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Abstract

Background and objectives: Savory belongs to the family Lamiaceae and the genus
Satureja. Among the 16 savory species in Iran, 9 are endemic to Iran. The most important
composition of the essential oil of these species is carvacrol, which has antiseptic properties and
is used in the composition of some organic substances. The flowering branches and the aerial
parts of the savoury plant are the most critical usable parts, usually harvested when flowering
and dried in the shade and have a fragrant smell. In this study, we evaluated the adaptation of
different savory accessions (Satureja spp.) in the climatic condition of Kurdistan province.
Methodology: Thirty-seven accessions belonging to 10 Saturejaspecies were used in a
randomized complete block design experiment in three replications at the Grize Station in
Sanandaj from 2009-2013. The seeds were collected from different regions of Iran (Khorasan,
East Azerbaijan, Yazd, Mazandaran, Kurdistan, Lorestan, Ilam, Gilan, Isfahan and Zanjan
provinces). Savory species include S. sahendica Bornm, S. avromanica Maroofi, S. bachtiarica
Bunge, S. spicigera (C. Koch) Boiss, S. mutica Fisch, S. macrantha CAMey, S. atropatana
Bunge, S. rechingeri Jamzad, S. khuzistanicaJamzad, and S. isophylla Rech. The seeds were
planted using transplanting trays, and at the stage of 8-10 leaves, the healthy plants were
selected to be cultivated in unique pots. After levelling the ground and implementing the drip
irrigation system, the healthy seedlings were transferred to the foremost field in the research
farm. A sampling of savoury branches in the full flowering stage was done in early summer to
mid-autumn. Variance analysis and average data comparison were done using Duncan's
multiple range test. Using cluster analysis of the investigated characteristics, the accessions
were separated into groups with different origins. Also, a variance distribution of the main
components of the data was done for the principal components analysis. Essential oils obtained
from 3 replicate samples were mixed and analyzed by GC and GC/MS.
Results: Based on the variance analysis there was a significant difference between species and
accessions at the level of (p<0.01) in terms of essential oil yield percentage, essential oil yield
per hectare (based on the dry weight of flower and leaf per hectare), total phenolic compounds
of essential oil, plant's fresh weight yield per hectare and plant's dry weight yield per hectare,
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dry weight of leaf and flower yield per hectare, canopy area, the mean of the branch's height and
establishment percentage. Also, the effect of the year on essential oil yield was significant.
Comparison of the average species of savory showed that the average yield of essential oils in
hectares (based on the weight of flower and leaf per hectare) was the highest in S.spicigera,
S.mutica, S.rechingeri, S. macrantha, S.khuzestanica, S.sahendica, S.bachtiaricawith 45.20,
38.44, 19.00, 12.40, 12.07, 9.45, 9.26 kg/ha and the lowest in species of S.avromanica, S.
isophylla, S. atropatana with 0.74, 1.64, 2.48 kg/ha, respectively. Species of S.khuzestanica,
S.rechingeri,S.avromanica, S. mutica, S.spicigera, S.bachtiaricawith 91.90, 90.26, 58.45, 53.03,
51.35 and 50.49, respectively had the highest total phenolic compounds of essential oil and the
species of S. isophylla, S. macrantha, S.sahendica, S. atropatana had the lowest with 29.15,
36.55, 36.85 and 37.60%, respectively. Species of S. avromanica, S. macrantha, S. spicigera, S.
mutica, S. isophylla, S. sahendica with averages of 93.32, 92.30, 91.76, 83.82, 83.11, 81.44%
had the highest survival or percentage of establishment, and S. atropatana, S. rechingeri, S.
khuzistanica species had the lowest establishment percentage with 26.44, 31.73 and 38.89%,
respectively. Comparison of traits in different species of Saturejashows that the yield of fresh
plant weight per hectare is the highest in S. mutica and S. spicigera species with 13637.73 and
13570.76 kg and S. isophylla, S. atropatana and S.avromanica had the lowest values with
1199.43, 1604.31, and 1764.89 kg, respectively. The yield of the dry weight of flowers and
leaves per hectare was the highest in S. spicigeraand S. mutica with 2173.94 and 2101.89 kg
and S. atropatana, S. isophylla and S. avromanica had the lowest values with 338.45, 427.48,
and 457.03 kg, respectively.

