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GENETIC YARIANCE FOR YIELD AND TTS COMPONENTS IN A
SYNTHETIC POPULATION OF MAIZE (ZEA MAYS L))

coaJhammad Yousaf Cua..

Estirmates of genetic variance for yield and its components, ear
numnber, kernel rows, kernels per row and kernel weight were
obtained for a synthetic variety of maize produced from eight
inbred lines. Design IT mating system was used. A significant
amount of additive genetic varianc: was present in the population
for all characters and in each case the estimats of additive genetie
variance exceeded that of domdinance variance, The relative
magnitude of the additive genetic and dominance variances for
kernel rows and kernel weight supgested that the expression of
thess characters resulted primarily from additive gene effects.
Howover, for the expression of ¢ar number, kernels per row and
vield, loci with partial to complete dominance were involved.
Overdominance did not appear to be very imnortant in the express
sion of any of these characters, These resulta would suggest that
improvement in yield performance of the population investigated
or other similar populations, {s possible by selection.

INTRODUCTION

Tmptovement in a plant pc-pu]ati:m and the choice of the means o
achieve it is primarily dependent on the magnitude, nature and interaction of
genetic and non-genetic variations in the varicos plant characters. According
to Fisher (1918) and Wright {1935), total genetic variance, in a random mating
population, can be divided into three components viz: (1) Additive genetic
variance, (2) Dominance variance, and {3) Epistatic variunce. Partitioning
of the genotypic variance provides a means+or the estimation of relative magni-
tude of the vatious components of variance and thus leads to a basis for
selecting between a number of breeding systems available to improve genetic
populations.

The primary cbjective of these investigations was to cbtain estimates
ol additive genetic and dominance variance for vield and its four components
viz: ear number, kernel rows, kernels per row and kerne! weight in a synthetie
vatiety of muize.
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REVIEW OF LITERATURE

Comstock and Robinson {1948, 1952) presented theoretical derivations
and outlined experimental procedures for the estimation of genstic variance in
rardom mating populations. These procedures have generally been referred
te as Designs 1, IT and II1. Sprague and Tatum ( 1942} described a procedure
to estimate variznce due to general combining ability and specific combining
ability, using diallel crosses. In essence this procedure is a special case of
Design 1I where for parenits the inbreeding cocificient equals to one,

Using Design I, Robinson er of, {1949 reported estimates o7 additive
and domainance variance for several characters in F2 populations of thres single
Cross hybrids. In general the estimates for grain yield and ear dizmeter showed
appreciable dominance variance relative to the additive genetic vardance, and
Were mestly in the overdeminance range. However, the estimates for the
other characters indicated partial to complete dominance. Gardner er af.
{1933) using design 111 material from gvo F2 populations of corn, found that
in both populations the estimates of dominance variance for yield were greater
than the additive genetic variance. For the remaining character., the estimates

of additive genetic variances were in general, higher than the dominunce
variance, -

Comstock and Robinson (!‘953} poited ta the possible upward hias

due to linkage in the estimates reported above, and suggested the use of advanced
generations of hybrid populations with design I1{ to minimize this bias,

Gardner and Lonnguist (1959) and Ruobinson er af. (1960) using design
III materisl for F2 and Fg generations of hybrid populations obiained consistent

and appreciable reduction in deminance variance in advanced generation
material,

Appreciable amount of genetic variance both of the additive and non-
additive type has been reported by Hull {1943}, Robinson et af. (1235) and
Lindsey e2 . (1962) iu adapted open pollinated varieties of maize. In peneral
the estimates of additive genetic variance were larger than those for dnmigance
variance for yield and most of the other characters. Thess results were inter-
preted to indicate that, ahhough there may be overdominance at some loci,
overdominance loei are not the single important source of genetic variation
m the varietias studied,

Majority of the experimental evidence reviewed above SngEgests Fhat
considerable additive penetic variance is present both in hybrid populations
and in open pallinated varieties so that intrapopulation selection ejther
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individual or family could be effectively employed to improve such populations
and crosses among them. Gardner (196]) was able to make considerable

advanice in yield performance of an open pollinated vatiety through intra
variety mass selection.

