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Table 1. Name and characteristics of 42 barleywauk used in present study

bl o

Ay el o, oo ails o cnS ol

O,)\IL:_‘ Cuﬁl,;i/ar Gleogrgphic P(:;;ree Growth No. of Grain Sqwing
ocation type row type  time
1 KAROON 5,5 lran ., Strain- 205 F 6 H w
2 AFZAL Jadl Iran ., Chahafzal F 6 H W
3 SAHRA | Iran o, L. B. LRAN/ UggﬁZ?l// Giorig's: F 6 H W
4 NOSRAT &,ai  lran g, Karoon/Kavir F 6 H w
5 MAKOOEI sk Iran o, Star F 6 H w
6 MAHOR sl Iran ..l Wi2291/Wi2269//Er/Amp w 2 H w
7 FAJR30 Y- lran o,  Ligneel3l/ %%rggg/m'g" Ceresi 6 H w
8 YOOSEF oy han ol gl n i D san 2 S 6 H W
9 ZARJO  o,; Iran ., 1-28-9963 F 6 H w
10 ARAS o)l Iran )y Arumir F 2 H w
11 NIMROOZ 5o Iran o, [1OmPillo, CNIBFAA4SZ258-1Y- ¢ 2 H w
12 GORGAN4 f.5,5 Iran ., Herte F 2 H w
13 SARAROOD s/, Iran .l Chicm/An57//Albert w 2 H w
14 JO DANMARK  Iran ., Denmarks! W 2 H W
15 JONOOB s> Iran ., Gloria' s/ Copals: F 6 H w
16 REYHAN ibu, lran g,  RiancO3fAndalLignee! s 6 H W
17 AIRONE Europel,| Gitane x FIOR 763 W 2 N W
18 AQVIRONE Europels)| FIOR 5186 x Naturel W 2 H W
19 SIRIO Europé, | FIOR 2136 x Arco W 2 H W
20 ASTARTIS Europels,| (IABO x Arda3) x Amillis w 2 N S
21 ZACINTO Europel,| IABO 329 x Arda W 2 N S
22 SCIROCCO  Europel,, FIOR 1000 x Express S 6 H W
23 TIDONE Europel)| (Okos x 273 cat.) x Igri S 2 H W
24 DORIA Européys,l  (Nure x Zita)x(Nure x PO 202.169) W 2 H W
25 MARTINO Europel,| FIOR 3007 x Federal W 6 H W
26 SFERA Europel,s) ((KE(‘%pxp;'rJf‘gg%)a’;)'?(”Amlrida) Cw 2 H W
27 PARAGELIA Europel,| Airone x Arco W 2 H W
28 ARDA Europe | Igri x HJ 51-15-3 W 2 H W
29 ALCE  Euopely) (RO acWotizne W 2 MW
30 TREBBIA Europel)| selection from Fior Synt 3 W 6 H W
31 COMETA Europel,| P0202.169 x FO 3358 W 2 H W
32 PONENTE Europel| (Vetulio x Arma) x Express W 6 H W
33 RODOROZ Europels)| Baraka x Gotic W 2 H W
34 ALFEO Europel,| Tipper x Igri W 2 H W
35 ALISEO Europel| (Plaisant x Gerbel) x Express W 6 H W
36 VEGA Europel,| Rebelle x FIOR 1341 W 6 H W
37 PANAKA Europels)| Amillis x Diadem W 2 H W
38 ALIMINI Europel,| FIOR 2551 x Federal W 6 H W
% Beloma  Ewope, (GUEATACHEMICONEG) w6 0w
40 AIACE Europel,| FO 1078 x FO 1638 W 2 H W
41 NURE Europel,| (FIOR 40 x Alpha2) x Baraka W 2 H W
42 ALDEBARAN Europels)| Rebelle x Jaidor W 6 H W

F, facultative; S, spring; W, winter; H, hulled; Maked.  .aizg 900 N boacsg H (loae; W o S s F
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Table 2. Analysis of variance for the measuredsdtiai callus stage of mature embryo of 42 barldthars

