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Abstract

The present investigation was carried out at the research farm of the Division of Plant Breeding &
Genetics, SKUAST —Jammu, Chatha. The experimental material of the present study comprised 20 true
breeding facultative type winter wheat lines which were evaluated under rainfed conditions in a RBD.
The best ten winter wheat lines (Arkaan, Blue boy, China 4435893, Drina, Drina NS 720, Nordersprez,
WW12, WW21, WW23 and WW?25) used as females and three spring wheat (PBW175, PBW 644 and
WH 1080) were used as male parents to develop the experimental material for line x tester mating design.
30F1s and advanced 30F2 seeds along with 13 parents were sown in the Rabi 2016-17 in a RBD under
rainfed conditions. Observations were recorded on yield traits. The mean squares for comparisons of
parents’ vs crosses were significant. Combining ability analysis carried over F1 and F2 generation
revealed that variance for crosses, testers and partly in lines was significant for almost all the traits. The
GCA effects were greater than SCA effects for most of the traits. The compassion of relative magnitude
of GCA and SCA variances indicated greater magnitude of GCA variance than SCA variance yield traits
indicating the presence of additive gene action for the inheritance of these traits. On the basis of overall
ranking of the parents for GCA, the lines Arkaan, Blue boy, Nordersprez, Drina and WW?25 and in testers
WH21080, PBW 175 revealed desirable significant effect for many traits.).

Keywords: Winter wheat, spring wheat, line x tester, combining ability, heterosis

Introduction

Wheat (Triticum aestivum L.), self-pollinated crop of the Poaceae family and of the genus
Triticum, is the world’s largest cereal crop. It is popularly known as ‘Stuff of life or King of
the cereals’ because of the acreage occupied, high productivity and the prominent position it
holds in the international food grain trade. Wheat is extensively grown crop in the world. Its
cultivation is widespread between 30 to 60 degrees north and between 27 to 40 degrees south
of latitude. It is grown below sea level near the Dead Sea and in the Imperial Valley of
California and at as high as 5000m altitude of Tibet (Tadesse et al. 2016). Wheat (Triticum
spp.), is the most important cereal crop and occupies prominent position in Indian agriculture
after rice (Joshi et al. 2007) [*81, India is now the second largest producer of wheat in the world
with the production hovering around 106.21 million tonnes in 2020. It is consumed mostly in
the form of bread, biscuits, chapatti, Baati, Upma, Dalia etc. The total production of wheat in
the world is around 735.9 million metric tons covering an area of about 227.61 million ha with
an average productivity of 3289.3 kg ha-1 (FAOSTAT, 2020) [, One of the ways by which
this can be achieved is by the incorporation of genes from winter wheat (drought tolerant). The
reports of Pinthus (1967) 4, in wheat and by Fedak and Fejar (1975) ™ in barley highlighted
the importance of winter genotypes in the improvement of spring genotypes. Very little work
has been done in this aspect. Subsequently several workers have explored the potential of
winter wheats in spring wheat improvement programme (Baric et al. 2004; Sharma and
Chaudhary, 2009) B 9. Thus, winter x spring wheat hybridization appears to be important for
achieving quantum jump in better wheat production in rainfed areas. The success of winter x
spring hybridization depends upon the ability of these two physiologically different ecotypes
to combine well with each other.
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In order to formulate a sound breeding strategy, information
on the relative magnitude of genetic variance, combining
ability for grain yield and its related traits is essential. Such
information is useful for the selection of parental lines having
superior performance and isolation of potential combination
for their further use in the breeding programmes. The
technique of line x tester analysis tends itself to the detailed
genetic analysis and identifies superior parents and cross
combinations on the basis of the combining ability. Another
strategy to overcome the yield plateau is the commercial
production of hybrid varieties.

Materials and Methods

The breeding material, ten winter wheat lines used as females
were crossed with three spring wheat lines used as males
(Testers) in Line x Tester fashion during 2015-2016 at
University Research Farm of Sher-e-Kashmir university of
Agricultural Sciences and Technology, Jammu (SKUAST-
Jammu) to generate 30 Fis. These were advanced in off-
season nursery to generate 30 Fa. 30 F1 crosses, 30 F, crosses
and 13 Parents (10 lines + 3 testers) were evaluated in
Randomized Block Design at the Research Farm of SKUAST
Jammu during the Rabi season 2016-17. The observation was
recorded on five competent for different traits namely: tillers
per plant, spike length, grains per plant, 1000 grain weight,
Biological yield per plant, grain yield per plant and harvest
index.

Data recorded for various parameters were analyzed to know
the significance of differences among genotypes including
crosses. The estimates of combining ability were computed by
using line x tester analysis (Kempthorne, 1957) 1. The
estimates of general combining ability (GCA) of lines and
testers and specific combining ability (SCA) of the hybrids
Significance of combining ability effects were determined by
using t test at 0.05 and 0.01 levels of probability, respectively
The distribution of crosses in relation to GCA and SCA
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effects was worked out by taking significant positive
combining ability effects as high, non-significant as average
and significant negative as low.

Results

Analysis of variance - Parents and F1 Generation crosses
Yield and yield contributing traits: Analysis of variance
Table (1) revealed highly significant variability all treatments
in all traits except harvest Index which was significant at 5%
only. The variability among the parents (lines . tester) was
also highly significant for all traits. Among lines significant
variability was observed for all the traits except harvest index.
Among testers significant variability was observed for traits
except Grains per plant, 1000 Grain weight and harvest index.
The crosses arising from winter x spring wheat derivatives
relieved highly significant variability for all traits except
harvest index which was significant at 5% only. Significant
difference in variability was observed for all the traits except
Grain yield and harvest index when parents were compared
with the crosses (P vs C). Similarly, Comparison of lines with
testers revealed significant variability for all traits except
Spike length and harvest index.

Analysis of variance - Parents and F> Generation crosses
Yield and Yield contributing traits: Analysis of variance
Table (2) revealed highly significant variability for all
treatments for all traits. The variability among the parents
(lines and tester) was also significant for all traits. Among
lines significant values were observed for all the. Among
testers significant values were observed for traits except
Grains per plant, 1000 Grain weight and Harvest Index. The
crosses arising from winter X spring wheat derivatives
relieved highly significant variability for all traits. Significant
difference was observed for all yield contributing traits when
parents were compared with the crosses (P vs C).

