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Abstract
Background and Obijectives: Due to widespread climate change and land-use modifications,
plant genetic resources face serious threats, with some species potentially facing extinction in
nature. Therefore, the collection, identification, preservation, and evaluation of the genetic
resources of medicinal plants in gene banks is a priority. Given the significance of medicinal
plants, different accessions of three species-chicory, marjoram, and lemon balm-were evaluated
to select superior genotypes for cultivation and domestication, which can subsequently be
introduced to users.
Materials and Methods: To identify and evaluate the genetic resources of these medicinal plant
species, 26 accessions of chicory (Cichorium intybus L.), 6 accessions of oregano (Origanum
vulgare L.), and 5 accessions of lemon balm (Melissa officinalis L.) were cultivated and evaluated
over three years (2018-2019) in separate field experiments. The experiments employed a
completely randomized block design with three replications at the Alborz Research Farm in Karaj,
Iran. Measured traits included sprouting percentage, plant height, number of stems, aerial
biomass, and fresh and dry weight. At the flowering stage, herbarium samples were prepared, and
a botanist identified their scientific names. Data for each species were analyzed using variance
analysis, and mean comparisons between accessions were performed using the Tukey method.
Relationships between traits were assessed via correlation analysis, and accessions were grouped
using cluster analysis.
Results: For chicory, accessions 43888-Khorasan, 13210-Talesh, 14332-Talesh, and 40086-
Tehran showed higher performance than other accessions across all measured traits. A positive
and significant correlation was observed between aerial biomass (fresh and dry weight) and both
the number of nodes per stem and stems per plant. Cluster analysis classified the 26 accessions
into two groups, with the first group exhibiting superior traits. For marjoram, the highest sprouting
percentage and aerial biomass (fresh and dry weight) were recorded in accession 10594-Ardabil.
There was a positive and significant correlation between aerial weight and sprouting percentage.
Cluster analysis divided the six accessions into two groups, with accessions from Noshahr and
Mazandaran in the first group showing significant superiority. In lemon balm, mean comparisons
indicated that accession 23756-Qazvin outperformed the others across all traits. Correlation
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analysis revealed a positive and significant relationship between aerial biomass and both the
number of stems and canopy cover. Cluster analysis grouped the five accessions into two clusters,
with the superior accessions in the first cluster and the remaining in the second.

Conclusion: Evaluation of the three species identified superior accessions for cultivation and
domestication: 43888-Khorasan, 13210-Talesh, 14332-Hamedan, and 40086-Tehran in chicory;
10594-Ardabil in marjoram; and 23756-Qazvin and 10750-11am in lemon balm, based on higher
vegetative traits and productivity. Cluster analysis further highlighted the same accessions with
superior economic traits within specific clusters, suggesting their potential for cultivation,
domestication, and the introduction of improved medicinal plant varieties.

Keywords: Performance, morphological traits, chicory, marjoram, lemon balm.
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Table 1. Accession code, origin, and Geographical locations of three species: Cichorium intybus, Origanum vulgare and
Melissa officinalis accessions.

Species Accession  Province County 1000 grain  Altitude  Latitude N Longitude E

name Code weight ()

Cichorium 10370 Yazd Taft 0.8 2311 31°37°97" N 54°08°01" E

intybus 10672 Lorestan Koramabad 1.2 1490 33°40°00" N 48°35°00" E
10798 llam Shirvan 29 1480 33°37°00" N 46°40°00" E
11015 Markazi Arak 14 1850 34°02°45" N 49°36°49" E
13210 Gilan Talesh 2.2 60 37°46°00" N 48°49°00" E
13212 Gilan Talesh 1.2 38 38°57°00" N 49°00°00" E
13213 Gilan Talesh 1.2 120 37°59°00" N 48°57°00" E
13214 Gilan Talesh 21 125 37°55°00" N 48°56°00" E
13216 Gilan Talesh 21 120 37°57°00" N 48°55°00" E
13217 Gilan Talesh 2.0 410 37°53°00" N 48°54°00" E
13219 Gilan Talesh 2.0 210 37°40°00" N 48°55°00" E
13220 Gilan Talesh 2.0 350 37°48°00" N 48°80°00" E
13221 Gilan Siahkal 2.0 1200 36°49°96” N 50°01°32" E
13711 Mazandaran 1.2 ¢ ¢
14320 Hamedan Hamedan 1.2 1870 34°46°10" N 48°30°00" E
14332 Hamedan Hamedan 1.2 2100 34°47°20" N 48°27°13" E
15383 Azerbaijan E 0.6
22595 Kurdistan Kamyaran 0.6 1500 34°56°18" N 46°57°22" E
38766 Khorasan N Garmeh and Jajarm 11 1028 36°59’34" N 56°18°56" E
40012 Tehran Shamiranat 2.0 2610 35°56°50” N 51°32°54" E
40018 Tehran Shamiranat 14 1898 35°48°10" N 51°40°30" E
40086 Tehran Karaj 1.0 1442 35°48°28" N 51°47°50" E
40126 Tehran Karaj 1.4 2058 36°03°27" N 51°17°39" E
43888 Khorasan
44665 Mazandaran
44669 Mazandaran

