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ABSTRACT
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Analysis of variance and estimates of the companehgenetic
variance revealed that significant differences tedisamong the lines
and lines x testers progenies for all the traitse Variance due to gca
and sca was also significant for all the traitsegtadays taken to 50%
anthesis and ear girth in respect of gca. The astim of variance due
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genetic variance (6°x)for all the traits. The average degree of
dominance ranged from 1.74 (kernel rows “pap 3.86 (ear height).
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and 139B and for husk browning in the lines 146B 406B. The lines
132C and 106B revealed significant and desirabéefgr shorter plant
height and lower ear placement. Among yield compobnéraits the
highest significant and desirable gca was recorddte lines 147C
(ear length), 106C (ear girth), 139 B (kernel r@as"), 139A (kernels
row’) and 106 C-2 (100 grain weight). For grain yidhe maximum
significant and desirable gca was recorded initres|139A, 151A and
142A. None of the cross combinations revealed Sggmt and
desirable sca for all the traits. The most prongsirosses that revealed

significant and highest sca for grain yield w&B9A x 153A, 106C-2
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Chapter-I|

INTRODUCTION

Maize (Zea maysL) is an important cereal crop, which is
grown almost in every part of the world. Maize hagler range of
uses than any other cereal crop as animal feed,amufood and for
many industrial products. Maize in the developinguatries is
usually a food crop of second choice after wheatri@e, but in
several countries in Africa and Latin America it tke food crop
of first choice. In the industrialized countries ima is used
primarily as animal feed, besides for the produntiof food and
industrial products like starch, sweeteners, andohbl. Being a
C,4 plant, it is physiologically more efficient andas higher grain
yield potential and wider adaptation for cultivani¢55°N to 55°S)
over a range of environmental conditions. The intpot maize
growing countries are U.S.A, China, Brazil, Mexicdndia,
Philippines, South Africa and Indonesia.

The world production of maize is about 500 milliaannes
from about 140 million hectares. India ranks fifith the total area
under maize, 4th in total production antf 8 the productivity per
hectare. Maize in India is grown over a wide ramgfeproduction
environments from the temperate hill zones in NewWlest
Himalayas extending in the west to the semi-ariapical zones in

Karnataka in the South. In 2002-03 the total armalndia under



maize cultivation was 6.66 million hectares and tpeoduction
was 11.6 million tonnes with the productivity of 16 kg ha' (Dar
et al., 2005).

The global scenario of maize indicates that theduativity
of developed economies on account of growing hybndize,
exceeded 8.0 tonnes per hectare where 90% of me&zgrown
under temperate conditions. About 65% of maize anealdwide
is planted to hybrids, which gives an estimated rage yield
increaseof 10%. Therefore, hybrid technology would providaa
excellent option to enhance the productivity of maicrop even
under Kashmir conditions.

The crop occupies the largest area (321.18 thodsan
hectares) in Jammu and Kashmir among the cerealth va
production of 5381 thousand quintals. However, iaskmir valley
maize occupies an area of only 109.93 thousandadrest with the
total production of 870 thousand quintals and theductivity of
11.31 quintals per hectare (Anonymous, 2004). Thgancause of
low productivity in Kashmir valley is its cultivadth under rainfed
conditions in most of the area, poor cultural amdx management
practices, cultivation of varieties and local cuwklrs with low
yielding ability. In the areas where maize is grownder assured
irrigation  conditions, the potential for realizinghigher
productivity through cultivation of high yielding aize varieties
under good cultural and crop management exists.

Maize breeding was unconsciously initiated when man



recognized the potential of the weedy plant spediest were the
progenitors of the present day maize spp. Althoubl ancestral
history of maize has not been resolved, yet teasirfZea

diploperennis, Zea luxurlance, Zea mexicaaad Zea perennis)s

generally considered to have a prominent role ia germplasm of
the present day maize. Teosinte has a weedy appeara
characterized by several tillers, several smallgfta ears with

small seeds enclosed in hard glumes and a leafyeapmnce. The
transformation from weed species to the present dejize has
gradually evolved for the past 10,000 years to poa the highly
productive strains of maize.

Initially open pollinated cultivars were primarilused for
cultivation ; but later attempts were made to puwod planned
crosses between open pollinated -cultivars to evidudheir
performance relative to the present cultivars. Gess were made
indiscriminately between cultivars and the crossfpemance was
not consistently different from cultivar’'ger seperformance so as
to have an impact on the types of cultivars used drpwers
(Rickey, 1927).

Shull (1908, 1909, 1910) described and outlined thodern
methods of maize breeding. In 1908 he conductedeeixpents to
study the genetic variability within maize cultivwamland correctly
concluded that each population, upon continuousreeding, got
reduced to a series of pure lines. Subsequently, 1909 he

understood the genesis of pure lines and observeat wigour



could be restored if the lines are crossed to makele crosses
based on the better combining ability. Accordinglirom the
studies reported in 1908, 1909 and 1910 he sugglestee
procedure to develop high yielding varieties i.eelfswithin a
heterogeneous population to obtain a series of plines and
produce crosses to determine most productive crassehull
(1910) was convinced that the method had the poaaénfor
enhancing maize productivity. His suggestions ttle¢ inbreeding
and hybridization were the feasible methods to lsedi for the
improvement of maize productivity were not geneyaHccepted.
The poor productivity of the pure lines was quesgd as to
whether adequate hybrid seed could be produced atoat
acceptable to growers. Shull (1952) had producedbd® crosses
but he evidently did not recognize the practicalpincation.
Development of hybrids being a sequential selection
process, the judicious choice of parents holds aapeaunt
importance as not all the parents exhibit economycaxploitable
heterosis in their hybrids. The ability of parents 'nick well'
depends primarily on complex genetic interactiornléAd, 1960).
To emphasize the importance of combining ability

analysis, the concept of combining ability playedignificant role
in crop improvement as it helped in characterizithg nature and
magnitude of genetic effects governing yield aneélgicomponent
traits, besides pinpointing the promising parendsbe used in the

synthesis of superior hybrids and population.



Among the various mating designs, line x testertimg
design proposed by Kempthome (1957) has been fouarg useful
in assessing the general combining ability (gca) pafrents and
specific combining ability (sca) of the crosses tpaularly when
the number of germplasm lines is large.

The present study was, therefore, planned to eat&liuthe
experimental materials at a single location withe thollowing

objectives :

» To estimate the gca effects of parents (lines) and effects
of crosses.

» To estimate the components of genetic varianceefoentual
use in selection/breeding programmes.

» To assess the nature and magnitude of standarddste

> To identify the promising lines for exploitation dfeterosis

through development of hybrids.



Chapter-2

REVIEW OF LITERATURE

Combining ability is one of the powerful tools for
identifying the best combiners that could be usedr f
hybridization, to exploit heterosis or to accumw@atesirable
genes in the resulting homozygous lines. In maize inbred lines
have been used to produce high yielding maize lda&(involving
two or multiple parents) and are presently beingovgn in
different parts of the world.

In India conventional hybrids are more popular mmany
parts of the country because of their higher praduty. Recently
research strategies have been diverted to prodwoe parent
single cross hybrids to achieve quantum jump in greduction
and the productivity of maize-similar to that achésl in U.S.A
and other European countries.

The line x tester method has been extensively uséar
testing general and specific combining ability inbred lines.
Kempthorne (1957) presented a method analogous.t®. [Design-
Il of Comstock and Robinson (1952) wherein the adance of

half- sibs (Cov-H.S) and full-sibs (Cov-F.S) are rded to

estimate the general combining abilityg%«) and specific



combining ability (G%s). The reports of various workers

regarding the combining ability of inbreds derivedrom
composites/synthetics for architecture of yieldelyi components
and other morphological traits were studied and ithportant ones
published during the past two decades are presemebdis chapter
briefly under the following sub headings

2.1 Combining ability effects

2.2 Genetic components of variance

2.3 Heritability

2.4 Estimation of standard heterosis

The aim of plant breeding is to identify parentsat will combine well and produce
productive progenies. The success in identifyinglsiparents mainly depends on the gene
action that controls the traits under improveme@ombining ability studies provide the
information on the genetic mechanism controllingamntitative traits and enable us to select
suitable parents for further improvement or usehiybrid combinations for commercial
purpose. General combining ability (gca) is a goemsktimate of additive gene action, whereas,
specific combining ability (sca) is a measure ofnnadditive gene action (Sprague and Tatum,
1942 ; Rojas and Sprague, 1952).

2.1 Combining ability effects

According to Sprague and Tatum (1942), the termeayal
combining ability refers to the average performamdea line in an
array of crosses i.e the mean value of Erosses involving
particular parents, and which is represented awviateon from the
array mean. The specific combining ability on théher hand
refers to the performance of a particular crossetalas deviation
from the average general combining ability of twimds Rickey
and Mayer (1925) were the first to realize the imgamce of
combining ability of maize hybrids. Davis (1927) ggested the



use of the top-cross method for preliminary evalaatof large
number of inbred lines, but in this method onlysimgle tester
was used which usually is an open pollinated varietenkins and
Brunson (1932) suggested that crossing of inbreéd with open
pollinated varieties could be used for the rapadeening of new
lines.

General combining ability has been explained byk3i
(1954) as the result of additive genetic effectsdaie specific
combining ability as a result of non-additive inaetions.
Lonnquist and Gardner (1961) compared 66 inter-srpsogenies
of 12 OPVs of maize and recorded averagevklues of 108.5 per
cent of high yield potential than mid parent and21® per cent
than better parent. Hays (1963) defined general lzionmg ability
(gca) as the comparative ability of a group of ieds to combine
with a tester or a group of testers. General conmgnability
(gca), expressed as a statistic, shows the exténtewiation of the
mean yield of the single crosses involving eachreds from the
average of all single crosses. General and speccfenbining
abilities have a significant impact on inbred limrealuation and
population improvement in maize breeding.

Combining ability analysis for photosynthetic andil
agronomic characters in 10, Fhybrids by Zhanget al. (1991)
revealed that there were marked differences betwepgma and sca
in inbred lines for the same traits and in the samered line for

different traits. E.-Hosaryt al. (1994) observed significant gca



effects for 10 yield components in maize except msitking date
and significant sca effect for plant height, eaamieter, number of
kernel rows edf, number of grains roW, ear weight plant and
grain yield plant and observed that most favourablksa effects
were observed in the inbred lines. llchovs&tal (1995) studied
gca and sca for yield traits in 16 early generatitoansformants
(M3) and their hybrids from a complete top cross prbee with
two testers of the Lancaster group (XM568-1 and MQ1These
lines appeared promising for developing synthetiarigties.
Studies on combining ability of inbreds derived fHrosource
populations collected from the tropical mid altimidnaize areas
by Everettet al. (1995) revealed high significant gca main effects
however, the sca main effects did not attain sigrahce,
primarily because of the few degrees of freedomikade from
the two years.

Studies on sca effects by Dass$ al. (1997) indicated that
most of the superior crosses resulted from highow,l high x high
or high x medium combining parents, suggesting thite
involvement of one good combiner appears to be mesakto get
the better specific combiner. Yousét al. (1998) studied gca for 5
yield components of 112,Sand 50 $ progenies of maize for early
generation screening of elite inbred lines. A brogenetic base
tester was used for screening of the lines. Sigraifit differences
were observed in all the characters except 100 &emwveight.

Seventeen progenies were selected for their high. grosquy-



valle et al. (1998) divided 45 inbred maize lines into thremgps

and crossed each group to 3 testers. They found tésters had
significant effect on plant height, grain yield amdhys to tassel
and silking. Gca was significant for all the chaters except for
ear height. Line x tester analysis of 12 long eawal 12 thick

eared maize lines for grain yield by Vergagtal (1998) revealed
that line 4" had highest gca among long eared lines (0.58 t)ha
where as 19 line had highest gca (0.48 t Haamong thick eared
lines.

Studies carried out by Paul and Debanth (1999)eeded
that both gca and sca effects were significantdtrthe characters
studied viz. days taken to pollen shedding, dayketa to silk,
plant height, ear height and biomass weight pfan€ombining
ability was highly significant for seed yield, dayaken to 50%
silking, plant height, cob length, number of kerrelws cob® and
silking. Chaudharyet al. (2000) reported that mean squares due to
crosses were highly significant for all the threeaits. Mean
squares due to gca were highly significant excemt éar length.
However, sca effects were significant for days take tassel, ear

length and grain yield.

Significant difference for gca and sca effects fold characters were reported by Desai
and Singh (2001). The crosses viz. LB 1073 x LB 1ak8d LB 1073 x LB 1155 were found to
have negative gca effects for days taken to 50%ethsg and days taken to 50% silking.
However, these crosses exhibited positive sca affdor plant height, number of leaves plant
and grain yield plot. Shieh and Thsengt al. (2001) conducted a study to determine the
combining ability of $ inbred lines derived from 6 Tainan-white populats and observed

that early generation testing was as effectivetlaat estimated from nearly homozygous lines.



Significant correlation existed between the hybriderived from the and § generations for
ear dry weight and grain dry weight at maturitydicating that the yield ability of Shybrids
could be predicted precisely from that of Bybrids. Combining ability studies viz. days taken
to 50% taselling, days taken to 50% silking, pldrgight and ear traits were studied by
Venkateshet al. (2001) using the inbred lines. Diverse combiniakility effects of parents
reflected the inherent genetic variation for yieddd its component traits. They also found that

the CML 290 and CM11 were best combiners among ith¢éigenous inbred testers.

Studies on gene action for yield and its attribsti@ maize by Dodiya and Joshi
(2002) revealed that mean squares due to linestetssand lines x testers were significant for
grain yield, ear size, 100 grain weight, stover lgieand harvest index, whereas it was non-
significant for plant height and days taken to 50%sk browning in the testers. Analysis of
variance for combining ability revealed that the amesquares due to lines, testers and lines x
testers were significant for most of the charactexxept for grain yield plant and number of
rows eat' in the lines and for grain weight and grain-codtio in the testers. Both gca and
sca were involved in the genetic expression of theésaits (Joshiet al., 2002). Srivastava and
Singh (2003) studied heterosis and combining alyifior yield and maturity traits of maize and
observed that significant variation existed for dataken to 50% silking, 100 kernel weight and
grain yield. Significant differences were also obged for the lines x testers interaction for all

the characters.

