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ABSTRACT

Mukuru, Samwiri Z. Ph.D., Purdue University, December 1973.
Estimation of Genetic Components, Heritability, Genetic Advance and
Interrelationships of Kernel Weight-and Volume, Protein, Lysine and 0il
Content and ‘Certain Other Traits in Four Segregating Populations of
Grain Sorghum. Major Professor: J. D. Axtell.

From four crosses of grain sorghom, 45 Fy random plant selections.
from each cross were advanced to tne third generation. Two random
. plants were seleeted from each of 180 Fg progeny rows and the resulting
360 Fq selections were evaluated in the fourth generation in one
| replication and two locations. Each cross is referred to as a populatio
The percent heterosis over midparent for kernel weight and volume

was negative in all populations. On the other hend positive percent
heterosis was obtained for percent protein in only population IV, lysine
as percent of protein in all populations and percent oil in populations
II and IV, A wide range of variation was exhibited for several
characters in many populations. Transgressive segregation occurred in
both directions for several of the plant characters and also for percent
protein, percent lysine of protein and catechin equivalents.

- Statisticaily significant diZferences were indicated among either th
Fz subpopulations or Fy subpopulations within Fy subpopulations or both

for. several characters in all populations. No significant differences (

however@were obtained for grain yield, kernel density and percen 1ys 'eL*

:f.oamplefin any populations.




Several estimates of additive genetic variances for chemical and;<;

ﬁfseed characters were negative and even:vhose_thatswere ”ositive were ,;f

33always small in magnitude relativectokestimated dom&nance gene'ic

}fvariances.. This implied that dominapce gone action was relatively more
f;important than additive gene action for the inheritance of chemical and
S:seed characters in the four populations studied. Estimates of heritabil
fiity and the genetic progress to be expected under selection for the
lachemical and seed characters were not very high but they did give
:*sufficient-evidence that substantial-improvement can be made in several
;populations for some characters including kernel weight and volume,
"percent protein, percent lysine of protein and percent oil.

Grain yield was positively correlated with panicles per plot,
panicle weight and kernels per panicle in all populations. However,
correlations otdgrain yield with' kernel weight.and volume were non-
significant, which suggests that kernel weight and volume are not
,compbnents of yield. . There were’n0~consistent and favourable
~corre1ations, to. give a clue as to which of the seed ‘or plant

1

characters could be used as indicators of protein, lysine and oil in

iall thé four populations;?xHowever, kernel weight or volume could

~reaeonably be used as an indicator in selecting percent protein in

_population I and percent oil in population III.




INTRODUCTION

: G:ﬁin:sorghunvis.sfmajo:'50urce of food and feed in tropical and
#sub-tropical countries of the world and its importance as a raw material
‘for industrial use is growing annually. With the world's population
increasing at avgeometrical rate, grain sorghum.has to play an even
greater role as a'protein source in man's diet more than ever before.

The nutritional quality'of grain sorghum has been rather poor due to the
fact that iysine,'which is the first limiting amino acid, is present in
low concentrations. Fottunately, genotypes with high levels of lysine
‘andvprotein have'recently been identified in the sorghum world collection
and their nutritional quality equals that of high lysine opaque-2 corn
when their grain is fed to rats as 95% of the ration (71). Incorpotation
of these high lysine genes into wéll adapted. local varieties will, in my
view, revolutionize grain sorghum.

Imprbvement programes in self-pollinated crcps have emnhasized the
exploitation offcrcsses involving homozygous parents followed by
selection‘to.cOncentrate,gs,many desirable traits as possible in one
stxaing#lA kndwiedge concerning the inheritance of quantitative |
charactefs should increase the effectiveness of selection. The magnitudej

>f the estimated additive and dominance variances together with epistaticQ"

;ene effects should suggest the extent to which improvement is possible'



lso should provide the necessary information useful in choosing ' ﬁ?i

;#the most appropriate and effective breed"ng ff:?f;i"
‘. Estimates of phenotypic correlations among characters are equally
ﬂfuseful in planning and evaluating programs. A knowledge of correlations
llthat exist between important characters may facilitate the interpretation l
?}of previous results and provide the basis for planning more efficient -
;?breeding prograns for the future. |
In grain sorghum, analytical procedures for protein, lysine and '
:1oil are both expensive and time consuming for the ‘large numbers of
w;rogenies arising from crosses. Correlations among these important
i haracters and plant characters may reveal which of the plant.
.characters are useful as indicators of one or more of these- chemical
-straits. ; |
'7The present study was undertakenrin -an -attempt:
Za) To investigate the genetiﬂ variability present for 17 characters
| in each of four segregating populations of grain sorghum.
b) To determine the magnitude and relative importance of additive
?;i;ffand dominance variance estimates for chemical and seed
; {yfﬁ?;dcharacters in four segregating populations of grain sorghum.
‘ficiﬁj¢5f

'_:selectionfpo weight and f‘lume of 100 kernels, protein content,

To estimate'heritability and t” gprogress to. be expected from
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identifying;any seed or Plant characters that might possiblyhmﬁz

b ,use ‘as indicators of'fr ein :lysine and 011, 7;}5f”l;vy,,%i




 REVIEW OF THE LITERATURE

= Genetiw}Diversitz in Grain Sorghum
»ijver lO 000 different;types of sorghum have been collected

R

f@throughout the world which represents tremendous potential genetic
.'diversity for agronomic and chemical traits. Miller (51) studied part

of the world collection being grown at Puerto Rico and observed

signifi ant variability for digestibility, "herbicidal and salinity

;tolerance,,head shape and size,‘weathering ability, disease tolerance

“an ‘seedeize.' Diversity is readily available to breeders for head
'types, grnin colors, leaf angles and shapes, ‘grain siacs, endosperm

properties, nutritive properties, and insect resistance from the world

v -

,ﬁsorghum collectionf(ZO) s 4 ' ' -

‘_ ernels vary considerably in size (0.5 to 6 5g/100

‘,kernels), shape, pigmentation, pericarp thickness, hardness, germ siue

'"ﬂand the endosperm texture ranges from'all corneous to all floury while \

the endosperm type may be waxy, sugary, yellow etc. (66 76)

'Haikerwal et al (33)?weparatedixernels of one variety offgrain sorghum

ould~raise the total protein and the proportion}pf,



T

of‘certain”essential anino acids. It is also believed3that sorghum

grain types with‘larger kernels might improve starch recovery by wet-

milling and that larger kernels might be ‘expected to have more of the

’germ portion and hence oll content and. protein quality might be higher

(64) Nalm. (47) has indicated that sorghum breeders using similar
exotic material that he used, should be able to make significant
progress in selecting for grain yield by screening on the basis of

kernel size within segregating populations.

