Journal of Horticultural Science

https://jhs.um.ac.ir R

Research Article
Vol. 38, No. 1, Spring 2024, p. 1-19

Evaluation of Diversity in Morphological, Agronomical and Essential Oil
Content Characteristics of Different Genotypes of Mentha longifolia L. from
Iran

A. Moshrefi-Araghi', S.H. Nemati?*, M. Shoor'*3, M. Azizi ", N. Moshtaghi’

1, 2, 3, 4- Former Ph.D. Student, Assistant Professor, Associate Professor and Professor, Department of Horticulture
Science and Landscape Architecture, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran,
respectively.

(*- Corresponding Author Email: nemati@um.ac.ir)

5- Associate Professor, Department of Biotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran

Received: 21-04-2018 How to cite this article:
Revised: 30-09-2018 Moshrefi-Araghi, A., Nemati, S.H., Shoor, M., Azizi, M., & Moshtaghi, N. (2024).
Accepted: 06-10-2018 Evaluation of diversity in morphological, agronomical and essential oil content
Available Online: 20-02-2022 characteristics of different genotypes of Mentha longifolia L. from Iran. Journal of
Horticultural Science, 38(1), 1-19. (In Persian with English abstract).
https://doi.org/10.22067/jhorts4.v37i4.72174

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. Currently, much emphasis is being laid on conserving plant
germplasm as valuable bio-resources. Selection between and within accessions for a high level of herbage yield and
other characters requires an effective tool to be applied by mint breeders. Achieving to cultivars that are more capable
of optimum producing is a breeding goal. The objectives of this study were to analyze the diversion of the agronomical
traits of Mentha longifolia L. genotypes from different regions of Iran under a similar condition in order to find the
superior genotypes and introduce for the domestication of this plant.

Material and Method

This research was performed at the research field of the Ferdowsi University of Mashhad. The field is located at
36°15' North latitude and 59°38' East longitude, at an altitude of 985 meters. The information related to temperature
and precipitation was obtained from climate station. Soil sampling was done in the depth of 0.3 meter and physical
experiments on samples were done before starting the experiment. The field 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
Rangelands and a view of the wild mint genotypes distribution was presented on the map. The experiment was
performed in a field with 500m? areas in 2015-2016 growing seasons. The experiment in form of compound analysis
arranged in complete randomized design with three replicates of 20 wildmint's genotypes in every replication. In each
furrow, fourteen bush was totally studied, in which the distance between the two plants was 20 cm. The plot was
considered 1.2 by 3 m and the distance between rows was 0.50 m. The dimension in the plots for every replication
area was 3.6 m? and the distance between blocks were 1.5 and between experimental units were 0.5 meters. Picking
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up was done after elimination of 0.5 meters from every side of replication. The essential oil was extracted using
Clevenger type apparatus and by hydrodistillation.

Results and Discussion

Analysis of variance showed that the effect of the diversity among the genotypes on morphological, agronomical
and essential oil yield parameters of wild mint was significant (P<0.01). The results of this study showed that Mentha
longifolia L. herb has a high diversity under the same culture conditions among genotypes collected from 20 regions
of Iran. Correlation result shows that vegetative organs have more effect on the essential oil content than the
reproductive organs. This may be due to the distribution of essential oil accumulation and storage sites, which requires
further research in this regard. The study of vegetative and reproductive characteristics suggests that the genotypes of
the dry and semi-arid climates have different conditions, which may causes the separation of their genotypes compared
with the other genotypes. The bi-plot, based on PC1 and PC2, reflects the relationships between the studied genotypes.
The results of bi-plot of cluster analysis confirmed that genotypes were divided into two main groups based on
agronomical and morphological traits.

