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Herbicidal Activity of Essential Oil from Amyris
(Amyris balsamifera)
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ABSTRACT. The objective of this study was to know the herbicidal activity of the essential oil from amyris (4myris
balsamifera). In a seed bioassay experiment, the amyris essential oil inhibited the growth of rapeseed (Brassica napus)
by fifty percent at 8.8 pg g”'. And in a greenhouse experiment, sorghum, barnyard grass and Indian jointvetch, which
was applied in above-ground parts, with the amyris essential oil at 4,000 pg mI™ showed visual injuries of 90, 70, and
70, respectively (0, no damage; 100, total damage). However, soil application of the essential oil did not show such
herbicidal injuries. In a field experiment, foliar application of the amyris essential oil at 5% controlled effectively weeds
such as barnyardgrass, shepherd's purse, and clover in 24 hours. Our results indicated that the amyris essential oil had
herbicidal activity. To understand the composition of the amyris essential oil, the oil was analyzed by gas
chromatography-mass spectometry with solid-phase micro-extraction apparatus. There were 15 organic chemicals in
the oil and the major constituents were calarene, elemol, y-eudesmol, curcumene, B-sesquiphellandrene, zingiberene,
selina-3,7(11)-diene, 1,3-diisopropenyl-6-methyl-cyclohexene, -bisabolene, and B-maaliene. Overall results suggest
that the amyris essential oil had a herbicidal activity with fast, contact, and non-selective mechanism.
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2 1g 9ol 58S {3 (Brassica napus L.) A7}
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A2l stock solution(0.01% Tween 80 &) 3 7}s}1¢]
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B3 1% 45 (vl ol(Digitaris sanguinalis), <T<(Sorghum
bicolor), &3 (Echinochloa crus-galli), 7\'&(Agropyron
smithii)), FA™/Z 557 vla(Solanum nigrum), A+HE
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2l (Xanthium strumarium), W2 (Calystegia japonica)yS 35
& % 2227(30+3°C, 14h/10h=LightDark)ol A 142 A
SAIZ T, otrg]& HF{-E CO, sprayer(R&D Sprayers
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bursa-pastoris), B Z(Trifolia repens)®] ThF A&y st
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on|g]2 o] slsPdE-2 polydimethylsiloxane(PDMS)
fiber7} 72 solid phase microextraction(SPME) %] ]|
SZANZ] U2, gas chromatography-mass spectrometry(GC-
MS)E A RT. 757 SRAAE o8&t =4
olu|g] 2 A 1 mlE headspace glass vial(20 ml)ol| 7}gk
F, viale A Z sepum S E U E-5 3 SPME needles
vial =2 Aiste] 60°CollM 3027 S22 GC &
AM27E 50°CAA 587 FASHAL, +F 4°CH 250°C7k
A 52 AZ F 1087 A9 2, carrier gasE @F
He)elRoH F45S 1m min'o] AT

ol A8k GC= HP-5MS fused-silica capillary column
(30 m x 0.32 mm, 0.25 m)°] Z=E|o] U= Agilent 7890A°]
Rem, MSE 5975C MSDo|fith MSe] &4 x7L
ionization voltage”} 70 eV, ©]->A2L-E = 280°Co] oM
splitless mode®] At} GC2F MS2| B2 Z7LS Table 19 1}

Table 1. Analytical conditions of GC/MS for organic chemicals in
the essential oil from amyris (Amyris balsamifera).

GC Agilent 7890A
HP-5MS (30 x 0.32 mm), 0.25 pm

1 ml/min, He

Column
Column flow

Injection volumn 1 pL
Injecion mode splitless (20:1)
Temperature 250°C
Oven 50°C (5 min) - 4°C/min - 250°C
(10 min)

Interface temperature  280°C

MS Agilent 5975C
Ton source EL 70 eV
Ion source temperature 280°C
Scan range 50-550 m/z
Solvent delay time 3 min
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Table 2. Herbicidal activity of amyris essential oil to southern crab-
grass (Digitaris sanguinalis). Means are based on data from three
replicates.

Treatment (ugml')  Efficacy (%) Symptom
0 0 -

1,250 100 Dessicated

2,500 100 Dessicated

5,000 100 Dessicated

Fig. 1. Treatment of amyris essential oil to southern crabgrass
(Digitaris sanguinalis) controlled the above ground part of the
weed in a greenhouse experiment. From left to right 0, 1,250,

2,500, and 5,000 pg ml™ of amyris essential oil.
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Table 3. Herbicial activity of amyris essential oil with post-emergence treatment on several weed species in a greenhouse. The
herbicidal activity was determined by visula injury 9 days after the application of the essential oil. Means are based on data from

three replicates.
Concentration Herbicidal activity (%)*
(g ml™) SORBIY ECHCG AGRSM DIGSA SOLNI AESIN ABUTH XANSI CAGEH
2,000 0 0 0 0 0 0 0 0 0
4,000 90 70 0 30 20 70 0 0 0

* Herbicidal activity was determined 9 days after treatment by visual injury
¥ Abbreviations; SORBI: Sorghum bicolar, ECHCG: Echinochloa crus-galli, AGRSM: Agropyron smithii, DIGSA: Digitaria sanguinalis,
SOLNI: Solanum nigrum, AESIN: Aeschynomene incida, ABUTH: Abutilon avicennae, XANSI: Xanthium strumarium, CAGEH: Calystegia

Japonica
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Table 4. Herbicidal activity of amyris essential oil in a field
experiment. Means are based on data from three replicates.
Herbicidal activity was determined 24 hours after application
by visual injury.