Table 1: Analysis of variance for yield traits on the basis of F; generation of crosses in winter x spring wheat derivatives (Line x Tester).

Sources of variation | D.F Tillers Per | Spike Length | Grains Per (_Srain 100(_) Grain Biological Yield Harvest
) Plant (no.) (cm) Plant (no) | Yield (g) | Weight (g) Per Plant (g) Index (%)
Replicates 2 2.39 0.05 10.53 0.57 46.08 6.53"
Treatments 42 82.97™ 5.43™ 77.96™ 325.84™ 219.55™" 574.63™ 142.47"
Parents 12 38.94™ 1.38™ 27.99™ 141.65™ 49.29™ 274.64™ 23.91™
Parents (Line) 9 28.45™ 1.05™ 25.39™ 138.93™ 48.14™ 197.37™ 25.51
Parents (Testers) 2 67.44™ 3.09™ 195.46 1.53 726.88 ™ 9.75
Parents (L vs T) 1 76.41™" 0.94 102,91 58.49" 155.18 ™" 65.56 37.83"
Parents vs Crosses 265.24™ 20.05™ 210.83™ 30.60 4620.17" 184.66 " 1523.67
Crosses 29 94.91™ 6.59 " 94.06 ™ 412.23™ 138.25™ 712,22 143.89"
Error 84 4.92 0.30 14.32 2.04 32.22 5.41

*, ** significant at 5% and 1% level, respectively.

Table 2: Analysis of variance for yield traits on the basis of F2 generation of crosses in Winter x spring wheat derivatives (Line x Tester).

- Tillers Per | Spike Length | Grains Per Grain 1000 Grain | Biological Yield |Harvest Index
Sources of variation | DF | pj3ni'(ng ) i (cm) T Prant (no) | Yield (g) | Weight (g) Per Plant © (%)
Replicates 2 2.39 0.05 10.53 0.57 46.08 6.53"
Treatments 42 82.97™ 5.43™ 77.96™ 325.84™ 219.55™" 574.63™ 142.47™
Parents 12 38.94™ 1.38™ 27.99™ 141.65™ 49.29™ 274.64™ 23.91™
Parents (Line) 9 28.45™ 1.05™ 25.39™ 138.93™ 48.14™ 197.37" 25.51
Parents (Testers) 2 67.44™ 3.09™ 195.46 ™" 1.53 726.88 """ 9.75
Parents (L vs T) 1 76.41™ 0.94 102.91*" 58.49" 155.18 ™" 65.56 37.83"
Parents vs Crosses 1 265.24™" 20.05™" 210.83™ 30.60 4620.17" 184.66 " 1523.67
Crosses 29 94.91™ 6.59 ™" 94.06 ™" 412.23™ 138.25™ 712.22™ 143.89"
Error 84 4.92 0.30 7.47 14.32 2.04 32.22 5.41

*, ** significant at 5% and 1% level, respectively
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Analysis of variance for combining ability and estimation
of components of variance

Parents and F1 crosses

Yield and Yield contributing traits: Analysis of variance
Table (3) arising from line, tester and line x tester effect for
different yield and yield component traits viz, tillers per plant,
spike length, grains per plant, grain yield per plant, 1000 grain
weight and biological yield per plant revealed that variance
due to line effects was significant only for tillers per plant,
grains per plant and 1000 grain weight, whereas the
contribution from tester effect was significant for all the traits,
the F1 crosses revealed significant variance as also revealed by
significant line x tester effects for all these yield component
traits.

http://www.chemijournal.com

Estimation of components of variance and genetic
variance

Variance combining ability arising from lines, testers and line
X testers Table (3) revealed that predominant contribution
came from testers and little from the lines. The average
contribution from the lines and testers was closer to the
magnitude of tester effects. Variance due to line x tester
effects was also lower for all the traits.

Magnitude of additive genetic variance (s?a) was much higher
being 56.42, 40.00, 45.46, 329.18, 73.73 and 322.80 as
compared to corresponding values of 2.78, 0.28, 5.97, 13.37,
9.22 and 73.48 due to dominance deviations (s? p) for tillers
per plant, spike length, grains per plant, grain yield per plant,
1000 grain weight and biological yield per plant, respectively.
Dominance ratio (s? o /5> ) was mainly incomplete for all
traits except Biological yield per plant which revealed partial
dominance.

Table 3: Analysis of variance for combining ability for Yield traits on the basis of F1 generation of cross in Winter x spring wheat derivatives
(line x tester)

Sources of variation DE Tillers Per | Spike Length| Grains Per |Grain Yield 100(_) Grain | Biological Yield Harvest
) Plant (no.) (cm) Plant (no) (9) Weight (g) Per Plant (g) Index (%)
Line Effect 9 41.89 * 1.97 66.84* 118.96 84.54 * 484.01 47.14
Tester Effect 2 1068.31** 76.55 ** 834.76 ** | 4952.13** | 1356.94 ** 5875.13 ** 1585.87 **
Line * Tester Eff. 18 13.26 ** 1.14** 25.37 ** 54.43** 29.70** 252.67 * 32.05 **
62GCA Tester 411 0.19 6.60 11.63 4.64 9.17 50.20
62GCA (Average) 28.21 2.00 22.73 129.29 36.86 161.40 41.59
o2L X T (SCA) 2.78 0.28 5.97 13.37 9.22 73.48 8.88
s GCA/SCA 10.14 7.14 3.80 9.67 3.99 2.19 4.68
62A 35.45 2.54 27.58 164.59 52.68 45.16 194.76
62D 28.21 2.00 22.73 129.29 36.86 161.40 41.59
62 D/s2A 2.78 0.28 5.97 13.37 9.22 73.48 8.88

*, ** significant at 5% and 1% level, respectively

Analysis of variance for combining ability in F2 generation
Yield and Yield contributing traits: Variance due to
combining ability in the crosses Table (4) was highly
significant for all yield and yield component traits viz tillers
per plant, spike length, grains per plant, grain yield per plant,
1000 grain weight, biological yield per plant and harvest
index. The contribution to their significant variance came
primarily from variance due to tester effects for all traits.
Variance due to line effect was non — significant. The
variance due to (line x tester) was significant for all the traits.

