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Genetic Analyses of Heading and Maturing Dates and Their Relationship
to Freezing Resistance in Barley

Jong Un Chun*" and Seok Won Kang*
*Division of Plant Science, Sunchon Natl. Univ., Sunchon, 540-742, Korea

ABSTRACT : The combination of early heading time,
maturing time and short grain-filling period is very
important to develop early varieties in winter barley. The
4 parental half diallel crosses (parents, Fis, F.s) were culti-
vated at the field. The heading date was from April 3 10 26,
maturing date from May 15 to 27 and grain-filling period
from 31 days to 42 days, showing that the varietal differ-
ences about the 3 traits were remarkable. According to
half diallel cross analyses, Dongbori 1 for heading time
(late heading) was dominant, but Oweolbori (early head-
ing) was recessive, showing partial dominance with high
additive component of genetic variance. Dongbori 1 for
maturing time was dominant, but Oweolbori was reces-
sive, showing partial dominance with high additive vari-
ance. Reno for grain-filling period (short grain-filling
period) was dominant, but Oweolbori (long grain-filling
period) was recessive with additive, and partial domi-
nance. There were highly significant mean squares for
both GCA and SCA effects on the heading and maturing
times, and GCA/SCA ratios for all traits were high, show-
ing the additive gene effects more important. Sacheon 6
and Oweolbori had greater GCA effects for early heading
and maturing times, and Dongbori 1 and Reno had grea-
ter GCA effects for late times. GCA effects were highly
significant in F, and F, generations, showing high GCA/
SCA ratios (7.02). The heading and maturing times in
field were positively correlated with antifreeze proteins
concentrations, accumulation, resistance to photoinhibi-
tion and winter survival, respectively, but the grain-filling
period did negatively correlated with the traits.

Keywords : genetic analysis, heading date, maturing date,
grain-filling period, diallel cross, barley, freezing resistance
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st} 2 717ke) 47 BS54
t}. o]dd FAE shAs) 9
3t A gz 4 A7 ue Fasth 2ol &
27, A&7 9@ Engiie 2gEARA fuxeh 97489
g0 o)5le} AAEEH A9, 53] 9% B =9 9
o] =A 2H2-3HHCho, 1974; Ha et al,, 1978; &M - FIL,
1963). °]S Aol Bodske A - fHH AS 1 T
o QYA HSAN} FERIAE AHEQ) FHS etk
wee] HsiiiEs |45 fEike g% &
pdEe] WE AES Adsior dtal(namura er al, 1956),
ol2] 45 HAUEMT Mo B FES wwle] ol &
sk 3tk 3F3HCho, 1974). Ha et al(1978)2F Cho(1974)
zo fuo} Ame] £ &47]9] Fage] BAZCA He
WA Q9L # - BB, BFNS, o) FHIESRE B o
Eol] tisiA AEE BAF fAdTE AAsTh

we)el o] H57) fHel Bale] Fo] wprkel oists
o sgo)ele B (Florell, 1924; Griffee, 1925)8} wH4§o] =4
o) tjsled 9Ado)2Rs AMEKE B3 (Frey, 195477} lem <+
Mo ZEGARS} thre] mlERHAl Fodvy Bi
(Crumpacker & Allard, 1962; Ennus, 1964; Johnson & Paul,
1958)859TF. Chung(1997)2 thedell A Jeofaite] 7Ha-del
thaled Hhtigitolet slgitt. v} Lo FE &4 vh
2o} Wol7t ZA(Cho, 1974), T - AT} Azt AFe
TN @ A7 28T S Ennus(1964)%F K
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HE, YR FetE, X4 &57]E polygeneol] 23 AufE
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Wol ¥ 4714 FAsle FHAEA 459 T3S
FASNAL 2F 2% 8 2H AR A TH GHA
o ATAL shTh

R2](Chung, 1997; Crumpacker & Allard, 1962; Frey 1954)
o} Y (Cho, 1974014 Hid Z719 fHES dx ¢ A
ol w2y 26-92%E Z7)AHe] AdEgoe] v$
£ Ho|t}. 29 (Gebeyehou et al., 1982; Nass & Reiser, 1975)
7 th¥(Aksel & Johnson, 1961; Rasmusson et al, 1979)°
BER 2 FatERe) digh At BarEle, Gebeyehou
et al(1982y Amo|X F=7|7H] ¥ e 2AAETH
zlojg Bisint. Aol F=r|k Fulee FE50 A
o7} o o] F FAL {FHHOoR AR FHoe] glomn
FAol Muo] yhgelch &34 A% (Nass & Reiser, 1975)
gre TEEErt 557G FEol v|Xe G ¥ 2
T} 3Tk Aksel & Johnson(1961y thwde] TREIEAESHT
X FE7I7k] 7 AR Hox RS KA 948
2 g3, 2 T FoX E5dret 557170 #&e A
4 ok 233 th. Rasmusson et al.(1979)

= = T
2 gk AHEelA oiEle] F5717ke] AL ule Erin
3FRh.

