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Abstract

The experiment comprised of six F;’s, which were selected based on the combinations of low yield x high yield and low
ASI x high ASI. The selected six F;’s were crossed in full diallel mating design to synthesise 16 double crosses was
estimated and validated on the basis of performance of their constituent single crosses. Out of 16 hybrids, DCH 15 recorded
lower tasseling and silking days and hence it can be used further in breeding programme. While, DCH 13 recorded narrow
mean for ASI are suggested for use in deriving superior inbred lines with a combination of narrow ASI and higher ear
circumference and kernel rows ear®.The expected yield performance of DCH 5 (125.88), DCH 8 (124.23), DCH 10
(123.96), DCH 15 (123.73), DCH 6 (122.77) and DCH 12 (120.76) out yielded best check, Hema (119.00) for grain yield
plant*respectively. DCH 12 predicted better for most of the characters viz., ASI, ear length, ear circumference, kernel rows"
! and 100 grain weight. While, DCH 15 predicted better for characters viz., days to tasseling, days to silking, plant height
(cm), ear height (cm), kernels row™ and shelling percentage. Therefore, these two crosses may be used as double cross
hybrids for breeding programme. In both prediction methods, nearly 14 out of 16 double cross hybrids manifested
significant differences between realised and predicted performance suggesting involvement of epistasis in genetic control of

grain yield plant™.
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The discovery of heterosis phenomenon, the
development of hybrid breeding technology and
successful commercial exploitation of heterosis in
maize is considered as significant landmark
achievement in the history of agriculture during the
present century. Shull (1908 and 1911) proposed to
exploit heterosis in maize by developing single
cross hybrids between pure inbred lines derived
from open-pollinated varieties. However, parental
homozygous inbred lines derived from the open-
pollinated cultivars were so weak that it was not
feasible to use them in commercial hybrid seed
production. Consequently, instead of single
crosses, double cross hybrids resulting from the
cross between two single crosses were proposed by
Jones (1918) as they were more productive than
homozygous inbred lines. The first double cross
maize hybrids were grown by farmers during the
1930°s (Crabb, 1992).

Synthesis and identification of heterotic double-
cross hybrids (DCH) depends on a number of
single-cross hybrids (SCH) involved in the crosses
which become unfeasible with an increase in the
number of single-cross hybrids. For instance, with
just ten inbred lines the breeders need to develop
630 double-cross hybrids. The performance
evaluation of such a large number of double cross
hybrids is a highly resource demanding uphill task.
To save the precious resources and time, Jenkins
(1934) suggested models to predict the double
cross hybrid performance based on the
performance of single crosses. Anderson (1938)
found close correspondence between predicted and
realized yield of double cross hybrids in maize.
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Subsequently, models were also proposed to
predict performance of three way cross hybrids
(Jenkins, 1934). Hence, the present study was
carried out to predict and validate the performance
of double cross hybrids in maize.

The experiment comprised of six newly developed
Fi’s during summer 2012, which were selected
based on the combinations of low yield x high
yield and low ASI x high ASI as detailed below
(Table 1).The selected six F;’s were crossed in full
diallel mating design to synthesise 16 double cross
hybrids during kharif 2012 at K-block of the
Department of Genetics and Plant Breeding, UAS,
GKVK, Bangalore. The experiment consisting of
16 double cross hybrids along with two checks
viz., Nithyashree and Hema (public bred hybrids)
were evaluated in farmer’s field at Sabbenahalli,
Chickballapur district (Zone5), Karnataka during
rabi 2012and summer 2013. The experiment was
laid out in Randomized Complete Block Design
(RCBD) with three replications. Each entry was
planted in three rows of 3m length with row-to-
row and plant-to-plant distance of 60cm and 30cm,
respectively. All the recommended package of
practices was followed to raise a good and healthy
crop under protected condition. Data on 12
different quantitative characters were recorded on
24 randomly selected plants to calculate weights.

Trait means and variances of 13 quantitative traits
for each double cross hybrid were computed as
detailed below. These means and variances were
estimated as follows
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Where,
x; = trait value of i" plant in TWC/DC hybrids

n = Number of plants on which data were recorded

Predicting the performances of double cross

hybrid: Quantitative trait mean of a DCH

[(AxB)x(CxD)] was predicted by following two

methods as proposed by Jenkins (1934).

