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CHAFTER 1

INTRODUCTION

The plant breeder aims at selecting superior gerotypes
for constituting an improved or agronsmically useful gopula-
tion which can be further used in the breeding programme,

For selection to be effective, broad-based random-mating
populations with wider range of genotypes have to be used,
Develcopment of random mating populations has been made
possible in self-fertilized crops such as sorghum (Sorghum
bicolor L. Moench) by the discovery of male-sterile genes
(i.8)e The 1S, discovered in Nigeria by andrew and Webster
(1971) has made sorghum improvement successful as in maize
(Zea mays L.) because the population improvement techniques
involving recurrent selection, used extensively for maize
improvement, are now being applied to sorghum.

Several breeding schemes are available for population
improvement through recurrent selection., The choice of which
one to use depends on the objective of the breeder and the
resources available to him 31 family selection has been recognised
as the most promising brecding method in sorghum (Eberhart
et al,, 1967; Dogget and Fberhart, 19683 Eberhart, 1977;
Dogeet, 1972; Gardner, 1972; Jan-Crn, 1973 .nq Eckedil , 197))
This method is commonly practised by sorghum breeders because
of the ease of manipulation of the plants and interpretation

of the genetic variances among 5-; lines (Jan=0rn, 1973),
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Stratified mass selection and 8—1 progeny testing are currently
being used at the Instifute for Agricultural Research ( Samaru)
for the random-mating populations developed for the population
improvement scheme initiated in 1974,

Genetically broad-based sorghum has been noted for its
wealth of variability in almost all plant characters. Knowledge
of the nature of the genetic variabllity expressed from genera-
tion to generation enableg the breeder to discriminate effectively
among individuals or families, Unlike qualitative characters
which can be recognised and classified easily, the measurement
of quantitative characters is in continuous units. Many genes
are generally invelved, both directly and indirectly, in govern-
ing a quantitative character. And character expression is very
sensitive and greatly influenced by environment, Therefore, to
get information about a quantitative character one has to deal
with statistics estimated from replicated experiments over various
environments., Information can be obtuined from first order
statistics {means) and second order statistics (variances).
These can be used further to estimate genetic variances and for
predicting possible future performances of heterogeneousypppula—
tions.

The objective of this study was to obtain genetic infor-
mation on several guantitative traits in a genetically broad-
based sorghum population, YZC using 5-1 lines, LEgstimates of

genetic variance, correlation coefficients, heritability and
expected gain from selection were obtained for the lines also.
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CHAPTER II

LITERATURE RLVIEW

The use of exotic germplasm to increase genetic vari-
ability and to introduce new sources of possible heterosis
has made sorghum wealthy of variability in almest all plant
characters, The variability present in various plant traits
has been reported by several workers in the world, Unly some
of these have studied the range of genctypic variation in
various plant characters and thelr relationships in random
mating populations,

Genetic variability

In a study of genetic variability in a collecticn of
seventy divergent varieties including indigencus as well ag
exotic types, Swarup and Chaugale (1962} observed a wide
range of phenotypic variability in panicle emergence, plant
height and length and weight of panicle., This study revealed
that a large portion of the phenotypic variability was geneti-.

Basu (1971) studying days to flowering, plant height,
panicle length and width, and grain yield in a winter season
sorghum cross found that variability of all characters in F2
was more than that of parents. Ee also found that increase
in variability was quite marked in plant height, days to

flowering and panicle width.
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In an investigation for plant/hcight, number of days

to 50% flowering, number of leaves per plant, grain yield
per plant, 1000-grain weight, grain number per panicle and

protein content in Sorghum vulgare, Vasudeva (1973) found

that variances due to general combining ability and specific
combining ability were significant for all characters while
variances due to reciprocal effects were sipgnificant for days
to 50% flowering only. He found that additive gene action was
more important for plunt height, leaf number, days to 50h
flowering and grain yield, while dominant gene action was
more important for panicle length, grain number, and 1000-
grain weight, Overdominance was recorded for height, leaf
nurber, flowering and grain yield,

In a study of 30 indigenous grain sorghum varieties
Abu-el Gasim and Kambal (1975) reported a wide range in -
variability, particularly grain yield, number of grains per
head, 1000-grain weight, head exertion (head emergence) and
leaf area, Estimates of genotypic yvariance ranged from 0,82
for head diameter to 1011.12 for plant height. The genetic
coefficient of variation values ranged from 17.7% for leaf
width to L45.6% for grain yield,

Among 30 lines of sorghum studied by Naphade and Ailwalar
(1978), the coefficient of variation of seven characters ranged
from 10,2% for leaf number to 30.4% for plant height, 22,9% for

grain yield and 27,8% being recorded for panicle length,
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Also in the same year, Eckebil et al,, (1977) tested 200

S=, families from each of three random populations of ssarghum

1
and found that populations NPSR has more genetic variability
for yield and most other characters than population NF3R,
NP7BR, a genetically narrow-based population, yielded the
same as NPSR but had the lowest variability for height and
number of days to flowering.

Genetic variability in a random-mating population (PF9)
was investigated for yield, days to flowering and lodging
by Bittinger and Cantrell (1979), They reported estimates
of additive genetic variance and demimance deviation for
each trait., Additive variance was found to be greater than

dominance variance for all traits except yield.

Correlations

Relationship among traits of economic importance is
valuable in making decisions in breeding programmes,
especially for selection purposes. Sieglinger (1936) recog-
nised in sorghum the association between number of leaves,
size, diameter and height of stalk, and vigour of plant., He
also showed that varieties have different numbers of leaves,
Quinby and Karper (1945) reported linkege between a height
gene in milo and the maturity gene, Ma, Later in 1972 Quinby
reported that maturity genes control time of floral initiation
and in addition influence rate of growth as measured by leaf

size and panicle weight,
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Goud and Vasudeva (1976), working with 50 true breeding
lines selected from mutants for height induced by gamma
irradiation in GM 2~3-1, reported that plant height was
positively correlated, genotypically and phenotypically,
with node number and internode length; and node number and
internode length were positively correlated, These authors
further stated that gene dwh affected panicle length, dw1 and
dw2 controlled internocde length with cumulative effect and
operate pleiotropically on leaf characters, and dw3 affected
number of nodes, internode length and panicle length, In
an earlier study of a single height gene (Dwi of Sorghum
bicolor at & 1-dwarf and 2-dwarf height levels, Campbell and
Cassady (1969) reported that the state of Uw3 gene influenced
main head yield, tiller yield, total yield, kernels per head,
heads per plant; 1000-kernel weight, head length as well as
culm height; length, width and area of fourth leaf blade,
They found that node number was not affected which indicated
that maturity was not influenced by this gene.

Martin (1928) reported that grain yield in sorghum was
correlated more closely with the number of heads per hectare
than with the size of head or weight of grain per head.
Anderson and Webster (1959) reported that when plant popula-
tions were equal, variations in yield were dependent upon
differences in the number of heads per plant and weight of

grains per plant.
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Stickler and Fauli (1961) found thet variations for all three
yield components had an impact on the expression of total grain
yield, but that number of seeds per head and seed weight
generally underwent greater changes than did the component
number of heads per unit area and therefore had a greater
effect on total yield.

Fositive genotypic correlations were reported between
100 seed weight and grain yield (Beil and Atkins, 1965);
yield per unit area and grain yield per head, height and
threshing percentage (Eckebil et al., 1977); plant height and
node number, node number and panicle length (Goud and Vasudeva,
1976); head length and spike length and 100 seed weight
(Mandouh et al,, 1971)., Negative genotypic correlation was
reported between days to flowering and yield by lLckebil et al.,
(1977).

Positive phenotypic correlations were reported between
seed weight and grain yield; yield per unit area and grain
yield per head by Swarup and Chaugale (1962) and Eckebil et 2l..
(1978); respectively. Ali-Khan and Weibel (1969) obtained
a negetive phenotypic correlation between 100 seed weight
and grain yield in 'Redlan' x 'Flainsman'., Many more studies
have shown positive correlations between yield and plant height,
number of seeds per head, days to flowering, seed weight,
panicle size and leaf size (Liang et al., 1969; Abu-el-Gasim
and Kambal, 1975; Jan-Orn et al., 1976; Naphade and Ailwalar,

19783 Vasudeva and Goud, 1978; Cheudhari and Mthgjan, 1979;
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Goud and Asawa, 197G). MNegative phenotypic correlations
among traits were reported by Panchal et al,, (1979) who
concluded that tall varieties may not produce longer and
wider heads having heavier grains, and that llikages among the
gene governing positively and closely related characters
could be expected.

Heritability

The study of hereditary and environmental components
of variation had its beginning in the work of Johannsen
(1909), East (1916) and Nilsson-bthle (1909). Johannsen
demonstrated that both heritable and non-heritable agencies
contributed to somatic variation in segregating populations
and that variation in pure<lines was entirely environmental,
East and Nilsson-kEhle further confirmed the work of Johannsen
and demonstrated how such results conformed with the concept
of Mendelian genetics.

Fisher (1918) first partitioned pgenetic variarce into
three components; that due to additive effects of genes, that
due to dominance deviations from the additive scheme, and
that due to deviations from the additive scheme atributable to
inter-allelic interactions. This breakdown was useful for
purposes of estimating the magnitude of various types of
gene action and in describing types of gene action, Charles
and Smith (1939) and Fowers (1942) seperated genetic from

total variance by use of estimates of environmental variance
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based on non-segregating populations and possible relations
between means and variance, The epistatic variance was
further partitioned into factorial components by Cockerham
(195);) and Kempthorne (1955). The usefulness of this parti-
tioning method appears to be primarily ore of estimation.
It makes it possible to calculate how much of each kind of
epistatic variance (additive x additive, additive x dominance,
dominance x dominance, additive x additive x dominance, additive
x dominance x dominance, dominance x dominance x dominance)
appears in the covariance between relatives, Consequently,
it is possible to estimate portions of the epistatic variane>
relative to the dominance and additive genetic variances,
Smith (1936), Panse (1940) and others have studied
heritable variation and have further subdivided it into that
portion attributable to additive genetic effects and that due
to deviations from additive scheme. Panse (1940) and Lush
(1945) proposed the use of the ratio of the additive genetic
components of variance to total variance as a measure of the
degree of heritability, Robinson, Comstock and Harvey (1949)
used a method involving estimates of components of variance
through study of bi-parental progenies to measure heritability
in maze, They compared this method with heritability as
calculated from parent-offspring regressions, Techniques for
estimating the degree of heritability in crop plants previously

reported in the literature fall into three main categories:



(a) parent - offspring regression
(b) variance components from an analysis of variarce, and
(¢) approximation of non~heritable variance from genetically

uniform populations to estimate total genetic variance,

Heritability estimates of quantitative traits of Sorghum
bicolor have been reported in liter_.ture, though some of the
estimates reported are not useful for predicting progress
from selection because of biases due to linkages, The best
estimate is the narrow-sense estimate on an individual plant
basis as calculated by Jan-Orn et al.,(1976) and Panchal et al,,
(1979). The former obtained estimates as low as :© .09 for
yield and up to 0,88 for days to 50% flowering; while the 1l:utter
obtained estimates as low as 0,09 for 1000-seed weight and
up to 0,76 for head length,

Heritability of head length in Sorghum bicolor was

estimated on a plot mean basia by Chiang and Smith (1967)
as 62% in a seven variety diallel cross. They found that
additivity in inheritance of stalk diameter, leaf width,
head length, days to flowering, leaf length, number of
tillers, head width and threshing percentage appeared to be
rather important in grain sorghum. However,there were
indications that some dominance and overdominance were

also involved.
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Estimates obtained for the number of effective factors
controlling each character ranged from one to three, They
found that average frequency of positive and negative genes
were symmetrically distributed in the parents with an excess
of negative genes, leritability values were found to be
relatively low except for head length and tiller number,
They concluded that the possibility of epistasis induced
biases in the estimates of overdominance and heritability
exist.

Liang and Walker (1968), working on a population of

Sorghum vulgare, reported that heritability of grain yield and

seed number were of lower magnitude than those of head weight,
stalk diameter and days te 50% flowering. Heritability of
plant height and germination percentage were of a still
higher order, They found that additive gene effects seemed
to have a minor contribution to the inheritance for grain
yield, head weight, kernel weight and kernel number, but
appeared to be more important for other traits. Dominant
gene effects seemed to be more important in the inheritance
of most of the traits. They also found that among the three
types of epistatic gene effects, additive x additive and
dominance x dominance gene effects, were of minor importance

in general, except for germination percentage,



They concluded that effect of epistasis cannot be considered
negligible and that genetic models assuming negligible
epistasis may be somewhat biased., The importance of epistasis
in grain sorghum was later emphasised by Reddy and Liang (1970)
and Liang, Dayton and walker (197L).
Ali~Khan and Weibel (1969) estimated heritability of
head length to be 23% in § 'Kedlan' x 'Plainsman' and
}1% in 'Combine Kafir-60' x 'Combine 7078', High herita-
bility estimates of plant height, days to flowering,panicle
length and width, leaf number and spike length were reported
by Basu (1971), Mandouh et al., (1971) and Vasudeva (1973).
Low heritability estimates of node number per head and
100-seed weight were reported by Mandouh et al., (1971).
Eckebil et al., (1977) feund that broad-sense herita-
bility for flowering date, height of plants, yield and
grain weight were high in all three random crossed popula-
tions they studied, Heads per plant showed the lowest
heritability, especially in NP7BR,
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Panchal et al., (1979) worked out heribability estimates
by variance components, parent-offspring regression {conven-
tional) and parent-offspring correlation (standard) unit}
metheds. They found, using broad-sense heritability, low
values for peduncle length, number of spikes per head, length
and width of head, weight of head, grain welght and days of
flowering hut very high heritability estimates by the standard
unit method. iiccording to them this indicated that the
additive effects were more or less operative for these
Characters and that the low heritapbility estimates found
for leaf number and 100 grain weight indicated that dominance
and epistatic gene actions might be invelved in these characters.

