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Diallel Analysis for Heterosis Study and Estimation of Genetic Parameters
for some Morphological Traits in Rice
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Table 1. Combined analysis of variance for some morphological traits in rice

=t 4 5l 5, 8l Colas gl C)J&-J}b Jsb Sels 03 el
sl et sl S oS GOl Ay s Sy oa il
P
df Days to Flag leaf Plant Panicle Panicle Grain yield Harvest
flowering gty height exsertion length per plan index
Year Juo 1 20.66 6852.23"" 3648.48" 6.99 4524.15" 21387.95™ 887.08"
Replication L), S 4 33.68 253.26 118.07 4.10 0.41 68.35 24917
Genotype S5 48 246.02" 67.70"  2462.28" 25.19" 45.90™ 477.92" 320.17"
Genotype x Year Jlxs85 48 15.94" 25.09” 72.80" 4.04" 13.29™ 181.89" 46.35™
Error U= 192 6.25 11.65 31.54 1.24 1.20 58.62 13.97
.Mja\jszbdb\cjkszjlaﬁnubéuﬁb%jgi**_9 *.ns

ns, * and **

: Not significant, significant at 5% and 1% probability levels, respectively.
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Table 2. Mean of some morphological traits in seven rice parents and their crosses

Sl calee WS sl s dob Jdsb Qs ™
bbb e S el e ASHE by
LT S Sy
e
Days to Fla Plant Panicle Panicle Grain Harvest
flowering lea height  exsertion  length yield index
(cm?) area (cm) (cm) (cm) per (%)
(cm) plant
Genotype S5 (g
SH Lol 93.77 34.92 156.67 0.25 31.05 31.15 31.79
SH x H S 86.82 36.45 157.47 4.45 34.27 24.41 26.20
SH x SP S X e 96.03 30.23 152.20 6.10 31.50 26.19 33.00
SH x N SX 0 95.70 35.11 159.32 5.28 35.17 38.99 39.85
SH x D X 93.15 36.43 164.95 5.68 34.18 28.14 29.39
SH x SA SX e 94.50 40.91 157.83 2.72 34.44 33.95 31.15
SH x IR S x IR 97.85 36.54 161.90 5.38 34.70 38.86 34.24
H x SH X 84.12 34.64 156.90 3.26 33.85 22.23 25.65
H . 74.32 31.76 132.80 8.09 32.68 23.95 38.23
H x SP X o 88.82 38.48 148.13 7.10 35.14 21.68 23.14
HxN cxo 85.89 32010 142.77 5.25 34.09 29.00 33.17
HxD o X 82.13 30.54 153.00 6.65 30.20 21.11 33.91
H x SA c X 80.18 33.93 144.85 5.61 33.85 20.68 27.04
Hx IR c X IR 87.08 36.07 145.33 6.67 35.32 19.28 22.09
SP x SH X 94.68 39.82 155.15 3.58 34.63 47.07 35.07
SP xH A 89.47 34.37 144.08 6.60 34.52 20.56 23.12
SP 355 89.50 28.79 103.68 4.74 29.48 42.89 47.05
SP x N X0 89.90 29.19 101.07 3.51 28.45 37.19 47.26
SP xD o X 93.88 36.54 158.77 8.15 35.34 41.87 31.51
SP x SA X e 89.38 32.19 126.33 6.89 31.49 34.48 37.70
SP x IR ~*IR 99.05 35.52 114.08 4.72 32.31 40.08 29.21
N x SH KR 99.18 32.66 157.08 4.54 34.65 43.80 36.13
N xH oX & 86.57 33.11 144.85 5.38 34.46 26.21 30.48
N x SP OX 86.58 27.79 103.60 3.07 28.06 40.63 47.69
N K¢ 94.47 28.67 100.27 3.04 27.56 35.83 47.14
N xD 3% s 97.87 33.34 155.03 7.52 35.85 39.69 35.18

IRFAON-215 IR tpllo : o ¢ Glakos 15 610510 035 pdam 1 o 1 $ligel 1 2
SH: Shahpasand; H: Hasani; SP: Sepidroud; N: neda; D: Delimani; SA: Saleh; IR: IRFAON-215.

