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Table 1. Some of the physical and chemical characteristics of the soil and climate in the experiment field

Average Minimum Temperature Average Maximum Temperature Annual Average Temperature Annual Average Pricipitation H E.C o.C N K P
p
(°C) (°C) (°C) (mm) (dsm?) (%) (%) (ppm)  (ppm)
-28 26.6 14.2 324 7.7 0.36 0.9 0.07 195 4.9

saliin] 3 500 slas S Oleo sas —Y Jou>
Table 2. Properties of used fertilizers

Fertilizer Properties
Botamisol Total amino acids (45%), Free amino acids (18%), Total Nitrogen (8%)
Complete Fertilizer (NPK) N (20%), P (20%), K (20%), B (0.01%), Fe (0.05%), Mn (0.02%), Zn (0.02%)

Humic Acid Humat potassium (73%), Folic Acid (15%), K20 (12%)
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Table 3. Means comparisons of morphological, physiological and essential oil characters of Saturjea bachtiarica
Characters A1B1C1D1 AIl1BI1Cl1D2 A1B1C1D3 Al1B1C2D1 A1B1C2D2 Al1B1C2D3 Al1B2C1D1 A1B2C1D2 Al1B2C1D3 Al1B2C2D1 Al1B2C2D2 Al1B2C2D3
Plant Heigh (cm) 33.4%1.2 30.2+1.2 28.1+1.1 35.4+1.2 32.5%1.1 27.8%£2.1 30.5%15 28.1+x15 26.8+1.6 37.5%15 34.1%£15 30.8%£1.5
No. Stem 14.2+1.3 12.1+1.2 10.3x1.7 16.4+1.2 142+1.1 12.8+1.3 18.8+1.7 16.5+1.2 13.5+1.7 19.8+1.7 17.5%1.2 16.5+x1.4
Dry Matter (gr.m?) 24513 22415 20.3%1.6 25421 23522 19.2+1.1 25.540.99 23.3+0.88 21414 31.5%0.99 29.3+0.88 21.4*14
Total Chl (mg.I"%) 1.23+0.03 1.15+0.02 1.12+0.01 1.25%0.02 1.21+0.04 1.16+0.01 1.2+0.01 1.14+0.02 1.12+0.01 1.22+0.01 1.2+0.02 1.15+0.01
Essential oil (%) 1.31+0.02 1.12+0.02 0.99+0.1 1.16%0.01 1.1+0.01 0.98+0.01 1.2+0.01 1.11+0.01 1.1+0.01 1.2+0.01 1.13+0.01 1.1+0.01
Proline (mcg.grfw?) 6.11+0.7 9.1+0.2 13.11+14 6.1+0.3 9.240.3 12.2+0.2 6.1+0.2 8.4%0.7 12.7+0.7 6.1+0.2 8.4+0.7 12.7+0.7
R.W.C (%) 58.5+2.7 45.7%1.2 38.8+£1.2 59.5+1.4 46.5%£1.7 36.4+1.2 59.2+1.4 45.1+1.6 37.9%£3.2 60.2+1.5 45.1%1.1 33.9%£1.2
=Y Jsds aalsl
Continued Table 3. ...
Characters A2B1C1D1 A2B1C1D2 A2B1C1D3 A2B1C2D1 A2B1C2D2 A2B1C2D3 A2B2C1D1 A2B2C1D2 A2B2C1D3 A2B2C2D1 A2B2C2D2 A2B2C2D3
Plant Heigh
() 9 28.4%15 26.2*1.6 24.1+15 34.1+1.3 29511 254%15 38.2%1.6 32.1+1.3 28.4%+1.2 57.5%1.1 46.1+1.2 38.8%15
cm
No. Stem 16.1+1.1 15.1+1.7 13.3%1.2 19.4+1.2 18.2+1.1 17.1+0.7 20.1+£0.8 18.3x1.1 16.4%+0.8 23.4%15 15.5%1.3 13.5+0.9
Dry Matter
(;r m?) 24511 23.4%1.2 20.2+1.2 28.1+1.3 25514 24511 32.6x14 26.1+1.3 23511 38.5%0.99 34.3+1.1 30.4%0.87
Total Chl
(Mgl 1.23+0.02 1.2+0.01 1.15+0.01 1.39+0.02 1.34%0.03 1.29%0.02 1.41+0.05 1.34+0.03 1.28+0.02 1.55+0.01 1.45%0.02 1.15%0.01
Essential oil
%) 1.21+0.03 1.12+0.01 1.1+0.02 1.59+0.02 1.34%0.01 1.25%0.1 1.67£0.03 1.45%0.03 1.32%0.02 1.94+0.1 1.43%0.05 1.32%0.02
0
Proline
(meg.griw) 6.2%0.2 9.6%0.2 11.8+0.2 7.8%£0.3 9.9+£0.3 12.01+0.02 7.02%+0.07 9.03%0.01 11.05%0.03 6.1£0.03 8.4%£0.03 11.7£0.07
R.W.C (%) 59.8+1.1 43.6%1.2 28514 61.6%£1.1 43.4%2.1 29.3%+1.1 61.2%0.9 38.5+£0.8 32.5%0.7 62.2+0.8 45.1%£2.2 29.2+x1.4
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Table 4. Means comparisons of morphological, physiological and essential oil characters of Saturjea khuzistanica