Conclusion: Based on the cluster analysis results, S. sahendica, S. bachtiarica, S. macrantha, S.
spicigera and S. mutica were prioritized for planting in Kurdistan. S. avromanica, S. Tropicana
and S. mesophyll were placed in the second priority for planting, and S. recharger and S.
khuzestanica, with an average yield of essential oil of 2.87 and 2.41%, respectively (higher than
the native species), due to their sensitivity to cold, the low establishment, the small area of the
canopy and finally the lack of dry weight of flowers and leaves can be concluded that these two
species are not suitable for cultivation in the same conditions of Kurdistan. On the other hand,
based on the biplot diagram, the yield of essential oil per hectare positively correlates with the
canopy area and the wet and dry weight of the plant. Therefore, S. spicigera, S. mutica, S.
bachtiarica, S. macrantha and S. sahendica species, in addition to the large canopy area and as
a result of increasing the dry weight of flowers and leaves in them, showed essential oil yield
per hectare in the climate conditions of Sanandaj. Also, S. spicigera, S. mutica, S. macrantha, S.
sahendica, and S. bachtiarica species have the highest dry weight yield per hectare with 5992,
5694, 2061, 1046, and 1622 kg per hectare and 20.45 38.44, 12.40, 9.45, 9.26 kg per hectare
had the highest yield of essential oil.

Keywords: Total phenolic compounds, Savory crop yield, essential oil yield, perennial savory.
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Table 1. Composite ANOVA of some traits in different Saureja species

M.S.
S.0O.V.
d.f. EOP EOY d.f. TPE d.f. EP FPY DPY DLFY BH CA
Block (B) 2 0.07335™ 380.85" - - 2 250.45" 17074763 2636599 299067" 4.80m 4530839
Species (S) 9 6.7821™ *3787.32™ 9 665.21™" 9 11118.3" 462572202™ 94810208™ 8855532™" 6596.64"" 314233934
Experimental error a 18 0.24132 290.41 7 46.45 18 112.49 010844744 2409090 361915 109.86 4853789
Year (Y) 1 .5504™ 4953.90™ 1 576.00™ 2 668.35" 197929378™ 25854674™ 3391489 12686.85™ 497649813
YxS 9 0.1603"™ 1026.53™ - - 18 30.83"™ 27736183 5497193 584815" 213.26™ 24284739
YxB 2 0.5077m 601.55" - - 4 9.28M 9437069" 1450951" 195433 90.32" 2921792
Experimental error b 148 0.3125 162.41 - - 134 308.53 14334562 3463986 304864 182.79 5604729
Total 189 - - 17 - 187 - - - - - -
Adjusted
determination 69.8 69.8 - 87.51 - 63.9 66.3 61.2 64.3 73.0 81.3

coefficient (R?)

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively

EOP: essential oil percentage; EOY: essential oil yield; TPE: total phenolic compouds of essential oil; EP: establishment percentage; FPY: fresh plant yield; DPY: dry plant yield;
DLFY: dry leaf+flower yield; BH: branches height; CA: canopy area.
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Table 2. Composite ANOVA of some traits in different Saureja spp. accessions

M.S.
SOV. df. EOP EOY d.f. TPE d.f. EP FPY DPY DLFY BH CA
Block (B) 2 0.165" 380.84m - - 2 133.1" 26844315" 5439704" 562469" 3.15™ 6188076
Accession (A) 35 2.475™ 1209.45™ 36 626.14™ 36 6291.0™ 195656281 36965775 3783446™ 3546.59™ *#131736598
Experimental errora | 70 0.213 158.38 29 29.188 72 523.0 14577111 2554805 329835 65.16 3868517
Year (Y) 2 1.300 4908.06™ 1 1932.34™ 2 8789.1™ 174712851 24977457 2789602" 14110.20" 501765655™
YxA 70 0.123 314.56™ - - 72 635.1™ 10656837 2928039 299843"s 166.64™ 10630510™
YxB 4 0.480" 555.78" - - 4 22.3M 119819921 1899959"s 2591891 93.70" 3314051"
Experimental error b 7 2.296 188.64 - - 126 17.8 7758668 1418492 172995 40.55 1905424
Total 190 - - 66 - 314 - - -

Adjusted determination
. 79.8 89.6 - 91.77 - 98.2 79.8 80.6 77.9 93.2 91.7
coefficient (R?)