Rooney (66) has indicated that diversity for chemical and pro-

" cessing properties also‘exist in the world collection of sorghum,

‘ization and selection in the resulting progeny to concentrate desirable »;5

Pickett (58,'59)_has reported significant variability for protein

quantity‘and qualityvand for oil content within the world collection

that has been screened. Deyoe et al (21) found protein ranges from

8.6$~to lé;SO«percentfand ascribed'the variation to be due to genetic
andienvironmental causes. Similar observations were made by Bressani
and'Rios.(B). Singh (71) has screened the world sorghum collection>for
endosperm phenotype and:has identified waxy, sugary,.shrunken and floury
endosperm lines. He observed that two of these endosperm mutant lines
were high in proteinuand lysine and that their nutritional value, when
fed to rats,lwas.equalito that of high lysine opaque-2 corn. Information
on kernel structureyVCOmpositiOn, chemical properties and problems in |
utilization has been reviewed by Wall et al (76) and Rooney (66) who
also estimated sorghum.s food and industrial potential.

Identification and dissemination of superior genotypes for >

utritional quality and agronomic traits followed by appropriate hybrid— u;f




jféfifasﬂiaﬂahg,jiﬁé, will lead to great advances in grain sorghum

" improvement.

',"Mbdels for Estimating Genetic Components
. _ in Self-Fertilizing Crops

Experiments for estimation of genetic variability in self-fertilizing
plants has’ primarily come from the evaluation of various generations of
material arising from crosses between pure lines where the gene
frequency of segregating loci is one half and from the diallel cross
- to & limited extent (48) It is generally helpful to consider covariances
pbetween relatives because they can be estimated and their composition
3canrbe expressed in‘terms of components nf genetic variances. The
>portion of the hereditary variance can then be partitioned into portions
Edue to. additive effects, dominance ..:fects and epistatic effects of
«genes 4n providing information on the inheritance of quantitative
:characters and in formulating breeding procedure.

Horner ‘et al (38) generalized the genetic variances and covariances
(for,a_series of‘selfed generations under assumptions of no multiple
alleles, no linkage and a gene frequency of one half. Under similar
assumptions they derived an‘eXpression for'the>setfof variances and

/covariances among and within families obtained by self—fertilization for

‘each ofwvaripus models.f:Hanson et al (34) considered the resolution of

geniiic variability in self-pollinated species with reference to the

population of homozygous lines generated by a segregating population.




. practically’ all of the self-fertilized crops have been studied .in a

‘number: of crosses' utilizing the above procedures for several models.

- Geme Action; Heritability -and Genetic Advance

Cblline et;al7(18)~atudied”the'inheritance of protein level in five
MF2 segregating pophlations, their Fi's and parents and his data indicated
that each'parent had different genes for controlling protein level, T e
Fq populatibns exhibited partiallto complete dominance for high
' percentage protein. - Their results also suggest that both additive and
nonadditive gene action influences yield, protein and lysine. Liang
et al (46) determined eetimates of heritability and various gene effects
for«atnumbersof agronomic traits among parental lines, backecross progeny
aniﬁqerirativee of three crosses of grain sorghum. They found that the
magnitﬁde,oflthe estimates varied greatly among crosses for some traits.
They iﬁdieated that additive gene effects seemed to have a minor
contribution to the inheritance for grain yield, head weight, plant
height, stalk diameter and germination percentage. ‘However they found
dominance gene effects to be important in the inheritance of most of the
traits. Additive'by additive and dominance by dominance gene effects
| were.important types of epistasis but additive by dominance effects were
ot minor importance exeeptffor germination percentage.b Beil et al (5)
atudied the inheritance of quantitative characters in two crosses of
.,grain aorghum.‘ Their estimates of heritability for days, to mid-bloom and

~£plant‘hxm'1t were high in both magnitude and similarity in the two crosses _

:thile'weight of lOO-seeds was moderate. Grain yield showed the greater

‘fdiverge ce in heritability between the two crossee. Eetimates of dominance;

yvariance'“or plant height, lOO-aeed weight and grain yield were hig

-rked heterosis for plant height, 100-seed weightzand”gra n?yielda;”

3observed .



vihich indicated a*gross deviation from the strictly additive action. - o

{{head and seed characteristics in five crosses of sorghum and obtained
f}relatively high estimates of heritability and genetic advance for head ;
;ﬁlength and seed branch length while node number and 100-seed weight

iexhibited low heritabilities and genetic advance. ‘Sindagi et al’ (70)

:;found‘that additivity in the inheritance of stalk diameter, leaf width,
ﬁhead length, ‘days to bloom, leaf 1ength number of tillers, plant height,
head.weight and threshing percentage was rather low and there were
;indications dalso that.dominance and overdominance were involved. V. H.
fReich et al (62) determined protein and -0il percentages and 100-seed
f‘weight on parental, Fq and Fz hybrid seed of grain sorghum. Protein
percentage among the Fl “and F9 hybrid seed ranged from 8 to 18 and 10
to 16 respectively. Although their investigations did not include
freciprocalvcrosses they reported that their data, generally were not
indicative of a strong maternal influence on oil content. .
Voigt et al (74) studied the inheritance of seed size in sorghum
and reported that gene action appeared to be: almost entirely additive.
gThey did not get evidence for dominance and epistasis as an'important
icontribution to seed size.’ They estimated a minimum of 3 or 4 genetic

:factors or- blocksf £ genes, primarily additive in their effects which

fappeared to controlrseedzsize. High heritabilities for. peed size were -

Eestimated.:‘corbet et al (31) studied the inheritancn of six endosperm

ﬁtypes in sorghum,ji.e., normal, waxy, sugary, yellow, dent and defective.

{Defective endoaperm appeared to be conditioned by recessive genes at a

,fsingle’locus but normal endosperm was incompletely dominant ox gave a

édoaage effect.v*f -



eihe expgeéeién;qf yellow endosperm appeared to be conditioned by
more than one ahd?ﬁeseibly several factors with some evidence of dosage
éffeei hnd'ef dominance toward non-yellow. Reciprocal differences were
ﬂbﬁedffor Fl'ehdbsperms from all ~rosses involving the defecti;e and
the yellow endosperm types. Dent, sugary and waxy endosperms were
.inherited a4s independent recessives, however, some modifying factors
altered,the inheriteece of the waxy phenotype in some crosses. No
linkage was indicated 'in their study. Webster (77) studied the
inheritance of one seedling character and 18 mature plent characteristics
of grain sorghum and found that the inheritance of each character except
scaly is controlled by a single factor pair. He also reported a number
of linkages with crossing-over percentages not previously reported.

Data regarding heritability and different types of gene action in
soybean, small.grains .and corn Indicate that the magnitude of these
genetic parameters for any character vary from location to location and
year -to xeer in the same cross and also varies ffom cross to cross
(27, 28, 63). Theygethod of calculations also causes the magnitude of
the;genetie parameters to be variable. Brim et al (9) estimated
hereﬁitary variances for populations derived from crossing inbrer lines
of soybean. gheir results indicated that additive variance was the
principal eompoﬁen; of genetic variances for all the characters they
studied. Findley et al (26) studied types of gene action in Oh45 and
0h4§3 cross of Zea mays L. They reported that differences in average
X%e%é‘of‘the,9345 and Oh45B families were due primarily to dominance

effects. Méet of the variation amorg generation means was accounted

* b



10 -

i;attr hutes they studied. Yap et al (78) 1nvestigated the inheritance

%fofkagronomic and morpho-physiogical traits in barley and found them to f

.;be‘controlled mainly by additive gene action. They also observed
?%dominance effects, but these were not stable in controlling grain yimld,
'kernel weight and flag leaf angle. Chapman et al (13) used Hayman's
;model for six generations of each of five spring wheat crosses. They
tfoundfthat the additive genetic effect was highly significant in all
?‘crossEs?but{theydominance effect was significant in only two of the
fivelcrosses‘while epistasis was not'significant in all crosses. Stuber
'et.al (75) studied a cross of_high protein with low protein wheat
'variety.j Their data provided evidence that protein concentration was
undér?polygenic control. There was no indication of a preponderance of

~d§@i§gagtgéné§;for éither.high or low protein content..

