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Abstract A study was conducted for the analysis of
heterosis and combining ability for yield and some
quality treats involving 24 parents (20 Line x 04 Tester)
and their 80 F,s during 2009-10 and 2010-11. The five
crosses (Selection 1 x PBW 590, HUW 635 x PBW
590, WCW 98-48 x PBW 590, HUW 234 x PBW 343
and PBW 550 x DBW 17) expressed significant and
positive SCA effect along with high significant het-
erotic response and good per se performance indi-
cated that these individual crosses would be effec-
tive for development of heterotic population for
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achieving higher yield in wheat. Among the 17 high
yielding crosses, eight crosses namely (Election 1 x
PBW 590, WCW 9848 x PBW 590, PBW 502 x PBW
590, PBW 502 x DBW17, HUW 234 x DBW 17, HD
2733 x DBW 17, PBW 435 x DBW 17, Selection 1 x
DBW 17) were involved high x high general combin-
ers. The parents involved in these crosses namely
(Selection 1, PBW 590, PBW 502, DBW 17, WCW 98—
48, HUW 234 and PBW 435) had also been desirable
general combiners for 4 to 8 characters in addition to
grain yield. This may be due to the accumulation of
favorable additive or additive x additive effects. These
crosses or parents involved in these Fs may be ex-
ploited in multiple cross breeding program to have a
desirable breeding population with broad genetic
base for yield improvement in wheat.

Keywords Heterobeltiosis, Yield components, Line x
Tester, Quality traits, Bread wheat.

Introduction

Wheat (Triticum aestivum L.) is an important cereal
crop of India and it is grown over 30.23 million hect-
ares area with total production amounting to 93.50
million tons and average productivity of 2.9 tons/ha.
At global level, India ranks second largest wheat pro-
ducing nation after China. Indias share in world wheat
area is about 12.5%, whereas it occupies 13.43% in
total world wheat production [1]. Wheat is a highly
self pollinated crops, scope for the exploitation of
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Table 1. Extent of heterosis over better parent in 80 crosses for different yield components in bread wheat (Triticum aestivum
L.).

