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Analysis of Emtrye and Endosperm Genetic Effects on Diastatic Power
and Associated Multing Quality Traits of Malting Barley

Xu Shaoying'  Yan Xinfu! Zhu Jun' Xu Yonghan' Xu Xinyu?
(! Department of Agronomy, Zhejiang Agricultural University, Hangzhou, 310029y 2 Institute of Crop Germplasm Resources,

Chinese Academy of Agricultural Sciences, Beijing, 100081)

Abstract Seeds of 7 cultivars of two-rowed barley (Hordeum distichum 1.. )and F, seeds on F,
plants from a half-diallel set of crosses among the cultivars were malted in two years to obtain da-
ta on diastatic power (DP)a-amylase activity (aAA)B-amylase activity (BAA) and malt nitrogen
(N) content. embryo and endosperm genetic effects on the traits were studied using a genetic
model with G X E interaction for malting quality characters. Variation in the four malting quality
traits among barley varieties was affected by genetic and environmental factors (i. e year). Ex-
pression of DP and BAA was mainly controlled not only by endosperm dominance effects, but it
also was influenced to some extent by embryo additive effect X environment (E) interaction, em-
bryo X E interaction effects and endosperm additive X E interaction effects. «AA and malt N con-

tent were conditioned by both embryo and endosperm direct effects, but the embryo dominance
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and endosperm additive effects constituted major part of genetic effects. Significant variances of
embryo additive XE interaction and dominance X E interaction and endosperm additive X E inter-
action effects were also observed for aAA and malt N content Diastatic power was correlated posi-
tively with BAA (r4=10. 5601). Malt N content was associated positively with DP, largely be-
cause of the relationship between malt N and BAA general narrow-sense heritabilities of ®kAA and

malt N content were 26. 1% and 27. 8% respectively.

Key words Barley; Diastatic power a- and f-amylase; Malt N; Embryo and endosperm genetic
effects
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M1 E(P,), BHF1 5P, #RK 3P, EHKAFP;), S—096(P,), Ris®@1508(P,)iff
FTHNARR(FR A, BEHIR 21 MRRAHE.
1.2 HERBHE

1991 FFEMH — IR ZH A, 1992 FAARMEEAM F 485k, EEH 41TR, F A—17
X, BEALIX A HES, ER 3K, 171 120 cm, {786 30 cm, RiBE 3 cm, S#. 1994 EARFEFH
RASH A, 1995 FRR P R EAR 1992 4, RREAKN 21TX, KR 2.5 cm, W
RIS AT R K RIGHEAT . 1993 4/ 1996 FWIKIFH 4 IIRA SR, KB 2
WIFEAMF, MKk L4 F, 7, B TFEFRRM.
1.3 BRERRSHFE

FIERAER R R E AL T) . o TN EE . B UM EE A 2 N & a8 25 52 W e T
Hr & BB W 44T 4 (EBC )M E R A RSt T. ST A RAM RS R
HLHER 3 MREAHEFTIE . &3R4 2 ENRMERTFHES TR 1,

B 1T AREEERREROFAERRBT M

Table 1 Phenotypic means of malting quality traits in 7 varieties in two years

wikH a-TEX BEE 1 FIEMEE R ) FENGHR
i (WK) (WK) (WK) %)
Variety DP aAA BAA Malt N content
1993 1996 1993 1996 1593 1996 1993 1996
HA &P 224 145 72 61 152 284 1. 50 1.87
R 1 5 (Py) 206 367 69 30 146 337 1. 74 1.92
WHT 1 TP 249 267 58 41 190 227 1. 69 2. 09
HBRK 3 EHED 258 348 59 61 199 286 1.58 1.96
R KFE P 324 339 57 48 266 291 1. 88 2.25
S—096(Ps) 198 196 66 50 133 146 1.75 1. 90
Ris®1508(P7) 166 108 80 81 91 27 1.57 1.65
V#5508 Mean 232 281 66 53 168 228 1. 67 1.95
1.4 ®itHE

