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Abstract

Selection indices were constructed for green ear of normal
field maize (Zea mays L.) utilizing fifteen important
characters in three different environments separately and
over environments. Comparison of three different methods
of assigning weight to generate selection criteria indicated
that inbred parents differed in performance in each
environment. While single cross hybrid 1 x 3 was observed
to be consistent over all the three environments, among
other crosses 5 x 7 at Pantnhagar and Almora; 3 x 7, 4
x 5 at Almora and Gorakhpur; and 3 x 4 at Pantnagar
and Gorakhpur were consistent in index value for green
ear characters. The behaviour of inbred parent and single
cross hybrids was influenced by genotype by environment
interaction as evidenced from alteration of ranking
according to specific environment.
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Introduction

Maize (Zea mays L.) occupies an important place in
Indian agriculture with an area of 6.59 million hectare
and production of 13.30 million tonnes [1]. Diversified
use of maize has been given priority in the national
arena of agriculture research. Maize is a favorite snack
food in the form of green ears roasted or boiled In
India and other countries. In most tropical countries,
normal flint maize ears are used for consumption in
this way and are a source of food and energy [2].

As no effort has been made to improve the quality
characteristics of normal field corn to be used as green
ears, there is a need to pay attention to this aspect
in tropical environment without sacrificing grain yield
potential. The present study aimed at identification of
parent and single cross maize hybrid suitable for
consumption at green ear stage with the help of selection
indices.

Materials and methods

Seven diverse inbred lines from both indigenous and
exotic sources differing in green ear characters were
crossed in all possible combinations at Hyderabad (2001

rabj) and Pantnagar during kharif 2002. All possible
single crosses (excluding reciprocals), along with parents
were grown in Randomized Complete Block Design
with three replications in three environments, viz,
Pantnagar, Aimora and Gorakhpur in Kharif 2003. All
entries were grown in 2-row plot with row length of 5
m following spacing of 75 cm between rows and 25
cm between plants. Application of recommended dose
of fertilizers and other normal cultural practices were
followed in all the three environments.

Data were recorded for 15 different characters
important for green ear viz.,, ear length, ear diameter,
number of kernel rows per ear, number of kernels per
row, kernels depth, kernel density, ear weight per plants,
husk extension, shank length, ear tipfillness, pericarp
thickness, husk weight without ear, reducing sugar (%),
100 kernel weight and green ear yield. Green ear yield
was taken 21 days after pollination and measured on
plot basis. Pericarp thickness was measured after Helm
and Zuber [3] and reducing sugar was measured as
per AACC [4].

Selection index was computed using 15 characters
important for consumption at green ear stage using the
methodology of Smith [5]. Selection index in separate
environments was constructed in three different ways
by giving different weights to various characters taking
in to amount consumers preference for green ear maize,
Some of the characters were measured in such a way
that lower value are desirable viz., kernel density, husk
extension, ear tip illness, per carp thickness and husk
weight. For shank length preferable values are medium
to low. Three selection indices were constructed referred
to as SI 1, SI 2 and S| 3 in each environment. For
generalization, general selection indices were calculated
following Hanson and Johnson [6] method utilizing
corrected bi values and selection criteria were obtained
using overall mean values of green ear characters
constituting selection index (Table 3). The same
procedure of assigning weight as in classical selection
index was followed for construction of general selection
index (GSI).
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Table 1. Classical setection indices for green ear maize in three different environment evaluated during kharif 2003
Environment Selection Bi values for different characters
index 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Pantnagar Sl 1 078 -0.89 107 113 027 115 090 -0.01 195 -061 095 -003 037 104 181
Sl2 077 -121 109 119 034 052 090 036 172 -055 0.45 -020 023 1.02 1.63
SI3 076 -1.38 1.08 1.21 025 -0.19 090 -098 154 —053 -0.06 -0.36 0.35 098 146
Almora Si1 295 2033 279 195 -0.73 -9.14 -0.36 357 028 032 1.02 -1.13 -2.86 3.06 6.24
Sl2 342 2229 -265 194 -071 -986 -047 3.00 025 022 052 -1.37 -299 3.10 6.33
St 3 400 23.15 -229 190 -0.75-10.82 -0.56 228 0.00 0.05 0.02 -1.63 -2.89 3.14 6.27
Gorakhpur Si 533 -11.73 3.03 186 224 234 038 -253 -0.64 047 097 -2.39 -9.71 240 4.99
Sl2 558 -839 330 177 241 080 035 -2.57 -025 0.28 050 -2.20 -790 2.36 5.01
SI3 628 211 374 157 259 -1.72 027 -1.98 0.85 -0.10 0.04 -1.45 504 228 473
Weights assigned for different characters
SH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sl2 1 1 1 1 1 0.5 1 05 075 05 05 05 1 1 1
SI3 1 1 1 1 1 0 1 0 0 - 0 0 0 1 1 1

