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

Average Average Average annual

Average annual

minimum maximum temperature precipitation pH EC oc N K P
L 0 0
temperature (°C) temperature (°C) (°C) (mm) @s.m) (%) (%) (ppm) (ppm)
-28 26.6 14.2 324 7.7 0.36 09 007 195 4.9
salazl 550 B S Oloo pas —Y S0
Properties of used fertilizers.Table 2
Botamisol Total amino acids (45%), Free amino acids (18%), Total nitrogen (8%)

Complete fertilizer (NPK)

Humic acid

N (20%), P (20%), K (20%), B (0.01%), Fe (0.05%), Mn (0.02%), Zn (0.02%)
Humat potassium (73%), Folic acid (15%), K,O (12%)
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Table 3. Means comparison of morphological, physiological, and essential oil traits of Thymus kotschyanus Boiss

Traits AB,C,D; AB,C,D, AB,C,D, AB,CD; AB,CD, AB,CD ABCD; ABCD, ABCD ABCD;, ABCD, ABCD;

Plant height (cm) 28.8+41.5°  30.1#15° 375+15°  26.8+16%  32.1%15° 375+15°  30.8+2.1° 325+11° 36.4%12° 26.1#11% 31.2412° 36.4%1.2°

N“”gtr’grr‘f;e?am 155+1.4° 185412  218+17° 1354179  185+12°  228+17° 148+13° 152+411%  1744#12° 103+17° 131%12°  16.2+1.3°

Dry matter(g.m) 21.4+1.4%  30.3+0.88° 32.5+0.99° 21.4+14% 243+0.88¢  26.5+0.9° 19.2+1.1°  225+229 284421  193+1.6° 21.4+15%  275+1.3°

TOE?]LST.'P,EWV" 1174001°  124002° 1.44+001® 1.1620.01° 1224002° 142+0.01® 1.04+001° 1.1140.04° 1.33£0.02° 1.01£0.1° 1.11#0.02° 1.44+0.1%

Essential oil (%) 1.1#0.01° 1.13+0.01° 1.25+0.01¢ 1.1+0.01° 1.11+0.01° 1.24+0.01% 0.98+0.01" 1.1+0.01° 1.23+0.01¢ 0.97+0.1F 1.12+0.02° 1.22+0.02°
Proline (ug.g" FW)  12.88+0.7° 8.66+0.7°  6.55+0.2° 12.35+0.7  8.55+0.7° 6.33+0.2°  13.11+0.2% 9.17+0.3°  6.16+0.3° 13.16*1.4%° 9.15+0.2°  6.15+0.7°

R.W.C (%) 405+1.2%°  47.1+1.1°  632+15°  419+32°  46.1+1.6° 62.2+1.4% 39412  475+17° 61.45+14° 38.7+1.2°  44.7+12°  60.5+2.7°
e =Y Jsds sl
Continued Table 3. ...
Traits AB,C,D; A,B,C.D, AB,C,D, AB,CD; AB,CD, ABCD,  ABCD; ABCD, ABCD  ABCD;s ABCD, AB,CD

Plant height (cm) 31.8+1.5° 36.1+1.2*  445+11° 30.4£1.2°  34.1%1.3" 41.2+1.6° 31.4+1.5° 32.5%1.1° 40.1%+1.3* 30.1%1.5° 322%1.6° 39.4+15°

N”";E;;:ger:am 17540.9° 205+1.3% 264+15°  16.4%0.8° 183+1.1°  221408°  17.1#07°  192+11° 204+12° 133212 151+17° 17.141.1°

Dry matter(g.m) 30.4+0.87° 34.3%1.1° 405+0.99° 225+1.1%  26.1+1.3° 33.6+1.4° 225+1.19 255414  32.1#13° 252+12% 234+12% 305+1.1°

TOE?#;T'P,';C\’IE’,;'V" 115401%  1.45202%  15540.1° 1.28+0.02° 1344003 1.41£0.05® 1.2040.02% 1344003 1.39+0.02° 1.1520.01% 1.2+#001° 1.23%0.02°

Essential oil (%) 1.2940.2% 149405  1.88+0.1° 1.20+0.2%  1.45+0.3°  1.65+0.3%® 1.2540.1%  1.34+0.1%  1.55+0.2° 1.1+0.2° 1.2140.1%  1.44+0.3°
Proline (ug.g™ FW) 13.1+0.72 8.4+0.3" 6.1+0.3° 11.1+0.3° 9.240.1° 7.1+0.7° 12.1+0.22 9.940.3° 7.8+0.3¢ 10.840.2 9.1+0.2° 6.1+0.2°
R.W.C (%) 20.7+1.4°  451+22°  63.2+0.8°  325+0.7° 415+0.8°  62.9+0.9% 29.3+1.1°  434421°  61.9+11%  285+14°  436+12° 60.1%1.1°

A, and A,: non-use and use of NPK, B, and B,: non-use and use of humic acid, C; and C,: non-use and use of botamisol, and D4, D,, and D5: drought stress at three levels of field capacity, 50%, and 75%
of moisture loss.

Numbers in each row that have same word, have same group.



(Thymus vulgaris L) 20 e 5T el 5 K435 58 505550 Slior (:80e ayllo ¥ Jsaz

Table 4. Means comparison of morphological, physiological, and essential oil traits of Thymus vulgaris L.

Traits AB,C,D; AB,C,D, AB.C,D, AB,CD; AB,CD, ABCD ABCD, ABCD, ABCD, ABCD; ABCD, ABCD,
Plant height (cm) 20.8+1.2° 33.1+1.3° 395+1.1° 258+1.1° 27.1+1.2° 275+11% 388+12% 315+1.3°  37.4%1.2° 241+12° 332+13%  36.4+1.1°
N”'E?g;:;gam 1354159  155+12° 1905+11%  122#12° 145+13%  181#11°  118+12° 13115  17.4#11° 113%14% 131#12% 162411
Dry matter(g.m?) 20.4+1.1%  253+1.1%  33.1+1.6% 204+1.1%  222412° 32.1+1.4% 181+1.1%  22.1+1.2° 314+11%  19.1+12°  214#1.3°  305%1.1°
TOt(f#ng.'f’,';c\’,f’,;'y" 1124019 1.15%03¢  132402°  11#0.1¢  112402°  131#0.1° 11501 1.18+02% 128+01®  1.1#002¢ 112#01°  1.25%0.1°
Essential oil (%) 1154017  1.1140.04" 1.2940.1°  1.13+0.1"  1.15+0.1"  1.27+0.3°  1.21+0.2°" 112401  1.26+0.1° 1.1£0.11 1.14+0.2"  1.25+0.01°
Proline (ug.g™ FW) 12.3+0.7%  9.140.1°  6.44%04°  129+40.7°  8.77+05°  6.33+05°  124+0.6°  9.1+03°  6.16+04° 13.12+0.9°  9.6+02°  6.15+0.1°

R.W.C (%) 33.4+1.1%  444%1.1% 592+1.2%  366+2.1° 434+1.1° 59.1+1.3%  38.1+12° 446+14° 60.3+15°  36.6+1.2° 445+11°  59.6%2.1°
e =¥ Jsds aslsl
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Traits AB,C,D;  AB,C,D, AB,C,D; AB,CiD; AB,CD, AB,CD  ABCD; ABCD, ABCD ABCD; ABCD, ABCD
Plant height (cm) 36.6+1.1"  41.1+1.3*  42.1+14°  27.1+1.1°  333%1.2°  412+1.1%°  264+12%  288+1.4% 301+1.1%  23.1+11° 28.2+1.3%  39.4+1.2%®
N”T)?;; :;er:ain 1424129  158+11° 254%12°  161#1.1%  17.740.9°  233+12°  18.1#0.8°  192#13°  221#11° 133+14% 16612  17.5+1.1°
Dry matter(g.m) 28.4+12°  33.1+1.1%° 37.1%1.6°  222+1.3°  27.3%x12° 369+1.1°  23.3+1.1° 233+13°  345+1.3° 19.9+1.3% 214+17%  335%1.1°
TOt(?J]g_T.lf’;;c\’,f’,;'y" 117402 141302  149+02° 1.18+0.04% 120+02°  147+0.2°  120+0.03° 133+0.1° 145%0.03" 108+0.3¢ 1.14404° 128+0.01%
Essential oil (%) 1.27£0.2°  1.3340.2%  1.77£0.3*  1.25+0.08° 1.47+0.4° 1.65£0.07® 1.28+0.06° 1.31+0.2®  1.59+0.3"° 1124017  1.14+0.1"  1.33+0.02%

Proline (ug.g™ FW)  134#04*  8.9+05°  6.44+0.3° 11.45+03® 10.1+0.6°  7.45+0.1°  12.1+05°  9.6+02°  7.7840.1°  12.140.2*  8.9+0.7° 6.29+0.4°
R.W.C (%) 2774119 421+12%  621+1.1%  30.7£0.6%  39.2+1.1°  62.1%+1.4°  28.8+1.1% 424+15* 61.1+1.1% 3014229 44.9+1.2*  60.9%1.7°

A, and A,: non-use and use of NPK, B, and B,: non-use and use of humic acid, C; and C,: non-use and use of botamisol, and Dy, D,, and D5: drought stress at three levels of field capacity, 50%, and 75%

of moisture loss.