Days
to ear Days to Productive Plant Flag Spike

Crosses emergence maturity tillers height leaf area length
UP 2338 x PBW 343 -7.44%* 0.00 -16.67%* -0.48 24.02%* 8.52
UP 2338 x PBW 226 -5.79%* -2.49%%* 7.78 -13.00%* 2.62 5.88
UP 2338 x PBW 590 -0.41 5.87%%* 13.69* -3.22%% 12.67%* -1.27
UP 2338 x DBW 17 -5.37%* -3.15%* 11.55% -12.79%%* 46.34%% 13.82%
PBW 550 x PBW 343 -2.62 -1.44% -23.19%* 8.47%* 0.75 -2.10
PBW 550 x PBW 226 3.03* 0.72 1.80 -0.30 15.64%* -21.42%%*
PBW 550 x PBW 590 -0.43 -0.48 0.00 -8.24%% 32.66%* -21.48%%*
PBW 550 x DBW 17 -2.55 -0.72 16.01%* 8.26%* -13.13%%* -1.46
HD 2967 x PBW 343 -1.31 5.57%%* -13.77%* 4.30%* 23.90%* -4.62
HD 2967 x PBW 226 -1.30 -1.74% -7.54 -5.41%% 35.17%* -3.69
HD 2967 x PBW 590 2.56 6.39%%* -2.66 14.60%* 14.96%* -19.85%*
HD 2967 x DBW 17 -4.26%* -5.08%* 4.14 7.05%%* 3.53 -17.12%%
PBW 502 x PBW 343 -2.12 0.76 -21.16%* -4.31%* -13.00%* 5.50
PBW 502 x PBW 226 -3.39% 4.73%* 8.53 8.42%* 31.30%* 10.22
PBW 502 x PBW 590 -1.27 5.04%%* 8.46 -3.81%% -15.38%%* -9.18
PBW 502 x DBW 17 0.42 0.48 21.62%* -2.45% -12.26%%* 12.47
WCW 98-4 x PBW 343 1.30 -6.04%* -20.29%* 2.22% 11.34%* 18.13%*
WCW 98-4 x PBW 226 -3.03* -5.80%* -1.95 -3.91%* 26.22%%* 7.39
WCW 98-4 x PBW 590 3.85%* 1.21 8.98 -6.81%% 31.73%* -9.36
WCW 98-4 x DBW 17 4.26%* 0.48 22.61%* -5.59%% -4.70 16.16%*
WCW 98-48 x PBW 343  -1.65 -4.30%* -7.97 -10.50%* 25.66%* 7.87
WCW 98-48 x PBW 226 -3.29% -3.58%%* 7.78 -3.59%% 35.51%* 13.70%*
WCW 98-48 x PBW 590 -8.64%* -4.53%%* 9.23 -0.16 6.19 9.63
WCW 98-48 x DBW 17  -0.82 -0.48 18.81%* 10.56%* 18.03%* 2.77
WCW 98-19 x PBW 343  -0.44 4.56%* -5.80 -3.97%% -18.88%* -5.48
WCW 98-19 x PBW 226  5.19%%* 4.73%* -1.20 7.40%%* -27.41%%* 4.04
WCW 98-19 x PBW 590  4.70%** 7.93%* 9.23 0.67 -35.78%%* -5.73
WCW 98-19 x DBW 17  -1.28 -5.81%%* 22.11%* 3.90%* -10.72%%* 8.47
UP 2425 x PBW 343 0.43 6.33%%* -5.80 -4.21%% -18.02%* -15.75%%*
UP 2425 x PBW 226 1.28 4.23%* 1.80 -7.64%% 1.05 -29.06%*
UP 2425 x PBW 590 5.13%* 7.16%* 9.23 -14.35%%* -14.63%* -15.97%%*
UP 2425 x DBW 17 0.85 -3.87%* 23.09%* -3.74%% -4.65 -8.65
PBW 373 x PBW 343 -3.75%* -1.91%* -0.72 13.36%* 6.27 4.49
PBW 373 x PBW 226 -1.67 -4.06%* 6.29 -4.65%% 5.96 -8.20
PBW 373 x PBW 590 -2.50 -0.24 1.54 -8.34%% 26.23%* -11.07
PBW 373 x DBW 17 -5.83%* -6.68%* 16.88%* 0.89 -7.47 7.49
HUW 213 x PBW 343 4.80%* 0.99 -7.39 -5.16%* -11.05%%* -22.50%*
HUW 213 x PBW 226 2.16 1.49* 7.04 -5.54%% 3.01 -5.34
HUW 213 x PBW 590 1.28 4.47%* -3.08 -1.94 7.80 2.18
UP 2338 x PBW 343 -1.28 -3.15%* 20.46%* -17.16%%* 28.29%* 2.18
UP 2338 x PBW 226 3.06%* 0.25 -3.62 -14.77%%* -0.60 -2.95
UP 2338 x PBW 590 4.33%* -1.74% -1.20 -8.93%% 10.09%* -2.65
UP 2338 x DBW 17 5.98%* 3.28%%* -1.54 -6.28%% -15.71%%* -20.13%*
PBW 550 x PBW 343 S5. 11 0.97 13.86 -16.03%* 17.64%* -0.45
PBW 550 x PBW 226 4.80%* -1.52% -7.97 6.63%%* 291 12.57
PBW 550 x PBW 590 -1.73 1.24 -1.05 -8.35%% -0.40 -10.65
PBW 550 x DBW 17 1.28 6.91%%* 15.23%* 8.16%* 18.33%* 11.50
HD 2967 x PBW 343 2.13 0.97 17.16%* 3.70%* 3.76 19.80%*
HD 2967 x PBW 226 -2.11 2.27%%* 5.74 4.30%* 15.45%* 6.62
HD 2967 x PBW 590 -3.38%* 4.23%* 7.04 -5.55%% 32.77%* -8.41
HD 2967 x DBW 17 3.38 6.06%* 1.23 -3.21%% -4.41 2.72
PBW 502 x PBW 343 -2.95% -1.21 14.82%* -2.92% -0.09 2.40

PBW 502 x PBW 226 -6.05%* 4.25%%* 5.97 -15.29%* -4.86 -15.63%*



3034

Table 1. Continued.

