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Abstract

A complete 6 —6 diallol cross wis studied during 1967 and1968 to measure heterosis for
sevon agronomic characters viz., yield, number of seeds per head, number of heads per plot, plant
height, days to 50% bloom and threshing percentage. Heterosis was found to be highly signi-
carnit tor all the seven characters, although the eflect for grain yield was highly pronounced. Here-
rosis was striking in cases of crosses involving distincily related parents. The increase in grain pro-
ductiun due to heterosis came largely from more number of seeds por head, whereas 1000-seed weight
and number ot heads per plot showed little etfect on yield,

Introduction

Although some reports on the use of diallel analysis to study the inheritance of
quantitiative characters on grain sorghum have appeared in the literature, there seems to
be little work done in this regard in Pakistan. Heterosis estimates computed by means
of diallel crosses have been reported in sorghum by Niehaus & Pickett (1966) and Chiang
& Smith (1967). Niehaus & Pickett (1966) compared the performance of ¥1 and F2
populations obtained from diallel crosses of eight parents. They found that heterosis
was striking only if at least one of the parents was an introduction.  While Chiang &
Smith (1967) observed heterosis through a 7X7 complete diallel cross experiment that
heterosis was highly significant for all the characters. The heterotic effect ranged from
—5.09% for number of tillers bearing heads to 41.42%, for head weight. Those chara-
cteristics which showed highest heterosis also had high inbreeding depression.

The present studies were planned to study the inheritance of yield and its com-
ponents using diallel analysis in grain sorghum. This experiment was conducted to ac-
complish the following objectives for various characteristics studied:

(I) Manifestations of hybrid vigour; (II) the estimation of general and specific
combining ability and the evaluation of their variance; (III) the association between
yield and various components in terms of combining ability; (IV) the estimation of geno-
typic and phenotypic correlations between characteristics and (V) the determination of
the presence or absence of maternal effects.  The present paper deals with the first

of these objectives only,

Materials and Methods

The genetic material comprised of six inbred lines of sorghum viz; J263, IS1041
IS 1080, TS1134, AUSI3, and AUS16. The varieites J263, AUSI3 and AUS16 were
indigenous sclections while 181041, IS1080 and 151134 were received from USA and
have been maintained at Lyallpur since 1962. These lines were not closely related in
their origin and thus provided a good deal of genetic diversity. A brief description of

the varieties is given in Table L.

1. Part of dissertation submitted by the senjor author in partial requirements for the Ph. 1. degree
at the Agriculture University, Lyallpur, 1970.
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Table 1. Two years means of six inbred lines for yield and various components of yield.

Grain 1000 Seeds per Heads per Plant Days 10
yield seed head plot height 500 Threshing

Inbred lines ibs./plot  Weight(g) (em) bloom %
15 1041 5.15 22.84 2599 40.75 182.96 73.20 70.13
15 1080 4.85 29.44 1968 43.88 173.05 71.81 69.59
J 263 4.19 21.0% 2383 43.88 162.78 66.07 67.96
IS 1134 3.98 24,44 1998 44,25 183.19 72,47 73.04
AUS 16 3.60 1845 2161 63.00 78.41 62.90 71.20
AUS 13 3.40 19.98 1970 61.88 75.46 62.03 70.85
5. E. 0.05 0.23 30.35 0.61 1.21 0.27 0.49

#Inbred lines tabulated in the descending order of their merit in vield.

Inbred lines were grown in ficld during the year 1966 ard crossed inter s¢ to obtain
seed of 30 ¥l hybrids (including reciprocals). Emasculation was done by a slight mo-
dification of the method described by Stephens & Quinby {1933); by dipping the heads in
hot water for 7-12 minutes before first blooming, when the temperature was maintained
between 115-121"F.  After emasculation , the head was bagged as soon s it was dry and
the first pollination was done 1-2 days after emasulation. Second and third pellinations
were made every other day thereafter. In the year 1967, six parents and 30 '] hybrids
(including reciprocals) were planted in a randomized complcte block design with four
replications, Within each block, tne inbred lincs and crosses were grouped into separate
sub-blocks hordered by appronriate non-experimental lines to climinate uneven competi-
tion. Simultanenusly, in a separate crossing block the selfing and cros.ing operations
were repeated and the seed obtained was used for a second run of the trial during the vear
1968 using exactly the same field plan as of 1967.

Each plot consisted of two 457.2 ¢oo rows, 91.44 em. apart, with 22.86 em, spacing
between the hills. Planting was made at the rate of two seeds per hill and when the seedl-
ings were about 30.4%cm tall, they were thinned to a stand of one plant per hill. 'The
missing hills, if any, were flled by a second planting made after 10 days. Dufing both
years, the crop which had a mild attack of maize and sorghum borer (C#ilo  zonellus Swin)
was sprayed thrice at a 10-day interval with endrin of 280 g/hs active materual. Normal
cultural practices were followed throughout the season. A total of 100 kg/ha of nitrrgen in
the form of ammonium sulphate was applied in two spiit doses.

