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Genetic variation for winter survival and related characteristics in barley genotypes
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Table 1. Characteristics of barley genotypes used in field and laboratory experiments

IR IRty R IRty
g eled Code or name of the o s 5 olad Code or name of the o s
No. of genotype genotype Pedigree No. of genotype genotype Pedigree
1 EC79-10 Walfajre/Miraj 1 21 A1C84-14 Astrix(C)/3/Mal/OWB753328-5H//Perga/Boyer
2 EC79-13 Kmk//Rbr/Wa2196-63/3/EBC(A) 22 A1C84-15 Monolit/Plaisant
3 EC79-18 Lignee 131//4341 N/Ortolan 23 A2C 84-5 CWBI117-77-9-7/Teran78
4 EC80-7 YEA389.3/YEA475.4 24 A2C84-6 CWBI117-77-9-7/Teran78
5 EC80-11 ALGER/(CI10117/CHOYO.. 25 A2C84-8 Legia/3/ARIZONAS5908/ATHS//L.640
6 EC80-13 CERES//WI12192/EMIR/3/KAROON 26 A2C84-11 Roho/Mazurka//Dyton
7 EC81-11 Coss/OWB 71080-44-1H 27 A2C84-12 Boyer(F356)126//Cem1413/Kt2085
8 EC81-13 Comp89-9Cr-79-07/Atem//(Alpha/HC1905//Robur)/3/ 28 A2C84-14 Cyclone/Arar
9 EC82-5 Alger/(CI10117/Choyo.. 29 A2C84-18 Mal/OWB753328-5H//11840-76/3/Radical
10 EC82-10 Arar/Productive 30 A2C84-17 Monolit/Plaisant
11 ECS82-11 Np106/Minn14133-Gvaxduois//Gi10143 31 Makouee Makouee
12 EC83-4 L.131/Gerbe//Ager-Ceres/3/(Scotia/Wa...) 32 CB74-2 CB74-2
13 EC83-5 Arar/L.1242 33 Rihane Rihane
14 ECS83-10 GkOmega 34 Kavir Kavir
15 EC83-12 K-096M3 35 73M4-C 73M4-C
16 EC83-15 SCHUYLER//(M.RNB89.80/NB1905//L.527) 36 Schulyer Schulyer
17 EC83-17 MAKOUEE//ZARJOW/80-5151 37 L.1242 L.1242
18 A1C84-7 Star/Dundy 38 Athenise Athenise
19 A1C84-9 F2//Radical/Karat/3/Radical/4/Xemus 39 EMB80-7 Rihane//Aths/Bc
20 A1C84-12 Kozir/330 40 EMS80-9 LB.Iran/Una8271//Gloria"S"/Come"s"-11M/3/Kavir
VAP 5 V¥AD el sladle s OLs gl olisl pa o] ailabe HLaT asdst =Y Jgior
Table 2. Summary of monthly meteorological data for Khalatpoushan weather station in 2006 and 2007 growing seasons
2006 yrAd 2007  yrar 2006 Ao 2007 Az
s il Sk s il S5k by Sl 5 Kika
Mean of Min. temp. bs STl ks Mean of Min. temp. Mean of Max. temp. L J8lie- Le> 5l
Month olo (°O) Mean of Max. temp. (°C) (°O) (°O) Min. temp.(°C) Min. temp. (°C)
Oct. ™ 6.4 22.8 5.0 21.3 2 1
Nov. ouT 0.3 11.6 1.1 15.8 -11 -7
Dec. 5T -7.9 4.1 -6 3.5 -13 -18
Jan. <2 -13.2 -2.4 -14.3 -2.8 -22 -21
Feb. g2 -5.6 4.2 -10.4 0.7 -13 -19
Mar. A -2.7 7.0 -2.5 9.0 -12 -13
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Table 3. Multivariate analysis of variance for traits associated with cold tolerance in barley genotypes

o iie iz gls S, oyl ldie
S.0.V. % xle  Multivariate methods  Statistics value F
Pillai's Trace 3911 1.234%
Genotype - Wilk'sLambda 0.001 1.546™
i Hotelling's Trace 17.707 1.978*
Roy's Largest Root 7.874 7.677"

***: Significant at 5% and 1% probability levels, respectively
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Table 4. Survival percentage of barley genotypes in the field and at different temperatures in the controlled conditions