Expected I'rogress from Selection

Estimates of genetic and environmental variances
are used to predict progress from recurrent selection.
Estimated values for heritability on a family mean basis
can also be used as an indicator of expected progress from
selection,

Chiang and Smith (1967) obtained high heritability
values for head length and concluded that rapid and effective

selection could be made per trait in the population studied.
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Similar conclusions were made by Basu (1971) for plant height,
days to flowering and panicle width; and by Mandouh et al.,
(1971) who obtained high heritability valucs and high pesitive
genotypic correlations for head length and spike length,

Abu-el=Casim and kambal (1975) reported expected genetic
advance for a 5% selection intensity in a sorghum population
to be 28,.2% for leaf length, L42.4% for hecad length, 55.8% for
plant height, 65.5% for 1000-grain weight and 92.8% for grain
yield per plant, all expressed as & percentage of the mean,
They realised a close association between the genetic co-
efficient of variation and the corresponding values for
genetic advance.

Jan-Orn et al., (1976) predicted expected pain from
mass selection of individual fertile plants, mass selection
of individual sterile plants, 5-, family selection, half-sib
family selection, and full-sib family selection of NP3R
sorghum random mating populatien, They concluded that S--1
family selection would be most effective for improving grain
yield, but mass selection could effectively improve highly
heritable traits such as days to flowering and plant height.

Eckebil (1974) reported full-sib and 5=, family selections
in 3 random mating sorghum crops. S=4 selection was expected
to be more efficient for pgrain yicld than halfesib family
selection; and in 1977 kckebil et al.,reported predicted

gains in yield from selecting the highest 20% of the families
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in each population to be 16,3, 10.2 and 8,7 g/ha per
cycle for NFSR, NF3R and NF7BR populations, respectively,
They found smallest gains for tiller number per plot and
grain protein percentage,

Obilana and El-Rouby (1980%)predicted gains from
recurrent mass selection for yield in two random mating
populations. After three cycles of selection they reported
a gein of 38,4% and L40,4% for yield in B and Y composites,
respectively, with selection intensities of 5% which were
comparable with their expcetutions of 29.,4% and 41,8% in

the two composites.
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CHAPTER III
MATERIALS AND METHOLS
TEE,: " Genetic background of plant materials investigated

S5ix randon mating populations (composites) were developed
for the Nigerian sorghum improvement programme, Two of the
heterogenous populatinns and their pedigrees, whinh relate
to this study, together with the pepulation used in the study
are shown in Table 1, Iin the formation of these breeding
populations, germplasm from locally adapted and acceptable
varieties with elite exotic cultivars have been utilized,
The composites thus developed have high levels of vari-
ability and genetic diversity, Their synthesis has been
described by Obilana and El-Rouby (1980@).

The Y composite was found to be more adapted than the
B composite, although the B composite had better quality
heads, Both populations had generally low yield, Therefore,
the two composites were combined into one (Z composite)
and then backcrossed to Y composite in order to have a
genetically broad-based population. This genetically broad-
based and diverse population, YZ composite (YZ(U) was used as
the base population in the study.

S-; lines were developed from YZC) by seifing 500
fertile plants in a 5000 plant population, Two hundred
and fifty lines were evaluated for obtaining genetic
estimates and statistical parameters. OSix elite pure-line
varieties (Appendix Table 1) were used as checks in the

study,.



-17 =

These were S,K, 5912, L.,187, L.181, L.,1499, L.,1500 and
L.123, which are elite, high yielding pure lines resistant

to striga (Striga hermonthica Benth) and headsmut

(Sphacelotheca reiliana).
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composite

Table 1: Description of three sorghum composites
E developed in IAR, Samaru, and from which
the material used in this study was derived
Population [Male-
: Sterild Entries Brief description
gene
Y mso
Compesite Short kaura (8K); A well mixed collec
b (Cha-AxPF x FF; SK tion of locally adapted
x dwarf Hegari x germplasm and cultivars
FF; SK x Feterita; frop Sudan, Chad, and
2123 (CK x FF); Ethiopia. Selected
1898 (CK x Makajo for acceptability.
Ka wayo); Shallu/ Adapted to Northern
kafir x MDW; 2743 Guinea Savanna
(CK x SK) x SK: ‘
B ms
Composife Lecal germplasm and 4 mixture of exotic
pdapted 'B' lines and locally adapted
germplasm crossed with
non-reétqrer 'B' lines
5 YZ WS
| Composite Y composite and (Y compesite x B comp»-

site) x ¥ composite.
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I11. 2. Experimental lavout

- The 250 3, lines with six check varieties (elite purc-
lines) were planted in Samaru on 2L th May 1979 and 19th June
1980. Split application of a compound fertilizer (Nitro-chalk)
was done after thinning and Just before heading at the rates
of 125 and 251 kg per hactare, respectively. The fertilizer
was top dressed on each ocassion, The experimental design
was & 16 x 16 simple lattice with twn replications. Each
plot cf two rows and 6m long was over planted and thinned
after three weeks to a minimum of 21 plants per row, thus
giving 42 plants per plot. Seeds were treated with Aldrex=T
before planting, Missing hills were compensated for in most
plots by transplants during thinning. The rows were spaced 90
cm apart and the hills within the row were spaced 30cm apart.

11T, 3. Observations

Data were collected on 10 plants whenever possible, for
16 quantitatively inherited characters; plant height, node
number per plant, flag-lea@ié%%gagdth, peduncle length,
head length and width, middle-spike length, number of spikes
per head, 1000-grain weight, days to 50% flowering, head
weight, grain weight per plot and per plant, number of heads
per plot, stand count after thining, stand count at harvest

and number of grains per nead,



(a) Plant height: The height ¢f each plant was measured

(to the nearest cm) from ground level to the base of
the flag leaf,

(b) Node number: The number of nodes per plant was recorded

by counting the number of leaves per plant,

(c) Flag-leaf length: The length of the flag leaf was recorded

to the nearest 0,1 mm.

(d) Flag-leaf width: The width of the flag-leaf was measured

at the estimated widest point and recorded to the nearest

0.1 mm.

(e) Peduncle length: The total peduncle length of all harvesteu

heads was obtained to the nearest centimeter, This length
was then divided by the number of heads to obtain the
average pedluncle length per plant,

(f) Head Numbers The number of heads was obtained and

recorded for each plat,

(g) Head length: The total head length of all harvested heads

was obtained to the nearest centimeter. The heaé length
was then divided by the number of heads to obtain the
average length per plant,

(h) Head width: The total head width was obtained to the

nearest centimeter. This width was then divided by the
number of heads to obtain the average width of the head

per plant.



(i)

(3

(k)

(1)'

(m)

(n)
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Middle-spike length: One main branch was picked

from each head for measurement. Total middle-~spike
lengths were measured to the nearest centimeter,
The total lengths were then divided by the number
of heads to obtain the average middle-spike length
per head. o |

Number of spikes: Total number of spikes were counted

on each head and this was divided by the number of
heads to obtain the average number of spikes per head,

1000=-grain weight: 1000.grains were counted from

each plot after threshing and weighed to the nearest
0.1 gram,.

Head weight: The total head weight per plot was

recorded to the nearest 0.01 kg.

Grain weight: Total grain weight was measured on

per plet and plant basis and was recorded to the
nearest 0.01 kg and 0,1 gram, respeetively.

Days to E0% flowering: The number of days of 50%

flowering was recorded when 50% of the plants in a
plot showed anthesis.

Number of seceds per head: These were obtained by

calculation using grain weight per plant and 1000

grain weight as described by Jan-Orn (1973), thus:



1000=-grain weight = xg

. X
1 grain weight = 1000 &

X
17000~ is weight of 1 grain

- y g is weight of y x 1%99 grains

where
x is 1000-grain weight and
y is grain weight per plant.

I1I, 4. Statistical analyses

The two experiments were laid out in a 16 x 16 simple
lattice design at twe locations (X-fields 1979 and T-fields
1980). The lattice design was however, not found to be
more efficient for the combined analyses of variance over
the two environments than the randomized complete block
design, The experiments were consequently analysed as
randomized complete block design. The cheék entries
were omitted from the combined analysis,

The statistical model used for the combined analysis
of variance (ANOVA) was:

Yijk =u+E;, + Rij + G + (GI:‘.)ik + eijk

where
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-1 = averall mean

Ei = the effect of the ith environment; i = 1, 2
B < the er | th . th . ..
ij = e effect of the J replication in the i environment:
J=1, 2.
G, = effect of the }th génotype (0=1 lines); k = 1,2,,...250
(Gh}ik = the interaction effect between kth genotlype in
.th . ,

the 1 environment, and

E, 1D (o, o° L)

G, ~NID { (0, 0°G)

k

eijiwhlu (o, 5°)

Analyses of variance were performed for all characters
from each experiment, The analysis for each nharacter was
computed »nn plot means, Both entries and environments wern
treated as random effects, The form of analysis of variance
with the expected mean squares which were uged for the

estimation of genetic parameters is shown in Table 2,
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Table 2: Farm of ANOVA with expected mean squares (EMS)
in one environment for each character

Sources of Vatiation d.f, M5 EMS
Replications (r - 1)

Entries (g = 1) Mg * + rog
Error (r = 1)(g-1) M, ¢°

r = number of replication

g = number of entries

02 = error variance

02 = total genetic variance among entries

M subscript = the observed mean square of the subsoripted
effect,

For each one year experiment, components of varianoz were

estimated from the expected mean square for each trait by

using observed mean squares, thus

02 = Me and

0?

g =M, - M
T

A combined analysis of variance for tne two experiments
in the two years for each character provided more valid
estimates of the variance components including the genotype

x environment interaction (Table 13).
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Table 3:Fornof aNOVa with expected mean squares
(EMS) in two environments for each

character.
Source of Variation a.f, MS ElMS
Environments (1 -1)
Reps/environments 1I(r -1)
Entries (g =1) Mg 02+r0§1+r102
Entries x Environments (g=1)(1-1) ”31 02+r0§1
Pooled Error 1(g=1)(r-1)* N, O°

1l = number of environments

r = number of replications

g = number of entries

M subscript = Observed mean square of the subscripted effect

021 = Genotype x environment interaction variance

02 = error variance

* Due to the difficulty in getting the computer programme
available to obtain both the analysis of variance and co-
variance efficiently and correctly because of the large
number of entries and observations studied (16000 unita),

the 250 entries were subdivided inte 10 different sets of

25 treatments each.
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The ANOVA for cach set, combined for the two years, were
then pooled. This resulted in the total degrees of Zrecdom
to be (n - t) instead of (n - 1) where t is the number of
sets into which the data was subdivided and n is the total
number of experimental units observed, The outcome for
pooling the results was that instezd of using d.f = (499)
to estimate 02, d,f = (489) was used; thus the estimate of
{02 was biased slightly upwards, thsugh with no significant
loss in sensitivity of the error mean square for test purposes
considering the very large data used in the study.

The components of variance and their standard errors
were estimated from expected mean sguares using observed

mean square values of each character, thus:

' =
0;18 g1 Mo Lien s.E. = g3 (201 )7+ 2(m)?
) o s e 3.7.+2
e m Me1 with s.E. = [(FJ2M)% L L0 42 ]
I"1=u. £ + 1}
a.zo+2 . .+

The phenotypic variance among S-1 lines was estimated as



= 97

’) ¥ -
= + Qi for one environment

r=2

™

ph

dfah =}'ifﬂ + 225% + Oé for two environments,
r=

The standard error of the phenotypic variance was estimated

as

(D20 5012 7
/

' for one environment
V/ d.f. + 2|

- -—

) 27 2
5.8, (05) = [(3)%[ 2(m)
P g for two environments

S (012}1']) L

e |

To aetermine if the variation among entries and their
interaction with the environment were significantly
aifferent from zero, F tests were used for both single
and combined AN(WWA as follows:
P M
= __HE__ with (g - 1), (r-1)(g-1) degrees of freedom

e
for one environment:

F M
= —ypf— with (g-1), 1(r-1)(g-1) degrees of freedom and
e
M 2
F gl with (g=1)(1-1), 1(r-1)(g~1) degrees of freedom
e

for two environments.
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sccording to Mode and Robinson (1959) the expectations
of mean products, in analysis of covariance, have the same
form as the expected mean squares of analysis of variance
and therefore the procedure for the analysis of covariance
are cnalogous to those used for analysis of variance. Table
i shows the form of analysis of variance and covariance of
a pair of characters (x and y) with the expected mean eross-
products at two environments,
Table lj: Form of analysis of variance and covariance with

observed expected mean products for two characters

(x and y) at two evnironments,

—source of i ; . "
hcon ', % I8 Trait Trait Hean Expected Mem
variation X y Pro- Preduct
duct ’
Xy
kntries (g=1) M
' S gx M M d
gy EXEY xy*rcélxgly
10
* TV gxgy
sntries x bnvir, (g=1(1-1) M M. M ) H
glx gly glxgly Oxy4r0'
glxgly
Fooled irror 1(r-1)(g=1) S . — c;y

» = Lrror degrees of freedom from the pooled data of the
10 sets of 25 treatments.