Numbers in each row that have same word, have same group.
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Table 5. Means comparison of morphological, physiological, and essential oil traits of Thymus daenensis Celark

Traits

AB,C,D; AB,C,D, AB,C,D; AB,CD,; AB,CD, AB,CD, ABCD, ABCD, ABCD, ABCD; ABCD, ABCD,
Plant height (cm) 27.8+1.1°  29.1#12° 325+13®  228+1.1° 26.1+1.2° 305+1.1%  258+12°  285+1.4°  30.1+1.1% 231414 252+12° 29.4+1.1°
N““;tr’grr‘f;gain 135£1.2°  145+11%° 162+1.4°  105+1.3¢  135:12° 158+11°  10.8+14°  122#12%  144#13*  10.1#14°  111#1.19  14.1#12%
Dry matter(g.m?) 201412  253+1.1%  275+12°  19.4%1.1™  222+12°  24.1+1.1° 18.240.9°  205+1.2°  244+11°  183%12° 204%1.2* 235+1.1°
Toiﬂgﬁ'}f’;wy" 1.05£0.2¢  114#03°  124+0.2°  1.01#03¢ 1.00401¢ 121#01%  1.0820.2¢  1.11#02% 123+0.3%  1.01#0.1¢  1.14#02° 1.220.3*
Essential oil (%) 1.0240.3'  1.09+0.2° 1.17+0.1°  1.03£0.2° 1.14+0.3* 1.16+0.1"  0.93+0.09*  1.06+0.3° 1.14+0.3"  0.88+£0.2°  1.08£0.1°  1.11+0.2°

Proline (ug.g" FW)  12.91#0.8° 8.46+0.6° 6.41£0.4° 12.88+0.4% 8.77+05°  6.32#0.3°  12.44+04* 9.44+02°  6.1840.3° 13.55%0.2° 9.1420.7°  6.14%0.1°

R.W.C (%) 31.4%32°  448+1.1% 62.7+1.3*  351+1.2° 444+14™ 5956+1.1°  37.7£1.4°  46.66+1.1° 5955+16° 36.8+1.3°  451+1.1° 59.9+1.2°
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Traits AB,C,D; A,B,C,D, AB,C,D;, AB,CD; AB,CD, AB,CD ABCD; ABCD, ABCD, ABCD; ABCD, ABCD,
Plant height (cm) 30.8+1.2%  34.1#1.1° 355+1.3%  27.4#1.2° 30.1*15® 332+1.1°  254+1.3° 265%1.1° 30.8+1.2%® 201159 252+12° 304+1.1%
N”";E;;:ger:ain 145+12°  165+11°  20.1#1.2°  13420.9° 163+1.1° 17.1#0.9%  131#07° 152#13%° 164#1.1° 111#13° 131#12° 151#11%
Dry matter(g.m) 26.4+1.1%  27.3£0.9°  295+1.4%°  202+1.1%  231+12°  26.6+1.1%* 202412  225+1.1° 24.1+14°  17.2412°  18.4%1.1° 22.5%1.2°
TOt(?r'];T.'f’,';c\’,f’,;'y" 1.16£0.2°  1.31+0.2*  1.33+0.1°  1.174£0.2°  1.18+0.1° 1.29+0.3®  1.17+0.3° 1.2240.2™ 125+0.1° 1.06£0.3°  1.14%+0.2° 1.21+0.1"
Essential oil (%) 0.79+0.1°  1.36+0.2°  1.374£0.3°  1.18+0.04° 1.224#0.3°  1.34+0.04® 1.224#0.2° 1.1540.3" 1.18+0.2*°  1.11#0.1° 1.1240.1° 1.15%0.2"

Proline (ug.g™ FW) 13.9+0.2%  8.45+0.9°  6.19+1.1°  11.22404*  9.11+0.4°  7.11#0.9° 12.32+0.3% 10.1#04°  8.22+0.4° 11.91+0.3° 9.65+0.3°  6.21+0.2°

R.W.C (%) 28.7+0.9%  42.1+1.1° 63.05+1.2° 295402  39.1+05°  63.1+0.5°  285+0.9%  41.4#1.1° 60.5+1.2*  295+1.1% 40.6%1.1° 585+1.2%

A; and A;: non-use and use of NPK, B; and B,: non-use and use of humic acid, C; and C,: non-use and use of botamisol, and Dy, D,, and Ds: drought stress at three levels of field capacity, 50%, and 75%

of moisture loss.

Numbers in each row that have same word, have same group.



(Thymus kotschyanus Boiss) 58 oo 5] il LI slenS 5 le anglio —5 J oo

Table 6. Means comparison of essential oil main compounds in Thymus kotschyanus Boiss

Compound RI  AB,C,D; AB,C,D, AB,C,D; AB,CD; AB,CD, AB,CD ABCD; ABCD, ABCD, ABCD; ABCD, AB,CD,
a-thujene 931  0.06£0.02° 0.08+0.02° 0.1£0.01™ 0.09+0.02" 0.08£0.02° 0.1+0.01°  0.08£0.02° 0.09+0.02° 0.1+0.01°  0.04+0.02° 0.05+0.01° 0.07+0.02°
a-pinene 939  0.06£0.01° 0.07+0.02° 0.15+0.01® 0.06£0.01° 0.07£0.02° 0.15+0.01* 0.05+0.02° 0.05+0.02° 0.09+0.01° 0.01+0.01° 0.01£0.01° 0.03+0.02°
p-pinene 980  0.5+£0.01° 0.6+0.02°  0.9+0.01°  0.4%0.01®  0.5+0.02° 0.8%0.01™  0.5+0.02°  0.5+0.02° 0.6£0.01°  0.3+0.01°  0.5+0.01° 0.9+0.02"
myrcene 991  1.240.01°  1.3%0.02°  15+0.01°  1.3%0.01®  1.4£0.02*® 15+0.01® 15+0.01®  1.7£0.02°  1.9+0.01°  1.1+0.01°  1.1#0.01° 1.2+0.01°

a-phllandrene 1005 6.4+0.01° 7.240.06®  9.3+0.01*  6.4+0.01°  7.2#0.02° 8.3+0.01*  3.240.02° 4.4+0.02° 55+0.01° 25+0.01° 5.7%0.01*  8.8+0.02°

a-terpinene 1018  6.4+0.1° 6.60.2° 8.5+0.1° 43%0.1° 6.4+0.2° 7.5£0.1%® 6.9+0.3" 7.9+0.3% 8.3+0.2° 2.5£0.1% 4.8+0.1° 6.8+0.2°
p-Cymene 1026 0.1+0.02¢  0.1%0.02° 0.11+0.03"  0.1#0.02"  0.1+0.02% 0.11+0.01% 0.12+0.02% 0.14+0.01° 0.33+0.01® 0.1+0.01°  0.2+0.01°  0.4+0.01°
limonene 1031  0.6£0.01°  0.8+0.02°  1.8+0.01*  0.8+0.01°  0.9%0.02°  1.8+0.01*  0.6+0.02°  0.74£0.02°  1.240.01®  05+0.01 0.6£0.01“ 1.24+0.02°
1,8-cineole 1033  8.8+0.1° 8.9+0.2° 9.6%0.1° 5.80.1° 5.9%40.2° 8.6£0.1% 6.840.2° 7.5+0.2° 85+0.1*%  45+0.1% 5.3+0.1° 6.6£0.2°
y-terpinene 1062 0.34+0.01% 0.93#0.01*° 0.88+0.01° 0.33+0.09Y 0.94+0.02" 0.88+0.02° 0.2+0.01%® 0.22+0.01% 0.19+0.01° 0.68+0.01° 0.7+0.01°  0.4+0.01°
terpinolene 1088 0.15+0.01° 0.46+0.02° 0.1940.01° 0.15+0.01° 0.62+0.02° 0.1940.01°  0.1#0.02°  0.22+0.02° 0.1#0.01° 0.34%0.01® 0.4%0.01  0.1+0.02°
linalool 1096  0.1+0.01°  0.1+0.02°  0.11#0.02°  0.1+0.01°  0.1+0.02°  0.11+0.02° 0.12+0.02° 0.14+0.02° 0.33+0.01  0.1+0.01°  0.2+0.01®  0.4+0.01%
thymol 1290  47.6+1.4"  488+15" 516421  43.6+1.1°  46.6+0.1%  47.6+1.1%  44.6+0.2°  456+2.1%  46.6+1.2%  426+0.1°  436+1.1° 456+0.1%
carvacrol 1298 158+1.2°  16.1+1.1°  181%1.4%  141+12%  151+14°  17.1#11%  13.1+1.2° 141411 151+12° 121421¢ 131£1.2°  14.1+1.1°
eugenol 1356 0.6+0.01°  0.8+0.2° 1.78+0.1° 0.8+0.1° 0.9+0.2° 1.8%0.3 0.6%0.2¢ 0.740.2% 1.240.1° 1.5£0.1% 0.60.1¢ 1.14£0.2°
caryopk']y"ene 1418  0.240.01%®  0.240.02®  0.3+0.01  0.11+0.01° 0.2%0.02®  0.3+0.01  0.1+0.01° 0.22+0.02%® 0.4+0.01®  05+0.02° 07401  1.14+0.1°
germacrene-D 1480  0.7£0.01°  0.940.01°  15+0.01*  0.6+0.01°  0.8+0.01° 1.4+0.01®  0.7£0.01°  0.8+0.02° 1.1#0.01°  0.5%0.02%  0.9+0.02® 1.5+0.01®




e =5 Jsdx sl

Continued Table 6. ...