-lnterrelationships

SeVeral'workersshave estimated correlations among inbred lines,
hybrids andlselfed generations of grain sorghum and the results are not
‘always consistent. Liang et al (45) estimated genotypic and phenotypic
correlations among 12 characters in two segregating populations and in
pure lines of grain'sorghum. ‘They obtained positive and significant
Acorrelations of grain yield with head weight, kernel number, half bloom
date and leaf number but negative correlations with germination percent-
age and proteinfperCentage in both populations. Gelaw (32) reported a
1negative, significant correlation between grain yield and percent protein
but a. positive, significant correlation between grain yield snd days to

’SOX flowering. Beil et al (5) obtaincd positive, significant

.corz lations for days to mid-bloom with height. weight/loo seeds an :
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grain yield plant‘height with grain yield and weight/100 seeds; and
grain yield with weight/lOO seeds. -

Malm (47) reported kernel weight and protein percentage to be
positively assoclated and concluded that larger kernels may have
relatively larger embryos, which would account for the higher percent-
ages of protein. They also found that seed demsity and test weight,
and kernel weight and yield were positiveiy and significantly
associated, but protein percent was negatively correlated with yield.
Reich et al (62) obtained positive, significant correlation in the
Fy population between oil and protein percentage and between protein
percentage and ;60 seed weight. Collins (18) found that protein level
was negatively correlated with yield and lysine. Schaffert (67) reported
negative correlations between grain yield and percent oil and positive
..correlation between grain yield .and .seed weight. Also percent protein
was positively correlated with percent oil and percent oil was negatively
correlated with yleld. |

Some workers have studied several traits in sorghum in an attempt
to find out which ones are highly related to yield. Sindagi et al (71)
have estimated correlations between characters contributing to yield in
the Fy progenies of an intervarietal cross and obtained positive
correlations betﬁeen plant height and grain yield but negative
correlative between grain yield and days to flowering. Blum et al (6)
reported that of all the panicle weight components; significant,v

consietent effect o’ heterosis (superiority over better parent) was r

ffound only 1n the number of grains per branch and mostly at the lowery;: i

{brauchesfwithin th panicle.' They also 1ndicated that weight_per grain
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iTand number of grains per panicle were negatively and significantly :
_ associated. Ali-Khan et al (l) observed high positive association

?between head weight and grain yield in tbe two crosses they studied.

f,ﬁficrain yield and kernels per plant were also positively correlated
' and concluded that increase in yield in the hybrids they studied was
mainly due to the increased number of kernels rather than the
_increased kernel weight. Nielhaus»et al (54) reached the same con-
. clusion that number of seeds per head was the most important component
of yield'in the F; generation. Beil et al (5) estimated’ the correla-
tions of grainryieldwwith'its»compOnents and found that number of
seeds per head was. the component most highly related to yield and that
the expression for yield was not affected appreciably by 100-seed
weight. |
Selection for high protein and oil percentages have been carried
out in selfed generations in soybean based on seed density (36) and
specific gravity (25, 72) »Maximumrprogress for'high protein percentage:
hasiresulted by selecting seed which have high density while selecting
seed with low density has resulted in maximum progress for -0il.
Johnson.et al (41) found low and inconsistent correlations between .

13 characters measured on an'individual plant basis in two populations

of goybean, but when the characters were measured on a plot basis, the

correlations were more consistent.‘ Kwon et al (43) -reported strong

negativekcorrelationsd etween protein and oil and protein and yield but

a s gh negative correlation'between oilﬁandik rnel weight.a Little or

no association has been shownﬁbetween protein content and maturit"

height or seed weight in oats' barle"w~0‘
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MATERIALS AND METHODS

Field and Laboratory Technique

Using the hot water emasculation technique (50) four crosses were
made in 1970 at the Purdue Agronomy Farm at West Lafayette. The six
lines used in making these crosses and their descriptions are presented
in Table 1. All the parents were considered homozygous and unrelated.

The four crosses were designated as follows:

Population

Number Cross
I IS 3941 x 954 086
I IS 0470 x 954 086
III 954 086 x IS 2319
w IS 0628 x IS 1210

The F, derived lines from these crosses will be referred to as
populations I, II, III and IV respectively in this study. Fl plants
from each cross were grown in the greenhouse during the winter of
1970-71 and the F, plants were growﬁ at Purdue Agronomy Farm the
following summer. At harvest, 45 open pollinated panicles out of
approximately 200 panicles for each population were randomly selected
and each of the 180 F2 panicles selected, was planted in a single row
3 metxes long and 70 cm. wide at the Purdue University winter nursery in
Puerto Rico during the winter of 1972, Two random panicles from each

of the 180 Fy progeny rows with sufficient seed for afféP;iéétéd«,




Tdﬁlefl. Identification and means of 6 characteristics of th

in summers of 1970 and 1971.

e six parent lines planted at Lafayette

N , Days to Plant height Weight of Percent fefcéhtﬁiyéinébr’”YPéféénf;"
Identification # flower in cm. 100 kernels protein of protein ‘ A"jxaili'
1373941 80.33 173.33 4.81 14.85 " 2.00 412
954 086 83.67 202.67 5.56 13,75 2.05 <332

1S 0470 69.00 174.33 2.21 16.00 1.68 rvéth ff :
fzszééiél 92.33 249.33 3.51 13.55 2.33 -.‘5,1é;°
,:sfpsng, 83.67 145.00 3.95 10.95 2.33 S 2.15
{Is;;zio 84.00 284.67 1.95 14.85 1.97 ‘

s

"t
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| [iexperirent, were selecced and- aelfed. ’fhe;hierarchial‘structdre,of;the:;
‘1experiment is. indicated in Figure 1. if:vk N
) The 45 Fo subpopulations from each cross were divided at random
into three equal groups which will be referred to in this study as sets.
Each set contained 30,F34subpopu1ations-two within each Fy subpopulation.
Four random F3 subpopulafions in each set were replicated two fimes,and
'grownxiﬁ the F, generation. The female and male parents, and the U: S.
'hybrid NK300, were replicated twice in each set as checks. For each
set, the 30 F3 subpopulations plus 4 replicates, parents and checks were
randomly aseighed to'experimenral units in each of the two locations one
at Purdue Agronomy Farm and the other at the Baker Farm near the Purdue
Agronomy Farm, ihe.12_sets were eiso ellocated to 12 experimental blocks
at rehdom per location. The field layout for the populations with number
uof.plotslisushown,in Table.2. The-experiment was planted by tractor on
May 22, 1972, at the Agronomy Farm and May 25, 1972, et the Baker Farm.
Each plot consisted ofithree rows 76 cm. apart and 3 meters long. |
Thinning was carried out by hand when the plants were about 10 cm. tall
therebi'reducing the population to approximately 240,000 Plants per
_ hectere. Herbicides and cultivation were used to control the weeds.
Heavy rains that caused flooding in some areas for a short time at
. the early stages of developmenr“plus a rather cool summer did not appear
to have affected the growth of the plants. |

'The~characters on which data were recorded as a single.observationﬁ“g

'»for a plot -are described below. ,

~,13Days«to flower. Recorded ae the number of days from plancing to

f’g;when approximately 50 percenr of the panicles per Pl°t wer




LAY

. B

 }A - F3 subpopulation within Fo subpopulacion in the 4th generncion
R = Ez subpopulncion in the 4th guneration ‘ ~

frfig&fgil.i Hie:archial structure of the progenies in each population.'