MATERIALS AND METHODS

Genetic Material

The population evaluated in this study was derived from synthetic—3,
an eight line synthetc developed from the inbred lines OHS, GH43, OHSIA,
W22, A73, A286, A295 and A375. The gight inbred lines were first combined
into four single crosses which were then crossed to make two double crosses.
The two double crosses thus obtained were then crossed together to make,
synthetic-3.  After sib pollination for one gencration an inbreeding programme
was started. 510 selfed 8, plants wees retained from 800 plants self pollinated
at random, with only miner selection against grossly defective agromomic
traits. Of these 330 lines survived to the S, generation. From amongst the
available lines 100 were picked at randem and divided into 10 groups of 10
lines each. Within each group, 5 lines were designated as male pareats and
the remaining lines as the female parents.  All possible matings {diallel crosses)
between the two sets Of parents were attempted producing a set of 25 F, progenies
for each grouwp of 10 Iines. Synthetics3 was included onece in each set as a
check rasuliing in a total of 260 entries for the experim‘mt.

Field Plan =

The experiment was conducted at two locations angd was arranged in a
randomized complete block design with two replications at each location.
Within the replication, each set of 26 entries was randomly placed in a separate
block and the entries within sets were assighed at random to the plots within
each block. Single row plots, 15 hills long were used in all cases. Row spacing
wus 307 and hiils were spaced 12* apart. Planting was made at the tate of
two seeds per hill, and when the seedlings were 12 to 15 inches tall they wers
thinned to ene plant per hill. Ten equally competitive plants were harvested
from each plot wherever possible and data were calculated on a per plant basis
for the following charactars :

I. Cram yield in grams sdjusted to zero per cent moisture.

2. Ear number index-grain weight for the second ears as [raction of the
grain weight for the first sars plus one,

3. Kernel row number-average number for the first ears.
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4, Kernels per row-average count of 3 rows on first ears.

100 kernel weight-weight per 100 kernels, adjusted to rero per cent
moisture, determined per a 600 keroel bulk sample to the nearest
one tenth pram on a shadowgraph balance.

Statistical Methods

The genetic design employed in this study has gencrally bzen referred
to as design IT of Comstock and Rohinson (1948, 1952) which is generally
applicable to multifowered plants. The procedure, however, can be applied to
corn by establishing inbred lines in a random mating population and then
using several plants from each line to make diallel crosses.  Material at any
level of homozyposity can be used by taking the inbreeding cocffcient into
consideration in the genetic expectation of the variance components,

wn

Analyses of varianee were done for all characters for individual locations
and combiped for the two locations, using mean values per plant for each plet.
The combined analyses wers based on the assumption that performance as
measured in any of the character studied, &orresponds to the following genetic
maodel :

Xiks=u+ M + F + (MF)j + Lk + {FL}k + {MFLig =+ Eijs
where Xijks is the measured valug for the plot specified by the subsciipts
U ==mean performance of all progenies
Mi =clfeet of the ith male parent
fj =effect of the jth female pareni
{MF}j =interaction effect of the ith mate with the jih female parent
Lk =cffect of the ki location
(ML)ik =mteraction effect of ikh male parent with ki location
{FL)k =interaction effect of the jth famale parent with keh location
{MFL)jx =interaction effact of the ith male, jth female and ki location
Eijks =random element associated with sth observation of the ijth progeny
at the kih location : p
The parental lines and loeations were considered as random variables
resulting in a random model. The data were analysed by mdividual sets and
then the results pooled over all sets, The form of the combined analysis of
variance is given in Table 1.

whers,
L = Nurnber of lecations = 2
r = Replications per locations = 2

b — Rlacks per replication = 10
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m =Male groups in a block=5
f = Female grovps in a block =35

53' = Random plot te plot variation and the mean variance among
plants within the same plot, resulting from eavironmental
genetic diferences,

“':mrL = ¥ariance due to interaction between male and female inter-
action effects and environments as it varied between
locations.

S%L =Variance due to interaction petween female genotypes and
locations,

REnL =Variznce due to interaction between male penctypes and
locations.,

anf =Variance due to interaction between male and female
EeTotypes.

si, =Variance due to genetic differsnces among male parenis,

s? = Variance due to genetic differences among female parents.

Gienetic interpretations associated with srln. E? and 5%1[! given by
Comstock and Robinson {1948, 1952) and by Cockerham (1954}, permits the

estimation of additive genetic variance, s: and wnon-additive genetic variance

{designated as dominance varianee) sﬁ. This Interpreta&[un is based on the ~
following assumptions .