Table 5. Effect of amyris oil treatment on fresh weight of
weeds in the treated sites. Means and standard errors are based
on data from three replicated.

Fresh weight of the above
0,
Herbicidal activity (%) Amount (%) ground part* (g m™)
Amount
(%) Echinochloa Capsella Trifolium 0 78.7+£12.1
crus-galli burse-pastoris repens 1 72.0+13.6
0 0 0 0 3 52.0+14.7
1 0 0 0 5 52.6+16.0
3 20 20 30 10 32.6£11.6
5 70 70 70 *Fresh weights were measured 24 hours after the application of amyris
10 100 100 100 oil
=t oleglg A= opv|g] & Hfol AxEAHS el e ot Aajd 7 B AlEE &30 oF o=
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and Isman (2006), Singh et al. (2005), —22] 322 Tworkoski
(2002)°] Jale] WEH =EoA AFHE npel o] HE

Fig. 2. Herbicidal activity of amyris essential oil (10%) in a field
experiment. Right, amyris essential oil treatment; left, control.
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Table 6. Chemical composition of amyris essential oil. The volatile chemicals were analyzed by SPME/GC-MS.

RT (min) Compound Area(%)  CASNoY Formula Classification
26.13 Acoradiene 1.19 24048-44-0 CsHos Hydrocarbon
26.39 1,3-Diisopropenyl-6-methyl-cyclohexene 4.18 999241-08-6 - Hydrocarbon
27.09 [-Bisabolene 4.13 469-61-4 CisHay Hydrocarbon
27.22 Curcumene 5.85 644-30-4 CsHp Hydrocarbon
27.59 Zingiberene 5.50 495-60-3 CysHay Hydrocarbon
28.45 B-Sesquiphellandrene 5.63 20307-83-9 CsHay Hydrocarbon
28.87 y-Muurolene 0.41 30021-74-0 CsHy Hydrocarbon
29.43 Elemol 19.38 639-99-6 CisHy0 Alcohol
29.81 Nerolidol 1.70 7212-44-4 CsH,0 Alcohol
31.21 [-Maaliene 3.62 489-29-2 CsHos Hydrocarbon
31.42 Calarene 27.24 17334-55-3 CsHy Hydrocarbon
31.67 v-Eudesmol 9.24 1209-71-8 Ci5sHy0 Alcohol
32.01 o-Gurjunene 0.63 489-40-7 CsHos Hydrocarbon
32.49 Selina-3,7(11)-diene 5.29 6813-21-4 CysHas Hydrocarbon
33.21 v-Gurjunene 0.77 22567-17-5 CisHoy Hydrocarbon

*CAS No.: Chemical Abstracts Service Number.

(5.85%), B-sesquiphellandrene(5.63%), zingiberene(5.50%), selina- o glh

3,7(11)-diene(5.29%), 1,3-diisopropenyl-6-methyl-cyclohexene

(4.18%), B-bisabolene(4.13%), B-maaliene (3.62%)°]1ATHTable 6). 2 AT 54 opmg s AR Az HAs
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A A3 FAo ek GRs @S 8.8 ug g! olen, &4
A8 478 A3 vold thak AL HdA e of
F2 1,250 pg ml' oIt sfEAFE 453 FF7E S
5 o= SALFANA 4,000 pg ml' FFA A
ofrlg] & Af= o, =9, AAZ dal 2z 90%,
70% 13 70%°] FEE JEPNASH, ofnE s
o Agld de BF AxHe S-S et =%
Aol otrlE]l s A 5% 1], Weol, E7jEd tgh
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ot 2 10% o] AxES AT 6AZHFH T
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9 AATL xT-oF vlaLste] 41.5%°]0 2 A sH-

A T2 EHZ%LQ} HlaLste] Zpo]7h iUt opwle] s 7b
frlle & 1559 steEdo]l AN T4 sietE
2 calarene(27.24%), elemol(19.38%), y-eudesmol(9.24%),
curcumene(5.85%), B-sesquiphellandrene(5.63%), zingiberene
(5.50%), selina-3,7(11)-diene(5.29), 1,3-diisopropenyl-6-methyl-
cyclohexene(4.18), B-bisabolene(4.13%), B-maaliene(3.62%)°]
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