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Abstract

Background and Objective: German chamomile (Matricaria chamomilla L.) is an annual plant
belonging to the Asteraceae family, holding a special place in the pharmaceutical, food, and
cosmetic industries due to its valuable bioactive compounds, such as flavonoids, coumarins, and
phenolic acids, which are used in the cosmetic, health and pharmaceutical industries. Obtaining
high-quality and high-quantity varieties is of great importance for achieving sustainable
agriculture. This study aimed to select superior populations of German chamomile based on
guantitative and qualitative traits in Isfahan Province, Iran.

Materials and Methods: This study was conducted in two separate experiments. In the first
experiment (2024), 18 populations were cultivated and evaluated, followed by 8 selected
populations in the second experiment (2025); both trials utilized a randomized complete block
design with three replications at the Shahid Fazveh Research Farm, Agricultural and Natural
Resources Research and Education Center, Isfahan, Iran. Data collected from studied traits
included plant height, flower diameter, sepal diameter, number of petals, the number of flowers
per plant, root length, dry weight of a single flower, branch head weight and dry weight of roots
at the 50% flowering stage . The aerial parts of the plants were harvested, dried, and their essential
oil was extracted by water distillation using a Clevenger apparatus. The essential oil compounds
were identified using gas chromatography (GC) and gas chromatography-mass spectrometry
(GC/MS). Flower and essential oil yields were also determined in each population. The data were
analyzed using the analysis of variance (ANOVA) test and the mean comparisons were conducted
using Duncan's test. Factor analysis was employed to determine the contribution of each trait to
data variation. Genotypes were grouped using Ward's cluster analysis, and finally, based on the
statistical analysis of data from the second experiment, populations were identified that were
superior in terms of shoot yield and key essential oil constituents.

Results: There were significant differences among the selected chamomile populations in most
of the traits in both experiments. Factor analysis grouped the 13 studied traits into five factors in
the first experiment, which collectively accounted for 84% of the total variance. The number of
flowers, flower weight per plant, shoot weight, and flower yield had exhibited positive factor
loadings and were collectively designated as the "flower yield potential* factor.
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The second factor comprised essential oil percentage and yield, while the third factor represented
flower size. Cluster analysis categorized the 18 studied populations into three groups, with flower
yield serving as the primary distinguishing factor among them. Given the importance of flower
and essential oil yields, and based on the cluster analysis results from the first experiment, eight
populations were selected for cultivation in the second experiment (scheduled for the year 2025).
The mean comparison of these eight populations indicated that five of them, specifically Isfahan
1, 5, and 6, along with Khuzestan 2 and 10, could be selected for the next phase of the study
(involving research-extension trials) due to their superior performance regarding flower yield,
essential oil yield, essential oil percentage, and main essential oil compounds, with the ultimate
goal of breeding improved varieties. Essential oil compound analysis of the populations in both
experiments also revealed that Isfahan populations 1, 5, and 6 had higher mean levels of
chamazulene and a-bisabolol oxide A, while Khuzestan populations 2 and 10 exhibited higher
mean levels of a-bisabolol oxide A.

Conclusion: The summary of the results showed that Isfahan 1 and 5 and Khuzestan 10
populations were high in terms of flower yield, essential oil yield and essential oil percentage;
Isfahan 6, due to optimal flower yield and Khuzestan 2, due to appropriate essential oil percentage
and essential oil yield, can be selected and prioritized to achieve varieties with high quantitative
and qualitative yields.
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Table 1. Habitat information of selected chamomile populations during 2024 and 1404