Mean squares olu,e (Sl
Slyeeds golie 4"")°_ Ay gy ool S wgllS s oty sl aoss eyl uglls 5 gy e S Sy
Source of ol ooslls Callus Relative frest s JCHS Callus ooallS
variations df Callus growtr primary  weight Relative Fresh weight fresh  cCallusrelative
rate diameter ~ growth  water conten in 7"day  Wweight  growth rate
mj.) 41 0.136" 0.067" 0.006* 0.0008" 0.002s 0.000053° 0.035"
Cultivar
fologT ollas
WE)I‘I‘OSI’ 168 0.032 0.024 0.005 0.0002 0.002 0.00007 0.014
ol 2 o gl
(3052 Sl oy 16.9 147 11.8 3.13 1010 147 11.9

CV (%)

IV Jleisl gl 50 jls sme g lo e yud ol a4 1S

nsand™: Not-significant and significant at 1% probabillgrel, respectively.
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Figure 1. Callus induction (A) and plant regenemrafrom mature embryo culture of barley
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Table 3. Analysis of variance for the measureddiiairegeneration stages of the callus derivech fnoature
embryo culture of barley

Mean squares Sl o 3 Sleo

Oyt oo ©ol3l ax s

|58l duo 4o iy duo o 5" axalS vo o 1556 oo yo
Source of variations df = O SO ey Jo azal, Pl I @il we,

Shooting (%) Rooting (%) Complete plantlet (%) otal regeneration (%)

) 41 0.0014° 0.0015° 0.0081" 0.00475
Cultivar
ooyl sl 84 0.0014 0.0017 0.0016 0.0036
Error
(309) Slyedd o 12 ; 14.46 18.13 16.5 15.8
CV (%)

* ns

TN Jlis g 53 s e g ol cre el oo St g
nsand™: Not-significant and significant at 1% probabillgrel, respectively.
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Table 4. Mean comparison of Iranian and Europealeyaultivars for the measured traits in maturédogro

culture in callus induction and regeneration stages

o5, o et ol a5, e gl Sk o s Sl lyime S (i 03 S g ol azalS wo
Cultivars No. Callus growth rate C_allus primary Relative water contentCallus relative growth Complete plantlet
(mm) diameter (mm) of callus (%) rate (gr/d) (%)