Days
to ear Days to Productive Plant Flag Spike
Crosses emergence maturity tillers height leaf area length
PBW 502 x PBW 590 -7.66%* -0.50 8.53 -6.77%% 11.67%* -11.48
PBW 502 x DBW 17 1.61 5.25%% 10.86 -16.86%* 28.17%* -22.18%*
WCW 98-4 x PBW 343 -7.26%% -3.39%%* -1.38 -14.31%* -11.22%* 6.58
WCW 98-4 x PBW 226 -7.14%% -6.18%%* -4.35 S11.22%%* 13.81%* 3.55
WCW 98-4 x PBW 590 -8.73%% -3.80%%* 6.29 -6.90%* 21.56%* -2.17
WCW 98-4 x DBW 17 -1.19 1.43* 14.62%* -3.31%* 21.85%* 6.73
WCW 98-48 x PBW 343  -7.94%%* -7.60%* 20.46%* -8.63%* 24.73%* 14.27*
WCW 98-48 x PBW 226  2.60 1.27 -23.19%* -16.91%* -2.10 -6.47
WCW 98-48 x PBW 590  8.23%%* 2.49%* 10.78%* -16.12%* 8.43* -13.14%
WCW 98-48 x DBW 17 2.99% 5.12%%* 10.62 -13.71%* 11.63%* -7.91
WCW 98-19 x PBW 343  3.83%%* 1.21 14.84%* -10.43%* -25.45%* -5.89
WCW 98-19 x PBW 226 -2.47 -1.95%%* 3.62 -12.80%* 22.06%* -13.41%*
WCW 98-19 x PBW 590 -8.23%%* -2.68%% -1.89 -2.93% -11.61%* -3.25
WCW 98-19 x DBW 17  -3.29*% S5 11F* 4.71 -9.77%* -1.88 3.44
UP 2425 x PBW 343 -7.82%% -2.42%% -1.16 -13.71%* -17.19%* -3.38
UP 2425 x PBW 226 6.55%* 0.48 -5.07 2.32% 24.72%* 4.12
UP 2425 x PBW 590 -4.76%* -1.92%%* 3.29 -8.60%* 18.06%* 10.15
UP 2425 x DBW 17 -0.43 -4.57%%* 12.31%* -8.71%* 30.83%* 21.41%*
PBW 373 x PBW 343 4.68%* 0.48 18.63%* 2.99%* 19.36%* 16.50*
PBW 373 x PBW 226 6.99%* 1.94%%* -10.14 4.92%* 16.27%* -3.16
PBW 373 x PBW 590 1.30 -5.10%%* -3.44 3.57%* 37.80%* 11.67
PBW 373 x DBW 17 -0.43 -2.18%%* 10.61 4.73%* -12.77%* 6.45
HUW 213 x PBW 343 -6.81%% -4.60%* 3.15 -20.89%* -5.86 -6.91
HUW 213 x PBW 226 -0.84 0.25 -8.61 15.80%* -4.99 14.46*
HUW 213 x PBW 590 -2.11 3.48%* 10.93%* -0.17 23.95%* 2.92
UP 2338 x PBW 343 -3.80%* 5.06%* 8.83 -2.71% 8.61°%* 18.02%*
UP 2338 x PBW 226 -0.84 -1.21 13.04%* -0.71 27.87%* -12.93%*
Table 1. Continued.
Grains Biological Harvest Grain Ash
Crosses per spike yield index yield content
UP 2338 x PBW 343 9.57%* -20.98%* -1.41 -16.64%** -17.43%%
UP 2338 x PBW 226 -5.21%%* 2.69 -7.99 -3.55 -24.72%%*
UP 2338 x PBW 590 -2.96 14.84%* -16.86%* -0.90 10.06*
UP 2338 x DBW 17 6.91%* 7.87 -11.62% -0.58 28.37%*
PBW 550 x PBW 343 7.95%* -20.04%* -2.20 -21.82%% -31.09%*
PBW 550 x PBW 226 -27.12%% 0.26 -2.93 -2.39 31.46%*
PBW 550 x PBW 590 -2.09 2.52 -12.93 %% -0.80 23.37%*
PBW 550 x DBW 17 -1.11 9.87 10.75* 23.73%%* -16.44%*
HD 2967 x PBW 343 0.53 -27.08%* -2.37 -28.91 %% -6.05
HD 2967 x PBW 226 -21.13%* -22.04%* -10.52* -30.19%** 20.15%*
HD 2967 x PBW 590 -4.07 2.10 -16.51%%* -1.09 15.14%*
HD 2967 x DBW 17 -13.12%* -0.56 -3.61 0.20 -31.22%*
PBW 502 x PBW 343 3.32 -7.28 -12.80%* -7.53 -19.33%*
PBW 502 x PBW 226 -7.02%%* 1.24 -8.62% 0.95 0.30
PBW 502 x PBW 590 -6.35%%* 38.68%* -9.53* 28.11%* 6.83
PBW 502 x DBW 17 11.38%* 38.59%* -12.37%* 35.13%%* -33.00%*
WCW 98-4 x PBW 343 -10.51%* -20.48%* -13.16%* -24.23%% -32.47%*
WCW 98-4 x PBW 226 -20.40%* -1.80 -14.30%* -11.97* 6.81
WCW 98-4 x PBW 590 -18.35%* 41.18%%* -18.90%* 16.58* -20.77%*
WCW 98-4 x DBW 17 -3.54 22.47%* -5.86 23.25%%* 37.57%*
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Table 1. Continued.