Characters  AIBICID1 ALBICID2 AIBICID3 AIBIC2D1 AIBIC2D2 AIBIC2D3 ALB2CIDI  AIB2CID2 ALB2CID3  AIB2C2DI  AIB2C2D2  ALB2C2D3
P'a’g:ﬂ)e'gh 204411 252413  24.1%12 34.4+1.2 31.5+1.3 26.8+1.2 28.5+1.1 271412 25.8+1.1 36.5+1.1 331413 32.8+1.2
No. Stem 152411 131412 11.3+1.4 15.4+1.1 131415 11.841.2 17.8+1.1 145413 12.241.2 18.5+1.1 15.541.2 135415
ng"_‘%ﬂ 255411  21.4+13 10.141.2 26.4+1.1 221412 18.141.1 241414 222412 20.4+1.1 20.1+1.6 25.3+1.1 20.4+1.1
T(?Tt]zl S)]I 1214001 1124001  1.05£002  1.1940.01 1184002  1.152001 1154001  1.1240.02  1.03+0.01  1.1640.02  1.15%0.03  1.1240.01
Esse(rf);;;’" Ol 1208001 1142002  097:01 1143001 1124001  099:002  122#003 115001  104:002  109#001 1113004  0.99%0.01
(nggog;:?\?v-l) 6.12+0.7 9.640.2 1311409  6.13+0.4 9.43+0.3  12.45%06  6.33+05 877405 1287407  6.78+0.4 9.140.1 12.340.7
RW.C (%) 595421  447+11  36.621.2 60.1£15 441414 38.141.2 58.141.3 441411 36.642.1 58.241.2 44.4%1.1 33.4%1.1
e =¥ Jsds aslsl
Continued Table 4. ...
Characters  A2BICID1 A2BICID2 A2BICID3 A2BIC2DI A2BIC2D2 A2BIC2D3 A2B2CIDI  A2B2CID2 A2B2CID3  A2B2C2D1  A2B2C2D2  A2B2C2D3
P'arggz)e'gh 27.441.2 242413 23.141.1 331411 28.841.4 26.441.2 39.241.1 33.3%1.2 27.1#1.1 56.141.4 441413 36.641.1
No. Stem 155411 16.6+1.2 123414  21.1#11 10.241.3 18.140.8 21.3+1.2 17.740.9 17.141.1 25.4+41.2 15.8+1.1 142412
Dgr'.\r"n‘"’_‘%er 26.541.1 21.4%1.7 19.941.3 295413 23.31.3 20.31.1 33.9+1.1 27.3+1.2 222413 39.141.6 33.141.1 28.441.2
T(?;Z' Icl')" 1214001 1144004  1.0840.03  141+0.03  1.33+001  12940.03  1.38+0.02  1.204#0.02  1.18+0.04 1514002  141+0.02  1.1740.02
Esse(r(‘);:?' Ol 1194002  1.14#0.01 1124001 1574003  131#002 1284006  164%0.07 1474004  125+008  188+003 1334002  1.27+0.02
(msgmg:'r?fv_l) 6.23+0.4 8.940.7 12.140.2 7.740.1 9.640.2 1214005  7.442001  10.1#0.06 11.45+003 6.23+003  8.9+0.05  11.40.04
RW.C (%) 50.0+17  44.9%412 301422 62111 424415 28.8+1.1 601414  39.241.1 308406 61111 421412 27.7¢1.1
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Table 5. Means comparisons of morphological, physiological and essential oil characters of Saturjea mutica
Characters _ AIBICID1 AIBICID2 AIBICID3 AIBIC2DI ALBIC2D2 AIBIC2D3 AIB2CIDI  AIB2CID2 AIB2CID3 AlB2C2D1  AlB2C2D2  AIB2C2D3
Plant Heigh
arzcm)e'g 304411 262412 24114  304+11  285+14  258+12  285+11  261+12  238+11  335+13 201412  22.8+11
No. Stem 131412  11.1%11 9.1%14 134413 122412  108+14  168+11  135+12  105+13 168414  145+11  125%12
Dry Matt
Eé’r.me_‘z)er 225411  204+12  173%12  204+11  195+12 182409  241+11 222412  204+11 285412  263%11  10.1#12
T(?Tt]zl ﬁ;" 1184003 1142002  1.01£001 1154003  1.11£002 1084002  1.14%001 1094001 1014003 1184002  1.14+0.03  1.11%0.02
Essential oil
5 (%;) U 1204002 1154001 0794002  1.11+0.03  1.06£0.03  093+0.09  1.18+001 1164003  1.03+002  1.14+0.01  1.09£0.02  1.02+0.03
Proli
(mcéf’g'r';fv_l) 613401  9.14+07  13.99+0.2 622403 944402 1244404  644+03  877+05 1288404 621404  B8.46+06  12.88+0.8
RW.C (%)  580+12  451+11  368+13 5066416 4666211 377414  594+11  444+14  354+12 622413  448+11 304432
=0 J}.\e anl>l
Continued Table 5. ...
Characters  A2BICID1 A2BICID2 AZBICID3 A2BIC2D1 A2BIC2D2 A2BIC2D3 A2B2CID1  A2B2CID2  A2B2CID3  A2B2C2DI  A2B2C2D2  A2B2C2D3
Plant Heigh
a'&m)e'g 254411 222412  201#15  274%12  265+11  244+13 352411  301#15  264%+12  445+13  391+11  31.8+12
No. Stem 141411 131#12  101%13 17.4+1.1 162413 131407 18.1+0.9 17.3+1.1 13.4+0.9 19.4+1.2 145411  105%12
Dry M
gr.ma_\ger 215412 194411 182412 25114  225+#11 202412  27.6+11  241+12 202411  305+14 27309  244+11
Total Chl
(?;Z ﬁ) 1184001 1144002  1.06£0.03 1204001 1254002  1.21£0.03 1334003  1.29+0.01 1224002  144+001 1382002  1.16+0.02
Esse('lz;’" Ol 184002 1124001  101#001  144#002 1382003 1224002 1558004 1364003  128+004  179%003  13640.02  1.22+0.01
Proli
(mcé?g'r?fv_l) 611402 955403 1191403  8.1%04 101404 122403  7.224009  911#0.04 11224004 622401 8452009  12.1+0.2
RW.C (%) 582412  406+11  291+11  604+12  414+11 28809  625+05 391405 295402 582412 42111 287409
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Table 6. Means comparisons of essential oil components in Saturjea bachtiarica

