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ABSTRACT
In order to investigate the effect of compound and herbicidal activity of yarrow (Achillea wilhelmsii C.
Koch) essential oil on barnyard grass (Echinochloa crus-galli (L.) Beauv) and common lambsquarter
(Chenopodium album L.) germination, two factorial experiments were conducted in a randomized design
with four replications at laboratory of Islamic Azad University in 2020. Experimental factors were the
type of essential oil at two levels (ordinary and nano) and concentration at six levels (0, 100, 200, 400,
800 and 1000 plIL™1). essential oil analysis led to the identification of 49 compounds and Among them,
camphor (21.1%), 1,8-cineole (19.3%), myrtenol (8.4%), carvacrol (8.3%) and borneol (6.1%) were the
main compounds. Scanning electron microscopy images showed that the particles were 1 and 100 nm in
size. There was no significant difference between germination percentages of barnyard grass at the 100
pIL? concentration of two types of essential oil. However, with increasing the concentration, this
difference became significant, so that in 400 pIL™ concentration, the germination percentage of barnyard
grass treated with ordinary and nano essential oils reached 30.12 and 10.02%, respectively. Nano
essential oil at 1000 at pIL? concentration inhibited barnyard grass seeds germination completely.
Common lambsquarter germination was 36.12% and 13.02% at 400 pIL* of nano and ordinary essential
oils and germination was completely prevented by 800 pIL nano essential oil. Common lambsquarter
was more sensitive to yarrow essential oil in comparison to barnyard grass. Therefore, the application of
800 and 1000 pIL™? of yarrow nano essential is recommended to prevent the germination of common
lambsquarter and barnyard grass seeds, respectively.
Keywords: Essential oil analysis, germination percentage, nano particle, radicle length, seedling dry
weight.
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Table 1. Percentage composition of the essential oils of yarrow

No Compound IR %
1 a-Thujene 935 0.8
2 a-Pinene 940 8.1
3 Camphor 954 21.1
4 Sabinene 981 1.6
5 B-Pinene 986 15
6 Myrcene 998 17
7 5-3-Carene 1011 0.5
8 a-Terpinene 1024 0.2
9 p-Cymene 1034 0.8

10 1,8-Cineole 1041 19.3

11 (2)-B-Ocimene 1046 7.1

12 (E)-B-Ocimene 1056 25

13 y-Terpinene 1066 1.3

14 trans-Sabinene-hydrate 1075 18

15 Borneol 1088 6.1

16 Tepinolene 1095 0.3

17 Linalool 1107 0.4

18 trans-Pinocarveole 1129 0.7
19 cis-p-menth-2-en-1-ol 1131 0.2
20 Carvacrol 1134 8.3
21 Allo-ocimene 1137 0.2
22 trans-Sabinole 1149 22
23 Pinovarvone 1172 0.2
24 Myrtenal 1175 8.4
25 3-Terpineole 1177 0.5
26 Myrtenol 1184 2.1
27 Terpinen-4-ol 1187 1.8
28 Cryptone 1196 0.2
29 a-Terpineole 1200 2.9

30 Myrthanol 1207 0.5

31 4aa,70,7a0-Nepetalactone 1422 0.8

32 B-caryophyllene 1434 3.1

33 Germacrene D 1496 22

34 Bicyclogermacrene 1512 0.3

35 4af},70,7a0-Nepetalactone 1575 2.1

36 B-caryophyllene oxide 1585 0.1

37 spathulenole 1595 0.1

Retention Indices (The retention indices were determined on CPSil5CB column)
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Figure 1. Spherical particle formation images by SEM microscope
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Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -13.8 Peak 1: 242 100.0 8.14
Zeta Deviation (mV): 88.3 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0564 Peak 3: 0.00 00 0.00

Result quality : See result quality report
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Figure 2. Zeta potential of nano particle of yarrow oil
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Table 2. Mean squares of variance analysis of germination percentage and rate, root and shoot lengths and seedling dry
weight of barnyard grass