Estimation of components of variance and genetic

variances due to gca and sca into genetic components it was
observed that additive genetic variance (s?») were 63.68, 4.32,
50.64, 366.10, 37.14, 21525 and 68.29 with their
corresponding (s?p) values of 6.52, 0.82, 16.80, 26.10, 25.85,
189.72 and 51.21 for tillers per plant, Spike length, grains per
plant, grain yield per plant, 1000 grain weight, biological
yield per plant and harvest index respectively. Dominance
ratio was incomplete (tillers per plant and grain Yield per
plant) nearly complete for biological yield per plant and
partial for rest of the traits.

variance:

Translating the values of combining ability

Table 4: Analysis of variance for combining ability for yield traits on the basis of Fzgeneration of cross in Winter x Spring wheat derivatives
(line x tester).

Sources of Variation D.E Tillers Per Spike Grains Per (_Brain 1OOQ Grain | Biological Yield | Harvest
) Plant(no) Length(cm) Plant(no) | Yield(g) Weight(g) Per Plant(g) Index (%)
Line Effect 9 14.07 1.48 37.28 97.62 40.14 464.69 68.06
Tester Effect 2 924.88™ 62.00™ 709.46™ | 5280.19™ 509.36 2785.32" 938.49™
Line x Tester Effect 18 18.42" 2.02" 40.94™ 70.52" 61.27™ 477.85" 119.16™
Error 58 2.84 0.16 2.96 11.44 4.34 63.08 4.39
o GCA Line 1.15 0.15 3.81 9.54 4.11 45.97 7.13
o’GCA Tester 30.70 2.06 23.55 175.61 16.88 91.14 31.15
c°GCA (Average) 23.88 1.62 18.99 137.29 13.93 80.72 25.61
o’L X T (SCA) 4.89 0.62 12.64 19.58 19.39 142.29 38.41
s GCA/SCA 4.88 2.61 1.50 7.01 0.71 0.56 0.66
o’a 63.68 4.32 50.64 366.1 37.14 215.25 68.29
o%p 6.52 0.82 16.8 26.1 25.85 189.72 51.21
o%p/s?a 0.102 0.189 0.33 0.07 0.69 0.88 0.74

*, ** significant at 5% and 1% level, respectively
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Estimation of GCA, gi effects and per se performance of
parental lines on the basis of F1 generation crosses

The potential of a line for crossing and generation of
transgressive segregants in line x tester mating design in
assessed as per its gca effect and per se performance. In the
present study parental lines possessing significantly higher
gca (gi) values together with them per se performance were
identified for each trait. The results there of, are summarized
as under:

Yield components traits

Tillers per plant: Significantly higher (gi) values for this trait
were revealed by WW21 and Drina NS 720 (among lines) and
PBW175 and WH1080 (among testers). These were rates as
good combiners. Significant negative (g;) values (Poor
combiners) were recorded in WW23 and Arkaan (among
lines) PBW644 (among testers). Rests of the genotypes were
average combiners. Highest tillers per plant (per se
performance) was recorded in Drina (34.0) followed by
WW?23, China4435893 and WW12 (30.0 and 30.7) among
lines and PBW 175 (28.0) in the testers.

Spike Length: Significant positive (gi) values (Good
combiners) was recorded in Blue boy and Arkaan (among
lines). PBW 175 in the testers. The poor combiners
(significant negative g; values) were WW21, Drina and Drina
NS7200 (among lines) and PBW 644 and WH21080 (testers).
The rest were average combiners. Based on the mean
performance (per se) the lines showing longer spikes were
Drina and WW12 (11.04 and 11.22 cm) and the testers was
PBW 175 (11.05 cm).

Grains per Plant: Lines showing significant positive (gi
values (Good combiners) were Drina NS 720, WW25 and
Nordersprez while PBW175 (among testers) was good
combiners. Poor combiners (significant negative gi values)
were WW21 and WW12 (among lines) and PBW644 and
WH1080 (among testers). Rests of the lines were average
combiners. Highest grains per plant (per se performance)
were observed in China4435893 (49.3) followed by Blue boy
(48.6) in the lines and PBW175 (42.3) in the testers.

Grain yield per plant: Significant positive (gi) values (good
combiners) were recorded in WW12, Drina NS 720 and Blue
boy (among lines) and PBW175 (among testers). Significant
negative (gi;) values (poor combiners) were recorded in
WW?23 and Nordersprez (among lines) and PBW 644 and
WH1080 (among testers). Rests of the lines were average
performers. Highest grain yield per plant (per se performance)
was recorded in WW12 and Nordersprez (60.3 to 63.2 Q)
among the lines, while as the tester PBW175 recorded 65.6 g.

1000 grain weight: Highly significant values of (gi)
contributing to good performance of parents (lines and testers)

http://www.chemijournal.com

in generating high performance cross combinations were
revealed by WW23, Arkaan and WW12 (Lines) and PBW175
(testers). Poor significant Performers were Blue boy,
China4435893, Drina NS 720 and Nordersprez (among lines),
and PBW 644 and WH1080 (among testers). Highest 1000
grain weight (among lines) was revealed by Arkaan and Blue
boy (55.5 to 60.4 g), while in the testers the difference for this
trait was not much (45.7 to 47.0) with PBW 175 being top.
Biological yield per plant: Among lines the genotypes
WW12, WW?25 and Drina NS7200 revealed significant (gi)
values (good performers), while in the testers PBW175 as
significantly good performer. Poor performers among lines
(significant negative g; values) where WW21 and
Nordersprez, while in the testers the genotypes were PBW
644 and WH1080. Taking into consideration the per se
performance of the lines, almost all the genotypes except
Arkaan and Blue boy revealed 123.0 to 129 g per plant,
whereas among the testers WH 1080 and PBW 175 recorded
138.5 and 129.4 g per plant respectively.

Harvest Index: Positive significant (gi) values (good
performance) among lines was revealed by Drina and
Nordersprez while as among the testers the genotype were
PBW 175 and PBW 644.Poor performance (significant
negative value) was revealed by WW25 (line) and WH1080
(tester). Rest of the parents were average performers (non —
significant gi values).The variability for this trait based on per
se performance, in the testers was 38.00 to 58.0% whereas
among the lines it ranged from 35.60 and 50.58% with top
performers being Blue boy (50.58%) followed by WW12
(48.89%) and Nordersprez (48.26%).