1. Average of all possible single cross hybrids
involved in DCH and

2. Average of non-parental single cross hybrids
involved in DCH

The agreement of predicted quantitative trait mean
of each of double cross hybrids with those of
observed means was tested using x° test. As
double cross hybrid means are not estimated with
equal precision, weights defined as the reciprocal
of trait variances of each of double cross hybrids
were used for calculating y? test statistic.

Calculated y° = (O-E)? x Weight

Where, Weight = +

GTWC /DC

Significance of chi square statistic suggested the
non-agreement of predicted and realized trait
means of double cross hybrids. Further, non-
agreement also suggested possible involvement of
epistasis in controlling the inheritance of 12 traits
investigated in the present study.

The per se performance of 16 double cross hybrids
was estimated on the basis of performance of their
constituent  single  crosses. The  predicted
performance of yield and its component traits of 16
double crosses over two seasons were presented in
table 2. The mean performance for days to
tasseling varied from 58.81 (DCH 15) to 65.71
(DCH 10)and for silking it varied from 61.22
(DCH 15) to 68.29 (DCH 14). Out of 16 hybrids,
DCH 15 recorded lower days to tasseling and
silking and hence it can be used further in breeding
programme. Anthesis silking interval (ASI),
among hydrids varied from 0.66 (DCH 13) to 2.67
(DCH 1). The double cross hybrids, DCH 13 with
narrow mean for ASI is suggested for use in
deriving superior inbred lines with a combination
of narrow ASI and higher ear circumference and
kernel rows ear™.
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The mean performance for vyield attributing
characters viz., ear length, ear circumference,
kernels row™, kernel rows ear?, 100 grain weight
(g) and shelling percentage varied from 15.34
(DCH 2) to 17.3(DCH 12), 15.85 (DCH 3) to
16.49 (DCH 16), 31.46 (DCH 1) to 35.12 (DCH
5), 14.39 (DCH 3) to 16.39 (DCH 9), 23.73 (DCH
3) to 30.51 (DCH 8) and 79.90 (DCH 3) to 86.65
(DCH 15), respectively. The expected yield
performance of double crosses varied from 100.61
(DCH 3) to 125.88 (DCH 5).

Out of 16 double cross hybrids, DCH 5 (125.88),
DCH 8 (124.23), DCH 10 (123.96), DCH 15
(123.73), DCH 6 (122.77) and DCH 12 (120.76)
out yielded best check, Hema (119.00) while, DCH
5 was on par with check, Nithyashree (126.00).
Out of these top ranking double crosses, DCH 12
predicted better for most of the characters viz.,
ASI, ear length, ear circumference, kernel rows™
and 100 grain weight. While, DCH 15 predicted
better for characters viz., days to tasseling, days to
silking, plant height (cm), ear height (cm), kernels
row™ and shelling percentage.

Good agreement between realised and predicted
performances of double cross hybrid indicated
adequacy of additive-dominance model in the
inheritance of all characters except grain yield
plant® and shelling percentage (Table 3). The
rationale of high predictive power of the prediction
method is that for any individual locus, the double
cross hybrids {(A x B) x (C x D)} includes only
those genotypes which are produced in the AC,
AD, BC and BD single crosses. Thus, the
magnitude of additive and dominance effects
expressed in double cross hybrids would be the
same as that of non-parental single cross hybrids.
These two populations i.e., ‘double crosses’ and
group of non-parental single crosses however, may
differ with respect to a few specific combinations
of genes at different loci which is of course
inconsequential so long as genes at different loci
are independent in action, i.e., epistasis is absent
(Hallauer and Miranda, 1988). In both prediction
methods, nearly 14 out of 16 double cross hybrids
manifested significant differences between realised
and predicted performance suggesting involvement
of epistasis in genetic control of grain yield plant’
!(Bauman 1959, Chahal and Gosal, 2002)
(Table 3).By and large, there was a good
agreement between realized and predicted
performance of double cross hybrids for all
characters except for 100 grain weight, grain yield
plant™and shelling percentage.
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Table 1. Details of six F;’s selected for synthesis of double cross hybrids

SI. No F1’s Salient characteristics
1. HKI 26-2-4(1-2) x CML 41 <oL.8m§J§:Qr?t) (E?Zhl()z,;fl[)cjlgln%)
2. CML 470 -Bx15 x CML 41 (|6.01V§/ i’;:odlg;% (('?.izgzhlg/;ﬁ?n%
3. HKI 26-2-4(1-2) x CM 500 (OL_S;VLlﬁ;S:ZSU ('g-ifz &’;Lﬂ?;ﬂ%
4. CML359 x CML 326 <§°5Wd/;\fs') (I;IghdaAySSI)
5, HKI 26-2-4(1-2) x CML 358 (';'gh dglss') (E?(‘)’Vd':)/ssl)
6. CML 326 x DMRN-21 (';'ghdglss') ('I%\/Svdéisl)

http://ejplantbreeding.com

959



Bl

0

Electronic Journal of Plant Breeding, 8(3): 956-966 (September 2017)
ISSN 0975-928X