€
Ay



) Population I Population IT

 Pqpu1étion iIIf‘

Population IV.

Number of plots

Block or set* Block or set

Block ot set’

Block or set. Each -
1 2 3 4 5 6 7 8 o 10 i1 712 iocation Total
le:paren 2 2 2 2 2-2 2 2 2 2 2.2 '24’ R 48,};
 Male ‘patent 2 2 2 2 2 2 2 2 2 2 .2 a4 48 Spt
!-i;‘[‘Check MK 300 2 2 2 2 .2 2 .2 2 2 2 2 2 24 48 ]
3 subpopulations** 30 30 30 30 30 30 30 30 30 30 30 30 360 720
T:F3 sul population _ ' o v»_"? ¥;,  {';;%;t"
- 7 duplicates b & 4 b & 4 4 4 4 & 4 4 ae s
Total entrtes 40 40 40 40 40 40 40 40 40 40 40 40 - ’";:4'90,:5.':??"45;959;

* gets and blocks are confounded.
** each two F3 subpopulations in the 4th
randomized within each location and en

generation trace back to.a single Fj plant.
tries per set were randomized within ‘each block

Sets were

A+



18

Plant height" Average height in centimetera,;'

measured from the ground to the tip of the'main panicles, atdi

the time of seed maturity :

Panieles per plotljkNumber of panicles harvestemﬂper plot.w,;;ﬂ;‘

Wei ht er anieletr
' "divided by the number of panicles harvested ptr P1°t°

Thewweight in grams of threshed grain per plot

TR

Kerne]s per panicle.;g(Weight per panicle x 100) divided by weight

" of 1oo kernels. i

. ; " ' : .
rain 1ield (kg[haz This was determined by harvesting all the |

psnicles from the center ‘three meters of the. single center 1‘

:“irow. The panicles were air dried and threshed., The threshed
& ain per plot was weighed and daing appropriate calculations
T kilograms/hectare were determined
Kernel weight' The threshed grain from each.plot was air blown

. Hand 100 kernels were selected ‘at random and weighed in grams.
Kernel volume" The volume of the 100 kernels was obtained by
completely emersing the 100 kernels in alcohol in a graduated
cylinder and rc .ng the volume ‘of alcohol displaced, in

oy .

. cubie cr’ntimetersl_> ::li _

kern 1 densigz was ealculated as the weight of 100 kernels divided

o .
lIl .

by the volume of alcohol they displaced.

Percent;prctein. Was dctermined at Shuman Chemical Laboratories,f3
Battle Ground, Indiana, by multiplying 6 25 times the percent,j

nitrogen determined by the micro-Kdeldahl procedure on a fat-fd

free sample.



) g of protein per kernel. (Weight of 100 kernels (in grams) x ﬁﬁ:fs
;‘H'f percent protein divided by 10 ) el

;fPercent lvsine of protein., Was also determined at Shcman Chemical

GLaboratories, Battle Ground Indiana by short column
“i?f% chromatograph. b" | |
_?;Percent lysine of sample' Wasfcomputed by multiplying percent
bs protcin with percent lysine of protein divided by 100.

ﬂg of lys ne;per kernel. (Weight of 100 kernels (in ‘grams) Xx

'ﬂ‘f percent lysine of sample) x 10.

v‘Percent oil' Was determined on whole grain samples at the |
| University of Illinois by the use of  the nuclear magnetic
resonance spectroscopy (NMR) technique.
lyg of oil per kernel° (Weight of 100° kernels (in grams) x percent
| -011)-divided by 10. ' Co

Catechin eguivalent values: Were determined as pnrcent of dry
weight sample by using the Vanillin-HC1 procedure described

by Burns (11) Catechin equivalent values measure the amount
.of polyphenolic compounds présent in the pericarp and testa
~ofathe.sorghum grain. High values of catechin equivalents
jhave been associated with lower growth responses in weanling

rats and vice versa (40, 55)

Statistical Analysis o

gThe mathematical model for each population is:




_;effect of the;:th Fz subpopulations within the jth set

. f-‘!-:.feffecc of lth F3_subpopulation within the kth I-‘z SR

VVTSubpopulations within jth set tf;l ‘
‘:'fyirandom error effect of ijklmtn observation.

,LS}m = 2 for four random F3 subpopulations and

“u:m - l otherwise

’fgfother_terms represent interactions between the above factors. The\

b;analysis variance table is presented in Table 3.
An F‘ test criterion was used to test ‘among Fp subpopulations as
) was suggested by Cochran (15) and the degrees of freedom were approx-

';k;imated using the rule suggested by Smith and Satterthwaite presented

1?,;by'Cochran (15)

h‘All populations were derived without selection from a pair of

omozygous lines._ However, it is recognized that natural selection can

iéh?never be completely eliminated., All the F2 derived lines in each
i}ifpopulation and locations were considered randcm.“h’ |

o From Lhe analysis of variance table the genetic var-ances amongl
:t'¥F2 subpopulations ( O‘FZ) and among F3 subpopulations within Fz sub-"“;'

,7?;populations ( 0‘ ) may de e imatM”T




.‘,T,a_"Ble 3. Source of variation. degrees of freedom and expected mean squares for ;the ~a.fng1ysis};j of
R LR variarﬂe in each population. ' : : IR S

'>-~-1Source of variation ) D.F. . M.s. Expected mean square
" Location | (1-1) MS;
Cset : (s-1) Ms,
- I.ocationx 4sets oo (1-1) (s-1) "Ms3
Among Fzm subpopulations >
within set’ s(n;-1) MS, o
€
‘Location x Fo subpopulation _ é
within set g s(nl—l) (1-1) MSS o-e +
Among ¥5 subpopulations within 2
Fz -subpopulations within set snj (ny-1) Msg o

I.ocation x F3 subpopulations
wit:hin F5 subpopulations

. - ‘2
wit:hin set : - snj (np-1)(1-1) MS4 o'ez +°-LI-‘3/2 o o
, 'jAmong replicates ' 1sr(m-1) MSg. crez ] S :

Where 1 = 2, being the number of locations

o 8 = 3, being the number of sets/location

= 15 being the number of Fo subpopulations

-= 2, being the number of F3 subpopulations within each F suopopulation

= 2, being the number of replications of four F3 subpopulations in each set




be expresaed innterms of covariances as'follows.‘;*ai+”“ﬁ*

‘“ifngiéi?? C°V (x,,_'/k°‘n, n )

where k = 2, n - n = 4 in this study

33/2-- Cov (x, x /k' n, n')