2 A9 B8 HelY 297] 2 45719 A8 o
E 323 W5 IAE BAEk, ol g gigt &
FHA Aol o g AFsias) g,

M= o ek

E AFE 19983FE 20017k 440 AF £MEky

A F Ao AA S} ifEE A=r o8 B o) =

#2{ESE(KOREAN J. CROP SCI.), 47(6), 2002

RAHH6E, o 9E Y, EXH P15, RenoyS 19983 7180 7
oA TEEEHE, %)t o _maci(half diallel cross)
31, F, W35S star, the d=ol F, 2352 A8t
o F, AUE st 200083 108 2509 AP EA0] 4
Mo A, 6 8] F, 2 F, Ate) E2E 7+ 2~3cm
Ao E Wy 2 vHEo R aEsigic). welxle 38 1507
A, Fr2 28 10000A], F2 58 25070A% 915319t 28
Aol &47)e 7 NAY FFolrto] 243 & IITh
AL7)1e e Mgho] kF D (grayish yellow)O. 2 313} w)
£ 71502 9 4 B4 lolM XA A A
So] ksl AFEE A 1HEE 257)74Re] A4, K
WA= 3A1ARY A7 e A2, Bl &5
7oA A=7|17kAe] A2 AlLFsITE. Antifreeze proteins
(AFPs)?] & 2 s=348 ¥ ¥F 359 % 5599 &
BL AMR-3}, Chun er al(1998)2] Bl Z=atqitt. 234
o] EERS S 22 ASE A3 75 F2doA 8AIZH
2L 12A)17F FAEE Festd FASIN.C.H (Fv/Fm; Chun et
al., 2000), TTCS] &t hell o3 229 £ AL FY
AEBE -7°C 2 -13°CollM ZHzt A7 52 A2] Fofl ZA8E
ATHChun et al, 2000). HEAAH) gt FAREN & =F
539 HAHL New Mystat(Choe, 1998)S ©]&3}t}.

a1 o uF
oujx R Fy, Fo MicHel HiTER%, R¥AN R ERUE
o] "l

A FRl T/ RAHF Fy, F, Althe] iR SL, Bea
R BRIRS Table 12+ 2ok LEEHS] 971 291

Table 1. Mean values for heading days, maturing days, and grain-filling periods in the F; and F, of 4 parental half diallel cross grown in field.

c Heading date Heading day Maturing date Maturing day Grain-filling period

T F, F, F, F, F, F, F, F, F,
S6XS6"  Apr 12 Apr 12 43 43 May 19  May 19 80 80 37 37
S6 XOW 13 7 44 38 20 17 81 78 37 40
S6XD1 21 15 52 46 23 22 84 83 32 37
S6 XRE 21 16 52 47 24 23 85 84 33 38
OW X OW 3 3 34 34 15 15 76 76 42 42
OW XD1 19 16 50 47 25 24 86 85 36 38
OW XRE 23 19 54 50 22 26 83 87 31 37
D1XDi1 23 23 54 54 26 26 87 87 33 33
D1XRE 26 24 57 55 26 28 87 89 31 34
REXRE 26 26 57 57 27 27 88 88 31 31

Mean Apr 19 Apr 16 49.6 47.1 May 23 May 23 83.7 83.7 343 36.7
SD 73 74 7.2 74 3.8 44 38 44 3.6 33
CV(%) 384 46.3 145 15.7 16.7 19.4 45 53 10.5 9.0

Heading day : days from 1 March to heading date, maturing day : days from 1 March to maturing date, grain-filling period : days from
heading to maturing date. 'S6 : Sacheon 6, OW : Oweolbori, D1 : Dongbori 1, RE : Reno.
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A 9B E7} 34H, AB63S 7} 430, SR 137} 54H,
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158, AFd6E7) 58 198, 3E# 1% 2 Reno’} 58 26~27
Hollth. s HEE 29187} 76H, AR637} 80H, BH
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2 A& gldon E, AdlollA w3 AS 1)

LR o8t RHEN

FARTFE skt Jdo F88 AT He Wr-vrel
F52 Aozt Rlojof ke TR tig EAHEA Ads
Table 29 Zth. 594, Asds B 557170 digh Wr-
Vi8] BT, A E25ds, 35U 2 557170
e BB Wr-Vre] BAHEAS 72 AT 38 {249l
ztol7t ATk = Vi WrLg Zoj|A] o]E ol i3t 3
AA7Y 0.86~0972 12Hb =1) F2lz27} §I17) w&o) JE
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Table 2. Mean squares for Wr-Vr of heading days, maturing days
and grain-filling periods in the F, and F, of 4 parental
half diallel cross grown in field.