1 1.260 a-e 1.144 b-f 0.454 fgh 1.036b-f 0.264 b

2 1.433 ab 1.299 abc 0.472 b-e 1434 a 0.394 a

3 1.008 g-j 1.022d-i 0.466 c-g 1.066b-f 0.229bc

4 1.018 g-j 1.034 d-i 0.457 e-h 1.214b 0.231 bc

5 1.036 e-j 1.048d-i 0.456 e-h 1.030b-f 0.176 ¢

6 0.918 ] 0.943 g-j 0.464 c-h 1.044b-f 0.231 bc

7 1.310 a-d 1.156b-f 0.490 ab 0.995c-f 0.347 a

8 1.103 ¢+ 1.084d-h 0.456 e-h 0.948ef 0.231 bc

9 0.901j 0.893hij 0.454fgh 0.959 def 0.212 bc

10 0.900 0.887 0.450 gh 0.949def 0.229 bc

11 1.360ab 1.216bcd 0.462 c-h 1.104 b-f 0.383 a

12 0.930 jj 0.996 f-j 0.453 fgh 0.987def 0.194 bc

13 1.319abc 1.195b-e 0.462d-h 1.120 b-e 0.231 bc

14 0.923] 0.975 f+j 0.463 c-h 0.901 ef 0.194 bc

15 0.931j 0.999 e-j 0.462 d-h 0.913 ef 0.264 b

16 1.175 b-h 1.093 d-g 0.458 e-h 1.013b-f 0.264b

17 1.025f-g 1.040 d-i 0.460 e-h 0.895e 0.227 bc

18 1.149 b-i 1.088 d-g 0.472 b-e 1.080 b-f 0.212 bc

19 0.952 hij 1.013e-i 0.480 bcd 0.975 def 0.212 bc

20 1.456 a 1.460a 0.507 a 1.208 bcd 0.349a

21 1.005g-j 1.021 e-i 0.507 a 0.988 def 0.229 bc

22 0.924 0.992f-j 0.464 c-h 0.972def 0.229bc

23 1.363ab 1.139 b-f 0.462 c-h 1.041 b-f 0.349 a

24 0.928 jj 0.995 f-j 0.465c-g 0.958 def 0.194bc

25 0.935j 1.006€-i 0.470c-f 0.967 def 0.231 bc

26 0.931j 0.998 f-j 0.457e-h 0.954def 0.229 bc

27 1.009 g-j 1.030d-i 0.463 c-h 0.932¢f 0.365 a

28 0.936ij 1.011 e-i 0.456e-h 0.951def 0.229 bc

29 0.932j 1.006€-i 0.453 fgh 0.931 ef 0.212 bc

30 0.930] 0.974 f+j 0.463 c-h 0.957 def 0.211 bc

31 0.953 hij 1.016 e-i 0.460 e-h 0.957 def 0.247 bc

32 1.003g-j 1.017e-i 0.460 e-h 1.042 b-f 0.231 bc

33 1.187 b-g 1.094 d-g 0.463 c-h 1.170 bcd 0.211 bc

34 1.245 a-f 1.109 c-g 0.452 gh 0.976def 0.194 bc

35 0.927jj 0.993 f+j 0.455e-h 1.035 b-f 0.176¢c

36 0.889 ] 0.807 j 0.447h 1.013 b-f 0.229 bc

37 0.941jj 1.012 e-i 0.463 c-h 0.969 def 0.247 bc

38 1.105 c+j 1.087d-g 0.480 bc 0.955 def 0.229 bc

39 0.901 0.990 f-g 0.453 fgh 1.020 b-f 0.229 bc

40 0.900 0.870 ij 0.453 fgh 0.944 ef 0.194 bc

41 1.191 b-g 1.094 d-g 0.448 gh 1.081 b-f 0.247 bc

42 1.094 d-j 1.053 d-i 0.455 e-h 1.039 b-f 0.211 bc

S5 70 Jlis] g )3 (5l sine sl i o 3 alie By shls (slaaSils
Means followed by the similar letters in each catuane not significantly different at the 5% probipievel.
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Table 5. Thegroup comparisons of barley cultivars for thettraneasured in callus induction and regeneration
stages in mature embryo culture

["5) r“é)
Céo Cultivar - _qu_t[\@_r_ i
Trait byl Ay, il —Ady S 90

ayd) it plB)| a3 )93 pls)l 5
6 rows cultivars 2 rows cultivars Cultivar
bl -l bl -l Jlodidgy —andisy (a0

European - Iranian6 rows - 2 rows European - IranianEuropean - Iranian Hulled - Naked

odllS ol ey

6.29 - 7.68* 6.42 — 6.68"
Callus growth rate
oS S 9.43-105F  10.06 — 10.07¢
Callus primary diameter
wleS W u_:T éljbm o, <
Relative water content of 10-2-10.19
callus
B R .
Callus relative growth 0.98 - 1.06
rate (g/d)
Jol azals w00 0.23 - 0.24°

Complete plantlet (%)

9.96 — 9.98%

1.35-1.31%

0.23 -0.23%

5.24 - 6.69" 6.95-7.10" 5.10 - 5.058¢
9.54 —10.04" 9.95-10.24 10.06 — 10.04°
9.98 —10.01° 10.65-10.46° 10.09 -10.18
0.95-1.04 0.99 - 1.10° 1.01-1.12
0.23-0.23% 0.23 -0.23% 0.23 -0.36"