Estimation of gca (gi) effects and per se performance of
parental lines on the basis of F2 generation crosses

Yield contributing traits

Tillers per plant: The good performer among the lines was
only Blue boy, while in the tester it was PBW 175. The poor
performers were China4435893 and WW23 (among lines)
and PBW 644 and WH1080 (among testers). Rests of the
parents (lines) were average performers.

Spike Length: For this trait the good performers were
Arkaan, Blue boy and WW21 (among lines) and PBW 175
(among testers).The poor performers among lines were
China4435893, Drina NS 720 and WW?25, while in the tester
the genotypes were PBW 644 and WH1080. Rests of the
parents (among lines) were average performers.

Grains per plant: The good performers were Drina NS 720,
WW?21 and WW25 (among lines) and PBW 175 (among
testers). The poor performers were only PBW 644 and
WH1080 (among testers). Rests of the lines were average
performers.
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Table 5: Estimates of gca and per se performance on the basis of F1 generation of crosses in Winter x Spring wheat derivatives (Line x Tester)

Tillers per plant Spike length Gain per plant Grain yield 1000 grain weight Bmloglﬁlazt'eld PETl Harvest index

Parent
i Per se i Per se i Per se i Per se ) Per se ) Per se _ Per se

9" Iperformance| 9" |performance | @' | performance | 9' |performance] ¥ |performance] ¥ [|performance ¥ |performance
Lines
Arkaan -1.99** 26.66 0.44* 9.88 -12 40.0 -1.81 54.10 3.49™ 60.46 -1.74 113.10 1.10 47.86
Blue Boy -0..32 25.33 0.57**] 10.16 -1.67 48.66 2.59** 52.00. 3 5-9*, 55.50 -3.18 102.86 1.58™ 45.67
China4435893| -0.88 30.66 -0.36 10.65 0.71 49.33 1.73 44.03 3 9_0** 52.66 1.32 123.67 -0.20 50.06
WW 23 -2.88** 30.67 -0.28 9.96 1.74 46.667 -8.46** 58.5 5.08™ 51.00 2.76 127.81 0.14 44.14
Drina NS 720 | 2.46** 26.66 -0.37 10.00 3.63** 43.00 3.12* 46.066 2 9-7*, 50.13 3.92" 124.33 -0.75 48.26
WW2l | 434 | 2633 |0, 9.86 £ osxe| 4600 2.41 51.00 [0.02| 50.00 [-13.8| 12533 |1.31"| 49.13
WW25 0.46 24.00 0.27 9.27 1.86** 44.00 -1.09 45.9 0.30 48.63 5.98™ 127.47 -4.75 44.90
WW 12 -1.43 30.00 -0.31 11.04 -2.42 46.00 3.22* 63.20 2.90™ 48.63 11.65™| 129.27 0.14 43.33
Nordresprez | -0.77 26.07 0.25 10.40 3.07 43.00 -2.57** 60.33 -1.06 47.50 -8.91™ 125.00 2.24™ 41.70
Drina 1.01 34.00 o 4-7** 11.22 -1.76 46.66 0.86 59.74 -0.28 47.73 2.03 129.37 3.67 48.70
Testers
PBW 175 6.89** 28.00 1.84** 11.05 6.02** 44.00 14.82** 65.66 7.76™ 47.03 16.14™| 113.10 8.34™ 48.70
PBW 644 |-3.31** 27.00 0.99** 9.27 3 82%** 42.33 -6.80** 50.90 4 0-5** 46.90 -7.45™ 108.13 3.37" 50.66
Fk - - _ - _ * B
WH1080 | 3.58 19.33 0,85+ 9.30 > 19w 46.66 8.02 52.63 371" 45.73 8.69 138.47 4.97 47.06.
C.D (0.05) Line| 1.48 0.37 -1.8 2.52 0.95 3.79 155
C.D (0.05) 0.81 0.20 1.00 1.38 0.52 2.07 0.85
Testers

*** significant at 0.05, 0.01 respectively

1000 grain weight: The good performers among lines were
Arkaan, Blue boy and WW23, whereas the poor performance
was Drina NS 720, WW21, Nordersprez and Drina. Similarly,
among the testers the good performer was PBW 175 while
PBW 644 and WH1080 were poor performers. Rests among
the lines were average performer.

Biological yield per plant: Among the lines the good
performers were WW21, WW25 and WW12, while the poor
performer was China4435893. Among the testers the good
performer was China4435893Among the testers the good
performer was PBW 175, while the poor performer were
PBW 644 and WH1080. Rests of the genotypes among lines
were average Performers.

Harvest Index: The good performers among the lines were
Nordersprez and Drina, while in the testers it was PBW 175.
Poor performers among the lines were China4435893, WW23
and Drina NS 720, while in the testers the genotypes were
PBW 644 and WH 1080.

Estimation of SCA (Specific Combining Ability) effects
and per se Performance of F1and Fzgeneration Crosses

The performance of the crosses in F1 and F, generation based
on their s;j values (specific combining ability) is highlighted

here under together with the per se performance of these cross
in the F1and F. generations. The significant positive S values
of the cross shall be highlighted high or good specific
combining ability of the parent (line x tester) involved,
whereas significant negative S;; values shall be highlighted for
poor combining ability of the parent involved.The non —
significant S;j values will reveal average specific combining
ability of a cross. This generalized derivation shall hold good
for all the traits except days to flowering and days to maturity
wherein significant negative S; value will determine good
specific combining ability for earliness and reverse for
delayed maturity. Accordingly, the cross shall be described on
the basis of good, Poor or average specific combining ability
only with their per se performance. The research finding on
different morphological, yield components.

F1generation cross

Yield component traits

Tillers per plant: Good specific combining ability was
recorded in the cross WW21 x PBW 644 and WW25 x WH
1080 and Drina x WH 1080, whereas Poor specific combining
ability was recorded for the cross WW21 X PBW 175. Rests
of the cross combinations revealed average specific
combining ability. Highest per se performance was recorded
in the cross.

