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ESTIMATION OF HETEROSIS AND INHERITANCE OF SOME
QUANTITATIVE CHARACTERS OF ECONOMIC IMPORTANCE
IN SPRING WHEAT CROSSES
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Substantial heterosis was observed for plant height,
grain yield and yield components in eight wheat crosses in-
volving local and exotic wheat crosses. The Fp hybrids exhibit-
ed heterosis due to partial dominance for plant height, domi-
nance for number of fertile tillers and non-additive effects in
the range of partial dominance and over dominance for the
traits of spike density and grain yield. Varying degree of in-
breeding depression was observed for the traits studied. Re-
ciprocal differences between hybrids were found to being sig-
nificant for number of fertile tillers and grain yield.

INTRODUCTION

Although new sophisticated
approaches are being developed and
tested to maximize wheat productiv-
ity, yet conventional procedures and
practices continue to be employed by
wheat breeders with emphasis on
the development of short-statured
wheats adapted to different produc-
tion situations. One of the future
possibility to boost wheat production
is through the utilization of hybrid
vigour. The other alternative of ex-
ploitation of hybrid vigour is the se-
lection of pure lines in segregating
generations showing a higher level
of heterotic affects. Thus a number
of parents have to be evaluated in
various combinations to develop
lines out-yielding their parents. In
the present studies, two most widely
adapted tall staturated local culti-
vars were crossed with three short
statured wheat cultivars of Mexican
origin to estimate heierosis and pat-
tern of inheritance of some quantit-
ative characters of economic impor-

tance.

There is a substantial evidence
of quantitative inhcritance and ex-
pression of varying degree of hetero-
sis for the characters of plant
height, grain yield and yield compo-
nents in spring and winter wheats
(Romero and Frey, 1973; Ghafoor,
1975; Rajki et al., 1976; Vlach
and Kren,1981 and Choudhry et al .,
1982). Spike length behaves as a
complexily inherited character
showing little heterosis (Mariani
and Zetelli, 1973), however, margi-
nal increase over better parent was
reported by Din (1980). Partial domi-
nance and dominance controlled
the expression of plant height, spike
length, number of spikelets per
spike and grain yield as reported by
Fedin (1976) and Prakash and Rao
(1977), while other workers reported
additive type of gene action for these
traits (Verma ef al., 1984 and Cam-
mock, 1984). Generally additive (Sri-
vastava et al., 1981) but in some
cases dominance controlled the



inheritance of number of fertile til-
lers (Fedin, 1976).

MATERIALS AND METHODS

The parental material used in
developing crosses consisted of (i)
two local cultivars of wheat namely,
C273 and C271, characterized by tall
stature and late heading and (ii)
three short—statured and early ma-
turing cultivars, AU49, Mexipak 65
and Sonora 64 belonging to the Mex-
ican group of wheats introduced in
Pakistan. The experimental materi-
al consisting of parents, all possible
F; crosses including reciprocals
and F2 populations were planted in
field in single rows of 6.5 metres
length having row to row distance
of 30 cm and plant to plant distance
of 9 cm. The experiment was laid
out in a randomized complete block
design with three replications in
1987-88. For the purpose of record-
ing observations, random selection
of 80, 50 and 400 plants from par-
ents, F, and F, populations were

made, respectively. The data on
characters of plant height (cm),
number of fertile tillers, spike den-
sity and grain yield per plant were
" recorded. Spike densify was calcu-
lated by the formula; D = N/L x 10,
where D is spike density, N is total
number of spikelets per spike and L
is length of spike (cm) of 10 normal-
ly developed spikes (cm).

Statistical observations like
means and variances for all the
populations were calculated on a
plot mean basis. Heterosis or the
superiority of the hybrids over its
parents was quantitatively meas-
ured in relaction to the average of
the parents as well as better parent,
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The relationship of heterosis and
dominance was studied after
Allards (1960) and Simmonds
(1979). Inbreeding depression was
measured by the formula (100(F; -
F3))/F as decribed by Singh (1973).
The significance of heterosis and
inbreeding depression was tested by
calculating crirical difference (CD)
by the formula: CD = S.E. x t, where
S.E. is standard error of the differ-
ence of the varietal means. Domi-
nance estimates were determined
for each trait by using potence ratio
method (Griffing, 1950).