DOI: 10.5958/0975-928X.2017.00128.4

Table 2. Average performance of 16 double cross hybrids for 12 quantitative traits in maize over two seasons

Code Souble oross vbri Daysto  Daysto Pl_ant E_ar Ear _CiE?l:m Kernels Kernel glrg(i)n (;‘a/ir;:jn Shelling
ybrids tasseling silking ASI h(ilr?q?t h(ilr?]r;t Izr:]r?]t)h fzﬁ?)ce o rO\{\is weight  plant® percenta-
ear Q) @ ge
DCH1 (HKI-26-2-4-(1-2) x CML-41) x (CML-359 x CML-326) 61.11 63.78 2.67  204.50 96.94 15.83 14.68 31.46 15.57 26.85 104.00 83.27
DCH 2 (CML-359 x CML-326) x (CML 470-Bx15 x CML-41) 64.62 67.06 207 211.07 11267 1534 14.85 3221 15.04 25.23 100.63 80.39
DCH 3 (CML-359 x CML-326) x (HKI-26-2-4-(1-2) x CML-358) 62.44 64.05 160 22060 11551 15.85 14.03 34.67 14.39 23.73 100.61 79.90
DCH 4 (CML-359 x CML-326) x (HKI-26-2-4-(1-2) x CM-500) 61.89 63.63 1.69  200.06 99.73 16.16 14.69 34.09 15.17 25.00 119.38 86.17
DCH 5 (CML-359 x CML-326) x (HKI-26-2-4-(1-2) x CML-411) 61.07 62.35 128 19081  90.69 16.31 14.90 35.12 14.64 27.50 125.88 84.35
DCH 6 (CML 470-Bx15 x CML-41) x (HKI-26-2-4-(1-2) x CML-358) 61.92 64.23 231 21006 107.27 16.32 15.26 32.45 14.90 29.77 122.77 82.85
DCH7 (CML 470-Bx15 x CML-41) x (HKI-26-2-4-(1-2) x CM-500) 61.57 63.92 235 20996 102.63 16.64 15.07 33.25 14.97 28.65 117.64 83.32
DCH 8 (CML 470-Bx15 x CML-41) x (HKI-26-2-4-(1-2) x CML-411) 63.60 64.63 1.02 22210 11771 16.84 14.89 32.60 14.56 30.51 124.23 83.69
DCH 9 (CML-359 x CML-326) x (HKI-26-2-4-(1-2) x CML-41) 65.30 67.94 190 231.27 125.32 15.91 15.00 33.74 16.76 23.80 118.62 82.26
DCH 10 (CML 470-Bx15 x CML-41) x (CML-359 x CML-326) 65.71 67.49 126 206.96 105.33 15.75 14.85 33.04 15.78 27.15 123.96 85.76
DCH 11 (HKI-26-2-4-(1-2) x CML-358) x (CML-359 x CML-326) 62.51 64.57 1.05 215.07 108.79 16.39 14.14 34.11 14.94 26.02 111.40 85.57
DCH 12 (HKI-26-2-4-(1-2) x CML-358) x (CML 470-Bx15 x CML-41) 62.97 65.74 1.00 219.66 115.22 17.30 15.24 32.18 15.56 29.00 120.76 82.21
DCH 13 (HKI-26-2-4-(1-2) x CM-500) x (CML-359 x CML-326) 63.91 65.54 0.66 20593 100.21 15.99 14.17 32.47 14.54 25.29 103.82 84.00
DCH 14 (HKI-26-2-4-(1-2) x CM-500) x (CML 470-Bx15 x CML-41) 65.19 68.29 0.83 207.86 109.07 16.02 15.13 32.02 15.17 27.74 116.53 81.23
DCH 15 (HKI-26-2-4-(1-2) x CML-411) x (CML-359 x CML-326) 58.81 61.22 122 201.88 99.99 16.21 14.79 34.44 15.11 26.51 123.73 86.65
DCH 16 (HKI-26-2-4-(1-2) x CML-411) x (CML 470-Bx15 x CML-41) 59.75 62.16 115 207.23  109.33 16.49 15.31 3251 14.87 28.38 115.23 81.14
Check 1 Nithyashree 64.60 66.10 150 22148 12158 16.15 15.10 29.90 15.40 27.67 126.00 81.44
Check 2 Hema 65.90 68.50 2,60 21442 122.83 15.20 15.67 31.43 16.13 26.49 119.00 81.42
S.EEmz 0.50 0.52 0.15 244 2.20 0.12 0.10 0.27 0.15 0.51 2.20 0.52
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Table 3. Estimates of realized and predicted mean performances of 16 double cross hybrids for 12 quantitative traits in maize