AY



WAL Jlo o) o5led Y92 s " 3y 9 Jlgi (881554 dlxa”

Table 2. Contonued Y Jsd> aalsl
)'\ BES) Sl Colows eL:§ tw)\ CJ)} d}lﬁ leﬁ O3y d.&u
bl oy S, Sl s PR A Sl s
IS
Days to Fla Plant Panicle Panicle Grain Harvest
ﬂowerzing lea height  exsertion  length yield index
(cm?) area (cm) (cm) (cm) per (%)
(cm) plant
Genotype G55 (8)
N x SA 0% o 83.05 28.11 113.07 3.63 28.20 41.71 49.87
N x IR ax IR 101.62 33.32 128.98 3.02 29.93 40.21 32.23
D x SH 3% 3 93.43 34.34 160.92 645 34.12 23.77 29.22
D xH sX 2 86.85 30.76 154.09 7.76 35.00 20.92 29.23
D x SP 3% 96.37 36.50 161.43 7.87 37.67 41.22 35.69
D xN ) 95.30 33.02 153.98 8.55 35.97 35.16 34.60
D Sleks 92.60 32.45 164.65 881 34.97 26.56 32.97
D x SA 3% o 94.03 35.49 158.05 5.53 34.16 24.27 26.89
D x IR sx IR 99.50 36.38 157.13 6.46 35.21 34.88 30.72
SAx SH oo X 98.15 36.03 159.25 1.31 34.64 39.85 31.49
SAx H X 82.03 37.47 155.23 5.23 33.55 26.77 26.29
SAx SP o X 89.38 30.82 117.02 5.27 30.57 37.85 39.70
SAx N o X0 86.50 30.58 111.73 3.46 28.55 48.24 51.16
SAx D JUEIN 93.85 36.25 154.84 5.47 35.36 24.50 29.93
SA o 82.78 27.49 117.64 4.07 26.45 31.00 40.73
SAX IR ~* IR 96.51 31.54 130.63 5.09 28.45 30.46 37.83
IR x SH IR X 99.02 3291 155.91 3.48 34.63 36.12 31.86
IR xH IR x = 89.48 34.84 147.60 4.95 32.74 25.54 24.81
IR x SP IRx . 98.90 29.90 113.67 4.15 31.83 48.13 36.20
IR xN IRx o 102.90 25.70 114.20 0.99 29.40 52.82 44.43
IR xD IR X 5 98.67 32.46 158.10 6.67 35.54 32.69 26.82
IR x SA IR X 94.00 35.30 139.22 6.67 32.12 48.76 41.71
IR IRFAON-215 102.12 28.87 113.50 2.97 28.88 35.09 33.99
LSD5% 2.83 3.86 6.36 2.51 1.24 8.66 4.23
LSD1% 3.72 5.08 8.37 3.30 1.63 11.40 5.57

IRFAON-215 IR fél«ﬁ P N R R e P e
SH: Shahpasand; H: Hasani; SP: Sepidroud; N: neda; D: Delimani; SA: Saleh; IR: IRFAON-215.
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Table3. Minimum (Min), maximum (Max), mean and standard error (SE) for absolute mid-parent (AMPH), high-parent (AHPH), relative
mid-parent (RMPH) and high-parent (RHPH) heterosis for some morphological traits in 42 F1 rice grown for two years

orlls fa sz il s 55 2 ol gt ol (oS e5s 2 Sy el s s 2 Sl bl s i
AMPH} RMPH (%) AHPH RHPH (%)
Traitst <lie Max Min Mean SE Max Min Mean SE Max Min Mean SE Max Min Mean SE
DF easadys b oL 5l s, sl 9.88 -5.58 241 0.49 11:19 -6.29 2.71 0.55 472  -15.03 -2.88 0.76 4.99 -14.72 295 0.78
FLA PSR JUUSER 9.71 -3.06 333 0.46 31.12/ -10.65 11.03 1.52 6.72 -4.69 1.77 043 23.05 -1342 5.68 1.35
PH oS sl 30.85 -0.91 17.01 1.48 25.28 -0.89 13.45 1.19 2243  -11.65 1.85 1.39 18.34 -7.08 1.78 1.03
PEX Sl jlad gt s Job 3.77 -2.02 0.67 023 23434 -67.10 ..28.10 9.86 2.60 -4.83 -1.12 028 8125 -67.88 -11.58 5.38
PL it Jsb 589 -3.62 3.04 0.30 2049 -10.71> 10.14 1.00 4.12 -4.77 1.23 0.27 13.26  -13.65 398 0.85
GY Sy oa o Selioy, 17360 -12.86 1.22 1.13 48.95 -38.47 2.83 345 16.99  -2233  -2.57 1.32 4742  -52.06 -7.02 3.56
HI 722 -19.52 -5.44 0.93 16.44 -45778 -14.11 14.98 4.01 -2393 930 1.03 8.52 -50.86 -21.51 2.28

