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ABSTRACT. The objective of this research was to understand herbicidal activity of essential oils isolated from
leaves of pine (Pinus densiflora), nut pine (Pinus koraiensis), larch (Larix kaempferi) and khingan fir (Abies
nephrolepsis) in Korea. In a seed bioassay, essential oils of nut pine, larch and khingan fir inhibited the growth of
rapeseed (Brassica napus) seedlings by 50% at 4,766, 1,865, 5,934 pg ml”, respectively, however, that of pine did
not show any herbicidal effect. In a green house experiment, fall panicum, Southern crabgrass, sorghum,
barnyardgrass, quackgrass, black nightshade, Indian jointvetch, velvet leaf, and Japanese morningglory were
controlled in 24 hours by the foliar application of 10% essential oils from pine, nut pine, larch and khingan fir. The
treated plant parts showed burndown effect, however, new shoots appeared 3 days after treatment. Results of GC-
MS analysis showed that essential oils from pine, nut pine, larch and khingan fir contained 16, 25, 25, and 16
compounds, respectively, with hydrocarbons, alcohols, ketones, and esters. The major compounds of the essential
oils were 3-carene, bornyl acetate, camphene, limonene, a-pinene, -pinene and B-phellandrene.
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Table 1. Analytical conditions of GC/MS for organic chemicals
in the essential oil from pine, nut pine, larch and khingan fir.

GC Agilent 7890A
HP-5MS (30x0.32 mm, 0.25 pm)
1 ml min!, He

Column

Column flow

Injection volumn 1 pl
Injecion mode Split (20:1)
Temperature 250°C
Oven 50°C (5 min) - 4°C/min - 250°C (10 min)
Interface N
temperature 280°C

MS Agilent 5975C
Ion source El, 70 eV
Ion source o
temperature 280°C
Scan range 50-550m/z

Solvent delay time 3 min

Th(Personal Communication Dr. Sangsup Han at Chonbuk
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Table 2. Yield of pine, nut pine, larch and khingan fir essential

oils.
Yield of
Plant essential oil (%)
Pine (Pinus densiflora Sieblod & Zucc.) 0.12+0.01
Nut pine (Pinus koraiensis Sieblod & Zucc.) 0.20+0.02
Larch (Larix kaempferi (Lamb.) Carriere) 0.06%0.02
Khingan fir (4bies nephrolepsis (Trautv.) 0.1740.05

Maxim.)

Means and stadard errors are based on data from three replicates.

tissue culture test platesol| A -3l (Brassica napus)E th’¢
oz AT S Fast A, 7P Az =gE A
S Y9dE HHE GRS 1,865 pg mL'o] 1.2 (Table
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Table 3. Growth inhibition activity of essential oils from pine,
nut pine, larch and khingan fir

Herbicidal
Plant activity
(GRj5 value)
ug ml!
Pine (Pinus densiflora Sieblod & Zucc.) 2
Nut pine (Pinus koraiensis Sieblod & Zucc.) 4,766
Larch (Larix kaempferi (Lamb.) Carriere) 1,865
Khingan fir (4bies nephrolepsis (Trautv.) 5034

Maxim.)

* Not determined.
The GRs, value is a concentration to inhibit the growth of rapeseed
(Brassica napus) seedlings by fifty percent. Means are based on data
from three replicates.
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Table 4. Herbicidal activity of pine, nut pine, larch and Khingan fir essential oils with post-emergence treatment on 10 weed

species in a greenhouse.

Conc. Herbicidal activity (%)
Plant  (igml") PANDP DIGSA SORBI ECHCG AGRSM SOLNI AESIN ABUTH XANSI CAGEH
0 0 0 0 0 0 0 0 0 0 0
, 1 0 20 10 10 0 10 0 0 0 0
Pine
5 20 9 100 70 20 30 50 0 0 0
10 100 100 100 100 100 100 100 100 20 100
0 0 0 0 0 0 0 0 0
' 0 0 0 0 0 0 0 0 0 0
Nut pine 5 20 100 30 30 10 10 30 0
10 100 100 90 100 100 100 80 100 30 100
0 0 0 0 0 0 0 0 0 0 0
Larch 0 0 10 0 0 0 10 0
5 0 90 70 80 30 50 40 0 0 0
10 100 100 100 100 100 100 100 100 10 100
0 0 0 0 0 0 0 0 0 0 0
Khingan 1 0 0 0 0 0 0 0 0 0 0
fir 5 90 100 80 80 0 30 50 0 10 10
10 100 100 100 100 100 100 100 100 80 100

Means are based on data from three replicates.

* The herbicidal activity was determined by visual injury 7 days after the application of the essential oil.
® Abbreviations; PANDI: Panicum dichotomiflorum; DIGSA: Digiraria sanguinalis; SORBI: Sorghum bicolor; ECHCG: Echinochloa crus-galli
AGRSM: Agropyron smithi; SOLNI: Solanum nigrum; AESIN: Aeschynomene indica; ABUTH: Abutilon avicennae; XANSI: Xanthium

strumarium; CAGEH: Calystegia japonica.

