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Table 2- Weather and Soil condition of the research field
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Table 1- Geographic location and summer season climatic conditions of the studied M. longifolia genotypes.

Wl 5,0 s Sl L il L Sl 3l el
Annual Seasonal Min Max by daw il o bl b ol X 0lad
precipitation  Precipitation ~ Temp Temp Altitude Latitude Longitude Province Code No.
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Lorestan
287.80 4.55 707 3546 2533 322116 502814’ pleke o)y
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13.25 e e
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418 ovnae Al gl
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Table 2- Variance analysis of some morphological characteristics of M. longifolia L.

Squars mean Free e &
) ) ) S5 s ] ) degree Variance source
Spoor  Spdk Spphe P Sy P ol glas)l 5g
Leaf Leaf Leaf # Leaf Fresh Plant vield
Width Length Surface Leaf Dry Weight Height
Weight
0.0009" 0.01" 17.25™ 0.0009" 0.003" 1320.03" 22687.5" 1 \;Jel:r
0.17 0.58 3.15 0.003 0.007 88.64 1893.5 4 Jbo gl
A\ Year error
2.14™ 823" 7527  0.004™ 0.02™ 190.23"  96652.6™ 19 595
Genotype
PR
0.00005"  0.0007" 4.64™ 0.0002™ 0.0007" 0.14" 947.14" ¥ d
enotype - Year
) e
0.13 0.4 1.10 0.00009 0.001 10.54 S
Total error
Ol o
19.63 13.75 11.35 17.37 24.95 4.19 Coefficient of
variation

Jeis! o )3 5 dze iy 4 NS g e
ility, non-significant

f@fistics of M. longifolia L.
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Squars méan N
N q % I‘:)I’I Variance
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il Joi 2 A o ) 0% % gy _degree
Essential “ 0 ce Inflorescence
il ) Flogj/ve_r v 100% diameter Iréﬂoresqe?]ce fresh weight
content ~Jegradation Wfloweting ry weight
0.001"M 0.05* 0.002m 0.003m™ 0.01"s 1 Ju
Year
0.05 0.01 0.003 0.003 0.82 g Jesls
Year error
9.66™ 858.13™ 856.93™ 15.96" 0.06™ 0.03™ 1.07™ 19 w95
Genotype
i Jlw
0.01m™ 22.91 0.02m 0.00003™ 0.00002™ 0.0004"s 19 Genotype -
Year
JS s>
0.04 9.89 8.77 1.09 0.0004 0.0007 5.40 76 Total
error
eyl
Oy
10.12 2.48 4.02 14.06 2.99 15.83 22.83 Coefficient
of
variation
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Table 4. Mean comparison of

ro-morphological traits of M. longifolia L. genotypes
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el sl afledols  SHOPE Sxdk s, Swo SpEe 00 EEL
S Leaf Leaf Leaf Leaf Leaf Plant
Essential oil Internode . Dry - Genoty
- ) . width length Dry Fresh surface ’ height
yield (Kg/m?)  Distance (cm) . - Yield pe
(cm) (cm) Weight  Weight (cm) (@) (cm)
@ (@ _
0.011¢%¢ 6.79% 2.03% 3.83¢% 0.03fi 0.11¢ 6.539' 659.17%9  75.50% Gl
0.025° 7.78% 1.43M 5.97% 0.05% 0.12¢n 5.93M 859.832  69.179" G2
0.012¢f 5.53¢ 2.34 5.55% 0.06¢% 0.18¢ 12.33b¢ 7475%  78.83%® G3
0.008™M 6.51bd 1.38M 3.65¢ 0.02n 0.079 7.26M 6051 76.17¢f G4
0.008¢" 7.86% 1.41M 3.58¢f 0.01' 0.06" 2.59i 510.83"  74.83% G5
0.019h_ 6.06% 1.39M 6.08% 0.04¢%9 0.169f 6.06" 609.17%9  81.17% G6
0.006" 6.95 1.339" 3.91¢% 0.05% 0.13¢n 8.98¢f 504.17"  73.08%" G7
0.027° 6.00 3.13 4.27¢% 0.04¢%9 0.17¢f 15.70°  825.83*  76.17° G8

