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Table 1. Meteorological statistics of Agricultural Research Station of Jiroft during the years 2015 and 2016
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Year Parameter ole 3 gyl sls 5 ™ 3l 4 BE) 4 ouT 55T ©3 g el
3ld>—
%. 14.6 19.3 240 265 269 230 208 119 70 65 89 95
Le> Min
0, EX _(’v
Temp. (°C) 29.6 36.4 43.0 442 441 416 366 281 241 212 241 224
Max
94 Jola
. 25.8 20.0 160 172 14.0 150 180 240 260 280 270 30.0
(2015) e sk Min
) S|
RH (%) A 76.5 64.0 430  46.1 51.0 480 62.0 610 690 740 87.0 84.0
Max
r%\.,.cr.
. 29.0 13.6 0.0 0.0 0.0 00 00 00 02 234 81 787
Rainfall (mm)
cmCV
16.9 213 262 282 266 242 197 156 72 73 59 119
Le> Min
) eyl
Temp. (°C) Ak 327 39.5 429 442 439 411 377 276 224 197 215 273
Max
cmfv
95 . . 24.7 16.0 150 180 19.0 190 160 380 270 360 250 27.0
(2016) s Sasb Min
0 Byl
RH (%) A 722 47.0 470 460 470 480 68.0 870 80.0 900 740 79.0
Max
G.N&gr.
Rainfall 7.6 8.7 0.0 0.1 03 09 02 1290 00 598 02 4.0
(mm)
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Table 2. Meteorological statistics of the first half of September at Jiroft Agricultural Research Station during the years 2015 and 2016
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94 (2015) 95 (2016)
Year
Al Les Casby CV“&ur. L Sasby rWN.tgr
Parameter (temp® C) RH(%) (temp® C) RH(%)
3 Wy 3 LY NS 1 5ld> LY NS 3
BIY) $ (,v A $ (,v ~ Rainfall $ ) #~ S LV Max sl Rainfall (mm)
Min Max Min Max (mm) Min Max Min

1 24.2 44.8 14 46 0 25.0 46.6 20 64 0
2 22.6 44.0 17 59 0 274 46.2 27 54 0
3 22.6 45.0 13 50 0 27.6 45.8 24 53 0
4 23.0 443 13 60 0 274 46.4 22 58 0
5 244 44.8 14 50 0 26.8 452 20 59 0
6 25.8 45.0 22 54 0 27.6 45.6 17 49 0
7 21.0 40.8 17 53 0 28.6 44.6 19 45 0
8 20.8 45.0 13 52 0 24.6 44.0 20 35 0
9 22.0 44 4 11 42 0 244 44.6 14 36 0
10 22.6 44.8 11 42 0 24.6 458 17 32 0
11 21.8 44.6 9 24 0 248 454 21 38 0
12 23.2 43.6 20 20 0 258 44.7 22 52 0
13 21.2 434 15 25 0 22.6 44.6 22 48 0
14 234 42.6 12 29 0 23.8 42.8 23 56 0
15 224 432 12 25 0 24.6 42.6 20 58 0
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Table 3. Variance analysis of the studied traits during the two years of the experiment