Grains Biological Harvest Grain Ash
Crosses per spike yield index yield content

WCW 98-48 x PBW 343 -9.71%* -6.98 6.42 3.18 -5.08
WCW 98-48 x PBW 226 -14.95%* 3.92 -7.75 -3.91 -18.29%*
WCW 98-48 x PBW 590 17.89%* 39.09%* -6.38 32.82%* -2.42
WCW 98-48 x DBW 17 2.58 18.24%* -2.23 17.17%* -43.80%*
WCW 98-19 x PBW 343 -10.64%* -1.02 -17.30%* -4.10 -15.98%%*
WCW 98-19 x PBW 226 -18.40%* -4.10 -16.00%** -9.96 12.45%*
WCW 98-19 x PBW 590 -7.61%* 27.38%* -20.41%%* 5.99 8.55%
WCW 98-19 x DBW 17 0.27 16.99%* -3.84 28.25%* 39.71%*
UP 2425 x PBW 343 7.85%* 7.22 -5.92 12.86% -15.84%%*
UP 2425 x PBW 226 -18.55%* -6.85 -13.64%* -14.12% 4.07
UP 2425 x PBW 590 -3.65 35.25%* -11.20%* 22.15%* 3.45
UP 2425 x DBW 17 -8.47%* 12.31 -7.14 13.56 24.32%*
PBW 373 x PBW 343 2.13 0.24 -5.65 4.47 -20.46%%*
PBW 373 x PBW 226 -26.53%* -1.54 -12.55%%* -9.13 -12.90%*
PBW 373 x PBW 590 -14.93%* 14.86%* -10.04* 6.79 -11.25%%*
PBW 373 x DBW 17 -15.27%* -5.21 -0.96 -6.00 -38.10%*
HUW 213 x PBW 343 -15.57%* -15.98%* -11.94%* -18.40%* -48.49%%*
HUW 213 x PBW 226 -25.73%% S11.7 1% 0.00 -7.09 -3.04
HUW 213 x PBW 590 -0.28 27.04%* -11.07%*%* 15.35% 10.60%*
UP 2338 x PBW 343 -17.35%% 4.06 -4.99 5.76 -3.95
UP 2338 x PBW 226 9.97%* -12.03%* -2.63 -13.67% -41.81%%*
UP 2338 x PBW 590 -27.24%% -2.73 -1.63 -4.23 11.90%*
UP 2338 x DBW 17 21.27%* 15.24%* -15.70%%* -1.09 9.14%
PBW 550 x PBW 343 -6.15%* 11.75% -1.90 9.42 1.75
PBW 550 x PBW 226 -14.10%* -18.59%* -7.17 -22.65%* -42.34%%*
PBW 550 x PBW 590 -13.62%* 5.77 -3.07 2.94 -14.84%%*
PBW 550 x DBW 17 11.40%* 38.52%* -17.07%*%* 16.94%* -1.30
HD 2967 x PBW 343 10.61%* 22.80%* 3.14 26.96%* -49.81%*
HD 2967 x PBW 226 -14.56%* 0.61 -18.15%%* -2.68 -13.93%*
HD 2967 x PBW 590 -13.86%* -3.12 -13.15%* -5.27 -25.55%%*
HD 2967 x DBW 17 4.04%* 16.00%* -14.50%* 3.24 -33.57%*
PBW 502 x PBW 343 -15.96%* 2.61 -9.01* 4.24 -30.16%%*
PBW 502 x PBW 226 -10.70%* 11.80%* -12.77%%* 12.01 -6.58
PBW 502 x PBW 590 -17.13%% -0.94 -11.68%** -4.01 -19.78%*
PBW 502 x DBW 17 -20.25%* 7.67 -10.47* -3.91 14.11%*
WCW 98-4 x PBW 343 2.73 16.62%* 0.89 25.24%%* 96.20%*
WCW 98-4 x PBW 226 -11.04%* -1.87 -14.26%* -2.70 -13.04%%*
WCW 98-4 x PBW 590 -13.20%* -6.30 -13.27%%* -10.10 12.06%*
WCW 98-4 x DBW 17 -3.99%%* 32.01%* 1.06 38.04%** -31.70%%*
WCW 98-48 x PBW 343 -19.13%* 33.05%* -15.05%%* 27.48%* 13.45%*
WCW 98-48 x PBW 226 -8.58%* -16.21%* -20.37%*%* S21.17%%* -41.23%%*
WCW 98-48 x PBW 590 -11.14%* 0.69 -19.82%* -9.23 15.00%*
WCW 98-48 x DBW 17 4.27 43.39%%* -10.45% 35.18%* -39.92%*
WCW 98-19 x PBW 343 -10.46%* 27.40%* -14.27%* 23.86%* 13.53%*
WCW 98-19 x PBW 226 3.59 -6.42 22.82%% 27.63%* -0.76
WCW 98-19 x PBW 590 -19.43%* -14.64%* -3.83 -12.80% -15.33%%*
WCW 98-19 x DBW 17 5.96%* 24.79%* -6.64 19.00%* -19.28%*
UP 2425 x PBW 343 2.16 12.99* 15.82%%* 32.39%* -12.91%*
UP 2425 x PBW 226 -19.02%* -16.15%* -9.58% -19.43%* -24.89%%*
UP 2425 x PBW 590 -9.31%* 10.02* -3.42 7.75 12.79%*
UP 2425 x DBW 17 23.87%* 22.16%* -8.98* 13.31 -20.65%*
PBW 373 x PBW 343 -0.63 24.58%* -0.03 29.08%* -31.53%*
PBW 373 x PBW 226 8.88%* -2.51 -16.42%%* -4.82 -1.23
PBW 373 x PBW 590 -12.58%* -2.65 -12.54%% -5.18 -47.23%%*