Sl el

DF: Days to flowering; FLA: Flag leaf area; PH: Plant height; PEX: Panicle exsertion; PL: Panicle length; GY* grain yield per plant; HI: Harvest index.
Min: Minimum; Max: Maximum; SE: Standard error; AMPH: Absolute mid-parent heterosis; AHPH: Absolute high-parent heterosis; RMPH: Relative mid-parent
hecterosis; PHPH: Relative high-parent. Ieterosis.
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Table 4. Mean grain yield per plant for hybrids, mid-parent values (MPV), absolute mid-parent heterosis
(AMPH) and absolute high-parent heterosis (AHPH) in 42 F1 rice grown in two years

Loy Loy ol dae ssge il oS ss e Blae s e 2 gmda e
RUROY ol ol b s il b s Sl bl Sl el

... Hybrid  MPV AMPH RMPH AHPH RHPH
Cross Sk mean
IR x N IRxy  52.82 35.46 17.36" 48.95 16.99” 47.42
IR x SA IRX -  48.76 33.05 15.72" 47.56 13.68" 38.97
SAXN X0 4824 33.42 14.83" 44.37 12.42° 34.65
N x SH oxXx o 43.80 33.49 10317 30.79 7.97 22.25
SAx SH XL 39.85 31.08 8.78 28.24 8.70 27.93
N xD oxs 39.69 31.19 8.49 27.23 3.86 10.77
SP x SH SXs 47.07 37.02 10.04 27.13 4.17 9.73
N x SA Xoe o 4171 33.42 8.30 24.83 5.89 16.43
IR x SP IRx,. 4813 38.99 9.13 23.43 5.23 12.20
SPxD X 41.87 34.73 7.14 20.56 -1.03 -2.40
D x SP X 4122 34.73 6.50 18.71 -1.67 -3.90
SH x IR <R 38.86 33.12 5.74 17.33 3.77 10.75
SH x N SXo 3899 33.49 5.50 16.44 3.17 8.84
N x IR o< IR 4021 35.46 4.75 13.39 4.38 12.22
D x IR IR 34.88 30.82 4.06 13.16 -0.21 -0.59
DxN o 3516 31.19 3,96 12.71 -0.67 -1.87
SH x SA SXoe 3395 31.08 2.88 9.26 2.80 9.00
IR x SH IRx  36.12 33.12 3.00 9.05 1.03 2.93
IR x D IRxs 32,69 30.82 1.87 6.06 -2.40 -6.84
N x SP X 40.63 39.36 1.27 3.23 -2.26 -5.28
SP x IR ~<IR  40.08 38.99 1.09 2.79 -2.82 -6.57
SAx SP X 37.85 36.95 0.90 2.44 -5.05 -11.76
SH x D SXs 2814 28.85 -0.71 -2.46 -3.01 -9.65
SAx H e 2677 27:48 -0.71 -2.57 -4.23 -13.65
HxN X 29.00 29.89 -0.89 -2.97 -6.83 -19.05
SPx N X0 3749 39.36 217 -5.51 -5.70 -13.29
SP x SA SXoe 3448 36.95 247 -6.68 -8.41 -19.61
SAx IR < IR (3046 33.05 259 -7.82 -4.63 -13.19
SH x H SXe 2441 27.55 -3.14 -11.40 -6.74 -21.64
N x H K, 2621 29.89 -3.68 -12.30 -9.62 -26.84
IR x H IRxz 2554 29.52 -3.98 -13.47 -9.55 2721
SAx D X 2450 28.78 -4.29 -14.89 -6.51 -20.99
D x SA Xoa 2427 28.78 -4.51 -15.68 -6.74 -21.73
HxD x> 2111 25.25 -4.15 -16.42 -5.45 -20.53
D xH He 2092 25.25 -4.34 -17.17 -5.64 -21.24
D x SH X 2377 28.85 -5.09 -17.64 -7.39 2371
H x SH X 2223 27.55 -5.32 -19.32 -8.92 -28.65
H x SA Koo 20.68 27.48 -6.80 -24.73 -10.32 -33.30
SH x SP SXe 2619 37.02 -10.83" -29.26 -16.70™ -38.94
Hx IR IR 1928 29.52 -10.24° -34.70 -15.81" -45.06
H x SP Fo 2168 33.42 -11.74° -35.13 21217 -49.45
SP x H Xz 2056 33.42 -12.86" -38.47 -22.33" -52.06

