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COMBINING ABILITY STUDRIES IN SEVEN WHEAT VARIETIES
M. 5, Shaheen® and A, IR, Chowdhry**
ABSTRACT

Seven wheat varieties were crossed in a diallel fashion to study
their behaviour in general and specific cross-combinations, Highly
significant general and specific eombining ability waa observed for
mast ef the characters under study, though specific combining
ability for number of tillers per plant was non-signifeant.  Addi-
tive genetic effects controlled the expression of plant heighe,
number of days taken to caring, number of tillers per plant and
number of spikelets por spike while both additive and non-additive
gene sctions affected the expreszsion of number of kernels per spike-
let. The variety 1050 was found to be the hest peneral combiner,

INTRODUCTION

Wheat (Trilicum ecstivum T, em. thell), the most important cereal of
Pakistan, has always attracted the attention of scientists to maximisae grain
preduction in the eountry.  The sustained research efforts have led to the
evolution of high-potential varieties, which have helped to increase wheat
production in the country to the extent of selfeenlliciency. In view of the
increasing population the need to further accelerate effortz for continned

genetic improvenient of wheat s greater today than ever before,

The success of almost all the breeding programmes, depends upon the
selection of potential parvents to be utilized in the future hybridization progra-
mme.  Good general and specifio combining ability of the selected parents ie,
therefore. of immense importance to the plant breeder,

Lstimates of general and specific combining abilivy for a number of wheat
varieties have been roported by wvavious workers, It has been observed that a
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farge part of the total genetic variability for various charactors of eeonomic
importance is linked with general combining ability, a measure of additive
genctie variance.  Significant specific com bining ability effects desipnate those
cases in which certain combinations do relatively better or worae than wanld he
expected on the basia of the averaze performance of the lines involvad. T4 also
measures non-addibive penetic varianes Tor certain characters, The present
atudies constitute a step towards finding potential parents from & combination

of diallel crosses 20 a8 to augment the breeding programme on wheat,
MATERIALS AND METHODS

These studies were carried out in the year [980-81. Seven wheat varia.
ties viz Ak 141, Pb 8, C 581, Lu 26, Lu 61-4, 1050 and Olzen Dwarf weps chozon
Lo serve s experimental material, Diverse genotypes provided fairly broad range
of variation for the characters under estimation.  All possible crosses Inn]mﬁng
reciprocals wers mads during 107950, Fy ‘s, reciprovals and parents were spacs
planted ancording to completely randomized block design with four replications.
A dlistance of 30 em was kept between adjacent vows and 24 em between plants,
Different genotypes ware assigned at randem to the experimental plets in each
hlock, To ensure gaal permination, iwo goeds per hiil were dibbled and after
germination excessive plante were thinned leaving one plant per hill before the
application of fieat irrigation. The entire experiment reccived identical HETOng-
mic treatments during the period of growth. At maturity ten guatded
plants were pulled out from each row in each block to record data on plant
height, number of dayz taken to earing, number of tillers per plant, number of
spikelets per apike and number of kernels per epikelet,

The data resorded were analysed to cstimale gencral and Epecidic combi-
ning ability effects, reciprocal effects end their rekpective varisnces, The mean
values computed for each character were used for the analysin as by Griffing
(1956} in Method 1, model 1,

RESULTS AND DISCUSSION

Analysis of variance depicted highly significant genotypic differences for
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plant height, number of days taken to heading, number of tillers per plant,
number of spikelets per spike and number of kernels per apikelet (Table 1} A
perusal of the data revealed that mean squares due togeneral cembining ability
were highly significant for four out five characters etudied. Non-significant

esimates appeared both for epecific combining ability and reciprocal eflects for

the trait of number of tillers per plant.
Table 1. dnalysds of varionce [or the characlers ander study

Mean squares

Sourea of Tregrea of

rariation frepdom — ———— — il S e o
Plant No.of No.of Nooof Noool
hetght dawa  tillers spikelets kernels
{om) taken to per per per

heading plant spike  spikelet

‘Replications (eell g 2393 408 9900 012 033

Croeses ' 18 2940.84%% 443448 (4.417%  BG1FF 041

BError 144 T.4h 1.806 T.4h 44 Y

(Feneral combining i 4962 0% TE.60 114.06%% 4 31%F  0.52%

ability

Specific combining 21 Seogaky o cgpigks 300 0.50%%  0O6F

ability

Reciprosal effects 21 e leks B2E QiZaEs. e

Error 144 1.86 0,46 1.86 0l 0.01

P05 **P=0.01

Highly significant general and speeific pombining ability for almost all

the characters farnished an evidence of their control on the expression of each

oharacter. However, ralative proportion of general combining ability for all

ths characters was much greater as compared to thas of spesific combining

abilitv.