PBW 373 x DBW 17 7.96%% 33.66%* -10.06* 20.27%* -47.14%%*
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Table 1. Continued.

Grains Biological Harvest Grain Ash
Crosses per spike yield index yield content
HUW 213 x PBW 343 4.40%* 17.70%* -9.12% 11.10 7.84%
HUW 213 x PBW 226 9.69%%* 8.19 -4.23 15.36* 5.73
HUW 213 x PBW 590 0.79 -3.04 -8.67* -5.80 18.83%*
UP 2338 x PBW 343 0.00 27.56%* -8.83% 19.68** -4.92
UP 2338 x PBW 226 -13.27%* 18.29%* 1.38 27.09%* 17.15%*

hybrid vigor depends on the direction and magni-
tude of heterosis, biological feasibility of crop and
nature of gene action. The use of heterosis for get-
ting high yield with improved quality has been largely
used in cross pollinated crops but now in self polli-
nated crops evidences are available to confirm the
potential use of heterosis. Wheat production can be
enhanced through the development of new cultivars
having wide genetic base and better performance
under various agro-climatic conditions. For any suc-
cessful breeding program to improve grain yield with
acceptable quality is the prime objective of any breed-
ing program. Estimation of heterosis in wheat crop
have also been reported earlier [2—4] for grain yield
productive tillers, day to maturity, plant height, grains
per spike, biological yield and several other compo-
nent traits. The major objective of the present study
was to estimate the heterosis over better parents
(heterobeltiosis) and combing ability through Line x
Tester mating design involving 20 lines and 04 testers
for improvement in yield component and quality traits
in bread wheat.

Materials and Methods

The experimental material comprising 20 lines (UP
2338,PBW 550, HD 2967, PBW 502, WCW 98-4, WCW
98-48, WCW 98-19, UP 2425, PBW 373, HUW 213,K
9162,K712,K 8962, HUW 516, Selection 1, HUW 635,
HUW 234, HD 2733, Raj 3765, PBW 435 and 4 Testers
(PBW 343, PBW 226, PBW 590, DBW 17) was planted
at Crop Research Center, SVBPU and T, Meerut dur-
ing rabi 2009-2010 for attempting crossing in a Line x
Tester mating design. In the next crop season (i.e.
rabi 2010-2011), experimental material consisted total
104 genotypes (24 parents and their 80 F s) was sown

