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(TRITICUM AESTIVUM L.)

S. K. SHARMA, K. P. SINGH AND IQBAL SINGH*

Departments of Genetics and Plant Breeding, CCS Haryana Agricultural University
Hisar 125004

(Received: January 7, 1992; accepted: June 10, 1995)

ABSTRACT

Mechanical mass selection for grain size, followed by two cycles of intermating among the
high grain-weight populations, was done to achieve improvement in grain yield. Forty
progenies each from five mass selected, eight populations of the first and four of the second
intermating cycles were evaluated for plant height, number of grains/spike, l000-grain
weight, and grain yield. Mechanical mass selection and each cycle of intermating were
effective to increase l000-grain weight, indicating the accumulation of favourable alleles
in the segregates. There was slight improvement in number of grains/spike also in the
progenies of the first intermated populations which pushed up grain yield. However, the
second cycle of intermating was not effective in increasing grain yield due to reduction in
number of grains/spike. Correlation studies also revealed the usefulness of one cycle of
intermating for improving grain yield. Therefore, it is proposed to practice only one cycle
of intermating to achieve optimum expression of yield components.

Keywords: Wheat, grain weight, mass selection, intermating, selection response.

Grain weight and grain number are two major components of grain yield in cereals.
Besides, grain weight has also been reported to be associated with various abiotic stresses
caused by heat, drought and salt [I). The inheritance of grain weight has been reported
mainly through additive genes and manifestation of heterosis for this trait mainly due to
dispersion of favourable alleles among the parents (2). Consequently, mechanical mass
selection for grain size has been found effective to increase grain weight as well as grain
yield [3-5). Progenies having lOOO-grain weight up to 65 g have been isolated but gains in
grain weight beyond 48 g have not been reflected in corresponding increase in grain yield
(4). In such situations, intermating among individuals of different populations has been
-advocated to break undesirable linkages as well as assemblage of favourable alleles in

"Addressee for correspondence: 10/70, New Campus, CCS Haryana Agricultural University, Hisar 125004.
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segregating populations [6]. Keeping this in view, intermating among individuals having
high grain weight of heterogeneous populations was initiated to raise the selection limit of
grain weight without adversely affecting grain number and ultimately grain yield.

MATERIALS AND METHODS

Five high grain weight heterogeneous populations, obtained after three cycles of
mechanical mass selection through sieving for grain size in the crosses UP 368 x Shailja,
WH 157x B1858, WL 711 xCPAN1315, WH157xWH 129 and UP 368 x WC457, were used
as parental populations. The selected populations from each cross were used as parents for
further crosses. In the first intermating cycle, all the 10 possible crosses were attempted
between these five populations involving 20 plants from each population of a cross. The F2
population of two crosses, namely, UP 368 - Shailja x WH 157-WH 129 and WH 157-B 1858
x UP 368-WC 457 were dropped due to the presence of necrosis. The second intermating
cycle was started by involving bold grain F2 segregates of the first intermating in the
following combinations: (UP 368-Shailja x WH 157-B 1858) x (WL 711-CPAN 1315 x WH
UP 368-WC457), (UP 368-Shailja x WL 711-CPAN 1315)x (WH 157-B 1858 xWH 157-129),
(UP 368-Shailja x UP 368-WC 457) x (WL 711-CPAN 1315 x WH 157-WH 129) and (WH
157-B 1858 x WL 711-CPAN 1315) x (WH 157-WH 129 x UP 368-WC 457). Forty
progenies from each of the parental, first and second intermating cycles were raised in
compact family block design with three replications and observations were recorded on four
quantitative traits. Plot means were used for analysis. Genotypic and phenotypic
coefficients of variation, correlations, heritability and genetic advance were calcul3.ted
as per [7].

RESULTS AND DISCUSSION

The progenies of five parental populations used in the present study recorded an
increase in grain weight over the parents involved in the crosses. The upper limit of the
range of progenies of the five crosses surpassed the grain weight of the high-grain parents
involved in a particular cross (Table 1). The mechanical mass selection increased the
frequency of progenies with high grain weight, pushing upward the progeny means of a
particular cross [4]. Bhatt and Derera [3] and Singh et al. [5] also observed increase in grain
weight of the F3 progenies isolated from mechanically mass selected F2 populations. The
mean plant height and grain yield also increased but there was no conspicuous increase or
decrease in the number of grains / spike among the progenies of different crosses. The
correlation studies indicated that grain weight was positively correlated with plant height
(r =0.61) and grain yield (r = 0.36) but there was no correlation between grain weight and
number of grains/spike. Thus, an increase in grain weight caused positive correlated
responses for plant height and grain yield. Similar correlated responses were reported
earlier [3, 4]. The magnitude of phenotypic coefficient of variability (PCV) was higher than
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~oven1ber, 1995] Selection Response in Wheat 367