Conclusion

Finally, plants of genotype G13 belongs to Hormozgan province and then G16 genotype belongs to Khuzestan
province were 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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Figure 1- The evaporation curve map and distribution of studied Mentha longifolia L. genotypes
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Table 1- Weather and Soil condition of the research field
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Weather condition of the field in summer season
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Parameters Tmax (°C) Trin (°C) Tmean Wind speed Precipitation Evaporation
- m CO) (m.st) (mm) (mm)
1394 39.36 14.16 25.93 4 0.9 444
1395 38.73 14.86 25.50 3.6 0.0 416
a0 SB3IUT
Soil analysis of the field
] Culaa . - .
SK cdl s ] I olge S oansliy o Ojar
Texture pH oM - K P N
(%) EC (mg.Kg) (mg.Kg?) (%)
(ms.cm™)
o py 7.83 1.27 485 225 123 0.068
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Table 2- Geographic location and summer season climatic conditions of the studied of M. longifolia genotypes
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No. Code Province Ld“'tﬁ?d If’ttﬁ: precipitation Precipitation Tmin Tmax Altitude
ongitude atitude (mm) (mm) (C) (C) (m)
1 Gl "L‘"'D’_ 48°0705 383921 256.60 2451 11.80 31.77 1472
Ardabil
Lo o e
2 G2 ol 564244 292806 167.06 10.04 25.62 4531 2972
Kerman
3 G3 ol 475900°  333100° 426.17 3.43 1710 4143 1043
Lorestan
4 Ga el gho00y 322116 287.80 455 7.07 3546 2533
Chaharmabhal
5 G5 Y;}; q 54°1300" 313500 53.92 0.18 18.32 3951 1914
Lo . i
6 G6 ol 571307 292339 208.57 13.25 8.88 37.40 3240
Kerman
7 G7 ! 512115 355817 245.84 11.63 12.91 37.41 2170
Alborz
¥ bl
8 G8 W. 4473440 370708 247.93 32.39 10.65 34.38 1824
Azarbaijan
9 G9 9P 502429 362849 292.18 11.76 11.37 38.15 1650
Ghazvin
10 G10 o ool 574038 370652 191.70 4,18 12.34 37.25 1689
N. Khurasan
11 G111 Y;};d 540735 31°3532" 53.92 0.18 16.66 39.11 2538
12 G12 YoM geessgt 372801 284.06 18.44 1248 3847 1653
N. Khurasan
13 G13 oo 560128" 280305 137.28 1.36 26.70 42.08 1270
Hormuzgan
14 G14 Gﬁiﬁin 49°2458" 365515 206.85 8.76 1781 3754 1348
o o o
15 G15 ol 56 3630 302930 81.73 1.96 15.43 39.71 1900
Kerman
16 G16 owis 485033" 320838" 256.86 0 25.56 48.45 61
Khuzestan
17 G17 wipr ol 584707 358931" 128.7 1.13 10.43 38.40 1959
S. Khurasan
18 G18 e ol 58'1026" 37°1703" 191.70 418 12.34 37.25 1153
N. Khurasan
19 Gl9 Rl goooer gy 224.62 2.62 676 3309 2447
Chaharmabhal
20 G20 ol 571431 29'3006" 113.2 2.65 8.88 37.40 3415
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Figure 2- A view of the research farm used for wild mint cultivation for investigation
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Table 3- Compounf ANOVA for some morphological characteristics of M. longifolia L.

Olas o (ko
L pove L 2N “@» Squars mean
Variance WU ol gl S s s e P P S
source o 3,5das Dlant 2P0 2 SIS B » »dob rooE
Yield height Leaf fresh weight  Leaf dry weight Leafarea Leaflength  Leaf width
b 1 22687.5" 1320.03" 0.003™ 0.0009" 17.25™ 0.01™ 0.0009™
Year (Y)
b sl 4 1893.5 88.64 0.007 0.003 3.15 0.58 0.17
error (year)
5 9 966526™  190.23" 0.02" 0.004™* 75.27" 8.23™ 214"
Genotype (G)
wi’( )x E‘JL') 19 947.14™ 0.14" 0.0007™ 0.0002™ 4.64™ 0.0007™ 0.00005"™
Sl 76 1878.14 10.54 0.001 0.00009 1.10 0.4 0.13
Total error
el 6.28 4.19 24.95 17.37 11.35 13.75 19.63
CV (%)

P sire s g do 3 O Jlain] pdaw )3 Jb Gixe o V Jlain] pdaw )0 45 gxe i 54y NS g e
** * nssignificant at 1%and 5% of probability levels, and non-significant, respectively.
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Table 3 Continued- Compounf ANOVA for some morphological characteristics of M. longifolia L.