~ 2225~


http://www.chemijournal.com/

International Journal of Chemical Studies

http://www.chemijournal.com

Table 6: Estimates of GCA and per se performance on the basis of F2 generation of crosses in winter x spring wheat derivatives (Line x Tester)

Biological Yield per

Tillers per plant Spike length Gain per plant Grain yield 1000 grain weight Plant Harvest index
Parents ) Per se ) Per se ) Per Se Per se i Per Se A Per Se i Per Se
Ui performance Ui performance Ui performance performance Ui performance Ui performance Ui performance

Arkaan  [-0.98 26.66  0.43" 9.88 -0.04 40.00 -2.88"

54.10 1.22" 60.46 -0.13 113.10  |-0.92 47.86

Blue Boy [1.91™ 25.33 0.45" 10.1 -0.94 48.66

52.00 1.81" 55.50 -3.32 102.86  |-0.36 45.66

China4435893-1.31 30.66 047"

10.6 0.85 49.33 3.55™

44.04 -0.58 52.66 -6.55"| 123.66 |1.387  49.66

WW 23 1 9-8** 30.66 0.20 9.96 0.05 46.66 58.56 4.35™] 51.00 2.35 127.81 i 9-4** 50.06
Drina NS 720 | 0.80 26.66 0 49™ 10.0 4.70 43.00 46.06 > 48~ 50.13 3.12 124.33 > 45 44.14

Ww 21 1.24 26.33  0.657 9.86 2.267  46.00

51.00  |-1.217 50.00 13.917 12533  |-1.32 48.26

WW25 0.24 24.00 -0.317] 9.27 -0.02 44.00 -3.877

45.90 0.46 49.00 6.44" 127.46  |-0.80 49.13

Ww12 [-0.87 30.00 -0.10 11.0 2.53" 42.33

63.20 0.41 48.63 12,117 129.26 0.29 44.90

Nordersprez | 0.02 26.66 -0.20 10.4 1.12 46.66 -2.80" 60.33 b 30" 48.00 -2.71 123.60 [1.83™ 43.33
Drina 0.91 34.00 -0.16 11.2 -0.94 46.00 4.02™ 59.73 i 67 47.50 2.59 125.00 [7.04™ 41.70
Testers

PBW 175 [6.41" 28.00 1.66" 11.0 5.61" 42.33 15.25" 65.66 4.75™ 47.03 11.077 129.36 |6.37" 48.70

PBW 644 3.06" 27.00 .85~ 9.27 b 89 40.63 6.35 50.90 b 61" 46.90 -6.46 108.13 b 24 50.66

WH1080 3167 19.33 085" 9.30 b 79 41.26 -8.89 52.63 b 14" 45.73 -4.61 138.46 412" 47.06
C.D (0.05) ling| 1.29 0.26 1.16 1.18 4.76 1.32
C.D (0.05) 0.71 0.14 0.64 1.24 1.44

Tester

* **significant at 0.05, 0.01

Spike length: Good specific combining ability for this trait
was recorded in the cross. Arkaan x WH 1080, whereas poor
specific combining ability was shown by the cross Arkaan x
PBW 175, WW21 x WH 1080 and WW12 x PBW 175. Rest
of the crosses revealed average specific combining ability.
Longest spike length of 12.29 cm was recorded in ww21 X
PBW175 followed by blue boy x PBW 175 followed by Blue
boy x PBW 175 (11.56 cm). Rest of the crosses had average
spike length of 7.35to 11.50 cm.

Grain per plant: Good specific combining ability was
recorded in the crosses Arkaan x PBW 644, and WW12 x WH
1080, while as the poor specific combining ability was
recorded in the cross Arkaan x WH1080, WW12 x PBW 175
and Drina x WH 1080. Rest of the crosses had average
specific combining ability. Highest grains per plant were
recorded in Drina x WH1080 (52.0) followed by Nordersprez
x PBW 175 (51.0) and China4435893 x PBW 175 (50.4).
Rest of the crosses had an average of 33.7 to 48.6.

Grain Yield: Crosses showing good specific combining
ability were WW21 x WH1080; WW25 x WH 1080 and
WW12 x PBW 644 and those with poor specific combining
ability were WW21 x PBW 644, WW25 x PBW 644. Rest of
the crosses showed average specific combining ability.
Highest grain yield per plant was recorded in the cross Drina
NS 720x PBW 644 (75.0 g) followed by China4435893 84-
40022 x PBW 175 (73.0 g); WW21 x PBW 175 (72.3 g) and
Blue boy x PBW 175 (71.1 g). The remaining crosses had a
range of 35.5t0 69.6 g.

1000 grain weight: Good specific combining ability was
revealed by the cross Arkaan x PBW 644, China4d435893 x
WH1080, Drina NS 720 x WH 1080, WW21 X PBW 175,
WW?25 x PBW 175, WW12 x WH 1080, Drina x PBW 644;
whereas poor specific combining ability was revealed by the
cross Arkaan x PBW 175, Drina NS 720 x PBW 175, WW21
X PBW 644 and Drina x PBW 175. The best performing

crosses with bolder grains were WW23 x PBW 175, WW21 x
PBW 175, WW25 x PBW 175; WW12 x PBW 175 and Drina
X PBW 175 (47.0 — 49.0 g/1000seeds). The rest of the crosses
had 1000 grain weight of 29.5 to 46.3 g.

Biological yield per plant: Crosses with a good specific
combining ability were identified as Arkaan x PBW 644,
WW23 x WH 1080, WW21 x WH 1080; Blue boy x PBW
175; Nordersprez x PBW 644; whereas those with poor
specific combining ability were Arkaan x WH 1080; WW23 x
PBW 644; WW21 x PBW 644; WW12 x WH 1080 ; WW12
X PBW 175 and Nordersprez X PBW 644; where as those
with poor specific combining ability were Arkaan x WH
1080, WW23 x PBW 644, WW21 x PBW 644; WW12 x WH
1080 and Nordersprez x PBW 175. Rest of the cross had
average specific combining ability. Highest biomass per plant
was recorded in the cross WW21 x PBW 175 (160.3 g)

Harvest Index: Good specific combining ability was
recorded in the cross Arkaan x WH 1080; China4435893 x
PBW 175; WW23 x PBW 175 and WW25 X WH 1080, while
as the poor specific combining ability was revealed by the
crosses Arkaan x PBW 644; WW25 x PBW 175 and WW?21 x
WH 1080. Rest of the crosses revealed average specific
combining ability. Highest harvest index of 59.4% was
recorded in the cross Nordersprez x PBW175 followed by
WW21 x PBW 175 (58.9%) and China4435893 x PBW 175
(54.5%). Rest of the crosses had the range of 29.1 to 51.9%.