'?j where k " 3, n = n - 4 in this study
Cov (x, x/k' n, n " refers to the genotypic covariance dn- the nth
?ygeneration with progeniea in the n "th generation where all progenies

iitrace to particular genotypes in the kth- generation. But when n=n'as
F?is the case in this study the covariance is actual’y a variance,

Theae two progeny components of var*ances are composed of additive
[and dominance variances, and under certain .basic assumptions their
ccoofficionts may be .obtained from Table 5 1l of Horner, et al (37) or

' Tnblu 17 4 o£ kompchornc (41)

\

Fbr chis study the coefficient for the additive ( G‘A) and

;dominance (O'D) variances on the asaumption of an additive model with

f;dominance were' o o L,
2 N N
o-Fz - & + - 1/16. o°-2D




w“feﬂstandard error for the estimates of additive ( U'A) and -

_idominance ( 5LD) variances may be calculated using the theoren of
;3linear combination (19) For this study the variance for the

/;estimates of additive and dominance variances were computed thus:

‘ Al
v

826L3 = (1/3)2 2(N84) - ( 1/3)2 Z(MSQ)z + (=2/3)2 2(MS§)

-t 20y
- ' 47

2

H (<20/3)2 2(u57)2
> 47

Estimates of heritability for seed and chemical traits among Fz
subpopulation family means aad Fj subpopulation means in the 4th

generation were computed as follows:

. 2
, . ) o—
H, (heritability for Fy subpopulations),---g:fE
A . : Ph
2

H. (heritability for F3 subpopulations) = 3/2

whexe o m S2. 4 02 4 &

ST 2 y 2 2
s* A2 mi(ag3)2 28T L1592 2(MSs5) 2 2(Msg)
SRR (‘,,/ ) — ( /.) ——+ (20/3) —
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\ vq*ch of the fouc segregating populations waspestimated as follows.

‘ where A2 " Genetic advance for Fz subpopulations - “11. A

xThe selection unit was the bulked Fz subpopulation mean and F3

xsubpopulation mean in the 4th generation over two locations with one’

- replication per location.v K is the selection differential expressed in
:;,,phenotypic standard deviations and X is given the value 2 06 the ex-
i. pected value for a normally distributed population when 5% of the

superiorszjsubpopulations and F3'subpopulations are selected (41).
The genetic advance was expressedéaé‘percentage'of each population

mean, I

'Thefphenotypic co rcelaticns between all possible pairs of the 17
characters for Fz subpopulations (rFZPh) ‘and F3 subpopulations within

F subpopulation (r ) were calculated for each cross:
2 Fa/zph

G ;3?1"21’5 i ME‘?U:? /' (Ml,“zi)-.ml“zj)

FmPh | Fs/m/ ‘/(MFs/zi) o Fs/z:l)

o Where (M?Zij) and (MFBIZij) are the mean- cross products of the
af}ﬁFz subpopulations and F3 subpopulations within F2 subpopulations for
?rfﬁtraite i and Iy respectively. f"‘ | ”'”‘id ’ : E',f
[ (Min) and (MF3/21) are the mean squares of the Fz subpopulations |
fl_‘and F3 subpopulations within F2 subpopulations respectively for trait i;!“

}f¥?Similar notation is used for trait 3.,
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RESULTS AND DISCUSSION

ropulation Means, Ranges and Frequeney Distributions

Average population means, ranges and percent heterosis over the
midparent for all characters‘in populations I, II, IIi and IV are
presenged in Tables 4, 5, 6 and 7 respectively, together with their
parental and commercial hybrid NK300 means. The average mean for the
F3 subpopulations in the F; generation in population I for all the
plant characters was above the midparent as is reflected by the positive
percentage heterosis. On the other hand all the seed and chemical traits

~vwithwthe~exceptioh-of“kernel-density,-percént lysine of protein and
cégechin equivalent had negative percentage heterosis.

The percent heterosis over the midpérent for the plant characters
in pbpulations II and III was positive except for panicles per plot in

“population II and panicle weight and grain yield in population III., How-

ever, the petcent heterosis over the midparent for the seed.and chemical
characters in the same populations was negative except for kernel density,
percent lysine of protein, percent oil and catechin equivalents in
population II and percené lysine of protein and catechin equivalents in
population III. In population IV,. however, the percent heterosis over
the midparent for the plant, seed and chemical characters was positive
except.for panicles per plot, grain yield, kernel weight and volume, mg .

of protein perfketnel, mg of lysine per kernel and mg of oil per ke:nel;fﬁ



iiibié}ki MEans, ranges and percent heterosis over ‘midparent- for population ‘T and its parental and
R hybrid NK 300 means. of 17 characters of grain sorghum.

Percent .
heterosis Female Male T
LT Population  over parent parent f': Hybridéﬂ
Characters . - . 1 midparent Ranges. (IS 3941) (954 086) (NK 300 -
Days to flower 91 6.09 81-110 85 86 . , '84'*ff"
Plant height - 244 14.78 120-320 197 229_'; 204 o
Panicles/plot 32.6 2.64 19.0-47.5 31.4 32,2 42,1
Panicle weight 34.1 11.25 19.1-64.6 29.6 31.7 44, 6
Kernels/panicle 893 41.16 454-1757 650 611 1894 .
Grain yield (kg/ha) . 4664 13.22 1754-7479. 3949 4290 »7967 O
Kernel weight 3.93 -19.96 2.09-5.20 4.58 5,25 7 2,40
Kernel volume 3.06 ~20.15 1.63-4.20 3.55- 4,13 1.80 .
Kernel density 1.282 .18 1.186-1.377 1.288 1. 272 1. 328"
Percent protein 12.77 -10.90 10.40-14.80 14.58 14,10 10,59 ..
Mg of protein/kernel 5.05 ~28.31 2.80-7.52 6.68 7.4 - 224
.« Percent lysine of protein 2.00 .60 1.74-2,39 1.97 1.85 ?’> 2. 01 ,
Percent lysinc of sample 254 - 7.12 0223-.291 .288 260 . $212
Mg of lysine/kernel .0998 -25.47 .0714-~,1354 .1315 .1363 7 «0517
" Percent oil 3.46 - 9.08 2.66-5.01 4.21 340 . 3.38
Mg of oil/kernel 1.361 -26.68 .670-1.535 1.928 1.783 .813,“
Catechin equivalent .816 73.76 .095-4.350 .280



http:2.66-5.01
http:1.74-2.39
http:2.80-7.52
http:10.40-14.80
http:1.63-4.20
http:2.09-5.20

t;ﬂTéble’S. ,
o hybrid NK 300 means of 17 characters of grain sorghum.

Means, ranges and percent heterosis above midparent for population»IIvandyitg,pareqfélggﬁ&f‘ . o

Percent : -
hetercsis Female Male .

