelS Ss o
SOV D F Germination Germination Radicle Plumule Seedling dry
o percentage rate length length weight
ol e
T“W f&y.I 1 762.46%* 6.20%* 22.66** 20.24%* 0.873%*
ype of oi
Essential 0il ¢ _uilul cdale 5 5012.28%* 31.21%* 241.90**  131.30%* 4.51%*
osibol cdale x puilul g4
Type of oil x Essential oil 5 201.30%** 3.075* 7.708%* 4.011%* 0.116%*
concentration
Error:ls 36 18.98 0.111 0.796 0.970 0.043
1) Ol pss g
(/)c {j“;,/')*’“ - 11.43 12.70 1221 12.65 11.12
. 0

** Significant at 1 probability
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Table 5. The mean comparison for the effects of essential oil type and different concentrations for
germination percentage, plumule length, radicle length and seedling dry weight of rye

Trait cao
ool g5 ol clalé . Slyz s s ; £ Sih
Type of essential ~ Concentration ‘5"44‘5,? J‘_D)a Germination A’M) s azele Jsb el . 03
oil (uLh) Germination rate Radicle length Plumule Seqdllng dry
percentage (Seed/day) (mm) length (mm) weight (mg)
0 87.21a 443 a 18.029 a 15.111a 2.121a
100 8l.11a 439a 14.182 ab 10.814 b 1.665b
e 200 67b 3.28b 10.612 b 8.922 be 0.940 ¢
N"”naloflssen“al 400 45¢ 2.63¢ 5.734 ¢ 6.061 ¢ 0513 cd
800 19¢ 1.40d 2711¢ 3.123 cd 0.289¢
1000 7f 077 e 0.120 ¢ 0.030d 0.012¢
0 87.21a 443 a 18.029 a 15.111a 2.121a
100 70.23 b 4.00 ab 9.311b 9.106 b 1.139b
sbol | b
ool osedsel 200 50.54 3.01b 3422¢ 5.860 ¢ 0.488 d
Nano emulsion of
essential oil 400 32.11d 1.97d 1.444 ¢ 4267 c 0.414d
800 845f 0.32 ef 0.134 ¢ 0.713d 0.160 de
1000 Og 0f Oc 0d Oe
LSD (P<0.05) 6.89 0.76 6.31 2.30 0.37
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Evaluating the application of yarrow (Achillea wilhelmsii) essential oil
nanoemulsion on germination indices of purslane (Portulaca oleracea)
and rye (Secale cereale)

Mahnaz Kandi', Asa Ebrahimi, Marjan Diyanat3*, Hamid Saeidian*

Extended Abstract

Introduction: Weeds are one of the most important problems in agriculture and cause a lot of damage to crops.
Overconsumption of herbicides in recent decades has led to harmful impacts on the environment and living organisms,
including humans. In order to deal with these problems today, efforts are being made to reduce reliance on artificial
herbicides and change direction towards sustainable agriculture as a part of integrated weed management. Among natural
compounds, essential oils, which are components of aromatic and medicinal plants, were investigated to discover new
herbicides.

Material and Methods: In order to investigate the effects of yarrow essential oil (Achillea wilhelmsii C. Koch) on
the germination and growth of purslane (Portulaca oleracea L.) and rye (Secale cereale L.) seedlings, two factorial
experiments were conducted in the form of a completely randomized design in three replicates at Islamic Azad
University, Science and Research Branch. The first factor was the type of essential oil in two levels (normal and
nano?mulsion) and the second factor was the concentration of essential oil in six levels (0, 100, 200, 400, 800, and 1000
ul L.

Results and Discussion: Scanning electron microscopy images showed the particles were relatively sperhical and
their size varied from 1 to 100 nm. The zeta potential of the nanoparticles was -13.8 mV, indicating particle stability.

Both types of essential oils reduced germination percentage, germination rate, plumule length, radicel length, and
seedling dry weight of both weeds, and germination percentage decreased significantly with increasing concentration. At
a concentration of 200 ul L™, purslane treated with essential oil germinated 55.25%, but at the same concentration, the
germination percentage of seeds treated with nanoemulsion of essential oil was 30.50%. Nanoemulsion of essential oil at
concentration of 800 pl L' was able to completely prevent the germination and growth of purslane seedlings.
Nanoemulsion of essential oil at a concentration of 1000 pl L™ completely prevented rye seed germination. Germination
rate decreased under treatment of yarrow essential oil and there was no difference between two types of essential oils at
concentration of 200 ul L™, but at a concentration of 800 ul, the germination rate of rye seeds treated with nanoemulsion
of essential oil and ordinary essential oil reached to 1.40 and 0.32, respectively which was a significant difference.

Conclusions: The inhibition percentage of the studied traits in both weed species showed that the essential oil
nanoemulsion was more effective than the normal essential oil. Yarrow essential oil was more effective on purslane weed
compared to rye. Essential oils do not have similar effects on weeds and their inhibitory effects will be different
depending on the concentration and species of weeds, and the selectivity of these compounds should be investigated. The
production of nano essential oil of yarrow as a natural herbicide is a solution. It offers to control weeds in organic
farming systems.

Keywords: Allelopathy, Germination rate, Oil concentration, Zeta potential
Highlights:

1- Nanoemulsion particles were produced from Yarrow essential oil
2- Nanoemulsion particles had more inhibitory effects on the investigated weeds than the normal essential oil.
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