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Herbicidal activity of essential oils from four Nepeta species against wild mustard
(Sinapis arvensis L.) and winter wild oat (4vena ludoviciana Dur.)
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ABSTRACT

In the present study, the bioherbicidal activity of essential oils from Nepeta menthoides, N. mahanensis,
N. elymaitica and N. binalodensis were investigated on two weed species (wild mustard and winter wild
oat). A total of 68 components were identified from the essential oils of Nepeta species. Nepetalactone
was the main component of the essential oil of N. mahanensis but no nepetalactones were found in M.
menthoides essential oil. 1,8-cineole was the major component of N. menthoides, N. elymaitica and N.
binalodensis essential oils. In the laboratory bioassay, different concentrations (0, 1, 2, 4 and 8 ug ml!) of
four Nepeta essential oils effects on germination, root and shoot length were studied. Results showed that
germination percentage, and root and shoot length were significantly reduced in a dose-response
bioassay. In a greenhouse bioassay, post-emergence application of Nepeta essential oils (1.25%, 2.5%,
5% and 10% v/v) on 3-week-old weed plants caused visible injury. Under greenhouse conditions, foliar
application all Nepeta essential oils reduced chlorophyll content. In addition, Nepeta essential oils
induced an electrolyte leakage showing membrane damage and loss of integrity and enhanced the level of
proline suggesting induction of oxidative stress. Wild mustard was more susceptible to phytotoxic effects
of all Nepeta essential oils rather than winter wild oat. Totally, the study showed that Nepeta essential oils
have phytotoxic effects and could be used as bioherbicides to control wild mustard and winter wild oat.
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Table 1. Plant species used for this study

Species

Collecting data

N.menthoides

N. mahanensis
N.elymiatica Bornm.

N.binaludensis

Ardabil Province, Sabalan Mountains
Kerman Province, between Mahan and Kerman

Lorestan Province, Azna

Razavi Khorasan Province, Tandoreh
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Table 2. Composition percentage of the four Nepeta species essential oils

No Compound IR %
N.menthoides ~ N.mahanensis ~ N.elymaitica  N.binalodensis
1 o-Thujene 927 - - - 0.89
2 o-Pinene 942 0.2 1.5 0.2 1.54
3 Camphene 954 - 1.0 - 0.69
4 Sabinene 972 4.8 - 0.2 0.69
5 B-Pinene 974 5.6 43 2.8 4.74
6 3-Octanone 988 - - 0.2 -
7 2-Dehydro-1,8-Cineole 997 - - - 0.22
8 Myrcene 987 - - 0.6 0.72
9 n-Decane 999 0.7 - - -
10 8-3-Carene 1011 - - - -
11 a-Terpinene 1024 - - - 0.33
12 p-Cymene 1034 - 0.4 2.7 2.53
13 1,8-Cineole 1041 40.6 28.2 22.1 64.91
14 (Z)-B-Ocimene 1040 - - 0.7 -
15 (E)-B-Ocimene 1050 - - 0.5 -
16 y-Terpinene 1058 0.2 - 0.2 0.98
17 cis-Sabinene hydrate 1068 - - - 0.33
18 Tepinolene 1078 - - 0.5 1.07
19 trans-Sabinene-hydrate 1098 - - - 0.3
20 Nonana 1105 - - 1.04 -
21 Linalool 1107 1.3 - 5.8 0.53
22 a-Fenchol 1117 1.4 - - -
23 trans-Pinocarveole 1129 - 1.5 - 0.45
24 cis-p-menth-2-en-1-ol 1131 - - - -
25 Verbenol 1134 - - - 0.17
26 Allo-ocimene 1137 - - - -
27 1-Terpineol 1139 - - - 0.2
28 Nopinone 1142 - - - 0.2
29 Isopulegol 1146 0.1 - - -
30 trans-Sabinole 1149 - - - -
31 Menth-3-en-1-ol 1150 0.8 - -
32 p-Menth-3-en-8-ol 1152 - - 0.4 -
33 Pinocarvone 1160 0.4 1.6 - -
34 Pinocamphone 1161 39 - - -
35 4-Terpineol 1167 7.1 - - -
36 Neo-menthol 1168 - - 2.1 -
37 Pinovarvone 1172 - - - -
38 5-Terpineole 1177 0.9 - - 2.57
39 Myrtenol 1184 - 2.1 - -
40 Terpinen-4-ol 1187 - 0.7 6.2 2.04
41 Cryptone 1186 - - 0.1 -
42 a-Terpineole 1189 5.7 1.9 32 6.84
43 Myrtenal 1192 - 2.3 - 1.26
44 Myrthanol 1207 2.8 - - 0.22
45 Geraniol 1226 0.2 - - -
46 Pulegone 1238 - - 6.2 -
47 Geranial 1270 0.5 - - -
48 trans-Anethol 1283 0.9 - - -
49 Bornyl acetate 1287 - - 0.8 -
50 Carvacrol 1305 - - - 0.08
51 4aa,70,7aa-Nepetalactone 1369 - - 16.5 2.1
52 B-bourbonene 1385 - - 3.6 -
53 Benzyl pentanoate* - 0.8 - -
54 Geranyl acetate™® - 6.9 - - -
55 Dihydromyrcen-1-ol* - 9.2 - - -
56 E-caryophyllene 1420 - - 14.8 -
57 B-Caryophyllene 1421 - 1.0 - -
58 o-humulene 1455 - - 3 -
59 E-B-farnesene 1460 - - 1.8 -
60 Germacrene D 1473 - 6.4 - -
61 Bicyclogermacrene 1512 - - - 0.2
62 Caryophyllene oxide 1567 - 4.5 - -
63 4aP,7a,7a0-Nepetalactone 1574 - 36.1 1.1 0.98
64 Spathulenole 1575 - 0.1 - -
65 Spathulenol 1576 0.5 - - -
66 B-caryophyllene oxide 1585 - - 0.1 -
67 Ethyl hexadecanoate 1927 0.8 - - -
Total - 96.3 94.1 97.44 97.38