Origanum 2471 Mazandaran Nowshahr 10 36°40'“00" N 51°30'00" E

vulgare 3127 Mazandaran
10594 Ardebil Ardebil 1320 38°20'02°" N 48°15'10"E
35618 Mazandaran Amol 1991 36°13'13’" N  52°1124"E
36689 Azerbaijan E Kalibar 1360 38°52'38" N 46°4225" E
37925 Ardebil Ardebil 1345 38°21'08" N 48°15'07°" E

Melissa 10750 llam llam 1080

officinalis 23756 Qazvin Qazvin 1400 36°52'00" N 50°43'00" E
37924 Ardebil Ardebil 1345 38°21'08" N 48°15'07" E
38392 Azerbaijan W Urmia 1933 37°29'56" N 44°45'64" E

38972 Khorasan N Qain 1832 34°02'51" N 58°43'31" E
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Table 2. Analysis of variance of between 26 accessions of Cichorium intybus species.

Source DF MS

Plant height Node number Stem number Fresh weight Dry weight
Accession 25 444.3** 11.69** 2.53** 79011** 27790**
Replication 2 57.7 1.83 2.16* 209.0 87.0
Error 52 135.2 1.84 0.64 588.0 606.0
Total 80
CcVv 15.3 19.7 33.6 2.8 6.6

*, ** significant at 5 and 1%, probability levels, respectively.
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Table 3. Means of Cichorium intybus accessions and their classification into two clusters.

Accession  Origin Plant height Node number Stem number Fresh weight Dry weight  Cluster

code (cm) per stem per plant (9/plant) (g/plant)  number
15383 Azerbaijan E 53.00 5.67 1.33 475 180 1
13212 Gilan 86.33 5.67 2.00 635 240 1
13216 Gilan 59.00 5.00 2.33 985a 350 1
13219 Gilan 74.00 4.67 2.00 820 315 1
13220 Gilan 74.67 6.33 2.00 900 365 1
13221 Gilan 66.67 6.33 1.67 760 330 1
38766 Khorasan N 78.00 4.67 1.67 660 345 1
10672 Lorestan 73.33 6.67 1.67 910 345 1
11015 Markazi 84.33 6.67 1.00 780 280 1
44665 Mazandaran 78.33 6.00 1.67 678 345 1
40012 Tehran 69.33 6.67 2.33 838 348 1
40018 Tehran 68.00 7.67 1.67 840 340 1
40126 Tehran 79.00 5.67 2.00 875 290 1
10370 Yazd 82.67 5.33 2.00 735 355 1
13210 Gilan 73.33 6.67 4.33a 1110 a 470 a 2
13213 Gilan 89.67 7.33 2.33 860 380 2
13214 Gilan 78.00 7.33 3.00 920 415a 2
13217 Gilan 84.00 7.67 3.00 890 390 2
14320 Hamedan 63.67 5.00 4.67 a 1065 a 490 a 2
14332 Hamedan 85.00 8.33 1.67 985 a 380.0 2
10798 Ilam 70.00 12.33a 3.00 866 283.3 2
43888 Khorasan 106.67 a 10.33a 2.67 1150 a 450 a 2
22595 Kurdistan 73.67 7.00 4.33a 865 315.0 2
13711 Mazandaran 102.00 a 6.33 2.33 920 450 a 2
44669 Mazandaran 65.00 6.33 3.33 765 355 2
40086 Tehran 58.67 12.33a 2.00 1180 a 535a 2
Mean 76.14 6.90 2.38 871.2 370.6

LSD 23.26 2.71 1.94 68.50 49.22
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The means of column denoted by letter a is significantly higher than that of the total average mean
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Table 7. Means of Cichorium intybus accessions and their classification into two groups using cluster analysis

Cluster Plant height Node number Stem number Fresh weight Dry weight
(cm) per stem per plant (g/plant) (g/plant)

Cluster 1 73.33b 5.93b 1.81b 777.98b 316.31b

Cluster 2 79.15a 7.95a 3.00a 971.67 a 429.10 a

X5ls e Lol pme ol S L‘,yﬂ ol e golan Gy b &S (g sin) plaas s u.fv\m
Means of clusters followed by different letters are significantly different according to Tukey test
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Figure 1. Dendrogram derived by the Ward method using data to classify the (Cichorium intybus) accessions
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Table 5. Correlation between traits in Cichorium intybus

Traits Plant height Node number Stem number Fresh weight
Node number 0.08

Stem number -0.07 0.07

Fresh weight 0.16 0.47™ 0.45"

Dry weight 0.17 0.22 0.35" 0.78™

*, ** significant at 5 and 1%, probability levels, respectively.
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Table 6. Analysis of variance of Origanum vulgare