Genotypic and phenotypic correlations were estimated

for pairs of traits measured,
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The genotypic correlation coefficients were calculated
from components of variance and covariance. The formula

used was that of Mode and Robinson(1959):

Pexy = Ymxay

[2 &2
| dsx : Ugy

= genotypic covariance of characters x and y

where

Uéxgy

= genotypic variance of character x

genotypic variance of character y

dgx
OEY

correlation coefficient of characters x and y.

Texy
The phenotypic correlations were computed using mean
squares and mean cross products in the formula:
rph = nggx
J Ex o ey
where

ygx = entry mean square of character x

ng = entry mean square of character y

nggy= entry mean product of characters x and y
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The error correlation was alse computed for a pair of
characters using the error mean square, This is the
measure of the effect of environment on the association

of charecters in each pair:

= error correlation coefficient for characters x and y

Oy
N
Ul

error variance for character x

d; = error variance for character y

d.. = error covariance for characters x and y.

lleritability (h°) estimates were based on entry means
over two environments. They were computed from variance

component estimates by using the formula:

2
i = oﬁ
o + 0°. 0‘—; with §.E. w S.E.

+

St

L S

where
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= genotypic variance
= random error variance and

= componenr:t of variance due to interaction of genotypes

nh D mbd

1
with environments.

Heritability on plot basis was also estimated as:

2
h® = 0F

Estimates of genetic and phenotypic-variances were
used to calculate the predicted genetic gain from S-1
selection per cycle, thus:

Lxpected genetic gain (&G) = c.k, de
. —_—
i 2
o 2 + 0
\/Tr *dl Z
where
c = parental control = 1 for 5-1 selection

k = selection intensity (in this study 10% selection

pressure were used i.e, k =.1,75)

%

error variance

b |
"

number of replications

= number of environments

genotype x environment interaction variance

genetic variance among S5-1 lines.

o s *
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CHAPTER IV
RESULTS

The 1980 growing season was characterised by abnormal
weather and pest infestations, There was a leng period
of drought after plant emergence, In addition, plants were

attacked at the seedling stage by armyworm (Spodoptera

exempta) and stem=borer (Buscola fusca).

Degpite the efforts made to control these pests the 1980

crop yielded lower than that of 1979. In 1979, means of
most of the characters paralleled fairly well those of the
combined years. Sincethe primary objective of this study

was the estimation of genetic variability of the YZC popula-
tion using S-1 progenies, the data from the two years were
pooled to obtuin greater precision on the estimates, Only
pocled results are presented in the main body of this ashapter.

Individual year data are in the appendix.

v, 1, . Population Means

A summary of the 16 characters measured within the
250 S-1 lines, including the grand means, standard
deviations of the means (S.E.X), ranges, and the coefficients
of variation (C.V.%) is shown in Table 5. A similar table

for cach of the years is shown in Table A2 of the appendix.
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fable 5: Mean (%), Standars error of the mean (S.E.X),
Range and Coefficient of variation (C.V.) for
YZC population grown in Samaru in 1979 and 1980,
Character Mean + SE X Range E.V.(%)
Days to 50% flower- 139,46 10,06 132.25=-147.75 3.76
ing
IlZit height (cm) 161,70 41.03 105,00-219.63| 17.46
Flag leaf length(cm 31,90 5,06 22,.68-38.83 13.49
Flag leaf width (cm) 4.96 0.99 3.57- 9.16 19.87
node number 18.66 2,20 15.50-21=-00 7.86
Feduncle length (cm) 5.90 2.57 2.43-10-58 37.71
Mo, of heads/plot 33.77 10.46 16.75-50,00 | 26.28
Head length (cm) 25.58  3.95 18.88-31.16 1261
Head width (cm) 8,28 1,58 6.28-11,22 17.87
Head weight (kg) 2,35 0,91 1.31= 3,43 31.41
Grain Wt/plot (kg) 1.3, 0.58 0.68-2,12 35.81
Grain Wt/plant (g) 39.91 13.35 22.05-59.85 30.66
1000 grain Wt (g) 26,77 L.69 20,68-31,93 11.25
No, of grains/head 1506 .62 503,48 828,&5-2326;9# 31.0L
No,of spikes/head 82,79 13.43 66.25-107.00] 13.63
i-id-spike length (cm) 9.33 1.48 6.33- 11.78] 13.05
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Considerable and significant variation among the lines
wefélobserved for each character,; The C.V.s ranged from 3, 8%
for days to 50% flowering to 37.7% for peduncle length. Wide
ranges were alsc observed on number of grains per head (828.,5 -
2326.9), grain weight per plant (22,7 - 59,9 g) and npumber of
heads per plot (16.86 -~ 50.0). The population displayed varia-
tion in leaf size, plant height, head size as well as in 1000-
grain weight,

In order to compare means of the 5-1 lines with those
of the¢ elite lines used as checks, means of the check varieties
were calculated and thesge are presented in Table A1 of the
appendix. Table A5 of the appendix shows means for the 16
characters of the 250 lines evaluated. There was little
difference between the means of the 5-1 lines and those of
the adapted elite lines for all the 16 characters, From
the total number of 250 S-1 lines, U4.Lh% were equal to or
better than the mean grain yield of the elite lines used as
checks; 2.L4% were significantly higher than the mean vield

of the elite lines Table AL,
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The highesflyielding elite line was L, 15OO with 1.81 kg

per 5.67 mg plot while the highest grain yield of the 5-1
lines was 2,12 kg per plot, given by Entry E_ 123, Six of

the S-1 lines (.85, E,220, E.174, E.246, E.203 and E,123
with yields 1,85, 1,85, 2,OO,I2.O1, 2,70 and 2,12 kg per plot,
respectively) vielded hipher than the highest yielding elite

line.

v, 2. Populatimn Variability

The analyses of variance of data collected on the
16 characters of the 5-7 lines for the two seperate yearé'
is shown in Table A3 of the appendix. The results are
generally similar for the twn years except that the 1980
population has higher entry mean squares with variation among
entry means statistically significant for all characters.
Plant_height, flag~leaf length, peduncle length and head width
showed no significant variation among entry means in 1979,

The combined analysis of variation and the results »
of the F test for the deviation of mean squares from zern

are presented in Table 6.
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genotype x environmer.t interaction

—r

.
Tatie 7: swstimates of gencti. var ance (0g).

(OéL) variance,

Phenotypic variance (Ogh) and error variance (0%) for

the 16 characters of S-71 lines derived from YZC popula~
tion in Samaru 197%/1980.

Components of Variance

Character Og GgL Oﬁh 02
Davs to 50% flowering| 0.16231,241 6.23321.9L 9,91320.88 | 26.531%1.69
Plant height 35.675201.831 246.139%60.91  {348.729%31.23 | 759.936%48.L45
Flag-leal length 1.1420.97 ,.876% 1,39 §.203% 0.73 | 18.482% 1.18
Flag~leaf width 0.020%0.0L 0.210%0, 055 0.2992 0,03 0.697%. 0.045
Node number | 0.046%0.12 0.57220, 19 4.009% 0,09 2.706% 4, 17
Feduncle length ~0.079%0.21 1.033%0, 35 1.651% 0,15 h.855% 0.1
Ko, of heads/pldt 8,028%0,688 ~.09913, &g 2L.838% 2,22 75.439% Y. 81
Head length ~0.425%0. 55 2.873%0. 91 L.162% 0.37 | 12.602% 0, 80
Head wigth -0,130=0. 08 0.405%0. 14 0,5872 0,05 2.056% 0. 13
Head weight 0.01520. 02 0.003%0. 03 0.154% 0,01 0.550% 0, Ol
Grain #Wt/plot - 0.008Z0, 01 0.005%0, 01 0.066% 0,01 0.221% 0, O
Grain Wt/plunt ~2,665%5, B2 12.865%9, 09 | 40.808% s.64 | 148.163% 9. L5
1000 grain wt. 2.308%0. 43 | ~0.342%0. L6 L.358% 0.39 8.883% 0, 57
No. of grain per head|3792.69%8267,2¢ 196m.03i13252. 67358.1 51'62%& 214,979.79%1 3706 .61
No. of spikes/héad 3.36526.45 39.2629.61 ! 52,784=4.71 | 119.15427.60
-0.130%0.09 0.828%0.15 0.64620.06 1.448%0,09

Midespike length
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although these characters showed positive 020 estimates,

most of them have their standard errors larger than the
estimates, WNegative genetic variances were observed for
peduncle length, head length and width, grain weight |

per plant and middle-spike length, With the exception of
head width and middle-gpike length, all the ifher characters
with negative 026 estimates had large standard errors indica-
ting that either the estimates were not different form zero,
or they are small values,.

Estimates of genotype x environment interaction variance
(0°GL) were relatively small compared te those of phenotypic
and error variances though higher than these of genetic varia-
nces., The estimates of GQGL were positive for all charasters
except for head number - 4,099 + 3.85 and 1000-grain weight
- 0.342 + 0.46. For most of the characters, the estimates of
deGL were at least four times larger than ther respective
standard errors.,

Phenotypic and error variance estimates were positive
for all characters and they had very low standard errors.
Flant height, head number, grain weight per plapt, number
of grains per head and number of spikes per head had

large estimates of Gih - 0% and OQGL.
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? Correlation coefficients (r) were computed from the
combined analysis of variance and covariance for genotypic
correlations and error correlations. .All possible pheno- ﬁé
typic correlations were computed among sixteen characters |
from means of the S-1 lines studied. Genotypic and error
correlations were computed only for grain yield per plot
and 1000 grain weight with all characters with which they
were significantly correlated phenotypically. Table 8 shows.
the phenotvpic correlations (rph) while Table 9 shows the
genotypic (rg), rhenotypic (rph) and error (re) correlation
coefficients. ' %

" Days to 50% flowering was negatively correlated with all
traits and the correlation was significant except with flag-
leaf length, head length, number of grains per head and
middle-spike length (Table 8).

Plant traits {plant height, flag-leaf length and width,
number of nodes and head number) were all positively and
significantly correlated with most of the other traits,
Yeduncle length showed negative correlation with all other
characters except plant height, head length and width, and
1000-grain weight. In general, grain yicld and related
compenents such as 1000-grain weight, head size (comprising
head length and width), and head weight were correlated with

the plant characters,



Toble O

Node |

| 1 a - A .
s heliLL Pl e uraTdatlive

of the YZC population in Sawmaru,

hA

weliicients for thy 16 clharuacters of -1 lines

Plant Flsg- Mlag- Peduncle Head Head Head  Head Grain Grain {1000 ‘lo,of lo.of M
height  leaf leaf number © length number length width weight wt per wt pe: | erein  grain spikes le:
©length  width plot plant  wt.  per e
. . i head -iead
2 9 10 8 11 L 3 2 5 6 7 - 15 16 13
+ 3 S T i RS o L s B L, b ER . “F
D?%iweiiigj —0.5Y ] =0.01 | =0.107 | 047 0017 [ —0.b87 | <001 [=0.23"] 0.57 ] =0.5L " [=0.29""| -0.52"] ~0.03 |-0.2,""] -o.
e #* %3 #% Wk 3 FH 9 o Sk
Plant height 0.08 0.,12° | 10.37 | 0.16 0.39 0,19 | 6.2 0.7 ] ok | 0,207 0.Lh T =0.03 | o.21
44 St ik i ey e i ¥ wk
Flag-leaf 5 55*4 0.08 | -0.13 0.06 0.20 0.14 0.20 0.19 0.18 X 0.11 0.13%' 0.21** '
length .
S * e #3 res LT %] 3 sk '
Fi;gti“af 0.10 | =0.09 | 0.03 | 0.08 | 0,127} 0.207| 0.20" | 0.26" 0.16] - 0.20°] 0.19" o,
# W # 3 5 i e $s L
Kode number ~0432 O.hbs 0.10" | 0.1371 0.83° 1 0.527 | 0,27 | 0.6 0.03 | 0.16"] o,
Peduncle A _ o
length 0.06 013 | va06 | 0,07 }-0.05 |-0.02 | 0,15 | ~0.09 [-0.21 0.
¥ $u Y Sk s
Head number -0,08 0.01 0.72 0.66 | -0.07 0.23°] -0.20"T 0.13 .
Head length 0.427] 0.06 | 0.08 | 0,197 0,17 0.1¢"] 0.08" | o
w HH K e £ i
Head width Q.27 0.26 0.36 0,13 0.30 0011-&% 0.
3l S ks R s
Head welght 0.93 | 0.5277 0.42] 0.31°} 0.30 0,
Grain Wt/plot 0.66" 1 0] Q. | 0.267] o,
Grain W%, per o) sk o
plant 0.35 C.8L4 | o.22 O.
1000 grain -0.18*% 0‘22** .
wt,
No. of grain e
per head 0.09 0.
Ho. of spike 0
per head -0,
e - v . - e — .JI._
! * = Significant difference at 5% level of probability
§ I n # n ']([‘0 " " n

If
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As expected, tillering (number of heads per plot) was
negatively correlatcd with grain weight per plant and number
of grains per head as well as head length, This was also
true for the correlations between 1000 -grain weight and number
of grains per head,

A positive and significent correlation was observed
among the head and yield traits. As expected, yield per plot
and yield per plnt were highly and positively correlated,

Although most of the phenotypic correlations were low,
moderately high ones were observed between the following
characters:

Days to 50% flowering with plant height (rph = =0,54),

head weigth (Pph = =-0.57), grain weight per plot (rph- =0.5)

and 1000-grain weight (rph= -0.52). Flant height with head
weight (rph= 0.46), grain yield (rph= 0.4);) and 1000-grain
weight (rpha 0.4y), Number of nodes with head weight (rph-0.53),
grain weight per plot (rph= 0.52) and 1000-grain weight

(rph = 0,46), Head number with head weight (rph= 0.72) and
with grain weight per plot (rph = 0,66), Head weight with

grain weight per plot (rphz 0.93), grain weight per plant

(rph= 0.52) and 1000-grain weight (rph= 0.42).
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Grain weight per plot with grain weigit per plant (rph= 0.66),
ph' O.hh)o

Grain weight per plant with number of grains per head (rphsﬁ 8l

1000~grain weight and number of grains per head (r

The genotypic and error correlations (Table 9) were
generally lower than the phenotypic correlations, Grain
yield per plot was negatively and highly correlated with
days to 50% flowering (rg = =0,69), Positive and significant
genotypic correlations were observed between grain weight
per plot and plant height (rg = 0.2), flag leaf length
(rg = 0.13), number of heads (rg = 0.,10), number of spikes
per head (rg = 0,25) and numbeiosf grains per head (rg: 0.15).
1000~-grain weight showed verx[genotypic correlations with all
traits studies except number of grains per head (rg = 0,21),

Significant error correlation coefficient values were
obtained between grain yield and days to 50% flowering, plant
height, number of heads, and number of spikes per head. This
was also true for correlations between 1000-grain weight and
plant height as well as number of grains per head., The environ-
mental correlations betwcen these two traits, grain yield per
plot and 1000-grain weight and other traits measured were
however very low except for grain yield per plot and plant
height (re = 0,57), number of head per plot (re = 0.43) and

number of spikes per head (rE = 0.23).