No. Component RI Al1B1C1D1 Al1B1Cl1D2 Al1B1C1D3 Al1B1C2D1 AlB1C2D2 Al1B1C2D3  A1B2C1D1  Al1B2Cl1D2 Al1B2C1D3  Al1B2C2D1  Al1B2C2D2  A1B2C2D3
1 a-thujene 931 0.07£0.02 0.05£0.01 0.04+0.02 0.1+0.01 0.09+0.02 0.08+0.02 0.1+0.01 0.0240.08 0.0240.09 0.01+0.1 0.02+0.08 0.02+0.06
2 a-pinene 939 0.03£0.02 0.01+0.01 0.01+0.01 0.09+0.01 0.05+0.02 0.05+0.02 0.15+0.01 0.0240.07 0.0140.06 0.01+0.15 0.02+0.07 0.01+0.06
3 myrcene 999 0.910.01 0.5%0.01 0.3+0.01 0.6£0.01 0.5%0.02 0.5%0.01 0.810.01 0.02+0.5 0.01+0.4 0.01+0.9 0.02+0.6 0.01+0.5
4 a-terpinene 1021 1.2+0.2 1.1+0.1 1.140.1 1.910.2 1.7+0.3 1.5+0.3 1.5%0.1 0.2+1.4 0.14+1.3 0.1£1.5 0.2+1.3 0.1+1.2
5 p-cymene 1027 29.810.2 28.710.3 24.5%0.2 30.5%0.1 29.410.3 28.2+0.3 28.310.1 0.2+27.2 0.2+26.4 0.3+28.3 0.2+26.2 0.2+25.4
6 y-terpinene 1059 15.8%1.2 14.812.7 12.5%2.2 18.3+11.2 17.9+1.1 15.9+2.8 17.7£2.2 1.1+16.6 0.9+14.4 1.4£17.7 1.1+16.6 1.1+15.4
7 B-thujene 1114 0.410.01 0.2£0.01 0.1+0.01 0.33+0.01 0.14+0.02 0.12+0.02 0.11+0.02 0.02+0.1 0.01+0.1 0.02+0.11 0.02+0.1 0.01+0.1
8 thymol 1272 1.2+0.01 0.6£0.01 1.5+0.01 1.2+0.02 0.7£0.01 0.6£0.02 1.8+0.01 0.01+0.9 0.01+0.8 0.01+.18 0.01+0.8 0.01+0.6
9 carvacrol 1301 36.6%1.1 35.3%1.2 30.5¢2.1 38.5+1.2 37511 34.8+1.2 37.6+1.1 1.4+35.9 1.2+34.8 1.4+37.6 1.1+35.9 1.2+£34.8
10 [B-caryophyllene 1413 0.4%0.01 0.7£0.01 0.68+0.02 0.1940.01 0.22+0.02 0.2£0.01 0.8840.01 0.02+0.94 0.01+0.33 0.01+0.88 0.02+0.93 0.01+0.34
11 germacrene-D 1414 0.1+0.01 0.4£0.02 0.34+0.02 0.1£0.01 0.22+0.02 0.1£0.01 0.1940.01 0.01+0.65 0.01+0.15 0.01+0.19 0.01+0.46 0.0140.15