-8°C -17°C
G 8 eled Uy (-U (o 33 Lo gze) 4550 53 o) Ao s ol slaosls odd s (glaesls ol slaosls odd s (glaesls
No. of genotype  Name of genotype Field survival percentage (average of two years) Original data  Transformed data -11°C -13°C -15°C Original data Transformed data

1 EC79-10 59.01 100 2 100 95 85 25 0.04

2 EC79-13 20.37 100 2 100 75 60 35 0.03

3 EC79-18 79.10 100 2 95 70 25 10 0.09

4 EC80-7 68.36 100 2 100 60 20 0 1.00

5 EC80-11 71.52 100 2 100 100 100 45 0.02

6 EC80-13 53.41 100 2 95 80 65 0 1.00

7 EC81-11 50.57 100 2 90 40 10 0 1.00

8 EC81-13 35.89 95 1.98 95 95 0 0 1.00

9 EC82-5 88.38 100 2 95 90 85 60 0.02

10 EC82-10 55.76 100 2 95 80 30 0 1.00
11 EC82-11 85.34 95 1.98 95 95 50 10 0.09
12 EC83-4 54.46 100 2 80 65 55 0 1.00
13 EC83-5 78.53 100 2 100 90 5 0 1.00
14 EC83-10 67.35 100 2 100 55 65 0 1.00
15 EC83-12 91.96 95 1.98 95 95 90 90 0.01
16 EC83-15 80.78 100 2 75 75 70 0 1.00
17 EC83-17 56.74 100 2 95 20 15 40 0.02
18 A1C84-7 75.27 100 2 100 100 100 35 0.03
19 A1C84-9 61.17 85 1.93 85 70 15 30 0.03
20 A1C84-12 79.85 100 2 100 90 75 5 0.17
21 A1C84-14 78.71 100 2 75 60 55 50 0.02
22 A1C84-15 91.62 100 2 95 90 20 45 0.02
23 A2C 84-5 85.34 100 2 100 90 35 0 1.00
24 A2C84-6 61.29 100 2 100 95 50 5 0.17
25 A2C84-8 32.05 100 2 95 90 50 45 0.02
26 A2C84-11 83.34 95 1.98 95 95 45 0 1.00
27 A2C84-12 83.34 90 1.95 85 85 65 25 0.04
28 A2C84-14 61.01 100 2 100 100 90 25 0.04
29 A2C84-18 85.63 100 2 100 100 85 60 0.02
30 A2C84-17 77.97 100 2 95 90 75 0 1.00
31 Makouee 70.81 100 2 100 75 85 15 0.06
32 CB74-2 89.39 100 2 100 85 85 10 0.09
33 Rihane 59.34 100 2 100 80 10 15 0.06
34 Kavir 40.17 100 2 100 100 40 20 0.05
35 73M4-C 77.37 100 2 100 90 10 0 1.00
36 Schulyer 82.36 100 2 100 95 95 80 0.01
37 L.1242 76.45 100 2 100 95 40 10 0.09
38 Athenise 20.39 85 1.93 20 0 0 0 1.00
39 EMB80-7 69.96 100 2 100 100 85 0 1.00
40 EM&80-9 37.31 95 1.98 80 35 50 10 0.09
LSD sy, 25.28 0.010 21.52 40.36 47.51 0.81
LSD o, 33.83 0.013 28.79 54 63.57 1.08

At temperatures -8°C and-17°C, logarithmic and inverse transformations were used, respectively s oslinal o iSae 5 ooy b5 Sl 4 3LE et 53 IV 5 aemy3 A glales o
Voo
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Table 5. Means of LT, percentage of seedling dry weight, leaf width and soluble carbohydrates content after hardening in barley genotypes