Populations Source  Sample Place of collection Altitude (m)  Longitude Latitude
Esfahan 1* Farm Cultivated  North Baraaan, Fesaran- Saberi farm 1541 - -
Esfahan 2 Farm Cultivated  Jey and Ghohab, Sosart, Borojerdi farm 1541 - -
Esfahan 4* Farm Cultivated  Goldaroo company 1570 - -
Esfahan 5 Farm Cultivated  North Baraan, Dastja, Etebarian farm 1541 - -
Esfahan 6* Farm Cultivated  Dashtyaar company 1570 - -
Loreatan 1 Habitat  Wild Doaab nangtir 993 47°57'53"  33°29' 18"
Loreatan 3 Habitat  Wild Afarnieh 844 47°52' 11" 33°18' 52"
Loreatan 4 Habitat  Wild Ghalee Sanghi 1278 48°16'50"  33°34' 29"
Loreatan 6* Habitat  Wild Sardasht 471 48°49' 11" 32°29' 50"
Loreatan 8 Habitat ~ Wild Dehdez 1567 50°17' 42"  31°42' 30"
Khuzistan 2* Habitat  Wild Andica 2 - - -
Khuzistan 3 Habitat  Wild Andica 778 49°27' 10" 32°12' 31"
Khuzistan 4 Habitat  Wild Mormoori 530 47°39' 46" 32°45' 07"
Khuzistan 5* Habitat  Wild Ahvaz 30 49°07' 25"  31°14' 34"
Khuzistan 6* Habitat  Wild Masjedsoleiman 322 49°15'22"  32°00' 47"
Khuzistan 7 Habitat ~ Wild Behbahan 438 50°10' 57"  30°49' 01"
Khuzistan 9 - - -

Khuzistan 10*
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Table 3. Analysis of variance: Comparison of the average traits measured in 18 chamomile plant populations cultivated at Shahid Fozveh Research Station in 2024

Population Plant Flower Receptacle Petals Flower Root Single Flowers Branch Root Flower Essential Qil
Height Diameter Diameter No./P No/P Length Flower Weight Weight Weight Yield Qil (%) Yield
(cm) (cm) (cm) (cm) Weight (g) (9/p) (@) (9) (kg/h’ (kgrh)

Esfahan 1 80.7a 2.00 b-e 0.93 b-e 18 ab 16a 7.0 b-d 0.075b 0.98b 11.60a 0.33b 979.0 a 0.85¢ 8.30b
Esfahan 2 78.3 ab 2.33 abc 1.30a 15 ab 8 bc 113 a-c 0.084 a 0.34¢g 6.50 a-c 0.28¢ 825.7 de 0.38¢ 3.140i
Esfahan 4 66.3 ef 152e 0.83 de 19a 4c 5.7 cd 0.061d 0.33g 3.20 bc 0.061i 853.3¢c 0.63d 5.40d
Esfahan 5 71.3 cd 2.42 a-c 1.28 a-c 15ab 15a 13.7a 0.034j 1.00a 9.44 ab 0.15e 959.0 a 0.90b 8.60 a
Esfahan 6 723 cd 2.60 ab 1.23 ab 19a 13ab 10.3 a-d 0.071c 092c 8.22 a-c 0.29¢ 906.3 b 0.28 ij 253 jk
Loreatan 1 75.0 bc 2.10 a-e 1.20 a-c 19a 3c 7.7 b-d 0.073 ¢ 0.34¢g 6.11 a-c 0.10¢g 700.0i 054 e 3.80h
Loreatan 3 66.3 ef 2.06 b-e 1.13 a-d 15ab 4c 9.3ad 0.061d 0.23 h-j 3.33bhc 0.10¢g 811.0 ef 054e 438 f
Loreatan 4 66.3 ef 2.16 a-e 1.07 a-d 17 ab 3c 9.3ad 0.051¢g 0.18 k 4.73 be 0.13f 811.3 ef 0.50e 4.10fg
Loreatan 6 64.7 f 2.16 a-e 0.90 b-e 18 ab 4c 11.7 ab 0.060 d 0.24 hi 3.33bc 0.22d 655.0 0.34 gh 220k
Loreatan 8 40.0 h 2.16 a-e 1.03 a-e 15b 4c 7.7 b-d 0.057 e 0.25h 6.44 a-c 0.16 ¢ 790.3 f 0.45f 3.60h
Khuzistan 2 5439 2.30 a-d 1.20 a-d 17 ab 4c 8.3 ad 0.045b 0.20j 254c¢ 0.09 gh 810.7 ef 094a 7.62¢
Khuzistan 3 55.3¢g 1.63 de 0.96 b-e 17 ab 8 bc 113 a-c 0.045h 0.46 f 3.92 be 0.12 f 535.3h 0.81c 430 f
Khuzistan 4 70.3 de 1.76 b-e 1.13 a-d 17 ab 12 ab 8.7 a-d 0.052 f 0.86d 8.41 a-c 0.23d 761.3¢g 0.64d 489 e
Khuzistan 5 80.0a 2.00 b-e 0.86 c-e 16 ab 9 bc 9.0 ad 0.041 h 0.64e 8.33a-c 0.16 e 839.7 cd 0.22 k 1.851Im
Khuzistan 6 65.7 f 150e 0.73 e 18 ab 5¢ 11.3a-c 0.061d 0.34¢g 6.20 a-c 0.24d 758.3 ¢ 0.38¢g 2.86 ij
Khuzistan 7 38.0h 280a 1.13 a-d 17 ab 5c¢ 5.0d 0.052 f 0.23 h-j 9.57 ab 0.08 h 731.3h 0.32 hi 230k
Khuzistan 9 55.09 2.13a-e 1.03 a-e 15Db 3c 11.0a-c 0.045 h 0.24 hi 9.48 ab 0.40 a 725.7h 0.23 jk 1.71m
Khuzistan 10 52.0¢g 2.33 a-c 1.10 a-d 15b 3c 9.0 a-d 0.060d 0.21 ij 7.50 a-c 0.23d 728.3h 0.26 jk 1.89I m
F value B EE) EE ) ns Sk ns B B e ek e sk e
" * and **, non significant and significant at 5 and 1%, probability levels, respectively. 70 570 i) g 53 g 5 Jlsgine ok i 5 4y 5 B NS

