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1- Stress Susceptibility Index (SSI)
Index (YSI) 5- Stress Tolerance Index (STI)
8- Yield Index (Y1)

2- Tolerance Index (TOL)
6- Harmonic Mean (HM)

3- Mean productivity (MP)

4- Yield Stability
7- Geometric Mean Productivity (GMP)
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Table 1. Drought tolerance indices used in this study
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Table 2. Combined analysis of variance for shoot dry weight in Dracocephalum moldavica L.ecotypes
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Table 3. Analysis of variance for drought tolerance indices and shoot dry weight under non-stress and stress

conditions in Dracocephalum moldavica L. ecotypes
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Table 4. Comparison of drought tolerance indices and shoot dry weight under non-stress and stress conditions in

Dracocephalum molgavica L. ecotypes
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Table 5. Correlation coefficient among drought tolerance indices and shoot dry weight under non-stress and stress

conditions
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Table 6. Eigen values, cumulative variance and eigen vectors of drought tolerance indices and shoot dry weight under

non-stress and stress conditions
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Figure 1. Biplot display for Yp, Ys and drought tolerance indices in Dracocephalum moldavica L. ecotypes based on
two first components (The names and ecotype numbers are based on Table 4)

P R 0 9 4 Cund Fowb plie b
wor 2 Y i) e oSl b anlie
by glade i gy b abd ol lacasss]
3y90 suisSl ( Sid 4 Cuoglin sla a3 ls I edlainl
435 hey (V) B S Iizme 09,5 dw 4y ddllas
S Jood o slapadsls gl ladgs
» 1y Agropyron trichophorum s, 45 (sla yins’
(V) 2l )48 caliseo 04,5 duw

Como gy joaied pasull @l g by,
ool (gladiod 4ym5 ey il odel Cuwddy (slasiisog S
Cubge olje g Bl (ga0g)S g ok 4 lacisS]
Joi2) Casl dop3 Ve oy S sled sl et @b
Lo ool 1) WoaisS] cudlss gladss a5 (A
lopadls 4 a2y Ll ol (ST b opglaes
O &8 lpl led SSE a4 (iS4 Jeod
O ke (iS4 Jood sbadls bl s
sdalie g5 cpl 35 Bblie 9y &Sl il (sladlate
D)5 0

plal Sas bjs bl p sladgs apes plySg)a

oS slpadls g S 9 GBS e b ol
29 0)ls byl JBlas gy 5l eolanwl b (St a4y Jeoo
235 ) Al b plyie 4 o] alol clie
ool b dlllan oyl 3> wyy Dy90 (slaasoST (Y JSUi)
JS8) 238515 oo 095 dw y> (sladgs 4 jo5 b
P pebers g 0 il S il SlacsssT (Y
Suid iy 5l aeadsST cpl &8 28,5138 ol 095
slogasls jS1g 5 g G5 (e kalyd ) 2les el
oolail s 4 1) lawgie plie (Sid 4 Jood (oS
lwe)S (b SacassS] pgd 09,5 )3 (Y Jgia) 3l
plul Suis ()jg plio & 8,5 )18 dnogl g e et
slopadls sl g G5 g 15 ogh ks > olge
P9 N 09 93 JlegS onl (S 4 Jeos
ol (Y Joi2) o9 5YL 58 IS ke b dnnlie
Joie slacisSl plgisa plyialy 09,5 ol lacss]
obleis glacssl oS o (Suas s «
AB,S 518 pgw 09)5 53 alye g (pelebes (Moo ¢l
Lulyd ) (alg plul Sis 59 sl acaisSt ol
S 4 Jood slagadly STy IS g A5 (e


http://dx.doi.org/10.52547/jcb.13.37.213
https://jcb.sanru.ac.ir/article-1-1205-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.52547/jch.13.37.213 ]

ARRY Ve e 1YY ojlasds [pdd o Jo [ £1y5 LS Mol doliing sy

Dendrogram
Ward Linkage, Euclidean Distance

-117.22

44.82

Distance

S PG SIS & R O S o X
L€ S P &S X ¢ &
S A 0 RSy & « W N o
& e@g" @‘7’(& & @ & &;}@ D @;; & & P &
&
Ecotype

i .
Figure 2. Dendrogram of cluster analysis in Dracocephalum moldavica L. ecotypes based on drought tolerance
indices and shoot dry weight under non-stress and stress conditions
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Table 7. Comparison of Clusters obtained from cluster analysis in Dracocephalum moldavica L. ecotypes
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Table 8. Result of discriminant analysis for grouping Dracocephalum moldavica L.ecotypes
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Abstract

In order to determine the most suitable gquantitative drought tolerance indices and drought
tolerant moldavian balm (Dracocephalum moldavica L.) ecotypes, two experiments (under
normal and drought stress conditions) were carried out using randomized complete block design
with four replications. In this research, drought tolerance indices such as tolerance index (TOL),
stress susceptibility index (SSI), mean productivity (MP), geometric mean productivity (GMP),
harmonic mean (HM), stress tolerance index (STI), yield index (Y1) and yield stability index
(YSI) were calculated using shoot dry weight under non-stress (Yp) and drought stress (Ys)
conditions. The results of combined analysis of variance revealed that ecotype, stress and stress
x ecotype were significant (p<0.01) in shoot dry weight. Analysis of variance indicated that
there were significant differences (p<0.01) between the ecotypes for Yp, Ys, and MP, GMP,
HM, STI and Y1 indices. There were positive significant correlations between MP, GMP, HM,
STl and Y1 with Yp and Ys and so MP, GMP, HM, STI and Y| were recognized the most
suitable indices for screening the ecotypes. Distribution of ecotypes in biplot graph represented
the genetic diversity among ecotypes for selecting them based on drought tolerance and
comparison of different moldavian balm ecotypes using multivariate biplot graph indicated that
Faridan, Garmsar, Khomeinishahr and Urmia ecotypes are considered as superior ecotypes in
both conditions because of locating of these ecotypes next to the vectors of suitable drought
tolerance indices. Cluster analysis showed that Faridan, Garmsar, Khomeinishahr and Urmia
ecotypes could be suggested as drought tolerant ecotypes.

Keywords: Biplot, Cluster analysis, Dracocephalum moldavica L., Drought stress, Drought
tolerance indices
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