IRFAON-215 IR Eétp V- P N VERCR NV EPR T VWSO JSwe ‘C tlewsols 1 %
SH: Shahpasand; H: Hasani; SP: Sepidroud; N: neda; D: Delimani; SA: Saleh; IR: IRFAON-215.
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Table 5. Regression coefficients of Wr to Vr and their t test for some morphological
traits in rice

Trait N b+£sy HO‘:/ flzg’ ¢ Hy: B=1, t value
DF psad g b (5,1 5l 55, sl 0.78+0.168 4.652" 1.291™
FLA S ool 0.86+ 0.240 3.570" 0.591 ™

PH oS plisl 0.97+ 0.051 18.974" 0.666™
PEX s slad sz sk 1.06+ 0.183 5.789" -0.304"™

PL adyr Jsb 1.03+0.119 8:706™ -0.327"™
GY S 5> Sski 05 0.85+0.157 5.406" 0.977™

HI by asls0.83+0.095 8.775"" 1.76™

Aoy ) 5t O Jlal sl 55 ls me s gae nb S 4 *¥* o ¥ ns
ns, * and ** : Not significant, significant at 5% and 1% probability levels, respectively.
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Fig. 1. Comparison of heterobeltiosis for days to flowering (DF), plant height (PH) and
harvest index (HI) in three superior hybrids of rice for grain yield
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Table 6. Diallel analysis of variance for some morphological traits in rice

ax ) BIBTPRIEEN Sy ol oS gl wdpt sk
sl SETE gl o~
had
df. Days to Flag leaf  Plant height Panicle
S.0.V. St gyl flowering area length
Replication SISO 17.72™ 1017.44  646.72™ 908.79
a sRiB 6 1568.88" 134.13™  14279.00” 161.11"
b ey 21 97.89™ 72:90™  1424.73" 48.91™
b, BRIV JUW(ER 1 208.26™ 613.077 10418.63"  317.08
by ok 5 b a0l ool 6 16.52™ 47.52% 88.90™ 4.22m
bs Bt A ekl 14 124.872 4520™  1354.80" 48.91
c e Ml g6 2531™ 53.19™ 58.52™ 3.97™
d oyt B 215 12.36™ 63.28™ 98.54™ 10.94™
error L= 240 303.71 70.03 777.33 49.83

.M).)\}-\.\p‘).)OJW‘C)@)))‘J‘S’.MQJbLSLMJ:b%J:A{:**j *,nS
ns, * and ** : Not significant, significant at 5% and 1% probability levels, respectively. o
a: Additive effect; d: Dominance effect; bl: Directional dominance effect; b2: Gene distribution
among the parents; b3: Effects of specific genes; c: maternal effect; d: Reciprocal effect.

Table 6. Continued 7 Jad> aalsl
ey Wi d a0l oa=le
ol NN Sy s
Panicle Grain yield per Harvest
SOV, T exsertion plant index
Replication A S 591" 502.67" 236.88"
a Sl A6 100.44" 203.84” 1124.817
b e 21 12.61" 206.71™ 76.50™
by S e ! 2.86™ 124.40™ 187.85™
by e s a0 0ol S 6 3.26™ 168.22™ 55.73™
bs el B A ekl 14 18.88" 237.24" 75.67™
c e i 36 3.3 167.39™ 126.03™
d soyax e A 1S 3.06™ 228.98" 40.00™
error L 240 237 121.14 84.33
Aoy ) 5t B Jleasl sk 53 13 as s gae b 5 4t *¥* o * ns

ns, * and ** : Not significant, significant at 5% and 1% probability levels, respectively.
a: Additive effect; d: Dominance effect; bl: Directional dominance effect; b2: Gene
distribution among the parents; b3: Effects of specific genes; c: maternal effect; d: Reciprocal effect.
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Table 7. Estimates of genetic parameters for some morphological traits in rice