R371TqRqexd JO TBAST %L 3%

URY3 I931TaI8 UOTINTAIIION) =y

S0UATSJITD JUBDTIJTUTFTIS = 4x

£ai1rTqRqoad JO TaAaT ¢S 3T SOUATIIITP FUROTITUITIC = 4
wo Jo aAT32Fau aAey (=) SoNTBA OU UYITM SII0BITY) = ®
£0°0 __€2*0 20°0 £n°0 99°0 oL*0 jotd/speay jo *oy
- o - o e T y3dusT aqTds-pTH
f0°0 22°0 co*o | €2°0 |  92°0 s2*0~ peay/saxrds yo *on
el*0 aLco- L2*o e | 00 *E e peay/sutexd jo °oy
%0 -t b e
- - - L0*0 Meo £0°0 ‘3 uT=EIF 000
g
= = - = o - v_..”.uﬂ.m\ﬁ_ urean
200°0 o 1000 - - - jord/am urean
¥ -
200*0 efr*o L0C°0 £00°0 £6°0 foo*o= 1udTan pesy
e i
- - - - - - Y3PTM DPESH
- -~ - - - - qmu\...m_.nsi_. DESE
- - - = - B2 - yzyduay sroumpag
Lt0*0 *ima.o £00°0 £0°0 4swmpo £0°0 I3qumu apot
£0°0 g9L*0 LO0"0 200 02°'0 LO0*0 YipTM JEaT-Fetd
e L
10*0 LL°0 10®0 80°0 6L°0 £L°0 y3dusy gear-Ferd
* - *3t
oL* e . . . . ydTey Juet
N R 4 00 |,.28%0 | Mo | Weco IUITAY JuETd
200 250~ L00°0 60°0 NS° 0~ 69°0- SutxaMoTF %S o3 sfeq
e * * * e
)
ax smn i : % :au mu
FYSTeM uLBaY  OQOL| 30TR 24 1UITaM UTBID I810BIRYD

*3udtam ut=xd goQL pus jo01d xad praTd urea®
UaTM pajeraxxod Arreotdfiousauyd LriwmeoriTuldis
SIV30VITUD AYJ JU JJUSTOTIF200 UOTIE[SIIOI

Y ud . il ]
( ..Hu.unx pue (" a) orpdfjovayg ¢(9r) uw'onmo

=



- {45 -

1000-grain weight and number of grains per head showed a high,

positive environmental correlation (r_, = 0.72),

IV, 5, Heritability Estimates

As a result of the rnegative estimates of 0°G obtained
for scme traits, neritability (hz) estimates for these traits
were not computable, For the characters with positive GZG,
heritability was computed by using the components of variance

estimated from the combined analysis of variance, The estimate

2
2
Og-&-(fél-rﬁz

which is h° on plot basis has been indicated as the only

estimate resembling heritability whenever data on individual
plants within plots are not available (C,0, Gardner, Biometrical
Genetics und Plant Breeding (cited by Jan-Orn 1973). Jan=Orn
(1973) found that this estimate over-estimates heritability
and is of no real use unless selection of 5-1 families is
practiced in a2 non-replicated experiment, Using this formula
for YZC population, over-estimation of heritability was not
observed but instead the estimates were much lower than those

2 2

obtained by using the formula h 0

2

LG

on family mean basis.
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_ P
1000~grain weight and number of grains per head showed a high,

positive envirommental correlation (re = 0,72},
3 .%; ! _. I

Iv, 5. ' Heritability Estimates

: As a resul€ of the negative estimates of 0°G obtained
for sdhe traits, heritability (hz) estimates for these traits
were not computable. For the characters with positive 0°G,
heritability was computed by using the components of variance

estimated from the combined analysis of variance, The estimate

2 2
2=
2 ey el
Og + Ogl +

which 1is h2 on plot basis has been indicated as the only
estimate resembling heritability whenever data on individual
plants within plots are not available (C.O, Gardner, Biometrical
Genetics and Plant Breeding (cited by Jan-Orn 1973), Jan=0rn
(1973) found that this estimate over-estimates heritability

and is of no real use unless selection of 5-1 families is
practiced in a non-replicated experiment, Using thig formula
for YZC population, over-estimation of heritability was not
obgerved but instead the estimates were much lower than those

obtained by using the formula ne = 9;

62 + 02 + G;

on family mean basis.,



Teble 10: Heritability (hd, estimates for the characters of the 250 S-1
lines of the Y2C population grown in Samaru 1979, 1380 and

1979/1980.
et ok b
1979 980 T9TP/1980
’ > ., > » 1979/1980
Charecters he/fanily h /plet h"/family h*/plot h /family 2 /olot
Days oto S0 fiowezing o.110 ¥ 0,115 0.058 ¥ 0.060 0.736 £ 0.091 | 0.582 T 0,072} 0.016 T 0.125 | 0.005 T 0.037
Plant height -a ' - 0.858 £ 0,089 | 0,752 % 0,078} ©0.102 ¥ 0.120 | 0.03% T 0.040
Flag leaf length ~ - 6.740 £ 0.091 | 0.587 £ c.o72] 0.139 ¥ o0.118 | 0.047 2 0.039
Flag leaf width 0.117 £ 0.118 0.062 % 0,063 0.631 £ 0.102 | o.ué2 ¥ ool 0,067 £ 0,134 | 0,022 T o0.043
Yode number 0.001 0,000 0,700 £ 0,092 | 0.539 X 0.071] o.ou6 X o0.119 | 0.0h T 0,03
Peduncle length - - 0.097 ¥ 0,097 | 0.051 ¥ 0.063] - -
Head number G.198 2 0,113 0.110 £ 0.063 0.422 = 0.102 | 0.581 £ 0,065 0.323 ¥ 0,108 | 0.101 £ ¢.03
Head length 0.225 £ 0,111 0.127 % 0.063 0.471 £ 0,100 | 0,308 T 0,063 - -
Head width - - 0.572 £ 0,073 | ¢.L00 T 0,051 - -
Head weight 3.296 * 0,100 0.174 ¥ 0,088 0.303 2 0,125 | 0.179 £ o.073] o0.097 T 00130 | 0.026 % 0,038
Grain wt/plct Go3k8 T 00117 0.211 L 0,067 0.470 £ 0,083 | 0.309 £ 0.056] o.122 T 0.151 [o0.034 ¥ 0.042
: ; 03
Grain wt/plent 0.199 * ¢.118 0.063 ¥ 0,06} 0.085 ¥ 0.12¢ | 0.04y ¥ 0,062) - -
1000 grain wt. 0.015 % o.125 0.007 ¥ ¢.063 0.709 £ 0,092 | 0.549 ¥ 0.071] 0.530 £ 0,099 |o0.213 ¥ 0.0i¢
er: 3

No. of grains/ head 0.071 ¥ 0.120 0.037 * 0.062 0.357 £ 0,105 | 0.217 £ ¢.06L] 0.056 £ 0,123 | 0,016 % 0,03

g / _ : 3 3¢

: ht Q oq T + ¥
No. of spikes/head 0.126 £ 0.123 0.067 ¥ 0-063 [ 0.L85 = 0,099 | 0.320 = 0,0651 0,06L = 0.722 [0.021 = 0,04
Mid~spike lwngth 0,011 T 0,129 0.005 T 0,06 0.665 = 0,094 | obs9 £ o011} - -
a = Chzracters with no value ( - ) have negative g°



- 47 -

Heritability estimates by the two methods are presented in
Table 10 tegether with single-year estimates cobtained for
the population in 1579 and 1980, for comparison,

Estimates from the 1979 and the combined years data
were very low, rangsing from 0.005 to 0.027, which was
expected since their estimated Oﬁ were very low while the
G°GE and 0° estimates were relatively high. The 1980 heri-
tability estimates, however, were comparatively high, ranging  ”
from 0.05 to 0,75 for grain weight per plant and plant height
respectively, because of the high 0°G and low O° estimates,
The 1980 results could be grouped into three classes: rela-
tively high, moderate and low estimates,  Relatively high
estimates were obtained for days to 50% flowering (73%), plant
height (86%) flag-leaf length (74%), flag-leaf width (63%),
number of nodes (70%), 1000 grain weight (71%) and middle-spike
length (66%). Estimates of number of head (42%), head length
(1,795) and head width (57%), grain weight per plot (50%),
number of grains per hcad (36%), number of spikes per
head (L9%) and head weight (29%) were moderate, Very low
estimates were obtained for yield per plant (9%) and

peduncle length (10%).
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IV._B. Expected Genetic Gain

ii iﬂThe gstimated response from the YZC population, for
ail.traits, when the highest 10% of the families are

selected for grain weight, is shown in Table 11 based

onn the 1979, 1980 and combined data. These were computed
from estimates of genetic components of variance, The
standardized selection differential, k.for selecting the
upper 10% is 1.75. The predicted gains for the years 1979
and 1980 were quite different due to the differences in
performance of the lines caused by environmental differenées.
Estimates of the combined data were lower than those of the
two years. Plant helght, head number (tillering), 1000-grain
welght and number of grains per head are expected te increase
by 3.33 cm, .2.82 heads,1.92 g and 25,57 grains, respectively.
Grain yield per plot and head weight are expected to increase
by 0.06 kg per plot and 0.07 kg, respectively. The relia-
bility of the prediction will not be knewn until the results
of selection practised are observed in the experiments planned

for comparing original and improved population cycles,
s

oo
L |
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CHAPTER IV

DISCUSSION

A lattice field design was used in this study with the
purpose of comparing the genotypes tested precisely and
validly estimating genetic and environmental variance
components from the different 5-~1 lines in the Samaru
environment which is highly heterogeneous for site and years,
Relative efficiency values of the lattice design obtained
from the analysis of data were quite low in most cases par-
ticularly in yicld and related yield components. The
randomised complete block design was then used for data
analyses for the two years combined, The twe designs have
been used together and discussed fully by Jan-Orn (1973).

YZC has been described as a genetically bresad-based
and diverse population (Obilana 1981a, 1981b) and there-
fore, availability of variability cannot be doubted and was
expected, The ranges and means of traits (Table 5) and
significant mean squares of variation among 5-1 lines
(Table 6) have confirmed the presence of variability in this
population. These results compare fairly well with those
reported by Jan-Orn (1973), Eckebil (1974), and Eckebil et al,

(1977) who worked on S-1 progenies from different populations,
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Genetic variability has been reported {o exist in other
sorghum populations (Swarup and Chaugale, 19623 Basu, 1971;
Vasudeva, 1973; Naphade and Ailwalar, 1978; Bittinger and
Cantrell, 1979).

The high percentage of 3-1 lines yielding better than
the elite lines used as choecks indicate that good materials |
can be selected from this population, These will constitute
an improved population which can be further used in the
breeding programme to develop superior genotypes (Lines and
hybrids). Development of such genotypes, however, involves
the study of the genetic varlance components.

Hesults obtained from genetic variance studies have not
always been satistafcory, and further study is generally needed
for verification of the resulis.

Jan-Orn (1973) interpreted genetic variance among S-1
lines and the expectation of genetic variance (Oé) was equated

to OQA + % Oeb where 02A and GQD stand, respectively, for the
additive genetic variance and dominance variance among S5-1
fumilies. These two components cannot, hewever, be seperated
by the analysis of variance of 5-1 families per se. He
pointed out that what is estimated is the total genetic

variance,
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The amount of dominance variance present in many of the
.ekpériments is questionable because of blas in the estimtes
obtained from all mating designs. Often, howcover, many of
the significant estimstes of O°D and 094 are negative. The
predominant type of variance in these extensive studies
seems to be UEA. The data obtained so far do not support
the hypothesis that dominarce variance is a major component
of genetic variznce in sorghum, Consequently, using the genetic
varlance among 5-1 families as an estimate of additive genetic
varlance is not likely to cause much bias in the upward direction.
Even if it does, it probably is of nc consequence,

Four different estimates of variance components, Og

¥

Ugl' Ogh and 02, were computed in this study (Table 7). For

all the characters, and congidering the four different estimates,
experimental variance (02) was of the greatest magnitude, In the
estimation of OE, plant height, flag-leaf length, node number,
peduncle length, head width and 1000-grain weight in the combined
estimates compare favourably with the individual ycar cstimates.
Estimates of phenotypic and error variances were algo comparable
with individual vear estimates for most of the traits., This may
indicate that a combination of thetwo experiments for the

calculation of genetic variance componcents would be a better

procedurc than from the years individually.
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This,however, is not without limitations:
The principal problem eveolving from the use of the combined
data was the very low and sometimes negative values of 0§
(Table 7).