< AFAEel o
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Aol e T3 SIFEZE apinene (24.69%), PB-
phellandrene (22.21%), B-pinene (20.55%), bornyl acetate

(10.56%), camphene (5.47%), (+)-4-carene (3.14%), longifolene
(2.72%), caryophyllene (2.43%) 5 ©]THTable 5).
A ol gHrEle] e f71stEES GC-MSE
A8 A= Table 60 YERAATE - A frell= &
559 stetee] AEEAST @3l af 205, &3S
7 2%, AET 2%, 283 A EHE 150 FFE ¢
1:]. 2R A6 ] 3o 3stEo etz H tﬂak
ERSlA R 7} 89.21%, /7 0.67%, AER7H 0.64%,
ZFJ_L ANEHEZ7F 947%019 o™, FH 3H=-2 a-pinene
(33.22%), limonene (11.54%), camphene (10.10%), bornyl
acetate  (9.47%), (+)-4-carene (9.48%), B-pinene (8.99%),
caryophyllene (2.65%), longifolene (2.59%)% O]QIU}(Table 6).
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qXHEZ 15 & & 3lon, % Troﬂ e T 3
=2+ a-pinene (19.86%), B-pinene (17.35%), bornyl acetate
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Table 5. Chemical composition of pine essential oil.

R.T. (min) Compound Area (%) CAS No. Formula Classification
9.24 Tricyclene 1.53 508-32-7 CoHs Hydrocarbon
9.77 1R-a-Pinene 24.69 7785-70-8 CoHj6 Hydrocarbon
10.40 Camphene 5.47 79-92-5 CoHys Hydrocarbon
11.58 L-B-pinene 20.55 18172-67-3 CoHj6 Hydrocarbon
13.88 [-Phellandrene 22.31 555-10-2 CoHys Hydrocarbon
16.02 (+)-4-Carene 3.14 29050-33-7 CoHj6 Hydrocarbon
20.35 o-Terpineol 0.33 98-55-5 C,0H;50 Alcohol
21.51 o-Methylthymol 1.61 1076-56-8 C,H;,O0 Ketone
23.47 L-bornyl acetate 10.56 5655-61-8 C,H,0, Ester
26.53 o-Copaene 1.09 3856-25-5 CysH,, Hydrocarbon
27.69 Longifolene 2.72 475-20-7 CsHy, Hydrocarbon
27.99 Caryophyllene 243 87-44-5 CisHayy Hydrocarbon
29.13 a-Caryophyllene 0.44 6753-98-6 CisHyy Hydrocarbon
29.93 B-Cubebene 1.36 13744-15-5 CysH,y Hydrocarbon
30.45 o-Muurolene 1.05 10208-80-7 CsHy Hydrocarbon
31.05 [-cadinene 0.72 523-47-7 CisHyy Hydrocarbon

The volatile chemicals were analyzed by GC-MS.
Table 6. Chemical composition of nut pine essential oil.

R.T.(min) Compound Area (%) CAS No. Formula Classification
7.66 Santene 0.22 529-16-8 CoH,, Hydrocarbon
9.27 -Cubebene 1.97 13744-15-5 CsHay Hydrocarbon
9.81 1R-a-Pinene 33.22 7785-70-8 CoHys Hydrocarbon
10.45 Camphene 10.10 79-92-5 CoHye Hydrocarbon
11.38 [B-Phellandrene 0.24 555-10-2 CoHys Hydrocarbon
11.58 L-B-Pinene 8.99 18172-67-3 CoHis Hydrocarbon
12.77 a-Phellandrene 0.24 99-83-2 CoHys Hydrocarbon
12.86 3-Carene 0.28 13466-78-9 CoHye Hydrocarbon
13.21 B-Thugene 1.49 28634-89-1 CoHys Hydrocarbon
13.57 0-Cymene 1.35 527-84-4 CoHys Hydrocarbon
13.78 D-Limonene 11.54 5989-27-5 CoHys Hydrocarbon
13.83 Tricyclene 1.76 508-32-7 CoHis Hydrocarbon
16.04 L-bornyl acetate 9.47 5655-61-8 C,H,,0, Ester
16.26 p-Cymenene 0.27 1195-32-0 CoHp» Hydrocarbon
16.54 Decane, 2,6,8-trimethyl- 0.28 62108-26-3 C5Hyg Hydrocarbon
18.47 Camphor 0.43 21368-68-3 C,oH;O Ketone
19.51 Borneol 0.24 507-70-0 CI0H180 Alcohol
20.36 o-Terpineol 0.43 98-55-5 C,H;s0 Alcohol
21.51 o0-Methylthymol 0.21 1076-56-8 CiH;s0 ketone
26.53 a-Copaene 0.62 3856-25-5 CsHa Hydrocarbon
27.69 Caryophyllene 2.65 87-44-5 CisHyy Hydrocarbon
27.99 (+)-4-Carene 9.48 29050-33-7 CoHye Hydrocarbon
29.93 Longifolene 2.59 475-20-7 CsHyy Hydrocarbon
30.92 y-Muurolene 0.60 39029-41-9 CsHa Hydrocarbon
31.05 [B-cadinene 1.35 523-47-7 CsHyy Hydrocarbon

The volatile chemicals were analyzed by GC-MS.
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Table 7. Chemical composition of larch essential oil.

