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Introduction and Objective

The garlic (Allium sativum) is a plant that is known all over the world
or flavoring and also because of its medicinal propertie’Garlic 1§ Ily diverse,
and many compounds have been extracted and tested from g Alicen, diallyl
sulfides, and ajoene, which are probably the most studi garlic. Garlic has
antibacterial activity, cardiovascular effect, stimulatio une system and also

factors of agricultural production, whic
Therefore, comparison Qf performance in

e maximum production of plants.
vitGhrmeftal conditions (stressed and

stress. Drought and

agricultural se%
including Iran.

most important problems affecting the
timal production of crops in the world,
f land requires research and applied research in this
een done in connection with garlic medicinal plant
s designed and implemented with the aim of investigating
0 environmental conditions (environment with supplemental
irrigation an ronment) in garlic plant with the help of drought tolerance
indicators.

Material and Me
In this research, in order to investigate the genetic diversity of garlic ecotypes, sieve and
to identify resistant ecotypes in dry land, 6 garlic ecotypes with the arrangement of
randomized complete blocks design with three replications in the crop year 1401-402 in
two stress environmental conditions Drought and without drought stress was designed
and implemented in the educational-research farm of Payame Noor University in
Asadabad. The studied drought tolerance indices are: yield index (Y1), stress tolerance
index (STI), harmonic mean index (HAM), average productivity index (MP), vyield
stability index (YSI), sensitivity index to stress (SSI) and tolerance index (TOL) were
based on the economic yield of garlic in two environmental conditions of drought stress
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and without drought stress. Correlation was calculated between tolerance indices and
yield under drought stress conditions and supplementary irrigation conditions, and based
on the analysis of these correlations, tolerance indices were selected and the most
appropriate indices were selected in both environmental conditions, including drought
stress conditions and Supplementary irrigation that had a good correlation with yield were
selected. Finally, after identifying the most favorable indicators, a three-dimensional
statistical graph was used to determine drought-tolerant cultivars with high yield in both
environmental conditions, in which the yield in supplementary irrigation conditions on
the X-axis, the yield in stress conditions (rain) was shown on the Z-axis and one of the
above-mentioned selected indicators on the Y-axis. To show the r8lationship between
three variables and distinguish group A from other groups (B, C and D)%as well as the
usefulness of the mentioned index as a criterion for selecting cultivars with highyield and
tolerance to drought, X-Z level by drawing cross lines to Eﬂxr groups A,

divided and because in a three-dimensional diagram only t i
variables can be evaluated, to study more than threewariab
diagrammatic display based on analyzes Multi-variable
digit-index data matrix to determine the relationshi
tolerance indices in a single image. Before per
outliers was checked. Statistical ana Rof th
and SPSS version 26.

A \
‘\

Id index in normal humidity conditions
ere significant at the probability level

Results and Discussion
Based on the results of @I
and the yield index #drou

of one percent"‘ 0). P, GMP, HAM, YI, YSI, DI and STS
indicators were siBhific obability level of one percent (P<1%), which indicates
the dive garlic in terms of the studied indicators. Based on the
decompositiohi i mponents for drought tolerance indices, both the first and
second comp } 94% of the changes. According to the correlation table, the

correlation betwe eld in normal humidity conditions (Yp) with yield traits in drought
stress conditions (Y§) and MP, GMP, HAM, Y1, ATI, YSI and STS indicators has a
positive and significaft correlation. be in the bi-plot diagram, ecotypes Bahar2 and Soolan
are located near , ATl, GMP and MP indicators, which are indicators of drought
tolerance. These two ecotypes (Bahar2 and Soolan) are also located in they were placed
in the first group, so it can be concluded that according to the biplot diagram, these
ecotypes were desirable and indicative ecotypes. Based on cluster analysis, ecotypes are
classified into two statistical groups, the first group includes ecotypes Maryanaj, Baharl
and Emam zadeh koh (Toeejin), and the second group includes ecotypes Bahar2 and
Soolan and Asadabad. Ecotypes with lower yield are placed in the first group and

ecotypes with higher and more suitable yield are placed in the second group.



Conclusion

In general and based on all the statistical analyzes used in the research, ecotypes Bahar2
and Soolan had the highest biomass yield. The general results of this research indicated
the very important and useful role of drought tolerance indices for the separation of the
studied ecotypes.