General combining ability effeets can be considercd as the numerieal

values assigned to parents in relation to their mean performanece in crozg-combis
nations: Fstimates of general combining ahility elfcots, for all the characters

under study, presented in Table 2 indicated that faour cut of egeven varieties
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manifested positive general oombining ability efiocta for plant height and
number of daye taken to heading, while general combining ability effscts for
number of tillera per plant, nomber of epikelets per spike and number of
kernels per apike were positive for three varictics. The greateat posttive
general combining ability effests for plant height (18.5382), number of days
taken to heading {2.9025) and number of tillers per plang (3. 7076} wers shown,
by the varicty Ph 8, Similarly, the variety 1050, presented the highest general
combining ability effeets for number of spikelats per epike and number of
kernels per epikelet with values beiog + (L9542 and 4 0.2709 reepectively,

Table 2, Relntive estimates of general combining ability ef feots

General com bining ability effects

Varieties - - — e ———— e - C——

Plant height No. of davs  No. of tillers No. of No, of
{om) talen per spikelets  kernels per

to heading plant per spike  spikelet
A 141 11,0785 — 0322 +1.1797 =033 —0,0400
't o8 + 18,5392 24028 +& 7976 —0.4125 -0 2714
C.591 + 10511} -k 1463 5347 — 1515 — (037G
LT 26 A L5317 — 3806 — L6180 —0.4553 + L1623
LU 61 —4 - 13,4468 R & — 16444 +-0.04825 — 01826
LA — 1.2604 + 22715 —2.3752 A hE48 --002709
{(Maen — 31,4925 —1.5244 — 1.6744 LAY 478G + 1173
SE (gi~gi ) 0.5157 0,2563 0.5160 0.1253 0.0354

Generaly, plant heigh

given by Olsen Dwarl indicated
a8 & dwarfing gene soures,

certain varieties would yield BUpGrior ap

crosg-combinationa.

t is considered as an indirect component of vield,
The highest negative general combining ability effect (31,4925 for plant height

that it ean enter in any breeding programme

Moreover, it was concluded from Tahle 2 that

The variety Olsen
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height, while Pb 8§ significantly incraased the number of days taken to heading
and number of tillera per plant, whereas variety 1050 infloenesd poaitively
vumber of spikelets per spike and number of kernels por spikelet. The diseuss-
ion on varipus aspects of yicld components suggested that the crosses between
theas promising genotypes might resalt in polential segregates with incraased
yield,

Relative estimates of specific combining ability effects for various Aprono-

mie characters under consideration are shown in Table 3 with their correspond-
ing standard errors,

Qut of 21 crosses, ten showed positive specific combining ability effects
for plant height, nine for number of days taken to heading, ten for number of
tillers per plant, 14 for number of spikelets per epike and 13 for number of
kernels per spikelet. The highest positive and negative spacific eombining
ability effects (+9.036 and —9.857) for plant heicht were abtained from tha
erosses C 501 x 1050 and 2 591 x Olsan Dwarf, respaetively, The eross-combi-
nations C 381 x Lu 26 and 1050 x Olsen Dwarf possessed the greatest positiva
specifie combining ability effecta for number of tillers per plant (+ 1 864
Similarly, the highest positive specific combining ability effects for number of
apikelets per spike and number of kernels per spikelet were noticed from the
erosses Pb 8 x Olsen Dwarf and Ak 141 x Lu 61-4, respectively.

Reciprocal effects were eatimated for plant height, number of days taken
to heading, number of tillers' per plant, number of spikelets per spike and
number of kernels per spikelet. A perusal of data in Tahle 2 showed that the
greatest positive reciprocal effect of - 8.210 for plant height was  obtained
from the eross-combinations O 501 x Tu 26, while the maximum negative effect

of —3.700 was obaerved from eross O 5001 x Lo G1-d.