F2generation crosses

Yield component trait

Tillers per plant: Good specific combining ability for more
tillers per plant was observed in the crosses Drina NS 720 x
WH 1080; WW?25 x WH 1080 and Nordersprez x PBW 175;
while as poor specific combining ability for less number of
tillers per plant was observed in the crosses Blue boy x WH
1080; China4435893 x PBW644 and Drina NS 720x PBW
175. Rest of the crosses had average specific combining
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ability. Maximum tillers per plant was observed in the crosses
Blue boy x PBW 175 and Nordersprez x PBW 175 (33.0)
followed by Drina x PBW 175 (32.33). Rest of the cross
ranged from 16.60 to 31.00.

Spike Length: Good specific combining ability was revealed
by the cross Arkaan x WH 1080; Blue boy x PBW 644 and
Drina x WH 1080; while as poor specific combining ability
was revealed by Arkaan x PBW 175 and WW23 x WH
1080.Rest of the crosses possessed average specific
combining ability.Maximum spike length of 12.57 cm was

http://www.chemijournal.com

found in the cross WW 21 x PBW 175 followed by WW23 x
PBW 1 (12.15 cm). Rest of the crosses had average spike
length ranging from 7.90 to 11.81 cm.

1000 grain weight: All the cross combinations possessed
average specific combining ability. The maximum 1000 grain
weight of 49.10 g was found in the cross WW 25 x PBW 175
followed by Nordersprez x PBW 175 (49.0 g) and Drina x
PBW 175 (48.06 g). Rest of the cross range from 30.36 to
47.66 g.

Table 7: Estimates of sca and per se performance on the basis of F1 generation of crosses in Winter x Spring wheat derivatives (Line x Tester)

Tillers Per Plant Spike length Grains per Plant Grain Yield 1000 Grain weight Blolog']:::::rl]tyleld / Harvest Index

Crosses

Per se Per se Per se Per se Per se Per se Per se
Sij Sij Sij Sij Sij Sij Sij
performance performance performance performance performance performance performance

Arkaan x - -

CBwiss  |078] 2833 || [ 1047 016 | 4733 |056| 67.66 |, o0 4593 058 | 13533 |-164| 499
Arkaa&’; PBW l009| 1000 |-037] 837 335" | 4100 |-208] 4453 [2807| 3940 12187 12333 |336| 361

Arkaanx\geo| 1933 |rag”| 1036 |-319°| 3610 |-264] 4833 |-031 36.63 : 97.1667 [5.01" 497

WH1080 : : : : : : : : : : 12,75 : : :

EBBVSEE 056| 3133 |-0.16| 1156 116 | 4710 |-153] 7110  |-094| 4040 | 736 | 14066 |-1.12| 505
B'Bogﬁ PBW1100| 2166 |019| 908 143 | 3467 |423| 5533 |128| 3080 |-121| 10850 |126| 509

BBOYX | 164 1866 |-002| 898 026 | 3800 |-279| 4700 |-033] 2953 |-614| 10233 |-0.14| 459

WH1080 . . . . . . . . . . . . . .
Ch'g"‘B“\f\f’f’fs% X144\ 3166 |018| 1062 280 | 5040 |122| 7300 |-356| 3746 |-414| 13366 [332"| 5446
cmggﬁe,gfzs X|236| 1766 |0.19 7.93 003 | 3850 |287| 5303 |120| 3050 |-421| 11000 |-163| 482
Ch'{‘,@;‘_"‘f;sggs *loo1| 2066 |0.04 8.27 211| 3800 |-410] 4487 |2287] 3183 836 | 12133 |-169] 369

WW23 x X

PBWizs | 222| 2600 |016| 1105 068 | 4867 |341| 6500 |-057| 49.43 208 | 14133 [332*| 4599
WWZ&’ZPBW 198| 2000 |0.02 8.43 117 | 3833 |-014| 298 |004| 3823 |-032%| 10633 |-1.63| 37.45

WW23 X

Whicgo |024| 1800 018 7.56 158 | 4867 |328| 3546 |053| 39.06 |7.25 12166 |-1.69|  33.00
Drina NS7200X ;

e Wizs 078 343 019| 1060 076 | 3833 |184| 7500 | ../ 3593 |-441| 13600 [068| 5514
D”F',‘g\%sg 42f Xl160| 2166 |041 8.15 261 | 4300 |-351 4803 |035| 3050 132 | 11813 |159| 4065
Drl\r;\e;'_l'\llSO?g%O Xloo1| 2400 060 8.04 337 | 5200 |168| 5200 [5.68% 36.16 300 | 11866 |-227| 438

WW21 X ] -

bRwizs  [311] 3233 |oa7| 1229 123 | 477000 |-012| 7233 |75 47.70 000 | 12266 |181| 5100
WW21 X PBW |, ... N : :

o 3.42 2866 | 0.63 8.65 085 | 4400 |54 4570 |, o 3016 |, oo 8806  |-0.14| 589

WW21 X . N N

Whioso |31 2486  foes 9.38 038 | 3966 |5257| 548 |022| 3370 [1L.00" 10883 |-1.67|  1.62

WW25 x - ;

PBWise  |-156| 3000 |006| 1150 053 | 4133 66.23  [3.87 4910 | -081| 14166 | oo 467
WWZ;)ZPBW 169| 1966 |-012] 7.36 151 | 3373 4900 4243  |-141]  32.00 145 | 12033 |-0.07 35

WW25X 1304 2433 |0.06 8.23 204 | 3923 [7627 5373 |117| 3130 |-064| 117.00 [5.86™ 4592

Whioeo |3 . . . . . . . . . . . . .

