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Introduction and Objective

The garlic (Allium sativum) is a plant that is known all over the world as a food additive or flavoring and also
because of its medicinal properties. Garlic is chemically diverse, and many compounds have been extracted and
tested from it, including Allicin, diallyl sulfides, and ajoene, which are probably the most studied compounds in
garlic. Garlic has antibacterial activity, cardiovascular effect, stimulation of the immune system and also has an
effect on cancer. Therefore, given the statistics on rainfall and the excessive extraction pressure on underground
water sources, large-scale research on drought in agriculture is essential. Drought is a significant limiting factor in
agricultural production, preventing maximum plant yield. Thus, comparing performance in various environmental
conditions (stressed and non-stressed) and selecting cultivars under such conditions can help evaluate their
resistance to stress. Drought and water limitation are among the most important problems affecting the agricultural
sector to increase the efficiency and optimal production of crops in the world, including Iran. Successful crossing of
land requires research and applied research in this sector. But few studies have been performed in connection with
garlic medicinal plant. Therefore, the present study was designed and implemented with the aim of investigating
yeild indicators in two environmental conditions (environment with supplemental irrigation and dry environment) in
garlic plant with the help of drought tolerance indicators.

Materials and Methods

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 2023 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), yield 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 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 relationship 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 high yield and tolerance to
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drought, X-Z level by drawing cross lines to four groups A, B, C and D were divided and because in a three-
dimensional diagram only the relationship between three variables can be evaluated, to study more than three
variables at the same time, bi-plot diagrammatic display based on analyzes Multi-variables were drawn with the help
of the digit-index data matrix to determine the relationships between digits and drought tolerance indices in a single
image. Before performing data analysis, the presence of outliers was checked. Statistical analysis of the data was
done using Minitab version 15 and SPSS version 26.

Results and Discussion

Based on the results of analysis of variance, the yield index in normal humidity conditions and the yield index in
drought stress conditions were significant at the probability level of one percent (P<1%). In this study, STI, SSI,
MP, GMP, HAM, Y1, YSI, DI and STS indicators were significant at the probability level of one percent (P<1%),
which indicates the diversity among ecotypes. garlic in terms of the studied indicators. Based on the decomposition
into main components for drought tolerance indices, both the first and second components justify 94% of the
changes. According to the correlation table, the correlation between yield in normal humidity conditions (Yp) with
yield traits in drought stress conditions (Ys) and MP, GMP, HAM, Y1, ATI, YSI and STS indicators has a positive
and significant correlation. be in the bi-plot diagram, ecotypes Bahar2 and Soolan are located near STI, ATI, 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
Based on all the statistical analyses used in the research, the Bahar2 and Soolan ecotypes had the highest
biomass yield. The overall results of this research indicated the very important and useful role of drought tolerance
indices in differentiating the studied ecotypes.
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Table 1- Different ecotypes of studied garlic plants
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Row Ecotype name Row Ecotype name
1 @by Vs
Maryanaj Soolan
2 Voke RAIW
Bahar 2 Asadabad
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3 e
Emam zadeh koh
Bahar 1

(Toeejin)
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Table 2- Drought tolerant indicators for studied ecotypes of garlic plants
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Yp and Ys are the grain yield in the conditions without drought stress and with drought stress, respectively, and Yp and Y are the
average yield in the conditions without drought stress and with drought stress, respectively.

o 015 axllne 3,50 Cilien (S ST« sz pons 9o —) JSU
Figure 1- The cloves of different studies ecotypes of garlic plants



oYY Oloon sﬂ,bsgi Lylyph yo Jooi gy s ls wlol g pow calio goaisST jo (Ss 4y Cuoglio anllla (o (gugo

O3 el Joo 53 (e o s ) dilale (Sl lade ¥ Jgua
Table 3- The amount of monthly rainfall (in mm) in the research location
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Table 3- ANOVA for the yield under drought stress and non-drought stress conditions and drought tolerance indices for the
garlic ecotypes
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Figure 1- Selection of drought tolerant ecotypes of garlic plant using Stress Tolerance Index (STI) and Geometric Mean
Productivity (GMP)
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Figure 2- Bi-plot diagram of the first two components of principal component analysis of drought tolerant indices in garlic
ecotypes
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Figure 3- Dendrogram results from cluster analysis for all indices by WARD method for garlic ecotypes
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Table 7- Discriminant analysis in order to grouping of garlic ecotypes based on the studied indices
Predicted groups based on the decomposition of the detection function

Groups
resulting from Qauid &l 49355 bl g 00 iy (W04 ,S
clustlir arl:ilys[s 1 5 Total
‘J“’. a0y Number Percent Number Percent Number Percent
Slanigs Julod Sy KW Sy KW Slass KW
1 3 100 0 100 3 100

2 0 100 3 100 3 100
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