R H 2 RO R T 08 (SR (R AR 3 ZFRAD ), 3 &Mk P2 80 7 a0 T s
BASH . HR/NEE TR KR MINQUEQ ) FED, GEEMET 2V, I
BHEHZE Vo), AT E(Va), A BHEFZ Vo), BIMEXFREEL 2 (Vae)
HE BHEX ABEEAE N 22 (Vo) s MEFLINYE X FEEEAR T 2 (Vaw) » AL B X T HAE T E
(Vo) LR ZE(VOFIRE F 2 (Ve) 3§ 10 M ES R, 2 IR ER, S rERE
B 77 2RI 7 G THE T SRR Tl A R B R 26 () B BUAH O (o) FILIR A O (r0 R MK
F A Jackknife FUERMBETE A, LAEE K RUAE Ay e s 00 X S AP B B AT R R, IFH & E
Sy BAARE ARA AR AR 20 SR H B S HOHIT B EHERR, TR X SR RN
YR RS, 7 FCARERN SR EAED, AR FEREES.
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108WK~367WK (4E-H]B47), «AA 2 30 WK~81 WK, BAA Jy 27 WK~337 WK, F# N
HEHN1.50%~2.25%, HRHFHAREHGRALA—FE, SFRGKTFEBREL. 0XT
DP, M 15 1993 EALEE 5, 1996 F W HMLSE 13 7 FFH DP FIME 1993 4 232
WK, 1996 F#12% 281 WK. HULULEHIX 4 A F MR ey 28 7 B 32 2 R 55 i, 23R
BEEME RN, TREFEFEEE XHEEE,

MFE 1L UESR, ¥FKFEN DP Al BAA WP HMERE, #iR K 3SR, HM 15
JEE5 3, S—096 Al Ris®@1508 HfK (B H =& BEFRMAMHM) . HIb, Ris®1508 MH K Z5%kH)
AAEEH, EEKFOLRFFN SEREFHMF.

2.2 #EHFESR

WA ESBRAMGTFRE (R )X T DP M BAA, £ FEEBUYH, LT B 7 E0
B AHHE (Voo i B E KT (P<0. 01); FEEEE AL X I8 EARRN. A, ARtk X AT 2
(Vae) s W& B X FRIEHAETT 25 (Vo) AR INTE X RS BAE T 2 (Vaw) THEX 2 B F
K. BREE BB FERNE, HE T Vaefl Vo B3, 3R HEER I 5 B 3L
RESX ZAMHARBI R, 1A ER AT R B EN SRR AR R . BRI B X T
WHAET 2 (Vo) R, 3RB20 008 A I3 B A DP F BAA 8945 FE 2 IR B B4R 17 1Y
SEMAERN . WRPLE 3 WA T AR B X BRI HAE Y 8 2 1V pe+ Vo) 35 4 X PR B
MAEF 2 (VORI 73%, R BHEBYAE DP Rl LA WARPEEEIEN.

B2 4 RFREERNS AT Q5 2 aAA FIFH N 3R fe =2

Table 2 Pridiction of comyponerts of variance and % E lﬁ *ﬂ ME ? L g PA:I H"J ;j\: Ia ?E

heritability in 4 malting quality traits #, X AR ESF

BH Wi MRS BRBMES EENEE  EABEA T E (Ve -

Parameter DP aAA BAA Malt N N
I Ny

Vo 0. 000 132. 728" * 0. 000 0.013" * Vi) 53 3 7 3L B A O 32

Vi 0. 000 914. 161" " 0. 000 0.088" * WVa+ Vo +Va+Vo)H

Ve 0. 000 672.211" " 0. 000 0.064" 92. 3% #1 92. 3%, B «cAA
Ve 17424. 300" * 0. 000 16359.500* * 0. 000 N N

V ok 1902. 510* * 109. 009" * 1461.430* " 0.009" * ﬂiﬁ: N E‘Jﬁﬁ?ﬁiﬂi‘ﬂjﬁ%l«j

V ok 14433.800" *  690.317**  11616.400**  0.056** A P A0 AR L 2 S 3
Vaek 9645. 080" * 550. 700" * 7408, 070" * 0.045* * MM EESHIEEER