A
A
Y YY
Y YY
YY¢
VYo
AR
AR
VYA

Yy Y4



0.029° 6.74% 2.145f 3.93¢% 0.06% 0.21M 9.57¢% 844.17®  73.83%" G9

0.016% 6.72M 2.42%¢ 5.54pb¢ 0.05¢% 0.25% 12.28%¢ 752¢d 73.83" G10
0.002i 6.370d 1.46¢" 4.16% 0.04¢h 0.10¢" 9.149f 588.279"  69.33M Gl1
0.013¢% 6.46" 2.49%¢ 5.822 0.05¢% 0.09™ 1293  646.86%  79.17¢ G12
0.0342 6.11¢ 2.83» 7.092 0.122 0.312 17.178 899.332  89.00% G13
0.014¢% 6.61bd 2.31Md 3.97% 0.04¢eh 0.14dn 8.684 696.83%  67.50" Gl4
0.009™ 7.82% 1.614 3.87¢% 0.08 0.13¢n 8.13¢ 621.67%  82.58% G15
0.0362 7.10% 2.16°f 5.50% 0.10% 0.27% 9.00¢f 883.332  87.50% G16
0.019¢ 7.29%¢ 2.220¢ 5.08 0.07¢d 0.14% 10.55¢ 752.670d  77.50% G17
0.011°% 6.06 1.4g¢h 3.37¢f 0.054f 0.17¢ 9.68% 687.5¢%  81.17% G18
0.0021 8.302 0.88" 2.30f 0.03¢ 0.079" 4.891 505" 81.17w G19
0.003i 6.44b4 1.259" 4.45¢¢ 0.04%9 0.13¢" 7.75¢ 588.83%  79.17¢ G20
NSYAR . . . s Jsb 9 o)
3 S Jysfiar e WM s o S -
b 50% o o < < Inflores  Infloresc )
100% Inflorescence 100% 50% Inflores  Inflores cence ence Genoty
Inflorescence degradation  flowerin flowerin ¢ CeNCE Ty pe
degradation (day) g (day) g (day) diameter  length weight
(day) (cm) (cm) ()
111.839" 71.83k 51.16" 33.33i 0.68¢f
132.66¢ 122.16% 68.33%®  50.83¢ 0.882 G2
138.66% 123.83% 95.33° 70.50° 0.83% G3
116.501 86.339" 72.66° 47.50% 0.519 G4
116.001 80.16M 58.331 40.83f 0.66°¢f G5
127.508 100.00f 62.33¢F  49.83¢ 0.67¢ G6
134.16% 113.33« 61.83f 49.33¢f 0.81b¢ . . . G7
130.66¢% 114.66% 58.331 50 83ce 0.79¢ 0.07' 0.964f 1.789 G8
138.33 121.83%® 92.83" &‘ 0.85% 0.16¢f 0.74¢f 2.47¢ G9
117.66f 79.83N 94.83° 57.33¢ ‘ 0. 70de 0.154n 0.87¢f 2.12¢% G10
116.831 71.00i 64.009f 39.00¢ 0.15% 1.119f 1.38 Gl1
118.16f 93.00¢ 69.33%¢ 49,50 282 1.49bd 2.622% G12
151.66° 128.332 104.662 79.502 ﬁ 2.062 2.932 G13
110.16" 76.331 51.00" i .100i 0.73¢f 2.07% Gl4
139.500 119.83b¢ 0.11f 1.50bd 2.21°% G15
139.16b° 124.16% 0.20¢d 1.71%¢ 2.67% G16
134,33bcd 105.00¢f 0.14dn 1.44bd 2.330d G17
113.66%" 76.161 0.28° 1.21¢ 2.68% G18

0.18¢ 1.15¢f 1.69% G19
0.19« 1.99% 1.48 G20

113.00f" ﬁsok‘

129.66%
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Table 5. Correlation between some vegetati i ifs in genotypes of M. longifolia L.
LFW LDW LL LW NN IND SD EOC
LFW 1
LDW 0.75" 1 “
LL 058" 070" 1 A
LW 044® 054" 1 A
LS 047" 0.58™ 0.5 0.76™
PH 052" 071~ @MY
Y 0.53" 0.65™ 0.58™ 1
NN 0.58™ 0.58" 0.59™ 0.56" 1
IND -0.35™ \" -0 - 032" -0.78" 1
SD . 63" 0.5 0.46" 0.71™ 0.69™ 0.66™ -0.35™ 1
EOC 0.43™ 0.60™ 0.91™ 0.52" -0.25" 0.71" 1
™ Correlatio Correlation is significant at the 0.05 level. ™ Correlation is not significant.

Y= 5,Skes, PH= oelss,), LF LDW= 5, Sits 59 LS= 5y gy LL= 5 Jsbo, LW= 5y e, NN= 65 slas,
IND= oSl alols, SDRs
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Table 5. Correlatign between some vegetative and reproductive traits in genotypes of M. longifolia L.

IFW | 1D IL HF CF HFD CFD EOC

IFW 1
IDW 0.62™

ID 0.18™ 0.29™ 1

IL 0.38™ .60™ 0.46" 1

HF 0.35™ 0.29™ 0.51" 0.39™ 1

CF 0.29™ 0.17m 0.39 0.27m 0.88" 1
HFD -0.003™ 0.13m™ 0.67" 0.29™ 0.76™ 0.59™ 1
CFD 0.08™ 0.24™ 0.65™ 0.29™ 0.80" 0.62™ 0.97" 1
EOC -0.02" 0.37™ 0.44" 0.39™ 0.58" 0.61" 0.60™ 0.62" 1

™ Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level. ™ Correlation is not significant.