WW12 x - N

PBWize |100| 3066 |-068 1071  |-450"| 4060 |-116| 7210 |052| 4900 [12197 16033 |2.66 44.9
WW1§4);PBW 053| 2000 0067 843 108 | 3427 |585| 5750 |-1.69| 3653 152 | 12606 |137| 4561

WW12 X - N - - -

Whiogo |153| 1786  |-012| 782 5.68 4267 4691 4573 [2.46 3466 | g7y- 10960 |, o 4172
Noggrevji’;gz X1200| 3233 |043| 1131 032 | 5100 |0.86| 6833 |335| 4633 |-1259| 11500 |-1.36 59.4
Noprg(,evsgfj X loso| 1933 |-032| 888 017 | 4233 |-056| 4530 |184| 3200 [7.01°| 111.00 |1.69 40.8
Nordresprezx |, gy 1865 | 0.08 8.46 017 | 4767 |-030| 4433 [-151|  30.00 558 | 10833 [-0.32| 409

WH1080
Drinax PBW175/1.89| 3400 |0.32| 1132 015 | 4767 |-124] 6966 |, 4800 |-025| 13826 |-186| 50.38

D””ZZ PV |oss| 2133 |o08| 783 182 | 4233 |328| 5257 |335| 3100 |228| 11720 |092| 448
Drinax WH1080[-1.31] 2033 | 0.32 735 | -4507| 4033 |203| 4603 |-184] 3166 |-202] 11166 |0.96 412

*,** significant at 0.05, 0.01
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Grain per plant: The crosses having good specific
combining ability were Arkaan x PBW 644, Drina NS 720 x
PBW 644, WW21 x WH 1080, WW12 x WH 1080 while as
those showing poor specific combining ability were Blue boy
x PBW 644, China4435893 84-40022 8440012 x WH 1080,
Drina NS 720 x WH 1080 and Drina x PBW 644. Maximum
grains per plant were formed in the cross Drina NS 720 x
PBW 175 and Nordersprez x PBW 175 (51.66) followed by
China4435893 x PBW 175 (50.40); WW25 x PBW 175
(50.33) and Drina x PBW 175 (50.33) and Drina x PBW 175
(50.00). Rest of the crosses had a range of 30.83 to 49.46 g.

Grain yield per plant: Crosses showing good specific
combining ability were Blue boy x PBW 644; WW25 X
WH1080 and WW12 x PBW 644, while as those showing
poor specific combining ability were Blue boy x PBW 644;
China4435893 x WH1080, Drina NS 720 x PBW 644, WW
25 x PBW 175, WW12 x WH 1080 and Nordersprez x PBW
644. Rest of the crosses had Average specific combining
ability. Maximum grain yield was recorded in the cross Drina
NS 720 x PBW 175 (77.00 g) followed by the crosses
China4435893 x PBW 175 (74.66g); WW 21 x PBW 175
(73.66 g) and WW12 X PBW 175 (73.26 g). Rest of the
crosses had a range of 44.30 to 72.43 g.

Biological yield per plant: Crosses possessing good specific
combining ability were Arkaan x PBW 644, Blue boy x PBW
175; China4435893 x PBW 175 and Drina x WH 1080. Those
showing poor specific combining ability were none. Rest of
the crosses had average specific combining ability. Maximum
biomass (biological yield) of 162.34 g was recorded in the
cross WW12 x PBW 175 followed by WW25 x PBW 175
(142.36 g) and Drina x PBW 175 (140.23 g). Rest of the
crosses ranged from 88.06 to 139.43.

Harvest Index: Crosses showing good specific combining
ability were Arkaan x WH 1080; China4435893 x PBW 175;
WW?23 x PBW 175, WW12 x PBW 175, WW12 x WH 1080,
Nordersprez x PBW 644 and those showing poor combining
ability were Arkaan x PBW 644, WW25 x PBW 175,
Nordersprez x PBW 175 and Drina x PBW 175. Rest of the
cross combinations were having average specific combining
ability. Maximum harvest index was recorded in the cross
China4435893 x PBW 175 (72.09%) followed by WW21 x
PBW 175 (59%). For the other crosses it ranged from 30.8 to
58.9%.

Discussion
Treatment revealed highly significant variance for all the trait
viz, tillers per plant, spike length, grains per plant, 1000 grain
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weight, Biological yield per plant, grain yield per plant and
harvest index. Variance for parents and crosses was also
significant in both F, and F, generations. Comparison of
crosses vs parents revealed significant variances for all the
traits except grain yield per plant and harvest index (F:
generation) while as comparison of lines vs Tester also
revealed significant variance except spike length (both F; and
F, generation) and harvest index. In bread wheat wide range
of variability has been reported for almost all the traits in
divergent breeding material (Shoran, 1995) I, Combining
ability analysis carried over F; and F, generations revealed
that variance for crosses, testers and partly in line was
significant for almost all the traits.

Translating the components of combining ability variance
(%gca and 2sca) into genetic component, it was observed that
25 (additive genetic variance) was higher in magnitude than
variance due to dominance variations (%p) for all the traits.
Thus, the inheritance of these traits was predominant under
the control of additive gene action. The average degree of
dominance was incomplete to partial for almost all the traits
except biological yield per plant that revealed nearly complete
dominance. Non-additive gene action also played some role in
the inheritance of some yield component traits. Lebana et al.
(1978) 1 suggested that manifestations of GCA effects in
some cross combinations results due to concentration of more
favorable alleles and their interaction. Some of the desirable
cross combination for grain yield and its major components
on the basis of SCA effects could be used to generate
desirable segregants by adopting bi-parental mating to
increase the chances of recombination (Peer, 2004) 231, Singh
et al. (2012) B2 advocated inter —mating among desirable
early generation segregants in bi-parental fashion and the
bulking of the best families to produce phenotypically more
uniform but genetically buffered populations in autogamous
crop species. Desirable segregants could be obtained if
additive gene effects exhibited by good combiners and the
complementary epistasis in crosses act complementarily. The
crossing, involving multiple parents would result in creation
of broad-based gene pools that would help to generate
tremendous genetic variability after few generations of inter-
mating (Webel, 1956) B4, Singh et al. (2012) 2 studied
combining ability in wheat and found that best cross
combination involved high x low or low x low general
combiners for most of the yield component traits. Desale and
Mehta (2013) [, Kumar and Kerkhi (2015) 1€, Barot et al.
(2014) ™ studied combining ability in bread wheat which
revealed that the mean squares due to both GCA and SCA
were significant for all traits indicating both additive and non-
additive genetic variances played a vital role in inheritance of
all these traits.
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Table 8: Estimates of sca and per se performance on the basis ofF2 generation of crosses in Winter x Spring wheat derivatives (Line x Tester)