. Regular dipleid meiosis
Two alleles at each locus
No epistasis

Mo linkage
Vyrations in environments are random relative to the progenies.

Equal viability of garmetes and zygotes
The inbred lines constitute a random sample

Granting validity of the above assumptions and assuming no non-
genetic effects of the male and female parents, the three components of

varianee an. S? and anf would be entirely genetic in origin and would have

N S e

the following expectations.
) 2 I 2 2
5= Sf =L 8, 8y = ( +F)* 8,
Where F is the inbreeding coefficient of the effective parent plants and
equals to L9375 for the material used in these studies.
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TABLE | General jorm for the combined analyses of variance

Source of vatiation Degrees of freedom

Expectations of mean squares

Locations {loc.) -1

Replications (reps.)

in loc. L{r-1)

“Seta b-1

Setsx loc. (b-1¥L-1)

Setswreps. in loe.  Lib-1} (r-1)

_.Ma]es {M}in zets Bm-1) EE + rsfnﬂ_ -|-rl'sfn.|_+ rLs%nf+ rLt‘s,i.I
Females (F) in sets  b{f-1) o2 4 rs2 4+ el + rLs? 4 rLons?
(MxF)insets  Hm-1) (-1) 8+ g 4 ohe,

Males in setsxfoc.  b{m-1) (L-1) 52 + s34+ o2,

Fethales ia sets xloc. b{f-1} (L~1) £ sk 3 omed,

(Mx F) in seteXxloe, b{n=1) (-1) @L-1) 52 + 12y

*Pocled error
“Total |

bL(mf-1) (1) s
_ermf—l

.i

EXPERIMENTAL RESULTS

The mean performance for various characters of Synthetic—3 popuiation
aad of the F; progenies among inbred lines derived from it, is given in Table 2.

TaArLE 2 Mean perfarmonce of Synthetic-1 and the ¥, prapenies

Megn values
Character

_ Synthetic-3 Fy progenies
Yield 164.52%  164.45°
Ear number 1.04 F.03
Kernel rows 17.74 17.04
Kernels-per row 41 .84 42,46
Kernel weight 23.31% e b

*  prams per plant
**  grams per 100 kernels
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For all the characters measured the differences botween the mean values
for Synthetie-3 and those for F, progenies were not significant statistically,

Thug the offspring resulting from the mating system used in this stody,
reconstituted the original random mating populatien and the partition of
variance among full sib and half sib families would be the same as for the
original population.

Analysis of Variaoce

The data were analysed by individual locations and also combined over
the two locations. The results for the combined analysis are . presented in
Table 3.

The mean squares were fested for significance using appropriate de-
nominators. Denominators to test male and female effects were constructed
‘using mean squares for males x females, males x locations and males X females X
locations for the former and males x females, females x location and males X
females x locations for the latter. Significance of male X females, male x location
and female x location effects was testiid against the mean square for rales X

TABLE 3 Combined analysis of variance for yield and the four components

MEAN SQUARES

Source of  Degrees . .
variation of Ear Kernel Kernels  Kernel

freedom number TOWS per row  welght  Yield

Males 40 LD1454%% 19 0a7**  B6 213%* 64, 698%* 1956, 283%

Females &) LJOXSESEE 20, 928M a5 RI0%* 79 271** 1065. 268"
Males x females 158 (DSR2 JG22%% 1] 0470 4 R10%* 441 .605%
Males x locations 40 00300 290 5.152* 2.008 351,687
Females x .
locations 40 D55 L5030 6.527¢%  1.942 379.590**