Days to tasseling Days to silking
Code Double cross hybrids Method 1 Method 2 Method 1 Method 2
Realized : . ; L Realized : . : .
Predicted 2 statistic =~ Predicted 2 statistic Predicted 2 statistic Predicted 2 statistic
DCH 1 §21\§le3?531((:1|\/?|)_>(3§6'\)/| L-41) 6111 6242  8525%* 6248 9303** 6378 6376 0.02 63.92 0.76
DCH 2 g(;g"_'é;f’lffxxcchzﬂl_'jf’f)@ x (CML 6462 6167 3567 61.78 33.22 6706  63.34 64.41%* 6365  54.24%*
DCH 3 ﬂ"&gfi ><c§/|'\|i”§5382)6) X (HKI-26- 6o a4 62.52 0.078 62.38 0.072 6405 6422 0.393 64.36 1.250
CH4 ﬂ"&g?i "CEA'\_’;)'&)?;ZG) * (HKI-26- 61.89 61.47 2.79 61.48 2.68 63.63 62.49 20.95 62.51 20.24
DCH 5 ﬂ"&g?i xcfﬂ“fi'fff) X(HKI26- 6107 6227 3643* 62.13 28.32 6235 6358 45.45% 6368  5248%*
DcHe  (CML 470-Bx1S x CML-41) x 6192 6184 0.16 62.08 073 6423 6369 5.66 63.89 221
(HK1-26-2-4-(1-2) x CML-358)
DCH 7 Eﬁl\lg:_z%?g?ﬁsz; f'g’,\';l‘é(l))o; 61.57 60.61 29.83 60.91 14.20 6392 6205 70.75% 6218  61.04*
DCH 8 Eﬁl\lél:_z%?gfﬁsz))( f'g’,\';lf_i)ﬁ) 6360 6117 32.46 61.20 3172 6463 6273 27.05 62.73 27.05
(CML-359 x CML-326) x (HKI-26-
DCHS ooy oML sy 6530 6187  4836** 6165 5466** 6794 6350 80.81% 6353 79.60%*
DCH 10 ﬁgm‘ggfxcl&zgz'\g;“) x 6571 6156  5042** 6160 4935* 6749 6310 52.04%* 6328 47.97*
DCH 11 Egl\‘;ll_zgsgic(:ll\/ﬁ)_zgel\)ﬂ L-358) x 62.51 63.15 3.46 63.33 5.63 6457 6463 0.041 64.98 1.66
DCH 12 ggﬁ'ﬁgg‘éﬂ;}( )E:hcﬂl\lil-lzl-f)%) x 6297 6157 236 61.68 2.03 6574  63.09 7.10 63.00 7.62
DCH 13 ﬁgsfggfgﬁ_’;g\)ﬂ'500) * 63.91 62.07 5.75 62.38 3.99 65.54 63.28 10.59 63.69 7.07
DCH 14 Egﬁ'ﬁgé:‘éﬁﬁ ’EI\CA'\C:EE))O) * 65.19 60.74 32.57 61.10 27.50 68.29 62.21 61.66** 62.43 57.40%*
DCH 15 ggngséi((:lwﬁ);zce';mﬂl) x 58.81 6302 22463 6325  25020%* 6122 6367 51.61%* 6381  57.49%
pcH1e  (HKI-26-2-4-(1-2) x CML-411) x 59.75 6222 5653 6278 8459** 6216  63.69 2577 6417  4433%*

(CML 470-Bx15 x CML-41)

* Significant at P <0.05, ** Significant at P <0.01, *** Significant at P <0.001
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Table 3. Contd.,