Note: Characters code - 1. Ear length (cm), 2. Ear diameter (cm), 3. Number of kernel rows/ear, 4. Number of Kernel row, 5. Kernel depth
(mm), 6. kernel density (cm for 10 Kernels), 7. Single Ear wt (g), S. Husk extension (cm), 9. Shank length (cm), 10. Ear tipfillness (cm), 11.
Pericarp thickness (um), 12. Husk weight (kg), 13. Reducing sugar {(mg/100mg), 14. 100 Kernel weight (g) 15. Green Ear Yield (kg/plot)

Results and discussions

Three selection indices were constructed altering relative
weights for six of the fifteen characters (Table 1). Due
to marked difference in phenotypic values between
inbred parents and their crosses, ranking based on
selection criterion was done separately for inbreds and
single crosses. At Pantnagar environment when equal
weights were considered (Sl 1) inbred parent 3 ranked
first and parent 2 ranked last (Table 2). But following
Sl 2 and Sl 3, somewhat different ranking of parents
were obtained. Line 6 ranked first and line 5 ranked
last in both cases. Line 7 ranked 3rd and 2nd for SC
2 and SC 3 respectively. The hybrid 1 x 3 ranked first
followed by 3 x 7, 1 x 5, 6 x 7, 5 x 7 among the
21 single cross hybrid based on SC 1. Crosses 2 X
4, 5 x6, 1 x4, 2x 6, 4x 6 were the last five in
the aggregate value considering Sl. Based on SC 2
and SC 3, cross 2 x 3 ranked first and other good
aggregate crosses for green ear characters were 5 x
7, 6 x 7,1 x 3 3 x4 and 3 x 6.

At Almora considering SI, parent 2 ranked first
and parents 1 ranked last and reverse was true for
SC 2. Parents 4 ranked first for SC 3. Parent 2 and
parent 5 showed values in selection criterion based in
Sl 2and SC 3. When selection criterion SC 1 was
applied cross 4 x 6 ranked first followed by 2 x 6, 2
x 7,1 x 7 and 6 x 7 in respect of top index values.
Cross 3 x 7 ranked first when selection criterion SC
2 and SC 3 were followed. Other crosses acquiring
top position in index values are 1 x 3, 5 x 6, 4 x 5
and 5 x 7 based on selection criterion SC 2 and SC
3.

At Gorakhpur parent 1 ranked first and parent 2
ranked last according to SC 1, whereas parent 7 ranked
1st and 2nd following SC 2 and SC 3. Parent 2 and

3 ranked 5th and 6th based on SC 2 and SC 3. The
performance of parents 1 was 7th in the SC 2 and in
contrast, it was 1st on bases SC 3. Cross 1 x 3
ranked first based on SC | and SC 2, 2nd based on
SC 3 in the index value of aggregate genotype. Cross
3 x 7 ranked first based on SC 3. Other good performing
single crosses for green ear characters were 1 x 5,
3x7,3x4,4x5 1x6 based on SC 2 and SC
3.

In classical selection indices, we used genotypic
and phenotypic variance and covariance estimates for
each environment separately. Thus selection index
derived form such estimate is valid for that specific
environment only. The selection index of Pantnagar
environment cannot be used for Almora or Gorakhpur
environments. For generalization, general selection
indices were obtained using overall mean values of
green ear characters (Table 3). For all three general
selection indices, parents 1 ranked 1st and parent 2
ranked last in the index value for green ear traits.
Other good parent obtaining high index values were
parent 3, parent 4 and parent 7. Among 21 single
cross hybrid cross 1 x 3 ranked 1st based on GSI 1
and GSI 2, 2nd based on GSI 3. According to GSI 3
cross 3 x 7 ranked first in the index value. Other
crosses with better index values were 4 x 5, 3 x 7,
3 x 5 and 1 x 5 considering all the GSI's values.