Slay o uNile
&l s _ Squars mean v '
..' 2o . NP S>O59 L . L LA _ . C’}!’.o
SN Y R IS e O b o3 Job SN N SR RRYA )
Variance df Infl oS Infl Infl Ly Fl ol
source nflorescence Infl nflorescence nflorescence 1000 ower £ ol
fresh weight nrlorescence diameter length 0 degradation =ssential
dry weight flowering oil content
Ju 1 0.01™ 0.003™ 0.002™ 0.05* 307.2™ 0.20™ 0.001™
Year (Y)
Jwo glas
error 4 0.82 0.003 0.003 0.01 8.19 4.93 0.05
(year)
SE95
Genotype 19 1.07" 0.03™ 0.06™ 15.96™ 1856.93" 858.13™ 9.66™
(G)
i ?XXGJ 19 0.0004"™ 0.00002™ 0.00003™ 0.02" 3.69™ 2291 0.01"
s
S 76 5.40 0.0007 0.0004 1.09 8.77 9.89 0.04
Total error
oy
Sl i 22.83 15.83 2.99 14.06 4.02 248 10.12
CV (%)

D ey g Moy O sl pdaw pd 5 e wo >V Jlain] mdaw )3 5 dxe cud Ay NS g s
** * ns significant at 1%and 5% of probability levels, and non-significant, respectively.
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Table 4- Mean comparison of morphological traits of M. longifolia L. genotypes

T N N Y e N ;” 5 R £,

. Ll > s : : : » rgbe 2 :

P bl 2,8les ke Ep Sy o Leaf Leaf S o
Genotype Essential 0|I2y|eld Internode  Leaf Leaf Leaf Dry Fresh surface  pry vield  lant
(Kg.m) Distance  width  length  Weight Weight (cm) (g m?) height

(cm) (cm) (cm) @) @ ' (cm)
Gl 0.011% 6.79% 2.03% 3.83% 0.03f 0.11¢ 6.53¢ 659.17% 75.50%
G2 0.025° 7.78% 1.43M 5.97% 0.05% 0.12eh 5.93M 859.83% 69.179"
G3 0.012¢f 5.53¢ 2.34% 5.55% 0.06% 0.18% 12.33% 747.5% 78.83%
G4 0.008™ 6.51™ 1.38™M 3.65° 0.02" 0.07%" 7.26™ 6051 76.17¢
G5 0.0089" 7.86% 1.41™ 3.58¢ 0.01' 0.06" 259 510.83" 74.83%
G6 0.01° 6.06% 1.39™M 6.08% 0.04% 0.16 6.06" 609.17%9 81.17"
G7 0.006" 6.95% 1.33% 3.91% 0.05% 0.13¢ 8.98 504.17" 73.08%"
G8 0.027° 6.00% 3.13 4.27% 0.04% 0.17% 15.70* 825.83% 76.17¢
G9 0.029° 6.74% 2.14% 3.93% 0.06% 0.21™ 9.57% 844.17% 73.83%
G10 0.016% 6.72% 2.42% 5.54% 0.05% 0.25% 12.28 752 73.83%
Gl1 0.0021 6.37™ 1.46% 4.16% 0.04¢h 0.10° 9.14¢f 588.27%" 69.33M
G12 0.013% 6.46™ 2.49% 5.82% 0.05% 0.09™ 12.93 646.86" 79.17%
G13 0.0342 6.11% 2.83® 7.09° 0.122 0.31¢ 17.172 899.33% 89.007
G14 0.014% 6.61™ 2.31M™ 3.97% 0.04¢h 0.14¢% 8.68% 696.83¢" 67.50"
G15 0.009™ 7.82% 1.61% 3.87% 0.08™ 0.13¢% 8.13%" 621.67% 82.58%
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G16 0.036° 7.10% 2.16" 5.50¢ 0.10% 0.272% 9.00¢ 883.33% 87.50%
G17 0.019¢ 7.29% 2.22% 5.08 0.07% 0.14% 10.55% 752.67™ 77.50%
G18 0.011° 6.06% 1.48%" 3.37¢f 0.05¢ 0.17¢ 9.68% 687.5%¢ 81.17™
G19 0.002 8.307 0.88" 2.30 0.03¢9 0.079" 4.89' 505" 81.17
G20 0.0031 6.44 1.259" 4.45¢ 0.04% 0.13¢ 7.75% 588.83%" 79.17¢

lg; 0«7 . . o ; :

J.”'M; Vool LY S SuES i P ol P

S o3 1o+, o ol el & o3 Jgb Y Y wls

%) oo 50% 1o s0s O™ infloresce Infl sh

Genotvoe 100% Inflorescence Infloresce 0 0 nce nce lenath ntloresce  Inrioresce hoot
typ degradation (day) nce floweri  floweri diameter g nce_dry nce _fresh Diamet

i ng ng (cm) weight weight er

degradatio () (gay) M © ©  m

n (day)