Tablet. Mean, range, GCY, PCY, heritability (h2
) and genetic advance (GA) among progenies of mass

selected and intermated populations for four quantitative traits in wheat

Character Mean Range GCV PCV h2 GA

Plant height:

UP 368-Shailja 131.42 ± 2.65 111.67-143.33 5.49 6.53 70.74 12.51

WH 157-B 1858 129.23 ± 1.76 111.67-146.67 8.47 8.80 92.55 21.66

WL 711-CPAN 1315 135.68 ± 1.94 105.67-155.00 10.26 10.56 94.37 27.86

WL 157-WH 129 111.33 ± 1.76 103.33-113.33 6.69 7.24 85.32 14.16

UP 368-WC 457 140.55 ± 2.35 132.67-152.67 2.89 4.12 49.17 5.86

UP 368-Shailja X WH 157-B 1858 123.63 ± 2.66 104.67-153.33 13.32 13.84 92.57 32.63

UP 368-Shailja X WL 711-CPAN 1315 132.36 ± 3.01 114.67-148.33 5.96 7.17 69.07 13.50

UP 368-Shailja X WH 157-WH 129 128.72 ±2.35 105.00-150.00 9.30 9.84 89.44 23.33

UP 368-Shailja X UP 368-WC 457 128.53 ± 3.31 110.37-143.33 5.89 7.43 63.01 12.39

WH 157-B 1858 X WL 711-CPAN 1315 129.31 ±2.87 101.67-146.67 8.04 8.93 80.99 19.28

WH 157-B 1858 X WH 157-WH 129 129.86±2.66 100.00-150.67 11.18 11.74 90.63 28.46

WL 711-CPAN 1315 X WH 157-WH 129 135.09 ± 3.74 101.33-170.00 11.97 12.92 85.92 30.88

WL 711-CPAN 1315 X UP 368-WC 457 135.87 ± 4.78 116.67-150.00 5.83 8.49 47.16 11.21

WH 157~WH129 X UP 368-WC 457 130.16 ± 5.39 110.0D-155.00 7.06 10.13 48.66 13.21

(UP 368-Shailja X WH 157-B 1858) X

(WL 711-CPAN 1315 X UP 368-WC 457) 128.95 ± 5.54 108.33-150.00 6.58 10.01 43.25 11.49

(UP 368-Shail\a X WL 711-CPAN 1315) X

(WH 157-B 1858 XWH 157-WH 129) 133.01 ± 4.25 111.67-151.67 8.15 9.89 67.84 18.39

(UP 368-Shailja X UP 368-WC 457) X

(WL 711-CPAN 1315 X WH 157-WH 129) 125.60 ± 4.30 110.00-146.67 8.10 10.09 64.53 16.84

(WH 157-B 1858 X UP 711-CPAN 1315) X

(WH 157-WH 129 X UP 368-WC 457) 135.69 ± 5.28 96.67-152.33 7.55 10.17 55.06 15.66

Number of grains/spike:

UP 368-Shailja 36.32± 1.46 27.83-61.90 17.66 19.02 86.18 12.26

WH 157-B 1858 44.48± 1.20 28.83-64.83 19.53 20.10 94.41 17.39

WL 711-CPAN 1315 47.88 ± 1.03 29.5D-76.oo 25.04 25.32 97.78 24.42

WH 157-WH 129 44.28 ± 1.37 22.70-67.17 26.24 26.79 95.90 23.44

UP 368-WC 457 49.45 ± 1.37 28.00-75.17 26.21 26.65 96.68 26.25

UP 368-Shailja X WH 157-B 1858 44.78± 1.27 35.33-61.50 16.79 17.51 91.94 14.85

(ContdJ
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Table 1 (contd.l

Character Mean Range GCV PCV h2 GA

UP 368-Shailja x WL 711-CPAN 1315 47.57 ±1.83 41.33-57.17 14.61 16.09 82.39 12.99