Line x tester analysis in maize by Sharnead al. (2004)
revealed that mean square due to lines were siganmfi for plant
height, days taken to 50% silking, days taken tdo50@aselling,
100 grain weight, cob girth, cob length and cob gidi indicating
thereby that additive genetic variance played siig@int role in
the inheritance of these characters. Variance wumteraction of
females and males (lines x testers) were significéor all the
characters, which revealed that non additive gefiecés governed
the inheritance of these traits. Studies on comibgniability in
varietal crosses of maize by Singh and Jamwal #&08howed
that highest gca effect was observed in the par@éntfor days

taken to silk and days taken to maturity ; in Arfor plant height



and ear height ; in Jujote for ear girth, ear ldngind 100 kernel
weight and in Mansar for kernels rowand grain yield. In general,
the per se performance of crosses was closely related to tbe s
effects for grain yield.

2.2 Genetic components of variance and gene effects

Quantitative genetics has undoubtedly made sub&hnt
contribution to the genetic improvement of corn (ilkey and Lee,
1993) and in conjunction with other statistical apaches has
been important in the development of systematicgemoy testing
schemes and breeding methodologies. Ever sinceftamework
for characterization of genetic variance was pr@ddy Fisher in
1918, considerable information on the nature oflskomponents
has been investigated in maize.

Evaluation of 8 maize population and their 50 hysriin 8 x
8 lattice design by Brennezt al. (1991) revealed that the additive
effects were the most important with reciprocal £ses and sca
effects important only in specific crosses. Paubddduara (1991)
carried out combining ability analysis for grain eyd and
phonological characters in maize. They found thariation was
significant for all the characters and both addétivand non
additive gene action were involved in their inhamte. All the
characters except days taken to 50% silking wereemafluenced
by additive gene action. Jha and Khera (1992) regabrthat non
additive gene action was predominant for grain gielnd exotic

crosses significantly out yielded the best hybridntrol. Similar



results were also reported by Dhillion and Singl®{Z), Sharmaet
al. (1982), Odongo (1983) and Crosega al. (1990). Landiet al.
(1986) reported importance of both gca and sca comemts of
variance for days to tasselling and plant and earght. Similar
results for plant and ear height were reported bypta et al.
(1994).

Evaluation of 21 hybrids and their rpmcals along with
parents for yield and related traits by Scapiet al. (1995)
revealed that the non- additive gene effects preic@ted in the
control of traits. Sinha and Mishra (1997) reportegportance of
both additive and non additive gene effects in #»pression of
days taken to 50% tasselling, and silking, pland aaf' height,
ear length, ear diameter, 100 grain weight and mraield,
however, the non-additive gene effects were of ligimagnitude
except for days taken to 50% tasselling.

Studies on combining ability for yielah imaize by Dass
et al. (1997) revealed that general and specific combinaiglity
variances were significant for seed weight and grgield in both
summer and winter season. This suggested that bdtditive and
non additive genetic components played importanerim brining
out heterotic effects in these characters. Howevdrigher
magnitude of gca variance in both the seasons iamteid the
predominance of additive and additive x additive istatic
components. Similar observations were reported byalBa and

Khera (1977) ; Cross (1977) ; Oyercides — Graetaal. (1985) ;



Pinto et al. (1987) ; Dhillionet al. (1988); Prasact al. (1988) ;
Beck et al. (1990) ; Vasalet al. (1992a, 1992b) ; Widstormet al.
(1992) ; Vasalet al. (1993a,1993b) ; Sinobas and Monteagudo
(1996) and Sanvicentet al. (1988).

Gul et al. (1998) observed that mean squares due to gca
were highly significant for days taken to 50% tal$isey, pollen
shedding and ear emergence. Significant gca vaeafoc days to
silking, ear length, ear girth, number of rows éamumber of
grains row' and grain yield plot were reported by Mathuet al.
(1998) with  preponderance of additive gene effedts the
expression of all these characters. Similar res@dtsdays taken to
silking were reported by Bhalla and Khera (1977Phillion and
Singh(1977) ; Sharmat al.(1982) ; Becket al. (1990) ; Vasalet
al.(1992a) ; Vasakt al.(1993a) and Spanezt al.(1996).

Combining ability studies by Singh andn§h (1998)
revealed that general and specific combining abilmariances
were highly significant for all traits viz days tak to tasselling,
silking and husk browning, plant height and eardigi They also
found that component of variation due to gca waghieir than due
to sca, revealing higher importance of additivengection for all
the attributes. Similar results for plant and eaeight were
reported by Bhalla and Khera (1977); Dhillion andingh
(1977);Beck et al.(1990);Ajala (1992); Vasalet al.(1992a);
Widstorm et al.(1992); Sinobas and Monteagudo (1996) and
Sughroue and Hallauer,(1997).



Stojakovicet al. (1998) reported that partial or complete
dominance of dominant allele with additive effecits the main
contributor for heterosis in maize, while-as oveyatinance is of
minor importance in maize heterosis. Significantageffects for
grain yield, days taken to flowering, number of kefts row?, and
1,000 kernel weight and significant sca effects ¢prin yield and
plant height was reported by Choukan (1999). HMeodound that
both additive and non additive gene effects werg@antant in the
genetical control of grain yield, plant height anmumber of
kernels row'. Similar results were reported by Gupea al.(1994)
for plant height, while Singh.(1979); Gamnea al.(1984) ; Khalifa
and Drolsum (1988) ; Satish and Bhalla (1998); Hrad Sinha
(1989) ; Misevic (1989) and Dasst al.(1997) reported for grain
yield

Choudharyet al. (2000) reported predominant role of
additive genetic effect for days taken to tassel aron-additive
gene effects in the inheritance of ear length amdimg yield. This
was in good agreement with the comparative estimaikesca and
per se performance for crosses, as also reported by Prasaal.
(1988). Relationship between gca and sca was eithential or
practically absent. Combining ability studies usia§ F, hybrids
and their parents by Zelleke (2000) reported thed tatio between
gca : sca was less than unity (0.68), showing thah- additive

gene action was more important in controlling grgield.



Mahto and Ganguli (2001) while studyiggneration mean
analysis for grain yield and its components in nea{Zea maysL)
reported importance of dominance component (h) ihe't
inheritance of grain yield, days taken to tassejlidays taken to
maturity, plant height, ear girth and number of kels ear'. Desai
and Singh (2001) reported that both additive and redditive
components of genetic variance were involved in thheritance
of days taken to 50% tasselling, and silking, plamight, ear
height and grain yield plot.

Five inbred lines were evaluated fangral and specific
combining abilities by Aguiaet al. (2003). They observed that for
grain yield both the additive and non additive geafédects were
important. Studies on heterosis and combining apilior yield
and maturity of maize by Srivastava and Singh (200%dicated
higher sca variance than gca variance. This higmegnitude of
non- additive gene effects resulted in more hetexo®r days
taken to 50% silking, 1,000 kernel weight and grgield. Similar
results were obtained by Venkatesit al. (2000) and Dubeyet
al.(2001). Barketet al. (2003) reported that non- additive genetic
variance played an important role in the inheritarof grain yield,
plant height and silking date. Similar results halveen reported
by Souza and De (1981);Vasat al.(1993b); Spaneet al.(1996);
Vasalet al. (1993b); Guptaet al.(1994) and Nagdat al.(1995) for
days to silk.



Combining ability studies for yield andjuantitative
characters in sweet corn by Duttat al(2004) revealed
predominant role of non additive gene action fomigr ear yield,
kernel rows edl and ear weight, whereas additive gene action was
important for plant height, ear height, ear diantetend kernels
row’,
2.3 Heritability

One of the important considerations in the formidat
of efficient breeding programme is the knowledgegaeding the
relative contribution of genes in the expression afparticular
trait. Genetic advance i.e, the improvement in ggpic value of
the new population as compared with the base papatadepends
on the genotypic values of individuals in the basspulation. It is
an established fact that the selection of plantdhwdesirable
phenotype from genotypically variable populationsdautilization
of these selected plants for creation of new pofioles to be
eventually used as a potential source for the depmlent of a
variety are the essential features of most breedinmgrammes. If
all or most of the variability among the individsalin base
population is attributable to non heritable agemsciselection of
phenotypically superior individuals from the poptitn will not
lead to desired improvement. Success of a breederhianging the
characteristics of population, therefore, depeng®nithe degree
of correspondence between phenotypic value and oo

values. Quantitative measure which provides infotima about



correspondence between genotypic variance and plyem
variance has been termed as heritability. The cephcevas
originally presented by Lush (1945) to describe tla¢io between
genotypic and phenotypic variance and is known agsal sense
heritability. However, mean genotypic value of tlpgogeny is
determined by the average effect of genes transditby the
parents in question. In other words, it is the e value of the
parents, which determines the genetic properties pobgeny.
Hence, it is the proportion of phenotypic variandat is made up
of variation attributable to the breeding valuesi\dkvn as additive
genetic variance) which is of considerable practicderest to the
breeder. The ratio of additive genetic variancethe phenotypic
variance has been termed as “narrow sense heritgbiland

expresses the magnitude of genotypic variance im pbpulation,
which is mainly responsible for changing the genedbmposition
of population through selection.

Singhet al. (1995) reported high heritability for days
taken to taselling, plant height and 1,000 grainigie. Jhaet al.
(1998) while studying genetic variability and chatar association
in fodder maize revealed high heritability for daysken to 50%
silking and ear leaf area, followed by moderateiraates for grain
fodder yield. Similar estimates of high heritabylivere reported
for cob yield with husk and baby corn yield by Tiwand Verma
(1999).Genetic analysis of quantitative traits imime by Vaeziet

al.(1999) revealed that heritability in narrow sensaswlow to



intermediate for all the traits studied except far length, kernel
rows eaf' and ear diameter.

Kumaret al. (2000) reported that heritability and genetic
advance would help the breeders in selection. Hdbility
estimates aid in deciding selection intensity, wdes, genetic
advance predicts the genetic gain likely to be aekd in the
selection. Studies on seven parents and their Bfjleicrosses and
two standard controls for estimating the heritatyilrevealed that
grain yield had high heritability, however, a largeumber of
characters gave medium to low heritability valueghwdays taken
to 50% maturity giving the lowest estimate. A studgnducted to
estimate the genetic variability and its componehts Saikia and
Gargi. (2000) indicated high heritability estimatés days taken
to 50 % tasselling and silking, ear height and plhaight.

Evaluation of inbred lines and their, Erosses of maize by
Mahto et al. (2002) revealed high heritability estimates foryda
taken to flowering, silking and maturity. Moderateeritability
was observed for grain yield, plant height, ear dgigiand 1000
grain weight. High heritability was reported by Vaoet al.(2003)
for cob length, cob yield plaftand cob weight indicating that
additive gene action governed the inheritance odsen traits. The
number of days taken to 50%, tasselling, silkingdaharvesting
were characterized by high heritability.

Kabdal et al. (2003) while studying genetic variability and

correlation of yield and its attributing characténsmaize reported



high heritability estimates for grain yield, earigbkt, plant height
and ear length. Ibrahim (2004) reported that narreegnse
heritability estimates were high for plant heiglgar height and
silking date ; moderate for the number of rows “tarkernel
weight, ear length and low for the grain yield ptdnear diameter
and number of kernels row
2.4 Estimation of heterosis

Heterotic effect () is manifested as a consequence of
difference in gene frequencies in two varieties almminance of
more favourable alleles. This heterotic effect iargtioned into
three components h, h and $). The average heterosish]
contributed by a particular set of parents usedha crosses is the
difference between the mean of all crosses and meénall
parents. The variety heterosis ;\heffect is the heterosis
contributed by variety i. The specific heterosisj)(seffect
measures the deviations between the observed pedoce of the
specific cross and its expected perfdrmance bagedhe vj,h,and
hj effects (Sinha and Mishra,1997).

Pavlov (1990) observed that the highest heterosismong
the sib crosses was attained by crossing the linesh 545 and
oh 43. Significant heterosis over the better parentvas seen in
the F, for all the traits, but the degree of heterosis wa higher
at the higher density for almost all traits exceptfor length and

height of insertion as reported by Sohu and Kapoox(1993).



Heterosis and combining ability for gran yield plant™,
days taken to silking and plant height were determmed by
Altinbas (1995) involving six inbred lines. He foud that high
parent heterosis ranged from 72 to 140.7% for grainyield and
from -2.4 to -18% for days taken to silking. Wonkoo and
Bongho (1995) observed that the hybrids involving Bosung’
cultivar showed the longest ear lengths and the gedest grain
weights. Highest grain yield per unit area was obtmed by
hybrids involving ‘Dangjin’ parent.

Sinha and Mishra (1997) reported thatthe average
heterosis and variety heterosis effects were not simportant
for any trait. Navin x popn 26, D765 x kiran and Swan- 1 x
pool 18 showed positive heterotic effects for graiwield. Janick
et al. (1999) reported that production of R hybrids of seed
propagated crops is a successful breeding techniqueecause it
exploits heterosis and promotes homogenity in allagnous
species. Combining ability analysis by Ipsilandis ad Koutsika
(2000) observed low heterosis of recombinant lineswing to the
additive gene action. Gorgulho and Miranda (2001) bserved
that the plant height, ear height and ear diameterdid not show
heterosis effects, however, the average heterosigrfear length
was 3.10%.The hybrids showed an average yield of albt 7%
higher than their parents.

Choudhary and Chaudhary (2002) repoedd that more

crosses showed significant heterosis for ear lengtthan for any



other character, although the proportion of crossesexhibiting
positive desirable heterosis were limited. The mie best
crosses with high heterosis percentage in grain yieé plot™
showed that highest heterosis percentages were udba
displayed by intercrosses. It was in consonance wit the
established fact that heterosis is directly proporional to the
relative genetic distance between the parents (with limits)
and it increases with the diversity of using gamete The
findings were also in agreement with those of Hamt al. (1991)
and Mukherjee and Ahuja (1991).

Dickert and Tray. (2002) reported that the traits with low
heterosis had very high gca: sca ratios, while thesratios were
smaller in traits with high heterosis. Mean squaresdue to
crosses vs checks, which is a test of mean standahekterosis
(heterosis over the check variety) were highly sighicant for
all characters as reported by Choudhary and Choudhey
(2002). Crosses between high x high and high x logca parents
exhibited greater heterosis as reported by Singh et
al.(2002).Based on gca effects and heterosis, they ebsed that
P, x P; was best hybrid yielding 14.30% more grain yield.
Venugopal et al.(2002) observed that 42 out of 45 hybrids
exhibited significant positive heterobeltiosis, wih a maximum
value of 136.97% whereas, for standard heterosis dyn 8

crosses were significantly positive with a maximunof 18.48%.