IFW= (395 5 s IDWS 305 (S5 g, ID= (3305 b, IL= (308 Jsbo, HF= _auS 70+, CF= aulS 7).+, HFD= Jls; /o-
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= I Sl FShe sely e )
C.V% Mean  Min Max Unit Sym Row
48.37 0.15 0.01 0.34 ar LFW Sy i 1
52.38 0.06 0.01 0.14 ar LDW Sy K 39 2
39.99 9.26 2.06 20.04 cm? “LS Sy aw 3
27.41 4.60 1.73 7.4 cm ‘LL Sy Jsb 4
34.98 1.89 0.55 3.2 cm LW Spuos 5
29.52 2.60 1.27 4.56 cm f width Sy oyl Sy Jsbo 6
9.25 77.33 70 98 cm helgm olS glas)l 7
18.13 1141 7 numb Node number 0,5 slass 8
16.38 6.78 5 o7 cm Internode length 0,55ke alold 9
14.43 2242 14‘ Leaf number Syolas 10
20.37 2.12‘& Shoot diameter 48l ylad 11
61.12 1.37 ‘02 BLDW Branch dry leaf weight FEARPITYE SR IENTY 12
42.33 1.17 0.32 IFW Inflorescence fresh weight OIS 5 3 13
43.03 IDW Inflorescence dry weight oI iS5 14
14.05 1D Inflorescence diameter NS s 15
24.24 IL Inflorescence lenght O Jsb 16
28.86 SDW Shoot dry weight Wl s 59 17
93.18 Y Yield 5,8dos 18
27.04 50%F 50% Flowernig S V0. 19
23.75 100%F 100% Flowering EILARE 20
21.26 day 50%FD 50% Flower degradation J5 Jlg; Zo- 21
9.59 126.51 105 154 day 100%FD  100% Flower degradation B SPARE 22
12.98 14.40 12 17 numb LBN Lateral branch number P ENPER RN KB 23
4.14 6198 2091 117.59 cm LBL Lateral branch lenght ol 3l Job 24
56.81 2.20 0.25 5.27 (%) EOC Essential oil content P S S 25
75.68 150.78 10.13 46155 Kgha' EOY Essential oil yield oeolol 3 Slee 26
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morphologic s of M. longifolia L.
Slas
Traits
7 6 3 2 1

001 016 0.32 031 053" Leaf Fresh Weight Sy 5ok
0.04 0.31 0.34 0.12 045  0.66™ Leaf Dry Weight Sy K3
0.16 0.46 006 069" 018  0.38 Leaf Surface S daw
007  -0.07 058"  0.40 0.29 0.47 Leaf Length Sy b
0.32 0.32 003 013 043 011 071" Leaf Width Syt
013 -0.42 008 059"  -002 043  -041 Leaflength/LeafWidth 5, s./s) Job
040 025 0.30 0.14 0.10 038 058" Plant Height oLS glis)|
032 002 0.16 012 072" 029 0.44 Nod Number 05 sl
0.06 0.26 -0.01 000  -0.89"  -0.05 -0.18 Internode Distance 0, Sike alolé
013 001 0.30 003 086" 012 0.19 Leaf Number S ol
-0.18 0.13 0.20 0.05 0.25 008 078" Stem Diameter Bl jlab
0.06 029 0.24 0.33 0.23 044 067  BranchLeaf Dry Weight  wsls 5y s 5
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009 060"  0.09 Weight o 3 039
010  -021 019 Inﬂorevigfgnhcte o o S o
-0.09 0.76™ 0.30 Inflorescence Diameter RS
0.06 0.27 0.30 Inflorescence Length SN b
0.12 -0.28 -0.21 Stem Dry Weight Bl K5
021 023 087" Yield >5Skes
037 066" 044 50% Flowering s 7o
0.32 0.44 0.62** 100% Flowering ICOARE

0.16 0.89** 0.30 50% Flower Degradation oINS lg; 70+

100% Flower
021 087" 032 Degradation WA
-0.17 -0.05 050 Lateral Branch Number

oINS g5 7N+
ool LS ol
-0.15 0.02 0.13 Lateral Branch Length b asls Jsb

-0.13 -0.15 0.01 Flower color
033 017 0.03 Leaf shape Sy JSa
-0.12 0.09 -0.04 Hairy leaf

0.10 031 089" ool ol
0.10 033 088" bl 3,Skes
371 468  7.03 o polio
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Evaluation of Diversity in Morphological, Agronomical and Essential Oil Content