Keywords: Bi-plot, Yield, Supplementary irrigation, Drought tolerance indicators.
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Table 1. Different ecotypes of garlic under study
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(Ecotype name) (Row) (Ecotype name) (Row)

Yo 4 &b 1
Soolan Maryanaj

R 5 Y ke 2
Asadabad Bahar 2

(Lemds9) 095 oalplal 6 Ve 3
Emam zadeh koh (Toeejin) Bahar 1

A\

Table 2. Drought tolerant indicators under study
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GMP = /(Ys X Yp) “ (5)
HMP = 2:"”5 A\ (6)

p+Ys armonic Index
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¥s fdex (Y1)

d Stress Tolerance Index in Without (8
Drought Stress
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Stress
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Drought Resistance Index (10)
0l e Wil oo sl 1)
(Abiotic-stress Tolerance Index (ATI))

) 3, Slos 'L;')l.»“b: oo 12)

Yield Stability Index (YSI)
STS=GMPstd+STlstd+HM S Jood (a3l jasls 13)

SSstd-bs (Stress Tolerance Score (STS))
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Yp and Ys are respectively the dgraln yield in the conditions without drought stress and drought stress, and

Yp and Ys are the average yield in the conditions without drought stress and drought stress, respectlvely
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Table 3. The amount of monthly rainf %research location
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3. Analysis of variance of yield under drought stress and non-drought stress conditions and drought tolerance indices for the garlic ecotype in this study

Slayo 5:ke olil 4o oy guie
Mean of Squares Degree of Source of
freedom variation
GMP MP SSI TOL STI
46.015 45,789 0.009 0.167 1.624 44.39 2 RS
Replication
597.388 %+ 594, 754% 0.054™* 0.9ns 1.58** 589.653** 5 Joss
Treatment
25.71 25.802 0.007 1.367 “ 1.1 28.985 10 s
A N Error
A
STS DI L\ HAM
A
192.686 0.001 2.399 46.24 2 RS
Replication
2436.851 % 0.010™ 3.047%# 600.004%% 13 o
Treatment
93.237 0.001 1956.989 1.183 25.621 26 s
Error

Aoy ) g a0y 0 Jleas pdaw 3 I3 dxe g 45 dme e i ¥R NS
ns, *and**, Non-significant and significant at the probabi

level of 5% and 1%, respectively.



Table 4. Drought tolerance indices of the studied garlic ecotypes under drought stress and non-

S G 9k g (St i bl pd ) adlllas 3590 e slacuigST o (SWiS oo dmu”lw ¥ Js>

ght stress conditions

K
Cultivar YP YS STI MP
Number
) 3074 264 0.0001 2857
+4.4 +43 0,001 +4.35
, _532? 52.63 0.0002 54.29
. +7.09  +0.0002 +7.75
s ol 31 00001
2. +268  +0.0001
. 5+3§614 48.64 0.0002
9. +7.52 40,0002
. figg 4973 0.0001
4. +308  +0.0001
6 29 1857 0.0002
+256  +282  +0.0001

YSI DI SSI
0.86 -0.824 0.396
+0.022 +0.026 +0.062
-0.92 0.17
0.94
+0.018 +0.020 +0.051
-0.86 0.3
0.89
+0.007 +0.009 +0.021
09 -0.88 0.255
+0.017 +0.015 +0.047
-0.9 0.205
0.93
+0.013 +0.011 +0.036
0.8 -0.76 0.529
+0.063 +0.064 +0.176

The extended form of the names of indicators
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Table 5. Principle component analysis for drought tolerant indices

ojg sl

e obly
Component  Eigenvalue Vari aince
STI TOL SSI MP GMP HMP ATI STS YSI
1 10.715 824 0.019 -0.14 0.015 0.3 0.305 ‘305 0.225 0.261 0.305 0.293
2 1.511 94 -0.731 -0.58 0.469 -0.06 -0.059 -0.328 -0.23 -0.051 0.172

The extended form of the names of indicators related to drought is given in table No. 2.
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Table 6. Correlation coefficients drought toleral i_!ices wwiel stress (Y's) and non-stress (Yp) conditions

YP YS STI TOL MP GMP HAM YI ATI YsI STS DI ssl

YP 1

Vs 0.999** 1

STI 0.142 0.137 1
ToL -0.423 -0.442 0.415 1

P 1% 1% 0.140 -0.433 1
GMP 1%+ 1%+ 0.139 -0.43 1% 1
HAM 1%% 1%+ 0.138 -0.42 1% 1% 1

vi 0.098%*  0.995%* 0.11 -0.43 0.997%%  0.997** 0.997** 1

ATI 0.878* 0.859* 0.168 -0.126 0.868* 0.868* 0.868* 0.898* 1

vsi 0.932%%  0.940%* -0.142 -0.539 0.936**  0.936** 0.937%* 0.929%* 0.713 1

TS 0.999** 1%* 0.135 -0.443 1%% 1%% 1%% 0.995%* 0.858* 0.941%* 1

DI -0.949%%  -0.955%* 0.075 0.480 0.952%%  -0.952%%  -0.953*%  -0.945%* -0.745 -0.997**  -0.956%* 1

ss| 0.954%%  -0.96%* 0.072 0.493 0.957%*  -0.958**  -0.958%*  -0.952%* -0.756 -0.996%%  -0.961**  0.999** 1
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Figure 1. Selection of drought tolerant ecotypes using Stress Tol

and Geometric Mean
Productivity (GMP)
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Figure 2. Bi-plot diagram of

first two components of principal component analysis of drought tolerant indices in
garlic ecotypes.
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