The crosses Pha x La 23 snd (531 x Lu Gl-4 presented the highest
positive reciprocal effscts for number of days taken to heading and number of
tillers per plant, respeetively. Similarly, the greatest positive recipreeal effects
for number of spikelets por spike and number of kernels per spikelet were

shown by the crosses Lo 26 x Lo 614 and O 881 x Olsen Drwarf with che valnes
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Table 3. Relative cstimates of specific combining ahility of fects

Crnzaea

Spevific combining ability effects

_l’ert Daye -q'illen‘.; . =pi ku]zlj_l_{j:t;_-{a
height taken to per per per
femy haading plant spike spikelet

Al 141 x I'b & —4.215 +1.253 + 1T 2G — 0,563 =10.202
Ak 141 = C o681 — 4,043 1 00n -4 248 — 0210 —0.145
AT 14 = LT 24 +L.Gat a3 -1 562 SR EIB =+-0,140)
A 141 = LU 6.4 +8.055 - 0. 863 0179 + 0677 + 0,520
AR 141 x 1060 [-3.885 — 618 — 0,380 0166 — (004
AR 141 x Olsen® J-5.510 —1.385 — 0. 444 + 1L 3TH -+ (DA
Pir & x 501 R L + 1449 117 — 1. 264 = [LO38
Ph 5 x L1T 26 +5,417 — {1508 — 0,670 — {1,200 + 0007
Ph S x LU 61-4 8. 780 — 1.24% — (M5 — 279 H sz
Ph 8 x 10580 6,150 — (L8715 -~ 2.028 + 400 +0.033
I'b & x Olaen® +4 51 — 2080 + 035G +0.0873% 40 2o
Caol x LU 26 +3.454 +1.784 —{),568 410,501 —0.107
Calx LUGL-4 —0.5%7 — 1366 +1.394 +10. 060 -0 247
CELY w LOED + 4 OGE - ). T4 049 1.034 +40 130
a9l x Gleen® =557 — 1.648 - (k48 -0 83T el 15E
LU 26 x LU GL-4 —0.673 F1.212 + 0,022 4525 MUY
TAT 26 = L1040k — 1.867 — hAGR — L5303 UL — (055
LU 26 x Olsen® -, 802 +10.379 ~ 0,633 —0.511 40,003
LITGL-4 = 1050 - 0.8l L {5151 — (k466 0012 -, 145
LT Gl-4 x Oleen® —&8.074 + 1.355 —1.707 — 0,434 — 322
Likalh x Olgen® — 6,320 176 + [.5064 0,386 =002
S5 (S Siic 12633 .6274 1.2640) (LR E it 0.U86s
SIS Bk 1.1ai2 0.3286 1. 13559 02803 .0783

* Dwacf
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Reciprocal eflects

Crosses 11 S G o 05 S L S e A L TR M
Plant Trays Tillers Spikelets  NKernels
Lieight talen to per pet per
jom) haading plant spikee spiltelet
A 141 x Phb — 375 — (3.8 —0.B75 40,262 4-0h 005
'. AR 111 x C A8 =3:110 A 0L O L) 50 —0.575 [0, 005
AK 141 = LI 16 — 1.0ES 11255 [}, 450 - 0.212 S N 1Y
AK 141 x .U 61.4 T T T U . S - | S L
AK 14l x 1050 _0875 40500 40830 40112 ~0.025
AK 14l x Olsen® — 0 G RO.125 — L85 {212 ~ 0,015
Pb 8 x C 691 ~0.6.0 +0878  +1.185 0087  —0.070
PL & x LU 26 L0440 22375 40078 40078 —0.138
Ph & x LT Gl-4 +4 0L 675 +10.875 S Wit + 0287 A0 05
b § x 1050 FTge0 —0.375  41.300 - c=0:282 401030
Ph & = Glsen® — 1230 -4, 125 —0.205 - 100 40025
¢ a1 x LU 26 LE2H0 40373 —Gi0Bs  —0.437 40146
a0l x LUG1-4 _3560 =500 EL00 F0.237 - 0:150
C a0t x 1050 _2.850 —0,730 —0.035  =0012  ~0 060
£ 501 x Olsen® 0,580 40250 0 —1700 =030 40178
LU 26% LU Gi-4 L1135 -0.875 40395 +0.530 L0 OO
LU 26 x 1060 + 1,015 — 875 — {154 LA 08T —2.005
LY 26 x Olsen* L0010 —0.375 0200 40,025 0070
LU 61-4 x 1050 L0666 —0.375 40120 —0.023 40170
LT 61-4 x Olsen® — 3,005 o b1 — 2060 —1.162 — (20
{050 x Olyen® _0.a26 —1250 0220 0030 —0.043
SI0 (ri] rke ) 1.36145 06782 1.3655% {3517 RIS