G1 111.83% 71.83k 51.16"  33.331 0.68¢f 8.20 0.18% 0.73¢f 1.94¢
G2 132.66¢ 122.16®  68.33®  50.83% 0.88° 9.75° 0.22% 1.18° 1.841
G3 138.66> 123.83%® 95.33° 70.50° 0.83% 6.00% 0.13°" 1.02% 2.24%
G4 116.501 86.33""  72.66°  47.50% 0.519 4.779 0.09" 0.64 1.91¢
G5 116.001 80.16" 58.33 40.83f 0.66°" 6.04% 0.07' 0.62f 1.71%
G6 127.50¢ 100.00°  62.33¢  49.83% 0.67° 8.61% 0.24 1.10¢ 2.14°
G7 134.16% 113.33¢  61.83"  49.33 0.81% 7.32% 0.15% 1.01¢ 2.14°
G8 130.66% 114.66% 58.33 50.83% 0.79° 7.17% 0.07' 0.96 1.789
G9 138.33% 121.83%® 92.83° 55.33% 0.85% 7.06° 0.16% 0.74°%f 2.47%
G10 117.66° 79.83M 94.83° 57.33¢ 0.70% 9.89% 0.15% 0.87¢f 2.12%
Gl1 116.83 71.00 64.00%f 39.009 0.66°" 5.63% 0.15% 1.119 1.38%
G12 118.16° 93.009  69.33¢  49.50% 0.64 6.74° 0.28% 1.49™ 2.62%
G13 151.66° 128.33% 104.66° 79.50% 0.73¢ 7.69% 0.34% 2.06% 2.93°
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Gl4 110.16" 76.331 51.00"
G15 139.50° 119.83" 94.16"
G16 139.16" 124.16% 93.16"
G17 134.33" 105.00°¢ 92.66"
G18 113.66"" 76.161 63.50%
G19 113.00" 68.50¢ 52.16%"
G20 129.66% 109.66% 71.00°

29.83 0.55¢ 5.04 0.109 0.73¢f 2.07%
66.66" 0.79° 4.83¢ 0.117 1.50™ 2.21%
68.00° 0.88% 8.52% 0.20% 1.71% 267
67.50° 0.78° 9.11%® 0.14% 1.44M 2.33
43.33" 0.81% 8.99% 0.28° 1.21% 2.68%
36.50" 0.68° 8.57% 0.18%* 1.15° 1.69%
56.16° 0.82% 8.78% 0.19% 1.99% 1.48%

)5 gl e glds o yd B et a3 (S5 yg0j] Lll g il oo Sy Bs S JBlis o pla o Sile gt pa

In each column, the means which are common at least in one letter, are not significant at the 5% of probability level based on the
Tukey test.
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Figure 3- Essential oil content in different wild mint genotypes
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2- Quantitative trait
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1- Descriptive statistics
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Table 5- Correlation between some vegetative and reproductive traits in genotypes of M. longifolia L.

LFW LDW LL LW LS PH Y NN IND SD EOC

LFW 1
LDW 0.75" 1

LL 0.58" 0.70™ 1

LW 0.44™ 0.54 0.41 1

LS 0.47" 0.58"™ 057" 0.76™ 1

PH 0.52" 0.71" 0.49" 0.40™ 0.39™ 1

Y 0.53" 0.65™ 0.58™ 0.73" 0.56™ 0.55 1

NN 0.58" 0.58™ 0.59™ 0.45 0.65™ 0.66™ 0.56" 1

IND -0.35™ -0.19™ -0.42" -0.34"™ -0.54" -0.08"™ -0.32"™ -0.78™ 1

SD 047" 0.63™ 0.52" 057" 0.46" 0.71" 0.69™ 0.66™ -0.35"™ 1

EOC 0.63" 0.70™ 0.62" 0.59™ 0.43™ 0.60™ 091" 0.52" -0.25™ 0.71" 1

*x *

and ": Correlation is significant at the 0.01, and 0.05 levels, and is not significant, respectively.

Y= ,Sles, PH= olS glis)l, LFW= 5y 5 59 LDW= S Siss (59, LS= Sy g, LL= Sy Jobo, LW= 5y (55, NN= 6,5 sluss, IND=
0,5be dlols, SD= il s, EOC= uill o)jne
Y= Yield, PH= Plant height, LFW= Leaf fresh weight, LDW= Leaf dry weight, LS= Leaf surface, LL= Leaf length, LW= Leaf
width, NN= Nud number, IND= Internode distance, SD= Stem diameter, EOC=Essential oil content.