Studies carried out by Akhtaet al. (2003) found
significant differences in the grain yield and 100rnel weight.
H.,o recorded the highest grain yield, whereag tecorded the
highest kernel weight. Twenty four hybrids were d&wed by
crossing six popcorn lines and four testers in 0 xnating design
by Reddyet al. (2003). The extent of heterosis of Amber corn
ranged from 85.69 to 29.14 for popping expansiod &mom —16.1
to 80.16 for grain yield plot.Rezaeiet al(2004) from their
studies on estimates of heterosis and combininditgbin maize,
using diallel crossing method, reported high hesgson more than
50% of the crosses for all studied characteristitBe highest and
lowest amounts of heterosis was observed for grgiald and
number of rows eal, respectively. Number of days taken from
planting to tassel emergence and maturity showedyatige
heterosis. The mid parent heterosis values rangedn f46.10 to
573.12 %, whereas, the useful heterosis valuesevaretween
46.47 to 10.78% for grain yields as reported by Yreend Konak
(2004).



Chapter-3

MATERIALS AND METHODS

The present investigation entitled “Combining abyjlianalysis
for yield and maturity traits in elite inbred linesf maize FZea
mays L.)” was carried out at K.D. Research Station olie®e-
Kashmir University of Agricultural Sciences and dheology of

Kashmir, Budgam, Kashmir durindgharif,2005.

3.1 Experimental materials

The materials comprised fifteen diverse, vigoroasd

productive maize lines at,Sstage that were developed at K.D.



Research Station and three testers comprising tvedl \adapted
broad genetic base composites and an inbred limgnlganarrow
genetic base. The parents (lines and tester) usedhé present

study were as under :

Lines

1. L : 102A 9. b : 140 E-2
2. L : 102A-2 10. Lo : 141 B-1
3. L : 106B 11. L, @ 142 A
4. L, : 106C-1 12. L : 146 8B
5. L : 132C-2 13. Lk : 147 C
6. L : 132C 14. L, : 150B

7. L : 139A 15. ks : 151A

8. Lg : 139B

Testers
1. T, : G (a composite with broad genetic base)
2. T, : Super-1 (a composite with broad genetic base)
3. T3 : 153-A (an inbred line with narrow geneticdsg

3.2 Methodology adopted
Each tester (pollen parent) was crossed to evenyafe line

(seed parent) in Line x Tester mating design of Kelorne
(1957) at K.D. Research Station durigharif, 2004 and forty-

five test cross progenies were generated. The nmalte were



grown in a completely randomized block design usithree
replications at a single location duringharif, 2005. The 45 F5
and 18 parents (15 lines + 3 testers) were randethim each
replication. Each experimental plot consisted lofete rows of 5 m
length. The inter- and intra-row spacing was mainéa at 60 and
20 cm, respectively. Two seeds per hill were plantend later
thinned to one seedling per hill at 4 leaf stageneGrow of non
experimental material was planted on either side e#&ch
replication to avoid border effect. Recommended cagmic
practices were adopted to raise a good crop.

3.2.1 Recording of the data on field experiment
Observations on various quantitative traits wereor@led on

10 randomly selected competitive plants from eadhtlme non
segregating generations (i.e. parents ants)F and 20 plants in
case of the two heterozygous compositeg @d Super-1) For
days taken to 50% anthesis, silking and husk browgnthe data
were recorded on whole plot basis and median valussorded.
Detailed description for recording the data for nars traits in
each experimental plot is presented as under :
3.2.1.1 Days taken to 50% anthesis

The number of days taken from the date of sowingthe
pollen shed in 50% plants was recorded.
3.2.1.2 Days taken to 50% silking

The number of days taken from the date of sowtngthe

appearance of silk in 50% plants was recorded.



3.2.1.3 Days taken to 50% husk browning

The number of days taken from the date of sowingthe
browning of husk in 50% plants was recorded.
3.2.1.4 Plant height (cm)

The length from the base of plant at the soil lletee base of
tassel at dry silk stage was recorded in cm.
3.2.1.5 Ear height (cm)

The length from the base of plant at soil levelttee node
bearing uppermost ear at dry silk stage was recaridecm.
3.2.1.6 Ear length (cm)

The length of main ear (the uppermost ear) was snead in

cm from the base of the ear to its tip.

3.2.1.7 Ear girth (cm)
The girth of the main ear (the upper most ear) wesasured

in cm from the middle of ear.

3.2.1.8 Number of kernel rows eat

The number of kernel rows in each ear were counted

3.2.1.9 Kernels row
The number of kernels of three randomly selectetvs in

each ear were counted and averaged to a single row.

3.2.1.10 100 grain weight (g)
Kernels from all the tagged ears in each experimmknplot

were shelled. A random sample of 100 kernels wasgtved in g

and the weight adjusted to 15 per cent moisture.



3.2.1.11 Yield (g ha)

Total grain yield was recorded on plot basis amjuated to
15 per cent moisture content. Accordingly, the grgield (q ha')
was worked out.

3.2.2 Estimation of grain protein content
A sample of the grains used for recording the gieff each

experimental plot was crushed, replication wiseatdine powder
in order to estimate the per cent crude protein teah by
Kjeldhal’s method as given by Jackson (1973).
3.2.2.1 Reagents used

i) Conc. HSO,

ii) 0.05 N HSO, (for titration)

iii)  Sulphate mixture (10: 1:0.5) consisting of ,¥0O,,
FeSQ,
and CuSQ

iv) Selenium powder
v) 4% boric acid with mixed indicator (BromocidEsgreen
and methyl red)

vi) 40% NaoH
3.2.2.2 Procedure adopted

One gram of dried grain sample was taken in 500 ml
Kjeldhal’s flask to which 25 ml of Conc. }$0, was added and
was allowed to stand subsequently. 10 grams of lsati@ mixture
and one gram of selenium powder were added to tla¢enal in

the flask and the flask was heated till the digestiwvas complete.



The flask was then allowed to cool and volume waade to
100ml.

From this solution 20ml was taken in another Kjedd flask
and 25ml of NaoH was added and the flask was immaedy
connected to distillation apparatus. The flask vm@ated and NE
gas evolved was collected in 25ml of 4% boric asi@lution to
which mixed indicator solution was already addedistlation
was allowed to continue till nearly 50ml distillateas collected in
the conical flask. The distillate in the conicala$k was titrated

against 0.05 N LSO, solution and crude protein was calculated as

1 mlof1NHSO, =14 mg of N
1 ml of 0.05 N HSO, = 14 x 0.05
Yml of 0.0O5 N SO, = 14 x0.05xY

14 x 0.05 x
Y

1000

Crude protein % (Z) = % age of nitrogen in graimpke x 6.25
3.3 Statistical Analysis and estimation of componés of variance
3.3.1 Analysis of variance

The analysis of variance was based on the follgwmnodel

Yik = U+ g +bk - g
Where,

Yix Is the phenotypic values of genotype ij represegtin

cross of ith and jth parent in kth block, p issthgeneral mean, gij



is the genetic effect of ith genotype, bk is thedtk effect and g

is the environmental effect associated with eablsarvation. The

K, g; and bk are assumed to be fixed unknown parametéhe

€ijks are assumed to be normally and independently thsted

around mean with varianced{) equal to zero.

3.3.2 Analysis of Line x Tester mating design

The analysis of variance for the line x tester mgtdesign

as proposed by Kempthorne (1957) was used for thalysis of

combining

Yijk

Where,

kth

Yijk

Mk

Gijk

ability based on the following model:

u+g|+gJ+SIJ+rk+eiJk

observation recorded on i >$hj Cross grown in
replication,

general mean,

general combining ability effect of itht{j)

parent (i = 1,2,........... 15 lines and j = 1,2,..3
testers),
Specific combining ability effect of cross

betweenth and th parent,
the effect of kN replication ( k = 1,2,3), and

the error associated with [{{R] observation.

This design leads to the partitioning of the eteof hybrids

into general combining ability effects of lines abaksters and their

specific combining ability effects in cross combtitns.



At the same time it is helpful in estimating van® types of
gene effects. The mating pattern of this desigrihiat 'i' lines are
crossed to each of the 'j' testers and thus, ifullsib families are
produced. On the basis of the above model the datained in the
present study from line x tester analysis of 45 ss®@s were
subjected to analysis of variance.

The analysis of variance for combining ability ia single

environment was as under:

Source d.f. S.S. Mean square Expected MS
Replicates (r-1)

tr
Line (L) (-1) ss M, 2 +— S

-1

Ir .
Tester (T) (t-1) SS M, g; + — LA

t-1 1

r

Line x Tester (I-1) (t-1) §S M, o+ — 55
S2
(L'xT) (-1) (t-1)
Error (It-1) (r-1) SS M, g7
Total rit- 1
Where,

I,t and r were number of females (lines), maless({ers) and
replications, respectively.
The different sums of squares thus obtained, weinaded

by their respective degree of freedom to obtain mesuares



which were tested against error mean squares byleynpg 'F'
test.

Fixed model effects were used to estimate the comemts
since the materials used were fixed.

The model of Kempthorne (1957) was used for estinmga
the gca and sca effects in combining ability anadyof F;

generation. The model underlying this analysis is :

Xijk = U+ 0+ 0+ 8+ 6

where,
M = general mean,
Oi = general combining ability effect of th& iine,
o] = general combining ability effect of th& jester,
si = specific combining ability effect of'iline x j"
tester, and
ej = error associated with ifkobservation
i = number of lines (i........1 to 15)
j = number of testers (j............1 to 3)
k = number of replications (k..........1 to 3)

The individual effects were estimated with the helf
following relationship
X...

i) U=



Itr

where, X... = total of all hybrid combination

3.3.3 Estimation of GCA effects

Xi..

(a) Lines (g)

tr
|
Check> g =0

i=1

b) Testers (9 = — -

t
Check > g,=0
j

Estimation of SCA effect

Where,
I = number of lines
t = number of testers
r = number of replications
X... =

Itr

[tr

sum of all hybrids (line x testers) over a#lplications

Xijx = sum of ij" hybrid combination over all replications



X; = sum of " line over all testers and replications

X = sum of i" testers over all lines and replications

M, = mean sum of squares due to lines

M; = Mean sum of squares due to testers

Mg = Mean sum of squares due to error

Xijj = ijth cross combination summed over all replications

3.3.4 Standard errors for combining ability effects

).  S.E.(q) lines = (Me/r x t§-05
i). S.E.(q) testers = (Me/r x B-05
iii). S.E.(s”-) crosses = (Me /9)05

(2 Melr x 9-05

iv). S.E. (g-gj) lines

(2 Me/ r x %-05

v). S.E. (g-gj) testers

vi). S.E. (§j-sk|) crosses = (2Me/P 05
Where,

Me = Error mean sum of squares,

r = replication

I = lines

t = testers

Test of significance for general and specific conmy ability effects

was carried out by comparing with the values oletdiny multiplying



standard error of the corresponding effect with tiigle value of 't' at error

degree of freedom.

3.3.5 Components of genetic variance
By using appropriate mean squares obtained fromatha&lysis

of variance, the estimates of components of gengtdance were

computed as given below:

3.3.5.1 Components of genetic variance in a singévironment

L Mj -Me
0% (lines) = — 292I = —
(-1) i rt
1 t Mt ‘Me
0. (testers) = E— Z_jgzj =
(t-1) | rl
1 |t Mit -Me
O = R ——
(I-1)(t-1) ] r

Variance of general and specific combining abiéffects are related to

the components of heritable variance as:

[ (av.) = Cov. (H.S)
1+F
Where, Cov (H.S) = g;
4

In the present study the materials (lines) from tdéference population
were in S stage of selfing that had the inbreeding coedfiti(F) equivalent to

0.75. The estimate of covariances were accordiegfiynated as under .



2 _ [175] &
Oga (av) = 0 |9~

[}
40

~ gca

175

The covariance of half-sibs for males as well asnéles is
175 .
equal to | — |52
g {4.0} A

Cov. (H.S) females (lines) :[%ﬂ&i = 3geal)

- 400] .. .
o2 = | —|6%a(lines
" (ines [1.75_ oea( )
@'Szca = |:1+ F 5’2D
2 |
F = 0.75
532061 _ {1.75} &2
200
) _ 26'zsca
g5 =
1.75

3.3.6 Standard error of estimates
Estimates of standard error were calculated follogvithe

procedure given by Molét al. (1960).

3.3.6.1 Standard error for single environment estimates




22
S.E. g7 (error)

d.f. + 2
\ Me
(MF (Me)?
S.E. g% (Tester) = +
(r|)2 d.f.My +2 d.f.
2 (M)? (Mg)?
S.E. 62, (Line) = -
(rtf d.f. M+2 d.f.
N
2 (M + Mp)? (Mp)?
S.E. 0}, (Av.) = +
(rl + rt)2 | d.E(M+Mp)+2+2  d.f. Mg+2
2 2
2 (My)? (Mo)?
S E sca = +
(rp d.f. M+2  d.f. Mg+2
Standard error oVg? (AV) = 2 S.E. of &, (Av)
G2 = 2S.E.ofd2,

3.3.6.2 Estimation of heritability



Heritability in narrow sense was calculated follongi the

method of Hallauer and Miranda (1988).

3.3.6.3 Heritability for single environment data

2
O

h2 (n.s) = .
g; + 63+0,

3.3.6.4 Per cent contribution of lines, testers lam@lx tester interaction to the

hybrid sum of squares

These were calculated as follows:
S.S. due to lines
i). Per cent contribution of = X
100

lines S.S. due to crosses

S.S. due to testers
ii). Per cent contribution of = X
100

testers S.S. due to crosses

S.S. due to lines x testers
iii). Per cent contribution of = X
100

lines x testers S.S. due to crosses

3.4 Estimation of heterosis
Heterosis was estimated as the per cent deviatibnthe

performance of Ffrom the standard check (compositg) @s detailed
below :

i) Heterosis over standard check (HSC)



To test the significance of extent of heterosignslard error
(S.E) and critical difference (C.D) were calculatasl under :
C.D = S.E @) x tvalue at error d.f

Where,

S.E. (d) = standard error of difference of.M

S.E (d) + for heterosis ovelsC

The level of significance was given to the corresging
values of heterosis by comparing SE values with peesive

deviations.