* ns

VAR 9 70 JLo.o‘ C}.!a,a 5 )lo PR )L) S0 )...C w).’d.o e 9«

s " and™: Not-significant and significant at 5% and 1% pablity levels, respectively.
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Table 6. Correlation coefficients among the agroiednaits and the studied traits in mature embmybuce of the 42 barley cultivars

t..
o

Trait CPD CGR CRGR RFWG CPFW RWC CFW TR FLL NKPS PH AL GL GW DTH DTA KFP GY
ral

CGR 0.44* 1

CRGR 0.42** 0.42* 1

RFWG -0.08 0.29 -0.06 1
CPFW 0.17 -0.15 0.13 -0.64** 1
RwC  0.17 0.00 0.17 -0.18 0.12 1
CFW  0.29 -0.03 -0.01 -0.06 0.04 0.48* 1
TR 0.27 0.18 0.22 -0.02 0.03 0.16 0.22 1
FLL 0.44** 0.43* -0.05 0.26 -0.17 -0.13 0.06 -00 1
NKPS -0.05 -0.02 -0.08 0.38* -0.05 -0.04 -0.15 *0.30.33* 1
Phe 0.31* 0.12 0.07 0.29 0.07 -0.14 0.06 0.06 0.5**0.36* 1

AL 0.00 -0.20 -0.17 -0.17 0.00 -0.09 0.20 0.14  10.1 -0.6** 0.03 1
GL -0.07 0.19 -0.06 0.5*  -0.36* -0.30* -0.14 0.03 0.33* 0.37* 0.35* -0.08 1
GW 0.15 0.16 -0.08 -0.08 -0.09 0.02 0.31* 0.32* 9.0 -0.63* -0.02 0.38* -0.04 1
DTH 0.26 0.06 0.03 0.25 -0.05 0.01 0.09 0.07  0.5*0.33* 0.78* 0.09 0.20 0.00 1
DTA  0.26 0.06 0.03 0.24 -0.060 0.03 0.10 0.08 0.5*0.31* 0.76* 0.10 0.18 0.03  0.99*
KFP  -0.23 -0.08 -0.08 0.34* -0.18 -0.08 -0.02 -0.11 110. 0.31* 0.36* 0.12 0.39* -0.13 0.35* 0.3* 1
GY 0.03 0.24 0.08 0.18 -0.13  -0.00 -0.00 0.02 0.29 0.02 0.32* 0.18 0.10 0.20 0.51* 0.5** 0.17 1
TKW  0.00 0.23 0.07 -0.04 -0.20 -0.01 0.16 0.29 0.10-0.5**  -0.12 0.21 0.09 0.75* -0.01 0.00 0.01 0'36
"and™ : Significant at 5% and 1% probability lewkespectively A TP PCES PN RN PO J IPVE
w35 5 039 CFW  uglls T elgimo 0o ys RWC (ozin 55, 036 558 CPFW uglls s 0y RFWG uglls s 0y et yos CRGR uglls’ s, g yos COR uglls [l CPD 35l Wil jlee ooy anlllas Slivo =1
8 ,Soe GY wails yais 0,90 KFP (Sledl 00 51 59, DTA (20 alis 5 55, DTH wils 5,0 GW wils Job GL Sy, Jsb AL LS el PH b (o ails oloas NKPS‘Mﬂ Spdeb FLL (JS o35k ae s TR
Al i e TKW .ails
T: The traits abbreviations are including: CRBllus primary diameter; CGR, callus growth ratRGR, callus relative growth rate; RFWG, relativestt weight growthCPFW, callus

primary fresh weight; RWC, relative water contefitallus; CFW, callus fresh weight; TR, total regeation; FLL, flag leaf length; NKPS, number of kel per spike; PH,lant
height; AL, awn length; GL, grain length; GW, graudth; DTH, days to heading; DTA, days to anthekiBP, kernel filling period; GY, grain yield; TKW,000-kernel weight.
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Table 7. Path coefficients (direct) and indiredeets of the agronomic traits on the embryo cultvaés in 42
barley cultivars