» Population over pareant parent Hybrid -
Characters 1T midparent Ranges (IS 0470) (954 086) -  NK 300
Days to flower 87 7.26 79-108 " 75 87 84"
Plant height 239 21.66 143-335 180 212 198
Panicles/plot 38.8 ~22.77 21.0-62.5 62.0 38.4 39.1
Panicle weight 30.9 43,97 7.5-48.2 14.7 28.2 - 46.3 -
Kernels/panicle 965 58.92 248-1608 665 549 1947
Grain yield (kg/ha) 4952 18.27 1649-7689 3775 4599 7619
Kernel weight 3.30 -11.20 2.29-4.67 2.22 5.20 2.40
Kernel volume 2.52 -13.08 1.68-3.63 1.69 4.11 - 1.85
Kernel density 1.309 1.43 1.219-1.389 1.317 -1.265 1.294 -
Percent protein _ 13.89 - 7.16 10.80-16.45 15.90 14,02 10.33-
Mg of proetein/kernel " 4.60 = N 2.88-6.16 3.53 7.31 2.52
Percent lysine of protein 1.77 5.81 1.44-2.51 1.54 1.80 2.05
Percent lysine of sample <244 - 2.13 «206-.291 <245 .253 .211
Mg of lysine/kernel .0809 - 7.65 .0582-.1326 .0545 .1206 -0508 -
Percent oil 3.72 9.14 2.83-4.50 3.54 3.28 3.32
Mg of oil/kernel 1.226 - 1.81 .890-1.730 .788 1.709 .800

. Catechin equivalent .610 32.01 .030-3.470 .157

.768 3.81

w
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T~Means, ranges and percent heterosis over mid
‘;hybrid NK 300 means of 17 characters of grain sorghum.

parent for population III and its paren‘al andf

Percent L .
A heterosis .- Female Male o -

T “Population over i - ‘parent parent Hybrid‘;mﬂf
.Characters = - O UIIX midparent Ranges (954 -08¢) (IS 2319) MK 300‘1v“
Days to flower .- | ~*;94ij‘ - 4.96 76-109 86 . 93 84  ‘5
Plant height = = = S 9.88 .170-325 215 277 200 -
Panicles/plot ©30.4. 7.80 16.5-60.0 35.8 . 30.2 41.6 ..
Panicle weight 35.0 - 7.78 13.7-62.9 29.7 - 49,3 43.4 - -
Kernels/panicle . 986 - - 1.50 354-1816 ‘545 01398 . . 1900 o
Grain yield (kg/ha) 4620 -10.05 1702-7909 4321 -"‘f5953 L 7658 T
Kernel weight . 3.75 "=15.62 2,.73-4,73 5.32 ERRREE: K 58 ©2.31
Kernel volume 2.95 -15.10 2.23-3.80 4,15 . T2: 80 221,790 0
Kernel density 1.272 - .27 1.165-1.486 1. 280 1 275 1{1 290 3};*
Percent protein . 12.99 : - 6.98 11.15-15.35 -14.09. . 13 84 :;110 13- -
Mg of protein/kernel 4,89 -21.53 3.51-6.55 7. 51,< “4.96 2,35 v;}:
Percent lysine of protein 2.03 1.70 1.82-2,52 -1.80 "12118__ - 2 1L
Percent lysine of sample «262 - 5.48 6227-.314 .254 -300: 0213
Mg of lysine/kernel .0980 -19.21 .0758-.1366 .1352 1074 'f .04943i§_
Percent oil 3.72 =-13.54 2.46-4.83 3.28 5 33 3 320
Mg of oil/kernel 1.415 ~21.68 .690-2.225 1.748- 1 86ﬁ e<.77l 7
Catechin equivalent .788 34.18 . «150-2.90 - .697 :

© 478 "1'3 67

L4
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-Table 7. Means, ranées and-percent heterosis over mid
hybrid NK 300 means

midparent for
of 17 characters of grain sorghum.

population IV and its parentalfaﬁdq» L

Percent <
heterosis Female Male -

Population over parent parent Hybrid
Characters IV midparent Ranges (IS 0628) (IS 1210) NK 300 -
Days to flower 92 6.22 83-105 87 87 85
Plant height 287 23.61 195-350 179 286 200
Panicles/plot 31.9 ~ 9.85 18.5-47.0 35.8 35.0 40.6
Panicle weight 32.2 2,64 18.2-59.0 30.4 32.4 40.9.
Kerpels/panicle 1333 10.05 663-2365 802 1621 1774
Grain yield (kg/ha) 4252 -~11.14 - 2055-6732 4712 - 4859 7096
Kernel weight 2.45 -15.98 1.31-3.61 3.83 2,00 2,33
Kernel volume 1.85 -16.53 1.00-2.78 2.93 1.50 1.75
Kernel density 1.329 .53 1.258-1.602 1.308 1.335 1.324
Percent protein 13.22 .60 10.90-1¢.30 11.44 14.84 10.41
Mg of protein/kernel 3.24 -11.89 1.89-4.56 4.38 2.96 2.43
Percent lysine of protein 2.07 4.72 1.71-2.61 .2.06 1.89 2.05
Percent lysine of sample 271 5.44 «212-.324 .235 .280 212
Mg of lysine/kernel .0661 - 9.20 .0389-.1036 .0896 .0560 .0494
Percent oil 4.02 2,10 2,89-5.32 2.54 5.34 3.34
Mg of oil/kernel .980 - 4,16 ".585-1.285 .979 1.067 .780
Catechin equivalent 3.157 19.99 .135-7.365 «435 4.827 2,86

62
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p f,‘.s‘;of,

E“.f;:The F3 subpopulations exhibited a wide range of variation for many
,;‘haracters in several populations. Transgressive segregation occurred in
ﬁboth directions in all populations for days to flower, plant height, pan- '
,icles per plot, panicle weight, kernels per panicle, grain yield, percent

. protein, percent lysine of protein and. catechin equivalent.‘ 'l‘r-ansgressive
‘segregation occur:ed also for percent oil in both directions in popu]a-
tions I,‘II and III. ~On the other hand, transgressive segregation was
‘tOWard the lower kernelﬁweight and”volume'inrall populations'except in
population II. Thevmajoritv of the segregates in each population for all
characters lie around'the neans of their respective populations. The means
of all Fg subpopu1ations in populations I, II, III and IV are presented in
Appeadix tables 1, 2, 3 and 4 respectively.