Viek 0.0 0. 000 0.0 0. 000
et o 00 F7 2 (VaeF Vi) BA B IR
Ve 25. 821 * 13.175* * 87. 015" 0.0002* *
Ve 43431.500" *  3082.300**  36932.500"*  0.275** e X FIFEAETT = (Vi)
B 0. 0000 0.043" " 0. 0000 0.046* " Yk g EKE, HIRH B
2 . * %
o 0. 0000 0.218 0. 0000 0.232 R 5 BRI EE (Vi) B9 75
Fos 0.044% * 0.035" * 0. 040" * 0.033" * . 5
Bl 0.222" 0.179"* 0.201* " 0. 164" * SR, B B B R
+P<0.1;  *P<0.05;  **P<0.01 13X AP AR 3t 1 AR S Y T

BB RE A X R AR A
VLA S 14 2R 35 4 LA AR T SE B
BHARAPLIR T2 (VO /RE B3 (P<0.05), {5 KRB T7 28 LA/ (<1200 . &Y
BT 5T R 8 A AL TR BT B 456 £ 2 DR 200 L A B 358 L AR R 1 IR R 5 R R AR SR 9 99 0 A |
HAHH 2 A
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2.3 @fEE

R 1 BRI U, M R IR HARRT, MR A8 15 T 4 0 g
EMEERER, WEREROERYEERER R =Vu/ VO MBEA T EREEGRE=V./
Vel Eﬂziﬁ1§$@%§-{/ﬁ%jﬁ1§$(}lz‘:ua:VME/VP)*HEW%P}UQ1§$(héel-;ZVAeE/Vp), 1)
ERERER THERIE.

4 MR & T E R BRI (K 2), cAA FIFHEN SERYSERER ML, +AOY
R, AR 26. 1% 27. 8%, HUAMH @R ER N T, HAERL IR (hior+hée) 551N
21,46/ 19.7%, HUMALERERD T, HRALBEE i +hic) A H cAA FIEF N
TR G BE R 83. 6261 83. 3%, ULHIMLFLIR (F AR [ ER AR X X P A R 1R B TR
0B E A S A 4 KR AY o T S AR 2 AR B4 R38R 1% 286 o X T bR R 1 R Y LU A R 3R

/N

T+ DP 1 BAA, ;i F 8 %3 aNBERRERENBXRY
'& ;&BZH‘:ZFE% H' *"I‘ ':P IJ_‘? ?@,X‘T Table 3 Correlation of 4 malting quality traits in barley
MR, HEERERRMESE £¥ RMEMIES  FRMEEH EENSE
ﬂ:\‘ lej Hj . ?& fﬁ mu tﬂ T i % E/] Trait Parameter eAA P_ AA MaltN
. U L2 rp —0. 0367+ 0. 5582 0.2251"*
DP 1l BAA HAEB £ 3K, iXii DP G —0. 0385 (.5601°** 0.2252**
AT ENIREE R A EFEN 0. 2200 0.2527 0.1980+
FEHBHE T A EHK. i —0.1480**  —0.0873"*
2.4 MERIEMEXNES aAA G —0.1456" "  —0.0883"*
4 A F IR 3 2% 8 T oosser
] P rp 0.3048" *
MTENREUEHRARE o
H(F% 3), DP 5 BAA fIF # re 0. 0697