Mean square
. . Grain-filling
Source  DF Heading day = Maturing day period
F, F, F, F, F, F,
Replications 1 169.59 156.06 028 0.03 334 1850

36.74™ 23.49™20.17™ 14.86" 3.64™ 322™
2336 3244 955 145 623 383

*Significant at the 0.05 probability level, ™: not significant.
Heading day : days from 1 March to heading date, maturing day :
days from 1 March to maturing date, grain-filling period : days
from heading to maturing date.
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o2 ogxgyt 4= JeldtiFig. 1).

E77100 g BB T §3184 24 Table 394 He
vle} 2ok F, F, AlgiellA @R [(H/D) = 0.42~0.59
°]A3, D>Ho|ER &57]9) 1S F2HAe] tEh 2H-
o] & FESAHez Yepgth B fHAE $AARHE
EPA] &AW, ZF fRRte] 945 B4 HnEE T 4R
o #5354 ExEW, F=07F F4 17.32~33.9002 44
7t FellA & v Fellde Foluul. FEEHEE Hy
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HE=7}t Blatidet, ol Fx A& 9495 €4 e
Axke] REst A EXEo] g Wu=v=0.5), HHX
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Fig. 1. Vr - Wr graph for heading days in 4 parental half diallel

cross grown in field. A : F}, B : F,. The parents are : (1)
Sacheon 6, (2) Oweolbori, (3) Dongbori 1, (4) Reno.
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Table 3. Genetic components of variation for heading days, maturing days and grain-filling periods in the F; and F, of 4 parental half
diallel cross grown in field.

Estimate
Component Heading day Maturing day Grain-filling period
F, F, F, F, F, F,

D 106.15+3.97 105.77 £3.63 34.021£3.05 30.59+3.32 2246+ 1.54 22.01%1.60
H, 36.82+11.53 18.72+10.56 12.58£8.87 13.64+9.65 12.10%4.48 4491464
H, 36.57+10.64 17.70+9.75 12.95+8.19 13.19£8.91 14.78 +4.13 7911428
h? 49.19+7.22 0.49£6.61 6.03£5.55 7431£6.04 13.53£2.80 420+291
F 33.90+10.19 17.32£9.34 1548+7.84 —0.91 +6.53 3.54+396 8.43+4.10
E 091+1.77 1.29+1.63 0.71£1.36 0.6411.48 0.711+0.69 1.16£0.71
(H/D)'? 0.59 0.42 0.61 0.67 0.73 0.45
H,/4H, 0.25 0.24 0.26 0.24 0.31 0.44
Kp/Kg 1.74 1.48 2.20 0.96 1.24 247
h¥H, (K) 1.35 0.30 047 0.56 0.92 0.53
Herit (B) 0.98 0.97 0.95 0.97 0.94 0.86
Herit (N) 0.78 0.89 ) 0.70 0.80 0.65 0.62

Herit : heritability, heading day : days from 1 March to heading date, maturing day : days from 1 March to maturing date, grain-filling
period : days from heading to maturing date.

Z#e A2 A7 S Vr- Wiz ZollA Fi3) F,

AN ST} e EEo] YomE $ajo] 2o W A g
- 30+
g5l ool Be] FAXGTE A FRHAN A 2o Y
o] FAZHL 0.78~0.892 =T
25710 R §AL fARe] A71E Fgo] 2 oA e ey
20 |-

o2 Uelgen &7t & 5RE 159 Renod $4o8 .