Compound Rl AB,C,D; AB,C,D, AB,C,D; AB,CD; ABCD, ABCD, ABCD; ABCD, ABCD, ABCD; ABCD, ABCD,
a-thujene 931  0.11#0.02° 0.12+0.02° 0.22+0.01* 0.04£0.02° 0.1+0.02°  0.24#0.01° 0.05£0.02° 0.05£0.02* 0.1+0.01°  0.1+0.01° 0.11+0.02° 0.1+0.01*
a-pinene 939 0.08£0.01° 0.11#0.02° 0.19+0.01* 0.04+£0.01° 0.09+0.01° 0.17£0.02® 0.08+0.01° 0.07+0.02° 0.08+0.01° 0.09+0.02° 0.12+0.01°  0.2+0.02°
p-pinene 980  0.9+0.01™  1.1+0.02° 2.1+0.01° 0.4+0.01®  05+0.02° 0.8+0.01°  05+0.02° 05+0.02° 0.4+0.01° 05%0.01° 0.7#0.01° 1.08+0.02"
myrcene 991  0.2#0.02°  1.3#0.02° 0.5+0.01° 1.3#0.01°  1.4#0.01° 155+0.02° 15+0.01°  1.7+0.02°  1.9+0.1*  1.1+0.02° 1.3%0.01® 1.5%0.02°

a-phllandrene 1005  0.4+0.1° 0.2+0.1° 0.3+0.2° 6.4+0.1° 7.2+0.1° 8.3+0.2° 3.2+0.1“ 4.4+02*  55+0.1° 6.5+0.2° 8.7+0.1° 9.8+0.2%
a-terpinene 1018  3.4#0.2° 3.6+0.2° 4.7+0.1° 4.4+0.1° 6.6£0.4° 7.7£0.2° 6.9£0.1° 7.9+0.1° 8.3+0.2° 45+0.2° 5.85%+0.1%  6.8+0.1°
p-cymene 1026 1.1+0.3° 1.1£0.1*  0.11+0.2%  0.1%0.2¢ 0.10.1¢ 0.11+0.6°  0.12+0.1%  0.14+0.2° 0.33£0.1°  0.1%0.3° 0.2£0.2°  0.41%0.1°
limonene 1031  1.6+£0.01°  0.8£0.02°  0.8+0.02° 0.8£0.01°  0.9+0.01™  1.81+0.02® 0.6£0.01*  0.740.02° 1.2+0.01° 0.5+0.01 0.6£0.02%  1.240.02°
1,8-cineole 1033  5.8+0.3° 4.9+0.1° 3.6+0.3¢ 5.8+0.1° 6.9+0.1° 7.6£0.2° 4.8%0.1° 75£02°  85+0.1%®  45+01%  53%0.1° 6.6+0.1°
y-terpinene 1062  1.34+0.2°  1.93+0.2°  0.88+0.1° 0.33+0.01° 0.94+0.01° 0.88+0.01° 0.2+0.02° 0.22+0.02® 0.19+0.02° 0.68+0.01° 0.7+0.01°  0.4+0.01¢
terpinolene 1088  1.15+0.2®  1.46+0.1° 0.19+0.01° 0.15+0.04° 0.65+0.02° 0.19+0.01° 0.1+0.02°  0.22+0.04° 0.1+0.01° 0.34+0.01° 0.4+0.01  0.1%0.01°
linalool 1096  1.240.1% 1.1#0.1°  0.11#0.01° 0.1#0.01°  0.1#0.02°  0.11#0.02° 0.12+#0.01° 0.14%0.01° 0.33+0.02% 0.1+0.01°  0.2+0.01%  0.4+0.01%
thymol 1290  46.6+1.9° 558+0.8° 66.8+1.5° 59.8+1.6®  62.8+0.6°  61.8+0.7°  56.8+1.7°  58.8+1.9" 59.8+1.8® 558+1.8™ 57.8+0.9" 58.8+2.4°
carvacrol 1298  151#1.1% 18.11+1.2%® 20.22+1.1% 18.11+0.8° 19.12+0.6° 20.11+05° 17.11+1.7® 19.11+0.8% 19.11+0.8° 16.11+0.7° 17.11+0.6° 18.11+1.2%
eugenol 1356  1.6+0.1° 1.8£0.2°  0.8+0.1%  0.8+0.1°  0.9+0.02° 1.83+0.01*  0.6+0.02% 0.7+0.02*  1.2+0.1° 1.5+0.1%  0.6+0.01 1.240.02°
Caryop;‘y”ene 1418 0.6+0.01°  0.9+0.02*  1.1+0.01* 0.4£0.01°  05%0.02° 0.9+0.01* 0.324£0.02° 0.44+0.02° 0.56+£0.01° 0.3+0.01" 0.6+0.01°  0.8+0.02°
germacrene-D 1480  1.4+0.1% 1.6+0.2° 1.9+0.1°  0.7£0.01°  0.8%0.02°  15%0.1*  0.740.02°  0.8+0.02° 1.1+0.01° 0.6+0.01° 0.9%0.01™  1.6+0.02°

RI: Retention Index- A; and Ay: non-use and use of NPK, B; and B,: non-use and use of humic acid, C; and C,: hon-use and use of botamisol, and Dy, D,, and Dj3: drought stress at three levels of field

capacity, 50%, and 75% of moisture loss.

Numbers in each row that have same word, have same group.
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Table 7. Means comparison of essential oil main compounds in Thymus vulgaris L.

Compound RI  AB,C,D; AB,CD, AB,CD, AB,CD; AB,CD, AB,CD ABCD; ABCD, ABCD, ABCD; ABCD, ABCiD,
a-thujene 931  0.1#0.02°  0.1+0.02° 0.3%0.01°  0.1#0.01°  0.1+0.04° 0.2+0.02" 0.1+0.04° 0.1+£0.01° 0.24£0.01* 0.1%£0.01° 0.11+0.01° 0.1+0.02°
a-pinene 939  0.1£0.01%  0.140.02¢ 0.2#0.01%  0.1£0.02¢  0.1£0.02%  0.240.02% 0.1£0.02¢ 0.1+£0.02° 0.1£0.02"  0.1£0.02" 0.1+0.01° 0.22+0.02°
p-pinene 980  0.6£0.01° 0.7£0.02°  1.11#0.1*  0.5%0.02* 0.71£0.03° 0.9%£0.01® 0.55+0.02° 0.7£0.02° 0.3£0.02"  0.4+0.03' 0.7£0.02°  1.1+0.01°
myrcene 991  1.2+0.1° 1.3£0.2%  1.5%0.1% 1.34£0.2% 1.4%0.2° 1.540.3" 1.1£0.3¢  1.7£0.3*  1.9+0.2° 1.1£0.1¢ 1.1£0.4° 1.240.3¢

a-phllandrene 1005  1.4+0.2¢ 1.240.2¢ 1.3%0.1¢ 1.4%0.1¢ 1.2+0.2¢ 1.3+0.2¢ 1.240.3¢ 1.4%0.3¢ 1.5+0.4¢ 1.5+0.3¢ 1.7+0.2¢ 1.8+0.2¢
a-terpinene 1018 1.4403%  16+03%  1.740.3% 1.4+0.3° 1.6+0.3 1.7403%  1.9+0.3°  1.9+03°  1.3+0.3¢ 1.5+03"  1.8+0.3“  1.8+0.3%
p-cymene 1026 7.1+01%  8.1+0.1*  9.11+02°  7.1%0.2¢ 8.1£0.1°  9.12+0.1°  7.1240.2° 7.14+0.1° 8.3%0.1° 6.1+0.3° 7.1£02%  8.11+0.1°
limonene 1031  0.6£0.01° 0.8+0.01° 1.8+0.01°  0.8%0.02°  0.9%0.01° 1.8+0.02° 0.6£0.01° 0.7£0.02* 1.240.02°  0.6+0.01° 0.8+0.02° 0.8+0.01°