ASI Plant height (cm)
Code Double cross hybrids _ Method 1 Method 2 _ Method 1 Method 2
Realized Predicted . Predicted . Realized Predicted 12 Predicted 12
redicte %2 statistic redicted 2 statistic redicte statistic redicte statistic
DCH 1 Egﬁ'ngsgigle)_’;gG'\)"'—“l) ) 2.67 1.34 190.40%** 1.44 162.07**  204.50 222.08 28.87 223.78 34.73*
(CML-359 x CML-326) x (CML
DCH2  470-Bx15 x CML-41) 2.07 1.67 10.89 1.88 2.61 211.07 211.65 0.05 21353 0.89
DCH 3 ﬂ"&i?i >(C|(\:/|'\|fl_353a32)6) *(HKI-26- g 171 0.8317 198 116313 22060 22611 3.84 228.46 7.82
DCH 4 ﬂ”&ﬁfi )EZI(\:/I'\-/ISI(_)E)?SZG) x (HKI-26- 1.69 1.02 45.05** 1.03 4357** 200.06 215.45 44 57%* 213.78 35.44*
DCH 5 ﬂ"&ﬁfi ’é&“&'flzf) x (HKI-26- 1.28 1.32 0.18 1.55 8.80 190.81 220.57 52.13** 224.44 66.59**
DCH 6 g%'\g';l“(iozs‘ilgl\;f';’gé)“l) XHK- g 185 2254 182 2590 21006 21643 253 221.39 8.01
DCH 7 g%'_\g:_‘z(_’;‘ilg,\;_g%')“‘l) XHKI- s 1.44 65.90%* 128 9L6I* 20096  207.94 0.29 20998 0.00003
DCH 8 g%g:ﬁ%?ilgl\;ﬁzﬂl'ﬁ‘”) (K- o 1.56 17.28 153 15.58 222.10 209.75 8.05 215.67 2.19
DCH 9 ﬂ"&ﬁfi "Cfﬂ'\&'f)%) x (HK1-26- 1.90 1.63 4.37 1.88 0.01 231.27 223.04 6.02 225.23 3.25
(CML 470-Bx15 x CML-41) x
DCHI10  (CMi-359 x CML-326) 1.26 154 4.694 1.68 10.324 206.96 217.94 5.88 222.97 12.49
DCH 11 ggﬁ'ﬁgggféﬁ?_ggé\)""'358) * 1.05 1.48 8.440 1.65 16.15 215.07 230.93 20.22 235.70 34.20*
DCH 12 Eg'l\';'l_zggg)gszl ’(‘:Eﬂ'\ﬁ'_';'f)f’s) X 1.00 152 1557 133 6.03 21966  219.36 0.01 225.80 267
DCH 13 Egl\';'fgég'i'(cﬁ)__’;%"'500) 8 0.66 121 10.89 1.32 15.45 205.93 212.54 4.57 209.41 1.27
DCH 14 Egﬁ'ﬁgé:gﬁgi Eﬁl’\ﬁ%o) ) 0.83 1.47 23.04 1.32 13.42 207.86 203.51 2.06 203.33 2.24
DCH 15 Egl\*jl'fgés'i'(cll\fl)__’;gs'\)""'411) * 1.22 0.66 32.95 0.56 45.39** 201.88 222.06 17.10 226.68 25.82
DCH 16 Ega'izf;g:‘éﬁézl ’(‘:I(\:A'\Ii'_';"l"')“) * 115 1.47 15.66 1.39 9.19 207.23  208.69 0.13 214.08 2.92
* Significant at P <0.05, ** Significant at P <0.01, *** Significant at P <0.001
http://ejplantbreeding.com 962
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Table 3. Contd.,