Tillers Per Plant Spike length Grains per Plant Grain Yield 1000 Grain weight | Biological yield / Plant| Harvest Index

Crosses . Per se . Per se . Per se Per se Per se Per se Per se

Sij Sij Sij Sij Sij Sij Sij
performance performance performance performance performance performance performance]
Arkaan x - -
Bwiys  |014| 2938 | .. 980 |-145| 4633 041 | 6833 [, 4360 |-10211| 12081 |-154| 5655
Arkaagﬁ PBWI11a| 2066 |0440] 971 p71=| 4200 |158”| 478 |L013| 3963 |12263| 12571 |-4637| 38

Arkaan x ok o

Whioso |1289| 1833  [L49 1073 |-125| 3820 |-203| 4170 |1.370] 40.46 2051 | 11329 |6.18 36.8

B.BOY x - -

PRwWizs |092| 3300 |-0203 1156 | 030 | 47.20 115 | 7243 |j ool 4350 |11502 13943 | 181 | 519

BBOYXPEW|192| 2433 |oe™| 998 | o, 3600 (39887 5366 (1258 4046 | 1254 | 10005 |-031| 492

B.BOY x N -

Whiloso 284 1966 | -0.48 8.77 207| 4063 |5.13 4200 |L814] 415 10338 |  101.81 |-150| 412

China 84- )

8440012 x |0.811| 2966 |-049| 1035 |171| 5040 | 035| 7466 3746 |-21.041™| 10356 |4.98™| 72.00
6.717
PBW175
China4435893 x « -
oBW eaa 252 1666 | .| 826 199 | 4216 | 365| 56366 [0.947 3776 3.963 11103 |-1.313| 48.06
China4435893 x - o o x

Whitoso |z71t| 2100 | 059 89  |yo.s 3663 |-400 4617 |5770| 4306  |17.079 126.00 |-3.6 36.6

WW23x |1 1891 2700 |o064| 1215 |158| 4946 |076| 6666 N 46.23 -4908 | 12860 |5.06™| 51.8

PBW175 : : : : : : : : 2.872 : : : : :

WWZ&’ZPBW 1478 2000 | 046 950 |-2.04| 3733 | 053| 4483 [2601 4443 8571 | 10740 |-146| 36.62

WW23 x - o

Whioso 0289 18333 [-L10| 7.0 045 | 4000 |-129| 4046 |0.181] 4240 |13.479 13130  |-3.59 308

Drina NS720 X " - o
PBWiTs | |263* 2833 |-032| 1050 |-085| 5166 |374| 77.00 | .| 3593 4541 | 12973 |4.28™| 59.35s
D”Fr,‘g\’,\‘vsg ff Xl196| 1933 o006 842  |404*{ 4806 |-5.627| 4603 [2247] 37.16 1.696 11843 | 048 | 3886
DerNl%éox 4604 2600 | 0.26 858  |-3.18| 41.00 1.88 | 510000 [4.103] 39.50 2.846 12143 |-476| 3092

WW2L X -
PBWL7s |04l| 3100 |060| 1257 |-327| 4230 |06l | 736667 (3483  47.03 7.581 124.83 |5.25 52.56

WW21 X PBW - - - N
6as 158 | 2333 | oo 870 116 | 3690 |-374| 477000 |,co | 3350  |-11.649 88.06  |2.3687 36.33

WW2LX | 4471 2066 | 0.8 9.64 343 | 4066 |312| 520333 |- 35.86 4.068 10563 |-2.88"| 33.93

WH1080 : : : : : : : : 0.797 : : : : :

\é\g’\‘,’vzlsé 241 2800 [0.46* 1147 | 251| 5033 |-8.12™ 587667 |[3.883]  49.10 4770 14236 |-7.10™| 40.726
WW25 x PBW N - ” 5

o L07| 1966 |jog.| 799 [035% 3966 |-119| 441000 |, ;oo 3566 | 1.107 12116 | ool 3766

WW25 x - - N -

WhHioso |348*| 2438|007 857  |)ooes 3660  [9.317| 520867 | ~oof 3663 5877 | 11603 [8.659" 46.00

\P’\Q"v’\/l127§ 070%| 3000 [0.32** 1153 |-6.37| 3893 | 096 | 73.2667 [2.494| 4766 |10.076™| 16234 44117 53.33
WW1§4);PBW 1083| 2066 |-0.094| 864 |-019| 3660 | 413 | 548333 |, 3506 0.304 12603 |3.354| 43.66

WW12 x X - -

Whiogo L7383 1800  |0227| 847 656 | 4353 |-509°| 430667 (0248 3853 |19.3807| 10820 | .o 3066
Nogg“av\%%z X 1281 3300 [0251| 11.36 271| 5166 254 | 705000 |6.561  49.00 8797 | 11965 |-12.16| 38.3
Nordresprez x -

DBV o -2.52 18.00 0.056 8.60 022  |40.66] 33.66 0510 | 11040 [5.810" 48.66
Nox;flsggf)z X -0.289 20.33 -0.307%* 829 | 294 [37.66] 3040 | 9307 | 12206 [5.354"| 4532

Drina x PBW175 1.256 32.33 0.663 1181 3.0 [50.00] 4806 6.481 14023 |-4.998] 50.67
D””%Z 4PBW 0.922 2233 0175 850 | -455 [3383 3660 2651 | 11886 |1012| 4807
Drina x WH1080) 2178 19.33 -0.489 8.15 144 |40.00] 30.36 9.13” | 10893 |3986| 4917

*,** significant at 0.05, 0.01

Conclusion

The material selected (winter and spring wheat) possessed
good magnitude of variability for all the traits. Greater
magnitude of GCA variance than SCA variance revealed that
the traits had predominant role of additive gene action as
compared to non-additive gene action. The results were also
confirmed from the average degree of dominance that was
incomplete to partial for all the traits. Accordingly, for
population improvement of wheat for rainfed ecosystem,
multiline crossing programme is needed to introgress allelic
resources from elite genotypes and the progenies showing
better early generation performance are further crossed
through bi-parental procedure to increase chances of
generation of hidden latent variability in heterozygous

polygenic blocks. Use of recurrent selection procedure for the
identification of superior transgressive segregants before
fixation of alleles in homozygous condition.
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