# Dk,
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being -+ (LE60 and 11,173, respectively.  The erosa Lu 61-4 x Olsen Dwarf
displayed the highest negative recipracal efiect for num ber of tillers per plant,
number of apikelets per epike and number of kernels per epikelet, whereas the
preatest negative reciproval effect for days taken to heading was shown by the
eross-combination 1050 x Olsen Dwarf,

The proportion of the components of varianes for general combining
abilicy, specifle combining ability and reeiprocal effects in the varipsee Provide
an information abont the relative preponderance of addivive ang dominanee
effects which affect the expressicn of various characters.  From the per pemp
vebimates of variance components {Table 5) it wae evident that varianes COIN iy
pents of coneral eombining ability were remarkably lorper for all the characrers
excepl for number of kernels per spikelet, where bLoth general and specifio
combining ability effects were equal.  The relative proportion of penersl f:nm-.
bindng ab:dity (85, 229 for plant height was nearly six times greator shan that
of epecific combining ability (13.10%,), Likewise, the relative proportion of
general combining ability for number of days tuken to heading was much great-
er than the specific effects, Similarly, general combining ability aceounted fo
TS5 and 95,38 per ceo t of the total variation comparnd to a meagre (0,79 and

Table &, Fariages compuirents for geveral comibduing abilily, ayrecific li-'{-)’.'ilri"i"?.!';l;i:'ql
- ability and veciprocal effacts Jor the churaciers studied

Variance Plant Number of  Number of Number of  MNumber of
heighe  davs taken tllers per  spikelets per kernela
fem) to heading plany Bpike per epikelat

Component Component Component  Component Component
EALITN ALY patlnates eatimates eatimaten cElimaten
s (%) Yal () (%)
U= M5 60 8522 5,25 60,17 &.00 O 2565 DR4R O 003 37,50

LRl 20 2187 46,99 1310 1,54 20,99 0.08 0079 00.27 LO0  0.03 3750
W2l i Zeiritj 418 1168 034 448 018 178 00.08 0.22 00 12 50}
b .86 0.52 046 6.06 186 18.3% 0011 040 001 12.50
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1.00 per eent from specific combining ability effects for number of tillers per
plant and number of apik=lets per spike, respectively. Unlike other characters
under study, both general and speeific combining shbilities were found to be

equally important for number of kernels per spikelet.

Under the assumptions of {i) normal diploid segregation, (ii) absence of
maternal effeots, (i) independent action of non-allelic genes, {iv) no multiple
alleles {v) homosygous parents, (vi) gene independently distributed betwesn the
parents, and (vii) inbreeding coelllcient. ecqual to one (Grifflng, 1956), 11 was
concluded that the differences in general combining ability were due to additive
genes and the diflirences in epecific combining abiliey and reciprocal effects
resulted dus to non-additive gene effects.  Keeping in view the above facts
the perusal of Table 5 revealed that the characters such as plant height, number
of dava taben to heading, number of tillers per plant and number of spikelets
per spike were under the controll of additive gene effects while both additive
and non-additive genetic eflects controlled the expression of number of kernels
per spikelet. Thege results are in agreement with the findings of Drown ef al,
1966, Oyawali ef al., 1968; Bitzer and Fu, 1872, Sattar, 1972; Widner ancl
Lebsock, 1973; Sadig of af, 1877; and Chowdhry et al; 1980 Since additive
gene action affected moat of the yield components, it was suggested that selec-
tion for euperior segre gates wonld need to be practised in carly segregating

gencrations,
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