Chapter-4

EXPERIMENTAL FINDINGS

The present investigation entitled “Combining abylanalysis for yield and maturity
traits in elite inbred lines of maize” was carriedit to generate information on combining

ability effects and gene action together with breeglvalue heritability for the following

traits.

1. Days taken to 50% anthesis 7. Ear girth (cm)

2 Days taken to 50% silking 8. Number of kernewsoeaf*
3 Days taken to 50% husk browning 9. Number of ledsnrow?

4. Plant height (cm) 10. 100 grain weight

5 Ear height (cm) 11. Grain yield (q B

6 Ear length (cm) 12. Protein content (%)

The mean/median values recorded for the differegaits were
subjected to the line x tester analysis as propolsgKempthrone
(1957) and the results so obtained are presentedemunthe
following sub heads.

4.1 Analysis of variance.
4.2 Estimation of components of genetic variance,ombining
ability effects and heritability.

4.3 Estimation of heterosis over standard check.

4.1. Analysis of variance



The analysis of variance (Table 1) revealed sigrafit
differences among crosses and female parental lifogsall the
traits studied except for ear height in case ofekln Testers
revealed significant difference only for ear lengtkar girth,
kernel rows edf, 100 grain weight and protein content. The
crosses resulting from the line x tester were siigrintly different
for all the traits except for protein content. Agcé the estimation
of combining ability effects (general and specifiend components
of genetic variance for this trait (protein contgrghall not be
presented and discussed hitherto onwards.

The line x tester variance for all the charactensas
significant that indirectly indicated the diversityamong the
testers even though the testers did not reveal ifigant variance
for some of the traits. Therefore, the choice ofes¢ion of testers
was satisfied. Similarly, the single degree of fdleen comparison
(parent v/s hybrids), which is indicative of magudie of heterosis,
was also significant for all the traits.

4.2 Estimation of components of genetic variance, éritability
and combining ability effects
The analysis of variance for the combining abilityable 2)
revealed that crosses possessed significant meaarsdgfor all the
traits and thus, most of the crosses differed fremch other

confirming the lines were not related by descend amdividual






female lines differed significantly for gene comhitnon for most

of the economic traits.

4.2.1 Estimation of components of genetic varianceand
heritability.

Estimation of genetic components of variance (Tab2¢
revealed that variance due to lines was significdot all the
traits. However, variance due to testers was sigaiit only for
ear length and its girth, kernel rows €&amnd grain weight.
Translating the variance due to lines and testats ivariance due
to general combining ability it was observed thdt e traits
except days taken to 50% anthesis revealed sigaficvariance
due to general combining ability. Similarly, the tesates of
specific combining ability were significant for althe traits.
Variance due to error was non significant indicatithat sampling
error was reduced to minimum. Translating the vaciea due to
general combining ability and specific combining ilatly into
components of genetic variance i,e. additive gemefiriance @3)

and variance due to dominance deviation&), it was observed

that the variance due to dominance deviations waghdr in
magnitude than additive genetic variance for alk ttraits. The
average degree of dominance ranged from 1.740 @erows ear
) to 3.863 (ear height) and thus all the traits @aked over-

dominance.



Estimation of narrow sense heritability was vdow for all
the traits and it ranged from 6.045 (ear height) 26.929 (100

grain



weight ). This indicated that the crosses had theehent genes at
most of the loci and the level of heterogenity wasry high
resulting in heterozygosity and over-dominance.
4.2.2 Estimation of combining ability effects
4.2.2.1 General combining ability effects

The general combining ability effects are presentadthe
Table 3, which revealed that for days taken to 5@#ithesis the
significant and desirable effect for earliness waresent in the
lines 132C, 139 B and 102 A-2. The significant effeor later
maturity was revealed by the 142 A followed by tlees 140 E-2,
146 B, 147 C and 150 B. Similarly, for days taken50% silking
the desirable general combining ability for earlssewas revealed
by the line 132 C followed by the lines 139 B an®61C-1.
Significant general combining ability for delayedlksng was
revealed by the lines 106 B and 142 A. For daysetako 50%
husk browning the desirable and significant genecalmbining
ability for earliness was revealed by the line 1B6followed by
the lines 106 B, 142 A, 141 B, 102 A-2, 150 B, 1Aland 102 A-
1. Significant general combining ability for lateusk browning
was revealed by the lines 106 C-1 followed by theel139 A, 147
C, 102 A-2 and 132 C.



In the present study one of the objectives was ideration of
parents and crosses showing early maturity and owadiplant
height with lower ear placement. Accordingly, lineshowing
medium to low plant height and lower ear height Wwbube
regarded as desirable. Therefore, significant negatvalues
would be desirable general combining ability effector plant
height and ear placement height. Perusal of thel@&revealed
that the significant general combining ability fdower plant
height was revealed by the line 132 C followed by flines 106 B,
102 A-2 and 142 A. Similarly, the genotype showisggnificant
and desirable general combining ability effect féower ear
placement height was 132 C followed by the line$ B) 102 A-2,
102 A-1 139 B and 150 B.

For yield and yield contributing traits significa positive
values were considered to be desirable generalbiog ability
effects. For ear length the significant and desiealgeneral
combining ability effect was revealed by the line47C and 102A-
1 followed by the lines 132 C and 142 A. For eantlgithe
desirable and significant general combining alyili¢ffect was
revealed by the line 106 C-1 followed by the link@2A-1, 139A
and 147C. For number of kernel rows eathe desirable and
significant general combining ability effect wasvealed by the
lines 139 B and 146B. The desirable and significaggneral
combing ability effect for number of kernels révwwas revealed by

the line 139A followed by the lines 102A-1, 147 C42A, 141B-1



and 102 A-2. Line possessing desirable and sigaificgeneral
combining ability effect for bolder grains (100 gmaweight) were

106C-2, 102A-2, 139 B, 142A and 140 E-2.



The desirable and significant general combinglidgpieffect
for the most important trait i.e. grain yield (q hHawas revealed
by the line 139A followed by the lines 151A, 142A47C, 140EO-
2 and 139B.

Perusal of the performance of the lines for thgta andper
se (Table 4) performance for different traits revedlghat none of
the lines had desirable and significant gca effexatall the traits.
However, for the maturity traits the elite lines neel32 C, 139 B
and 142 A. possessing significant and desirable gidact andper
se performance.

For morphological traits viz. plant and ear heighite
promising lines possessing shorter plant height doder ear
placement were 132 C and 102 A-1 on the basis & gifect and
per se performance, respectively.

Among the yield component traits viz. ear lengéar girth,
kernel rows edf, kernels row* and 10 grain weight, the most
promising lines possessing desirable and significgea effect for
more than two yield component traits was 102 A-imarly, gca
on the basis ofper se performance the line showing good

performance for more than two yield component tsaias 147 C.



Among the top ranking five lines for grain yield (ha?)
showing significant and desirable gca effect, nonevealed

desirableper se performance as well.






4.2.2.2 Specific combining ability effects.

Estimates of specific combining ability effedis maturity,
yield and yield contributing traits are presented the Table 5
and Table 6. Perusal of the results revealed thet trosses
showing significant and desirable specific combiginmability
effects for days taken to 50% anthesis were 106Buper-1 and
139 A x 153A. For days taken to 50% silking, thesdable and
significant specific combining ability effect wasvealed by the
crosses 139A x 153A, 140 E-2 x 153A and 146 B x 1/3For
days taken to 50% husk browning the desirable amghificant
specific combining ability effect was revealed bhyetcross 102 A-
2 x 153A followed by the crosses 106 C-1 %,@32C x G, 106C-
2 x 153A, 106C-2 x Super-1, 139 A %,C139B x Super-1, 139
B x 153A and 106B x 153A.

The desirable and significant specific combinindilay
effect for shorter to medium plant height was rehega by the
cross 106 C-1 x Super-1 followed by the crosses B39 153A,
141 B-1 x Super-1, 139 A x 153 A, 132 C %,d02 A-1 x 153 A,
102 A-1 x G, 106 B x 153 A and 142 A x Super-1. Similarly, for

lower ear placement the desirable and significamecsfic



combining ability effect was revealed by the crak®2 A-1 x G
followed by the crosses 141 B-1 x Super-1, 106 @-Buper-1,
106 B x 153 A, 139 A x 153A, 139 B x 153A, 142 ASuper-1,
102 A x 153A, 139 B x g 106 C-2 x 153A and 102A-2 x 153A.

The desirable and significant specific combinindilay
effect for more longer ear length was revealed bhg tross 106B
X Cg followed by the crosses 147C x 153A, 141B-1 x Swufie
102A-2 x Super-1 and 146B x 153A. For ear girthe thignificant
and desirable specific combining ability effect wiassealed by the
crosses 132C x 153A and 102A-1 x%.(Mesirable and significant
specific combining ability effect for number of kezl rows ear
was revealed by the cross 1-2 A-1 x super-1 folldweky the
crosses 132C x 153A, 146B x Super-1 and 106B x 15B& more
number of kernels row the desirable and significant specific
combining ability effect was revealed by the crds¥9B x super-1
followed by the crosses 141B-1 x;C141 B-1 x Super-1, 151A x
153A, 102A-1 x Super-1, 147C x 153 A, 132C x 153IMOE-2 x
Super-1, 132C x g 140E-2 x 153A and 146B x 153A. Desirable
and significant specific combining ability effedor 100 grain
weight was revealed by the cross 106B x 153A duoi¢d by the
crosses 106C-1 x Super-1, 151A %,A50B x G, 146B x Super-1,
140 E-2 x Super-1 and 106B x Super-1.

The desirable and significant specific combinindilay
effect for the most important trait i.e. grain yiellq ha') was

revealed by the cross 139A x 153A followed by thesses 106C-



2 X G, 106C-1 x Super-1, 106C-1 x 153A, 139A %,A02 A-1 X
Super-1, 139B x Super-1, 142A x¢C132 C X 153A, 140E-2 x
Super-1, 141B-1 x 153A, 106C-2 x Super-1, 150 B xabd 147C
X Super-1.















Component analysis of the contribution from the el$n
testers and lines x testers towards the total pemBmce of the
crosses for each trait (Table-7) was observed & di the
following magnitude. For maturity traits i.e. dayaken to 50%
anthesis, silking and husk browning the contributiof the lines
was 57.42%, 68.65% and 52.10% ; from testers 2.80%4% and
2.18% ; and from lines x testers 39.75%. 31.10 att&l70%,
respectively. For plant height and ear placemerg tlontribution
from the lines was 56.35% and 35.92% ; from tester80% and
3.92% ; and from lines x testers 43.05% and 60.1%8spectively.

For yield component traits viz. ear length, eartlgj number
of kernel rows edl, number of kernels row and 100 grain
weight, the contribution from the lines was 45.35%5.38%,
45.82%, 51.15% and 38.60% ; from testers 12.349%,49%,
15.61%, 2.14% and 24.46%; and from lines x testérswas
42.31%, 42.13%, 38.57%, 46.71% and 36.94%, respebtj For
the most important economic trait i.e. grain yie(d ha') the
contribution from the lines, testers and lines @&sters was

48.23%, 6.52% and 45.25%, respectively.



4.3 Estimation of heterosis
The heterosis was calculated as per cent deviatodnthe

crosses from the standard parent (check), for ladl traits and the
data is presented in the Table 8.

Most of the cross combinations for maturity traitig. anthesis,
silking and husk browning showed that as compared the
standard check, the crosses, (ffybrids) were earlier in maturity.
The most significant crosses showing earliness dathesis were
132C x G, 132 C x Super-1, 139 B x Super-1, 139 B ¥ C02A-2
X Super-1, 102 A-1 x Super-1 and 106B x 153 Ayealing an
earliness of 4-5 days. Similarly, for days taken50% silking
the crosses showing earliness as compared to taedatrd check
were 132 C x @, 132C x Super-1, 139 B x Super-1 and 139Bg C
revealing an earliness of 4-5 days. For days taken 50% husk
browning the crosses showing early maturity asnpared to
standard check were 146B x Super-1, 146B & CO02A-1 x G,
150B x G, 150B x Super-1 and 151A x 153A, with the earBre
of 3-4 days.

Crosses showing desirable heterosis (shorter p)angs
compared to the plant height of the standard cheeke 132C x
Ce, 106B x 153A, 102A-2 x ¢ 102A-2 x 153A, 106B x Super-1,
106 C x Super-1, 139 B x 153 A and 132 C x Supeaetealing a
reduction of 12-20% in the plant height of the cses as compared
to the standard check. Lower ear placement as coaetpdo the
standard check revealed reduction of 20-28% in ¢he placement

in the crosses and the best cross combinations Wwe6GB x 153A,



102A-1 x G, 141B-1 x Super-1, 102A-1 x 153A and 150B x
Super-1.

The cross combinations showing significant deslieab
performance for yield component traits as compatedstandard
check were as follows:

Increase in the ear length of the crosses as coeth&o the
standard check was found highest in the cross 102A-Super-1
followed by the crosses 147C x 153A, 106B ¥, ID2A-2 x Super-
1, 132C x Super-1, 141B-1 x Super-1 and 142A x Sube
revealing an increase of 23-47%. Increase in the giath was
observed to be in the cross 102A-1 x tllowed by the crosses
106C-1 x Super-1, 139A x{ 139A x Super-1, 141B-1 x Super-1,
142A x Gs, 151A x G, 151A x Super-1 and 147C x 153A with an
increase of 14-22% over the standard check. Inczdasumber of
kernel rows edfl, as compared to the standard check, was revealed
by the cross combination 139B x@nd 139B x 153A followed by
the crosses 102 A-1 x Super-1, 139 B x Super-1, €32 153 A
and 146 B x Super-1 revealing an increase of 11-18Pmber of
kernels row' recorded a maximum heterosis of 12.82% in the
cross 102A-1 x Super-1 followed by the crosses 147C53A and
147C x Super-1, showing an increase of 5-77%. 18&irgweight
recorded maximum heterosis in the cross combinatl®2A-2 x
153A (33.33%) followed by the crosses 106B x 153@dal06C-2
x Cg (nearly 29.2%) as compared to the standard chdtle other

significant crosses recording more than 15% hetiesros 100 grain



weight as compared to standard check were 102A&,x102A-2 x
Super-1, 139B x Super-1, 139B x 153A and 132C xA53

The heterosis for the most important trait i.e.aigr yield
(q ha') was recorded by the crosses 139A x 153A (77.08%%2
A x Cg (41.67%) ; 106 C-1 x 153A (39.58%) ; 106 C-2 % C
(35.42%) ; 147C x 153A (35.42%) ; 139B % €25%) ; 140E-2 X
Super-1 (25%) ; 140 E-2 x 153A (20.83%) ; 142A x 315
(20.83%) and 102A-1 x Super-1 (20.83%).