Retention Indices (The retention indices were determined on DB-5 column)
*Identified by comparison with mass spectra.
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Fig 1. Dose-response curve of the effect of Nepeta species essential oils on germination percentage of wild mustard (a) and
winter wild oat (b) measured 2 weeks after treatments. Values are means tstandard error.
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Table 3- Non linear regression parameters fitted to wild mustard and winter wild oat germination data

c b Lcso R? adjusted
Wild mustard
N. binalodensis 86.58 3.16 1.02 0.99
N. elymaitica 85.42 1.05 3.02 0.97
N. mahanensis 85.16 1.47 2.39 0.98
N. menthoides 97.05 1.21 1.48 0.99
Winter wild oat
N. binalodensis 76.09 0.88 0.97 0.98
N. elymaitica 76.17 0.71 5.47 0.99
N. mahanensis 75.94 1.05 2.60 0.99
N. menthoides 75.28 1.14 341 0.97
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Table 4. Effect of Nepeta essential oils on wild mustard and winter wild oat root and shoot lengths (cm) measured 2 weeks
after treatments.

Root length
wild mustard
Concentration (pg ml™) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 1.8+0.19 a 1.8+0.14 a 1.8+0.25a 1.8+0.14 a
1 1.35+0.03 be 1.35+0.17 be 1.5+0.18 ab 1.22+0.09 bed
2 1.05+0.17 cdef 1.05+0.1 cdef 1.17+0.23 bede 0.77+0.22 efg
4 0.47+0.17 g 0.72+0.22 fg 1.1£0.14 bedef 0+0 h
8 0+0 h 0.5+£0.08 g 0.81+0.08 defg 0+0 h
winter wild oat
Concentration (ug ml™) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 4.87+0.15 a 4874022 a 4.8740.10 a 4874022 a
1 3.7840.19 be 3.1840.10 de 3.86+£0.19b 2.58+0.15 f
2 3.17.11 de 2.31+0.22 f 3.2940.13 cd 1.56+0.18 g
4 2.50+0.22 f 1.45+0.42 gh 2.69+0.04 ef 1.26+0.09 ghi
8 1.2240.14 ghi 0.97+0.07 hi 2.25+0.24 0.81+0.11 i
Shoot length
wild mustard
Concentration (pug ml™) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 2+0.32 a 2+0.24 a 2+0.16 a 2+0.08 a
1 1.67+0.25 abc 1.7+£0.25 ab 1.72+0.25 ab 1.35+0.12 bed
2 1.17+0.41 bede 1.12+0.25 cde 1.240.28 bede 0.87+0.09 de
4 0.75+0.2 ¢ 0.92+0.09 de 1.1+0.14 de 0+0 f
8 0+0 f 0.6740.17 ¢ 1.17+0.12 bede 0+0 f
winter wild oat
Concentration (ug ml™) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 4.740.47 a 4.7240.5 a 4.7240.12 a 4.7240.15a
1 4.33£0.14 ab 3.63+0.41 cd 4.51£0.13 ab 3.44+0.12 cde
2 3.72+0.14 cd 2.76+0.31 f 3.94+0.31 be 1.92+0.11 g
4 3.05+0.32 ef 1.90+0.22 g 3.3440.14 de 1.63+0.1 gh
8 1.77+0.17 g 1.42+0.19 gh 2.940.1 ef 1.17+0.21 h
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Values are means +standard error of four replicates. Within each weed species, different letters indicate that means are different at