1, 8-cineole 1033 1.8%0.7° 1.9%0.6° 1.640.4% 1.8£0.1° 1.9%£0.3° 0.6+0.4° 0.8+0.1¢ 1.54£0.2° 1.540.1° 1.8£0.4° 1.9£0.3° 1.6+0.2%

y-terpinene 1062 6.34+0.1% 9.93+0.2* 9.88+0.1*  6.33+0.2°  7.94+0.2°  8.88+0.2° 519402 6.224#0.3Y 7.1940.1° 5.34%0.1° 6.93+0.2°  7.88+0.1°

terpinolene 1088 0.15+0.01% 0.46+0.01° 0.1940.01¢ 0.15%£0.02® 0.65+0.01° 0.19+0.02" 0.1#0.02°  0.2+0.02° 0.11#0.02° 0.15+0.01% 0.46+0.01° 0.19+0.02%
linalool 1096  1.1+0.01° 2.1#0.02° 3.11+0.01™ 1.1#0.01°  1.1#0.02° 2.11+0.01° 1.124#0.02° 1.14+0.02° 2.33#0.01° 1.1+0.01°  1.1+0.01% 2.11+0.02%
thymol 1290  46.6+2.1° 51.842.2° 52.8+21°  46.8+14% 509413  52.8+12°  47.6+1.3° 487+1.2% 502+1.1% 39.6+0.8%  46.8+0.9"  49.8+0.8%
carvacrol 1298 0.1#0.01°  0.1#£0.02¢ 0.11£0.01° 0.1£0.01%  0.1£0.02%  0.14£0.01° 0.124#0.02% 0.14+0.02° 0.33%£0.01"° 0.1+£0.01° 0.22+0.01° 0.44%0.02%
eugenol 1356 0.6£0.01° 0.8£0.01°  1.8+0.02*®  0.8£0.01*  0.9+0.02°  1.8+0.01*  0.6£0.02% 0.74£0.02 1.2£0.01° 05+0.01® 0.6+0.01°  1.240.02"
p-caryophyllene 1418  0.1+0.01"  0.140.02" 0.11£0.01" 0.1£0.01"  0.1£0.02" 0.11£0.01" 0.124#0.02" 0.14+0.02" 0.33+£0.01° 0.1+£0.01"  0.2£0.01°"  0.4+£0.02%
germacrene-D 1480  0.6+0.1° 0.8+0.2¢ 1.8+0.1 0.8+0.1¢ 0.9+0.2%  1.78+0.1*  0.6+0.2¢ 0.7+0.2¢  1.2+01*  15+01®  0.6+0.1° 1.2+0.2%
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Continued Table 7. ...

Compound RI  AB,C,D; AB,C,D, AB.C,D; AB,CD; ABCD, ABCD, ABCD; ABCD, ABCD, ABCD; ABCD, AB,CD,
a-thujene 931  0.240.02* 0.240.02"  0.6+0.01°  0.1+0.01°  0.1#0.02° 05+0.01° 0.1+0.02° 0.1+0.04° 0.4+0.03®  0.1+0.01° 0.1+0.01° 0.2+0.01™
a-pinene 939 0.22+0.01° 0.240.02% 0.41+0.01® 0.11+0.02° 0.3+0.01° 0.34£0.02° 0.1£0.01° 0.1#0.01° 0.240.01®  0.2+0.02° 0.52+0.02®  0.5+0.02%
p-pinene 980  0.5+0.01%  0.6+0.02° 0.9+0.01*  0.4+0.02% 05+0.01% 0.8+0.02° 0.5+0.01% 0.5+0.02%  0.6+0.01°  0.3+0.04 05+0.02% 0.9+0.03®
myrcene 991 1.2+0.1° 1.3#0.2%  1.5%0.1% 1.3+0.2% 1.4+01° 1502  15+03"  17+0.1% 1.9+0.2° 1.1+0.3¢ 1.1+0.1¢ 1.2+0.2¢

a-phllandrene 1005 24402  3.240.3% 5.3+0.2° 2.4%0.1° 3.2402%  43+02%® 22401  2.4%01° 3.540.2° 1.5+0.3 1.7+0.2¢ 1.8+0.1¢
a-terpinene 1018  2.4#0.3° 3.6+0.1%* 47402 2.4+0.3° 3.6£0.1%°  3.7+06®  1.9+05° 2.9£0.2° 3.3+0.4° 1.5£0.5° 1.80.2° 1.8£0.1°
p-cymene 1026 9.1+1.1°  10.1#1.1°  11.11#1.2%  8.1240.1°  9.1+0.2°  10.11+0.2* 6.11£0.1%  8.14+0.1°  9.33+0.2  7.13+0.2%  8.14+0.1° 9.11+0.2°
limonene 1031 0.6+0.02"  0.8+0.03° 1.8+0.01°  0.8+0.03° 0.9+0.03° 1.82+0.02° 0.6%0.01° 0.7£0.02*  1.2+0.02°  0.6+0.01  0.8+0.02°  1.8+0.01°

1, 8-cineole 1033 2.8+0.3° 3.9+0.4° 4.610.1° 1.8+0.2° 2.9+0.1°  3.6+06®  1.8+0.2° 1.5+0.3¢ 2.5%0.3° 1.8+0.4° 1.9+02°  1.6%0.1%

y-terpinene 1062 7.34+0.1  8.93+0.2° 10.88+1.1° 8.33%0.1°  8.94+0.2° 0.88+0.1° 7.2+0.2%  822+02°  9.1940.2°  6.34+02%  6.93+0.1° 9.5+0.1%®

terpinolene 1088  0.15+0.02% 0.46+0.03° 0.19+0.01° 0.15+0.03® 0.66+0.03" 0.99+0.02*° 0.1+0.01° 0.22+0.02% 0.1+£0.02°  0.15+0.02% 0.46+0.02° 0.19+0.01°
linalool 1096  4.1+0.1%  4.1402*  51140.1°  2.1+01%  3.1£02%  4.11+0.1% 3.12402% 3.14+0.2"  4.33£0.1°  2.1+01% 31401  4.11+0.2%
thymol 1290  58.6+2.1°  62.8+2.2°  65.8+1.1°  53.8%2.1°  61.9+22°  64.8+21° 546%1.2° 60.7£2.2®  622+1.1%°  51.6+1.1° 59.8+21% 61.8+1.2%®
carvacrol 1298 0.1+0.01°  0.1+0.02° 0.11£0.01 014001  0.1£0.02% 0.11+0.01% 0.12+0.02¢ 0.14+0.02% 0.33+0.01*  0.1+0.01¢  0.240.01%  0.4+0.02®
eugenol 1356 1.6+0.01*  1.7£0.02*®  1.9+0.01° 0.83+0.01° 0.8+0.02° 1.5+0.01*  0.7£0.02°  0.940.02° 1.1+0.01°  0.4+0.01° 0.740.01% 1.1+0.02°
Caryop;‘y”ene 1418 0.4%0.01®  0.5+0.02° 0.7+0.01°  0.3+0.01° 0.4+0.02% 05%0.01° 0.6+0.02° 0.8+0.02° 1.1+0.01°  1.1#0.01° 1.2+0.01*  1.4+0.02°
germacrene-D 1480  0.740.1° 0.9+0.2%  15+0.1% 0.6+0.1¢ 0.8+0.2¢ 1.6+0.1% 0.8+0.2¢  0.9+02%  15+0.1%® 1.1+0.1° 0.9+0.1%  1.7+0.2°

RI: Retention Index- A; and Ay: non-use and use of NPK, B; and B,: non-use and use of humic acid, C; and C,: hon-use and use of botamisol, and Dy, D,, and Dj3: drought stress at three levels of field

capacity, 50%, and 75% of moisture loss.