None of the cross combinations revealed significamd
desirable sca effect for all or most of the traiBerusal of the
Table 9, where in top ranking crosses on the badisignificant
and desirable sca effect ander se performance have been
identified, revealed that for maturity traits theoss 139 A x 153
A possessed significant and desirable sca effeat.tlde basis of
per se performance the cross 139 B x Super-1 revealedirask.

For the morphological traits (plant and ear hejgtite cross
106 C-1 x Super-1 revealed desirable and significaoa effect,
whereas, the cross 106 B x 153 A possessed gped se
performance for both the traits.

Among the yield component traits the cross 132 @53 A
revealed desirable and significant sca effect. @a basis ofper
se performance the cross 102 A-1 x Super-1 was good fear
length and kernel rows ear Among the top five crosses showing
significant and desirable sca effect the cross 1D x 153 A

also revealed higheper se performance.









Chapter-5

DISCUSSION

In order to keep pace with the population grow#ddequate
increase in the crop production and productivityeds to be
ensured to sustain this growth and have food ségun terms of
both quantitative and qualitative (nutrition valuegpects. This
increase in production and productivity of food psois obtained
through several research and management approadhemsarily
among these approaches is production of crop veasethat have
desirable gene complexes and are suited to wideirenmental
conditions. Among the principle cereal crops, mammEupies most
important place because of its food value and indas uses.

Maize is a cross pollinated crop and production hafjh
yielding varieties involves either development afpgrior hybrids

or recurrent population improvement strategy to téyasize high



yielding open pollinated varieties (composites angnthetics).
Maize has remained the principle crop for reseatohgenerate
information on mechanism of heterosis and explaoaatof hybrid
vigour. High yielding varieties in maize have besgnthesized
through utilization of allelic resources. Howevero tbe a
successful breeder it is necessary to have a gooawwkedge and
understanding of nature and magnitude of gene a¢$fe®@ne of the
appropriate breeding methodologies involves generat of
information on genetic variance, degree of domimanand
importance of gene effects that helps in better amstanding and
adoption of the crop improvement procedures.

Research workers have observed that breeding limadang
high combining ability were derived from the poptitns that had
good broad genetic base and also presence of gengplexes of
divergent nature. The frequency of favourable &kl was
increased in the improved versions through the reent selection
and these improved versions helped in producings@hthe elite
maize inbred lines that subsequently were used g¢wetbp high
yielding commercial single and double cross maiaédrds. The
greater importance of maintaining high level of éetzygosity at
maximum number of loci that resulted in hybrid vigo was
proposed by Hull (1945). He advised exploitation specific
combining ability among the inbreds for developihggh yielding
hybrids. Exploitation of hybrid vigour in maize haassumed

tremendous significance for increasing productiviig maize



hybrids and even on date vast areas under maizgvation in the
world use single cross hybrids.

In maize most extensive quantitative genetic sésdhave
been made than in any other crop and most of thfeselamental
research works have been reviewed by Sprague andrhzbt
(1977) and Hallauer and Marinda (1988). In mosttbé studies
contribution from additive genetic variance has begeater than
variance arising from dominance deviations. Condatibn of
epistasis in maize has been of minor significance.

Wide array of biometrical approaches/ mating dasigare
available to the maize breeders to generate infdroma on the
genetic make up of important economic traits andizdtion of
this information on gene action for the crop impeovent.
Comstock and Robinson (1948,1952) have laid emphato
generate the information on the genetic potentialparents and
analysed the genetic mechanism involving the refieee
populations.

The present investigation was carried out to deieenthe
breeding value of advance generation inbred lined astimate the
nature and magnitude of genetic variance governing
morphological, maturity and vyield component traitsthese
advance generation lines S would also help in their early
generation testing to identify and screen the mpsimising lines
that could lead to the generations of elite homamyg inbred lines

for production of single / double cross hybrids ahidjh yielding



synthetic for the climatic conditions of the Kastrmdalley. Line x
tester mating design proposed by Kempthorne (19%@}¥ used to
generate reliable information on the general andecsfc
combining ability effects of parents and their cses, besides
estimation of the components of genetic variancel atandard
heterosis for the economic traits. This design Hesen widely
used in maize by several workers to generate infdion on
breeding lines (Joshiet al., 2002 ; Sharmaet al., 2004).
Combining ability analysis helps to identify mosotential lines
for generating high yielding crosses. The gca of tparents
alongwith theirper se performance and sca of crosses together
with their per se performance have helped in identifying the most
useful lines that would, by and large, produce higlelding
single/double cross hybrids.

The present investigation was undertaken to geteera
information on nature and magnitude of gene acticombining
ability effects (general, specific), heritabilitynd magnitude of
standard heterosis for different traits among 139iB8es and 45 F
crosses generated through line x tester matinggtesas proposed
by Kempthorne (1957).

5.1 Analysis of variance.

Analysis of variance revealed highly significant ean
squares for all the traits among the crosses. Thdscated that the
lines used possessed divergent gene complexes whaoh

hybridization with testers produced heterotic cr@ssThis genetic



variability among the Ilines could be exploited thgh
hybridization and result in creation of latent géevariability
from the heterozygous polygenic blocks in the hylsti The mean
squares due to parents v/s crosses were alsofsignt for most
of the traits which also confirmed that the linesed were
genetically different from each other and posses®dide gene
complexes. Similar results have been reported bgiRa and Joshi

(2002) and Choudret al. (2002).

5.2 Combining ability analysis.

Analysis of variance for line effects revealed sifgoant
mean squares for all the traits except ear heighmilarly, tester
effects were significant for ear length, ear girttumber of kernel
rows ear' and 100 grain weight. Line x tester effect was
significant for all the traits.

The variance due to lines was significant for dilettraits
where as for testers it was significant for grairelgd, ear length
and 100 grain weight. Translating this varianceoinvariance due
to gca it was observed that all the traits excepystaken to 50%
anthesis, ear girth and number of kernel rows'ehad significant
gca variance. However, variance due to dominanceaens was
significant for all the traits. The variances due 4ca were higher
in magnitude than their corresponding gca variancesealing

greater importance of non additive gene effectshia crosses.



Aim of a plant breeder is to identify parents thabuld
combine well and produce productive hybrids/ proigsn
Combining ability helps in estimating the genetiakeup of the
lines and in making prediction about the out comkew crossed.
This approach also helps to evaluate large numbkemarental
lines in initial stages of selfing and predict abouheir
performance in single/ double crosses. This in tuguld save the
man-power and valuable resources that would otheewie needed
in generating information by making all cross com&iions. The
combining ability helps in estimating the additiyene action of
the parents and also non additive gene action osirtlerossing
(Sprague and Tatum1942; Rojas and Sprague, 1952).

The significant mean squares for the lines anddinetesters
indicated importance of both additive and non additgene action
in phenotypic expression of the traits. Similar dings have been
reported by Zhanget al. (1991), Everettet al. (1995), Paul and
Debanth (1999), Joshat al. (2002) and Sharmat al. (2004).

Significant and desirable general combining alyilior early
maturity traits was revealed by the lines 132C, B3®nd 102 A-2
for days taken to 50% anthesis ; 132C, 139B and €08 for days
taken to 50% silking; and for days taken to 50% kKusowning
the desirable parents were 146 B, 106B and 142 é&.uBal of the
results revealed that the lines 132C and 139B pesseé earliness

for both anthesis and silking.



For morphological traits the significant and dedite
combiners for plant height (medium to short plargight) were
132 C, 106B and 102 A-2 and for lower ear placemkaight the
desirable parents were 132C, 106B and 102A-2. Thfies, both
plant height and ear placement the elite lines wal2C and
106B. The line 132C seems to be a good combinerttiermaturity
and desirable morphological traits as well. Amorte tyield and
yield component traits the desirable and significageneral
combiners for ear length were 147C, 102A-1 and 132for ear
girth the lines were 106 C-1, 102A-1 and 139 A; foumber of
kernel rows edf the lines were 139B and 146B; for number of
kernels row' the lines were 139A, 102A-1 and 147C ; and for 100
grain weight the prominent lines were 106C-2, 102/nd 139 B.
Overall perusal for yield component traits revealtat the lines
102A-1 possessed good combining ability for theseo tyield
component traits.

Grain yield in maize is the most important econontrait.
Lines possessing significant and desirable comkgnability for
grain yield improvement were identified in 139A, 948, 151A,
142A, 146C and 140 E-2.

Analysis of the specific combining ability amormgosses
for different maturity traits revealed that theosses 106 B x
Super-1 and 139 A x 153 A had significant and dakle sca
effect for days taken to 50% anthesis, silking ®ignificant and

desirable cross on the basis of sca was 139 A x A53or days



taken to 50% silking and the desirable and sigrafit crosses for
50% husk browning were 102 A-2 x 153 A, 106 C-1 x &hd 132
C x Gs.

For morphological traits viz. medium plant heigdmtd lower
ear placement, height the crosses showing signmficand
desirable sca effects included106 C-1 x Super 19 B3x 153 A
and 141B-1 x Super | for plant height and 102 A-T¥ 141B-1 x
Super | and 106 C-1 x Super | for ear height.

Crosses showing significant and desirable sca atffefor
yield component traits were 106 B %,C1l47 C x 153 A and 141B -
1 x Super | for ear length; 132C x 153 A and 1021 A« Cs; for
ear girth ; 102 A-1 x Super I, 132C x 153 A and 1B6&x Super |
for number of kernel row edr; 139 B x super |, 141 B-1 x
141B-1 x Super | for kernels rowand 106 B x 153 A, 106 C-1 x
Super | and 151 A x £for 100 grain weight.

For grain yield the crosses showing significandatesirable
sca effect were 139 A x 153 A, 106C-2 %,A06C-1x Super I, 106
C-1x 153 A, 139 AX @, 102A-1 x Super | and 139 B x Super I.

Component analysis of the contribution towards the
performance of crosses was maximum from the lined the lines
x testers, and the contribution from the lines wasthe extent of
57.4, 68.6 and 52.1 per cent and from lines x teste the extent
of 39.7, 31.1 and 45.7 per cent for days taken nbhasis, silking
and husk browning, respectively. Similarly for ptaheight and

ear placement the contribution from the lines w&s3% and 35.9



per cent and from the lines x testers it was 43 0.1 per cent,
respectively. For yield component traits the cobtrion form the

lines was 45.4, 45.4. 45.8, 51.2 and 38.6 per camd from the

lines x testers it was 42.3, 42.1, 38.6, 46.7 &86d9 per cent for
ear length, ear girth, number of kernel rows &anumber of

kernels row' and 100 grain weight, respectively. For grain viel
the contribution for the performance of the cross@sne mainly

from the lines (48.1%) and from lines x testers .@%). The

contribution from the testers was maximum for dikttraits and it

ranged from 0.24 to 24.46 per cent.

Both general and specific combining ability effschave a
significant impact on inbred line evaluation and ppdation
improvement in maize breeding. Hays (1963), Dassal. (1997)
and Paul and Debanth (1999) observed significar f&r most of
the traits particularly ear length and grain yiel8imilar results
have been reported by Desai and Singh (2001). Sthava and
Singh (2003) reported significant positive sca etiefor plant and
ear height in maize. Choudhargt al. (2000) also observed
significant positive sca effect for ear length asar diameter.

Identification of best combiner lines on the basiisgca and
per se performance, and screening of promising crossestlom
basis of sca, and theper seperformance for different maturity,
morphological, yield component and grain yield tsai(Table-8)
revealed that for days taken to 50% anthesis ankimgj the line

139 B had both significant gca and higter seperformance and



similarly, for days taken to 50% husk browning thee 106 B
possessed significant gca and higér seperformance.

For morphological traits (plant and ear heightg tlne 106B
possessed significant gca and higbkr seperformance for plant
height, where-as for ear height none of the topesiron the basis
of gca had comparatively higher seperformance.

Among the yield component traits the line 147 Cdha
significant gca anger seperformance for ear length and number
of kernel rows eat. The line 139B and 146 B revealed significant
gca and highper seperformance for kernel rows €ar Similarly
for number of kernels roW the lines 139 A and 147 C possessed
significant gca and higlper seperformance. For grain yield (q ha
1) none of the top five lines showing significantdadesirable gca
effect were among the top lines on the basis ofirthger se
performance.

Similarly none of the crosses showing significaanhd
desirable sca effect had higrer se performance for days taken to
50% anthesis, silking and husk browning. For plaeight none of
the cross combinations had both significant andhhigra effect
and also highper seperformance. For ear height however, the
cross 102A-1 x ¢ revealed both significant sca and higler se
performance.

Among the yield component traits, the crosses C4AX 153A
and 141B-1 x Super | revealed significant and daisie sca

together with highper se performancdor the ear length and for



ear diameter the cross showing both significant aedirable sca
and highper seperformance was 102A-1 x¢C None of the top
three crosses showing significant and desirable stf@cts had
high per seperformance for number of kernels rdwHowever, for
kernel rows eaft the cross 102 A-1 x Super-1 revealed both
significant sca andger seperformance. For 100 grain weight the
cross 106 B x 153 A revealed both significant soa digh per se
performance.

For grain yield (q ha) none of the top 5 crosses showing
desirable and significant sca effects were havinighhper se
performance except the crosses 106 C -1 x 153 A Bd@ C -2 X
Ce.