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively

EOP: essential oil percentage; EOY': essential oil yield; TPE: total phenolic compouds of essential oil; EP: establishment percentage; FPY: fresh plant yield; DPY: dry plant yield; DLFY: dry leaf+flower yield; BH: branches height; CA: canopy area.
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Table 3. Means comparison of some traits in different Saureja species

Trait
Species E FPY DPY DLFY CA
EO (%) TPE (%) E (%) BH (cm)

(kg.ha't) (kg.hal)  (kg.hal)  (kg.ha?) (cm?)
S.sahendica 1.78« 9.450% 36.85% 81P 2368b¢ 1046 517« 514 28724
S.avromanica 0.19f 0.74¢ 58.45° 932 1764° 780° 4274 58« 3339¢
S.bachtiarica 1.504 9.26b¢ 50.49b¢ 58¢ 3480 1622b¢ 690 56¢ 40974
S.spicigera 2.00¢ 45.202 51.35% 912 135702 59924 21732 71P 8763°
S. mutica 1.79¢d 38.442 53.03% 83v 1363748 569442 21012 842 124652
S. macrantha 0.92¢ 12.40Qb¢ 36.55¢% 922 4508P 2061° 1137° 70P 6641°
S.atropatana 0.85° 2.48° 37.60% 26° 1604°¢ 698¢ 338¢ 60° 3675¢
S. rechingeri 2.878 19.00° 90.262 314 3079 1364b¢ 893bc 30¢ 1601°¢f
S. khuzistanica 2.41° 12.07%¢ 91.902 38d 2232bc 1088c 685¢ 23¢ 1161f
S.isophylla 0.35f 1.64¢ 29.15¢ 83P 1199¢ 531° 457 15f 633f

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
EO: essential oil; EOY: essential oil yield; TPE: total phenolic compouds of essential oil; E: establishment; FPY: fresh plant yield; DPY: dry
plant yield; DLFY: dry leaf+flower yield; BH: branches height; CA: canopy area.



Table 4. Means comparison of some traits in different Saureja spp. accessions
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Accession Species EO (%) EOY (kg.hal) TPE (%) E (%) FPY (kg.ha') DPY (kg.ha')  DLFY (kg.hat) BH (cm) CA (cm?)
Azar sharghi 7 S. sahendica 1.44m 14.64¢ 42.30Fk 942 4632¢f 1886 902¢ 52hi 38555k
Azar sharghi 8 S. sahendica 1.27°p 8.52fm 40.039% 952d 3786 1689 688" 78¢ 57389

Kurdistan 9 S. sahendica 2.059 14.90¢f 42,007 849 240797 1054* 604¢ 50Mi 3059k-m

Kurdistan 10 S. sahendica 1.71km 16.02¢ 34,70k 982 32161 14399 822¢ 50Mi 3096k
Kurdistan 11 S. sahendica 2.09F 11.54¢ 33.35K 862" 1935Mi 901! 500fi 43k 1977
Kurdistan 12 S. sahendica 2.26%9 10.67¢! 29.65% 64h 16141 753K 410Mi 43k 1985™P
Kurdistan 55 S. sahendica 1.90% 6.34"1 34.40k 60' 1502i 683K 3401 51 2708
Kurdistan 56 S. sahendica 1.45m 5,78+ 40.75%k 57 15711 701K 397hi 45k 1970™P
Kurdistan 57 S. sahendica 1.75im 5.99+ 34,65k g7af 1278 620" 334ii 43k 160004
Kurdistan 58 S. sahendica 2.30¢°f 8.25fm 30.30% 75 1740t 762K 366" 47k 2213™o°
Azar sharghi 27 S. sahendica 1.44m 5.12in 48.65% g7af 3267¢1 13849 499Fi 61¢f 4046
Zanjan 43 S. sahendica 1.74im 5.87+" 31.40k 85b-f 1381 652K 329 50Mi 2221™°
Kurdistan 00 S. avromanica 0.19° 0.74" 58.450d 932 1764 780! 42791 58 3339
Yazd 18 S. bachtiarica 1791 16.59¢ 57.400d 7959 445289 2009%h 888¢ 549" 4278
Yazd 19 S. bachtiarica 1.40m 4,53kn 66.78° 6™ 2181Mi 11250 503Fi 49 3255im
Esfahan 26 S. bachtiarica 1.28% 6.29"" 38.05Mk 434 4077h 1914 7479 64¢ 5095"
Kurdistan 45 S. bachtiarica 1.54mn 6.489" 39,759 29m 243591 1009 44391 58 3142km
Gilan 29 S. spicigera 1.87 42.145 50.65¢" 96%° 112710 4793°¢ 20343 64¢ 7177
Gilan 32 S. spicigera 2.16™" 48.26% 52.05¢9 862" 1587072 71902 23132 77 10350°¢