Numbers in each row that have same word, have same group.
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Table 8. Means comparison of essential oil main compounds in Thymus daenensis Celark

Compound RI  AB,C,D; AB,C,D, AB,C,D; AB,CD; AB,CD, AB,CD ABCD; ABCD, ABCD, ABCD; ABCD, ABCD,
a-thujene 931  0.4#0.01° 05%0.02° 0.5+0.01° 12+0.01°  1.3#0.04"  1.3+0.02° 1.3+0.04° 1.3+0.01° 1.2#0.02°  1.24#0.01° 1.1+0.01° 1.2+0.02°
a-pinene 939  4.06+0.1% 6.07+1.2° 7.15%1.1* 5.06+0.02" 6.07£0.2®  6.15+0.02® 3.05£0.2¢ 6.05+0.2® 6.09£0.01® 4.01+0.01% 4.01+0.1% 5.03+0.02"
B-pinene 980  1.5+0.1%  1.6#0.2° 1.92+0.1*  1.4+02° 1.5+0.02®  1.8+0.02° 15+02®  15+02®  16+0.2% 1.3+0.2° 1.5+0.1% 1.9+0.2%
myrcene 991  3.2#0.1°  4.3%02° 55+0.3®  43+02° 3.4%0.2°  45%0.3°  31+0.3°  3.7+0.3° 4.9%0.1° 2.1+0.1° 3.1+£0.4° 3.240.3°

a-phllandrene 1005  1.440.1°  1.2402%  1.8404®  1.4#0.1° 1.2+0.3¢ 1.5+05°  1.2#01%  1.4+0.3%  1.3+0.4% 1.5+0.5° 1.740.1° 1.1+0.2¢
a-terpinene 1018 24403  1.8£0.6°  2.3%05° 1.4%0.2¢ 1.6£0.2° 1.7£0.2° 1.9£0.3°  1.5%0.4% 2.2+0.2° 1.1£0.2° 15202  2.2+0.1%
p-cymene 1026 4.1+0.1°  4.1+0.1° 51140.2%  3.16%£0.2°  4.17+0.2%*  511+04% 3.1240.2% 3.14+0.1°  4.33x0.4° 2.1+0.1° 31401  4.11+0.4%®
limonene 1031  1.6+0.1°  1.8+0.1%  2.8+0.2%*  1.8+0.2% 1.9£0.2¢ 2.8+0.1%  1.6£0.2°  1.7£0.1% 2.2+0.1° 1.610.1° 1.8£0.1Y  1.8+0.01°

1, 8-cineole 1033 1.8+0.1°  1.940.2°  26+0.2°  2.8+0.1° 2.9+0.2° 2.6£0.1°  2.8+02°  33+0.3°  3.5+0.3%® 1.8+0.3° 1.6£0.2°  2.6+0.2%

y-terpinene 1062 334404 5903 4684047 233£03°  294£0.04° 388+0.3°  12:05° 1224037  219+0.1° 1344019 1.93:0.1%  2.8820.1°

terpinolene 1088  1.15+0.4% 1.46+0.2° 1.65+0.1™ 1.15+0.2%  1.21+0.1%  1.0240.2°  1.1#0.2° 1.22+02%  1.1+0.3° 1.15£0.3°  1.46+0.3°  1.19+0.1%
linalool 1096  1.1+0.1%  2.1+0.2° 3.11+0.1°  1.1%0.1° 1.1£0.2¢ 211+0.1°  1.1240.2% 1.14%0.2%  2.33+0.1" 1.1£0.1° 11401 2.1140.2°
thymol 1290  39.6+1.1° 43.843.2% 46.8+2.1° 36.8%£3.1%  42.9+1.2°  46.8+2.1° 39.6%1.2° 41.7+12° 422441  336+2.1° 36.8+3.1%  41.8+22°
carvacrol 1298 1.14£0.01% 1.11#0.2¢° 1.15%01%  1.1%0.1¢ 1.1£0.2¢ 1.14+0.1%  1.1240.2% 1.14#02°  1.33%0.1° 1.1£0.1° 1.240.1¢ 1.4%0.2¢
eugenol 1356  2.6+0.3®  2.8+0.2°  2.8+0.01*  1.8+0.1° 2.9+0.2% 2.8£0.1°  2.6+02® 27+0.02*°  22%0.1° 1.5+0.1%  1.6+01%  2.2+02°
p-caryophyllene 1418  4.140.1% 51402 511+0.1°  4.1#0.1“ 51+0.2*  5.15+0.1° 3.12+0.2% 3.14+0.2%  4.33+0.3% 2.1+0.1° 3.2+0.1¢ 3.4+0.2¢
germacrene-D 1480  0.6+0.1%  1.8+02® 1.85+0.1®  1.8+0.1%® 1.9+02®% 18401  1.6£0.2°  1.740.2® = 1.2+0.1° 1.5+0.1° 1.6+0.1° 1.240.2°
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Continued Table 8. ...

Compound Rl  AB,C,D; A;B,C,D, A;B,C,D; AB,C.D; AB,CD, ABCD, ABCD; ABCD, ABCD, ABCD; ABCD, AB,CD,
a-thujene 931  0.5+0.2° 1.5+0.2° 11401  0.6+0.1%®  0.6+02%®  1.61+0.3*  0.7+02°  0.7£0.04° 16+0.3®  05+0.01°  15+0.1°  1.4+0.01%®
a-pinene 939 4.06+0.1% 5.07+0.2"  515+0.1°  4.06£0.2° 4.07£0.1% 515+0.2° 4.05+0.1% 5.05+0.1™ 6.09£0.1® 3.01£0.2° 5.01+0.2™ 6.03+0.2®
B-pinene 980  0.5+0.1° 0.6+0.2¢ 0.9+0.1° 1.4+02°  15+0.3%® 1.8+0.2° 15+03®  15+02%  1.6+0.1° 1.3+04°  15+0.2% 1.9+0.3%
myrcene 991  3.240.1° 3.3%0.2° 3.5+0.1° 3.3£0.2° 44401  55+02® 55403  57+04®  6.9+02°  4.1+03° 4.1%0.1° 5.240.2°
a-phllandrene 1005  2.4402°  1.2+0.3¢ 2.5+0.2° 1.4+0.1°  22#02° 27402  22+01°  24401°  3.4+0.2° 1.5+0.3°  1.7£02"  2.2+0.1°
a-terpinene 1018  1.2+0.3¢ 2.6%0.1° 2.5%0.2° 2.4%0.3° 3.3+0.1° 3.5+0.6° 1.9+0.5° 27+02°  2.9+04*®  15+05% 1.8402°  2.240.1%
p-cymene 1026 4.1+0.1° 41+0.1°  4.1140.02° 4.1240.1°  4.1402°  5.1440.2%° 3.11+0.1% 3.1440.1% 4.33+04% 4.13+0.2° 4.14+04%® 511+0.4%
limonene 1031  1.6+0.2®  1.8+0.3¢ 1.8+0.1° 1.8+0.3¢ 1.9£0.3¢  1.82+0.02"  1.6+0.1° 2.7£0.2° 3.2+0.2° 1.6%0.1° 1.8£02%  2.8+0.1%*
1, 8-cineole 1033 1.8+0.3° 1.9+0.4° 2.6+0.1™ 2.8+0.2° 3.9+0.1% 4.6%0.6 2.8£0.2°  35+03®  35+03®  28+04° 2.9+0.2°  3.6%0.1%
y-terpinene 1062 1.34+0.19 1.9+02%  3.88+0.1%®  1.33+0.19 1.94+02% 3.88+0.1%  1.2+02° 122402 4.19+02° 2.34+0.2° 2.93+0.1%  45+0.1%
terpinolene 1088  1.15+0.2®  1.46+0.3° 1.19+0.01%® 1.1540.3% 1.66+0.3° 1.19+0.2%  1.1+0.1° 1.22402%  1.1+02° 1.15+0.2% 1.46+0.02° 1.19+0.1%
linalool 1096  2.1+0.1° 3.1%£0.2° 411+0.1%  211+0.1°  3.1+02°  4.11+0.1°  3.12+0.2°  3.1440.2°  4.33+0.3*  2.1%0.1° 3.1%0.1°  4.11+0.2°
thymol 1290 51.6+3.1% 558+22°  56.8+2.1°  53.8+43.1° 53.9+22° 54.8+3.1%  46.6+4.2° 52.7422° 542421° 446%3.1° 51.8+21° 53.8%1.2°
carvacrol 1298 3.1+0.3° 3.1%£0.2° 4.11%0.1% 3.10.1° 31402  3.11+0.1°  2.12#0.2° 214402 2.33+0.1° 21404  22403™  2.4%0.2°
eugenol 1356  1.6+0.3° 1.8+0.2° 1.84£0.1° 1.83£0.1°  1.9+02*  2.8+0.1° 1.6+0.2° 1.7402°  22+40.1°  25+01%®  1.6+01% = 22+0.2°
p-caryophyllene 1418  3.1+0.1%  4.1+02%  4.11+0.1% 51401  6.1+0.2®  7.11+0.1° 5.12+0.2% 514402 6.33+0.1* 3.1+0.1%  4.2+0.° 5.4%0.2°
germacrene-D 1480  0.6+0.1%  0.8+0.2° 0.1+0.1f 1.8£0.1%  1.940.2*  1.93+0.1*  1.6+02°  1.7£0.2*®  22+01*  15+03™  1.6+0.1° 2.2+0.2°

RI: Retention Index- A; and A,: non-use and use of NPK, B, and B,: non-use and use of humic acid, C; and C,: non-use and use of botamisol, and Dy, D,, and D3: drought stress at three levels of field
capacity, 50%, and 75% of moisture loss.
Numbers in each row that have same word, have same group.



