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In The Name of God
GAS CHROMATOGRAPH (Thermo-UFM)

D: Mirjalili Lab Code: P970759 Sample: SD1
Ph-5, 10m, 0.1 mm(ID), 0.4 (FT), Oven: 6 *C/min, Rate: 40 *C/min, Hold Time: 3 min, Run Time: 8.63mi
FID, 280 *C Injector: 280 *C Carrier Gas: He, 0.5ml/min With Chrom-card soft ware

tor ID: M. Naderi and S Qomi

reh Institute of Forests and Rangelands, Tehran, Iran
of Injection: 2019/01/15

542.0
4204 14
2.1
6
(mVolt)
2124
10
1 9 13
1 ¢ 17 18
1,2 - 8 10 12 15
7 >
¢ 965 (min) 3.565 4.166 4,766
114

oy




GC/MS aK.:.wa"le JL.J)}AL“)' VS‘JJJG.L:/&.';E{S)[A.::)J Ls\)L::}ub)waLﬂ\ r\ﬁ};bj)so JS.."«

€a

A A

SD1

GC/MS °l§:'w>j‘fj> JL\AJJ )l{_jvslﬁjcﬁg;'.&alsjw)J 6)%“)}‘ Jﬁv\.w‘ rbf);lﬁjjs-\‘}sﬁ'

S 5 Ol i 3am et  S LS
L SN WS U s | WV I WY S W A iy PV
Loodd 28 o8 e 53 Aoy VA L J S8
L Jsss Ol 0 5VL 5 p0a Jlo 5o ol o515
b g S Ledd 2868 slad 3 ds s VY/0)
03 Aoy 18 L JPU Ol 0 VL 5 e Jl
sp3dlw 55 oSS Ledd o elS jlas
Sl o desoyn V0 /00 U SIS Ol o 2
AL s pss dlv 5 v g (ST S L eds 25 elS
5 aal e 5> Lo 87708 U pan s Olpen
LS5l el cs £ Jl 5 Lo g oS5
2> SSE 4 ol o) e il 3 35 e
Lol e Gt Jls 53 )3 5 ccidoss glajlas
(0 5 8) Joder 5o sulasl paxtls 5 (S Ao

OA

SlaS J Ao 5 f50 o 53 Geoed

5 Lapl S5y S 0350 s 51 ey il
) 3k Gla el ails b 0 > glacib
53 SYY B4l Lol (6 G5 ahos
GoF Rl d L Gl Sol s sl bl
anlllas L i 5 DS 5 oS Lo ys 5 (add pad
S DS 5 ki ol e slacid
LS 5 Gl sy & A S bl aias
23 WSS e 5 sl Ll s (ol o e il
A s0) IS adesls L2 (05¢) Jyiax
S A ol 0 e bl ol S 5lay S
3L oSS s ek p8 o8 Hled 5o GCIMS Kews
oo das oo QLI | Gasd 093 5 Jsl gldle 5o
5 dsl sl 5o ol o) el SLS 5 0 5
IS I s Sl 1 Jald Gt el pso



w2913 0L uil! orleondigd (SLgwly ol (S8 05 g o515 Pl (o)

cilis gla e o (5ol 030 3 Shas Slar e 80be Suilols Jsdar o 5 a5 oY g

bl s Shes

bl do S 05 3 Mhes F 0553 Shes il e gl
s 3 p S ks 7 s 3 p S ks e 3 p S kS df S.0V

8.874™ 0.163™ 45796.00™ 383780.25™ 1 Jl
0.018™ 0.002™ 109.972"™ 221.806"™ 4 (JL) e
0.094" o 386.778" 2.250"™ 1 b g8 elS
0.051" 0.003™ 676" 0.694™ 1 oS xJlo
0.006™ 0.001™ 47.306™ 131.306"™ 4 (618 xdL) Uas
7.7377 0.041™ 68510.778™ 424893.861™ 2 s
3.556™ 0.018" 23040.333™ 105420.583™ 2 S xdl
0.25™ 0.011™ 599.111" 391.583™ 2 S xS
0.062" 0.007™ 224.333™ 24.194™ 2 (S5 xelS xdba
0.011 0.003 62.639 325.056 16 et

6.63 4.91 5.58 5.42 - ety

b e 0350 4l xSl NS 57N o cla“); 033013 e SOl i 5w e

Cilies glaaS1 5 5 etd 28 olS glasless 53 (ol 05 0 3 Shas S0l el ¥ g

J,.'.L,J:)_Qw Ao s )l:Su%Qj):Jilﬂ.o Jjoj):jﬂw e
S s (‘/3 sls %) Ll S s (s)§ s s @5 s bl

wle

1.63 1112 144.99° 332.72° A s el

1.53° 1112 138.44° 332.222 —
L

0.97¢ 1.172 82.00¢ 191.58° i

1.28b 1.09P 116.500P 259.66° b g (515

2.492 1.06" 226.66° 546.167 s psls

il e Ao y3 0 el s SUIs G a5 ) eslinal b b Sile (o b pime SVt it s DL gt 8 53 S nte g