Khorasan 1 S. mutica 1.970i 42.26% 55.450¢ 729 162272 78942 23192 970 144202

Khorasan 2 S. mutica 1.91+ 45,220 62.65 g7ab 176572 78222 23262 1042 150282
Mazandaran 21 S. mutica 2.48¢% 53.662 52.95¢f 962¢ 9707bc 35894 1981° 75.88¢ 10773.33¢

Gilan 34 S. mutica 1.58|™" 37.53¢ 50.95¢ 60! 163212 6279P 22672 79.85°¢ 13331.57°




Accession Species EO (%) EQY (kg.ha?) TPE (%) E (%) FPY (kg.hal) DPY (kg.ha?) DLFY (kg.ha?) BH (cm) CA (cm?)
Gilan 44 S. mutica 1.05Pd 13.55%9 43.15¢7 922 8274¢cd 2883¢de 1614° 63.88°¢ 8774.19¢
Azar sharghi 3 S. macrantha 1.05Pd 16.44¢ 35,55k 90&® 5091° 2339¢f 1415¢d 63.01° 5951.78%
Azar sharghi 4 S. macrantha 1.240°p 16.70¢ 36.45+ 932 4994¢ 225929 1198 73.56¢ 7702.46¢
Azar sharghi 17 S. macrantha 0.48" 4,06+ 37.65+ 922 3439¢1 1584tk 797¢f 76.16¢ 6270.36%
Azar sharghi 5 S.atropatana 0.874 2.66™ 39.45K 24m 1805 718K 13421 58.03 3684.99
Azar sharghi 6 S.atropatana 0.82¢4 2.26™ 35,75+ 28m 14027 677K 333l 62.59¢ 3665.981"
lilam 16 S. rechingeri 2.88°¢ 23.584 90.402 36km 29761 1312 895¢ 30.81'm 1433.12°4
lilam 22 S. rechingeri 4,032 n* 94.002 2n 7517¢ 2917¢% 2018% 51.00M 3716.80!
lilam33 S. rechingeri 2.544 27.314 88.702 35km 4059¢h 1863 11874 34.33! 2181.34m°
lilam 37 S. rechingeri 3.27° 13.18¢h 91.802 47K 14417 7094 45591 25.65M 841.374
lilam 49 S. rechingeri 2.40¢% 11.93%1 86.402 36km 2087 947! 59581 29.45mn 1246.50°4
Lorestan 28 S. khuzistanica 2.93¢ 12.68¢1 90.502 31 m j1588i 795! 46191 23.92° 1046.85P
Lorestan 46 S. khuzistanica 1.89+ 11.45%K 93.302 46k 2748F 1322 865¢ 23.92° 1290.90°¢
Mazandaran 23 S.isophylla 0.357 1.64™ 29.15 83d-9 1199i 531! 45791 15.49P 633.454

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).

EO: essential oil; EOY: essential oil yield; TPE: total phenolic compouds of essential oil; E: establishment; FPY: fresh plant yield; DPY: dry plant yield; DLFY: dry leaf+flower yield; BH: branches height; CA: canopy area.
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Figure 1. Dendrogram resulting from the cluster analysis of 10 savory species based on the traits recorded by
Ward's method
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Figure 2. Biplot diagram of the first and second main components of PCA analysis for 10 satureja species, plant
stablishment percentage (ES),plant height (hbm), canopy area (Dc), plant fresh weight per hectare (hwf), weight
Plant dry weight per hectare (hwd), flower and leaf dry weight (hwdf), essential oil per hectare (hyi), essential oil

yield (Yi), phenolic compounds (fen)
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