Slacn s arws 5l Guilel I oS 5 on mt
3008 o s 4 L 505 Y kel Sas 5o Koy sl
(Yadegari, 2022) el Consty Jpussl 52 5 Sy 500 e
s e usb, a5 Sl s S s atie b b
Origanum vulgare ) 2555 0 5 eslel olie sz
@5 3 hde 8-y 555 el 5 (subsp. gracile
oslel jolie Js sl )31 O. vulgare subsp. virens
Js 515, 6 30 5l4e 5 O .vulgare subsp. virens « 8 ;s
ale Bl s oah 85 55 p o Jd sl W1
4 e Al g7 e (sdae 5l5e (Morshedloo et al., 2017)
SHboomsl bl b (Sas s sl sl
(Calendula officinalis) ,\g4zwa (Thymus vulgaris)
Alyssum ) 4. 525 5 (Borago officinalis) \ )| a8
ol oo XS ,sba (Yadegari, 2017) &,z (desertorum
Sis 15 ok Gl Lol AL s g
355 Lialy Ly cpl o a8 Cdl malS s 5e ol ol
Mgy Jo8 o8 08 o8 s ) G gl JeS
Ky ok dm b Seosed del 5 Jsmnnsligy ol oy
CRBl & e G S 5 O i eald s
o pa s 2 Sas ol dens) (S50 Slio
02 238 bl o5 G5 5 el a3
200) W i lla s Olas S5 s )lse
Lol s Olio 51 oYL olie (b, adss
& Joite s S T oS S il 51yl 55y
Joali 5 Seasmp sl 208 cl S i
Al S5e (Sas 4ol el Jes s a0 b il e
2 S s sS el 5 dde I8 (Liasy ek s
Wl s Sae a8 asls v s Sae iy gl Gl
K Kix y 5 oos o SKi wole s Shas 5 Ll so s
SeS 5 Ll5l ull s Sas (S5 550 5 Nas @i
Jbs S pasle S phe Sl Bl el 5 s
SV JFPWERPIND| KV SFRRS  1+ L™ R en Do g K->
51 (Satureja hortensis) o 0 basS s b senss
Nasiri et al., 2020) el saz 2,8 plelin ool s

Y\f

rolie bl & JalSs S gud) S ome i 4 425 b

5 Jomlisn 55 5 Sl el 5 aud (055 B pae
o3 ol ga s oS a5 Kaser el
i oelal gl ol Gl S ) ey g
Yadegari, 2022 Barker & Pilbeam, 2007) sz .
» 2l A, d\-“nv\ifmiiﬁ o3 g s 2BUIF
350 Ol 5 oo ped del a3l T slas 58 58
Sheslaal cy e sls ssmy dal ol o @Lf D)
A i Mo JUGbassS Ll Blae 5o 58 Gl
iy 5 S IS o580 adl el Glie jolie
Jaay I 5,8 a8 e K8 oS wa, (a4 caS
S & e (gdde polis 5l g i polie 0 S ol
338500 0l 53 ssmse sjise sl 5 oS o3y a2
Loy s Sae ()l LYs ) (Doskocil et al., 2018)
s sole a5 bis 4 i S
cdle Il i wstel O S Sk
Cashsy IS Cd b mll (S pas Sy me
3 S kel O Gpae WL Lul 3l s S anals sy
o S 4 355 ol 055 (Alizadeh et al., 2018)
it paa 53 5 29 S Sl 5 Coren (LI
S LS 4S5 (S35, Slio Ll 4 e
w8 5 (Descurainia sophia (L) Schur)
.(Hasani et al., 2021) . (Coriandrum sativum L.)
5 Ssaged dewl & 0s 2 ey ol 55 S sbay
My 56 adllg,s JolS 558 5 Jsmaslin b S5
ol SlacS 5 polie cp i 5 3 Gl Gliee o it
5 oDl Jses o SIS o5 alse el il
R o P T g T ]
33 Golad S ed A p tdal Sy 4558 b b
S5 olenn (usb, s 700) e i Ll
3550 Slao 3l (Olay 55 Seaser denl 5 Jol8 558 (o)l
S alie Geiss 5o s S 15 alie op $ 55 U5
S az Lasie a3 S Pl (Satureja) o) e 6,1 )



YV

J}w@ 3‘,’ Clzw W\Js‘ V&L‘ L‘f"’\" J.aL.C- )‘ oalaal
bl saiSp 5 glaesd i ad g 4 RlBl ) &S
:\M‘jjch.&.\)é\\ew.n;gaﬂjjﬁ
Olssas S8 5 S aSlss 2555 Jome Olsisa 4555,
Aol g A Glasa 5 bl e s el eole i
S Sl oY Sl Az 5o 5 ead 0l s
(Elzaawely et al., 2007) s 55 oo wal oLS L3 bl
)Li.é) ‘53})\.} OL&L; °j'5’° .)\‘9,4 JJ.)‘.M ‘_5_{....5- L)'“" Cod
G5 s s S 0ld 5 &S goba sl ki
Q\J’mﬁ u‘i“""
o935 skal 5 Jy a8 (Rosmarinus officinalis)
sbeS s sl wlsl (Lavandula angustifolia)
Salvia ) 8w e 55 JsmdlSsl 5 cisad il o 550
2 koS ol S J 5 sl walS (officinalis
Kulak, ) sl )53 (Ocimum basilicum) ol ,

«5JL‘)) °\:~.§ B u»u—\.zﬂ oole

e Tl ) s et Al 3,58 uizan (2020
whsalew oLS 55 5,00 5 5585 3 S8 olie (2153l
oIl 4 e passe cnl 5 a2 (Nigella sativa L.)
Hayati et ) cuul oas olS o) by Sas 25 Josw
U o bag sy 5 ol Ol 5,5 s L@l 2021
broas o bl i sn 455 S 0l Wl gdie ol
iad Gy g ga o S B 5l &S sl e sl i 5
St oS5 alax 5 S pde b2y cnl il
LS5 s Sl S St 5 S 5L il
Mc-Garvey & Croteau, ) cuw s 2 » rp! S s 5
s 3l it 5 eSS e Ol ex (1995
Ot Sheay ol (Son bip 5 3555w 5 by Fsise
e polis 4 mal 5o AL bl Sl
5 ole 5o OOl Yo 3 S a8 ae e ey 5 sl
Lo i3l 555 oS il S5 5l (> &4
S0 A 5 S s sl sl 4y
5ol Law (Sasani et al., 2021) azl 5 gl )
2 ol sy, pas a5, CL selS & b
5 ey I LSl s Lmals ey, colan B

Y oooled FA A gl e 5 2ol LS iz aslida

Satureja ) gl o5, ,> .(Najafi vafa et al., 2020
Il S 5 Sapd a3l sslidd (khuzistanica
s 8ee 5 ol laplil Sas p5s LRl 4 e
5 oled 5 Shas 50030 (Alizadeh et al., 2018) .l
S sbarlie 558 5 by ole
(i i cos .8 (Mohammadi et al., 2021)
ded 5 dan Ol 5 4l L2alS oLS U5y s ol
Cov le G5l b e (il sas als]
DR Lo By Sy disdpe 2l (S AT
O a8 o isly (b st pan Sas
5 (P5C) oS5 S-0-0ds a5 it DL,
5 Hloaz alin Sl oass V«Lzu Olsea s »
0o Rl S Jes S, i asles
s gn w3 1, NADPT il 51 gme st 5> S 5 S
Db g e silaeS) Glald g as s fan Jlad 4 oS
PRI ERFES yeHpERU I SO N S
Yazdanpanah et al., ) 5,05 5525 5BLS ;3 oy 5 a3
.(Elzaawely et al., 2007 2011
5 ol 38 (Soogd a5 8 L G ) s
23 838l 5 A Sosa slaen Sgse i (Jyenlis
350 00 Sl Gl S osb 4 esl Ll sl
o5 Jlasl b Ul g o8aia an Sosae sl 55
2 s dd alS w58l sy s Hlade 3 (SKas
23 3 4 ie ool 5550 lasles 5550 S 6Ll
ol 5 Sas Hls gme 2zl 31 o 5L 555 Olao
355 5 Seesd el sl 2bdsle Dlas o
Sype el Aol 5 Sdie Lolie Cuanl samaglas (LS
S &:%.JT ol oS s, s cenS s eolin
3 ol s Sae s 5o s Ly Sl Y
Joansligr (JolS 558 5 2018 ol 5o Sas ale 5 Sas
5 Gany ol U 4 aa s bl Seop el
Y5 51 S ol ol sa 5w, n Seass A
o e b b Lol
S osba cwdls LS, gm olS s saiS i



5 e bl 5 - LE T wulgaris 6.5 .J, 1,8
w5l =Wl 5 s 8-k T, daenensis x5

3,8 s LUK 5 ¥ ol Lo S os by 5sise
u‘“‘ﬁ\ &Arb Al 5 Jsusli e NPK J.AS las S

3)&\}‘ ..Xw\.: )js.:\.a A\ALLA L"“}“" A 43; C)"‘ B Q.S"\‘:"°J€‘.
58 3,8 s ) 5 S0e &8 o5 ali Ll s

References

- Adams, R.P., 2007. Identification of Essential Qil
Components by Gas Chromatography/ Mass
Spectroscopy. Allured publishing Corp, Carol Stream,
USA, 804p.