ww&u)ju\.p): ale jlda Lyl s 53 gl s )un 5 ;
Percentage of seedling dry weight(g) Water-soluble carbohydrates after hardening (mg.g”' leaf DW)
5 ol ol slaosls sld oo glaesls K, o ol glaosls sld s glaesls
NO. of genotype LTso Original data Transformed data  Leaf width (cm) Original data Transformed data
1 -16.52 12.59 1.10 0.87 22.06 4.66
2 -15.43 12.43 1.09 0.84 23.76 4.87
3 -14.68 17.26 1.21 0.81 22.81 4.77
4 -13.67 1143 1.06 0.90 36.58 5.69
5 -16.96 12.59 1.10 0.89 16.51 4.06
6 -15.05 12.66 1.10 0.87 24.48 4.85
7 -13.06 13.20 1.12 0.90 423 6.22
8 -13.80 11.50 1.06 0.78 27.56 5.10
9 -17.10 19.93 1.27 0.88 30.86 5.55
10 -14.21 16.81 1.21 0.97 25.09 5.00
11 -15.17 12.54 1.10 0.93 37.52 5.81
12 -14.48 11.62 1.06 0.94 24.62 4.81
13 -13.95 11.73 1.07 0.90 20.81 4.53
14 -14.80 12.68 1.10 0.93 53.34 6.71
15 -17.69 21.48 1.30 0.76 28.22 5.31
16 -14.98 10.94 1.03 0.83 22.92 4.71
17 -14.61 14.74 1.17 0.93 20.84 4.40
18 -16.86 12.69 1.10 091 54.02 7.09
19 -14.78 11.21 1.05 0.90 18.37 428
20 -15.80 15.38 1.18 0.87 29.7 5.43
21 -15.58 13.76 1.14 0.80 21.45 4.55
22 -15.91 13.61 1.13 0.82 71.44 7.78
23 -14.63 12.71 1.09 0.89 23.48 4.84
24 -15.25 12.38 1.09 0.82 27.11 5.16
25 -15.94 12.25 1.09 0.92 23.42 4.82
26 -14.72 11.67 1.06 0.85 45.27 6.50
27 -15.48 12.85 1.10 0.77 24.98 5.00
28 -16.39 13.58 1.13 0.79 75.66 8.22
29 -16.94 10.83 1.03 0.93 22.37 4.66
30 -15.50 11.87 1.07 0.93 23.45 4.83
31 -15.87 19.54 1.26 0.90 23.23 4.81
32 -15.97 14.01 1.15 0.89 19.79 4.39
33 -14.61 14.91 1.16 0.66 41.52 6.20
34 -15.73 13.04 1.11 0.87 19.79 4.44
35 -14.11 14.78 1.17 0.78 22.54 4.74
36 -17.49 15.12 1.17 0.77 36.50 5.80
37 -15.26 1145 1.06 0.84 30.00 5.38
38 -9.81 11.84 1.07 0.60 30.36 5.50
39 -15.66 12.99 1.11 0.84 27.98 5.09
40 -13.95 1543 1.17 0.65 38.80 5.95
LSD 10%
LSD 50, 2.04 0.11 0.12 1.8
LSD s, 2.73 0.15 0.16 2.4
voy
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Table 6. Genetic and environmental variances (Vg , Vi), squared genetic coefficient of variation (GCV?), and heritability (h*) (between genotypes) for measured plant

characteristics in barley genotypes

je 53 Sl odiy Ao wealS i 055ty &K, e 2353l 1 da Jloen (clant Survival(%)  slek; dwys

Field survival (%) Seedling dry weight (%)  Leaf width  Soluble carbohydrates after hardening LTsg -8°¢ -11°% -13°° -15°¢ -17°%

Vg 287.80 4.85 4.6x107 146.15 1.44 14.93 135.06  328.71 682.56 338.71
Vi 563.53 2.53 0.0038 67.97 1.02 0.03 113.33  398.84 552.69 476.42
(GCV)* 6.42 2.62 0.64 15.41 0.62 0.15 1.55 5.17 25.00 84.67
h4SE 0.78+ 0.65+ 0.707+ 0.68+ 0.738+ 0.998+  0.704+  0.622+  0.711=  0.415+
(0.061) (0.059) (0.079) (0.055) 0.072)  (4x10%  (0.079)  (0.095)  (0.078)  (0.102)
Table values are original data (not transformed) LlodaT Cwws &5 (0 Jsl5) ool (glrosls 1 J gl 5slia

o S 9 3 4y 53 Sleey Ao ys s LTsg (5, S S0k 51 0T ol il 5 s 2udS™ - S0ka -V gt
Table 7. Means of clusters and their deviation from the grand mean for LTsy and survival percentage in the field for the barley genotypes
LTs Field survival percentage 4,0 55 Sbods; o ys