w8 Jsdx sl
Continued Table 6. ...

No. Component RI A2B1C1D1  A2B1C1D2 A2B1C1D3  A2B1C2D1 A2B1C2D2 A2B1C2D3  A2B2C1D1  A2B2C1D2  A2B2C1D3  A2B2C2D1  A2B2C2D2  A2B2C2D3
1 a-thujene 931 0.55%0.01 0.34%0.02 0.1+0.01 0.59%0.01 0.42%0.02 0.17%0.02 0.76%0.01 0.61%0.02 0.32%0.02 0.93+0.01 0.77%0.02 0.54%0.02
2 a-pinene 939 0.09+0.02 0.08+0.01 0.07+0.02 0.1+0.01 0.08+0.02 0.06£0.01 0.19+0.02 0.11+0.01 0.07+0.01 0.15+0.01 0.07£0.02 0.06+0.01
3 myrcene 999 0.5%0.02 0.4£0.01 0.4£0.02 0.7710.1 0.61+0.02 0.65+0.01 0.55+0.02 0.51+0.01 0.45%0.01 0.5+0.01 0.41+0.02 0.31+0.02
4 a-terpinene 1021 1.5%0.2 1.240.1 1.1+0.2 1.240.1 1.1+0.2 0.91+0.1 1.310.2 1.2+0.1 1.1+0.1 1.5%0.2 1.2+0.1 0.9810.1
5 p-cymene 1027 28.110.1 27.05%0.1 26.810.2 27.210.2 26.210.1 25.710.1 29.610.2 28.410.4 27.410.1 30.310.1 28.210.2 27.410.2
6 y-terpinene 1059 16.2£1.1 15.8%1.2 15.1%1.3 14.7%1.1 13.9%1.2 13.5%2.1 14.412.6 12,1421 11.241.2 17.7£2.2 16.6%1.1 15.4£1.3
7 B-thujene 1114 0.1+0.02 0.08+0.02 0.07+0.01 0.22+0.01 0.1£0.02 0.09+0.01 0.32+0.02 0.18+0.01 0.13+0.01 0.11+0.02 0.1+0.02 0.1+0.01
8 thymol 1272 0.1+0.01 0.08+0.01 0.08+0.01 0.18+0.01 0.1£0.02 0.1+0.01 0.29+0.02 0.17+0.01 0.11+0.01 0.38+0.01 0.22+0.01 0.13+0.06
9 carvacrol 1301 34.7+1.1 32.6%1.2 31.4+15 35.8+1.9 32412 31.4%11 36.3+2.1 32.5%2.1 30.7¢1.4 37.6+1.1 35.9%1.5 34.8+1.1
10 B-caryophyllene 1413 0.15%0.01 0.73%0.01 0.1%+0.01 0.08+0.01 0.81%0.02 0.1+0.02 0.1%+0.01 0.8940.02 0.1+0.01 0.65%0.01 0.9940.02 0.36%0.01
11 germacrene-D 1414 0.14%0.01 0.55%0.01 0.12+0.01 0.1240.02 0.7140.01 0.11+0.01 0.1%0.02 0.7840.02 0.24%0.01 0.33%0.01 0.81%0.02 0.41%0.01
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Table 7. Means comparisons of essential oil components in Saturjea khuzistanica