BB TUIRES S pcoles oS el Sad s e b whyt b Sy A S S 055 Sl el
ST B el i ke

Tt
Genetic parameters LS5 sl el ﬂ]zjglesritgg Flag leaf area Plant height Panicle exsertion Panicle length Grair; ?;irelid per  Harvest index
D =B oebols 52,53 £7.39 3.45£3.25 420.47 £51.23 4.41+0.99 4.63+1.71 8.97 +33.63 25.02+12.41
H, el bl 22732443 7.21+£4.30 317.08436.52 2.65+0.77 7.95+£1.91 33.55+£59.15 3.79 £12.02
H, SRIB e bl Ses e 22.26+3.96 7.14 £3.51 316.49 + 34.86 2.49 £0.66 7.77£1.76 15.99 £33.42 3.72 £8.89
F Sl 5 Ll bl S S0k 2.14+£6.74 -0.97 £ 3.85 -47.99+42.32 0.44+ 091 -0.54+1.61 -78.07 £ 38.23 -7.72+£12.59
“*)D/H, ( el s 0.67+0.07 1.43+1.23 0.87 +0.08 0.77 £0.12 1.31+0.29 1.67 +2.12 0.35 +0.38
kd/(kd-+kr) gl s 0.52 £0.04 0.45+0.15 0.47 £0.03 0.53 £.0.05 0.48 £0.05 -0.61 +£0.34 0.28+0.18
h?/H, Ao sla,sSBslass 0.51+£0.30 2.88+£0.84 2.21+0.29 0.03£0.15 2.33+.0.51 -0.84 £ 1.74 4.58 £2.25
h ol S b e 324+0.8 4.35+1.07 24.57+£2.13 0.44 + 037 4.08 £0.59 1.89+£4.21 -4.17 £ 1.88
H,/4H, s e A gl a0 0.25 0.25 0.25 0.23 0.24 0.12 0.25
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Table 8. Estimation of dominance ratios of parents for some morphological traits in rice

BIBYPIEIEE Colee S eyl 2 db Jsb Sykd 05, ™
SETE el o S S5l ad s g PV il

Al Sle
Parents ol Days to Flag leaf  Plant Panicle Panicle Grain yield Harvest

flowering area height exsertion length per plant  index
SH Lol 0.70 0.97 1.01 - 0.93 0.35 0.75
H s 0.53 0.84 0.91 0.72 1.01 1.03 -
SP 35 ke 0.76 0.03 -0.03 0.39 0.24 -0.16 -0.24
N 14 0.24 0.41 -0.04 0.10 -0.06 - 0.29
D Sk 0.62 0.88 0.97 0:81 0.97 0.06 0.92
SA dle 0.39 -0.34 0.27 0.89 0.11 0.25 -0.28
IR IRFAON-215 0.54 0.43 0.27 0.39 0.39 0.05 0.76

SH: Shahpasand; H: Hasani; SP: Sepidroud; N: neda; D: Delimani; SA: Saleh; IR: IRFAON-215.

Wr |Wr=0.782 Vr + 17.834

(IRFAON-215 v ECJLp R PR| N VRS AR R WL g PR WOWE b SO, SER VRN )

Fig. 2. Regression of Wr to Vr for days to flowering in rice
(1: Shahpasand; 2: Hassani; 3: Sepidroud: 4: Neda; 5: Deilamani; 6: Saleh;
7: IRFAON-215)
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Wr |Wr=0.858 Vr-2.186

:YJ &Lf;'w} :Y S.l;w.;o\..i \)csf)) V}“_J" 5;’ C,s}-l.w.ﬁ 6|J.:Vr é})ﬁwr OJ‘M;)_‘“J&;
(IRFAON-215 3 s2l& s Loz ® 6.5 ¥ b5,

Fig. 3. Regression of Wr to Vr for flag leaf area in rice (1: Shahpasand,
2: Hassani; 3: Sepidroud, 4: Neda; 5: Deilmani; 6: Saleh; 7: IRFAON-215)
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Fig. 4. Regression of Wr to Vr plant height in rice (1: Shahpasand; 2: Hassani;
3: Sepidroud, 4: Neda; 5: Deilmani; 6: Saleh; 7: IRFAON-215)
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Fig. 5. Regression of Wr to Vr panicle exsertion in rice (2: Hassani; 3: Sepidroud,
4: Neda; 5: Deilmani; 6: Saleh; 7: IRFAON-215)
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Fig. 6. Regression of Wr to Vr panicle length in rice (1: Shahpasand; 2: Hassani; 3:
Sepidroud, 4: Neda; 5: Deilmani; 6: Saleh; 7: IRFAON-215)
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Fig. 7. Regression of Wr to Vr grain yield per plant in rice (1: Shahpasand; 2: Hassani;
3: Sepidroud, 5: Deilmani; 6: Saleh; 7: IRFAON-215)
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Fig. 8. Regression of Wr to Vr for harvest index in rice (1: Shahpasand; 3: Sepidroud,
4: Neda; 5: Deilmani; 6: Saleh; 7: IRFAON-215)
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