the 95% of probability level (Tukey’s multiple-range test, HSD).
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Fig 2. Effects of Nepeta essential oils on visible injury of wild mustard (a) and winter wild oat (b) 7 days after spraying.
Values are means tstandard error
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Table 5. Effect of Nepeta essential oils on total chlorophyll content and relative electrolyte leakage (%) of wild mustard and
winter wild oat measured 2weeks after treatments.

Total chlorophyll content

wild mustard

Concentration (v/v) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 2.24+0.13 a 2.24+0.21 a 2.2440.1a 2.24+0.07 a
1 2.00+£0.11 b 1.78+0.18 ¢ 2.08+0.12 ab 1.60+0.18 cd
2 1.63+0.09 cd 1.30+0.09 e 1.72+0.09 ¢ 0.93+0.09 f
4 1.27+0.08 e 0.94+0.08 f 1.48+0.16 de 0.54+0.1 gh
8 0.59+0.1 gh 0.70£0.1 g 1.36+0.16 ¢ 0.39+0.8 h
winter wild oat
Concentration (v/v) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 2.27+0.07 a 2.27+0.10 a 2.27+0.04 a 2.27+0.10 a
1 1.80+0.1 be 1.72+0.07 be 1.83+0.08 b 1.41+0.21 def
2 1.56+0.12 cde 1.36+0.06 ef 1.60+0.16 bed 0.83+0.08 ij
4 1.24+0.16 fgh 1.06+0.13 ghi 1.2940.07 fg 0.7440.16 jk
8 0.69+0.09 jk 0.67+0.09 jk 1.03+0.14 hi 0.52+0.06 k
Relative electrolyte leakage (%)
wild mustard
Concentration (v/v) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 10+0.81 gh 10+1.63 gh 10.25+1.25 gh 10+0.84 gh
1 11.27+0.96 gh 13.84+0.53 gh 15.52+4.29 gh 23.8844.39 f
2 22.11+4.2 f 18.13+1.14 fg 20.34+1.44 fg 37.59+£2.55 ¢
4 49.98+4.18 cd 44.45+8.3 de 40.69+4.02 de 66.56+1.96 ab
8 65.79+1.09 ab 59.49+3.98 be 58.02+1.72 be 74.26+2.38 a
winter wild oat
Concentration (v/v) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 7.244.12 h 7.2+1.64 h 7.2+0.73 h 7.2+0.73 h
1 9.543.14 gh 11.97+0.85 gh 9.4+2.57 gh 16.89+3.43 ¢
2 15.5143.27 gh 12.39+0.89 gh 14.12+1.13 gh 27.62+0.99 f
4 37.31+2.64 cde 32.99+5.23 def 30.04+3.14 ef 50.29+1.43 b
8 47.78£2.97 b 44.75£3.11 be 41.45+2.26 bed 59.8844.28 a
Proline accumulation uM g’!
wild mustard
Concentration (v/v) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 10.12+0.04 h 10.12+0.78 h 10.12+0.56 h 10.12+091 h
1 15.1842.16 gh 16.80+4.49 gh 8.79+1.69 h 23.98+4.60 g
2 24.63+£6.54 h 21.45+493 g 20.27+1.51 g 38.36+2.67
4 51.35+4.38 de 45.55+7.28 ef 41.61+421 68.74+2.05 b
8 66.81+1.90 be 61.32+4.17 be 58.51+2.35 cd 81.41+1.39 a
winter wild oat
Concentration (v/v) N.menthoides N.mahanensis N.elymaitica N.binalodensis
0 13+£0.95] 13+0.81j 13+1.31] 13+0.81j
1 18.66+2.16 ij 14.62+1.02 j 13.30+4.55 j 21.08+1.76 ij
2 24.16+2.14 hi 26.31+3.61 ghi 25.24+1.36 hi 31.52+2.40 fgh
4 43.21+£3.91 de 37.9946.55 ef 34.44+3.79 fg 58.86+1.85b
8 57.13+1.71 be 52.19+3.75 be 49.66+2.12 cd 70.27+1.25 a
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Values are means +standard error of four replicates. Within each weed species, different letters indicate that means are different at
the 95% of level probability (Tukey’s multiple-range test, HSD).
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