N ZEKEBAA EHEENZ . o= RBAARE AR, ro=BENME A ro=PLEAEAY
B EEEEFWERBIEAE Note: rp=Phenotypic correlation  r¢=Genetic correlaticn; re=
(ro=0.5601). cAA 5SHEH Error correlation TP<0. 1 *P<0. 054 * ¥ P<0. 01
REEAERR B E, HHEXERME, L «cAA HXT T HEHARTTEE Sy Mr &, KX
P BE R B T Jackknife fili R AR BT 18 89 40 56 REUE TR MEIR BN BT 51 A . & 3 B[
B, BEREHRABAHCMBE R LR ZEERE/N, FHit, EEBFRF, 0JLH
RAUM KRB EE A X,
3 itig
BEE AN AR BERBOREE, FEEMNE X KEBE R R ERGREHNREE
20T, DR MEEWEXEZRFLMHOSR., 2 REGRIELEFHRUZHARRE
Bk, RS2 R M 2, 3 HIR Rt m 2R, Wk, BrRE R R 8
BIVRARMEEREERANFFIHEA, FRENBESHERETLRSENENE L.
FELS . - TEWIEE. BIEMBEMEEN S REEMBEREH TN 4+ MEEMHR. RF
MEKFER DP, «AA Fl BAA H, FF N FRPEE O RFRFANEERSFS, 4%
BKFEP®), fiRK3 5P, HM 1 S5ECPHMHAR KX CPOHELNER, TUENEER
WAL IR R A,
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B 5 F AT, DP A1 BAA HYAE 5 B AR LR B R e 2 , T o AA D[R] Bf 52 A A0 R 3,
PR Rt o 33X it 4% b ) 2 5 T LA IX STl R AE SRR B I B R B DR AR, ML S
H «AA FI BAA 4. BAA K Z7 i F 5 AT M K ARBET, B IRk IR I ) 4 e L B
B . KRS , R OB, JFRVRE S AT LA, AR AR, BAA
HBE B AR, TR CORESBACIEEE, FHIETREZ MM R E/N ., «cAA T
A, ERMFHEBTE 3 AR M= A (LR %RG 8 7= 32 R4 W GA Jie
FESMEH, E—EWRNEEES GA B RELXA". Frll cAA WRIKSZ B Ik
PR 228 B g ’

WERT AR R —FE, AR EM cAA BEHZIFEF TR, X7 685 R
WK 5% SRR AR O . (ALY T DP Al BAA S, —SUff 53¢ Bl Bk [ 280 2 42 A8 7t o
PO e 8RB — A UE 9 DP A BAA Y FAE & BRI T3R8 RO [A] . 4R BT 56 26
(1991) 1 Kaeppler 45 (1991) ¥ E S| DP., o AA 1 BAA A I FHH B, XAHmBTEIH
T RN B, UHAE B REP AR F R @) X EARBFTH DP Ml BAA T8 SZ
R L EE R B AN 45 ) LA B o AA R ZE N 2B A2 R 3k DY (0 e A 465 263,

MEAY 7 SR B 2 2F 0T 6 0 T A /K A 4 A 2 2 A LA RREA R g by v R O Y B
2. BAA BREEEMTEH CAMED > 12200, ATFFWEHE PAA 5 0 7 8 EF W IEMH
K (rc=0. 5601), SRTM cAA BEALTE DP B4 IR r, (B 2 H0S 6 0 W Ayt (4 40 e, JLDR
A il — 05T

Rutger Z(1967) M «AA 5 BAA 7 [BIJGAH PR 45 0 A 0 AT ast 45T, AR x4l
L2 33X T PR AR (W AR DG A AR . X R B A E R b T IR A5 5 DP Y R R R X cAA FI
BAA Sy HIFEATI K . T DP f BAA 53 2 N M8 UIoC A4 AR BFFR0 250 6 7 TR IR
I WA E], DP 532 N fUM etk B AR I 13X = MERE S BAA HE VIR, Arends %
(1995)INK BAA 533 N & By I 3 AH S VT BB e T A KF oz I S T R ) 8- M1 g (— A
FEAME AT & A TSR R s S T EE A RS B A R BT, X R
BAA HF N Z MMM 1L BAA Z MM BHE XN RS AR EREAF EEY
X, FENGREBEA RSN E, LBtERR, 550 N & &M, BT
U 2 ANk St SR AN Rk X Al i DR E R O

StP#EFMAHRA B AR, RRAFRHBINLERZERMBA. Ruger F(1966)F
Foster % (1967) 4R DP. cAA. BAA FIFE T N Myt & R B 75 % L L0V, (H R IF B4
(1 25 SR 3R WX SR I 5 28 R &, WHE ST T A R T Fy A1 o AA MR E R 0. 37
~0. 65, Fs F-TH0 0. 39~0. 7471, T FIAF J 38 7 240 4 .09 DP B SGst 1% 929, 3%
~48. 1%, 8 & # 31 %~ 34 %N, AHFFEMLE R 4 A FE2F 5 R OIR 0 38t 1% AK HA
XTEAR , X Pl 5 ET R 5 0 H 89 B8 AT BRGSO I AR AT 26

2 % X W

1 Enari T M, M Linko. Ann Agric Fenn, 1969, 8; 149~156
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