https://tbj.ui.ac.ir/?lang=en
Taxonomy and Biosystematics
E-ISSN: 2322-2190
Document Type: Research Paper
Vol. 15, Issue 3, No.56, (2023), P: 95-112
Received: 13/04/2024 Accepted: 13/05/2024

Morphological evaluation of different local ecotypes of Iranian garlic (Allium sativum L.) under non-
irrigated conditions in Asadabad region (Hamadan province)

Mehdi Kakaei *
Associate Professor of Plant Breeding, Department of Agricultural Sciences, Faculty of Engineering, Payame Noor University,
Tehran, Iran
m.kakaei@pnu.ac.

Abstract

The garlic plant (Allium sativum L.) has many medicinal and industrial properties. Due to the great importance
of garlic, various aspects of it have been researched. An experimental design with the arrangement of a
randomized complete block design with three replications in the crop year 2023-2024 was investigated with the
aim of evaluating the biodiversity of garlic ecotypes. Variance analysis of different morphological traits studied
showed high and acceptable diversity for preliminary study in multi-racial programs. Based on the analysis and
comparison of means, in this study, the ecotypes of Bahar 2, Soolan, and Asadabad had favorable yield
indicators. According to the correlation relations that existed between the traits, it seems that most of the studied
traits are suitable selection traits for garlic plant breeding to achieve high yield and these relationships can be
used to modify the complex yield trait and increase it. Based on the cluster analysis of different garlic ecotypes
using Ward's method, Bahar 2, Soolan, and Asadabad ecotypes were in the first group, Maryanj and Bahar 1
ecotypes were in the second group, and Imamzadeh Kuh ecotype (Toeejin) was in the third group, and the
detection function analysis also confirmed this grouping. Based on the general results, the weight of a garlic
bulb, the weight of a garlic clove, and the length of a garlic bulb are the most suitable traits for indirect selection
to increase economic yield. Ecotypes of Bahar 2, Soolan, and Asadabad are the most suitable ecotypes in terms
of having the highest amount of traits: weight of one garlic bulb, weight of one garlic clove, and weight of five
garlic cloves, while the ecotype of emam zadeh Kuh is an unfavorable ecotype in the growth conditions of
Asadabad. The results of this study can be used to select desirable traits with the greatest effect on yield.
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Introduction

The garlic plant (Allium sativum) has many medicinal properties. Knowledge of genetic diversity in plant
populations is the first goal of breeding programs. One of the methods of evaluating genetic diversity in
different plant species is to study morphological traits (morphology). Therefore, the study and evaluation of
garlic in the Hamadan region are the priorities of investigation and research, considering the number of habitats
where garlic grows in the Hamadan region and the need to introduce and evaluate the production potential of
local garlic stands in this region, the present experiment was targeted and planned.

Materials and Methods
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of 2023.

Research Findings

Variance analysis of studied traits showed high and acceptable variation. According to the variance analysis
table, corm weight, single plant weight, weight of 5 cloves of garlic, corm diameter, neck diameter, corm
length, corm width, width of the garlic clove, corm length, plant height at the time of harvest, leaf width, and
chlorophyll index in the middle and end of the growing season were significant at the probability level of 1%
(P<1%). Based on the analysis and comparison of meanes, in this study, ecotypes Bahar 2, Soolan, and
Asadabad had favorable yield indicators. According to the correlation between the traits, it seems that most of
the studied traits are suitable traits for breeding garlic to achieve high yield, and these relationships can be used
to modify the complex trait of yield to increase it. The cluster analysis of different ecotypes of garlic according
to the studied traits using Ward's method classified ecotypes Bahar 2, Soolan, and Asadabad in the first group,
ecotypes Maryanj and Bahar 1 in the second group, and finally ecotype emam zadeh kuh in the third group,
and the analysis of the detection function confirmed this grouping. In fact, the main goal of this study is to
evaluate the genetic diversity of six ecotypes of garlic for breeding programs. Based on the general results,
corm weight, weight of garlic clove, and corm length traits are the most suitable traits for indirect selection of
economic Yyield. Ecotypes Bahar 2, Soolan, and Asadabad are the most suitable ecotypes in terms of having
the highest amount of corm weight, weight of garlic clove, and weight of 5 cloves of garlic, while ecotype
number six is an unfavorable ecotype.