UP 368-Shailja x WH 157-WH 129 43.26± 1.67 27.53-61.93 22.31 23.32 91.53 19.09

UP 368-Shailja x UP 368-WC 457 46.66± 1.85 32.57-80.67 19.88 21.07 89.05 18.03

WH 157-B 1858 x WL 711-CPAN 1315 41.86±2.20 28.20-61.30 20.10 22.12 82.57 15.75

WH 157-B 1858 x WH 157-WH 129 44.57±2.25 26.17-73.73 22.08 23.79 86.10 18.81

WL 711-CPAN 1315 x WH 157-WH 129 46.76±2.47 29.60-78.97 23.28 25.05 86.31 20.83

WL 711-CPAN 1315 x UP 368-WC 457 42.44±2.52 28.40-62.17 17.71 20.54 74.34 13.35

WH 157-WH 129 x UP 368-WC 457 46.69±4.63 34.07-79.23 20.35 26.76 57.83 14.89

(UP 368-Shailja x WH 157-B 1858) x
WL 711-CPAN 1315 x UP 368-WC 457) 37.02±3.83 28.73-48.80 11.99 21.77 30.36 5.04

(UP 368-Shailja x WL 711-CPAN 1315) x
(WH 157-B 1858 x WH 157-WH 129) 39.17 ±3.26 26.33-64.50 13.04 19.59 44.30 7.00

(UP 368-Shailja x UP 368-WC 457) x
(WL 711-CPAN 1315 x WH 157-WH 129) 44.16±3.5O 28.50-64.73 16.09 21.28 57.20 11.07

(WH 157-B 1858 x WL 711-CPAN 1315) x
(WH 157-WH 129 x UP 368-WC 457) 34.48±3.6O 17.57-47.33 15.96 24.29 43.18 7.45

lOOO-grain weight:

UP 368-Shailja 46.13± 1.20 39.67-51.17 5.77 7.36 61.49 4.30

WH 157-B 1858 5O.70± 1.16 41.00-59.50 7.87 8.83 79.42 7.33

WL 711-CPAN 1315 46.36±0.99 38.17-52.67 6.93 7.87 77.53 5.83

WH 157-WH 129 44.19 ± 1.37 39.83-57.67 9.45 10.91 75.03 7.45

UP 368-WC 457 46.40±1.40 42.33-55.33 6.63 8.49 60.91 4.94

UP 368-Shailja x WH 157-B 1858 50.48± 1.11 39.17-57.50 7.66 8.58 79.72 7.11

UP 368-Shailja x WL 711-CPAN 1315 55.62±1.47 52.33-58.67 1.99 5.05 15.69 0.91

UP 368-Shailja x WH 157-WH 129 50.01 ±1.77 37.67-57.33 9.55 11.39 70.34 8.25

UP 368-Shailja x UP 368-WC 457 49.10± 1.67 44.00-54.17 3.60 6.96 26.80 1.89

WH 157-B 1858 x WL 711-CPAN 1315 5O.54± 1.67 39.83-56.67 6.22 8.50 53.59 4.74

WH 157-B 1858 x WH 157-WH 129 52.36± 1.50 36.93-65.17 11.52 12.57 84.02 11.39

WL 711-CPAN 1315 x WH 157-WH 129 5O.42± 1.71 39.17-55.63 7.12 9.27 58.90 5.67

WL 711-CPAN 1315 x UP 368-WC 457 49.22±2.39 39.17-58.67 6.02 10.44 33.21 3.52

(Con/d.)
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Table 1 (contd.)

Character Mean Range GCV PCV h2 GA

WH 157-WH 129 x UP 368-WC 457 48.92± 1.82 42.63-55.40 5.77 8.71 43.91 3.85

(UP 368-Shailja x WH 157-B 1858) x
(WL 711-CPAN 1315 x UP 368-WC 457) 53.82± 1.32 48.00-60.83 5.67 7.11 63.48 5.00

(UP 368-Shailja x WL 711-CPAN 1315) x
(WH 157-B 1858 x WH 157-WH 129) 52.93 ± 1.57 47.67-58.33 3.35 6.19 29.37 1.98

(UP 368-Shailja x UP 368-WC 457) x
(WL 711-CPAN 1315 x WH 157-WH 129) 51.58 ± 1.58 44.17-58.17 6.28 8.28 57.62 5.07

(WH 157-B 1858 xWL 711-CPAN 1315) x
(WH 157-WH 129 x UP 368-WC 457) 53.23± 1.79 45.33-60.33 5.50 8.06 46.62 4.12

Grain yield:

UP 368-Shailja 111.84 ± 1.34 79.67-142.00 16.22 16.35 98.34 37.07

WH 157-B 1858 103.34 ± 1.11 65.00-164.00 22.26 22.34 99.29 47.23

WL 711-CPAN 1315 127.53 ± 1.32 91.67-177.67 17.49 17.59 98.93 45.71

WH 157-WH 129 117.87±2.10 67.00-161.67 16.19 16.49 96.42 38.60

UP 368-WC 457 100.87 ± 1.23 52.67-143.00 18.12 18.25 98.62 37.39

UP 368-Shailja x WH 157-B 1858 110.90 ± 2.42 70.33-156.33 18.21 18.61 95.78 40.72

UP 368-Shailja x WL 711-CPAN 1315 122.03 ± 2.80 61.67-210.00 28.13 28.42 97.99 70.01

UP 368-Shailja x WH 157-WH 129 107.57 ± 1.97 65.67-140.00 24.76 24.97 98.34 54.41

UP 368-Shailja x UP 368-WC 457 111.63 ± 2.34 72.33-166.00 21.77 22.14 96.68 44.80

WH 157-B 1858 x WL 711-CPAN 1315 116.93 ± 2.95 75.00-160.33 16.46 17.05 93.25 38.29

WH 157-B 1858 x WH 157-WH 129 106.62 ± 3.27 65.00-175.00 28.59 29.10 96.57 61.71

WL 711-CPAN 1315 x WH 157-WH 129 106.63 ± 3.46 81.33-156.67 15.84 16.83 88.58 32.74

WL 711-CPAN 1315 x UP 368-WC 457 119.13±5.92 93.33-165.67 16.97 19.07 79.13 37.04

WH 157-WH 129 x UP 368-WC 457 97.18±6.32 52.33-143.00 20.22 23.22 ·75.87 35.27

(UP 368-Shailja x WH 157-B 1858) x
(WL 711-CPAN 1315 x UP 368-WC 457) 107.92 ± 6.74 34.33-148.33 19.62 22.27 77.68 38.45

(UP 368-Shailja x WL 711-CPAN 1315) x
(WH 157-B 1858 x WH 157-WH 129) 108.82 ± 4.51 75.00-151.67 18.42 19.80 86.52 38.41

(UP 36ll-Shailja x UP 368-WC 457) x
(WL 711-CPAN 1315 x WH 157-WH 129) 107.90=8.08 65.00-163.00 17.69 22.04 64.46 31.58

(WH 157-8 1858 x WL 711-CPAN 1315) x
(WH 157-WH 129 x UP 368-WC 457) 88.50 ±6.38 42.33-129.00 23.53 26.71 77.61 37.79
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the genotypic coefficient of variability (GCV) for all the four characters in all populations.
The progenies of WH 157-WH 129 population exhibited the highest, while the progenies of
UP 368-Shailja showed the lowest variability for grain weight. For grain yield, the progenies
of WH 157-B 1858 and for grains/spike the progenies of WL 711-CPAN 1315, WH
157-WH 129, and UP 368-WC 457 showed high variability. High heritability estimates were
obtained for number of grains/ spike and grain yield and medium for plant height and grain
weight.

In the first intermating cycle, the mean grain weight improved in the progenies of all
the eight populations (Table 1) but the mean number of grains/spike and grain yield were
within the range of the parental populations involved in a particular cross. However, some
progenies in the crosses UP 368-Shailja xWL 711-CPAN 1315, UP 368-Shailja xUP 368­
WC 457, and WH 157-B 1858 xWH 157-WH 129 surpassed the upper limits of the range of
parents involved in these crosses. The grain yield in the progenies of these crosses increased
due to improvement in the lower or upper limits of the range, or both, in respect of
grains/spike and grain weight. This indicates that there was accumulation of favourable
alleles for grain weight and grain yield, resulting in the better performance of the progenies
with respect to these traits. Balyan and Verma [8], Srivastava et al. [9] and Pawar et al. nO]
obtained improvement in the progenies selected from the intermated populations for grain
yield and its components.