Males x femeles
x lecations 157 20y 345 3.224 1.458 191,912

Peooled error 471 L0162 257 2.400 1.310 157.487

** exceeds 19 level of significance
* exceeds 59 level of significance
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females x location effects. The mean squares for males, females and males x
females were found to be highly significant, thus providing evidence that, in
the material investigated, significant amounta of additive genetic and dominance
variance are present for all the characters. For kernel row number and kernel
welight all the interaction mean squares involving locations were noa-significant,
indicating very lttle genotype-location interaction in case of these two traits.
For all the other characters, interactions with Incations were, in general,

significant.
Estimntes of Components of Variance

The importance of the components as sources of variation is indicated
by their relative magnitnde. Based on the expectations of mean squares listed
in Table 1, the estimates of the various components of variance were computed
and are presented in Table 4. For all the characters estimates of 5%1. sz and
srznf, which are assumed to be genetic in origin, are significantly different from
zero. The relative magnitude of these components, in comparison with the
error variances for the various characters, are of higher magnitude for kernet
row number, kernels per row and kernzl weight, and of lower magaitude for ear
number and yield. The components of variance due to the interaction of male
and fernale genotypes with locations were neglipible for kernel row number
and kernel weight, however, those for ear number and yield were significant.
The negative estimate obtained in case of male x location interaction component
for kernel row number is not sufficiently different from zero and could be
expected due to sampling variation, the actual value being zero or z small
positive value A comparison of the estimates of genetic components of
variation in the various characters with the pomponent of variation due to
interaction with locations, indicates that the components invaolving interaction
with locations were of refatively higher magnitude in yield than in the four

components of yield.
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Estimates of additive genetic variance, dominance variance and their
mteraction with locations for the combined analyses are given in Table 5, along

with their st ios 5,182 52 /g’ s
| clr standard errors and the ratios Sd'sg. SSL'FSE and Sd 134
Comparing the size of the standard error relative to the corresponding estimates,
o s : z

it 15 evident that all of the estimates of 5, and S:; are significantly different

from zero, The estimates of additive genetic variance were greater than the
estimates of dominance variance for all the characters, as indicated by the

ratios 5; ! S; which are less than one in every case. Considering the relative
size of these two gemetic wariunces, the estimates of 5; for yield and ear
number were approximately one and a half times that of Sé whereas for kernel
rows, kernels per row and kernel weight, the estimates of S; were several times

TABLE 4 Extimates of components af varianee from combined analvsis

bl

ESTiMATES
Component of Gienetic Ear
variance expectations number Kernel Kernels Kernel
rows petrow weight wield
5?“ 1+F o2 00041 910 3.617  2.964  6£7.745
¢ 4
: 1+F o2 L0082 993 2528 3490 21,699
F g
gd 1+F ¢2 L0086 (143 20181 536 62.4213
S = 00007 — 006 193 060 15.978
Sf1~. — L0366 015 .330 548 18 768
s?“,, — L0039 029 1041 079 17.213

sg —_ 00162 292 2,401 1.310  157.4%7
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TaBLE 5 Estimates of additive genetic and dowminance vaviances and their
frteraction with locations

ESTIMATES OF COMPONENTS

Character 528 s2d 824l stdl  s2d fs2p sPp1/sg 3241/52d

Ear number 00124 00091 00046 00044 732 L3565 L4R3
RIEES Q0013 0DoTe  O0O01S

Kernel rows  1.964 .153 009 033 A8 005 216
J327 A30 213 023

Kerpel per 6.243 2.324 557 .0d6 .66 L08R 019
Low 1.264 37 .206 211

Fernel weight 6.870 A9 118 A0 Az 17 0t
1,182 151 .074 L0939

Yield 02 433 66,513 37.024 13 543 1% L300 204

26,979 14.438  12.754 12,767

that of S3  This indicates that for the syntheiic population used in this .
d. P

experiment, the genetic varighbility for the components of yield other than ear
number was predominantty due to additive gene effects.

DISCUSSION

The magnitude of the estimates of genetic variability for the various
characters, reported in Table 5 suggest the possibility of progress through
selection. Without exception the estimate of additive genetic variance was
Jarger than that for dominance variance for the same character. For kernel
row number and kernel weight, the estimate of additive genetic varance was
many times that of dominance variance suggesting that the average level of
dominance in the action of genes governing these characters was very low. For
vield and ear number an appreciable amount of dominance variance was present.
The relative size of the dominance variance to additive genetic variance ratios
does support the suggestion (Rohinson et al. 1955, Gardner et al. 19533 that
overdominant loct may not be important in the expression of these twao traits.
However, these resuiis, like theirs, do not exclude th; possible existence of .
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overdominance at some loci. In F2 populations from a cross of two homo-
zygous lines, Robinson et al. {1949) and Gardner et al, (1953) obtained ratios of