No.

Component

RI

Al1B1C1D1

Al1B1C1D2

Al1B1C1D3

Al1B1C2D1

Al1B1C2D2  A1B1C2D3  A1B2CiD1  Al1B2CiD2 Al1B2C1D3  AlB2C2D1  Al1B2C2D2  Al1B2C2D3
1 a-thujene 931 0.16+0.02 0.1140.01 0.09+0.01 0.31+0.01 0.224+0.01 0.14+0.04 0.35+0.02 0.22+0.04 0.15+0.01 0.42+0.01 0.31+0.02 0.22+0.02
2 a-pinene 939 0.22+0.02 0.16+0.01 0.08+0.02 0.28+0.02 0.2140.02 0.09+0.02 0.34+0.02 0.28+0.02 0.17+0.02 0.49+0.01 0.32+0.02 0.26+0.01
3 myrcene 999 0.71+0.01 0.54+0.02 0.23+0.03 0.75+0.02 0.65+0.02 0.55+0.02 0.88+0.01 0.71+0.03 0.61+0.02 0.91+0.01 0.81+0.02 0.5+0.01
4 a-terpinene 1021 3.1+0.3 22404 2.6+0.1 4.2+0.2 3.5+0.3 3.3+0.3 4.9+0.3 4.6+0.2 4.1+0.2 5.5+0.1 4.6+0.2 3.7+0.1
5 p-cymene 1027 4.4+0.2 3.4+0.2 3.8+0.3 5.2+0.4 4.3+0.3 4.1+0.3 5.3+0.2 4.2+0.2 3.440.1 6.310.1 5.2+0.2 4.4+0.2
6 y-terpinene 1059 13.5+3.1 12.1+£2.5 11.8+2.1 17.9+£2.2 16.3+£1.5 15.9+1.1 17.7£1.1 16.6+1.2 16.4+1.3 17.7£1.4 16.6+1.1 15.4+1.3
7 B-thujene 1114 0.5+0.01 0.4240.02 0.16+0.03 0.64+0.01 0.55+0.01 0.19+0.02 0.77+0.01 0.66+0.01 0.18+0.02 0.824+0.02 0.55+0.01 0.1+0.01
8 thymol 1272 0.3+0.01 0.424+0.02 0.16+0.01 0.15+0.02 0.28+0.02 0.09+0.01 0.34+0.02 0.44+0.01 0.1140.02 0.4140.01 0.43+0.01 0.4+0.01
9 carvacrol 1301 66.5+2.2 60.3+2.3 58.6+2.4 66.8+1.1 64.7+1.2 61.5+1.1 69.1+1.4 67.9+1.3 62.8+1.1 69.6+1.4 65.9+1.6 63.8+1.7
10 B-caryophyllene 1413 0.1+0.01 0.05+0.02 0.03+0.01 0.25+0.01 0.2+0.03 0.18+0.02 0.35+0.02 0.18+0.02 0.17+0.02 0.44+0.01 0.34+0.02 0.17+0.01
11 germacrene-D 1414 0.11+0.02 0.22+0.01 0.18+0.01 0.11+0.02 0.2+0.02 0.16+0.02 0.23+0.02 0.33+0.01 0.25+0.02 0.19+0.01 0.33+0.01 0.15+0.01
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Continued Table 7. ...