Sla e :Ske Mean of Squares

clra¥ slas
SOV a3 © \rh osle CuuLu.v
0. Loy . b d o Sl 4w ) " 3 o O
o gl olsT T .L - S e 903 B 003 .. -, > Sas
daf Flowering  Number of  Number of Clove Bulb Bulb . Yield
: 1 ight  diameter  weight Dry Growing
percent coating cloves weig g ’
matter period
layers
*x ns ns * ns ns 26.45 *x ns
J Year 1 5478.05 0.09rs 2.11m 41.28 0.03"s 154.94 . 657.42 0.07
) e
4 15.64 0.39 1.9 5.17 0.67 199.49 2.61 1.42 5.72
Errorl
sl sy
] & 4 242.81™ 0.19"s 366.02™ 1.81™ 12.6™ 4293.24™  0.76™  4036.36™ waﬂ.u
Planting date 7
Ry .
dad 5 12074.01* 2.14™ 791.74™ 20.13™ 2.9" 2787.12" #mm@ 239.08" ﬁ.mw
Ecotype
ru)..u‘wﬂ_ Xesls QLG *k *
Planting datex 20 111.58™ 0.23ns 2959 0.48™ 0.28m 20151  0.78" 39.88™ _m.*mo
Ecotype
Jle XeilS 5,6 *
) & 4 35.81m™ 0.23ns 9.92ns 0.63* 0.41s 38.69 0.49ms 1.42" 3.*0#
Planting datex Year
JuX g 5S1 . -
) 5 22353 0.2"¢ 45.62 0.37ms 0.36™ 120.23m 1.32m 0.14m 6.05"
Ecotype x Year
ol .ﬂtax,ﬂcﬂx%
Ecotype *Planting 20 49.63™ 0.12"¢ 15.84ns 0.36™ 0.26™ 9.46m™ 0.41m 0.45m 3.67"
datex Year
Yo
116 23.89 0.33 11.91 0.22 0.19 62.78 2.39 0.32 2.78
Error2
Sl e CV (%) 37.87 27.91 21.37 17.77 10.05 19.25 5.80 3.17 21.98

]

..;‘

e

I b

s

sl o551 4

W

90

b

5

ST 5l
N b o 0555 dsb M 40

Coamd J (S

—

5 0Lk gla

S A a das o 0l 05k
A3 s Shee Llod 5105k 5 OWS

S

sl

py

s Ses Gl 53 Shes s ST ple 4

ol

P ames

i S8 5 gad 8T

Ol gla

Ll

ST a sl Olis s 65 51 6 5L

o

sla

Ao 03 CiS lie a4 OIS

=

Ay ey93 sk Ol s 5 OB e m

L



;l;;.i:\f'_)\:&_):.,«t.a

o

leT b 33 ik ol allan 3590 Dlio s (oS 5 CslS 56 3T 80U Ay lie —F J gt
Table 4. Mean comparison for the interaction effect of ecotype and planting date on the studied traits based on the average of the two years of

the experiment

rWstN Loy slaad sl s o s A e 0058 Aa.ux. xr”.v a.mx. Wu.vu oSes oo Loy eyss dsb > Shes
.o > o 3 _ e = PR
Jole Flowering A N %rmz ¢ 5 e t5 5 Growi (LS o)
Factor ercentage Number of umoer o Bulb Bulb rowing .
p g : cloves Clove : : Dry matter eriod Yield
(%) coating weight (g) diameter weight (2) p (ton/ha)
layers (cm) (2)
Ly &b
Planting date
BYUEAT. 15.442 2.142 18.8° 2.6° 4.75° 51.272 26.652 187.78* 10.21°
7 September
e 0 14.64* 2.08? 17.582 2.95° 4,732 49.512 26.422 182.00° 9.96*
26 September
e YO 14.142 2.03? 18.652 2.75%® 4.68° 44.89° 26.752 180.00° 8.1°
16 October
oLT o 10.81° 1.94* 14.28° 2.56% 4.17° 34.76¢ 26.54* 178.00¢ 5.73¢
6 November
) 9.5° 2.032 11.47¢ 2.35¢ 3.37¢ 25.344 26.76* 160.00¢ 3.944
26 November
Ecotype s s
g 0° 2.2° 18.12° 2.51° 4.4° 40.16° 26.73° 176.33° 04>
Jiroft
sldgd 0° 2.232 17.220¢ 2.3b 4.12°¢ 38.05% 25.75¢ 176.33° 7.08°
Shahdad
RIS 0° 2.332 15.96¢ 2.03¢ 4.06° 34.43¢ 26.7° 176.33° 6.03¢
Hormozgan
Ol 5 0° 2.032 24.242 1.744 4.12°¢ 29.16¢ 29.012 176.33° 6.64<
Khozestan
Ok 41.33* 1.63°¢ 11.68¢ 3.76% 4.88° 54.012 25.5¢ 180.80° 9.292
Mazandaran
S 36.1° 1.83% 9.71¢ 3.52? 4.44° 51.132 26.06° 180.80? 8.45%
Guilan