- Albergaria, E.T., Oliveira, A.F. and Albuquerque,
U.P., 2020. The effect of water deficit stress on the
composition of phenolic compounds in medicinal
plants. South African Journal of Botany, 131: 12-17.

- Alizadeh, A., Najafi, F., Hadian, J. and Salehi, P.,
2018. Effect of different levels of humic-acid and
vermicompost  extract on  growth, yield,
morphological and phytochemical properties of
Satureja  khuzistanica  Jamzad.  Journal  of
Agroecology, 10(1): 69-80.

- Al Magtari, M.A., Alghalibi, S.M. and Alhamzy, E.H.,
2011. Chemical composition and antimicrobial
activity of essential oil of Thymus vulgaris from
Yemen. Turkish Journal of Biochemistry, 36(4):
342-349.

- Amiri, H., 2012. Essential oils composition and
antioxidant properties of three Thymus species.
Evidence-Based Complementary and Alternative
Medicine, 12: 8.

- Arnon, D.1., 1975. Physiological principles of dry land
crop production: 3-14. In: Gupta, U.S., (Ed.)
Physiological Aspects of Dry Land Farming. Oxford
Press, 391p.

- Asadi, M., Nasiri, Y. and Morshedloo, M., 2018.
Evaluation of quantitative and qualitative yield of
Mentha piperita under amino acids, organic and
chemical fertilizers. Suatainable Agriculture, 82(3):
257-275.

- Asgarian, H., Abdossi, V., Danaee, E. and Ladan
Moghadam, A., 2021. Effects of using humic acid and
selenium on some morphophysiological
characteristics of Calendula officinalis L. under
salinity stress. lranian Journal of Medicinal and
Aromatic Plants Research, 37(4): 596-611.

YA

L st oS gomia &S pdigis s i nle
5 JBoAS 5 s e Rl 4 e s e RalS
3l o ol 53 e s il s
Sl 5 VS Gl il el Josie sbaas s
S asl )l bagsu,lS 5 bud s sl gop sl
35 O3S Il 5 al31 bl gl jmals 4 e
2 Bl e a5 sba O L (Xiaolu et al., 2016)
5wl Gl ey 4 base oleds gbanls
L Wass, Jola o Saesles 55,5 pedins p& sba
Esch et ) ass 2alS wliwy o108 Ll clew &S
Jsl 5,0l 5 (Hayati et al., 2021 <al., 2019
s S s ol b Sl o 5 s ol
Gl San oS 33 8 o 3l nl N S sl (o e
35S Had ddme b S sl g S spamae | e g
250 olals 5l ol s Shas g Lo 5 olS as, ]
e WS s Ses iz Ln)pl (Kulak, 2020)
53 o) 3 olom s ek s Akel deul Ll
Chlim 3 el ol ol 353 it Sk Dl g2
da sl g loslul b wly e 5 20l 18 Sl
SBS5 ol & oS GO W gt azy; e 51 O
LS b 5ol 5 ass pase el ol Ly
4 e (S S e ol b ae ol o Shee
4 zia b onl 5l g sas oS IS Ja IS s 2alS
S S5 H 8o Dlao (mlEasd e 5 el RalS
WJo sl sS s 8 Sl 5 ol S Sas o5 gl e
My ol Bl 4 Ol b Jsenelin 5 Shes Al
Sy Cand dnel Sl Joanl onsa Wbse s en gud
.(Barker & Pilbeam, 2007 <Zakerian et al., 2020)
Sl Gl 53 &S <8 b IS S ol sieay
NPK S lasss 558 51 el shuis)) 5 e
NSdn e Do gar ) Khapd deal 5 Jsmasli s
&L (T kotschyanus BOiss) 258 vyl slas S
adlas (T. daenensis Celark) ,Us 5 (T. vulgaris L.)
5 Jsew T kotschyanus 48 bl e bS5



¥\4

- Fariaszewska, A., Aper, J., Van Huylenbroeck, J. and
De Swaef, T., 2020. Physiological and biochemical
responses of forage grass varieties to mild drought
stress under field conditions. International Journal of
Plant Production, 14: 335-353.

- Ghanbarzadeh, Z., Mohsenzadeh, S., Rowshan, V. and
Moradshahi, A., 2019. Evaluation of the growth,
essential oil composition and antioxidant activity of
Dracocephalum moldavica under water deficit stress
and symbiosis with Claroideoglomus etunicatum and
Micrococcus yunnanensis. Scientia Horticulturae,
256: 108652.

- Gustafson, A.F., 2010. Handbook of Fertilizers-Their
Sources, Make-Up, Effects and Use. Orange Judd
Publishing Co., 180p.

- Hasani, S.M., Azadfar, D., Arzanesh, M.H., Saeedi, Z.
and Matinkhah, S.H., 2021. Effects of fertilizer
treatments on morphological and qualitative traits of
Descurainia sophia (L.) Schur and Coriandrum
sativum L. in agroforestry systems. Iranian Journal of
Medicinal and Aromatic Plants Research, 37(5):
766-780.

- Hayati, A., Rahimi, M.M., Kelidari, A. and Hosseini,
S.M., 2021. Effects of humic acid and iron
nanochelate on osmolytes content of black cumin
(Nigella sativa L.) under drought stress conditions.
Iranian Journal of Medicinal and Aromatic Plants
Research, 37(5): 809-821.

- Juarez, C.R., Craker, L.E. and Rodriguez Mendoza,
M.D., 2011. Humic substance and moisture content in
the production of biomass and bioactive contituents of
Thymus vulgaris L. Revista Fitotecnia Mexicana,
34(3): 183-188.

- Khoshsokhan, F., Babalar, M., Chaghazardi, H.R. and
Fatahi, M.R., 2012. Effect of salinity and drought
stress on germination indices of two Thymus species.
Cercetari Agronomice in Moldova, 1(149): 27-35.
Kulak, M., 2020. Recurrent drought stress effects on
essential oil profile of Lamiaceae plants: An approach
regarding stress memory. Industrial Crops and
Products, 154: 1-17.

Lebaschi, M.H., Sharifi Ashorabadi, E., Makizadeh,
M. and Talebpour, A.H., 2016. Evaluation of
morphological characters, essential oil
content/composition of Thymus kotschyanus Boiss. in
varius densities undert drought stress. Journal of
Ecophytochemistry of Medicinal Plants, 16(4): 37-48.
Mazooji, A., Salimpour, F., Danaei, M. and Akhoondi
Darzikolaei, S., 2012. Comparative study of the
essential oil chemical composition of Thymus
kotschyanus Boiss. and Hohen var. kotschyanus from
Iran. Annals of Biological Research, 3(3): 1443-1451.
Mc-Garvey, D. and Croteau, R., 1995. Terpenoid
metabolism. The Plant Cell, 7: 1015-1026.
Mohammadi, M., Sefidkon, F., Asadi-Sanam, S. and
Kalatejari, S., 2021. Effects of nutritional treatments

Y oooled FA A gl e 5 2ol LS iz aslida

- Askary, M., Behdani, M.A., Parsa, S., Mahmoodi, S.

and Jamialahmadi, M., 2018. Water stress and manure
application affect the quantity and quality of essential
oil of Thymus daenensis and Thymus vulgaris.
Industrial Crops and Products, 111: 336-344.

Babaei, Kh., Moghaddam, M. and Farhadi, N., 2021.
Morphological, physiological and phytochemical
responses of Mexican marigold (Tagetes minuta L.) to
drought stress. Scientia Horticulturae, 284: 110-116.
Barker, A.V. and Pilbeam D.J., 2007. Handbook of
Plant Nutrition. CRC Press, 632p.

Bates, L.S., Waldren, R.P. and Teare, I1.D., 1973.
Rapid determination of free proline for water-stress
studies. Plant and Soil, 39(1): 205-207.

Bruneton, J., 1999. Pharmacognosy, Phytochemistry
Medicinal Plants. Lavoisier Intercept, London, UK,
344p.

Caser, M., Chitarra, W., Angiolillod, F. and Perrone,
I., 2019. Drought stress adaptation modulates plant
secondary metabolite production in Salvia dolomitica
Codd. Industrial Crops and Products, 129: 85-96.

- Davarpanah, S., Tehranifar, A., Davarynejad, G.H. and

Abadia, J., 2018. Effect of humic acid on some
physical and chemical characteristics of Pomegranate
(Punica granatum cv. Ardestani). Plant Production
Technology, 10(1): 69-81.

Dere, S., Giines, T. and Sivaci, R., 1998.
Spectrophotometric determination of chlorophyll-A,
B and total carotenoid contents of some algae species
using different solvents. Turkish Journal of Botany,
22(1): 13-18.

- Dosko¢il, L., Szewieczkova, J.B., Enev, V., Kalina, L.

and Wasserbauer, J., 2018. Spectral characterization
and comparison of humic acids isolated from some
European lignites. Fuel, 213: 123-132.