Randonm sample of twenty plants was harvested from each plot and data were
recorded for seven characters viz; grain vield per plot, 1000-seed weight, seeds per head,
heads per p.ot, plant height, days to 509/ bloom and threshing percentige.  Whole plot
was takel into consideration for number of heads per plot and grain yicld per plot. Hete-~
ros s was calculated after Matzinger ef af (1962) and *“t” test was used to evaluate the di-
flerence of Fl means according to Ravling’s formula cited by Wynne ef of {1970).
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Resuits and Discussion

The F1 data for rec*procal crosses were pocled with'n {an lies for the comparison
of heterosis. This was justihed, as reciprocal Jiflerences were in significant for all the
characters studied. Analysis of variance, presented in Taltle-2, reveals that variation
due to vears for grain yield per plot, 1000 sced weight, number of seeds per head, plant
height and thresning percentage was significant. but not for heads per olot and days 1o
50% bloom. However, th crosses % years interactions were found to e significant for
all the characters studied, which indi.ates that yield and its various compnents were in-
fluenced by yearly enivronmental fluctuations,

As is apparent from the datn presented in Takle-3, all the seven characters in-
cluded in the present study exhibited a considerable overall heterosis bouh over mid and
be.ter parent comparisons cxcept for heads per plot which showed negative valae (-2.52)
over better parent estimates. ln case of grain yield per plot, the incresse of F1 over
mid-pareats ranged from10.07 to 98.82 and over better parents from -2.33 to 73.40.
The 1 hybrids IS1041 x IS1134 (-2.339) IS1080 x IS1134 (0.62 %) were non-significant
against better parent comparisons. While the cross J51080 x AUSIA which bad shown
the highest heterosis both over mid and better parent values in case of grain vield per
plot exhibited 11.41 and -7.47 percent heterosis over mid-parent and better-parent values
for 1000-seed weight, respectively, indicating comparatively less contribution of seed
weight to gruin vield. Similarly heads per plot also did not show considerable heterosis
and the mean performance of lines IS1041, 1263, 151134 and 131080 was relatively poor
as compared to AUSI3 and AUSI6.  Number of seeds per head showed a positive con-
tribution to grain yield, «s the crosses exhibiting significant heterotic eects also had
narked heterosis for this character. In case of number of days to0 50% hloom (Table-3)
late blooming seems to be contributed by lines 151041, 181124 and 181089 as crosses
involving these lincs took long time to 5097 blooming. Fur threshing percentage, hete-
rosis was not very high both in mid-parent and better-parent comparisons. Maximum
heterosis was ohserved in the cross j263 x ISI080 fuliowed bv IS1080x AUSI3 with
values of 9.38 and ¥.91 aver mid-parent and 8.1C and 7.95 aver better-parent estimates.
Mean performance of line J263 seems to be much better as compared to other lines.

Although the data on grain yield and 1000-seed weight, heads per plot, and days
to 509 bloom revealed no consistant relationship in different crosses investig: ted, yet
there was sufficient evidence to speculate that heterotic behaviour of the ¥1’s for seeds per
head, plant height and threshing percentage may influence hybrid yield. Of all the com-
ponents of vield, 1000-seed weight and heads per plot did not show marked effect on
yield. This is corroborated by Beil & Atkins (1967) and Kirby & Atkins (1968) who re
ported a negative correlation between grazin vield and heads per plant and showed that
a single large head on each plant was more productive than several small heads. The
results, however, do not agree” with those reported by Kambal & Webster (1965) and
Niehaus & Pickett (1966) who obtained a positive association between grain yield and
vield and heads per plot. 'This discrepency may be attributed to the differences in the
level of tillering of various inbred lines used in the two studies. In the present studies,
inbred lines AUS13 and AUS16 produced larger number of heads per plot and the nybrids
involving thse lines also had a higher number of heads per plot. All other lines pro-
duced fewer heads per plot due primarily to their low tillering capacity.

Marked heterosis for vield and several other traits noticed in some creosses could be
attributed 1o genetic diversity, because the crosses involving distinctly diverse plants pro-
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duced high vielding hybrids.  These observations are supported by Nichaus & Pickett
(1966) who showed that heterosis was outstanding when one of the parents was an ingro-
duction. Although heterosis wis striking in the dwarf than the tall Fl's yet such
data must be used with caution and any observations made in this study apply only to
these six lines and may not have general application.
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