Greatest segregation for a trait would normally be expected in the pop-
ulation in which the parents differed most for that contrasting trait. How-
ever this did not seem to be the case for certain characters in this study.
For instance, greatest segregation was observed in population I for'kernel
weight despite the factor.that the difference between the parents of this
population for this particular'trait was only .67 gms as compared to a dif-
:ferenoe of 2.98 gms for the parents of population II, There was also a small
difference between the parents of populations I and IV for days to flower and
populations I and III for percent protein and yet significant segregation
was obtained in, these populations. | . ;vv ¢ s

The parent lines for all these populations are assumed homozygous
’and wheie values for a paiticular trait were essentially similar in both
parents, one would: expect no genetic variability among the segregates,

if the trait is controlled by a single pair of genes. The fact that

segregation did take place resulting in variable genetic segregates in


http:Appe-A.dx
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lythe 4th generation'for traits such as’ kernel weight and volume. percenl

!Aprotein and percent< il, suggests that these traits are. under polygeni<

.

eontrol.\5

Tlac

v V Frequency distributions for kernel weight for each of the four,
‘lpopulations are.presented in Figure 2. The FB subpopulation frequency
distributions appear'normal for‘all‘populationsrlgFrequency distributio
curves for populations II_and IV are sinilar inlsuepe‘out rather
distinct, only overlepping at the*low andlhigh velues of populations
II and IV respectivelyt Frequency distribution curves for populetions
I and III are bimodal and are essentially similar in all respects. In
all populations transgressive segregation was indicated only toward
small kernels. However there were several genotypes in all populations
that were approximately equal or slightly less than the large seeded
~parent, |

Frequency dlstributions for percent protein for each of the four
populations ara presented in Figure 3. Frequency distribution curves
for populations I and III are similar while that for'populations II end
IV are also similar., Extrene segregates in all populations beyond the
parents occurred. Populations II and IV had wider ranges for parcent
protein.,

Frequency distribution for percent lysine for each of the four
populations are presented in Figure 4, Frequency distribution curves
rsre essentially similar in shape for all populations. However the
edistribution of populationlII overleps the distributions of other

L'populations at their low valuee. Transgreseive segregation in both

directions 13 indicated in all populations. Population IV has 30@9,
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segregates which have the highest values for;percent lysine of . pfdﬁeihﬂ
in all populations while lowest values for percent lysine of protein
are contained in population. II. '

Frequency distributions for percent oil for each of the four
populations are indicated in Figure 5. The frequency distribution
curve for popuilation IV has two peaks, one at 3.75 and the other at
4.75.( Transgressive segregation for percent oil in both directions
appears in populations I and II. However transgressive segregation
was in only one direction toward the lower percent oil parent in
population III but there was no transgressive segregation for percent
oil in population IV though there were several.segregates that equaled
the lower percent oil parent nhile many other segregates approeched

the higher percent oil parent.

Analxsispof Varilance

Mean sQuares of 17 characters in populations I, II, III and IV
are presented in Tables 8,'9; 10 and 11 respectively. In population
I, significant differences were obtained among both the Fz subpopulation
means and F3 snbpopulations within Fy subpopulations for days to flower,
panicle weight, kernels per panicle, kernel weight, percent protein and
mg of protein per;kernel. However significant differences were only
found among Fy subpopulation means for panicles per plot and mg of oil

per kernel while significant differences for plant height, kernel volume,,

percent l"sine of protein, ng. of 1ysine per kernel, percent oil and'

catechin equivalent were obtained among F3 subpopulations within“Fz

subp°pu18t1°n°v°“ly°‘ N° aiSnificant differe(ces’were d‘*‘“
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F2 subpopulations or Fg’ subpopulation within F2 subpopulations for
‘grain yield, ke:nel density and percent 1ysine of sample.

In population II, days to flower, plant height, kernel weight and.
volume and mg of oil per kernel were significant among both the F2
subpopulations and Fg subpopulations within F, subpopulations but
panicle weight, kernels per paniéle, percent protein, mg of protein
per kernel, percent lysine of protéih, mg.of lysine per kernel, percent
oil and catechin equivalents were only significant among the'F3 sub-
populations within F, subpopulations. There were no significant
differences among F, suﬁpopulations or F3 subpopulations within F2
subpopulations for grain yield, kernel density and percent lysine of
sample.

In population III, days to flower, piant height, panicles per plot,

ukernél weight .and volume, percent protein, .mg of protein per kernel,
mg of lysine per kernel, percent Qil and mg of oil per kernel were all
significgnt among the F2 subpopula;ions and F3 subpopulations within

F2 subpopulations. Kernels per panicle, grain yield and percent lysine
of protein were significant. only among F, subpopulations while panicle
weight,’and catechin equivalents were significant only among F3 sub-
populétiohs within F2 subpopulatiogs. There were no significant
differences among F, subpopulations or B subpopulaéions'within F, sub-
pophlations for kérnel deﬁsity and percent lysine of sample.

In population IV,.significant differences among Fz subpopulafions )
and: Fq subpopulations within F2 'subpopulations were detected for days to,'

'flower, kernels{per panicle, kernel weight and volume, percent lysine offiﬁ

sample,'mgfof lyaine per kernel, percent oil and mg. of: oil‘pé? kernel.f"i”



1~Significant differences among F2 subpopulations were found only for

ane | eight“and \"rain yield while significance anong: Fs S“bP"P“lat““

thi Fé subpopuiations were only found fog:panicle weight, percent

;iprotein,:percent 1ysine of protein and catechin equivalents.' There wer
1no significant differences among Fo subponulations or F3 subpopulations
within Fz subpopulations for panicles per plot and kernel density.
Location X Fb subpopulation interactions in: all populations for
~a11 characters were generally nonsignificant except for plant height in
-population III and panicle weight in population IV. Location x F3
subpopulation interactions likewise were nonsignificant in all
,populations for all characters except for days to flower, kernel
kvolpme, percent oil, mg of oll per kernel.and catechin equivalents in
‘P9P915°i°n~1s kernel yolume, mg of lysine per kernel, percent oil and
emgoofaoilvperukernelvinﬂpopulation II, days to flower, percent protein,
mgﬂofklysine per kernel and catechin equivalents in population III and
kergel:volume and kernel density in population IV. .
.VEstimates of progeny genetic variance components of 17 characters
‘for each population are presented in Table 12. All progeny genetic
ivariance components estimates that jwere negative were assumed to be
.zerg.e It is impqggagg%to;notebthat;certain»traits in some,populations
fwerE“statistically significant among the:F3.subpopulations wighin Fo
'subpopulations but- nonsignificant among the zvsubpopulatidns. The
;estimates of genetic variance components among F3 subpopulations within
.Fz subpopulations for all of those trait';were clearly larger than the .

,estimated genetic variancedcomponentsyamon theszvsubpopulations for

vhe d'minance variance f



¢

.
=p 3. (n amng T3 s\%gepvletions { 8—: 3 and everg Ty subpepuletions *  within 72 svipepelations ( 9-,") 1a the 4th generazion for rp-hum 1, 31, LT and tv, o
Daye Karnals Crais ylald  Keemel Sernel Ketnad Patient Parcent Iysine .  Zarceat lysive 3. of ferceat 2ge- 08 - nx.
te Pleat Paatelers Pomtele  /Jpanicle (ag/ha) welght wl--! "”"l protein pnnlnn-mx. of 'Nl-h of eorple iyeinefacrnel o1 oLl herna!
wat __ ° hefah g o, x j0t o « j0°8) - {= jo°8) £n_to2) {u 0% L2 138 1570 oty = v-h ;g: ;
20,04 ‘an 13,99 .8 1.8 2.6 as: C e 33 3,00 34.13 X 92 o .8 .33 =398
13.29 m -4, 19.34 1.7 10.6 n.n 14,38 78 .06 4028 ?35.60 LR ¢ | ) L% 10.93 .7 88,43
. 2 nd
B Y 5.43 s 1691 0.9 7 0.7 LI I Y 132 - 629 6.9 g E] - .18 .23 - 2
) . i'-',,, 1,37 ny 5.20 %7 %7 19.9 [ %] L2 I W | 108.10 n.0 neoo .88 R | .32 1.3 .10
m & 3.7 3 1y T B X 3.3 .03 3,33 “n 2.3 .13 B o7 LN X T X
’ ‘ ;,’ T 1692 ‘m 11.6) a%.47 1.3 w3 119 | ‘827 1.3 37.32 .2 20.30 1.9 8 11.92 333 1587
¥ &8 nw M 65 LN ¥ . s L RUNEN X T .46 12 4.3 130 » 1y aa e
&n 1.0 13 LR X X | .71 (B LR XY .32 6.3 o0 L% 3 16.09 48 nm
. .
‘e l‘, 3%, 348 ant I¥ ¢efar to populetiona . . .
.. E lum ol Satlsnte genetlc corponsat for nwng Ty avbpepulotion ta the &th -muttn . .