in a randomized block design with three replications.
Seeds of each of the parental lines and also F|s were
dibbled in single row plot of 5 meter length maintain-
ing spacing of 10 cm among plants within a row and
23 cm between rows. All the standard agronomical
practices were followed to raise normal crop. Obser-
vations were recorded for days to ear emergence, days
to maturity, number of productive tillers plant, plant
height (cm), flag leaf area (cm?), spike length (cm),
grains per spike, biological yield per plant (g), har-
vest Index (%), 1000-grain weight (g), ash content
and phenol color reaction. Mean data on these traits
were subjected to statistical and biometrical analysis.
The magnitute of heterosis was estimated by com-
monly used statistical software (INDOSTAT 7.5). The
data were first subjected to the usual analysis fol-
lowed by a RBD [5]. The percent increase or decrease
of F hybrids over better parent was calculated by
using the standard formula [6].

Heterosis (%) =

F, = Mean performance of F  hybrid; PM = Mean
performance of parent

Results and Discussion

Heterosis over better parent for days to ear emer-
gence ranged from -0.41 (UP 2338 x PBW 590) to 8.23
(HUW 635 x PBW 226). The highest significant and
negative heterosis (desirable) were recorded in Se-
lection 1 x PBW 226 (-8.73) followed by WCW 98-48
x PBW 590 (-8.64). Heterosis over better parent for
days to maturity ranged from -0.24 (PBW 373 x PBW
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Table 2. Crosses showing maximum heterosis over better parents for grain yield and other yield components in bread wheat

(Triticum aestivum L.).

Crosses Heterosis Other character exhibiting significant heterosis in desirable direction
Selection 1 x PBW 590 38.04%* Productive tillers, Plant height, Flag leaf area, Biological yield per plant
HUW 635 x PBW 590 35.18%* Plant height, Flag leaf area, Biological yield per plant
PBW 502 x DBW 17 35.13%* Productive tillers, Plant height, Grains per spike, Biological yield
WCW 98-48 x PBW 590 32.82%* Days to ear emergence, Days to maturity, Grains per spike, Biological yield
HUW 234 x DBW 17 32.39%* Days to ear emergence, Days to maturity, Plant height, Biological yield,
Harvest index

HD 2733 x DBW 17 29.08%%* Productive tillers, Flag leaf area, Spike length, Biological yield

WCW 98-19 x DBW 17 28.25%%* Days to maturity, Productive tillers, Biological yield, Ash content

PBW 502 x PBW 590 28.11%%* Plant height, Biologycal yield

HUW 234 x PBW 343 27.63%%* Days to maturity, Plant height, Flag leaf area, Harvest index

Selection 1 x DBW 17 27.48%%* Days to ear emergence, Days to maturity, Productive tillers, Plant height, Flag leaf
area, Spike length, Biological yield, Ash content

PBW 435 x DBW 17 27.09%* Productive tillers, Flag leaf area, Biological yield, Ash content

K 712 x DBW 17 26.96%%* Productive tillers, Spike length, Grains per spike, Biological yield

HUW 635 x DBW 17 23.86%* Productive tillers, Plant height, Biological yield, Ash content

PBW 550 x DBW 17 27.73%* Productive tillers, Harvest index

WCW 98-4 x DBW 17 23.25%%* Productive tillers, Plant height, Spike length, Biological yield, Ash content

UP 2425 x PBW 590 22.15%%* Plant height, Biological yield

Raj 3765 x PBW 590 20.27%%* Days to maturity, Grains per spike, Biological yield

590) to 7.93 (WCW 98-4 x PBW 590). The highest
negative (desirable) and significant value of hetero-
sis were recorded in Selection 1 x DBW 17 (-7.60)
followed by Selection 1 x PBW 343 (-6.18). Heterosis
over better parent for plant height ranged from -0.16
(WCW 98-48 x PBW 590) to 15.80 (PBW 435 x PBW
343). The highest negative (desirable) and significant
heterosis were recorded in Raj 3765 x DBW 17 (-20.89)
and HUW 213 x DBW 17 (-17.16). Negative (desir-
able) and significant heterosis for days to maturity
and plant height were earlier reported [3, 4, 7—10].
The negative and significant heterosis for days to
maturity and plant height is desirable in case of wheat
crop.