In the study it was observed that the crosses shgw
significant and desirable sca were the result of thhoss between
high x low or average x low combiners. This indiedtthat the
high performing crosses resulted from the accumolatof genes
form diverse parents. Dasst al. (1997) reported that crosses
showing significant specific combining ability (sca&ffects did
not have highper se performance. However, Choudhargt al.
(2000) observed that crosses showing significant dasirable sca
effects also revealed higlper se performance for grain yield,
which has also been observed in the present studyame top
raking crosses Das®t al. (1996) showed that a good cross
combination showing high sca and /per seperformance resulted

from high x high general combiner. Crosses showingolvement



of at least one good combiner with gopeér seperformance for
grain yield would result in the recovery of someansgrassive
segregants and good performing inbred lines. Supemrosses
involving high x low or average x low combiners parents are
probably the result from the alleles accumulatintglaci from two

different parents showing higher contrast, whichsuks into

desirable level of heterozygosity and over dominandubey

(1975) confirmed that positive alleles from goodéaage

combiners and negative alleles from poor combinenscrossing
may pledge to a higher level of heterozygosity e tcrosses. Such
crosses are expected to perform better for exptmtaof heterosis
and not for generation of high yielding segregarmscause of
preponderance of non-additive gene action. Rehrmaaml. (1981)

suggested that superior crosses involving low x |@general

combiners are the result of over dominance andtagis.

In the present study some of the crosses revedletier
performance for a number of traits. In order to &den the genetic
base in the parent materials and expect high periog
segregants, it is advisable to have multiple crongsof the parents
showing high performing fcrosses on the basis of sca apelr se
performance. This would result in creation of lateenetic
variability from polygenic heterozygous blocks dogi crossing
over and bring together additive genes through reent selection.

For such a situation selective intermating has beeaposed to



slow down the rate of inbreeding and enhance charaferecovery
of more useful gene constellations in the homozygoandition.
5.3 Estimation of genetic components of variance na

heritability

For all breeding studies it is important to chaexcze nature
and magnitude of gene action governing inheritané¢eyield and
other related traits. For this purpose proper matisesigns are
needed to estimate the gene effect. In the pressgtndy the
variance components for gca and sca derived frome Ik tester

mating design, were significant for most of theitsawith higher

magnitude ofd%c as compared tad’q. for all traits. Translating

the variances of gca and sca into additive gengticiance @°a)

and variance due to dominance deviation®o() it was observed
that the later component was predominant for coltitng the

inheritance of the traits. Estimation of the avesadegree of
dominance revealed that the expression in the oweridance
range for all the traits (1.74-3.86). Greater imgaorce of non-
additive gene action for maturity, plant height asdme of the
yield component traits have been reported by Soanel De
(1981) ; Guptaet al. (1994); Nagdeet al. (1994) and Spanest al.

(1996) for days to silk ; Sinha and Mishra (1990y fgrain weight
and Matu and Ganguly (2001) for kernels roviDesai and Singh
(2001) observed importance of both additive and -aalditive

gene effects for most of the traits. Greater impode of non-



additive gene effects for yield components and graield in
maize has been reported by Odongo (1983), Cretsal. (1996),
Sharmaet al. (1996), Jhau and Kherra (1997), Zellke (2000) and
Srivastava and Singh (2003). However, importance dth
additive and non-additive components of genetic iaace for
grain yield have been reported by Khamis (1983),pGuet al.
(1994), Choukan (1999) and Desai and Singh (2001).

Narrow sense heritability provides a measure af bmeeding
value heritability i.e. fixable component of genetivariance.
However, the estimation of heritability is sometisnbaised due to
interaction resulting from genes showing pseudoségsis and
overdominance resulting form linkage bias (Comstoand
Robinson, 1952). The heritability resulting from ghi additive
genetic variance is expected to result in high gengain through
recurrent selection. In the present study the ladyility (n.s)
estimate were low (6.05 — 25.93%) revealing thag genes in the
lines were acting in positive and negative direaB8oand on
combination at a particular loci might have resudlten higher
heterozygosity and over-dominance, giving prepomsee of non-
additive gene action. Lower estimates of narrowssheritability
have been reported by Vaeet al. (1999) and Violaet al. (2003)
for yield component traits. Lower estimates of rawr sense
heritability for maturity traits have also been o¥ped by Kumar
et al. (2000). Hallauer and Miranda (1988) reported age

narrow sense heritability estimates of 18.7% foaig yield which



was based on the results of 39 experiments condubtedifferent
research workers.
5.4 Estimation of heterosis (%)

Exploitation of heterosis in maize could be achadwhrough
identification of homozygous lines possessingnsigant gca
and high per seperformance and such of the lines on crossing
should result in the production of hybrids showisiginificant sca
and highper seperformance. In the present study the standard
heterosis was worked out for all the traits and theterosis of a
cross was measured as per cent deviation from #gréopmance of
the standard check ¢F for each trait. For maturity traits the
significant crosses showing earliness for antheséese 132C x G,
132C x Super-1 and 139B x Super-1 with an earlinek4-5 days.
Similarly, for silking the top three crosses wek82C x G, 132C
X Super-1 and 139B x Super-1 with an earliness & days. For
husk browning the crosses showing significant sieam heterosis
were 146B x Super-1, 146B xg@nd 102A-1 x @ with an overall
earliness of 3-4 days.

For morphological traits the crosses 132C %, A06B x
153A and 102A-2 x ¢ showed a reduction of nearly 15-20% in
plant height. Similarly for ear height the hetemttrosses were
106B x 153A, 102A-1 x gand 141B-1 x Super-1 revealing nearly
25-28% reduction in ear height placement.

For yield component traits the crosses showing hetis for

increase in ear length were 102A x super-1, 147A53A and



106B x G with an increase of nearly 35-47%. Heterosis far e
girth was observed in the crosses 102A-1¢ CO6C-1 x Subject-1
and 139A x G with an increase of 20 -22%. Heterosis for kernel
rows ear”’ was observed in the crosses 139B x @©39B x 153A
and 102A-1 x super-1 showing an increase of 11-18%rnels
row! revealed an increase of 5-12.8% heterosis in thesses
102A-1 x Super-1, 147C x 153A and 147C x Super-imi&rly,
for 100 grain weight the maximum heterosis of 33.3%as
observed in the cross 102A-2 x 153A followed by BO& 153A
and 106C-2 x g, both having an increase of nearly 29%.

The heterosis for the most important economicittriae
grain yield (q ha) was recorded to the extent of 77% in the cross
139A x 153A followed by the crosses 142A % (11.67%), 106C-1
X 153A (39.58%), 106C-2 x £(35-42%) and 147C x 153A (35-
42%).

Desirable negative heterosis for flowering traltave been
reported by Srivastava and Singh (2002). Significhaterosis for
100 grain weight has been reported by Srivastava &ingh
(2003); for ear length by Dikert and Tracy (2002)dafor kernels
row'by Choudheryet al. (2002). For grain yield the higher
heterosis was observed to result from the crossihghe parents
showing diversity for grain yield, the fact alsomfarmed by Han

et al. (1991) and Mukherjee and Ahuja (1991).



Chapter-6

SUMMARY AND CONCLUSION

The present investigation entitled “Combining abyli
analysis for yield and maturity traits in elite irdd lines of
maize” was carried out to generate information megag
combining ability and gene action in respect of oraty,
morphological and yield component traits togethathwthe overall

production potential (grain yield) of some promigirs, lines of



maize and their crosses. The information on comtgnability and
gene action was generated through the line x testating design
proposed by Kempthorne (1957).

Fifteen S diverse maize lines were crossed to three testers
(2 broad genetic base composites and one inbred)limfhe 45
progenies along with 18 parents (15 lines + 3 testewere
evaluated in randomized block design during Wilearif season of
2005 at K.D. Research Station, SKUAST-K, Budgam,sKamuir.
Data on ten competitive plants was recorded for @lé traits
except maturity traits where data on the whole pbasis were
recorded. The mean/median values were subjected the
appropriate statistical analysis to obtain the msties of
combining ability, gene action, heritability andasidard heterosis.
The salient findings are briefly presented as under

1) Analysis of variance revealed significant differenamong
crosses and female parental lines, (Bnes) except ear
height in case of Sline. Testers evaluated had significant
difference for ear length, ear girth, kernel rowaré and
100 grain weight.

2) Estimation of components of variance revealed #igant
difference for all the traits arising due to linelspwever,
variance due to testers was significant only for éangth
and grain yield (q hd).

3) The variance due to gca was significant for all ttraits

except days taken to 50% anthesis, ear girth andbar of



4)

5)

6)

kernels row" whereas, due to sca it was significant for all
the traits.

The additive genetic variance was lower in magnéutian
the variance due to dominance deviation and theraye
degree of dominance was in the overdominancne eafog
all the traits raging from 1.74 (kernel rows &arto 3.86
(ear height).

Narrow sense heritability (measuring breeding \alu
heritability) was low for all the crosses and radg&om
6.04 (ear height) to 25.93 per cent (100 grain vijg
indicating that crosses had accumulation of diverggenes
at most of the loci for each trait.

Significant and desirable general combining abilgffects
for maturity traits was observed in the, 8nes viz 132C
and 139B (anthesis and silking) ; and 146B and 1@6B8sk
browning). Significant and desirable gca effect felrorter
to medium plant height and lower ear placement was
observed in 132C and 106B. For yield and yield
contributing traits significant and desirable gcHeet was
observed in 147C and 102A-1 (ear length) ; 106Chall 402
A-1 (ear girth) ; 139 B and 146B (kernel rows €ar, 139A
and 102A-1 (kernels rowY and 106C-2 and 102 A-2 (100
grain weight). Desirable and significant gca efféat grain
yield (q ha') was revealed by the lines 139A, 151A, 142A
and 147C.



7) Significant and desirable sca effect for differanaits was
observed in different crosses and these include@Bl&
Super-1 and 139A x 153A (anthesis); 139A x 153A drid
E-1 x 153A (Silking) ; 102A-1x 153A and 106C-1 xzC
(husk browning) ; 106 C-1 x Super-1 and 139 B x 143
(Shorter plant height) ; 102A-1 x¢Gand 141 B-1 x Super-1
(lower ear placement) ; 106 B x¢@nd 147C x 153A (ear
length) ; 132 C x 153A and 102 A-1 xgGear girth) ; 102
A-1 x Super-1 and 132C x 153 A (kernel rows épr 139 B
X Super-1 and 141 B-1 x {J(kernels row') 106 B x 153 A
and 106 C-1 x Super-1 (100 grain weight) ; and 18%
153A, 106C-2 x G, 106C-1 x Super-1, 106 C-1 x 153A and
139A x G (grain yield g hd). The hybrids however,
showed inconsistent correspondence with mepa@r se
performance.

8) Component analysis of the contribution towards the
performance of crosses revealed that the lines rcbated
to the extent of 57.40, 68.65, 52.10, 56.35, 35.48,35,
45.36, 45.80, 51.15, 38.60 and 48.12 per cent andsl x
testers to the extent of 39.75, 31.10, 45.70, 43.66.15,
42.31, 42.13, 38.57, 46.71, 36.39 and 45.25 pert ¢enthe
traits viz. days taken to 50% anthesis, days takerb0%
silking, days taken to 50% husk browning, plantdrtei ear
height, ear length, ear girth, kernel rows éakernels row

1

, 100 grain weight and grain yield (q BB respectively.



9)

The contribution from testers was very low rangifrgm
0.24-24.46 per cent.

Significant and maximum standard heterosis as camgado
the standard check ¢ was revealed by the crosses 132C x
C¢ (early anthesis) ; 132C x ¢C(early silking) ; 146B x
Super-1 (early husk browning), 132C xs ¢Shorter plant
height) ; 106B x 153A (lower ear placement) ; 1021Ax
Super-1 (ear length) ; 102 A0l xsCear girth) ; 139B x ¢
(kernel rows edf) ;: 102A-1 x Super-1 (Kernels row$ and
102A-2 x 153A (100 grain weight). For grain yield pa?)
the crosses 139 A x 153A, 142A x@nd 106 C-1 x 153A
revealed the heterosis to the extent of 77.08, 89ahd

35.42%, respectively.

Conclusions

)

All the lines (S lines) on crossing with testers revealed
greater importance of non-additive gene action whilgh
overdomiannce. These lines would be desirable for
producing highly productive Fsingle and double cross
hybrids.

The promising crosses were the result of high x low
high x medium general combiners revealing that Se
lines were having divergent gene complexes for thlk

traits and under heterozygous conditions resultediigh



iii)

heterosis due to accumulation of divergent gene
complexes at different loci,

Lines showing significant and desirable gca togetiwéth
higher per seperformance for economic traits need to be
involved in multiple crossing to generate produetiv
synthetic varieties and isolation of promising aette
inbred lines and,

Lines showing cross combinations with significantda
desirable sca together wither seperformance for yield
and yield component traits need to be used for tepiag

F, hybrids for multi-location testing and release of
promising ones for commercial cultivation in Kashmi

region.



Table 1: Analysis of variance for maturity, yietl and yield contributing traits in maize (Zea maysL.)

44

Source of variation  d.f Days Days Daystake Plant Ear heigh Ear Ear girth  No. of No. of 100 grain Grain Protein
takento takento to50% height (cm) length (cm) Kernel Kernels  weight (g) yield content
50% 50% husk (cm) (cm) rows eatr  row? (q ha®) (%)
anthesis silking  browning
Replication 2 5.874*  6.466** 13.340** 183.385*%629.429** 1.066 0.496 1.207 1.451 13.540** 8.022 0¥729
Crosses 44  2.928** 2.900** 8.605**  740.800*429.562** 12.190** 4.206** 5.628**  42.438**  43.037** 371.130* 0.602*
Line effect 14 5.283** 6.257* 14.093* 1312.118484.959  17.377* 5.997* 8.102* 68.235* 52.213* 58 0.922*
Tester effect 2 1.829 0.155 4.140 96.007 34A.5833.066* 11.562* 19.340* 19.874 231.607**  532.466 6.778**
Line x Tester effect 28  1.829** 1.417** 6.180**  501.197** 406.077* 8.106** 2.785** 3.412*  31.151** 24.980** 263.942* 0.001
Error 88 0.608 0.413 0.181 10.332 12.376 1.1720.958 0.957 2.254 1.555 13.135 0.058
Total 134 1.449 1.320 3.144 252,770  157.572 4.7892.018 2.494 15.437 15.355 130.609 0.246

* ** gignificant at 5 and 1 per cent levels, resipesly



Table 2: Estimates of combining ability variancedegree of dominance and heritability for maturity, yield and yield contributing

traits in maize (ZeamaysL.)