Means with same letters in each column exhibit no significant difference based on the Duncan's test at the 0.05 probability level
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Table 5. Mean comparison for the interaction effect of ecotype and planting date on the studied traits based on the average of the two years of

the experiment
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Table 7. Phenotypic correlation among the studied traits based on the average of two years of the experiment
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Table 8. Ranking of ecotypes based on the studied traits(Method of Aronachalam
and Bandyopadhyay, 1984)

oy ;33 4,
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o 19 2
Mazandaran
Ry
. 17.5 3
Guilan
S 16 4
Khozestan
slagd
16 4
Shahdad
V& -
e 14 5
Hormozgan

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

0 5 10 15 20 25
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Fig 1. Dendrogram of the studied ecotypes based on Ward’s method
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Introduction

Garlic (Allium sativum L.) belongs to the Liliaceae family and has more than
800 species around the world (Fritsch et al., 2010). This plant after onion is the
second amost consumed alium genus, which has high nutritional value due to its
minerals. Asexual propagation of garlic during the centuries may have resulted in
a genetic restriction. However, the study of ecotypes shows that phenotypic varia-
tion is significant in size, color, leaf length, growth habits and agronomic traits
such as stress and drought tolerance. Iran was one of the most important exporting
countries of garlic in the world in the past, which makes the study of ecotypes
to meet the demands of domestic markets as well as the export of this product a
necessity. Due to the fact that diverse garlic ecotypes are grown in the south of
Kerman province, incompatibility among some of the ecotypes has caused a lot of
problems to the farmers of the region. On the other hand, since different planting

dates (from September to December) are used in the region to cultiave garlic, de-
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terming the best ecotypes and planting dates is of a great importance to the farmers

of the region, which can lead to achieving higher yields.
Material and Methods:

In order to determine the best ecotypes and planting dates, as well as to es-
timate the genetic diversity and heritability of traits, an experiment was carried
out for two years at the Agricultural Research Center of Kerman Province. The
experiment was a factorial based on randomized complete blocks design with three
replications. Five planting dates and six garlic ecotypes were included as the ex-
perimental factors. The traits including flowering percentage, number of coating
layers, number of cloves, clove weight, onion weight, onion diameter; dry mat-
ter content and yield were measured during the growing season. The analysis of
variance and mean comparison were carried out using SAS software. Correlation
matrix and cluster analysis based on Ward’s method were conducted using SPSS
software. Finally, the ranking of the ecotypes based on the all measured traits was

done by the method of Arunachalam and Bandyopadhyay (1984).
Results and Discussion:

The results of compound analysis indicated that different planting dates dif-
fered in terms of most of the traits studied including dry matter and number of
coating layers. Moreover, it was determined that the effect of ecotype on all the
traits was significant, so that the ecotypes of Mazandaran and Guilan gave the
highest yield. Sandhu et al. (2015) reported a significant difference between eco-
types in terms of agronomic traits. Our study found that the percentage of flower-
ing, number of clove, clove weight, onion weight and yield were affected by the
interaction of planting date and ecotype so that the highest yield was achieved
with Jiroft and Shahdad ecotypes at the planting date of September 15. Among
the ecotypes studied in this experiment, Gilan and Mazandaran ecotypes produced
zero flower. Flowering is a genetic trait, which varies among ecotypes. A desir-
able characteristic of garlic ecotypes for the south of Iran is non-flowering, which

shows the superiority of these ecotypes relative to the ecotypes of Gilan and Ma-
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zandaran, though the ecotypes of Gilan and Mazandaran were superior in terms
of yield. High broad-sense heritability, high genetic and phenotypic coefficients
of variation for flowering percentage, number of cloves, clove weight and onion
weight were observed in this study, indicating that these traits are more influenced
by genetics and the probability that they would be passed to the next generation
while preserving their quality is higher. The cluster analysis divided the ecotypes

into three groups. This indicates the genetic similartiy of each group ecotype.
Conclusion

Ultimately, the ranking based on Arunachalam and Bandyopadhyay method
showed that the most suitable ecotype among the studied ecotypes was Jiroft eco-
type. Therefore, Jiroft ecotype is recommended to be grown in this area in Sep-

tember.

Keywords: Broad-sense heritability, Bulb weight, Clove weight, Cluster

analysis, Ecotype, Flowering percent
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