Conclusions

Garlic (Allium sativum L.) is considered one of the most valuable industrial-medicinal plants, which has been
investigated and tested in various aspects due to its great importance. In terms of its variety, distribution, and
grouping, there is incomplete information, which may be the reason for this defect is its lack of flower
production and its sterility, which has made its morphological classification difficult. Therefore, the groupings
in the current studies are based on local titles, geographic region, commercial titles, and some phenotypic
characteristics. Increasing the economic yield, including the onion yield of the garlic plant per unit area, is one
of the main and important goals. Therefore, it is necessary to identify traits that play a more important role in
its improvement and use them in selection programs. After onion, garlic is the second most widely consumed
plant of the genus (Allium), which has very high and desirable nutritional importance due to the presence of
minerals. Among the Allium species, garlic has been identified as the only sterile species that grows asexually.
According to the various statistical analyses conducted in this study, ecotypes Bahar 2, Soolan, and Asadabad
had the highest yield, and the cluster analysis placed them in a statistical group, and in a way, this grouping
was confirmed by the analysis of the detection function. The statistical analysis comparing the meanes also
identified a high amount of functional traits in favor of these ecotypes. The statistical analysis of the phenotypic
correlation of the traits revealed a positive and significant relationship between the yield indicators, which can
be used to select the traits that have the greatest impact on the yield. The mentioned results can be used to
select traits that have the greatest effect on yield.
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Table 2. Traits studied in different ecotypes of evaluated garlic
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Table 3- Variance analysis of traits under study in different ecotypes of garlic
o @l 450 Sl yo (uSlo
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variation df e eKoss LoaeSos SheSion el 8 ettt Sl oS 0
5 A @l e (S0l okd A 5 e
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processing
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kY 2 0.722 0.847 1.167 0.722 5.167
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o 10 3.056 0.587 6.967 5.922 4.1
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CH 32 35 26 26 36

Coefficient of
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Table 4. Comparison of the average traits studied in garlic ecotypes
Olao RS I NSV UL I W JUS T v PU T YO FUS S o POy
Traits Ecotypel Ecotype2 Ecotype3 Ecotype4 Ecotype5 Ecotype 6
X1 (05 o 3 <3 05 18.77b* 41.79a 27.77b 39.86a 37.15a 27b
Corm weight (gr)
X2 (5 s ol b 45 &5 035 26.4bc 52.62¢ 33.1b 48.64a 49.73a 18.57¢c
Weight of a single plant with
aerial parts (gr)
X3 (5 s s Sl S 035 2.21b 4.57a 4.67a 4.77a 5.33a 1.766b
Weight of garlic clove (gr)
X4 Sy b3 3 dl Jbs NS e s 43.3a 42.66ab 39.1ab 37.36ab 40.43ab 32.46b
S8
Chlorophyll index of SPAD
during physiological
processing
XS (0,9 bl 5w o S G 3 05 8.35b 18.37a 20.7a 21.69%a 18.52a 7.61b
The weight of five produced
garlic cloves (gr)
X6 Crngdo) o 3y oS5 s 37¢ 53.66a 42b 44b 52.66a 33.33d
Corm diameter (mm)
X7 Croshe) 4y a3 12c 16b 13c 18.5a 15.4b 10.5d
Collar diameter (mm)
X8 Gracden) oo 3l &S5 U 27bc 33.33a 25.33c 35a 3lab 24.33c
Corm length (mm)
X9 o) o 5l &S5 oo 52d 67a 62.66ab 56.66¢ 66.33ab 44.66e
corm width (mm)
X10 o) 4 o 5l &5 o0 14d 19bc 25a 21.66ab 17.33cd 16cd
Garlic clove width (mm)
X11 o) e 5l o5 J b 17.33d 23b 21c 27a 22.33bc 15e
Garlic clove length (mm)
X12 Sls p ol s ol plisl 51bc 54b 59.33a 6la 49.33c 40d
Plant height at harvest time
X13 Grodhe) &5 0 o 2 10d 15a 13.66ab 14.66a 11.16¢d 11.16¢d
Leaf width (mm)
X14 K sl 8b 8b 8b 10a 8b 8b
number of leaves
X15 Lol gl dl o 55 Al Jb5 IS s s 65.3a 38.56bc 41.3b 68a 34.33c 43.06b
90080
SPAD chlorophyll index in the
middle stage of the vegetative
period
X16 ol sl o 53 sl by JST e ls 45.86a 50.63a 51.33a 49.36a 50.4a 48.66a
90980
SPAD chlorophyll index in the
early stage of the vegetative
period
XI7T Ll do e 3 dnl J35 IS Lasls 53.66a 46.66b 44.33c 43.33c 40d 44c
90980