144

Source of variation Days take Days taker Days take Plant heigh Ear heigh Ear Ear girth  No. of No. of 100 grain Grain
to 50% to 50% to 50% (cm) (cm) length (cm) Kernel Kernels weight (g) yield
anthesis  silking husk (cm) rows ear row (q ha®)

browning

o2 0.519**  0.649** 1.545* 144.642** 52.509* 1.800* 0.559* 0.793* 7.331* 5.628* 61.035*

Line (0.144) (#0.245) (#0.552) (+51.544) (+19.031) (#0.712) (+0.235) (+0.318) (+2.675) (£2.047) (£22.055)
o2 0.027 -0.005 0.088 1.903 7.960 0.708*  0.235 0.408 0.391 5.112* 11.540**

Tester (¥0.039) (#0.002) (#¥0.062) (*1.508)  (¥5.823) (*¥1.636) (*0.214) (+0.303) (*0.312) (+3.638) (£3.054)
52 0.109 0.103* 0.330* 25.693* 15.385*  0.890** 0.289* 0.472* 1.548* 5.198* 19.789*
g

gea (x0.060) (#0.039) (#¥0.159) (*12.289) (*7.466) (+0.440) (*0.153) (+0.239) (*0.768) (x2.477) (£9.555)
52 0.406**  0.334** 1.999* 163.621* 131.233* 2.311** 0.608** 0.818** 9.632** 7.808** 83.602**

sca (x0.160) (#0.123) (#0.531) (+43.137) (+234.954)(+0.700) (+0.244) (+0.297) (+2.683) (£2.151) (£22.719)
52 0.203 0.137 0.060 3.444 4125 90.3 0.319 0.319 0.751 0.518 4.378
g

e
o2 (F=0.75) 0.047 0.045 0.144 11.240 6.730 0.389 0.126 0.206 0.677 2.274 8.658

A (¥0.120) (#0.078) (#¥0.318) (*24.578) (*14.932) (+0.880) (*0.306) (+0.478) (*1.536) (+4.954) (x19.110)
o2 (F=0.75) 0.311 0.253 1.530 125.268 100.472 1.769  0.466 0.626 7.374 5.977 64.005

P (x0.330) (#0.246) (+1.062) (+86.274) (+47.908) (+1.400) (+0.488) (+0.594) (£5.366) (+4.302) (+45.438)
Degree of dominance 2.555 2.369 3.252  338. 3.863 2131 1.918 1.740 3.299 2.628 2.718
o2 0.562 0.436 1.736 139.953 111.328 2.5490.912 1.152 8.803 8.770 77.042

P
Heritabiilty (N.S) % 8.484 10.590 8.335 o3l 6.045 18.281 13.887 17.946 7.693 25,929 11.237

*** significant at 5 and 1 per cent levels, respesly



Table 3: Estimates of general combining ability éécts for maturity, yield and yield contributing traits in maize (Zea maysL.)

Ly

Parent lines Days taker Days taker Days taker Plant height Ear heigh Ear Ear girth  No. of No. of 100 grain Grain
(S, lines used to 50% to 50% to 50% (cm) (cm) length (cm) Kernel Kernels  weight (g) yield

as females) anthesis  silking husk (cm) rows eat  row® (q ha®)

browning
102 A-1 Ly -0.504 0.200 -0.719** 0.970 -5.341**  2.178**1.096** 0.193 2.615**  -2.526** -0.156
102 A-2 Ly -0.948** 0.422 0.615** -16.363** -6.007** -0.156 0.430 -0.130 1.504** 4.030**  -12.378**
106 B Ls -0.059 1.533* -1.163**  -16.474* -8.785**  0.178 -1.459** -0.807 * 1.281* -1.193* -10.378**
106 C-1 L -0.504 -0.800** 2.948* 2.081 6.659**  0.178 1.430** -1.474** -0.941 -3.415** 0.178
106 C-2 ls 0.052 -0.244 -0.385* 6.304** 9.659*  -3.489**-0.570 0.193 -1.607** 4.141** -0.489
132C Ls -1.393**  -1.689** 0.615** -19.141* -9.230**  1.I8** -0.570 0.193 -0.385 0.585 -14.489**
139 A Ly 0.274 -0.022 2.170* 4.193** 7.770* 0511 0.874* -0.474 2.948*  -2.526** 14.178**
139B Lg -1.281**  -1.578**  -0.496** -0.030 -4.007** -1.267 -0.570 2.526**  -5.052** 2.807* 2.178
140 E-2 Ly 0.719* 0.422 -0.163 1.748 -1.119 -0.378 -0.237-0.141 1.615** 1.141* 3.844**
141 B-1 Lio 0.496 0.200 -0.941** 0.748 -2.007 -0.489 -0237 -0.807*  -1.052* -1.193* 0.289
142 A Lyg 1.052** 0.756** -1.052** -8.807** -5.230**  0.84* 0.096 -0.141 2.281* 1.252** 6.511**
146 B L 0.719* 0.422 -1.274** 2.5256* 1.993 -0.822* 0.904*  1.193** -0.385 -2.748** -3.489*
147 C Lis 0.607* 0.311 1.059** 15.859** 2.326 2.178**0.763* -0.141 2.615* 0.141 5.511**
150B Lig 0.607* 0.200 -0.607** -0.696 -2.896* -0.489 501 0.526 0.948 0.696 -1.156
151 A Lis 0.163 -0.133 -0.607**  27.081** 16.215** -0.156 .430 -0.807*  -6.385**  -1.193* 9.844**
Stan

dard error
gca (Line) + 0.260 0.214 0.142 1.071 1172 .360 0.326 0.326 0.500 0.415 1.208
gi - gj (Line) + 0.367 0.303 0.200 1.515 1.658 0.510 0.461 0.461 0.707 0.588 1.708

*** significant at 5 and 1 per cent levels, respezly
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Table 5: Estimates of specific combining ability #ects for maturity, yield and yield contributing traits in maize (Zea maysL.)
Crosses Days take Days Daystake Plantheight Earheight Earlength Ear girth No. of No. of 100 grain  Grain yield

to 50% takentc to50% (cm) (cm) (cm) (cm) Kernel Kernels  weight (g) (q hat)

anthesis  50% husk rows ealr  row®

silking  browning

LixTy 0.593 -0.533  -0.393 -11.948* -15.681** -1.044 .215* 0.007 0.207 0.074 3.756
Ly x T, -0.674 0.156 -0.281 124.141*  22.252** 2.356** 0.430 2.319**  3.741* 0.341 10.556**
Lix T3 0.081 0.378 0.674* -12.193** -6.570** -1.311*  0.758 -2.326*  -3.948**  -0.415 -14.311*
L, x Ty 0.370 -0.089 1.607** -3.615 -1.681 0.289 -@11 -0.770 0.319 -0.630 -3.022
Lo x T, -0.230 -0.067 0.719* 5.474** 6.919** 1.689* 0.237 -0.126 -0.148 0.770 -1.778
L,x T -0.141 0.156  -2.326* -1.859 -5.237* -1.978* -0a 0.896 -0.170 -0.141 -1.224
Lyx Ty 1.148* 0.133 0.052 10.163** 9.430** 2.956** 1.104 1.007 -0.459 -2.407* -1.022
Lsx Ty -1.119* 0.156 0.496* -3.415 3.363 -3.644** 261 0.319 0.074 1.674* 1.222
Lsx T -0.030 -0.589  -0.548*  -6.748* -12.793** 0.689 .2B0*  1.326* 0.385 4.081** 2.244
Lyx Ty 0.593 0.800* -1.726** 10.941* 14.319** -0.044 0.881 -0.326 -0.237 0.815 -0.422
LyX T, -0.007 -0.178 0.719* -21.637* -13.081** 0.356 0.237 0.985 1.296 3.452** 12.778**
LyXx T -0.585 -0.622 1.007**  10.696** -1.237 -0.311 191 0.659 1.059 2.637* 12.356**
Lsx Ty 0.370 0.578 1.941*  2.385 4.985* 1.622 @88 0.007 0.430 2.259** 14.089**
Lsx T, -0.230 -0.400 -0.948** -0.859 1.252 1.022 0.237 -0.681 -0.704 -3.007* -7.111**
Lsx T3 -0.141 -0.178  -0.993** -1.526 -6.237** -2.644** A1n9 0.674 0.274 0.748 6.978**

Continued.....



Table : 5

4]

Crosses Days Days Daystake Plantheight Ear height Earlength Ear girth No. of No. of 100 grain Grain
takento takento to50% (cm) (cm) (cm) (cm) Kernel Kernels  weight (g) yield
50% 50% husk rows eatr  row® (q ha®)
anthesis silking  browning
L 6 X -0.852 -0.644 -1.393*  -12.504** 1.207 -0.044 -191 0.007 2.207* 0.815** 1911
T1
LeX T, -0.452 -0.622 1.719* 1.252 0.474 0.356 -0.763-1.681* -0.741 -0.119 -8.111*
LeX T3 1.304* 1.267* -0.326 11.252** -1.681 -0.311 a13 1.674* 2.948** 0.696** 10.022**
L, x Ty 0.481 0.689 -0.948**  0.496** 10.207** 0.622 0.437 0.674 0.126 0.074 10.578**
L, x T, 0.548 0.378 -0.170 3.919 2.141 -0.978 -0.207-0.015 -0.593 -0.341** -5.778*
L, x T3 -1.030* -1.067*  1.119** -13.415* -12.348** 0.35 -0.230 0.659 0.719 0.415* 16.355**
Lgx Ty -0.630 -0.422 1.385** -0.615 -6.348** -0.600 119 -0.326 -0.459 -0.407** -1.422
Lgx T, -0.563 -0.733 -0.837* 20.474* 16.252** 0.467 0.237 0.015 6.259** 3.326** 10.222**
Lgx T 1.193*  1.156** -0.548*  -19.859** -9.904** 0.133 0.881 0.341 -6.719**  -2.919** -11.644*
Lox Ty 0.704 0.911* 0.385 -3.726* -0.237 -0.489 -0.452-0.659 -0.207 -0.741** -8.244**
Lox Ty 0.104 -0.067 0.496* -1.637 -5.970** -0.756 -6B09 -0.348 2.259* 1.993** 8.556**
LoXx T3 -0.807 -0.844* 0.881** 5.363** 6.207** 1.244 0.548 1.007 2.052* 1.252* 0.311
Liox Ty -0.741 -0.533 0.163 5.941** 0.985 -2.378** 424 0.007 6.126** 1.407** 3.311
LigX T, 0.659 0.489 -0.059 -16.637** -15.415* 2.022** 0.904 0.681 4.407** 2.326** 5.111*
Liox T3 0.081 0.044 -0.104 10.696** 14.430** 0.356 45 0.674 1.719 0.919* 8.422**
LiyxTy -0.630 -0.422 -0.059 6.163** 0.541 0.289 0.215 0.341 0.541 5.481** 10.089**
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Ly xT, 0.104 -0.067 0.052 -6.081** -9.526** -0.311 -804 -0.348 0.074 -0.911** -7.111%
Lis XT3 0.526 0.489 0.007 -0.081 8.085** 0.022 0.215 0.007 -0.615 5.363** -2.978
Continued.....
Table : 5
Crosses Days Days Daystake Plant height Ear height Earlength Ear girth No. of No. of 100 grain Grain
takento takento to50% (cm) (cm) (cm) (cm) Kernel Kernels  weight (g) yield
50% 50% husk rows eatr  row® (q ha')
anthesis silking  browning
Lipx Ty 0.370 0.578 -1.504**  4.830* 2.652 0.044 0.215 939  -3.207*  2.148* -7.911*
Liox T, 0.437 0.267 -2.059**  0.919 0.919 -0.644 0.570 9:31 -1.259 2.119* 2.889
Lipx T3 -0.807 -0.844*  3.563** -5.748** -3.570 0.689 -058 0.326 1.948* 0.030 5.022**
Lizx Ty -0.852 -0.644 1.163** -12.170** -8.681** -1.044 58 0.341 -3.793** -4.741** -1.911
Lizx T, 0.548 0.378 -0.393 5.252* -0.748 -1.644* -1.096 348. 0.741 1.993* 3.111
Lizx T3 0.304 0.267 -0.770**  6.919** 9.430** 2.689** 0.548 0.007 3.052** 2.748** 5.022*
LiaX Ty -0.852 -0.533 -0.504*  8.719** 3.207 -0.378 -1.119 0.674 1.126 2.370** 5.756*
Ligx T, 0.548 0.156 -0.726*  -15.526** -14.193** 0.022 G2 -0.015 1.407 0.437** 1.556
Ligx T3 0.304 0.378 1.230**  6.807** 10.985** 0.356 0.881 0.659 -2.281 -2.807** -7.311*
Lisx Ty -0.074 0.133 -0.170 -14.059** -14.904** 0.289 091 0.007 -5.207** 3.407** -4.244*
Lisx T, 0.326 0.156 1.274**  4.363* 5.363* -0.311 0.237 681 1.259 0.326* -0.311
Lisx T3 -0.252 -0.289 -1.104**  9.696** 9.541** 0.022 -091 0.674 3.948* 3.081* 4.556*
Stan
dard error
Sca ($) + 0.450 0.371 0.246 1.855 2.031 0.625 6.5 0.564 0.867 0.139 2.092
S - Sg + 0.637 0.525 0.348 2.624 2.872 0.884 99.7 0.798 1.226 0.197 2.959
Sj - S« + 1471 1.212 0.803 6.061 6.633 2.042 1.8461.845 2.831 0.445 6.834

*** significant at 5 and 1 per cent levels, respezly



Where,

Table 8 : Estimates of standard heterosis(%) fomaturity, yield and yield contributing traits in ma ize (ZeamaysL.).