No.

Component RI A2B1C1D1  A2B1C1D2 A2B1C1D3  A2B1C2D1  A2B1C2D2  A2B1C2D3  A2B2C1D1  A2B2C1D2  A2B2C1D3  A2B2C2D1  A2B2C2D2  A2B2C2D3
1 a-thujene 931 0.224+0.01 0.14+0.01 0.14+0.01 0.3340.03 0.140.04 0.04+0.02 0.37+0.01 0.24+0.02 0.1140.01 0.414+0.01 0.32+0.02 0.21+0.02
2 a-pinene 939 0.1740.02 0.08+0.02 0.05+0.02 0.224+0.01 0.1740.01 0.08+0.01 0.34+0.02 0.22+0.01 0.1140.02 0.41+0.01 0.33+0.02 0.22+0.01
3 myrcene 999 0.75+0.03 0.68+0.02 0.66+0.04 0.81+0.01 0.55+0.02 0.32+0.01 0.86+0.02 0.3+0.01 0.27+0.02 0.88+0.01 0.5+0.02 0.5+0.01
4 a-terpinene 1021 4.8+0.2 4.1+0.1 3.8+0.3 4.2+0.2 4.1+0.1 2.8+0.3 5.6+0.2 4.5+0.1 3.4+0.2 6.5+0.1 5.6+0.2 4.71£0.1
5 p-cymene 1027 6.1+0.1 5.05+0.2 4.1+0.3 6.2+0.2 5.240.1 4.1+0.1 7.140.2 5.24+0.2 4.1+0.1 7.610.2 6.2+0.3 5.4+0.2
6 y-terpinene 1059 15.2+1.1 14.8+1.2 12.6+£1.5 16.7+1.4 15.9+1.2 12.5+1.5 17.4+2.6 14.3+£2.1 12.24+2.3 17.7£2.2 14.6+1.1 12.4+1.3
7 B-thujene 1114 0.1740.02 0.14+0.01 0.13+0.02 0.2440.02 0.1440.01 0.1140.01 0.224+0.02 0.15+0.02 0.124+0.01 0.43+0.02 0.31+0.01 0.1+0.01
8 thymol 1272 0.05+0.01 0.09+0.02 0.05+0.01 0.07+0.02 0.1140.02 0.09+0.01 0.224+0.02 0.44+0.03 0.38+0.03 0.26+0.01 0.49+0.03 0.42+0.02
9 carvacrol 1301 66.7+1.1 65.6+1.2 64.4+1.4 67.8+1.3 66.4+1.3 59.4+2.2 69.3+2.6 65.5+2.1 59.7+1.2 70.6+1.5 67.9+1.4 64.8+1.3
10 B-caryophyllene 1413 0.15+0.01 0.14+0.01 0.11+0.02 0.16+0.02 0.13+0.02 0.08+0.02 0.29+0.01 0.12+0.02 0.09+0.01 0.33+0.01 0.18+0.02 0.17+0.01
11 germacrene-D 1414 0.24+0.01 0.33+0.02 0.3+0.02 0.27+0.02 0.35+0.02 0.32+0.01 0.15+0.02 0.38+0.03 0.32+0.03 0.19+0.01 0.41+0.03 0.38+0.02
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Table 8. Means comparisons of essential oil components in Saturjea mutica