Index selection is a procedure that combines all
information available for an individual or family to aid
in the selection of those with the highest aggregate
breeding value. For green ear characters of maize it
is worthwhile to construct selection index for particular
environment and also for drawing general conclusion
based on data collected over environment. One general
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Table 2. Selection criterion and ranking of inbreds and their crosses for green ear maize using 15 characters
Parents/ Pantnagar Almora Gorakhpur
crosses SCI Rank S8C2 Rank SC3 Rank SCI Rank SC2 Rank SC3 Rank SClI Rank SC2 Rank SC3 Rank
1 26586 3  207.69 5 14571 6 24630 7 19950 1 15050 3 30587 1 27328 7 270.61 1
2 23753 7 20029 6 16012 5 17547 1 14800 7 11860 6 22986 7 21563 6 230.11 6
3 27685 1 224.09 2 16762 4 22886 6 18570 2 14010 5 27016 2 24119 5 24113 5
4 24272 6 21026 4 17379 3 20774 5 18360 3 156.60 1 24418 4 23608 4 25689 3
5 24327 5 19373 7 14094 7 201685 3 16050 6 11750 7 23275 6 20540 3 206.06 7
6 27409 2 24058 1 20372 1 19427 2 16890 5 14150 4 23655 5 22485 2 24170 4
7 24798 4 217.20 3 18284 2 20420 4 18080 4 15530 2 25577 3 24726 1 26704 2
1x2° . 30936 16 269.89 17 22663 16 25382 14 22190 8 18670 9 18670 8 34956 9 33279 9
1x3 36147 1 308.50 2 25151 7 27931 21 23690 2 19230 4 19230 1 29726 1 36765 2
1x4 29584 19 26296 19 22633 17 23775 9 21070 14 18140 15 18140 9 34745 8 33376 8
1x5 347.07 3 29729 5 24314 11 26573 18 22740 7 18690 8 18690 2 379.37 2 354.51 4
1x6 32656 9  289.20 8 24761 10 23761 8 211.70 13 18260 13 18260 7 25019 7 33836 5
1x7 315.63 13 28378 11 24810 9 23288 4 20900 16 18290 12 18290 16 32046 16 311.23 16
2x3 31473 14 27460 15 23036 13 24188 11 20870 18 17240 21 17240 17 32021 17 30401 17
2x4 28121 21 24837 21 21158 21 23513 6 208.80 17 18010 17 180.10 13 33376 12 32189 14
2x5 31172 15 27119 16 22675 14 24743 13 21890 9 18740 7 18740 10 34432 10 32867 11
2x86 301.53 18 26592 18 22665 15 22901 2 203.80 20 17650 20 17650 19 299.16 19 287.92 20
2x7 31829 12 28605 10 24979 8 23070 3 20590 19 17890 18 178.90 14 32879 14 31896 13
3x4 321.91 10  289.80 7 25372 5 24004 10 21610 10 18990 6 18990 6 35375 6 34463 3
3x5 33336 6 28165 12 22555 19 27699 20 23290 5 18610 10 18610 3 37664 5 34819 7
3x6 33272 7 29543 6 25395 4 24898 12 21410 11 18210 14 18210 12 33465 13 319.07 15
3x7 356.63 2 32307 1 28524 1 26435 17 23780 1 20950 1 20950 5 36516 3 353.21 1
4x5 33237 8 28126 13 22618 18 27526 19 23460 4 19160 5 191.60 4 37456 4 34947 6
4%x86 307.39 17 27543 14 23978 12 22766 1 20350 21 176,70 19 17670 21 28296 21 27393 21
4x7 31956 11 287.72 9 25216 6 23713 7 21270 12 18590 11 18590 20 29578 20 28779 19
5x6 289.61 20 25409 20 21470 20 26072 16 23560 3 20810 2 20810 11 34021 11 32838 10
5x7 33450 5 30352 3 26834 2 25463 15 23190 6 20710 3 20710 15 32676 15 31863 12
6x7 33511 4 30230 4 26549 3 23477 5 20920 15 18120 16 18120 18 307.04 18 29741 18
problem for selection index is to assign weight for a role in the performance of the inbred lines for green

particular character either based on economic value
and quality consideration. Economic values of the various
traits breeders wish to select are rarely known, as only
for few studies deal with this issue. To overcome this
problem different relative weights were assigned to
generate three different selection indices in each
environment.