Low ¢stimates of UE among S-1 lines were alsgso obtained
by Jan-Orn (1973) who interpreted them as a result of Oﬁ
being equatecd to GQA + 3 qu - X where

—

) 2ié1 p; ai L(qi - pi) ai hi + 2 (qi - pi)2 hig} 4
According to Jan-Urn (7973) the smaller value of estimated
genetic variance among S5-1 families is an indication of the
positive value of X, X is positive when qijpi in which case
dominance is important, This indicates an opportunity for
increasing the frequency of favourable alleles (pi) in a
population,

It is very difficult to seperate the genetic variance
into additive and dominance variance using the evaluation
of 5-1 progenies, and because of the relatively small
dominance variance. A negative genetic variance therefore
could mean one or more of the following:
(1) negative estimate for o°D higher than OQA;
(2) negative estimate for 0°A higher than OED; and

(3) negative estimate of both variances,
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Negative estimate for ng higher than OQD is possible here
since the OEA in this study is additive grnetic variance
in the S=1 population and not in a random mating populatiocn,
although the cstimate can be approximated te that of the
random base population, YZC, since the sample size is large
(250) and chosen randomly,

The occurrence of negative genetic variances cannot be
interpreted as absence of genetic variability in the
affected characters: Table 6 showed that all mean squares
in this study had significant differences and considering
that estimates of variance are linear functions of mean
squares, therefore, the variance of such estimates can be
written as a function of the variance of the mean squares
contributing to the estimates., Rather it could be considered
as a low value, DMNegative estimates of genetic variance
components have been reported in the literature on cereals
by Robinson et al. (1949), Jan-Orn, (1973), Mukuru (1973),
Eckebil (1974), Campos (1977) and Obilana et al. (1979).
Most of these authors found negative estimates of the
dominance variance, and attributed this to the following
factors: deficiency in the genetic model; sampling and sample
size; assortative mating; linkage and estimates of actual zero
values, The fact that they could be true zero or very small
values is deduced from the relatively large standard errors

associated with some of the estimates.
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Large standard errors coupled with negative estimates also
could be a result of sampling variation due to insufficient
sampling in the basic populations, as postulated by Marquez~-
Sanchez and Hallauer (1970 ). Problem of sampling variation
is not present in this case of the 5-1 lines with a large
random, representative sample size of £50 lines.

Matzinger (1963) associated large standard errors of
estimates of genetic variance in self-pollinating plants
with the inefficiency of the field design used. The
importance of the design used in estimating genetic variance
was also emphasized by Schutz (1962) and later by Jan-Orn
(1973). Schutz reported that although the modified randomized
complete block design (RCBD) with replication within blocks
is more .guitable for genetic varianee studies conducted at
a single location, it is not useful in selection experiments
due to lack of precision in comparing means of families in
the different blocks especially when considerable block-to-
block variation occurs.

Jan-Orn (1973) compared RCBD with lattice design (LD)
in estimating genetic variance and reported that LD was more
effective in reducing experimental error in some cases and
ineffective in cases of yield or yield components, He also
feund that LD was more suitable for S-1 families which are
rather homogeneous than for more heterozygous and hetero-

geneous types of families (half-sibs). Y i
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In my study of the YZC population, lattice design was not
more efficient than RCBD in the combined analysis of the
data., The large standard errors in my results could not
have therefore arisen from design inefficicroy but from the
large variation in years.
%1 : The negative estimates obtained in this study could
_ﬁiso have arisen from the mathematical implications of
obtaining the estimates as shown in the analysis &f variance,

Estimates of genetic variance (Oé) values were obtained as:

MS -~ MS 1
b rl

where

MSg is the mean square of genotype; MSgl is the mean square of
genotype x environment interaction, r is the number of re-
plications, and 1 is the number of environments, For this
estimate Msgl was greater than Msg; thus; resulting in a
negative Oé estimate. This situation is not uncommon in
quantitative genetic studies especially where only years

or locations are considered for the gencoctype x environment
interaction {Comstock and Moll, 19633 Cockerham, 1963),
Cockerham (1963) indicated that a large interaction component
of variance could be the result of the genetic variance being
larger atore environment than the other, and this was found
to be true in this population as shown in Table A3 and Al of

the appendix, .
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This explains the negative values obtained since genotype

. i ) i ey i - i z G| - M
X environment interaction was cstimated as 1 o where

r

. W
M, was larger than Mgy

Correlation coefficients estimates compare very well
with those obtained in previous studies elsewhere, The most
significant correlations from the plant breeding stand psint
are those between yield and other traits, Yield is positively
correlated with plant height, flag-leaf length, number of
heads, number of nodes, 1000-grain weight and number of spikes
per head., The negative crrrelation between days to 50% flowe-
ring and yield is in agreement with the results of Iickebil
(1974) but not with those of liang et al. (1969) and Jan-Orn
(1973)., This relationship indicates that carlier mating
progenies within the YZC population will tend to be higher
yielding, The positive genotypic correlations between 1000
grain welght and yield, number of heads and plant height, are
in agreement with the findings of Beil and Atkins (1965),
Liang et al. (1969), kckebil (197h), and kckebil et al.(1977).
The positive phenotypic correlation obtained between 1000~
grain weight and yield is also in agreement with results
obtained by Swarup and Chaugale (1962) but in disagreement

with these of Ali-Khan and Weibel (1969},



It should be pointed out that correlations are a measurc of
the intensity of association between variables, In selec-
tion for the high grain yield alone, the correlated responses
that occur in other traits in the improved population may be
unfavourable as pointed out by Dogpet (1972)., 1In the YZC
population yield is highly and positively correlated with
some traits which are in turn highly and negatively corre-
lated with each other, For example, yield is highly corre-
lated with 1000-grain weight and number of grains per head,
while these two are negatively correlated with each other.
It is also highly correlated with head weight and tillering
(number of heads per plot) which is negatively correlated
with number of grains and grain weight per plant, As a
whole, the results show that there is an opportunity for
improving yield through its components (7000-grain weight,
number of grains per head, number of spikes per head), head
weight and height. Continuous selection for these truaits
will therefore indirectly increase yield, The most corre=-
lated trait with yield was found to be head weight in this
population, Both 1000-grain weight and number of grains per
head were equally phenotypically correlated with yield,

The estimates of heritability for all traits from this
study are relatively low compared to those previously reported
by Chiang and Smith (1974), Liang and Walker (1968), Ali-Khan
and Weibel (1969),Basu (1971)Mandouh et al, (1971), Vasudeva
(1973), Jan-Orn et al, (1976), Eckebil et al, (1977) and
Fanchal et a_1.(19'59) .
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beilana and Fakorede {1978), in a critical review of
heritability stated that if a trait is strongly influenced
bylsbme environmental variations, its heritebility would
be low in a population in which those environments very
widely. On the other hand, in another pepulation in‘which
éhe gnvironment is rigidly controlled so that those varia-
tions do not occur, the same trait would tend to have high
heritability, This statement explains the different results
obtained in this population, The 1980 heritability results
showing high h2 for height, days to 50% flowering and low
h2 for yield and some of its components like number of
grains per head, agree with the findings of lLiang and Walker
(1968), Jan~Orn et a1.(1976), Basu (1971) and Eckebil et al.
(1977). Low h2 found for peduncle length, number of spikes,
length and width of head, weight of head, grain weight per
plot agree with those of Panchal et al. (1979). The combined
data results which are similar to those of 1979 with low h2
estimates show & high h? estimate for 1000-grain weight which
is contrary to the findings of Panchal et al, (1979),

The indications of slight increases in some of the
characters of this population should be considered with care,
noting the heritability and correlation results of these charac-
ters. Aslo to be noted is the difference in the results of the

two years and thercfore the validity of the combined data,



SUMMARY

Two hundred and fifty S-~1 lines derived from the YZC
random mating population were grown in 1979 and 1980 at
Samaru for population evaluation, YZC was developed from
two composites (B composite and Y composite) consisting of
both exotic and elite lines, Six varieties (elite lines)
were used as checks, These cheks include L. 187, L, 181,

L. 1499, L, 1500, L, 123, S.K, 5912,

A 16 x 16 simple lattice design was used for this study.
Each plot of 2 rows spaced 90 cm apart had a maximum of L2
plants spaced 30 cm apart,

Data were collected on 10 competitive plants, whenever
possible, for 16 quantitatively inherited traits: Days tc
50% flowering, plant height, Flag-leaf length and width,
number of nodes per plant, Peduncle length, number of heads
per plot, head length and width, head weight, grain weight
per plot, grain weight per plont, 1000 grain weight, number
of grains per head, number of spikes per head and middle-spike
length. Analysis of varianceand co-variance were performed on
the 2 year data for all traits. Analysis for each trait was
computed on plot mean basis,

Considerable and significant variation within each trait
was observed, Coefficicnts of variations (CV.¥)ranged from

3.?6% for days to 50% flowering to 37.71% for peduncle length,
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Grain yield also showed a relatively high C.V, of 35,81%.
There was little difference between means of the S-1 lines
and those of the adapted elite lines for all 16 characters.
2.4% of the S=1 lines yielded better than the elite lines:
highest yielding elite 3}ine, L. 1500, yielded 1.81 kg per
plot while the hijghest grain yield of 5-1 lines was 2,12 kg
per plot given by Entry 123,

Population means were significantly different for each
trait, Significant differences were also observed for years,
and the population interacted with ycars for every trait
except number of heads per plot and 1000-grain weight,

Genetic variance estimates among 5-1 lines were positive
for every trait except peduncle length, head length and width,
grain weight per plant and middle spike length, [IMost genetic
variance estimates had large standard errors indicating that
either the estimates were not different from zero, or they
were small,

Grain yield and related grain-yicld components (1000-
grain weight, head size, and head weight) were positively
correlated with plant characters (Flant height, flag-leaf
length and width, number of nodes and number of heads),

Yield was negatively correlated with 50% flowering and

peduncle length, Besides yield, 50% flowering was negatively
correlated with all traits while peduncle length was negatively
correlated with all other traits except plant height, head

length and width, and 1000-grain weight.
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Heritability estimates were quite low due to the low
genetic variance cstimates and relatively high genotype x
environment interastion and error variance estimates,

Predicted gsins from selecting the top 10% for the
years 1979 and 1980 were quite low and different for two
years due to the differences in performance of the lines
in the two years, FPlant height, head number (tillering),
1000=-grain weight and number of grains are expected to in-
crease by 3.34 cm, 2.82, 1.84 kg, 25.57, respectively, Grain
yield per plot and head weight are expected to increase by
0.06 kg and 0,07 kg, respectively,

The reliability of the prcdiction will not be known
until the results of selection programme are observed in
the experiments planned for comparing original and improved

population cycles,
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Table A1z Mean performance of the Six check varietlies incltded in the 2 years evaluaticn
og S-1 lined Y<C populatien,

Check Days to Plant Flag- Flag- Ne,of Peduncle No.,of Head Head Head @Grpain:. .Grain 1000 HNo.ef Ne,of Mid-
Varieties 50% height leaf lezf®  lHode length Theads length width wt, wt/plot wt/ grain grains spikes spik
flower~ length width plant wt, per per- le
ing per head  head (em)
plant
(om) (cm)  (cm) (em) (em)  (em) (k&) (ke) (e) (&)
L. 187 138,25 182,70 29.55 L.79 18.2% Lo12 25.50 26,62 7.69 2.03 1.17 k2,02 26,03 166847 72.00 9.35
L. 181 139.75 204,80 36,20 4,83 1B,7% L.83 2B.50 27.20 9.31 2.18 1,13 38.30 26,43 1453.32 93,50 10.40
L.1L99 136.00 145.23 33.68 5.06 17.75 6.71 31.00 26,5 7.83 2,39 1.19 38,65 24.50 1600.79 88,25 39,
L.150C 134.75 166.25 30.05 L.69 19,50 572 33.75 27.4L 8.61 3,03 1.81 52.31  30.03 1726.58 93.25 8.7
L, 123 137.75 152.63 3L.78 5.58 18,50 L.3h 29.50 23,69 8.46 2.62 1.49 50.11 28,38 1793.02 82.75 9.3
S.K 138.75 184.50 32.93 5.16 19,75 482 40.25 24.20 7:36 2,53 1.38 37.15 25.25 1554.LY BL.00 9.4
Mean 137.88 172.69 32.87 5.02 18,75 5.09 31.42 25.95 8.2 2,46 1.36 L3.09 26,77 1621, 85.63 9.5

S5~1 lines

* The S~1 lines were included for direct compariscw:




L Tatle AZ

Comparative Mean (X}, standard deviation of the mean (8.E. %) range and
coefficient of avariability (C.V.%) for 16 characters of 250 S~1 lines

from the YZC for 1979, 1980

1978 1984
~ } 1 [ .
Characters Mean S.E. X Range ;.V.% Mean S.B.X Range C.V.5%
Days to 50% flowe- | 131,23 Yoo 125, 142-139. 34, | 2.28 h7.60 T 3,12 134.54=162.55 2.98
ring
Plant length (cm) 186,19 ¥ o516 126, 7-260.041 19,41 137.38 { £10.59 £7.75~223.10 10.89
'FiZi;iiafcm) 31.87 T 3.50 |23, 32~ 42,36 [15.53 31,97 ¥ 2.33 18,81- 1,3.03 10,31
Flag-leaf width{em)] .08 T o488 | 2.72 = 6.47 [13.03 L.99 |Z c.y7 2,65- 7,14 13446
No, of nodes 19.83 X o101k | 16,32 - 22,77 | 8.15 1747 |2 1.0 12.27- 22,18 745
Pedmmcle length{em)|  6.38 T o476 | 1.82 - 11,19 ]38.96 5.33 | % 1.58 1,27~ 11,66 Lol
Head length (cm) 25,76 2 2.67 | 11.60 - 33.71 |1L.63 25,26 | 2,52 11.88- 34.35 14,1
Head width (cm) 8.49  0.99 5.50 = 11.55 [16.43 8,03 {< 1,06 Lolig= 13,15 18,60
Head weight (kg) 2,81 I o0.53 | 1.38 - L.72 |26.65 1.90 | % 0.l 0.80- 3.27 17.87
Grai? w?. per plot 1.63 2 o0.3y | 0.56 - 2.96 129.75 1,06 V¥ 0.0 0,26~ 2.59 33.25
ke
Gﬁ;ﬁt“"("é)PQr L3.0k o707 | 23.06 - 66.16 {26831 36.67 |1 9.20 8.63- 64.98 | 37.81
1000 grain wt per 29,66 2 2,30 235 - 37075 ]10.98 23,87 |2 1.90 15.80~- 3L.47 11,28
plot (g)
¥o. of grain ver ~14431,89 Yoal.82 161031 —2511.69) 27,10 1 1561.27 [ $372.12 | LA5.L6~2929.17 | 33.71
head
Ho. of spikes per 86.01 Y 9,27 | 65.50 - 129,00} 15.25 78401 F 9,26 33,92~ 123,49 | 16.71
head _
Mi?esgike length 947 L 0.7 | 6.30 - 1zwofertey o 9.20] 7 0.80 5.65- 14,10 | 12,26
Lcm '




1979 Mean Squares

Source of d.f,4 Days to Plant | Flag- | ¥Flag-|] Node Peduniclg Head Head Head | Head |Grain} Grain | 1000 | No.of [c.of [M
Variation 5% flow= height| leaf leaf number| length number| length |widthl wt. wt. | wt. |grain| grain [spikes|s
ering length] width per per wt.| per |per 14

plet | plant head head

Replicates | 1 815,07 | 4884.L3] 108.46116.31 | 124.03 | 16.82 9163420 | 334eUT |L0.90) L5.75} 13.47 | 85.00 {63.01] 38364, [133.05]z
9

L B *k i I s AN . I = 01
Entries 255 9.57 11219.40] 22.89| 5.41 2.61 8.88 105,771 18.34 | 1.55] 0.63] 0.36 12#.;2 10,68 1626}3.196.6?
')2**
Error 255 9,01 |1266,36| 24.L6]| L.7¢ 2.61 £.18 8L4.T8 ) 1L4.21 | 1.951 0.57| 0.24 | 111.48]10.60] 151€59.171.93 °

L6

Replicates| 1 2132.86 | 695.33 | 53.631 2.51 0.28 { 140.92 122,074 37.58 | 0.28] 7.64 | 0.€9 [2039.] 22.19] 3558795.35L3,
%

5 12 17
5% oF 3 2o ks
o o R Lo A 3 1 el oo ake skl T 04971 0.23 1 210, 24,87 4308231 5333l
Entries | 255 75.5571 1583.0q 41.75] 1.18 5.05 | 5.55 83711 2h.10™*| 3.71] Ok 3| 0yk 2B 430023 ST
2. L‘,E‘
Errors 255 19,142 22L.58 10,851 O0.LL 1.69 5.01 LB8.35] 12.75 2.23] 0.34 | 0.12 1G2

T.2L] 27694280 171) 1,

83 62

** Significant at 0,01 level of probability,



Table Alj:

characters of tht

Genetic, phenotypic and error varianges for 16
250 lines of the YZC for 1979

and 1 }(‘JG .
1972 1980
= . g a° 7 0°
Characters g jdLh - g ph e
Days to 50% | 0.56%0.58 |5.0620.45 |9.09%0.80 |27.07%3.36 | 36.7623.24 [19.42%1.71
Plant height F23.L48%77. l609.70%53.] 1266.36% | 679.41%70. | 791.69%69. |224,.58%19.18
53 78 111,66 52 8L
Flag-leaf  [F1.59%1.48 |10.65%0.94) 2L.48%2.16] 15.45%1.90 | 20.81%1.84 |10.85%0.96
length
Flag-leaf 0.3220.32 {e.71%0.24 |4.78%0.42 |0.37%0.06 }0.59%0.05 | 0.LLZ0.04
width
Node number |0.00120.23}1.2130.12 |2.61%0.23 }1.98%0.26 }2.82%0.25 }1.69%0.15
Peduncle L0,15%0.38 [2.94%0.26 |6.18%0.55 |0.27%0.33 [2.77%0.24 [5.01%0.LL
length
Head number |1049¥5.98 |52.88%L,66]|84.78%7.48] 17.682L.26 |L1.8523.69 [48.35%.27
Head length {2.08%1.02 9.1720.81 {14.2131.20|5.68%1.2¢ |12.0521.06 [12.75%1.12
Head width }0.40¥0.11 Jo.5820.05 |1.95%0,17 |1.48%¢519 |2.60%0.23 {2.23%0.20
Head weight (0.12%0.04 {o.n0%0.04 {0.57%0.05 (0.07%0.03 {0.24%0.02 1{0.3430,03
Grain Wt/plet]0.06%0,02 l0.18%0,02 |0.24¥0.02 |0.06%0.01 ]o0.12%0.01 Jo.12%0.01
Grain Wt/ 5.50¥7.LL (63.26%5.58{111.48%9, 18.95%12.56 {105.07%9.27 h192.25%16.96
plant B3
1000 grain [0.08%0,67 [5.38%0.47 |10.60%c.94(8.81%1.1 [12.43%1.18 [7.2u%0.64
wt,
. + +
No, of grain 579L4.882  PB1319.462 [15104).462|76940.90% 2}33&3.?2- 2ZEE§S'S§'
/head 9790, 36 7173.77 | 13325.01 }22590.3) . ‘
No. of spikes[12,36211, 18.3328,67(171.93%15.{80.93%16.5L{166.7u¥114. [171.62215.14 |
/head 52 17 71 1
anch sl
Mid-spike 0.0120,12 .93%0.08 [1.8720.16 [1.26%0.18 [1+900:17 [1.27=0.11
length
4




MK A ND
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v

v, v, Vg v.d Vg oy vh' 3 Vio VS v6‘ VTi v15‘ Vig Vig
Days to 504 Plant| Flagd Flag- No. ¢f | Peduncle No. off Head HeaJ Head Grain Grain 1000t No, of] No. «f
flowering hei leaf| leaf | node length heads | length width weight wt wt | graih grain! spikesj
. {om height width {cm) (em)] {cm) {xg} per! oper wi | per head
{em)] {cm) plot plant (g) head
Entries (kg) (&)

1 136.75 152,881 32.65] 478 | 17,75 6.78 30.25 126,711 9.00f 2,14 1e34 L5.20 | 23.43) 19L3.67 B7.25
2 140.5C 168.751 33.20| 5.2 §18.25 5.5l 22,75 |25.50] 7.841 1.59 0.84) 37.91 ] 30,40f 1275.691 84.00
3 138.25 151.,20| 32.83| 5,98 |19.00 5.1 .50 [26.00! 8.28 2.53 1.600 LL.3L | 22,901 1892,.76] 90.00
i 137.00 170.00] 31,101 5.46 }21.25 6.12 38.75 j27.281 7.761 2.48 1.55) L2,00 | 28,33} 75509 84,50
g 139.00 160,88 30.20 | 4.63 | 19.50 6.25 33,50 |28.L3)] 7.99 | 2.Lh 1.40] 42.09 | 31.68} 1493.05| 80.00
6 142.25 169.50 32.38 | 4,88 |20.25 Sk 33.00 }[27.25 | 8.68 | 2.23 1,16} 35.52 | 27.00| 1294L.89] 86.00
T 139.00 152,25 33.25 § 4,90 | 70.50 8.06 29,25 |28.17 | 8.68 | 2.06 1.29] 43.79 | 29.08| 1L480,00} 79.75
8 141.25 127.85 | 30.9013.57 |15.50 7.06 28.25 [23.66 1 8.21 | 1.67 0.93]| 36.91 | 25.4L0{ 1006.05{ 67.25
9 142.25 169.88 1 3L.38 | 5.02 [19.50 7+10 39.00 |29.21 ) 8.66 ) 2,55 1.35} 34.81 ] 26.60] 1308.59| 89.00
1€ 136.00 158,50 34.30 | 6.:9 | 19.75 5.89 3L,75 126,98 | 8.88 1 3.05 1.91] 57.04 | 31.45} 1785.96] 78.0C
1 11,3.25 151.88§ 37.13 [ 5.58 {19.75 L.02 36.00 |28.93 | 8.80 | 2.56 1.52] L1.73 | 25.88] 1629.30| 78.00
12 139.00 127.75 | 30.20 | 4.L9 118B.75 5.08 36,50 (23,30 F 7.31 1| 2,26 1.10| 30.69 | 20.68| 1472.33] 71.25
13 136.00 135.40 | 32.8% | 5,14 |[18.25 7.4 28.50 j2L.L0 | 8.63 | 2.07 1611§ LOJTL | 25,08 1783,91 77.50
14 138.25 160,75 | 30.10 {5.15 20,25 }5.73 Lo.25 |26.71 ] 8.85 | 2.82 157 Lha19 | 30,181 1437.837 84,25
5 136.75 171,38 | 3L.6h 5,58 {17.75 6.47 30,50 [|26.95 | B.57 | 2.18 1.33] 42.77 | 25.80| 1682.36] 90.25
16 137.50 155.75 , 31.85 15.63 |18.09 7.51 26.00 2439 Y 6,95 | 2.30 1,37 5429 | 29.55{ 1822.,57| 90.75
17 138,50 189.73 | 28453 | L.l 16,50 7.53 32,00 {23.41 ] 7.60 | 2.69 1.65| Li4.93 | 26.401 187,93 73.25
18 142,00  {161.88 | 32.90 |5.03 }19.00 {4.91 35,00 [26,99 | 8.55 | p.b2 | 1,35 LL.67 | 27.48 | 167445 85.00
19 136 .25 153.25 | 37.L0 |5.42 [18.25 (U465 35.50  22.26 | 7.78 | 2.87 7.63 | 45,08 | 28,05 | 1596.98 | 75.00
20 14,0.75 161.98 { 32.43 [L.39 (17.25 5.66 33.75 [23.22 | 9.30 | 1.48 0.757 24,10 | 22.60| 1051.59( 84.00
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137715
141,75
141.75
138,00
1liaS

138,50
137.75
137.75
14375
koS50
14375
140,00
140.50
137.25
140450
135425
135.75
135.00
143450
134.50
140425

143.00
143.85
180,98
162,00
165435
177.68
161.63
184,75
153.63
162.25
173.13
157,50
162463
169413
167.58
161,00
149425
136.40
149.63
140,20

160,38

31.23
28.48
28.88
38.08
33.48
33.58
27453
30.08
33.15
31.25
34.83
31.18
28,63
32.70
27.75
31.23
35.38
3515
25.12
31.18
28.60

5.0l
L.09
L.62
5.10
.61
192
L4428
}.88
Seli5
4.38
5¢29
LoL8
.96
5¢7h
L33
5.19
556
5.88
437
5.33

5.23

17.50
18.25
17.75
19450
18.75
19,00
18,25
18,00
17.50
18.00
17.75
18,50
20,00
19.25
18.75
20,50
19.00
18.00
18.25
17475
18.00

6.00
581
5.20
8.21
7436
8.59
Te19
5.72
T.45
To6L
6.71
7.09
6.67
5459
427
5465
6£.68
Le93
8.16
6431
6.8l

31.25
36.00
23.75
29.75
32,50
33.50
32.75
30.00
34.00
29425
29.75
3175
38,50
35425
35.50
37.75
37.25
36.50
28,25
33.50
29.25

22,39
25.717
26.81
26.85
25.88
31.16
27.72
28.54
24,80
22.79
27410
22,69
27.48
28.25
27431
23.95
25.57
22,82
25.99
22.38
25434

8.93
8.15
8.88
6.8l
6.08
8.67
6.93
8.19
7.92
T.20
TeTT
7431
8.42
8465
7.76
T«56
Be24
8.79
Te31
8459
8.5L

V16

1.35
1.32
1,78
1e41
0,88
1.19

131

7
33.L4
3h.2L
49.68
38,07
3L.20
32.59
35.14
L1.46
34412
27.35
38.26
37.63
37.42
33.87
38.41
34.63
50.19
10,81
38.09
37.51
(Ll 16

1399.00
1289,65
1627.79
1354.00
1321.60
1142.74
1141.28
1427.50
1285,96
1086.06
1538.61
1556.95
1450, 14
1198.02
1504. T4
1173.69
2099.83
1672450
1360,13
1478.09
145079

_13
73450

7775
87.00
81.50
81.00
86.50
8l4.25
87.75
The50
81.25
86.75
91.00
T76.50
82.25
81.50
76.00
81.00
82.25
75425
87.75
8475