Séis; for yield in the overdomdnance range. Howaver their later estimates,
obtained by using advanced generations of the same material, suggested partial
to complete dominance, earlier estimates being possibly biased upward due to
linkage. The resulis of the preseat studies are in general agreement with their
results from the advanced generation material. Kernel row number and yield
data are in pood agreement with those reported by Robinson et al. (1935) in

4 firs 4 : rl
open pollipated varieties, The estimates of the ratjos E;} 84 for ear number

are much higher, but may not be critical due to the fact that this {s not a multiple
eared population. '

The validity of several assumptions made in computing these estimates
of genetic variances i3 quastionable (Comstock and Robinson 1952), so that
1he tesults must be accepted with some depree of reservation.  With seversl to
many genes governing quantitative characters, linkages are expected to exist.
Since the material used in this stody was sib-mated only for one peneration
priot ta selfing and crossing, linkages, if present, would not have dissipated or

attained a state of equilibrium. Consequently, estimates of S; would be biased
upward. However, since estimates of dominance variance were in all cases
staller than those of additive genetic variance, the consideration of bias will
affect only the degree of interpretation of these results, Absence of epistasis is
an assumption which is of questionable validity. Horner et al. {1955) showed
that when non-allelic interactions are present, design 1I overestimates both
additive genetic and dominance variances, the bias betng propertionately greater
in the latter case. However the information available so far (Horner 1932,
1953; Kempthorne 1957; Cockerham 1936) indicates that epistgsis is not an
important source of bias in such estimates,  Since 7 of the § constituent lines
used in producing synthetic-3 were of diverse origin, the assumption of not
more than two alleles is of doubtful validity. Considering the chances of a
different aliele entering from each inbred ling, & maximum of eight alleles ure
possible in the population. Howsver, as noted by Robinson et al. {1933), if
considerable additive penetic variance is present in the population the impli-
cations with regard to the possibilities of variety improvement through selection
would not be affected by the presence of multiple alleles.

Any interprefation of these results must be conditionad by possible biag
due to interaction of genotype with environment. Since this study was con-
ductzd in only one year. variance due to interaction of penotypes with years
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would contribute to the apparent genetic variance, By growing propenies at
two locations it was possible to obtain estimates of additive penetic and domi-
nance variance free of interaction of the ganotype with the environment as they
vary from ome location to another. Information was also obtained on the
interaction of both additive genetic effscts and Jominance eff:cts with these

snvironmants. A reference to Table 4 would show thar the estimatezs of S;I

and an for kernel rows and kernel weight were not different from zero indicating

consistency of these estimates aver locations.  1f considerable penotype x year
interaction variances arc present the estimates of additive genetic and dominance
variances obtained in these studies would be biased upward. However the

ratios 53,-' Sé would be affected only i the interactions are not preportionate

to the variances.

As a concluding remark it may be mentioned that for initiating a selection
program two points are of significance.  Firstly. the wmean level of performance
of the population which would determine the starting point with respect to the
selection and secondly the amount of genetic variability in the population. Ifa
synthetic variety 1s constituted of inbred lines selected for their high combiniog
ability, it may be expected to give a high level of performance (Hayes er af. 1944}
The presence of any significant amount of genetic variance in such a populations
would indicate the seope of further improvement aver the already high base
performance, by using appropriate breeding procedures. How long such a
population would respond to selection will depend on the rate of dissipation of
the penctic variance. With many genss influencing quantitative characters,
particelarly yield, one ¢an reasonably expect that it would not be dissipated
rapidly. The choice of 8 breeding procedure will depend on the relative magni-
tude of additive genetic variance snd dominance varrance., The estimates of
these two variences reported and discussed so far may apply in a general way to
other similar populations, so that if selection is based on characters like kernel
rows and kemel weight, which gave a low estimate of dominance effects in the
action of genes governing their expression, thon mass selection, family selection
or tecurrent selection for general combining ability would be appropdate.
Reciprocal recurrent selection would be appropriats for all situations.

Such an improvement in the synthetic can be useful from two aspects.
Firstly, in places where economic and technical difficulties do not parmit a
regular supply of double eross hybrid seed, the synthetic can be improved as a
commetcial variety, Secondly, it would result in the development of a germ
plastn reservoir with higher frequency of genes for yield or any other trair
stlected for, and thus highly suitable for extraction of superior inbred lnes.
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