Elzaawely, A., Xuan, T. and Tawata, S., 2007.
Changes in essential oil, kava pyrones and total
phenolics of Alpinia zerumbet (Pers.) BL Burtt. and
RM Sm. leaves exposed to copper sulphate.
Environmental and Experimental Botany, 59:
347-353.

- Eman, E., Aziz, S.T. and Hendawi, E., 2008. Effect of

soil type and irrigation intervals on plant growth,
essential oil yield and constituents of Thymus vulgaris
L. Ameriacan Eurasian Journal of Agricultural and
Environmental Sciences, 4(4): 443-450.

Esch, E.H., Lipson, D.A. and Cleland, E.E., 2019.
Invasion and drought alter phenological sensitivity
and synergistically lower ecosystem production.
Ecology, 100(10): 34-45.

Faten, S.A., Shaheen, A.M., Ahmad, A.A. and
Mahmoud, A.R., 2010. Effect of foliar application of
amino acids as antioxidants on growth, yield and
characteristics of squash. Research Journal of
Agriculture and Biological Science, 6(5): 583-588.



- Sasani, N., Paques, L.E., Boulanger, G. and Singh,
A.P., 2021. Physiological and anatomical responses to
drought stress differ between two larch species and
their hybrid. Trees, 35: 1467-1484.

Sharafzadeh, Sh., 2011. Effect of nitrogen,
phosphorous and potassium on growth, essential oil
and total phenolic content of garden Thyme (Thymus
vulgaris L.). Advances in Environmental Biology,
5(4): 699-703.

- Tamburino, R., Vitale, M., Ruggiero, A., Sassi, M. and

Sannino, L., 2017. Chloroplast proteome response to
drought stress and recovery in tomato (Solanum
lycopersicum L.). BMC Plant Biology, 17: 1-14.
Teimouri, M., 2012. Antimicrobial activity and
essential oil composition of Thymus daenensis Celak
from Iran. Journal of Medicinal Plants Research, 6(4):
631-635.

Thomas, J., Mandal, A.K.A., Raj Kumar, R. and
Chrodia, A., 2009. Role of biologically active amino
acid formulations on quality and crop productivity of
Tea Camelia. International Journal of Agricultural
Research, 4: 228-236.

Xiaolu, W., Jie, Y., Aoxue, L. and Yu, Ch., 2016.
Drought stress and re-watering increase secondary
metabolites andenzyme activity in dendrobium
moniliforme. Industrial Crops and Products, 94:
385-393.

Yadegari, M., 2022. Effects of NPK, botamisol, and
humic acid on morphophysiological traits and
essential oil of three Satureja species under drought
stress. Iranian Journal of Medicinal and Aromatic

Plants Research, 38(1): 61-80.

Yadegari, M., 2017. Irrigation periods and Fe, Zn
foliar application on agronomic characters of Borago
officinalis, Calendula officinalis, Thymus vulgaris and
Alyssum desertorum. Communication in Soil Science
and Plant Analysis, 48(3): 307-315.

Yazdanpanah, S., Baghizadeh, A. and Abbassi, F.,
2011. The interaction between drought stress and
salicylic and ascorbic acids on some biochemical
characteristics of Thymus hortensis. African Journal
of Agricultural Research, 6(4): 798-807.

Zakerian, F., Sefidkon, F., Abbaszadeh, B. and
Kalateh, S., 2020. Drought stress and micorrhiza
fungi effects on physiologic and essential oil
characters of Thymus sahandica Bornm. Iranian
Journal of Horticultural Science, 51(1): 189-201.
Zandalinas, S.I., Mittler, R., Balfagon, D., Arbona, V.
and Gomez-Cadenas, A., 2017. Plant adaptations to
the combination of drought and high temperatures.
Physiology of Plant, 162(1): 2-12.

Yy.

on morphological characteristics and essential oil
yield of Satureja khuzistanica Jamzad. Iranian Journal
of Medicinal and Aromatic Plants Research, 37(2):
193-213.

- Morshedloo, M.R., Craker, L.E., Salami, A., Nazeri,

V. and Sang, H., 2017. Effect of prolonged water
stress on essential oil content, compositions and gene
expression patterns of mono-and sesquiterpene
synthesis in two oregano (Origanum vulgare L.)
subspecies. Plant Physiology and Biochemistry, 111;
119-128.

- Mozaffarian, V., 2009. A pictorial dictionary of botany

(botanical taxonomy): Latin-English-French-German-
Persian. Koeltz Scientific Books, illus.
Germany,1064p.

- Mumivand, H., Ebrahimi, A., Morshedloo, M.R. and

Shayganfar, A., 2021. Water deficit stress changes in
drug yield, antioxidant enzymes activity and essential
oil quality and quantity of Tarragon (Artemisia
dracunculus L.). Industrial Crops and Products, 164:
113381.

- Najafi vafa, Z., Sirousmehr, A. and Bijhani, M., 2020.

Effect of different levels of humic acid and nano-zinc
fertilizer on the antioxidant enzyme activities and
essential oil of Savory (Satureja hortensis L.).
Horticultural Plants Nutrition, 3(2): 43-58.

- Nasiri, Y., Shekari, F. and Asadi, M., 2020. Effects of

biofertilizers and zinc sulfate on some morphological
and yield characteristics of Satureja hortensis L.
Iranian Journal of Medicinal and Aromatic Plants
Research, 36(4): 523-541.

- Noori Hoseiny, S.M. and Zabihi, H., 2006. Effects of

several fertilizers resourses and humic acid on
morphological characters, yield and antioxidant of
Bunium persicum Boiss. Journal of Applied Research,
29(4): 87-94.

- Ozcan, M. and Chalchat, J.C., 2004. Aroma profile of

Thymus vulgaris L. growing wild in Turkey.
Bulgarian Journal of Plant Physiology, 30(3-4): 68-
73.

- Pourali, S. and Roozbahani, A., 2016. Effect of iron

containing fertilizers and botamisol on some traits of
Potato (Solanum tuberosum L.). Journal of Crop
Ecophysiology, 10(1): 57-72.

- Rezakhani, A. and Haj Seyed Hadi, M.R., 2016. Effect

of manure and foliar application of amino acids on
growth characteristics, seed yield and essential oil of
coriander (Coriandrum sativum L.). Iranian Journal of
Field Crop Science, 48(3): 777-786.

- Sajjadi, S.E., Naderi, Gh., Ziaii, R. and Zolfaghari, B.,

2004. The antioxidant activity of polyphenolic
fraction of Thymus daenensis Celak. Iranian Journal
of Pharmaceutical Research, 2: 80-81.



321 Iranian Journal of Medicinal and Aromatic Plants Research, Vol. 38, No. 2, 2022

Effects of NPK complete fertilizer, botamisol, and humic acid on morphophysiological
characteristics and essential oil in three Thymus species under drought stress
conditions

M. Yadegari'’

1*- Corresponding author, Spicy and Aromatic Plants Research Center, Shahrekord Branch, Islamic Azad University, Shahrekord,
Iran, E-mail: mehrabyadegari@gmail.com

Received: December 2021 Revised: May 2022 Accepted: May 2022

Abstract

Due to the valuable role of thyme in the pharmaceutical and food industries of Iran, an
experiment was conducted to study the effects of NPK complete fertilizers, butamisol, and
humic acid on the morphophysiological characteristics and essential oil of three species of
Thymus kotschyanus Boiss, T. vulgaris L., and T. daenensis Celark under drought stress
conditions. This research was performed in three separate factorial experiments as a randomized
complete block design with four replications in Islamic Azad University, Branch of Shahrekord
in the 2021-2022 crop year. Foliar application was done twice with an interval of three weeks
after the 10-leaf stage of the plant. Twenty-four experimental treatments included the non-use
(Ay) and use (A,) of NPK, non-use (B;) and use (B,) of humic acid, non-use (C;) and use (C,) of
botamisol under drought stress conditions at three levels of field capacity (D,), 50% (D), and
75% (Ds) loss of gravitational water. The highest amounts of plant height (44.5+1.1 cm),
number of main branches (26.4+1.5), plant dry weight (40.5+0.99 g.m), total chlorophyll
(1.55+0.1 mg.g™ fresh weight (FW)), and essential oil content (1.88+0.03%) were obtained in
the A,B,C,D; treatment in T. kotschyanus. The A,B,C,D; treatment resulted in the highest
proline content (13.9+0.2 pg.g* FW) and lowest essential oil content (0.79+0.1 %) in
T. daenensis. Thymol and carvacrol in T. kotschyanus, thymol, y -terpinene, p-cymene, and
linalool in T. vulgaris, and thymol, carvacrol, p-cymene, g-caryophylene, a-pinene, and
myrcene in T. daenensis were identified as the major essential oil compounds. More nutrient
utilization and stress in the least possible along with the temperate climate of the study area led
to the introduction of T. kotschyanus as an indicator species in this field.

Keywords: T. kotschyanus Boiss., essential oil, thymol, carvacrol.