Source DF MS

Sprouting % Plant height Stem number Fresh weight Dry weight
Accession 5 4241.9** 95.82 13.06* 5572.9** 760.9%*
Replication 2 1426.4 8.65 2.71 9.1 3.04
Error 10 636.1 52.67 4.66 124 5.53
Total 17
CcVv 1.90 22.78 25.71 4.80 9.07

*, ** significant at 5 and 1%, probability levels, respectively.
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Table 7. Means of accessions for the studied traits in Origanum vulgare and them classified them into two groups using
cluster analysis

Accession Origin Sprouting Height Stem (No) Fresh weight Dry weight Cluster
code (%) (cm) (g/plant) (.g/plant) (No).
2471 Nowshahr Q0 a 34.32 a 8.55 ab 122.88 a 46.67 a 1
10594 Ardebil 90 a 27.67ab 10.55a 118.44 a 43.67 a 1
3127 Mazandaran 26¢c 36.00 a 8.00ab 85.47 b 2296 Db 2
35618 Amol 52b 29.17ab 8.89ab 42.58 ¢ 13.06 ¢ 2
36689 Kalibar 28 bc 30.17 ab 5.00b 26.49 ¢ 10.39¢ 2
37925 Ardebil 84 a 20.00b 5.66 b 34.25¢ 13.85¢ 2

05 el b e Sals Sy gyl bl aes ol Gy ol 45 (g p) S bS] Kl
Means of columns followed by different letters are significantly different according to Tukey test
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Table 7. Means comparison between two clusters of Origanum vulgare

Cluster No Sprouting Plant height Stem number Fresh weight Dry weight
percentage (cm) Per plant (g/plant) (g/plant)

Cluster 1 90.00 a 31.00 9.55a 120.66a 45.17 a

Cluster 2 4750 b 28.84b 6.89b 47.20b 15.07b

5l o b b Dol Sy el el ates ol By gl 4 (g5 plaad i Sl
Means of clusters followed by different letters are significantly different according to the Tukey test
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Figure 2. Dendrogram derived by the Ward method to classify the Origanum vulgare accessions
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Table 8. Correlation between traits in Origanum vulgare

Traits Sprouting Plant height Stem number Fresh weight
Height -0.21

Stem no 0.25 0.21

Fresh weight 0.41* 0.34 0.59**

Dry weight 0.55** 0.21 0.57** 0.93**

*, ** significant at 5 and 1%, probability levels, respectively.
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Table 9. Analysis of variance of Melissa officinalis accessions
Source DF MS
Sprouting  Plant height Vegetation cover Stemno  Fresh weight  Dry weight
Accession 4 176.6* 180.7** 1031** 1048.** 338389** 55857**
Replication 2 186.6* 26.6 3.47 13.4 3619 1602**
Error 8 36.67 15.27 90.55 90.57 3288 89
Total 14
Ccv 5.65 8.04 20.13 15.58 1.70 2.50

ARYARKN Chw 53 Jla e Ml s 4 HFHGE
*, ** significant at 5 and 1%, probability levels, respectively.
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Table 10. Means of accessions for the studied traits in Melissa officinalis and classified them into two groups

Accession  Origin Sprouting  Plant height  Vegetation Stem  Fresh weight Dry weight Cluster
code percentage (cm) Cover (cm?) number (g/plant) (g/plant)
23756 Qazvin 90.0a 53.67 a 10.67 c 70.00a 1265 a 475.0a 1
38392 Urmia 76.6 b 43.00 b 33.67hb 49.33 b 1078 ¢ 445.0a 1
10750 llam 100.0 a 39.00 be 52.00 a 36.33 ¢ 1102 b 465.0 a 2
37924 Ardebil 90.0a 34.67c 44.00 ab 29.33¢c 649 s 290.0b 2
38972 Qain 100.0a 48.00ab 52.00 a 36.00 ¢ 378¢e 170.0c 2

Al o b b Dol Sy 5] el aes oline By ol &S () bS] il
Means of columns followed by different letters are significantly different according to the Tukey test
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Table 7. Means comparison between two clusters of Melissa officinalis

Cluster Sprouting Plant height Vegetation Stem number Fresh weight Dry weight
number percentage (cm) Cover (cm?) Per plant (g/plant) (g/plant)
Cluster 1 83.30b 48.34 a 22.17b 59.67 a 117150 a 460.00 a
Cluster 2 96.67 a 40.56 b 49.33a 33.89b 1102.00 b 308.33b

0 e b b Dol (S el pelel p aes oline By ol 4 (g5 pbaadps Kl
Means of clusters followed by different letters are significantly different according to the Tukey test
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Figure 3. Dendrogram derived by the Ward method to classify the Melissa officinalis accessions
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Table 11. Correlation between traits in Melissa officinalis

Traits Sprouting % Plant height Vegetation Cover Stem number Fresh weight
Height -0.08

Vegetation cover 0.28 -0.35

Stem number -0.29 0.62* -0.68**

Fresh weight -0.22 0.10 -0.65** 0.57*

Dry weight -0.32 -0.02 -0.54* 0.52* 0.96**

*, ** significant at 5 and 1%, probability levels, respectively.
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