\V‘\-\L;G\))Jb):g_d:mdursbﬁjo,\&f;ag‘ﬁsuCAJ&)L;M::)JACJL:S}i d}»\-‘f

N Compound RI Control Enriched straw

0 HD MD LD HD MD LD
1 a-thujene 937.52 0.44 0.49 0.41 0.42 0.44 0.50
2 a-pinene 949.23 0.54 0.21 0.47 0.60 0.55 0.55
3 camphene 966.13 0.26 0.45 0.21 0.39 0.27 0.31
4 B-pinene 980.54 0.00 0.00 0.00 0.00 0.00 0.00
5 myrcene 1007.95 1.10 1.08 0.89 1.02 1.13 1.06
6 a-terpinene 1043.63 0.64 0.22 0.57 0.59 0.76 0.8
7 p-cymene 1053.42 19.90 23.64 19.91 21.98 22.28 21.70
8 y-terpinene 1084.13 5.70 6.79 6.18 6.35 9.16 8.95
9 cis-sabinene hydrate 1100.00 0.67 0.61 0.66 0.70 0.43 0.47
10 linalool 1115.44 3.75 4.37 3.98 3.76 2.63 2.46

04



11 borneol 1225.44 131 1.14 1.53 1.83 1.38 1.36
12 terpinen-4-ol 1231.00 0.37 0.00 0.32 0.41 0.00 0.00
13 thymol 1322.62 1.50 171 2.30 4.15 8.97 10.04
14 carvacrol 1339.80 59.39 54.44 58.65 52.50 46.11 45.87

(4a-aloha,7-alpha,7a-

15 alpha)-nepetalactone 1373.14 0.00 0.00 0.00 0.00 1.58 1.54
16 carvacrol acetate 1382.43 0.95 0.98 1.01 0.40 1.30 1.34
17 (E)-caryophyllene 1476.54 0.00 0.00 0.00 0.00 0.00 0.00
18 spathulenol 1647.51 1.38 1.37 1.15 1.61 1.32 1.41
19 caryophyllene oxide 1657.49 0.20 1.08 1.47 151 1.60 1.55
Total (%) 98.09 98.60 99.72 98.21 98.39 98.44
monoterpene (%) 95.56 95.17 96.09 93.85 94.38 94.79
sesquiterpene (%) 2.53 3.43 3.63 4.36 4.01 3.65

(RI: Retention indices, HD: High plant density, MD: Medium plant density, LD: Low plant density)

WAV o5 Jle os Cilies glaeS1 5 5 0l 28 6lS 50 Cod (ol o) 0 LS 510 Jgder

Control Enriched straw
NO Compound RI HD MD LD HD MD LD
1 a-thujene 937.52 0.88 0.78 0.56 0.50 0.42 0.58
2 a-pinene 949.23 1.09 1.33 0.77 0.72 0.61 1.03
3 camphene 966.13 0.66 0.90 0.46 0.46 0.28 0.55
4 B-pinene 980.54 1.59 1.45 1.00 1.03 0.88 1.03
5 myrcene 1007.95 0.30 0.32 0.23 0.02 0.39 0.46
6 a-terpinene 1043.63 1.15 0.72 0.81 0.65 0.81 0.64
7 p-cymene 1053.42 24.00 43.04  22.07 18.40 33.16  35.04
8 y-terpinene 1084.13 8.72 5.00 5.93 4.64 10.50 4.97
9 cis-sabinene
hydrate 1100.00 0.43 0.31 0.30 0.41 0.38 0.26
10 linalool 1115.44 3.71 3.74 3.42 4.44 1.67 2.04
11 borneol 1225.44 1.28 1.57 1.72 1.84 1.88 1.80
12 terpinen-4-ol 1231.00 0.00 0.00 0.00 0.00 0.42 0.28
13 thymol 1322.62 1.12 0.64 1.28 0.93 12.51 6.88
14 carvacrol 1339.80 51.21 3755 57.96 61.85 31.16  41.03
15 thymol acetate 1373.14 0.00 0.00 0.00 0.00 0.95 0.12
16 carvacrol acetate 1382.43 0.78 0.72 0.39 0.76 0.32 0.21
17  (E)-caryophyllene  1476.54 1.57 0.66 1.26 1.11 0.83 0.76
18 spathulenol 1647.51 0.00 0.00 0.00 0.00 032 0.30
19 caryophyllene
oxide 1657.49 0.98 0.89 1.47 1.50 1.38 1.20
Total (%) 99.47 99.62  99.63 99.52 98.99  99.26
monoterpene (%) 96.14 97.35 96.51 96.64 94.55 94.71
sesquiterpene (%) 3.33 2.27 3.12 2.88 4.44 4.55

(RI: Retention indices, HD: High plant density, MD: Medium plant density, LD: Low plant density)
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Abstract

This study was conducted to evaluate the yield and phytochemical properties of Bakhtiari
savory under the influence of enriched wheat straw and plant different densities. The experiment
was conducted in the form of split plots based on randomized complete block design in 1396
and 1397 in dry farming condition and at Hamand Rangeland Research Station. The main factor
included, 10 tons of wheat straw per hectare (enriched with ammonium sulfate) and the control
and sub-factor included, density 26666 and 40,000 and 80,000 plants per hectare. The measured
traits included fresh and dry weight yield, percentage and essential oil yield and identification of
essential oil compounds, which was performed from the plant shoots at full flowering stage. The
essential oil was extracted by water distillation. Also, GC and GC/MS analysis methods were
used to determine the percentage and type of essential oil compounds. The highest yield of
essential oil with 3.7 kg. ha* was obtained with enriched straw treatment and high plant density
and in second year. The highest percentage of essential oil compounds, the carvacrol with
61.85% was obtained in treatment of enriched straw, high density and in second year. The
highest percentage of thymol with 12.51% was obtained in treatment of enriched straw and
medium density in second year. The results of this study showed that the Bakhtiari savory by
using enriched straw and high and medium densities from second year could increase the major
compounds percentage of essential oil, including carvacrol and thymol, y-terpinene and linalool.

Keywords: Dry weight yield, Carvacrol, Thymol, Essential oil
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