No. Component RI Al1B1C1D1 Al1BI1C1D2 A1B1C1D3 AlB1C2D1 Al1B1C2D2 Al1B1C2D3 AlB2C1D1 Al1B2C1D2 Al1B2C1D3  Al1B2C2D1 A1B2C2D2  Al1B2C2D3
1 a-thujene 931 0.1+0.02 0.08+0.01 0.04+0.01 0.12+0.02 0.11+0.01 0.09+0.04 0.15+0.02 0.14+0.04 0.13+0.01 0.1+0.01 0.08+0.02 0.09+0.01
2 a-pinene 939 0.140.02 0.03+0.01 0.03+0.01 0.15+0.01 0.08+0.02 0.06+0.02 0.2140.02 0.16+0.02 0.1140.02 0.274+0.01 0.22+0.02 0.18+0.01
3 myrcene 999 0.3+0.02 0.2+0.01 0.2+0.02 0.4+0.01 0.2+0.02 0.1£0.02 0.45+0.02 0.32+0.02 0.3+0.02 0.5+0.01 0.4+0.02 0.32+0.01
4 a-terpinene 1021 2.14+0.3 1.4+0.4 1.14+0.1 2.24+0.1 1.5+0.3 1.3+0.3 3.54+0.3 2.6+0.2 2.140.2 4.51+0.3 3.6+0.2 2.710.1
5 p-cymene 1027 28.5+2.2 27.3+2.1 26.6+1.5 29.8+1.4 26.5+1.3 25.5+1.1 30.1+15 28.9+1.3 27.8+1.1 31.3+1.4 28.2+1.2 27.4+1.1
6 y-terpinene 1059 14.44+0.1 12.3+0.2 11.7+0.1 12.5+0.2 11.8+0.4 10.78+0.3 13.88+0.2 12.8+0.2 11.77+0.2 17.7+0.5 16.6+0.6 15.4+0.3
7 B-thujene 1114 0.11+0.01 0.08+0.01 0.05+0.01 0.19+0.01 0.11+0.01 0.09+0.02 0.18+0.01 0.17+0.02 0.16+0.02 0.11+0.02 0.1+0.01 0.1+0.01
8 thymol 1272 41.5+1.1 40.1+1.3 38.8+2.1 39.9+1.5 38.3+1.3 37.9+1.2 42.7+1.3 38.6+1.4 36.4+1.2 43.08+1.1 39.07+1.5 37.06+1.2
9 carvacrol 1301 3.7+0.2 4.2+0.2 3.84+0.3 3.240.1 4.3+0.3 4.440.2 3.3+0.1 4.240.2 4.4+0.1 3.6+0.2 3.9+0.2 3.8+0.1
10 B-caryophyllene 1413 0.02+0.01 0.0240.01 0.03+0.01 0.1140.01 0.2+0.03 0.224+0.05 0.15+0.03 0.18+0.04 0.1740.03 0.19+0.04 0.22+0.03 0.21+0.04
11 germacrene-D 1414 0.11+0.01 0.22+0.03 0.21+0.03 0.11+0.03 0.2+0.02 0.21+0.02 0.23+0.02 0.33+0.01 0.31+0.02 0.19+0.01 0.33+0.02 0.34+0.04
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Continued Table 8. ...

No.