The magnitude ofcorrelation (r = 0.60) between grain weight and grain yield was almost
doubled in the progenies of the cross WH 157-B 1858 x UP 368-Shailja in comparison to the
parental populations. The association between plant height and grain weight was almost of
the same magnitude (r = 0.41) as in the parental population (Table 2). The coefficient of
variability increased in the progenies of two crosses (WH 157-B 1858 x WH 157-WH 129
and WL 711-CPAN 1315 xUP 368-WC 457) for grain weight; in four crosses (UP 368-Shailja
x WL 711-CPAN 1315, UP 368-Shailja x UP 368-WC 457, WH 157-B 1858 x WH 157-WH
129, and WH 157-WH 129 x UP 368-WC 457) for grain yield; and in five crosses
(UP 368-Shailja x WH 157-B 1858, UP 368-Shailja x UP 358-WC 457, WH 157-B 1858 x
WH 157-WH 129, WL 711-CPAN 1315 x WH 157-WH 129, and WH 157-WH 129 xUP 368­
WC 457) for plant height. However, variability decreased in the progenies of all the eight
populations for number of grains/spike in comparison with the parental populations
involved in different crosses, which indicates that number of grains/spike had opposite
trend. Grain yield and number of grains/spike were highly heritable in the progenies of all
the populations except those of WL 711-CPAN 1315 x UP 368-WC 457 and WH 157­
WH 129 x UP 368-WC 457 (Table 1). However, unlike parental progenies, a uniform pattern
of heritability estimates was not observed for plant height and grain weight inall the crosses
and low to high heritability estimates among the progenies of different crosses were
observed. Contrary to the findings of Yunus and Paroda [11], the heritability estimates did
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Table 2. Range of genotypic correlation (above diagonal) and significant phenotypic correlation coefficients
(below diagonal) among parental and intermated progenies of different populations for four

quantitative traits in wheat

Character Population Plant height Grains/spike 1000-grain wt. Grain yield

Plant height Parental -0.31-0.08 0.001-0.74 0.05-0.20
I intermating -0.16-0.29 -0.05-0.61 -0.09-0.42
II intermating -0.35-0.29 - 0.01-0.41 -0.12-0.24

Grains / spike Parental -0.30' -0.25-0.05 -0.03-0.43
I intermating - 0.56-0.19 0.01-0.42
II intermating - 0.54-0.30 0.09-0.61

1Q()()-grain wt. Parental 0.61"/0.29' -0.14-0.41
I intermating 0.41"/0.31' -0.29-0.67
II intermating 0.31' -0.41

..
-0.20-0.47

Grain yield Parental 0.42" 0.36'

I intermating 0.36'/0.30' 0.39"/0.31' /0.29' 0.60"

II intermating 0.36'/0.35 0.28
,

""Significant at 5% and 1% levels, respectively.

not innprove in the progenies of the internnated populations for all the traits. The genetic
gains innproved over the parental populations in two crosses (UP 368-Shailja x WH 157-B
1858 and WH 157-B 1858 x WH 1 57-WH 129) for grain weight; in two crosses
(UP 368-Shailja x WL 711-CPA~ 1315 and WH 157-B 1858 x WH 157-WH 129) for grain
yield; and in three crosses (UP 368-Shailja x WH 157-B 1858, WH 157-B 1858 x WH 157­
WH 129 and WL 711-ePA~ 1315 x WH 157-WH 129) for plant height. The high genetic
gains for grain yield were associated with high gains for grains/spike. The gains for grain
weight were relatively poor in most crosses.

The nnean perfornnance of the progenies of various populations fronn the second
internnating cycle decreased for plant height, number of grains/spike, and grain yield in
comparison to the parental and first internnated populations (Table 1). However, for grain
weight, an innprovennent in the nnean performance was obtained in all the four popu~ations,
which was due to a rise in the lower limit of the range. Thus, the increase in grain weight
after the second cycle of intermating was not reflected in increased grain yield. This was
nnainly attributed to reduction in the number of grains/ spike. The correlation
coefficient (r = 0.28) between grain weight and grain yield in the progenies of second
intermating decreased as connpared to that of first internnating, while correlations of grain
yield and number of grains/spike were of the sinnilar nnagnitude after the first and second
cycles of intermating. The negative association between number of grains/spike and
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grain weight (r = - 0.41) among the progenies of second intermating was of higher
magnitude than in the progenies of the first intermating cycle. Thus, due to antagonistic
relationship between number of grains/spike and grain weight, the second intermating
cycle was not effective in increasing the grain yield. In general; the coefficient of variability
for all the four traits decreased as compared to the parental and the first intermated
population. The estimates of heritability and genetic advance for all the traits were poorer
in the second intermated populations than in the parental and first intermated
populations.