(o L_;"'Q) u’?-HS)J“-" u.;5JlS ‘.;‘ 6‘5:"’“’ o0 Js TRV
s . . . [P p)
Slao Callus primary diameter Relative water content Total regeneration (%)
Traits (mm) of callus (%) 9 0
Direct Indirect Direct Indirec Direct Indirect
ozn S sk 0.465" -0.02 -0.143 0.004 -0.117 0.111
Flag Leaf Length
e s g6 0.259 -0.055 0.005 -0.594" 0.252
Number of Kernel Per Spike
L5 el 0.256 0.064 -0.195 0.051 0.214 -0.145
Plant Height
S Jsb -0.096 0.096 -0.253 0.164 -0.236 0.383
Awn Length
d“:lo Job -0.133 0.060 -0.228 -0.08 0.222 -0.190
Grain Length
“"f o 0.048 0.108 0.135 -0.108 -0.074 0.401
Grain Width
8 Ao B, 1.328" -1.066 -2.445" 2.461 -2.248" 2.323
Days to Heading
sl 03,56 59, , -1.224° 1.492 2.737" -2.705 2.498 -2.413
Days to Anthesis
o o5 095 -0.254" 0.021 0.125 -0.209 -0.062 -0.053
Kernel Filling Period
s oSl -0.121 0.156 0.002 -0.008 -0.148 0.171
Grain Yield
ol o -0.103 0.108 -0.13 0.112 0.136 0.160

Thousand Kernel Weight

™. Significant at 1% level of probability
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Figure 2. Clustering the 42 barley cultivars basedhe measured traits in mature embryo culturegigiard’s
minimum variance method
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Table 8. Comparison of response to mature and iom@&mbryo culture of 42 barley cultivars usinggtt

Trait mean Cio xSk
Cloo : : RV
Trait &b o L e t-value
Mature embryo Immature embryo
() 52 ocslee) (ool a8 e 7.132 11.819 13.887
Callus growth ratémm/day)
(oslse) ngllS 8 8.361 10.918 7.619"
Callus primary diameter (mm)
(0 s 5 4.183 4.384 1.180°
Callus fresh weight (g)
(40,9) 3 oo ol Slyime 11.256 11.794 2,149
Relative water content of callus (%)
siljedle 202 0.539 0.259 26.535
Shooting (%)
ity 2oy 0.538 0.232 31.912"
Rooting (%)
Jo5 azals a0 0.390 0.242 7.840°
Complete plantlet (%)
&l 2y 0.379 0.132 29.720°

Total regeneration (%)

*ok

IV Jlisl g jo o cme g o et i ey oM™

nsand™: Not-significant and significant at 1% probabillgwel.
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Abstract

Callus production via mature embryo culture prositiee possibility to regenerate plant genotypes
effectively under tissue culture conditions. Sciegrbased on an agronomic trait is a procedure to
predict the outcome of tissue culture which is exgensive and time consuming. The present research
was carried out to investigate the response ofrd@idn and European barlejigrdeum vulgare L.)
cultivars to mature embryo culture and to evaluatationship between embryo culture traits with
agronomic characters. The results showed that there highly significant differences @ 0.01)

among the genotypes for callus growth rate (CGR)Jus primary diameter (CPD), relative water
content of callus (RWC) and callus relative grovéte (CRGR) . The cultivars AFZAL and ASTARTIS
had the highest amounts of callus growth rate antptete plantlet, therefore were identified as sigpe
cultivars. Cluster analysis using Ward’s minimurmiasace divided the cultivars into four groups, so
that the cultivars of fourth group had the higresbunts of callus growth rate, callus primary digene
and relative growth rate. The results of corretatoefficients of agronomic and embryo culturetsrai
showed that callus primary diameter had significaorrelation coeficients with callus growth rate,
relative growth rate, flag leaf length and planighe Path analysis revealed that days to headisaygs

to anthesis and flag leaf length had the highesitige direct effects on embryo culture traits,
respectively. Comparison of the response of twesypf explants (mature and immature embryos) to
tissue culture indicated that the mature embrydh wilower response to tissue culture at the callus
induction stage had a more appropriate and higlggronse at callus regeneration stage.
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