Ear height (cm) Ear length (cm)
Code Double cross hybrids realized Method 1 - Method ZX2 realized Method 1 Method 2
Predicted statistic Predicted statistic Predicted ¥2 statistic ~ Predicted 2 statistic
DCH 1 EE'I\';'LZ,?SgigMZI)_ZSG';"L“) X 9694 11598  6602** 11842  84.08** 15.83 15.90 0.5 15.90 0.14
(CML-359 x CML-326) x (CML
DCH2 e OMLAL 11267 108.35 7561 109.38 441 1534 15.83 18.49 1627 6569**
DCH 3 g%“g'ﬁ?gz; fg"&fg@g (HKI- 1550 11501 0.08 115.25 0.02 15.85 16.15 4.88 16.45 19.88
DCH 4 g%“g'ﬁ?gz’)‘ E?Z/Il\hggg)) X(HKI- 9973 11166 5324% 11118 49.07** 16.16 16.35 1152 16.47 2.87
DCH 5 g%hglﬁigz; f'(\:",\';fi?l; HKI- 9069 11443 12075~ 11585 13674~ 1631 15.96 3.87 16.13 1.05
DCH 6 Eﬁ'\}fl'-z‘ggf’ai’)‘ fg",\';lfl,é,);é) 10727 11297 474 117.52 1537 16.32 16.02 155 16.47 0.38
DCH 7 Eﬁ'\é'l'-z‘ggfﬁf’z’; fg"&g&;‘ 10263 106.12 2.02 108.21 5.17 16.64 16.09 6.25 16.27 2.80
DCH 8 Eﬁ'\é'l'-z‘ggfﬁk_’z; fg"l\';lf_z)ﬁ) 11771 10821 9.77 111.87 3.69 16.84 1575 10.90 16.01 6.35
DCH 9 g%'\g'fggz’)‘ E?:Anlﬁfiel)) XK 1532 11383 1411 11520 10.94 1591 16.20 559 16.35 12.72
DCH 10 ggmtgégf’gatgz“g')-“) x 10533 11661 9.99 121.77 2123 1575 15.56 091 15.85 0.24
DCH 11 Egﬁfgggféﬁigg\)""'358) * 10879 120.10 15.71 122.87 24.38 16.39 16.23 1.165 16.58 155
DCH 12 Eg'l\';'l_zggg)gszl Efﬂ'\ﬁ'_';'f)f’s) X 1s22 11187 105 115.88 0.04 17.30 15.60 11514 1583  8568**
DCH 13 gg,\';'l_zgsgig\ﬁ)_’;zce'\)"5oo) X 10021 10039 1791  107.78 1217 15.99 16.13 075 16.13 0.75
DCH 14 Egﬁ'ﬁgé:‘éﬁﬁ Efﬂ'\fj%o) * 109.07 103.55 7.40 104.36 5.38 16.02 15.72 2.24 15.72 2.28
DCH 15 Egﬁ'fgggi'gl\fa_’;ga'\)""'411) * 99.99 118.53 86.22** 122.00 121.49** 16.21 16.20 0.00 16.48 3.57
pcH1e (KI26-2-4-(12) X CMLALL) x 4955 10587 3.76 108.36 0.30 16.49 15.60 14.47 1578 9.14

(CML 470-Bx15 x CML-41)

* Significant at P <0.05, ** Significant at P <0.01, *** Significant at P <0.001
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Table 3. Contd.,

Ear circumference (cm)

Kernels row

. Method 1 Method 2 Method 1 Method 2
Code Double cross hybrids Realized ) ) Realized
Predicted sta%istic Predicted stazccistic Predicted ¥2 statistic ~ Predicted 2 statistic
pcH1  (HKI-26-2-4-(1-2) x CML-41) x 14.68 1431 31.28 14.48 8.80 31.46 36.18 65.88%* 36.98 89.80%*
(CML-359 x CML-326)
(CML-359 x CML-326) x (CML
DCH2 o e x CML- 1) 14.85 14.68 5.49 14.73 2.907 32.21 34.36 13.10 35.07 23.09
DCH 3 g%“g'ﬁ?gz’)‘ 5%5’23?5 (HKI- 14.03 14.06 0.04 14.13 0.46 34.67 36.77 11.49 37.13 15.86
DCH 4 g%“g'ﬁ?gz’)‘ E?Z/Il\hggg)) X (HKI- 14.69 14.37 18.322 1457 2.71 34.09 37.76 53.03** 38.13 64.51**
DCH 5 g%hglﬁigz; f'(\:",\';fi?l; HKI- 4400 1436 5LAT** 1447 33.21 35.12 36.73 6.77 37.15 10.79
pcHe (CML 470-BxI5 x CML-41) x 15.26 1471 27.96 1461 39.77% 32.45 34.41 8.87 3428 7.68
(HKI-26-2-4-(1-2) x CML-358)
pcH7  (CML470-Bx15 x CML-41) x 15.07 1523 231 15.35 7.45 33.25 34.18 2.89 33.45 0.13
(HKI-26-2-4-(1-2) x CM-500)
pcHg  (CML 470-Bx15 x CML-41) x 14.89 15.13 2.87 15.12 2.59 32.60 3455 6.39 3456 6.45
(HKI-26-2-4-(1-2) x CML-411)
DCH 9 g%'\g'fggz; E?:Anlﬁfiel)) *(HKI- 1500 14.44 39.19% 1469 1235 33.74 36.37 47.43% 3725 8474
DcH1o (GML 470-Bx15 x CML-41) 14.85 1455 9.60 1453 10.88 33.04 33.71 1.31 34.09 3.23
(CML-359 x CML-326)
DCH 11 (HKI-26-2-4-(1-2) x CML-358) x 14.14 13.99 5.696 14.03 3.23 34.11 37.89 48.88** 38.83 75.88**
(CML-359 x CML-326)
DCH 12 Eg'l\';'l_zggg)gszl ’(‘:Eﬂ'\ﬁ'_';'f)f’s) X 1524 14.87 18.03 14.84 20.79 32.18 33.82 1201 33.38 6.49
DCH 13 Egh';'fgég'féﬁ)__’;zce';"'500) ) 14.17 14.24 0.76 14.37 6.07 32.47 37.70 111.76%* 38.05 127.23%*
DCH 14 Egﬁ'ﬁgé:‘éﬁﬁ Efﬂ'\fj%o) ) 15.13 15.08 0.36 15.12 0.01 32.02 33.17 4.40 31.93 0.03
DCH 15 (HKI-26-2-4-(1-2) x CML-411) x 14.79 14.35 23.28 14.45 13.93 34.44 37.75 57.70** 38.68 94.88**
(CML-359 x CML-326)
pcH1g (HKI-26-2-4-(1-2) x CML-411) x 1531 14.89 23.76 14.76 41.47* 32551 33.36 4.68 32.77 0.44