27 27 298l 9o el 24 =8 A

ol EAoZ, &t ME AlSol 402 et R

H Chun(1985)¢] ®i7e} FHE SIS} Johnson & Paul(1958) 10

of tjel 5%23E ol&3f] XS A= o] Yhof st

o $402 2-5/M9 L&) EETS XS $o, Florell

(1924), Griffee(1925) 52 K - /[NRoAN ERAEGY|= 25 0 1 .

o] ¥l i3t B BK ol 93] AujgEciz 3 Bae}

Aolstint. web 5719 FAe FHRR Ad7HE 2Rgo]

W Zastnl, $AQ Aol EBKT-Y BanEE T 28 B -
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Vr- WrZgh Zoj|lx g7l tisk A2 o] 4 98 5

e H29A48 nyon, FolM FRE1E7| 9402,

egueZt @408 YERor, BT Renodt R 1E _or

7h 8o E ednErt E40F vEbdTHFg 2). 2571,

4710l tiEiA Vr - Wr ARG welzle] $1A7F Al

okl thd WHolrt Sledl oA T FAdA Zkz)h 10

A7 2H8-ahe B met 2 FEAH =0 o2 fd

Zp7ke] g5 Ago) oA mEHo| thEA Yehd Zog A

Zt=] et 0 . : :
=716 digh B3RS §33 B4 Table 33 2t

A EE 0.61~0.67°1 L D>H©IEE A%7)d g 48

Rt e 400 € Fp0s eia, e T SV g g

Folld 15482 4 a3t a4 288ttt 459 EE 7% Sacheon 6, (2) Oweolbori, (3) Dongbori 1, (4) Reno.
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Sb=0.16
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Vr-Wr 2 Zoflx G717k tigh 3] 4e] 9 98
TR E FE-EE B, FellAl Reno’t $42=2, 9
ARy} GHo2 Folde ABd6s 7 A& Reno’t €
oz zgste] R & - Hre TP S3vhFg.
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Fig. 3. Vr - Wr graph for grain-filling periods in 4 parental half
diallel cross grown in field. A : Fy, B : F,. The parents are :
(1) Sacheon 6, (2) Oweolbori, (3) Dongbori 1, (4) Reno.
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g ofsiA FHe] dEA Yehd zez Az 4
E9 Renow= E57YT 2 As5da7t 7B 42 E5(57
, 819, 55717k 7S 2 (314) YERETE o]Hw
oM =717kl e A4 43K (Table 3), B4 8%
= 045-07301 DsHolER S27)706] gk gde e
zkel A7He Zhgol & R AR FREAT T R
THES 031~042 733 49 NER/AA WI=rE @5t
ok BAFHAAE 053~0.942 FAFHAGTE vlg- AL A
O 2 UeistEd], o)A F5717R Aviske §2F 7Eed
FAHZIE & 259 FHA7E non-proportional effectS:
ZEBIAAY $Ad0] e WEko 2 28alR] ool Aoffxd
A57E A FAEJE A Z2dt

=717 S XA v Agol F FESAHL
2 Fgetglen, ail 5542 Reno’t 402, Ki 545
249 24rz7 €402 HHF o] Chun er al(1985): 319}
BS5lth 28vt Aksel & Johnson(1961)0] tmle] ojHw
FHEAoA B BAEINS Hox 42k fFe] 940
Zhggok B gk diehs thd zo)zb AUTH FellA F
EE]13 ¥ Reno= 7| 294 2 As4o] A=, o9
Hils 27| 94 2 Asde] 4oz gd=HUT. Ee
Renow &2 $%7170] 402 veht 479 55717
of ZHgele AL M2 HEE Zoz FHEAUTH
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ojRiwstel Fi3t B, Akl 2571, 447) 2 547
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|
ol thEk —itlME71(GCA) B FEMBHEESI(SCAYS] EAF
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Table 4. Mean squares of GCA and SCA for heading days,
maturing days and grain-filling periods in the F, and F,
of 4 parental half diallel cross grown in field.

Mean square

Grain-filling

Source DF  Heading day Maturing day period

F, F, F, F, F, F;
GCA 3 128577 146.36™ 37.69" 49.23™ 30.75" 26.19™
SCA 6 12757 497 380" 407" 438" 205"
Error 9 091 129 071 064 071 1.16
ggﬁ/ 10.08 29.45 9.92 12.10 7.02 12.88

™™ Significant at 0.05 and 0.01 probability levels, respectively, ™
not significant. Heading day : days from 1 March to heading date,
maturing day : days from 1 March to maturing date, grain-filling
period : days from heading to maturing date.
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Uukziteg e ARk Szt BARED 7.02-
2945807} Zick. o] Az o5 Ao dishM KA 7t
A Ago] Arks A& AN FH (Griffing, 1956), S8&2F
89 3= Fol visiM FlA Z4AEds, Feolld
**91 Er)ﬂ} Hojx7] st