Heterobeltiosis for productive tillers ranged from
-0.72 (PBW 373 x PBW 343) t0 23.09 (UP 2425 x DBW
17). The highest positive (desirable) and significant
value of heterosis was recorded in UP 2425 x DBW 17
(23.09) followed by WCW 98-4 x DBW 17 (22.61).
Positive and significant heterosis for productive tillers
has been reported earlier [3, 4, 7—9]. A range of
heterobeltiosis for flag leaf area was recorded -0.09
(K8962 x DBW 17)t046.34 (UP 2338 x DBW 17). The
highest positive and significant heterosis was ob-
served in UP 2338 x DBW 17 (46.34) followed by Raj

3765 x PBW 226 (37.80). Such types of findings on
heterosis for this trait were also reported earlier [4,
7—9]. Heterobeltiosis for spike length ranged from -
0.45 (K 9162 x DBW 17) to 21.41 (HD 2733 x PBW
590). The highest positive and significant value of
heterosis were observed in HD 2733 xPBW 590 (21.41)
followed by K 712 x DBW 17 (19.08). Positive and
significant value of heterosis for spike length has been
reported earlier [7—9]. Heterosis over better parent
for grains per spike ranged from -0.28 (HUW 213 x
PBW 590) to 23.87 (HD 2733 x PBW 590). The desir-
able and significant value of heterobeltiosis was re-
corded in HD 2733 x PBW 590 (23.87) followed by K
9162 x PBW 590 (21.27). Similar findings for grain per
spike were also reported by Singh et al. [7]. Heterosis
over better parent ranged from -0.56 (HD 2967 x DBW
17)t0 43.39 (HUW 635 x PBW 590) for biological yield.
The highest and positively significant value of het-
erosis were observed for WCW 98-4 x PBW 590 (41.18)
followed by WCW 98-48 x PBW 590 (39.09). Similar
findings for biological yield were also reported earlier
[7—9] in wheat crop.

Heterobeltiosis for harvest index ranged from -
0.03 (HD 2733 x DBW 17)t022.82 (HUW 234 x PBW
343). The highest positive and significant value of
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Table 3. The crosses showing maximum SCA effects for grain yield and other yield components in bread wheat (Triticum

aestivam L.).

SCA GCA of parents
Crosses value per se P, P, Significant for other character

HUW 234 x PBW 343 4.64%*% 29,037 3.16%* -1.76** Productive tillers, Plant height, Flag leaf area, Grains
per spike, Harvest index, Ash content

Selection 1 x PBW 590 2.98%* 28.170 1.51%* 0.69**  Grains per spike, Harvest index

HUW 635 x PBW 590 3.66%* 27.64 0.30 0.69*%*  Days to ear emergence, Days maturity, Flag leaf area,
Biological yield, Harvest index

UP 2425 x PBW 343 3.81%* 25.677 0.64 -1.76*%* Biological yield, Grains per spike

PBW 435 x PBW 343 2.95%* 26.243 2.06*%*  -1.76** Days maturity, Grains per spike, Biological yield,
Ash content

HD 2733 x PBW 226 3.11%*% 26.430 0.47 -0.15 Days to ear emergence, Plant height, Grains per spike,
Biological yield, Ash content

HUW 516 x PBW 343 3.29%* 25.483 0.96 -1.76*%* Productive tillers, Biological yield

K 712 x PBW 226 2.33%*% 25.250 0.07 -0.15 Days to ear emergence, Plant height, Ash content

WCW 98-48 x PBW 590 1.98*% 27.103 1.44%* 0.69*%* Days to ear emergence, Days to maturity, Grains per
spike, Ash content

PBW 550 x DBW 17 1.96*% 24,903  -1.28%* 1.22*%*  Grains per spike

heterosis were observed in HUW 234 x PBW 343
(22.82) followed by HUW 234 x DBW 17 (15.82). De-
sirable and significant heterosis for harvest index was
also reported earlier [4, 7—9].

A range of heterosis over better parent for grain
yield was recorded from -0.58 (UP 2338 x DBW 17) to
38.04 (Selection 1 x PBW 590). Total numbers of 26
crosses were identifying which showed positive (de-
sirable) and significant heterosis for grain yield. The
highest positive and significant value of heterosis
were observed in Selection 1 x PBW 590 (38.04) fol-
lowed by HUW 635 x PBW 590 (35.18), PBW 502 x
DBW 17(35.11), WCW 98-48 x PBW 590 (32.82) and
HUW 234 x DBW 17 (32.39). Similar findings on posi-
tive heterosis for grain yield have been reported ear-
lier [2, 3, 7—10]. Heterosis over better parent for ash
content ranged from -0.76 (HUW 234 x PBW 226) to
96.20 (HUW 516 x DBW 17) (Table 1). The highest
positive and significant heterosis were recorded for
HUW 516 x DBW 17 (96.20) and WCW 98-19 x DBW
17(39.17).