(CML 470-Bx15 x CML-41)

* Significant at P <0.05, ** Significant at P <0.01, *** Significant at P <0.001
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Table 3. Contd.,

Kernel rows ear™ 100 grain weight (g)
Code Double cross hybrids realized - Method 1 - - Method ZX2 realized - Method 1 - Method 2
Predicted statistic Predicted statistic Predicted ¥2 statistic ~ Predicted 2 statistic
DCH 1 EE'I\';'LZ,?SgigMZI)_ZSG';"L“) X 1557 1443 5301%* 1453 44.09%* 26.85 2464 119.88% 2461 12416
DCH 2 g‘;g’_"é;f’l%gx"ccl\')l"l_'jﬁ(s) XCML 504 14.92 0.40 15.07 0.02 2523 26.96 80.42%* 2733 12017
DCH 3 g%'\g'ﬁ?gz’)‘ 52”5523%)8; (HKI- 1439 14.19 0.68 1435 0.03 2373 24.71 23.97 25.14 50.09**
DCH 4 g%“g'ﬁigz’)‘ f%ggg)) x (HKI- 15.17 14,50 30.67 14.75 11.98 25.00 24.78 1.16 24.84 0.60
DCH 5 g%hglﬁigz; f'(\:",\';fi?l; HKI- 464 14.06 12.45 14.42 181 2750 26.10 50.90%* 2592 6477
DCH 6 Eﬁ'\}fl'-z‘ggf’ai’)‘ fg",\';lfl,é,);é) 14.90 15.06 0.720 15.00 0.292 29.77 25.19 528.38%* 2508  55L41%*
DCH 7 Eﬁ'\é'l'jz‘ggf_ﬁ?z; f'\c"l\';l'_gg);‘ 14.97 15.81 26.93 16.07 45.66™* 28.65 26.15 161.70%* 26.12 167.66**
DCH 8 Eﬁ'\é'l'jz‘ggf_ﬁ?z; fg"l\';lf_ﬂ)ﬁ) 14.56 14.99 7.10 15.17 1412 3051 27.41 263.47** 27.10 314.51%*
DCH 9 g%'\g'fggz; E?:Anlﬁfiel)) (K- 1676 1488 69.87** 1520 48.03** 23.80 25.16 46.43** 2537 62.94%*
DCH 10 ggmtggf’g&i%g')-“) * 15.78 1491 29.31 15.05 20.67 27.15 26.63 7.06 26.84 2.52
DCH 11 Egﬁfgggféﬁigg\)""'358) * 14.94 13.87 58.10** 13.87 58.10** 26.02 24.08 90.39** 24.19 80.68**
DCH 12 Ega'fgg:‘éﬁgl ’(‘:Eﬂ'\ﬁ'_';{f)‘r’s) * 15.56 14.77 12.59 14.57 19.71 29.00 27.37 73.378** 28.35 12.22
DCH 13 Egh';'fgég'féﬁ)__’;zce';"'500) * 1454 14.29 2.46 14.44 0.40 25.29 24.28 24.88 24.09 34.83*
DCH 14 Egﬁ'ﬁgé:‘éﬁﬁ Efﬂ'\fj%o) ) 15.17 15.62 8.43 15.78 15.52 27.74 26.33 52.88** 26.39 48.65**
DCH 15 Egﬁ'fgggi'gl\fa_’;ga'\)""'411) * 15.11 13.59 86.34** 13.72 72.45%* 26.51 26.77 1.78 26.92 4.44
DCH 16 Ega'izf;g:‘éﬁézl ’(‘:I(\:A'\Ii'_';"l"')“) 1487 14.44 6.35 1435 9.49 28.38 28.66 2.14 28.98 1017
* Significant at P <0.05, ** Significant at P <0.01, *** Significant at P <0.001
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Table 3. Contd.,