8.95
9.83
9.18
9.23
10,25
9.15
8.85
9.78
9.48
9453
785
8458
9,08
11,05
9.53
9490
10,00
6.33
8,80
8475
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1 2 9 10 RIS bt 3] Y2l s 7 %5_ 16 | VEL' 1
L2 1139.75 | 176,00 | 32,08 [ La13  17.75 | 7.85 | 26.25] 27.L8 | 8.71 | 1.73 | 0.81 | 31,15 | 2L.70 | 1283.51 | 78.50 ~ 10.L8
L3]132,25 [177.38] 3L.L5] 5.19 16.25 | 5.71 | 32.25| 28.92 | 8.87 | 2.42 | 1.48 | L45.00 | 27.95 | 1681.02 83.75 | 9.15
Ll | 137.50 | 168,50 32.28 | 6.04 19.75 | 6.45 | 37.75| 27.26 | 8.58 | 2.73 | 1.43 | 39.48 } 30.58 | 1284.52 ' 80.00 | 9.50
LS | 14he75 158,531 3423 | Le61 17.75 | 6.69 | 20.50| 26.10 | 7.12 | 1.31 | 0.68 | 31,04 | 27.70 | 1072.32 | 79.00 | 9.48
L6 [ 141,25 | 152.25 | 26.L3 1 Lokl 19.50 | 5.58 | 36.50| 2L.T9 | Te23 | 2437 | 140 ] 39.03 | 27.28 | 1411.70 | 79.25 | 9.68
L7]136.56 |131.38| 35.23) 5.43 17.50 | Lo3h | 28425 23.10 | 7.19 | 1.97 | 1.13 | 36.38 | 2L4.13 | 1501,40 | 89.25 | 8.00
LB | 142,75 | 163.25] 22,60 3.59 18.75 | 3.88 | 27.50] 26.52 | 8.31 | 1.98 | 1.18 | L2, 46 | 25.73 | 1651.56 | 83.00 | 8.70
L9 | 139.25 | 162,15 | 31.68 | L.UL8 18.50 | 6.44 | 35,00 28.66 | 6477 | 1.73 | 0,92 | 22.05 | 25.86 828.45 | 73.50 | 9.55
50 | 137.00 §129.63| 27.96 | L4.70 18.00 | 5.87 | 29.25] 22.38 | 7.39 | 1.71 | 0.96 2,77 | 25.51 } 1261.74 | 67.00 | 9.13
51 | 134,00 |168.,25| 33.43| 5.15 1950 | 7.16 | 30.50] 27.60 ] 8.L8 | 2.22 | 1.23 | 39.12 | 25,19 | 1569.70 | 81.50 | 9.48
52 | 142,25 | 137.35| 28.08| L.82 20,00 | 5.6k | LO.25] 23.15 | 7.78 | 2.47 | 1.48 | 38.68 | 28.48 | 13L5.31 | 75.00 | 10.00
53 | 141.75 | 139.00| 29.88 | L.31  20.75 | 6.29 | 2B.75| 2465 | 7.12 | 1.73 | 1.01 | 35.85 | 23.97 | 1486407 | 69.25 | 7.80
sh | 143.25 [122.25] 33.93| 5.78 19.50 | 5.51 | 33.00] 22.84 ] 8.31 | 2.42 | 1.33 | 37.22 | 32.05 | 1153.22 | 87.00 | 8.63
55 1136.00 1171.50] 27.65] L4.7h 18,50 | L.02 | 29.25) 27.72 ] 8.35 | 2,21 | 1.38 | L5.25 | 28,71 | 1658.03 | 73.75 | 9.70
56 | 140,50 | 186,381 28,15 ] 4«68 18,75 | L3k | 33.75] 23462 | T.90 | 2413 | 1,26 | 37.05 ] 25.66 | 1425.94 | 84.25 | 7.20
57 { 140,00 }192.33| 3L4.43| 5.83 19.25 | 6.15 | 28,25} 2L.L9 | 8.32 | 2.21 | 1.29 | bSe7L | 27.24 | 1742.28 | 85.25 | 9.17
175 [ 159,00 29¢56 1 Le39 18.50 | 3.96 | 3Le50) 2L.55] T.88 | 2,29 | 1436 | L3.59 | 23.25 | 1879.83 | 8L.25 | 9.28
59 | 137.75 | 152.25| 30.30| L.88 19,00 | 6.69 | 32.25] 2L.LB| T7.76 | 1.81 | 1.03 | 31.35| 25.93 | 1192.79 | 75.00 | 8.98
60 | 142,50 | 15448} 32.38) 5.08 20.75 | L.20 | 33.50] 20.93| 8.40 | 2.11 | 1.26 | 35.95 | 30:66 | 1177.16 | 79.75 | 8.73
61 ] 138,75 | 186,50 28.93 ] L.BL  19.75 | 6.32 | 3L.50f 27.3u| 9.51 | 2,35 | 1.52 | L3.81 | 28.28 } 1549.,18 | 82.00 | 8.73




2 Vg Yig ¥ 110 " ¥ Y12 i Y15 | V1e Y13
B8 | 33.23 | L0931 15.00 | L.50 | 30.0¢ 7.82 | 1,88 { 0.99 | 33.23 | 26.81 | 1228.22 | 7L.5
) ;.Ll(’ L .1 4 1 e ;L "ol!-w— “7.?15 D3 = -I_';L’- < o0 1"]’ ) L&}_ . ,Jr:" T'_,.T A
63 28,51 el é el 5-09 33ecD e « U3 ?-LC* 2e21 T4 o 32
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1 2 9 10 Vg Vi L 3 14 's 6 1 15 16 ‘ 13 Vo
B30 136.75 | LB.63] 3Le71| 5.56 | 20.25] 5.B3 | 3L.75| 26.12] 9.67] 2,75 [ 1.58] LS5.5L| 27.25] 1683.60  7L.25] 10,28
84] 137.00 { 136.63| 35.33] 5.50  18.50{ 3.64 | 33.25 | 22.48[ B8.83( 2465 [ 1.40| 42,05 2498 1705.92] 86.501 9.28
85| 137.25 | 156.50]| 33.03] 5.11 | 19.00] L.41 | 47.25 | 2L.1L4f 9.03| 314 | 1.85| 38.06| 25.Lh2) 1528,79] 8L.75| 8.53
86| 137.25 | 169.38| 35.03 | L.96 | 18.25] 5.09 | 32,50 | 26.53] B.20] 2.86 | 1.69] L9.B85] 28,101 1759.15] 97.50| 9.50
871 140.25 | 132.00] 35.98 | L.95 | 20.00] 5.06 |35.75 | 21.08] 7.LL] 2.65 | 1.35| 36,41 25,35| 1434.38] 76.00) 9.75
88 | 13.75 | 1h.23] 32.731 5.07 | 19.50| L.62 |33.75 | 28.55] €.60| 1.88 | 1.06] 31.52] 25,67 1177.35| 73.25| 8.60
89| 139.25 | 178.50| 28.88 | s.o4 | 18.50] L.52 |37.25 | 26.07| 6.89] 2.2 | 1.53| 39.58] 2L.92| 1568.51| 7T2.25] 9.28
90 [ 144425 | 149.38 | 31425 | 5439 | 17.50f T.L43 [27.25 | 27.03] 6.29| 1.63 | 0.99 29.58{ 25.85(  1104,10{ 67.50| 8,25
91| 14L.50 | 153,88 | 32.08 | 5.51 | 20,00 L.90 |38.50 | 25.86} 7.76| 2.19 | 1.27| 32.97| 25.59]| 1258.04]| 85.75| 8.00
92 | 144.25 | 148,501 38.40 | Selili | 17.75| Le32 [L42.50 | 26.62] 7.85| 2.98 | 1.78 | 39.L3] 27.28] 1411.07] 105.50 | 8,85
931 137.75 | 153.63 | 30.57 | 5.05 | 19.00] L.23 |L2.25 | 25.90| 8.65} 2.80 | 1.35| 31,92| 28,28 1114.27| 63,00 | 9.85
9 | 13L4.00 | 207.63 | 33.48 | 5.38 | 20.00| 94 LB.50 | 2732 | 9¢11 ] 2,40 | 1.45 | 29.47) 29.15| 1014.341 T70.75 | 9.u43
95 | 145,50 | 195.25 | 36.05 | 5.04 | 19.50] 6.93 |Lk.75 | 29.78| 8.7h | 3.18 | 1,84 | 38.69| 27.61| 1369.49 81,501 10,13
96 1 140.75 | 187.00 | 33.80 | 5.28 | 18.00f 5.72 [31.75 | 25.83| B8.2L | 1.96 |[1.12 | 33.79{ 27.2L4| 1220.92| 77.75 | 8.68
97 1 138,50 | 175.63 | 35.33 | 5.73 | 17.75] 5.73 |31.75 | 27.61] 8.95| 2.34 |1.L3 | Lh.L2] 26,30| 1687.65| T76.75 ] 10.60
98 | 1uL.75 | 172.23 | 28.20 | 4,70 | 20.00| 6.76 |L4L.50 | 27.25| 6.83 | 3.06 |1.73| 39.53]| 27.43| 1414.07} 78,75 | 8.58
99 {140.25 | 171.13 | 33.45 | L.79 ] 18.25 | 6.08 [29.75 | 29.7h | 877 | 2.67 | 134 | L7.93| 28.98| 17L46.02} T79.75 | 9.L3
100 1137.25 | 157.00 | 30.28 | L.28 | 22.00] 6.22 |[L41.50 | 25.20 | 7.69 | 2.65 | 1469 | 39436 | 29.90 | 131L4.58| 7he25 | 9.73
101 1139.50 | 165.13 | 3u.b2 | 4.99 | 20.75 | 5.38 |3L.75 | 26.67 | 8.29 1 2.70 |1.51 | L7.98 ] 25.73 | 1880.93| 95.25 | 10.68
102 |138.50 | 219.63 | 34430 | L4.58 | 19.50| 6.62 |34.50 | 28,52 | 9.10 | 2,39 |[1.48 | L1.28 | 25.40 | 1603.L8| BL.TS5 [ 10.13
103 |137.75 | 174.00 | 31.30 | 4.57 | 18.75] 5.31 {[L1.00 | 29.20| 8.57 | 2.70 |[1.54 | 38.95] 28.53 | 1397.68| 80.00 | 9.75




v

v, > Vg V.o Vg LS A v, V4o 5 Vel Vo Vig Vig Vi3 y
104 | 138425 | 145.63 | 30.40 | Le7Q ] 20.50 | S5.65 | L1.25 ] 25.69 | 7.42 § 2,68 | 1.57| 37.53|27.83 | 1355.36 | 81.50{ 9.
105 { 134,50 | 168.63 | 30,50 | L.92 | 19.00] 7.36 ) 32.75§ 26,611 7.8L | 2.43 1§ 1.47 [ L1.69128.20 | 1491.82 1 77.25 | 9.
106 { 136,50 | 175.13 § 29.38 | L.72 ] 17.00§ 6.97] 29.50 | 24.20 | 8.57 | 2.25 1 1.30| 43.58]25.20 | 1736.81 | 72,001 8.
107 | 138,75 | 111,83 ! 27,201 L.72 } 17.50| 6.59 ] 31.00| 23.66 | 7.0L |1.68 | 0.90| 32.90|22.88 | 1431.40 | 72.50 | 8.«
108 | 137,00 | 183.13 { 25.58 | L.LO 1 18,25} 5,01 | 41.00 | 2L.90 | 8.08 | 2,38 1 1.39 | 33.53{25.,03 | 328,50 § 90,50 | 8.l
109 | 138,00 | 178.63 | 29.28 § L.90 | 18.25 | 5.87 | 34.00 | 25.9L | 8.25 § 2,77 | 1.59 | L6.90122.63 | 1734.16 | 90.00 | 9.¢
110 § 135.50 | 163.65 | 26.L0 ] L4.31 1} 17.75 ) 6.96 | 33.75| 2L.66 | 7.85 | 1,77} 0.99| 30.42] 25.98 | 1175.09 | 67.25 | 8.
111 | 1L0,75 | 152430 | 28,90 | L.92 | 19400 | L.6L4 | 33.25 | 2h.42 | 8.22 | 2.83 1 1.78] 53.09] 23,63 | 23%9.23 | 78.50 | 8,!
112 (141,00 | 181,50 | 3440 | 5.11 | 19,501 6,051 38.50 | 26.32 | 8.13 [ 2,38 1 1,49 37.17| 24,80 | 1521,59 | BL.75 | 9.1
113 | 140.25 § 155.35 [ 33.98 1 5.03 § 18.751{ 7.48 | L0.00 1 27.75 ] 9.05 { 2.37 ( 1.41 1) 36.59{29.80 | 1279.09 | 81.25 | 11
1ML [137.75 | 168.88 | 30.L0 | 5.03 | 18,75 6.04 | 3h,25 | 23.69 | 8.78 [ 2.39 | 1.36| 39.43]25.40 | 1571419 | B87.50 § 9..
115 V138,75 | 130,38 | 29.65 | L.25 | 18,251 2.L3§ 30.50 | 25.27 | 8.66 §2.01 1 1,03 | 34.87| 22,63 | 1508.,28 | 88.75 | 9.
116 | 141,75 | 138.50 | 28.60 | L.17 | 18.75 ] 5.07 | 3h.25 | 25.36 | 7.36 | 2.32 | 1.201 36.75}25.75 | 1he6.60 1 88.50 | o.
117 1138.00 | 139.88 | 33.38 | 5.01 } 19.00¢ L.87 | 35.25 | 25.76 | 7.9h4 [ 2.78 1 1.58 1 Ut.6L | 30,38 | 1393.93 { 89.26{ 8.,
118 1 143.00 | 170,88 | 29.83 1 4.36 1 19.00] 5.36 | 34,50 | 26,55 | 8.52 [ 2.81 | 1.36 | 38.31}28.43 | 1353.21 | B85.25 § 9.
119 §141.0C0 | 168.15 | 31,58 | 5,28 | 19.25 | 6,04 | 31.00 | 23.33 ] 9.33 | 2.82{ 1.78} 57.58 | 3t.43 | 1822.74 | 91.50 | 9.
120 [136.25 | 143.50 | 35.53 | 5.08 | 18.75 | L.38 | 39.50 [ 2L.71 1§ 8.03 | 2.63 1 1.32| 33.33)27.73 | 1200.3%1 | 107.00| 9.
129 1 141,00 } 167.63 | 3h.23 ] 5,00 § 319.50% L L1 ] 35.75 )] 27,81 ] 9.50 } 2,94} 1,64 ) L6,.89f 22,93 | 2159.79 88.75 10
122 1133.50 | 261,88 | 32,15 § LS4 | 18,25 5416 § 50.00 | 25.46 | 8,50 | 2.69 | 1.631 33.95| 37.20 | 1260.82 t 107.75] 9.
123 139,25 | 150.10 | 36.05 | boh5 | 19,50 | 3.26 | 42,00} 23,62 § 7.99 | 3.27 | 2.12| 50.37|25.70 { 1981.74 | 78.00] 8,
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Y Y2 9 Wl 12 Y7 Yisf Tie | T3