SPAD chlorophyll index in the
final stage of the vegetative
period
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Table 5. Phenotypic correlation between studied traits in different ecotypes of studied garlic
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X1 X2 X3 X4 X5 X6 X7 X8
X2 0.926**
X3 0.826** 0.794**
X4 0.233 0.21 0.213
X5 0.811** 0.784** 0.91** 0.069
X6 0.797** 0.844** 0.778** 0.398 0.599**
X7 0.778** 0.828** 0.683** 0.117 0.678**  0.688**
X8 0.825** 0.803** 0.583* 0.153 0.596**  0.656**  0.822**
X9 0.694** 0.735** 0.858** 0.414 0.718**  0.904**  0.551* 0.521*
X10 0.281 0.192 0.543* 0.091 0.634** 0.234 0.357 0.058
X11 0.784** 0.809** 0.8** 0.15 0.833**  0.654**  0.915** 0.753**
X12 0.49* 0.501* 0.676** 0.217 0.761** 0.357 0.637** 0.468
X13 0.787** 0.767** 0.615** -0.035 0.793**  0.575*  0.684** 0.649**
X14 0.275 0.214 0.232 -0.133 0.268 0.035 0.485* 0.324
X15 -0.153 -0.113 -0.301 0.004 -0.132 -0.424 0.204 0.224
X16 0.345 0.27 0.315 -0.233 0.337 0.264 0.228 0.293
X17 -0.441 -0.362 -0.548* 0.336 -0.509* -0.393 -0.366 -0.205

The description of traits from X1 to X17 is based on Table 2.

Table 5. Phenotypic correlation between studied traits in different ecotypes of studied garlic
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X9 Yo X W\ X 'Y X WX VF X Yo X V¢ X
X2
X3
X4
X5
X6
X7
X8
X9
X10 0.441
X11 0.63** 0.561*
X12 0.547* 0.671** 0.785**
X13 0.532* 0.471* 0.699** 0.539*
X14 -0.08 0.175 0.470* 0.412 0.285
X15 -0.455 -0.155 0.147 0.311 -0.098 0.388
X16 0.287 0.122 0.109 0.139 0.414 0.124 -0.215
X17 -0.335 -0.447 -0.394 -0.029 -0.442 -0.123 0.541* -0.304

The description of traits from X1 to X17 is based on Table 2.
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Figure 2- Cluster analysis of different ecotypes of garlic according to the studied traits
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Table 6- The analysis results of the grouping detection function based on the evaluated traits in the studied in the studied
ecotypes of garlic

A @b @ e el p oud S Sog Slrog &
Predicted groups based on the decomposition of the detection function 4 3595 31 Jolo>
(Total) § sores 3 2 1 Slabes
Aoy Sl Loy Sl B Sl B sliss Groups
resulting
. (Number) yA (Number) /. (Number) yA (Number)  ¢rom cluster
analysis
100 2 100 0 100 0 100 2 1
100 3 100 0 100 3 100 0 2
100 1 100 1 100 0 100 0 3
S 5 dmi
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