ZWNS” Ji’b
7 s -
Cluster Mean 15.11 79.78
) S JS oS 51
Cluster 1 Deviation from total mean 0.10 12.84
Genotypes: 21, 30, 20, 37, 11, 27, 31, 39, 22, 32, 23, 26, 3, 16, 13,35, 4 5 (,:i't:ﬁ.,'! Sl 0.3 1018
Percentage of deviation from total mean ’ ’
ZWNS” Ji’b
7 N -
Cluster Mean 16.99 76.89
Y S P
Cluster 2 &5 oSl 51 ol il 178 9.95
Genotypes: 9, 29, 36, 15, 1, 28, 5, 18 Deviation from total mean ’ :
oSibe 51 Bl s 53 )
Percentage of deviation from total mean 11.72 14.87
ZWNS” Ji’b
7 i -
Yoo Cluster Mean 14.69 43.99
S A
Cluster 3 Deviﬁoﬁrlgrﬁ ;;Lglnean 0.52 -17.95
Genotypes: 25, 34, 2, 10, 12, 17, 33, 19, 6, 24, 14, 8, 40, 7 -y
5 ouor | Sl 3.40 26.82
Percentage of deviation from total mean ) )
05,5 ks R
tof Gro/up Mean 9.81 20.39
Group 4 B e e 5.40 -46.56
. Deviation from total mean
Genotype: 38 5 S 31 ol s
Percentage of deviation from total mean 35.50 -69.55
. /L»
Total Moan -15.20 -69.55
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Fig. 1.Grouping barley genotypes based on standardized values of LTs, and field survival percentage by

Ward's algorithm and squared Euclidean distance
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Genetic variation for winter survival and related characteristics in barley
genotypes

Hamian, S.}, M. Moghaddam?, S. A. Mohammadi®, K. Ghasemi Golezani’, A.
Heidari®, E. Faraj Zadeh® and A Yousefi’

ABSTRACT
Hamian, S., M. Moghaddam, S. A. Mohammadi, K. Ghasemi Golezani, A Heidari, E. Faraj Zade and A. Yousefi.
2012. Genetic variation for winter survival and related characteristics in barley genotypes. Iranian Journal of Crop
Sciences. 13(4): 743-759. (In Persian).

An investigation was carried out in order to study the genetic variation of barley genotypes in terms of winter
survival, LTs, and leaf soluble carbohydrates under field and greenhouse conditions using 40 barley genotypes in
the research station and greenhouse of Faculty of Agriculture, University of Tabriz, Iran. The field evaluation
was performed in the form of randomized complete block design in two years and percentage of winter survival
was estimated. Multivariate analysis of variance indicated significant differences among genotypes for the traits
measured in greenhouse and laboratory. Combined analysis of variance showed significant differences among
genotypes for percentage of winter survival, but the effects of year and genotype x year interaction were
significant for this character. The greenhouse experiment for percentage of plant survival was carried out in the
form of split plot design on the basis of randomized complete blocks with two replications. Barley genotypes
were assigned in subplots and five freezing temperatures (-8, -11, -13, -15 and -17°C) were assigned in main
plots. Other traits measured in the greenhouse, such as LTs, percentage of seedling dry weight, soluble
carbohydrates content before and after hardening and leaf length and width were analyzes based on randomized
complete block design. Significant differences were observed among barley genotypes in terms of survival
percentage at temperatures -8, -11, -13, -15 and -17°C, LTs,, percentage of seedlings dry weight, leaf width and
the soluble carbohydrates content after hardening. The heritability of field survival percentage, LTsy and leaf
width were high. The heritability of soluble carbohydrates content after hardening and the percentage of seedling
dry weight were moderate. The highest and lowest heritability were observed at temperatures -8°C and -17°C,
respectively. Percentage of survival at temperature -15°C had the largest squared genetic coefficient of variation
and other traits had low squared genetic coefficient of variation. It can be concluded that genotype #38
(Athenise) was susceptible to cold stress and considerable number of genotypes had desirable characteristics for
cold tolerance from which genotypes #36 (Schulyer) and #15 (EC83-12) can be recognized as more cold tolerant

genotypes with regard to percentage of winter survival and LTs,.

Key words: Cold acclimation, Cold stress, Field survival percentage, Leaf soluble carbohydrates and LTsy.
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