R.T. (min) Compound Area (%) CAS No. Formula Classification
7.17 Tricyclene 0.21 508-32-7 CoHys Hydrocarbon
7.53 1R-a-Pinene 19.86 7785-70-8 CoHis Hydrocarbon
8.03 Camphene 5.20 79-92-5 CioHys Hydrocarbon
8.95 L-B-pinene 17.35 18172-67-3 CoHye Hydrocarbon
9.85 a-Phellandrene 0.33 99-83-2 CoHis Hydrocarbon
9.93 3-Carene 3.37 13466-78-9 CoHys Hydrocarbon
10.49 0-Cymene 0.61 527-84-4 CioHis Hydrocarbon
10.67 D-Limonene 7.56 5989-27-5 CoHis Hydrocarbon
10.74 [-Phellandrene 7.38 555-10-2 CoHys Hydrocarbon
11.64 y-Terpinene 0.21 99-85-4 CoHye Hydrocarbon
12.60 (+)-4-Carene 1.04 29050-33-7 CoHis Hydrocarbon
17.70 0-Methylthymol 0.24 1076-56-8 C;H;s0 Ketone
19.62 L-bornyl acetate 15.29 5655-61-8 C,H50, Ester

22.61 a-Cedrene 1.54 469-61-4 CsHay Hydrocarbon
23.76 Longifolene 1.01 475-20-7 CsHyy Hydrocarbon
24.97 cis-B-Farnesene 0.65 28973-97-9 CsHo Hydrocarbon
25.98 [-cubebene 2.33 13744-15-5 CsHay Hydrocarbon
26.50 o-Muurolene 1.64 10208-80-7 CisHoy Hydrocarbon
26.60 o-Farnesene 4.95 502-61-4 CsHos Hydrocarbon
26.96 y-Muurolene 0.47 39029-41-9 CsHay Hydrocarbon
27.10 B-cadinene 2.73 523-47-7 CsHay Hydrocarbon
30.83 T-Muurolol 2.11 19912-62-0 CsH,0 Alcohol

31.18 a~Cadinol 222 481-34-5 CisHy0 Alcohol

32.64 Pentadecanal- 0.54 2765-11-09 CisH3,0 Ketone

38.07 Thunbergen 1.15 1898-13-1 CyoHs, Hydrocarbon

The volatile chemicals were analyzed by GC-MS.

(15.29%), limonene (7.56%), B-pellandrene (7.38%), camphenex
(5.20%), o-farnesene (4.95%), 3-carene (3.37%)% ]St}
(Table 7).

U Aol & 1659 f71sit=el AEHAS
W g3lrai 125, AER 238,
7} 184 A& = AtK(Table 8). EHIUF- Aol 74 8}
T stttz E e "l R/ 85.59%, ol &H|
27} 12.54%, AEF7F 1.23%, 123 42771 0.64%°]
Ao, Ffel e T SFEZE 3-carene (21.52%),
o-pinene (18.23%), B-pinene (14.98%), camphene (14.28%),
bornyl acetate (12.54%), limonene (7.99%)s ©1ATHTable 8).
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Table 8. Chemical composition of Khingan fir essential oil.

R.T. (min) Compound Area (%) CAS No. Formula Classification

9.26 Tricyclene 1.65 508-32-7 CoHys Hydrocarbon
9.42 B-Thugene 0.46 28634-89-1 CoHye Hydrocarbon
9.81 1R-a-Pinene 18.23 7785-70-8 CioHis Hydrocarbon
10.51 Camphene 14.28 79-92-5 CoHys Hydrocarbon
12.21 L-B-Pinene 14.98 18172-67-3 CyoHye Hydrocarbon
13.03 3-Carene 21.52 13466-78-9 CioHis Hydrocarbon
13.25 (+)-4-Carene 0.24 29050-33-7 CioHis Hydrocarbon
13.86 D-Limonene 7.99 5989-27-5 CoHys Hydrocarbon
13.91 [-Phellandrene 1.00 555-10-2 CioHis Hydrocarbon
14.93 y-Terpinene 0.34 99-85-4 CoHys Hydrocarbon
16.06 o-Terpinolen 2.22 586-62-9 CoHys Hydrocarbon
21.53 0-Methylthymol 0.65 1076-56-8 C,H,;;O ketone
23.67 L-bornyl acetate 12.54 5655-61-8 C,H5,0, Ester
36.03 a-Bisabolol 0.64 515-69-5 C,sH,O Alcohol
43.83 Manool oxide 0.58 596-84-9 CyH;,0 ketone
46.01 Thunbergen 2.68 1898-13-1 CyHz, Hydrocarbon

The volatile chemicals were analyzed by GC-MS.
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