L, = 102A-1
Lip=141B-1

L =102A-2
L; =142 A

T, = G (Broad genetic base)

L =106 B
L, =146 B

> T= Super-1 (Broad genetic base)

b =106 C-1
l=147C

b =106 C-2
L,=150B

L =132C
ks =151 A

3 F 153 A (inbred)

b =139B

kL =139B ;=140 E-2
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Crosses Days Days Daystake Plantheight Ear height Earlength Ear girth No. of No. of 100 grain Grain
takento takento to50% (cm) (cm) (cm) (cm) Kernel Kernels  weight (g) yield
50% 50% husk rows eat  row? (q ha®)
anthesis silking  browning
Lix Ty -2.255 -2.546 -3.218 -10.248 -27.500 17.647 22.2224.653 2.564 -8.333 14.583
Ly xT, -4.135 -1.818 -2.970 9.090 8.333 47.058 11.111 630. 12.820 -12.500 20.833
Ly xTs -3.007 -1.455 -1.980 -9.752 -20.000 17.647 5.555 16.277 -10.256 8.333 -16.666
L, x Ty -3.007 -1.818 -0.742 -14.710 -16.110 11.764 11.111-2.323 0.000 16.666 -25.000
L, x T, -4.135 -1.818 -1.237 -8.760 -5.000 29.411 11.111 9.300 0.000 16.666 -22.916
L, x T3 -3.760 1.455 -3.218 -13.223 -19.444 0.000 5.555 653 -5.128 33.333 -10.416
Lyx Ty -1.127 -0.364 -3.218 -7.933 -9.166 29.411 5.555 653. -2.564 -12.500 -16.666
Lyx T, -4.135 -0.364 -2.723 -13.223 -10.277 0.000 0.000 9.300 0.000 -12.500 -25.000
L3x T3 -2.632 -0.727 -3.218 -15.702 -28.055 17.647 -11.11-16.277 -2.564 29.166 -4.166
Lyx Ty -2.255 -2.181 -1.485 1.652 7.777 11.764 22.222 30@. -7.692 -8.333 8.333
Lyx T, -3.383 -3.272 0.494 -13.058 -11.110 23.529 16.666-9.300 -2.564 -29.166 -27.083
Ly X Ts -3.760 -3.637 0.989 2.148 -5.555 11.764 5555 216. -12.820 12.500 39.583
Lsx Ty -1.880 -1.818 -1.237 -0.495 2.500 0.000 11.111 536 -7.692 29.166 35.416
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Lsx T, -3.007 -2.909 -3.218 -0.661 3.333 5.882 5.555 0®.3 -10.256 4.166 -16.666
Lsx T -2.632 -2.546 -2.970 -1.818 -7.222 -23.529 -5.555 4.653 -10.256 4.166 -2.083
Continued.....
Table : 8
Crosses Days Days Daystake Plant height Ear height Earlength Ear girth No. of No. of 100 grain Grain
takento takento to50% (cm) (cm) (cm) (cm) Kernel Kernels  weight (g) yield
50% 50% husk rows eatr  row® (q ha')
anthesis silking  browning

L 6 X -4.887 -4.727 -2.970 -20.496 -16.389 17.647 0.000 .653 0.000 8.333 -27.083
T1
Lex T, -4.887 -4.727 -0.495 -12.231 -13.055 29.411 0.000-16.277 -2.564 0.000 -47.916
Lex T -2.632 -2.546 -1.733 -8.099 -19.166 17.647 11.11111.630 -15.384 16.666 11.166
L, x Ty -1.504 -1.455 -1.485 1.983 5.277 17.647 21.428 5316 2.564 -8.333 14.583
L;x T, -1.880 -1.818 -0.742 0.660 2.500 17.647 14.285 30@. 2.564 -12.500 16.666
L;x T3 -3.383 -3.272 0.494 -8.760 -13.889 17.647 7.142 .300 2.564 8.333 77.083
Lgx Ty -4.511 -4.363 -1.733 -5.124 -18.333 0.000 0.000 .6aB -18.802 12.500 14.583
Lgx T, -4.887 -4.727 -3.218 6.776 4.166 15.688 7.142 A.6 -32.479 25.000 25.000
Lgx T -2.632 -2.546 -2.723 -14.049 -21.666 5.882 7.142 8.6Q7 -2.564 16.666 -6.250
Lox T -0.751 -0.729 -2.227 -5.785 -10.833 5.882 7.142 322 0.000 4.166 -2.083
Lox T, -1.880 -1.818 -1.980 -3.305 -11.666 11.764 7.142 9.300 -5.128 8.333 25.000
Lox T3 2.632 -2.546 -2.723 -0.826 -5.833 17.647 7.142 5316 2.564 12.500 20.833
Ligx Ty -2.632 -2.546 -2.970 -1.487 -10.555 -5.882 0.000 2.323 -23.076 -8.333 14.583
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LigX T, -1.504 -1.455 -2.970 -11.239 -20.277 29.411 14.28516.277 5.128 4.166 10.416
Liox T3 -1.880 -1.818 -2.723 1.487 0.277 11.764 7.142 52.6 -5.128 8.333 -4.166
Liyx Ty -1.880 -1.818 -3.218 -6.116 -13.610 17.647 14.2854.653 2.564 29.166 41.666
L1 xT, -1.504 -1.455 -2.970 -10.743 -18.055 23.529 7.142 -9.300 2.564 4.166 -2.083
L1y x T3 -0.751 -0.729 -2.723 -8.760 -6.944 17.647 7.142 322 -2.564 0.000 20.833
Continued.....
Table : 8
Crosses Days Days Daystake Plant height Ear height Earlength Ear girth No. of No. of 100 grain Grain
takento takento to50% (cm) (cm) (cm) (cm) Kernel Kernels  weight (g) yield
50% 50% husk rows eatr  row® (q ha®)
anthesis silking  browning
Liox Ty -0.370 -0.578 -1.504 -1.157 -5.833 5.882 7.142 53.6 2.564 0.000 -16.666
Liox T, -1.504 -1.455 -4.703 -1.653 -3.333 11.764 7.142 630 -7.692 -20.833 -2.083
Lipx T3 -2.632 -2.546 -0.248 -5.785 -11.389 11.764 -7.142 4.653 -12.820 5.554 16.666
Lizx Ty -2.632 -2.546 -0.742 -2.975 -15.000 17.647 21.4284.653 -7.692 -16.666 14.583
Lizx T, -1.504 -1.455 -1.733 7.107 -4.444 23.529 7.142 300. 5.128 8.333 4.166
Lizx T3 -1.504 -1.455 -1.733 7.107 -0.277 41.176 14.285-2.323 7.692 29.166 35.416
Ligx Ty -2.632 -2.546 -3.218 -0.826 -9.444 5.882 0.000 634. -5.128 12.500 16.666
Ligx T, -1.504 -1.818 -3.218 -11.404 -20.000 17.647 7.142-2.323 2.564 4.166 0.000
LiaX T3 -1.504 -1.455 -1.485 -1.157 -3.333 11.764 7.142 322 -5.128 8.333 -4.166
Lisx Ty -2.255 -2.181 -2.970 -1.652 -8.610 11.764 14.285-2.323 -7.692 -16.666 18.750
Lisx T, -2.255 -2.181 -1.733 12.231 12.225 17.647 14.28516.277 -23.076 -4.1666 19.160




Lisx T3 -2.632 -2.546 -3.218 14.049 11.389 11.764 7.142 322 -33.333 25.000 3.330

Where,
L; = 102A-1 L, =102A-2 ;1 =106B I, =106 C-1 k =106 C-2 L =132C b =139B |k =139B L =140E-2

Lio=141B-1 L;=142A L,=146B ls=147C L.=150B ks = 151 A

T, = G (Broad genetic base) > T= Super-1 (Broad genetic base) 3 ¥ 153 A (inbred)



Table 4: Best lines with respect to their gca angder se performance for maturity, yield and yield contributing
traits in maize (ZeamaysL.).

Traits Lines (gca) Per se
performance
Days taken to 50% anthesis 132 C (-1.393)** (88)33
139B (-1.281)** (87.667)

102A-2 (-0.948)** (87.000)
Days taken to 50% silking 132 C (1.689)** (91.333)
139B (-1.578)** (90.667)

106 C-1  (-0.800)*  (92.333)

Days taken 8 279" a6
to 50%
husk
br owni ng

142 A (-1.052)*  (133.000)

141B-1  (-0.941)*  (134.333)



102 A-1  (-0.719)*  (134.000)
106 C-2  (-0.385)*  (135.000)
Plant height (cm) 106 B (-16.474)*  (166.000)

102 A-2  (-16.363)*  (226.000)

142 A (-8.807)*  (200.000)
Ear height (cm) 132 C (-9.230)*  (116.000)
106 B (-8.785)*  (103.000)

102 A2 (-6.000)*  (136.000)
Ear length (cm) 147 C (2.178)*  (20.000)
102A-1 (2.178)*  (18.000)

132-C (1.178)*  (18.000)

Continued.....



Table 4 :

Traits Lines (gca) Per se
performance
Ear girth (cm) 106 C-1 (1.430)** (14.000)
102 A-1 (1.096)**  (14.000)
147 C (0.763)* (15.000)
No. of kernel rows edr 139B (2.526)** (16.000)
146 B (1.193)* (15.000)
No. of kernels row 139 A (2.948)** (37.000)
142 A (2.281)*  (37.000)
102A-1 (2.615)** (36.000)
Grain yield (q hd) 139 A (14.178)**  (30.000)
151 A (9.844)* (36.000)
142 A (6.511)** (30.000)
147 C (5.511)*  (40.000)
100 grian weight (g) 106 C-2 (4.141)* (22.000)
102 A-2 (4.030)** (21.000)
139 B (2.807)**  (28.000)



142 A (1.252)*  (19.000)

Protein content (%) 106 C-2 (0.375)** (7.250)
142 A (0.335)* (7.160)
151 A (0.292)** (7.070)

*** significant at 5 and 1 per cent levels, respezly

Table 6 : Best cross combinations with respect their sca for maturity, yield and
yield contributing traits in maize (ZeamaysL.).

Traits Crosses Sca

Days taken to 50% anthesis 3T, (-1.119)*
Ly X T3 (-1.030)*

Days taken to 50% silking 71X T3 (-1.067)*
Lo X T3 (-0.844)*

|_12 X T3 (-0844)*



Days taken to 50% husk browning

Plant height (cm)

Ear height (cm)

22X T3
Lox T
Lax Tq
Le X Ty
Ls X T3

X T,
LioX T2
LiaX T2
L;x T3
L1 x T3

LX Ty
LiaX T2
LisX T1

Liax T,

(-2.326)**
(-2.059)**
(-1.726)**
(-1.393)**
(-0.993)**
(-21.637)*
(-16.081)**
(-15.526)*
(-13.415)*
(-12.193)*
(-15.681)*
(-15.526)*
(-14.904)*

(-14.193)*



Ly x T3 (-12.348)***

Table 6:

Traits Crosses Sca

Ear length (cm) lsx T3 (2.689)**
Liox T (2.022)**
LioxX T3 (0.689)**

Ear girth (cm) lx T3 (1.881)*
Ly x Ty (1.215)*

No. of kernel rows edr Lix T2 (2.319)**
Le X T3 (1.674)**
Liox T (1.319)*

No. of kernels row LioX Tz (6.126)**
LisXx T3 (3.948)*
Lizx T3 (3.052)**

Continued



Le X T3
Grain yield (q hd) L, x Ts
Lsx T1
Lax To
Lax T3
Lz x Ty
LixT,
100 grain weight (g) IxT,
Lsx T>
LisX T3
Liox T,
LioX T>

(2.948)*
(16.355)*
(14.089)**
(12.778)**
(12.356)**
(10.578)**
(10.556)**
(3.452)*
(3.326)**
(3.081)*
(2.326)**
(2.119)*

* ** gignificant at 5 and 1 per cent levels, respesly



Table 9 : Identification of the good general coiiners and best cross combination with respect tcheir combining ability

and per se performance for different traits

Best lines Best cross
Traits gca Per se Sca basis Per se
basis performance performance

Days taken to 50% anthesis 132-C 102-A-2 106-B x Super-1 139-B x Super-1
139-B 106-B 139-A x 153-A 139-Ax G
102 A-2 139-B 102A-1 x Super-1
Days taken to 50% silking 132-C  139-A 139-A x 153-A 132-Cx G
139-B 147-C 140-E-2 x 153-A 132-C x Super-1
106 C-1 102-A-1 146-B x 153-A 139-B x Super-1
Days taken to 50% husk 146-B 140-E2 102-A-2 x 153-A 146-B x Super-1

browning 106-B 142-A 106-C-1 x G 146-B x G
142-A 106-B 132-C x G 102-A-1x G
Plant height (cm) 132-C 102-A-1 106-C x Super-1  132-C x G

106-B 106-B 139-B x 153-A  106-B x 153-A
102 A-2 146-B 141-B-1 x Super-1 102-A-2 x G



Ear height 132-C
106-B
102A-2
Ear length 147-C
102 A-1
132-C

102-A-1
106-C-2
106-C-1
147-C
142-A
141 B-1

102A-1 x

G

106-B x 153-A

141 B-1 x Super-1 102 A-1 x G
106 C-1 x Super-1139-B x 153-A
106-B x G
147-E x 153-A  147-C x 153-A
141 B-1 x Super-1 1-B x Super-1

102 A-1 x Super-1

Continued



Table: 9

Ear diameter

Kernel rows eat

Kernels row

100-grain weight

Grain yield (q hd)

106-C-1
102-A-1
139-A

139-B
146-B

139-A
102 A-1
147-C

106 C-2
102 A-2
139B
139 A
151 A
142 C
147C
140 E-2

102 A-2
147-C
151-A

139-B
106 C-2
146-B

147-C
106-B
139-A
141 B-1
147 C
106 C-1
150 B
106 C-1
141 B-1
146 B
139B

132-C x 153-A
102 A-1x G

102 A-1 x Super-1
132-C x 153-A

1-2-A-1x G
106-C x Super-1

139-Bx G
139-B x 153-A

146-B x Super-1 102 A-1 x Super-1

139-B x Super-1
141-B-1x G
14 B-1 x Super-1
106 B x 153 A
106 C-1 x Super-1
151 Ax G
106 C-2x G
106 C-1 x Super-1
106 C-1x 153 A
139 AX G
102 A-1 x Super-1

102 A-1x G
147-Cx G
141-B x Super-1
106 C-2x 153 A
102 A-2 x 153 A
106 Bx 153 A
139 Ax 153 A
142 Ax G
106 C-1 x 153 A
106 C-2x G
151 Ax 153 A




Table 7 : Per cent contribution of lines testerand lines x testers towards the overall performare of crosses

Per cent contribution
Traits Lines Testers Lines x testers

Days taken to 50% anthesis 57.42 2.83 39.75



Days taken to 50% silking

Days taken to 50% husk browning
Plant height (cm)

Ear height (cm)

Ear length (cm)

Ear girth (cm)

Number of kernel rows ear
Number of kernels row

100-grain weight (g)

Grain yield (q ha)

68.65

52.10

56.35

35.92

45.35

45.38

45.82

51.15

38.60

48.23

0.24

2.18

0.60

3.93

12.34

12.49

15.61

2.14

24.46

6.52

31.11

45.70

43.05

60.15

42.31

42.13

38.57

46.71

36.94

45.25
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