RESULTS AND DISCUSSION

The analysis of variance for dif-
ferent traits indicated that highly
significant variation was present
among wheat genotypes for plant
height and grain yield while signifi-
cant differences (P < 0.05) were re-
vealed for number of fertile tillers,
spike length and spike density.
Plant height: The estimates of mid—
parent and better parent heterosis
for plant height (Table 1) ranged
from 0.43 to 14.31 and -3.48 to —
15.12 percent, respectively. Thus F,
means for plant height of all the
crosses were higher than their re-
spective mid parent but fell short of
their respective better parent. The
differences in height between F; and
their reciprocal crosses were non—
significant except for the F; crosses
arising from crossing C273 and:
C271 with Mexipak 65. Seven out of
12 F1 crosses expressed significant
mid parent heterosis, while all the -
croses showed negative heterosis
over better parent. The potence ra-
tios for plant height were positive
and ranged from 0.03 to 0.77 show-
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ing that the tallness behaved as
partial dominance. Heterosis for
semi—dwarfness has been indicated
in several wheat crosses by Romero
and Frey (1973). However, crosses
involving indigenous and exotic
wheat cultivars, the heterosis was
reported by Ghafoor (1975) and Din
(1980), while non-additive effects
and different degree of dominance
was reported by Fedin (1976).
Two—third of the wheat crosses
showed significant inbreeding de-
pression (Table 2). Ghafoor (1975)
reported no inbreeding depression
while Chowdhry et al. (1982) ob-
served inbreeding depression in Fa.
Number of fertile tillers: It is evi-
dent from the data on fertile tillers
that indegenous tall-statured culti-
vars had comparatively fewer tillers
compared to the short-statured cul-
tivars. About fifty per cent of the F;
crosses showed significant differ-
ences from the mean of their re-
spective reciprocals and were in
agreement with Fedin (1976). The
potence ratios were positive and
ranged from 1.51 to 23.16 showing
the involvement of large number of
dominant plus genes. The means of
all the F; crosses exceeded the re-
spective mid and better parent exhi-
biting heterosis due to dominance
and over—dominance. The number
of fertile tillers shwed heterotic ef-
fects deriving from over-
dominance, complete and partial
dominance (Fedin, 1976). However,
Srivastava et al. (1981) reported ad-
ditive effects for this trait. Signifi-

cant inbreeding depression was ob- .

served for all the crosses except
C273 x AU49, AU49 x C273, Mexi-
pak 65 x C271 and C271 x Sonora 64.
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Spike density: The percentage of
heterosis over mid—parent and bet-
ter parent ranged from 14.61 to
28.45 and 14.28 to 26.85, respectively.
The diuerences between the means
of F'; and reciprocal crosses were
non-significant except for Fi of
cross C271 x AU49 and its recipro-
cal. The potence ratios were positive
for all the crosses and ranged from
3.67 to 95.00 showing a preponder-
ance of dominant plus genes effects
in determining differences for spike
density.

All the F1 crosses showed a sig-
nificant increase over their respec-
tive mid-parents as well as sub-
stantial increase over-the respective
better parent. It was evident that
over—dominance effects were pre—
dominant in contributing to exist-
ing genetic variation for spike den-
sity. The results are in confirmity
with Ghafoor (1975), Fedin (1976)
and Din (1980).

Inbreeding depression for
spike density ranged from 12.50 to
24.51 per cent and all the crsses dif-
fered statistically.

Grain yield: The F; crosses C271 x
Sonora 64 and C273 x Sonora 64 pro-
duced the minimum (48.0 gm) and
maximum (61.18 g) grain yield per
plant, respectively (Table 1). The Fi
crosses showed 5.16 to 44.60 and -
8.90 to 34.99 per cent heterosis over
mid—-parent and better parent, re-
spectively. The degrees of domi-
nance (potence ratio) were positive
and ranged from 0.33 to 10.22 show-
ing the contribution of dominant
plus genes towards higher parent.
Heterosis for grain yield and yield
components were reported by Rajki
etal., 1976. Two-third of the Fi