S.0.v Degree of Mean squares
freedom Germination percentage Germination rate  Radicle length Shoot length Seedling dry weight
Type of oil 1 **914.45 0.454"¢ +*55.38 3241 *0.438
Oil concentration 5 **5853.65 *25.81 **358.60 *217.83 *3.45
Type of oil 5 +146.82 0.236"* ©9.70 *5.42 *0.079
x oil concentration
Error 36 23.65 0.248 1.52 0.85 0.017
CcV - 15.36 20.51 16.93 14.70 19.79
D size glds pas g Mo yd S g guy Jlein] e )d D dixe i ey S0P E
*, **and ™ Significant at 5% and 1% of probability levels and non-significant respectively
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Table 3. Effects of essential oil type and concentration on germination percentage, shoot and radicle lengths and seedling
dry weight of barnyard grass

Trait
Type of essential Concentration Germination Radicle length Shoot length (mm) Seedling dry
oil (urLh percentage (mm) weight (mg)
0 70.29a 17.022 a 13.639 a 1.661a
100 55.31b 13.182b 10.814 b 1.235h
Essential oil 200 4529 ¢ 10.612 ¢ 8.922¢ 0.949 ¢
400 30.12d 6.724d 6.061 d 0.517d
1455f 2731 f 3.123e 0.188 e
800
1000 5.61g 0.020 g 0.030 f 0.002 g
Nano-Essential oil 0 70.29 a 17.022 a 13.639 a 1.661a
100 51.93b 9.317¢ 10.176 b 1.139b
200 29.10¢e 346le 5.868 d 0.488d
400 10.02 f 1.568 f 2.267e 0.114f
800 2469 0.130¢g 0.747 f 0.006 g
1000 Oh 0g 0f 0g
LSD 5.35 1.35 1.01 0.42

515 005 cblis LSD 905l (whal g duoys g Jloin] gaws )3 (6,15 gize BOMS] yoim y 1> S yiio g > sy (slo 1 Sileo
Means with the same letter in the same column are not significantly different based on LSD at 5% of probability level.
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Table 4. Effect of essential oil concentration on germination rate of barnyard grass

Qil concentration (ul L) Germination Rate

499a

100 3.71b

200 277c

400 1.95d

800 1l14e

1000 of

LSD 0.68

5105 o cblis LSD 9051 bl 2 g 2oy g Jloin] o )3 (g)l> gixe BMA] (S o By > (sl slo (1 Slo
Means with the same letter are not significantly different based on LSD at 5% of probability level.
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Table 5. Effects of essential oil type and concentration on germination percentage, shoot and radicle lengths and seedling dry
weight of lambsquarter.

S.0vV Degree of Mean squares
freedom Germination percentage Germination rate Radicle length Shoot length  Seedling dry weight
Type of oil 1 “981.46 “6.30 *32.66 *22.24 +0.899
Oil concentration 5 *5922.28 #3225 *251.90 *141.30 #4,11
x oil concentration 5 +203.33 *1.077 “7.738 *5.035 +0.146
Type of oil
Error 36 20.92 0.117 0.796 0.47 0.013
Cv - 12.83 12.90 12.21 12.65 11.12
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*,**and "™: Significant at 5% and 1% of probability levels and non-significant respectively.
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Table 6. Effects of essential oil type and concentration on germination percentage, shoot and radicle lengths and seedling
dry weight of lambsquarter.

Type of Concentration Trait
essential oil ey Germination Germination Radicle length Shoot length Seedling dry
percentage rate (mm) (mm) weight (mg)
0 73.29a 5.43a 14957 a 11.185a 1929 a
100 58.31b 439b 11.900 b 8.881b 1.610 ab
Essential oil 200 48.29 ¢ 358¢ 9.855¢ 7.339¢ 1.271c
400 36.12d 2.68d 7.122d 5.467 d 0.951c
800 1755 140e 3.582¢ 2.660 e 0.562d
1000 7.50 f 0.63 g 1.356 g 1.064 ¢ 0.197d
0 78.29a 543a 14957 a 11.185a 1929 a
Nano-Essential 100 54.93b 4.04b 11.461b 8.612b 1.446 b
: 200 32.10d 2.38d 7.051d 4.848d 0.845¢
oil 400 13.02¢ 0.94f 2.656 f 1913 f 0.343d
800 0g Oh Oh Oh Oe
1000 0g 0h 0h Oh Oe
LSD 5.04 0.37 0.98 0.75 0.48
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*,**and "™: Significant at 5% and 1% of probability levels and non-significant respectively.
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