145 1133.75 | 151.75 1 34.06 2B.25 1 26.45 | B.29 39.77 | 25.78 | 1507.97 | 83,00
146 |M40.00 | 174,381 31.38 h1.25 1 25.20 | 9.93 35.39 | 26.60 | 1309.4L | 72.50
T [134.50 1 187.13 [ 32.35 38.25 | 27.74 | 9.68 L1.51 [ 28075 | 1490.5L4 | 89.50
148 138,25 156,38 33.08 30,50 | 23.75 | 7.75 40,99 { 28.08 | 1479.6L4 | 79.50
M9 {137.75 | 161.98 | 30.35 29,75 | 23.21 1 7.1% 31.00 | 24,73 | 1258.87 | 75.75
150 11,75 | 151.88| 29.58 29.00 | 23.69 | 9.55 37.87 ] 26.68 | 1418,99 | 72.50
151 {141.75 | 135.38| 29.03 25.50 | 24,27 | 8.00 53.28 | 22,08 { 1921.17 | 92.75
152 1144.25 1 152,50 30.18 175 2h.62 ) 7.19 29,93 | 26.23 1 101,71 | 73.25
153 [140.00} 159,00 32.98 31.75 | 26.63 | 7.65 37.0L | 28.70 | 130L.U41 | 97.75
154 1139.25 1 188.93} 38.25 38.00] 28,28 11,22 L2149 27.?9 1533.96 | 85.2%
155 |135.25 1 155.18] 33,10 34.50 | 25.42 1 9.08 35,00 | 28.23 1 1258.68 | 94.25
156 138,251 182.50{ 34L.98 31,00} 22,511 9.21 LOWJLO | 26,96 | 1522.6L | T77.50
157 13ke25 1 153.88{ 31.73 39.00 | 26,481 10435 3318 25,25 | 1261.75 | 78,50
158 [134.00| 183.33] 35.78 Wi.250 24,31 8.82 37.6L | 26,45 { 1L0L.61 | 91.25
159 1137.25| 161.00} 36.50 40,75 | 24.791 8.19 42,361 29.45 1 1429.98 | 9h.25
" 160 143,00 180.05] 28.60 30.25{ 21,68 8,19 15,811 23473 1954418 [ 9L.25
161 [us.s0) 177.25) 3.5 28,750 27.90| 7.19 30,34 | 26.03 | 1281.15 | 82.25
162 [140.75¢ 171.25] 33.83 31,751 25.99| 7.66 33,77 23.68) 1482.26 | 96.25
163 | 1275 177.20[ 30.88 38.75] 25.55] B.86 LhlB3) 25.68| 1792.44 | 85.50
16L |147.25 163.13 £.53 BO00) 27.9%| T7.75 26,58 | 25.83| 1082.84 | 88,00




v

1 2 9 10 8 11 L 3 12 5 7 15 Ve | LIS
165 (134425 1 161,63 | 32.30 | 5.50 | 18.25 { L4.8Y | 24.00 | 28,29 { 10.431 2.4 ! 1.31 | 55.79 | 25.55 | 2326,90 | 79,00 { 1C.55
166 136450 | 133,63 | 38.33 | 5418 § 18,25 | 5.36 ) 35,00 | 28.hL | 9.43 2,72 | 1.6L | L9.66 § 26,10 2011.83 | 73.25 | 10.00
167 |142.50 | 105.00 | 26.30 | L.88 | 18.75 | 3.12 } 33.25 | 22,59 { 7.56 1.84 | 1,22 | 36.28 | 24,80} 1368,20 | 82.25 84,53
168 1136425 | 217.88 ] 29,75 | 5.36 | 19.50 | L.82 | 37.75 ] 25.91 | 8.29 | 2.46 | 1.31 | 3L.47 | 22.43 ) 1511.95 | 83.00 | 9.5
169 138,00 | 1913 | 3Le23 | So34 | 18.25 | 5.51 | 3La75 | 27.36 | 9.10 2233 { 1.19 | 33.4L | 26.53 | 1301.09 | 85.29 1 9,28
170 1136.2% 1 158,381 29,60 | L.91 } 20,25 | 2.83 | 32,25 | 21,22 | B.36 2,62 1 1,51 | Lo.7h } 25,28 1975.80 1 92.75 | 7.L5
171 1136.00 | 179.39 | 32.38 { 5.66 | 18.00 | L.37 | 36,00 | 27,18 | 9.73 | 2.55 | 1.07 | bha95 | 2L4e90} 187L.59 | 83,50 | 10.70
172 P141.75 § 165,68 ] 27.38 | L.16 ] 18.25 | 7.29 ] 36.25 ' 26,30} 8.37 2.78 | 1.68 | L5.97 | 25,831 1806.72 | 89.75 | 9.1B
173 1142.25 | 205.25 1 32,25 1 L.77 | 19.00 | 3.49 | 38.25 : 29,72 | 7.05 246 7 1,53 F 43.02 | 26.35 1 1616.63 | 85.50 | 8,88
T7h 1135.50 188,93 ( 36,65 | 5.29 | 19.25 | L.L9 | L5.25 | 26,58 | W43 | 3416 1 2,00 | L45.66 | 26,65 1926,80 | TL.50 | 9.90
175 |1h2425 | 169.25 | 34.83 | 5.09 | 18.50 | 5.68 | 26.00 | 27.8L | 8.0 1,88 1 0.9h | 37.50 | 30,73 ) 1232,69 | 78.10 | 9.48
176 1138.50 { 15968 30.88 [ 4.63 [ 18,50 | 4.6k § 34.25 | 2L.28 | 8.27 2.53 | 1.51 | L2.52 | 27.33| 1555.97 { 72.00 | 9.7C
177 140450 | 137.58 : 3L.93 { 5.4 ] 18.75 | 6,07 | 32,00 | 24,991 7.79 2,10 | 1411 | 3he63 1 29,131 1190,05 | 85,00 | 9.70
176 §137.25 ¢ 1L4.38 ‘ 30,60 ( L.50 | 18,75 1 6.97 | 33.50 [ 2L.99 | 7.27 2,22 { 1.38 { hé.21 § 30,25 1634.99 | 88.25 | 9.26
179 |13L.50 | 161,881 32,20 | 5.50 | 18.30 | 6.08 37.75 | 2Lh.25 b 8,04 ] 2.53 ] 1.36 § 37.41 ] 25,10} 1527.60 | 9,25 | B.85
180 [133.00 | 1L8.25| 26.70 | 452 {1 17,50 | 5.71 | 31.00 | 28.88 | 8.17 | 2.07 | 1.16 | 36.73 | 24.85| 1523.69 | 77.25 | 9.28
181 139,00 | 1L6.88 | 32,85 | L.70 ! 18,00 | 6,171 34,25 ! ay,09 ) 7,00 | 2.12 ) 1.38 | L0.8B | 29.58| 1L02.73 | 89.25 ) 10,08
{82 137.50 | 186,50 | 31.08 | L.80 § 19.25 | €.39 | 27.50 | 28,91 | B.4S 2.1 | 1.38 | 47.50 | 27.78 ) 1709.52 | 88,25 | 9.85
1683 140,75 | 199.90 ] 30,50 | 5.11 ] 18,25 | 7.10 | 31.00 | 26.21 | 9.15 | 2.57 § 1,33 | Lh2.78 } 26.90| 1693.65 | 95.75 | 9.28
18l [135.50 1 145.13 7 27.25 | L.60 | 16.75 | T.5L | 31.75 | 23.95 | T7.76 1.85 | 133 | 3467 | 26,15 1352.10 | 81.50 f B.60




7 v, Vg Vo Vg vl v, 7y Vio| Y Vs Vo Vi Vg 13 ‘i
185 | 137,00} 167,88 | 30.30 ) 6.34 | 18.00 | 7.35 | 30.75 | 25.91} 9.21 } 2.54 ] 1.37| L7.7h4 | 26.58 | 1859,95 | BL.25| 8.5
186 | 10475 | 157.35 | 34L.9C | 5.00 18.60 7.42 | 35.50 | 27.60) 8.67 | 2.70 | 1.55| L2.h6 | 29.83 | 1493.90 | 82.00| 10.
187 1132.50 | 181.88 | 32.25 | 5.94 | 19.00 | 5.68 | 32.00 | 22,49} 7.92 | 2,03 | 1.09| 35.03 | 23.58 | 1600.02 | 8L4.00| 8.8
188 [ 138,754 177.00 | 30.13 | 5.59 ] 18.50 | 7.4l | 35.75 | 23.46 1 7.97 | 2.39 | 1.34{ 37.36 § 26.33 | 1422.85 | 81.75] 6.3
189 | 14075 | 150.63 | 31.48 | 5.79 | 18.25 | 7.95 | 3L.00 | 25.84 % 8,12 | 2,27 | 1,351 39.63 | 26.40 | 1462,93 [100.75] 8.7
190 | 143.00 | 163,38 § 37.23 | 5.66 | 18.25 | 6.79 | 27.25 | 26.18| 8.75 | 2.19 | 1.20| L2.61 | 25.25 | 1767.38 | 90.25 ] 9.1
191 | 140,25 | 120,63 | 32.00 | L5111 17.75 ] 5.35 | 27.75 | 23.48 | 7.01 | 1.93 | 1.08| 37.59 | 22.70 | 168L.92 | 83.75 | 9.0
192 1137.25 | 138.38 | 36.90 | 5,73 | 17.00 ] 7.35 | 31.75 | 2492 6,32 | 2,11 1 9.0L | 32,94 | 29.95 [ 1096.,07 | 77.75 | 9.7
193 133.25 170,50 | 26,95 | Lo2h | 18,75 | L.7h } Lh.75 | 230121 7.h3 | 2.78 1 1.73| 39.h6 | 27.60 | 1413.30 | 81,50 § 8,7
194 | 1L7.00 | 145.25 | 34.33 | L.66{ 17.36 ] 5.15 | 25.25 | 28.32[ 8.90 | 1.87 | 1.16| LO.66 | 27.08 | 1387.74 | 7450 | 11.!
195 F1L3.75 1 161.35 | 33.95 | 5.50 1 19.50 | 6.18 | 32.50 | 27.20 | &.36 { 2.25 } 1 4bh | L47.54 | 27.35 | 1797.79 { T76.00 [ 9.9¢
196 1 134,00 | 136,13 | 26.03 | Le20 | 17.00 | 5.55 { 35.00 | 21.66} 7.32 | 1.91 | 1.09| 30.69 | 26,60 {1126.57 | 81.75 | 8.2
197 | 138,75 1 151,60 | 35.05 | 5.69 1 17.75 1 6.39 | 3L.00 | 24.26| 8.38 | 2.49 | 1.50| L6.0L | 27.10 | 1700,58 | 77.25 | B.%
1986 | 146,50 | 160.35 | 34.20 | 5.31 | 17.50 | Lo79 1 31.75 | 23.38 1 6428 | 2.19 | 1.29| 33.63 | 26.85 | 1252,12 | 82.30 | 9.5
196 { 140,75 | 150.75 | 31.48 | ho91 | 18.25 | 6.28 ] 37.25 | 20,61 7.84 | 2,40 | 1.35 | 35.87 | 26,10 | 1400.68 | 74.25 | 9.0t
200 Y 14L.5C | 125,03 | 25.45 1 3.80 ] 18.25 | 6.25 | 28.25 | 25,487 B.62 | 2,00 § 1,211 L42.86 | 26.08 | 1675.26 | 82,501 9.1t
201 1139.25 | 161.88 | 31.98 | L.27| 19.75 1 4.97 | 34.00 | 21,921 7.10 | 2.76 | 1.58 ] LB.13 | 28.53 | 1747.60 | 8L.00{ 9.0
202 1 141,00 ] 160,00 | 31.15 | 4.86 ] 17.25 | 5.42 | 25.50 | 26.07} 8.00 | 2.00 | 1.16{ L3.45 | 27.38 | 159L,06 | 80.00 | 8.6
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