8.8

wabl6 + GL'BY wulSL +  4aTOBF ouBTCTH TOB + 4iCV 61+ WPBEEH  L00ZT+ ROE + 49891+ SHLTt 4989 680+ OT'9 - ,Igvl+ _m%_Ox
068 + B0°LY WWJI6C + uS6°9% 420002+ 006 + +4ST'TT+ +4E9'ET+ veoT+ 19T + 8CY +  JGLETY  6VT LOOF .al16 - 080+ M.ﬂccm
«9¢ 12+ L0 29 = weBT'BY 4u86'CT+ B8R ¥ 4ull'LT+ sl V3+ salOFI+ OZE + 2489°CT+ 48T'8E+ 999 PO+ 440F8 — 60C + mwxam_w%\w
0P 0T+ £E0 44068 — 4491°C + (ufP 0%+ LOE + 409191+ L SURT+ s + 60T + TVITH  wuBP Pe+ w4BL°0 FO0F 4.99°F — 44096 + . mwxamm..wm
GU6T+ ELEH 400790+ w2 9T00+ 449991+ 00'G6+ 4oL 9T+ G'LTY walT6T+  LV'G + hLlBOE+ 4 obBGEH 4000'C EL'0F 40TV — LCTET+ 1LZD X6PNV
8091+ ETP+H 108+ w00 PP+ LOSTI+ O0TSH (MG VI+  LT9PT+ L CL8T+ 997 + GLETY  4alL'PC+ 42809 LLOD+ W8V'E — LOUPI+ 6VNVX1LZD
wB GG TU6% «WoSHTEY 4alOLE+ oubL'LT+ 818+ 6V BT+ 4BYTT+ 448C°63+ 0G 6T+ ,.._..vw.wm+ ++GF 68+ 4406’8 £0'0F 4498TT— €40 + wiEMﬂMOm
Gl LT+ ZT0T+ 4466 P8+ TEOPF  oST'6T+ BU6 + welOT8+ 4allPGF 4490 CE+ OTEGH 4aBIPh+ 400 L+ «uBL'L OT'OF 44186 — 612 + " xv.wEo
CUET* EIO%Y «oBL'C ~ wsGCTI+ 4u0SITH O0'GE+ 4bB VT «u1DGT+ 4alBV3+ 0SF +  WPBCI+ ubET2+ x489°T STOF 441601~ STV + m”mwmow_m
28EVIY TLOY »alf€'F = woSTUETH wo98°13+ 083+ 4400°TT+  4490°E0+ 446L°00+ TIG + 548603+ 4aV99T+ PL'E LVO+ sabl'L — =06L+ .—xonmMMMM
76 + LOE+ ~ LOCTH 0T PZ+ 4alG T+ TTF + o0V ST+ LIV 1T+ 6V + EEg + €311+ 6T+  #£'€ TT°0O+ 4431°CT- 9% wnwoxa.vh?.
0981+ LB'E+ 4uT6°00+ walP O+ 443G 1T+ LFSGH+ 4u0T1Z3+ 4SHBT+ 68 ET+ LLTT+ 486°L8+ wabEIEH  TVE TG0+ 4xCT'E1—  49C°P+ 6PNV XELZD
ar ¥ dd_ ___dN dl ¥ddg dW ar 4d dd < dN (I ¥d a4 dJdW
SISOI19H SISOX19 S1SOI}9H S1S0XdI9Y
(8) Jue| /PRl Uter) &ysuop oyidg $I3[[1} A[11.19] Jo "ON (W) Y3ty juelg  ssox)

T o o o T o o e T e e = e S e e = = G - e = ——— — ——— - — " ——— s = = = . T = mS ———— ——— - A A o A ———_——— — —_— . — _— ——

ST} SNOLIBA JI0J STEAT[ND

JBIYM D1JOXA pUE SNOUIFIPUT UIIMII( SISSOID UT U0ISSIdap Surpasaqur pue orjet 20udjod ‘S1ISoaa3oY Jo uonewysy ‘z dqel,




crosses of C273 with AU49 and So-
nora 64 and their reciprocal were
heterotic and their means exceeded
corresponding mid-parent and bet-
ter parent. While the remaining
one—third crosses derived from by
crossing cultivar C271 and C273
with Mexipak 65 and their recipro-
cals showed a significant increase
over the corresponding mid-
- parent, thereby showing heterotic
effects and non-additive gene ac-
tion due to over—dominance and
partial dominance for higher yield-
ing parents. Heterosis for grain
yield influenced by non-additive
gene effects and dominance was re-
ported by Prakash and Rao (1977)
whereas additive and non-additive
and both additive and dominance
affects controlling grain yield were
observed by Cammack (1984).
Inbreeding depression for
grain yield was significant for all
the crosses. Ghafoor (1975) reported
no inbreeding depression while
Chowdhry et al. (1982) reported in-
breeding depression for grain yield.

CONCLUSIONS

Significant heterosis and in-
breeding depression was expressed
for plant height with both additive
and non-additive effects. Signifi-
cant estimates for heterosis and in-
breeding depression was also ob-
served for fertile tillers, spike
density and grain yield. Thus im-
proved selections can be developed
from hybridization of cultivars that
produce the best combination of
traits followed by selection in segre-
gating generations. Selection for
transgressive segregates also
seems possible from the crosses
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C273 with each AU49 and Sonora
64.
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