It is obvious from these results that mechanical mass selection in the parental
populations was effective in increasing the grain weight and there was corresponding
increase in grain yield but mechanical mass selection had no effect on the number of
grains/spike. The correlation studies also revealed that grain weight and grain yield were
positively correlated in the parental populations but there was no relationship between
number of grains/spike and grain weight. The improved mean performance of the
progenies of the first intermated populations for grain weight, number of grains/spike and
grain yield was due to accumulation of desirable alleles for grain weight along with some
improvement in number of grains/spike through intermating of the individual plants from
the high grain-weight populations. The mean performance of the progenies obtained after
the second intermating cycle showed slight improvement in grain weight but no
improvement in number of grains/spike and grain yield. The correlation studies also
indicated that association of grain weight and grain yield was strengthened in the first
intermating cycle but was brought down to the parental level after the second intermating ,
cycle. Negative correlation between grain weight and number of grains/spike appeared
only in the progenies of second intermating which was probably due to the disruption of
the blocks of desirable genes for grain weight and number of grains/spike, resulting in
reduced grain yield. Thus, increase in grain weight without decreasing number of
grains/spike was responsible for an increase in grain yield. Correlations of similar
magnitudes among other traits in the parental as well as intermated populations indicated
that mechanical mass selection for grain weight has not altered the nature of genetic
correlations of grain number with grain yield, and plantheight with grainweight. However,
the negative correlations of plant height with number of grains/spike were eliminated,
while the correlations of plant height with grain yield strengthened through intermating. It
was also observed that with increase in grain weight, there was reduction in tillering
potential (data not presented). Moreover, the maximum release of variability for grain
weight and grain yield in the first intermating cycle resulted in high gains in grain weight
and grain yield. The release of variability in second intermating cycle for number of
grains/spike, grain weight and grain yield was considerably reduced. Thus, mechanical
mass selection for grain size should be practised for improvement of grain yield and only
one cycle of intermating between high grain-weight segregates would be desirable to
improve grain yield and its components. Two populations, namely, UP 368-Sh'iilja x
WL 711-CPAN 1315 and WH 157-B 1858 x WH 157-WH 129 of the first intermating cycle
may be exploited for isolating productive progenies.



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 6
1.

24
7.

22
8.

21
7 

o
n

 d
at

ed
 2

7-
Ju

n
-2

01
7

November, 1995] Selection Response in Wheat

REFERENCES

373

1. M. Corbellini, G. Boggini, M. Borgonovo, M. Cattaneo, M. Ouassou and B. Borghi.
1988. Screening for heat and drought tolerance in bread wheat (T. aestivum L.) by
means of laboratory tests and field observations. In: Cereal Breeding Related to
Integrated Cereal Production (eds. M. L. Jorna and L. A. J. Slootmaker). Pudoc,
Wageningen: 82-86.

2. S. K. Sharma, K. P. Singh and I. Singh. 1989. Manifestation of heterosis for grain
weight in wheat (Triticum aestivum L.). Indian J. Genet., 49: 59-62.

3.. G. M. Bhatt and N. F. Derera. 1973. Associated changes in the attributes of wheat
populations mass-selected for seed size. Aust. J. Agric. Res., 24: 179-186.

4. R. K. Rana. 1984. Pattern and Amount of Variability and Selection Limits in Some
Simple and Multiple Crosses of Wheat (Triticum aestivum L. em. Thell). Ph.D. Thesis.
Haryana Agricultural University, Hisar.

5. I. Singh, I. S. Pawar and S. Singh. 1987. Selection for grain size in wheat. Crop
Improv., 14: 179-181.

6. R. B. Singh and S. L. Dwivedi. 1978. Biparental mating in wheat. Proc. V Intern.
Wheat Genet. Symp., 2: 671-679. .

7. V. G. Panse and P. V. Sukhatme. 1967. Statistical Methods for Agricultural Workers.
ICAR, New Delhi.

8. H. S. Balyan and A. K. Verma. 1983. Relative efficiency of two mating systems and
selection procedures for yield improvement in wheat (T. aestivum L.). Theor. Appl.
Genet., 71: 111-118.

9. R. B. Srivastava, R. S. Paroda, S. C. Sharma and Md. Yunus. 1989. Impact of different
mating approaches in generating variability in wheat (T. aestivum L. em. TheIl).
Indian J. Genet., 49: 331-336.

10. I. S. Pawar, S. Singh and M. Yunus. 1990. Studies on selection interbreeding in bread
wheat. Crop Improv., 17: 68-69.

11. Mohd. Yunus and R. S. Paroda.1983. Extent of genetic variability created through
biparental mating in wheat. IndianJ. Genet., 43: 76-81.