Different letters in each column indicate significant differences based on the Duncan method (P<0.01) s TN Szl i 55 13 ime G S5 63T ol iyt 3 53 e i g sl sla e Sl
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Table 3. Factor loading values, eigenvalues, percentage variance, and cumulative variance of the first 5 factors of
agronomic traits of German chamomile in the first trial

Traits Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Flower per Plant 0.903 0.227 0.023 0.117 0.159
Weight of dried flowers per plant 0.930 0.227 -0.051 0.090 0.120
Branch weight 0.818 -0.399 0.189 -0.106 -0.198
Flower yield 0.745 0.381 0.052 0.134 0.019
Dry Root weight 0.506 -0.585 0.067 0.091 0.331
Essential Oil % 0.183 0.944 -0.003 -0.026 0.012
Essential Qil yield 0.337 0.910 0.014 -0.017 0.012
Flower diameter 0.132 -0.121 0.849 -0.107 -0.128
Receptacle diameter 0.043 0.158 0.917 0.151 0.134
Number of Petals 0.026 0.110 -0.550 0.549 -0.184
Plant Height 0.279 0.025 -0.465 0.595 0.342
Dry weight of a single flower -0.011 -0.282 0.187 0.847 -0.027
Root length 0.119 -0.015 0.019 -0.173 0.939
Eigenvalue 3.43 2.63 2.17 1.96 1.42
Variance% 24.52 18.84 15.50 14.02 10.14
Cumulative variance% 2452 43.35 58.85 72.87 83.02

iz by 8B L (gl ptme (Saaad sl sas 008 Las Lgl 5 55 a5 catyn cigh b slae
The bold font and underlined data strongly correlate with the relevant factors.
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Figure 1- Dendrogram resulting from Ward cluster analysis on 18 populations of German chamomile
(Matricaria chamomilla L.) in 2024
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Table 4. Number of groups and averages of studied traits in each cluster in 2024

Traits Group 1 Group 2 Group 3
Esfahan 1,5,6 Lorestan 1,6 Esfahan2,4, Lorestan 3,4,8
Khuzistan 3,4,6,7,9,10 Khuzistan 2,5
Height (cm) 70.8a 62.5a 66.3 a
Flower diameter (cm) 2.34 a 2.05a 2.08 a
Receptacle diameter (cm) 112 a 1.03a 1.06 a
Number of Petals (No/p) 17.33a 16.83a 16.5a
Flowers per Plant (No./p) 14.7 a 53b 5.23b
Root length (cm) 10.33a 9.5ab 8.7b
Dry weight of single flower (g) 0.06 a 0.05a 0.05a
Weight of dried flowers (g/p) 1.13a 0.36 b 0.31b
Branch weight (g/) 29.22a 20.43b 15.0c
Dry Root weight (g/p) 0.26 a 0.20 ab 0.14b
Flower yield (kg/h™) 948 a 724.4c 820.3 b
Oil (%) 0.72a 0.44b 0.56 a
QOil yield (kg/h™) 6.91a 3.20b 4.60b