Component RI1 A2B1C1D1  A2B1CiD2 A2B1C1D3  A2B1C2D1  A2B1C2D2 A2B1C2D3  A2B2C1D1  A2B2C1D2  A2B2C1D3  A2B2C2D1  A2B2C2D2  A2B2C2D3
1 a-thujene 931 0.11+0.02 0.1+0.03 0.1+0.01 0.19+0.02 0.17+0.01 0.15+0.02 0.22+0.01 0.18+0.01 0.14+0.02 0.28+0.01 0.22+0.02 0.2140.02
2 a-pinene 939 0.09+0.01 0.08+0.01 0.05+0.01 0.1£0.02 0.04+0.01 0.02+0.01 0.14+0.02 0.124+0.1 0.1£0.01 0.15+0.02 0.07+0.02 0.06+0.01
3 myrcene 999 0.3+0.01 0.2+0.01 0.1+0.01 0.32+0.03 0.2+0.02 0.2+0.01 0.35+0.02 0.3+0.02 0.3+0.02 0.5+0.03 0.41+0.03 0.37+0.03
4 a-terpinene 1021 3.54+0.1 3.14+0.2 2.6+0.2 3.7+0.2 3.14+0.3 2.24+0.3 3.5+0.4 2.8+0.1 2.440.2 4.51+0.2 3.6+£0.1 27+0.1
5 p-cymene 1027 29.7+14 25.6+1.2 21.4+1.4 32.8+1.1 29.4+1.3 28.1+1.1 34.1+1.2 30.6+2.1 28.8+1.4 28.3+1.1 31.2+2.2 28.4+15
6 y-terpinene 1059 10.75+0.3 9.1+0.2 8.1+0.5 10.2+0.3 9.1+0.3 8.1+0.4 15.1£0.2 12.1£0.3 11.1+£0.9 17.7+0.8 16.6+0.7 15.4+0.6
7 B-thujene 1114 0.17+0.01 0.14+0.02 0.13+0.01 0.15+0.01 0.14+0.01 0.12+0.01 0.19+0.01 0.16+0.03 0.11+0.01 0.25+0.02 0.21+0.02 0.1+0.01
8 thymol 1272 37.2+1.1 36.8+1.2 34.6+14 36.7£1.5 34.9+1.2 31.5+14 36.1+1.1 35.8+1.3 34.9+14 37.08+1.2 35.07+1.1 31.06+1.3
9 carvacrol 1301 3.14+0.1 4.05+0.2 3.94+0.2 3.2+0.2 3.6+0.1 4.140.2 3.1+0.2 3.9+0.3 3.8+£0.4 3.6+0.2 4.9+0.2 4.8+0.4
10 B-caryophyllene 1413 0.1540.02 0.16+0.02 0.174+0.01 0.16+0.01 0.1740.03 0.19+0.02 0.224+0.01 0.25+0.03 0.26+0.02 0.19+0.03 0.27+0.02 0.28+0.01
11 germacrene-D 1414 0.24+0.02 0.25+0.01 0.27+0.01 0.27+0.02 0.31+0.03 0.32+0.02 0.14+0.02 0.33+0.01 0.34+0.01 0.22+0.01 0.38+0.01 0.39+0.02
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Abstract

Due to the valuable role of savory (Satureja spp.) in pharmaceutical and food industries, three
separate factorial experiments were conducted in a completely randomized design with four
replications in Islamic Azad University, Branch of Shahrekord in the 2021-2022 crop year to
study the effects of NPK, butamisol, and humic acid fertilizers on the morphophysiological
characteristics and essential oil of three savory species (S. bachtiarica Bunge, S. mutica Fisch.
& C. A. Mey., and S. khuzistanica Jamzad) under drought stress conditions. Experimental
treatments included non-use (Al) and use (A2) of NPK, non-use (B1) and use (B2) of humic
acid, non-use (C1) and use (C2) of botamisol, and drought stress at three levels of field capacity
(D1), and 50% (D2) and 75% (D3) moisture loss. The A;B.C,D; treatment resulted in the
highest plant height (57.5£1.1 cm), number of main branches (23.4+1.7), total chlorophyll
(1.55+0.02 mg.g* FW), and essential oil content (1.94+0.03%) in S. bachtiarica. The highest
proline (13.99+1.2 ug.g* FW) and lowest essential oil (0.79+0.02%) amounts was obtained in
S. mutica in the A1B:CiD; treatment. From the 11 essential oil compounds, monoterpenoids
such as p-cymene and carvacrol in S. bachtiarica, carvacrol and y -terpinene in S. khuzistanica,
and p-cymene and thymol in S. mutica were identified as major essential oil constituents. Better
nutrition and minimum stress with temperate climate of the region under study led to the
introduction of S. bachtiarica as the best species.

Keywords: p-cymene, carvacrol, Satureja bachtiarica Bunge, Satureja khuzistanica Jamzad.