(g digy ST} )3 (ol g gy Oluogad 5l (S (o (Khwod -0 Joaa asld]
Table 5 contenued- Correlation between some vegetative and reproductive traits in genotypes of M. longifolia L.

IFW IDW ID IL HF CF HFD CFD EOC

IFW 1
IDW 0.62™ 1

ID 0.18™ 0.29™ 1

IL 0.38™ .60™ 0.46" 1

HF 0.35"™ 0.29" 0.51" 0.39m 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™ 0.24m 0.65™ 0.29™ 0.80™ 0.62™ 0.97" 1
EOC -0.02™ 0.37" 0.44" 0.39m 0.58™ 0.61" 0.60™ 0.62" 1

*x *
’

and ™: Correlation is significant at the 0.01, and 0.05 levels, and is not significant, respectively.

IFW= 02305 5 oyj0 IDW= (395 S g, ID= (03305 jlad, IL= 0335 Jobo, HF= (a5 70+, CF= (aals 7+« HFD= (5,335 Jlg; 7o-,
CFD= 35 Jlg; %)+, EOC= bl l5se
IFW= Inflorescence fresh weight, IDW= Infloresecnce dry weight, ID= Infloresence diameter, IL= Infloresence length, HF= Half

flowering, CF= Complete flowering, HFD= Half flowering degradation, CFD= complete flowering degradation, EOC= Essential
oil content.

loadlse 4 w25 (V Joio) 48 plosl laadie plos I (St
Gl 2o )3 AOJOA il jlg (2o duo )3 b ddlhe Cans sniand oyl

Olie 9 (RIdshrge o) Clho Sl (i e Sl
sole 1 odlizul b (PCAY) Lol claailye 4 435 ¢ puilisl

1- Pricipal Compounent Analysis
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Table 6- Measured traits in M. longifolia L. genotypes in consecutive two years

By, Cdo e sy il JERYS Sl
Row Trait Sym Unit Mean Min Max
1 SrF ok LFW g 0.15 0.01 0.34
Leaf Fresh Weight
2 Sr S g LDW g 0.06 0.01 0.14
Leaf Dry Weight
3 S g LS om? 9.26 2.06 2004
Leaf area
4 S dsb LL cm 4.60 1.73 7.4
Leaf length
5 Sr o LW em 1.89 0.55 3.2
Leaf width
6 SnopElSn db LW cm 2.60 1.27 4.56
Leaf length / Leaf width
7 S PH om 77.33 70 98
Plant height
8 o7 ol NN No. 11.41 7 16
Node number
9 o5k oot IND om 6.78 5 10.71
Internode length
10 Sy b LN No. 22.42 14 29
Leaf number
11 ‘uu_)m SD cm 2.12 1.38 3.06
Shoot diameter
12 Bli ey 5 0 BLDW g 1.37 0.02 3.3
Branch dry leaf weight
13 o S oj IFW g 1.17 0.32 2.29
Inflorescence fresh weight
14 o S g IDW g 0.18 0.03 0.35
Inflorescence dry weight
15 i ID om 0.74 05 0.94
Inflorescence diameter
16 R IL cm 7.44 4 11.33
Inflorescence lenght
17 Bl S5 g SDW g 1.21 0.52 1.94
Shoot dry weight
18 25 es Y g.m? 689.40 4415 939.7
Yield
19 25 0 500%F day 52.08 15 85

50% Flowernig
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20 PN T 100%F day 7358 47 107
100% Flowering
21 g5 Jlys o7 _ 50%FD day 99.30 65 130
50% Flower degradation
22 &5 Jlgj e _ 100%FD day 126.51 105 154
100% Flower degradation
23 il 515 3 LBN No. 14.40 12 17
Lateral branch number
24 il L3 o LBL cm 61.98 20.91 117.59
Lateral branch lenght
25 ol e EOC % 2.20 0.25 5.27
Essential oil content
26 bl 3,5es EOY Kg.ha't 150.78 10.13 461.55
Essential oil yield
Sladgs LS 5 ajes sl oad gladgs aje5 )0 by al) 5 (oagy Claogad pwyp ) JSS & dagi b S jebay
Slao (255 Gyl I oall ol ) badlse lly Sl 3 39290 Golling) (slacuis) 45 Canl yol (pl (e
@ 1) adllas 5)90 (i) Cumy il 033l 5 (o)) (lidesn, plo & s olite eldl bulpd ()b Sidass 5 Sis
(P US5) 3,5 s o] dos 93 5o b byl sbhows ahe csl & wslbe belKiy,,

anlllas 390 Sisif 8l (59098 )90 Slho bl p Badlie & 4320 i auel Cuwday (sallie (o il lg 9 2529 p23lie - Jga
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Table 7- Eigen values and cumulative variance for components obtained from principal analysis (PCA) based on the
morphological traits for the studied genotypes of M. longifolia L.