On the basis of high percentage of significant
and desirable heterosis for grain yield, out of 26
crosses, 17 crosses were screened out where signifi-
cant heterosis (%) was recorded in the range of 20.27%
to 38.04%. These 17 crosses were also having good

mean yield (between 24.807 g to 29.037 g per plant) as
compared to average yield of all the F crosses (22.995
g per plant). Out of these 17 crosses, 13 (Table 2)
crosses namely, WCW 98-4 x DBW 17 (24.807), PBW
550x DBW 17 (24.903), UP 2425 x PBW 590 (24.927),
K 712 x DBW 17 (25.553), Selection 1 x DBW 17
(25.657), WCW 98-19 x DBW 17 (25.813), HD 2733 x
DBW 17 (25.980), PBW 502 x PBW 590 (26.143), PBW
435 x DBW 17 (26.197), WCW 98-48 x PBW 590
(27.103), PBW 502 x DBW 17 (27.197), Selection 1 x
PBW 590 (28.170) and HUW 234 x PBW 343 (29.037)
were observed as superior F s crosses where the het-
erosis over better parent was estimated and the bet-
ter parents either DBW 17 or PBW 590 were involved
in these cross combinations. By exploiting these
crosses through heterosis breeding program will lead
in development of a promising hybrid population for
high productivity in wheat. High and significant het-
erosis over better parent were also reported earlier [4,
7—10], for grain yield in wheat. Perusal of the SCA
data (Table 3) showed that five crosses namely, Se-
lection 1 x PBW 590, HUW 635 x PBW 590, WCW 98-
48 x PBW 590, HUW 234 x PBW 343 and PBW 550 x
DBW 17 also expressed significant and positive SCA
effect along with high significant heterotic response
as well as good per se performance indicated that
economic increase in grain yied was due to non addi-
tive genetic components. This indicated that these



individual crosses would be effective for develop-
ment of heterotic population for achieving higher yield
in wheat. Among the 17 high yielding crosses, eight
crosses namely, Selection 1 x PBW 590 (20.407), WCW
98-48 x PBW 590 (20.407), PBW 502 x PBW 590
(20.407), PBW 502 x DBW 17 (20.127), HUW 234 x
DBW 17(20.127),HD 2733 x DBW 17 (20.127), PBW
435xDBW 17(20.127) Selection 1 x DBW 17 (20.127)
were the involved high x high general combiners. The
parents involved in these crosses such as Selection
1,PBW 590, PBW 502, DBW 17, WCW 98-48, HUW
234, PBW 435 had also been desirable general com-
biners for 4 to 8 characters in addition to grain yield.
Hence, the increased vigor in Fs under such condi-
tions could be attributed due to the accumulation of
favorable additive or additive x additive effects. These
crosses might also produce good recombinants/seg-
regants in preceding generations. These crosses or
parents involved in these F;s may be exploited in
multiple cross breeding program to have a desirable
breeding population with broad genetic base for yield
improvement in wheat. Further, high heterotic re-
sponse for ash content was observed in 10 F;s crosses
(more than 20%) only. However, three crosses namely,
HUW 516 x DBW 17, WCW 98-19 x DBW 17 and
WCW 98-4 x DBW 17 showed high heterotic response
for ash content along with grain yield. These crosses
also showed better heterotic response for 3 to 5 yield
contributing traits.

Conclusion

In the present study based on the above results it
may be concluded that the superior performance for
all the traits were not expressed in a single cross.
However many crosses are superior for more than
one traits with yield. The crosses namely, Selection 1
x PBW 590, HUW 635 x PBW 590, WCW 98-48 x
PBW 590, HUW 234 x PBW 343 and PBW 550 x DBW
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17 expressed significant and positive SCA effect along
with high significant heterotic response and per se
prformance indicated the economics increase in grain
yield was due to non additive genetic components. It
means these individual crosses would be effective
for development of heterotic population for achiev-
ing higher yield in wheat.
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