F57), 457 % SE7Ie o AN Z5E ] A= Table

501]}\1 B wel o], E27]0] Aulzaswe] A Al
QYR 7} He| W3k & vt whE W3koE Frz]
© Rt 41 9% 5 247 solE uges AdE

E%l‘:} A 714 Itz 1 &
lﬁ_%l_b} 2717k AMH6E, QERET} % 4 HJ% =
=0l 7‘—11011 e WO 2, Renott FHH1E= Fo| Wi &
550] Fole Wko g gxs Btk F, F, AldlolA 3

7H 637‘«1 Yk a3 vise FEgS 2

57, B57) ‘;-< 55717000 st UnkRgreE e Bk

e Tr«P“ zlol7t JoH, dutxsyo] SAXYFHRT

- X 0|5 FAdl thal Al ANty FAre] JERN

iy ARG o 838 AlAskd FoKGriffing, 1956). F,

O

Table 5. The general combining ability effects for heading days,
maturing days and grain-filling periods in the F| and F,
of 4 parental half diallel cross grown in field.

Heading day Maturing day Grain-filling period

F, F, F, F, F, F,
Sacheon 6 -238 -3.08 -150 -213 075 1.00
Oweolbori  -529 -525 -275 -279 275 242
Dongbori 1 304 333 208 213 -100 -1.25
Reno 463 500 217 279 -250 -217

S.E.(Gi) 034 040 030 028 030 038
SE(Gi-Gj) 055 066 049 046 049 062

Parents

Aol A GCA/SCABIZF 271590 o) Folla 74
(heterosis)®] THRE0] BATM %ck(epistatic effectydl] 71918
A 74t} A7HE WHole 1A o] 713 Ho|E fAAke] &F
=2 HiEst 4 9ona olE YA N sl Ay 3
Act.

AT SEEA
R 9 F hybridsollA] # 27 BB A= Table 6
of At} 34 2571(Xye #KBL ERES BRE (X -X)
awe] Aol kg, AR JuiEC W (XXt
=] Fo] AAe, T4 WEH XX B9 S B
RBEle] 2571 Sold4aE Aulukx] thalge] £2]o) Wy , A
7oA Zhek Aol oF JHEZE A, HEAE A
733Fo] it} wok £ /\-1/‘\7]()(8)__ 719} 7o AF)
Ho] YeAds dEe 3] mpadks A7 s90th B
WS zF 927 JaaATE ﬁ lé 2Rz Apo)7} AR,
Zt Y23 59 JHE A E} F71E Bs7)9t Ao 4R
&, T/ o AEe Bt et Z5dolwA,
141%”01 A F5E STt AL g o dojlur
7 wepzle] et wgt Zﬂ*ﬂﬂ%ﬂ*ﬁ ol
B ﬂ%f& Aabye] sidte] Fasith 2471, 4%71e
S=717 A FHg B, agtTAtelA fg
ATS AL dol] T FAZ #hhy 2Eo] & Aoz

Bt}

o rQL

O
piing
32

wele] 2% F5E §45] dEMe 27] 25114 &
7] 524 AAE E9)3ks Ao %ﬁé}_i gﬁl, 37
3 557170 fAo A HRE & FEA6E,

Table 6. Simple correlation coefficients among traits related to earliness and freezing resistance in 4 parental half diallel cross.

Variable X, X, X5 X5 X X5 X3
X, 1
X, 0.995" 1
X; 0.903" 0.900" 1
X, 0.774" 0.790™ 0.877" 1
X 0.952™ 0.971™ 0.883" 0.846™ 1
X 0.970” 0.971™ 0.867" 0.774™ 0.944™ 1
X; 0.767" 0.757 0.921™ 0.776™ 0.736" 0.648" 1
Xq 0.763" 0.728" 0.849™ 0.670" 0.680" 0.639" 0.932"™ 1
X, -0.702" -0.708" —0.876" -0.773" -0.708 -0.578% 0971 —-0.830™

X : antifreeze protein concentration extracted from leaves nonacclimated in field (35-day old plants), X, : antifreeze protein concentration
extracted from leaves cold-acclimated in field (55-day old plants), X; : 8 hour photoinhibition in plants grown for 35 days, X, : 12 hour
photoinhibition in plants grown for 55 days, Xs & X¢ : absorbance ratios of TTC reduction to control treated with -7 and -13 in 35-and 55-

day old plants, respectively, X7 : Heading day, Xz : Maturing day, Xo: days from heading to maturing date. ™~

probability levels, respectively. ™ : not significant.

"Significant at 0.05 and 0.01
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