Grain yield plant™ (g)

Shelling percentage

) Method 1 Method 2 Method 1 Method 2
Code Double cross hybrids Realized ) ) Realized
Predicted sta%istic Predicted stazccistic Predicted ¥2 statistic ~ Predicted 2 statistic
DCH 1 EE'I\';'LZ,?SgigMZI)_ZSG';"L“) * loa00 11311  938215%% 11675 1837718 8327 84.69 170.99% 8459  146.64%*
(CML-359 x CML-326) x (CML
DCH2  470-Bx15 x CML-41) 100.63 121.83  54767.21**  127.25 ~ 90163.56**  80.39 85.61 2333.27** 8542  2162.32**
DCH 3 g%“g'ﬁigz’)‘ 52”5523%)8; (HKI- 100.61 115.89  27046.18**  120.17  45949.46**  79.90 84.52 1807.51** 84.01 1417.99**
DCH 4 g%“g'ﬁ?gz’)‘ f%ggg X (HKI- 119.38 12161 605.86™* 12542  4571.74** 86.17 84.84 149.17%* 84.63 198.57**
(CML-359 x CML-326) x (HKI-
DCHS  569-4-(1-2) x CML-411) 125.88 12272 1222.01**  126.33 26.22 84.35 85.50 113.69** 85.42 97.10%*
(CML 470-Bx15 x CML-41) x
DCHE  (11K1-26-2-4-(1-2) x CML-358) 122.77 12456 398.84**  127.00  2276.57** 82.85 83.75 66.82** 83.29 15.93
(CML 470-Bx15 x CML-41) x
DCHT  (HK1-26-2-4-(1-2) x CM-500) 117.64 13061  21804.10** 13275  30304.93** 8332 83.85 2341 83.60 6.33
b (CML 470-Bx15 x CML-41) x
CH8  (1K1-26-2-4-(1-2) x CML-411) 124.23 13028 4764.11**  131.50 6949.09** 83.69 84.18 20.02 83.88 2.89
CML-359 x CML-326) x (HKI-
DCH9 26_2_4_(1_2) < CML_41)) ( 118.62 121.67 1126.97** 12958 15566.17** 82.26 85.09 683.00** 85.19 730.96**
(CML 470-Bx15 x CML-41) x
DCHI0  (cML-359 x CML-326) 123.96 11678 6021.11**  119.67 2204.07** 85.76 85.81 0.25 85.73 0.09
(HKI-26-2-4-(1-2) x CML-358) x
DCHIL  (cML-359 x CML-326) 111.40 11678 3372.27** 12150  12384.44** 8557 84.68 67.27** 84.25 148.29**
bcH 12 (HKI-26-2-4-(1-2) x CML-358) . » .
(CML 470-Bx15 x CML-41) 120.76 120.83 0.58 121.42 51.74 82.21 84.19 328.80 83.95 254.70
(HKI-26-2-4-(1-2) x CM-500) x
DCHI3  (cML-359 x CML-326) 103.82 11672 19432.11**  118.08  24025.06**  84.00 84.81 55.20** 84.59 29.05
(HKI-26-2-4-(1-2) x CM-500) x
DCHI14  (cML 470-Bx15 x CML-41) 116.53 12000  1446.76**  116.83 10.91 81.23 83.60 471.41%* 83.22 332.35**
(HKI-26-2-4-(1-2) x CML-411) x
DCHIS  (cML-359 x CML-326) 123.73 124.11 18.10 12842 2821.58** 86.65 84.55 374.70%* 83.98 598.68**
(HKI-26-2-4-(1-2) x CML-411) x
DCH 16 115.23 12261  6684.89**  120.00  2733.47** 81.14 83.95 666.43** 83.54 482.55**

(CML 470-Bx15 x CML-41)

* Significant at P <0.05, ** Significant at P <0.01, *** Significant at P <0.001
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