Ol ;|}e‘
Traits Components
1 2 3 4 5 6 7
Sr POk 053" 0.31 0.32 0.34 -0.13 0.16 -0.01
Leaf Fresh Weight
S S O 0.66" 0.45 0.12 0.34 0.26 0.31 0.04
Leaf Dry Weight
S o 0.38 0.18 0.69™ 0.06 0.01 0.46 0.16
Leaf area
Sr 0.47 0.29 0.40 0.58™ 0.25 -0.07 0.07
Leaf length
Sr oo 071" 011 0.43 -0.13 0.03 0.32 0.32
Leaf width
Sr o2l Sy b -0.41 043 -0.02 059" 0.08 -0.42 -0.13
Leaf length / Leaf width
oA el 058" 0.38 0.10 0.14 0.30 0.25 -0.40
Plant height
0,5 dlaay sk
)5 2 0.44 0.29 072 0.12 0.16 0.02 0.32
Node number
o5e alob -0.18 -0.05 -0.89™ 0.00 -0.01 0.26 0.06
Internode length
Syl 0.19 0.12 0.86™ 0.03 0.30 0.01 -0.13
Leaf number
“BL"_’J“ 0.78" 0.08 0.25 0.05 0.20 0.13 -0.18
Shoot diameter
Sl ey 0 0.67" 0.44 0.23 0.33 0.24 0.29 -0.06
Branch dry leaf weight
OB P o 0.09 0.60 0.09 0.39 0.50 0.28 -0.03
Inflorescence fresh weight
N 0.19 -0.21 0.10 0.81" 0.33 0.02 -0.01

Inflorescence dry weight



VEeF kg o ojlod YA als o((55,9LS aboo g pole) SLEL pole 4 pi5 VP
’*”ms"d 0.30 0.76™ -0.09 0.10 -0.14 0.03 0.28
Inflorescence diameter
o Jsb 0.30 0.27 0.06 0.74™ -0.03 -0.16 0.40
Inflorescence lenght
Bl K3 "_j’ -0.21 -0.28 0.12 0.03 -0.12 -0.81" 0.07
Shoot dry weight
)‘, 0.87"" 0.23 0.21 0.04 -0.16 0.05 0.05
Yield
J.lf '.. ok
(A5 D7 i 0.44 0.66 0.37 0.10 0.35 0.10 -0.11
50% Flowernig
=5 'A_ 0.62** 0.44 0.32 0.01 0.34 0.00 -0.07
100% Flowering
S5 sy 07 i 0.30 0.89™ 0.16 -0.01 0.01 0.07 -0.06
50% Flower degradation
N SAERYA ok
g5 Jlgs - i 0.32 0.87 0.21 0.09 0.06 0.13 -0.15
100% Flower degradation
s sl olaws o
o A U -0.50 -0.05 -0.17 -0.14 -0.37 0.38 052
Lateral branch number
'l> L‘-' Kk
il 13 Job -0.13 0.02 -0.15 0.08 0.22 -0.04 0.82
Lateral branch lenght
5 45 sk
"f”u?”"‘ 0.01 -0.15 -0.13 -0.13 -0.86 0.14 0.02
Essential oil content
5 l ok
ool 2,50ae 0.03 0.17 -0.33 0.62 -0.17 031 -0.36
Essential oil yield
o} [ sk
329 22 7.03 0.09 -0.12 -0.03 -0.69 -0.24 -0.24
Eigenvalue
H
oy %’J 24.27 0.31 0.10 0.12 -0.03 -0.03 -0.13
% of variance
lly e 2oy 24.27 033 0.10 017 -0.05 0.01 -0.13

Cumulative %
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Figure 4- Dendrogram from cluster analysis of studied traits between different Wild Mint genotypes
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Figure 5- Biplot of the first two principle components (PCs) for the studied genotypes of M. longifolia L.
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