LSSl Q}aﬂ) ol 7Y Jlas! Clz“ D3 b me Ml i,y p s alee e Gy lls sboSle
Different letters in each row indicate significant differences based on the Duncan method (P<0.01)
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Table 5. Comparison of the average traits measured in 8 chamomile plant populations cultivated at Shahid Fozveh Research Station in 2025

Population Plant Flower Receptacle Petals Flower Root Single Flowers Branch Root Flower Essential oil
heigth diameter Diameter Number n/p Length Flower Weight weight weight yield Oil (%) Yield
(cm) (cm) (cm) (cm) Weight (g) (9/p) @) () (kg (kg/h)
Esfahan 1 56.0 a 1.83a 0.46d 16.0a 5.9ab 10.7ab 0.11ab 0.61a 1.90 b 0.37b 2410b 0.56d 13.5d
Esfahan 5 450a 1.83a 0.86 a 16.0a 6.44ab 142 a 0.08ab 0.51b 1.86 b 0.43a 2053 cd 0.79b 16.2c
Esfahan 6 51.7a 1.93a 0.60cd 19.3a 2.89Db 7.0b 0.13a 0.33d 1.37¢c 0.09 f 2816 a 0.51e 14.4d
Loreatan 6 49.7 a 2.00a 0.83ab 18.3a 3.56 b 95b 0.08a b 0.26 e 1.19d 0.16d 1956 d 0.6cd 11.7e
Khuzistan 2 43.0a 1.83a 0.67bc 17.3a 8.1la 76b 0.08a b 0.53b 143¢c 0.28¢c 2056 cd 0.94a 19.3b
Khuzistan 5 50.0a 1.83a 0.70a-c 17.0a 411b 6.8b 0.07 b 0.28 e 1.03de 0.13e 1696 e 0.62c 10.5f
Khuzistan 6 46.0 a 1.90a 0.83ab 16.7a 5.33ab 8.6b 0.07 b 0.41c 3.50a 0.17d 2086 ¢ 0.40f 8.3¢
Khuzistan 10 43.0a 1.96 a 0.70a-c 14.7 a 3.22b 9.4b 0.05b 0.17f 0.99e 0.09 f 2483 Db 0.99a 24.5a
F value ns ns *x ns * * ns *ox *ox *x *x *ox *ox

", *and **, significant at 5 and 1%, probability levels, respectively.
Different letters in each column indicate significant differences based on the Duncan method (P<0.01)
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Table 6- Percentage of dominant essential oil compounds of selected chamomile populations cultivated in the
first (2024) and second (2025) experiments

Population E-B-farnesene a-bisabolen oxide A Chamazulene a-bisabolol oxide A
2024 2025 2024 2024 2025 2024 2025

Esfahan 1 8.9 8.53 20.43 15.04 1395 16.86 35.25 38.64
Esfahan 2 5.8 10.1 15.36 40.3

Esfahan 4 4.6 19.83 7.3 39.3

Esfahan 5 6.4 16.61 15.86 17.39 17.67 4.85 42.86 31.78
Esfahan 6 5.9 8.74 20.31 26.65 15.53 9.08 37.02 34.94
Loreatan 1 7.9 25.86 4.97 40.50

Loreatan 3 8.9 41.76 5.06 27.03

Loreatan 4 8.7 33.49 5.65 32.6

Loreatan 6 9.7 18.26 32.49 27.48 6.02 5.37 33.71 27.53
Loreatan 8 6.5 37.47 4.99 34.41

Khuzistan2 8.2 13.36 42.76 38.72 7.91 6.82 27.18 21.67
Khuzistan3 3.9 34.51 7.09 29.64

Khuzistan4 4.6 35.16 6.80 28.38

Khuzistan5 8.0 18.48 29.32 22.86 6.15 5.98 34.77 27.47
Khuzistan6 7.9 11.43 33.38 29.63 5.64 6.04 30.68 29.87
Khuzistan7 7.6 39.6 5.26 27.52

Khuzistan9 10.5 44.05 5.0 24.96

Khuzistan10 6.7 11.36 50.0 44.64 5.21 6.94 20.03 21.54
RI 1457 1451 1694 1741 1736 1758 1755
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