Characteristics of Different Genotypes of Mentha longifolia L. from Iran

Abstract Mentha longifolia L. is one of the species of the mint genus, which is naturally growing in
Iran. In this research, after collection of 20 different genotypes from all over of Iran, cultivating was
carried out for morphological and agronomical traits evaluation and extraction of essential oils. The
geographic and climatic characteristics of each habitat were determined and the meteorological and
soil statistics were provided for estimation. Vegetative and reproductive characteristics of each
genotype, as well as the essential oil yield and content of the genotypes, were studied in this research.
A general analysis of the results showed that in terms of morphological, agronomical traits and
essential oil content there was significant variation among genotypes (P<0.01). The results of
correlation between evaluated traits and essential oil content showed that the vegetative organs had

more effect on essential oil performance than reproductive organs. The cluster analysis of the studied
traits divided the studied genotypes into two distinct groups. The difference between these separated
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two groups can be attributed to the performance traits and different climatic conditions in the native
habitat of these genotypes and their genetic parameters. Finally, the genotype of Hormozgan,
Khuzestan, Kerman, West Azarbaijan and Qazvin provinces due to better vegetative and crop
characteristics and high essential oils yield than other genotypes, can be found superior in breeding
and domestication programs or cultivation and production.

Keywords: Climatic parameter, Essential oil, Morphological Marker, Morphological traits, Superior Genotype

Introduction Mentha is one of the most important genera of aromatic plants which belongs to the Lamiaceae
family. The genus of Mentha is distributed across Asia, Africa, Australia, Europe, and North America. Mentha
longifolia L., also known as wild mint, is a fast-growing aromatic perennial herb. It is widely used as herbal
medicine and is beneficial for the immune system and fighting with secondary infections. The essential oil of this
plant is partly responsible for the decongestant, antispasmodic and antibiotic effects. rently, much emphasis
is being laid on conserving plant germplasm as valuable bio-resources. Selection betweén and within accessions
for a high level of herbage yield and other characters requires an effective tool to be appliedisy mint breeders.
Achieving to cultivars that are more capable of optimum producing is a breeding goal. ectives of this
study were to analyze the diversion of the agronomical traits of Mentha longifolia L. ge
regions of Iran under a similar condition in order to find the sup@r genotype intpduce for the
domestication of this plant.

Material and method this research was performed in the reseg d 2rdowsi University of
Mashhad. The field is placed at 36°15" North latitude and 59°38' East 10Rgi ; itude of 985 meters. The
information related to temperature and precipitation was gotten from agkolog Soil sampling was done in

was fertilized by 25 kg/ha animal manure. Seeds of 20 genotypes, of M. longifolia L. were prepared from Gene
Bank of Research Institute of Forests and Ra@ ds an the wild mint genotypes distribution was
presented on the map. The experiment was perfor‘ inafi m? areas in 2015-2016 growing seasons.
The experiment in form of compound analysis arranged ndomized design with three replicates of
20 wildmint's genotypes in every replication. In each fiwo teen Blish was totally studied, in which the

distance between the two plants was 20 cm. The plot red T2’ d the distance between rows was
50 cm. The dimension in the plots for every replication was 3.8in? and the distance between blocks were
1.5 and between experimental units were 0.5 meters. Picking, up was done after elimination of 0.5 meters from
every side of replication. The §8gent il was extracted using'€levenger type apparatus and by hydrodistillation.

Results and Discussion Bpalysis 0
morphological, Ag 0ical a
results of this study sh@ed that Me

e showe effect of the diversity among the genotypes on
ol yield parameters of wild mint was a significant (P<0.01). The
ifolia L. herb has a high diversity under the same culture conditions

effect on the ial oi he reproductive organs. This may be due to the distribution of essential
oil accumulation ites, which requires further research in this regard. The study of vegetative and
isti ests that the genotypes of the dry and semi-arid climates have different
he separation of their genotypes compared with the other genotypes. The Biplot,
eflects the relationships between the studied genotypes. The results of bi-plot of cluster
otypes were divided into two main groups based on agronomical and morphological

conditions, which
based on PC1 and PC
analysis confirmed that
traits.

Conclusions Finally, plants'ef genotype G13 belongs to Hormozgan province and then G16 genotype belongs to
Khuzestan province wer€ Selected because of more biomass, more aerial part volume and also the most essential
oil performance compared to the other genotypes. Desirable traits for the aerial part such as the time of
flowering, leaf length, leaf width, plant height, the highest number of leaves in the stem and internode distance
are important traits that should be considered. In addition, the cultivation of these genotype in order to the further
production can be the great help in the domestication of this species and, given the fact that the diversity is a
precursor of breeding, this research can be an introduction for future breeding operations. However, further
research is needed to confirm the phytochemical superior genotypes.
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