Among the inbred parents at Pantnagar
environment line 6 and 7 may be considered to have
good combination of green ear characters based on
Sl 2 and S| 3. Ranking based on Sl 1 where equal
importance to all characters was assigned is somewhat
misleading. The performance of parents for green ear
characters varied with environments, as depicted in the
change in ranks for each selection criterion. At Almora
environment, parents 1, 2 differed of based on S| 1
and S| 3, but common poor parent were identified
(parent 2 and 5) based on Sl 2 and S| 3. At Gorakhpur,
the low performers for aggregate green ear traits were
line 5 and line 6. Thus breeder can choose specific
parent, which shows high aggregate genotypic values
at each location and can follow a method to give more
weights to green ear characters. This suggest that
genotype by environment interaction plays an important

ear characters.

Among 21 single crosses, at Pantnagar
environment some crosses having good aggregate value
in the selection criterion were 2 x 2, 5 x 7, 6 x 7, 1
x 3, 3 x 4 and 3 x 6. At Aimora best crosses based
on selection criterion SC 2 and SC 3 were 3 x 7, 1
x 3, 5x6 4x5and 5 x7.Crosses 1 x 3, 3 x7,
1 x5 3x4,4x5 1x 6 were good for green ear
characters at Gorakhpur based on SC 2 and SC 3.
Cross 1 x 3 was observed to be consistent over the
entire three environments for aggregate index value for
green ear characters. Among other crosses, 5 x 7 at
Pantnagar and Almora; 3 x 7, 4 x 5 at Almora and
Gorakhpur; and 3 x 4 at Pantnagar and Gorakhpur
were consistent in index value for green ear characters.
The performance of single cross hybrids was also
influenced by genotype-environment interaction as
evidenced from alteration of ranking according to specific
environment.

This problem can be partially solved by taking
into consideration data from all the environments and
by constructing generalized selection indices, which can
predict the behaviour irrespective, of environments. The
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Table 3. Selection criterion and ranking of 28 genotypes for

green ear maize using general selection index
Genotypes Selection criterion and rank

GSI1 Rank GSI2 Rank GSI3 Rank

Parents
1 301.08 1 378.83 1 79.93 1
2 220.27 7 268.09 7 34.52 7
3 277.55 2 341.02 2 68.48 2
4 252.09 3 313.04 3 45.88 4
5 238.79 6 300.83 4 42,57 6
6 242.06 5 296.84 6 43.61 5
7 245.65 4 299.43 5 51.98 3
Single crosses
1x2 345.10 7 436.48 8 97.49 12
1x3 398.46 1 506.02 1 144.29 2
1x4 326.16 16 407.11 17 102.71 8
1x5 374.13 3 468.88 4 131.76 3
1x6 348.34 6 441.12 6 9479 13
1x7 33043 14 417.08 14 8952 16
2x3 32591 17 40754 16 8266 19
2x4 31868 18 400.18 18 9456 .14
2x5 34223 10 430.89 9 97.84 11
2x6 306.97 20 38285 20 87.00 18
2x7 32880 15 410.77 15 94.54 15
3x4 342.66 9 42685 12 114.94 6
3x5 372.80 4 471.18 3 126.52 4
3x6 34101 11 427.38 11 101.36 10
3x7 367.52 5 450.84 5 145.44 1
4x5 385.93 2 487.65 2 122.43 5
4%x6 29997 21 37843 21 7456 21
4x7 31242 19 39442 19 75.88 20
5x6 331.89 13 420.74 13 102.55 9
5x7 344.67 8 437.2 7 106.73 7
6x7 335.12 12 42836 10 88.35 17

Codes of the inbred parent are: 1. P,,CH,0,-2-B-B-B/
P33C,CSTE7®13-162-1-1-2-4-1, 2. Pop31®23-1-1-1-1-12/
3Z®4-2 to 3, 3. Comp A,®1-90-37-5-1-2-1-2-1, 4. Lineas
prometadorous process®6-7-2-3-5-4-1-1, 5. Comp A®
1-90-37-5-1-1-2-5-1, 6. Lineas prometadorous process
®6-3-1-1-1-4-1-1, 7. YHP AIm®217-2-1-13-2-1.
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general selection index indicated that parent 1, parent
3, parent 4, parent 7 showed higher index value for
green ear characters among the 7 parent studied. The
single crosses 1 x 3, 4 x 5, 3 x 7, 3 x5 and 1 x
5 had higher index value based on general selection
indices. For more precise estimates the number of
environment should be increased restricting the number
of characters to those, very pertinent to usage at green
ear stage.
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