Senstic comy S for amsag 3) evipegulstios within 3 pep 1s lhl.lll

£y



44

’fcomponent was much larger than the additive vaiiance component.‘ lhislilg
:rdoos not sucm VLty likuly. lhe othcr plauslble e\planntlon for thia f
'?occurrence could possibly have arisen from outcrossing. The random FZ.
:}panicles selected had not been bagged to exclude foreign pollen.. On o
‘.the other hand two F3 panicles randomly selected from each F3 progeny -
;row had been bagged to insure'looz selfing. If a substantial amount of
:Joutcrossing did actually take place on these F2 panicles, the genetic :
Zvariability among F3 subpopulations would be increased while at the same
time, that among F2 subpopulations would be decreased leading to larger
gestimates of genetic variance components among F3 subpopulations within

'FQ subpopulations than among F2 subpopulations.

t

'ﬂlﬂra nfsorghum is normally self—fertilized and has perfect flovers

‘with wo_known barriers to- cross fertilization. Mbst studies indicate
that about 6% outcrossing occurs between sorghum plants in adjacent TOWS
(48, 58) and that under some conditions the percentage of outcrossing
may be. less or niuch greater (58) The percentage of outcrossing is
‘probably much greater within rows. It would.appear highly unlikely,
'therefore, that this small amount of outcrossing would affect the
-magnitude of the estimates of genetic variance components in this study.
The results show that significant heterozygosity Was-'resent’among
the Fé families insthe'fourth generation for kernel weight;and ernedbiﬂwn

volume, percentipr tein ‘mg of proteih per ke; el*Aperce‘t‘oil,, :
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within the Fy. families but significant variation among P2 subpopulation :
did . exist whieh presumably implies that selection among the F2 families'

in the F3 generation~wouldwbe as,effective as selection among Fy

families in some later generations.

Gene Action
The estimates of additive (‘3%;) and dominance (6L%) variances and
thelr associated s: andard errors for seed and chemical traits in eeeh of
the four populations are shown in Table 13. Since no statistically signif-
ieant differences for kernei density were found among Fp subpopulations or

F3 subpopulations for any population, their estimates of additive and dom-

inance variances were not computed. Negative estimates of additive or dom-

inance variances were found for some traits in one or more populations.
These were assumed to be essentially zero. In all populations and for all
characters, the estimated standard errors for additive variances were gen-
erally large relative to the estimates of additive variances but the esti-
‘mated standard errors for dominance variances were small relative to the
estimates of dominance variances. |

. Estimates-of additive and dominance variances for kernel weight and
volume\were always positive in all populations except for kernel volume
in ppbﬁiaﬁ;gp'rg and.nere always consistent from one population to
anotnerlin that‘the estimates’of dominance variances were always larger
than those of additive variances.. This clearly indicates that, while |
additive gene action is present in the inheritance of kernel weight and

volume, dominance is the most important gene action in the expression of

kernel weightfand_volume. Likewise the estimates of dominanc"va_iance“

were: arger tha the atimatee of additive variance in;all*p pulation

yww,protein per kernel, percen_ﬁlysine o_oproteixf

N
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EstimaCes of additive (crA_) nnd dominance (a‘D ) genetic :
~‘variances and their standavd ‘errors: An- paronthesis for’ sced and
chemical traiCS for popula:ions I, II III and IV.,~,. R

: :»_Charncter‘ i vPopulqtion a‘i dﬂ'%
“ Kernel weight ) S 40231 (. ,1024) 1 6283 (- 47803)
8 S N ¢ O - ,0124 (40400) .6160 ( .3021)
©IIL 0464 (¢ .0692) .8505 ( - .4854)

. S - IV. -+0125 (. .0412) 6184 ( .3052)
_-Kernel'volume . "~ - I . - L0084 ( .0916) 1.1999 (  .5170)
SR . R 8 8 T,0108 ( .0244) .3749 ( .1870)
III . 0162 (  .0412) .5967 (  .2968)

e et TV .0066 ( .0264) .3910 ( .2022)
‘Percent protein . .. I. 0809 ( .2078) 2.4487 ( 1.5922)
oo e o I - 8045 (0 .4806) - 11.8659 ( 4.4026)

, ; o IIT 1546 ( .2253) 1.5837 ( 1.6745)

Fme e ot Y - ,2094 (  .3796) 7.7432 ( 3.1830)
- Mg-of protein/kernel I <1482 (1 .2463) 3.1780 ( 1.7795)
IR S 1T - L1330 ( .1428 3.2377 ( 1.2278)
III 1072 (' .2244) 1.8369 ( 1.6724)

gl : _ 1V - .0100 ( .0806) 1.3408 (  .6565)
- Percent, lysine of 1 -40.73  ( 50.20 ) 927.73  (415.64 )
. protein (x 10*4) II -36.63 (100.64 ) 1099.33 (862,75 )
B III 67.17 ( 54.49 ) -1030.67 (449,23 )
Ll - . IV ~10.88 (106.24 ) 2364.93  (895.70 )
Percént lysine of - I <4117 ( .5750) 9.2187 ( .5,1000)

: ~?samp1¢§(x'10‘4) II - .3073 ( .9088) 7.8253 ( 2.4797)
B e I +2930 ( 1.3153) 6.,4613 ( 3.5133)

- IV _ 4427 (1.0587) 4,0547 ( 2.4656)

Mg of lysine/kernel S 7 .3863 ( .7360) 9.2187 ( 5.5836)
(x: 10-4) 0 3 - 43073 ( .4803) 7.8253 ( 4.1786)

P 4 § § <1707 ¢ ..4890) 6.4613 ( 3.6639)

_ IV .0513 (  .2691) 4,0547 ( 2.1044)
‘Percent-oil R O - .0480 ( .0436) 1.0676 (- .3754)
S ' 1T - ,0468 ( .0346) ,9488 ( .3000)
11T .0767 (  .0700) 6148 ( .4793)

s -1V .0556 ( .0872) 1,0645 (_ .6370)

Hg of oil/kernel N S 1.52 ( 1.60 ) 16,21 ( 11.19 )
(x 0-9) LIx .16 (.82 ) 12.08 ( 6.25 )

> IR 0 & .57 (2,55 ) 39.71  ( 19.14 )

R AR | A . .76 - (.66 ) 4,05 ( 4.92 )
-Ca;echinegui',len;' .= 43625 ( .2000) 5.1661 ( 1.8066)
Tl T S 1152 °( . .0872) 1.9888 ( .7800)
- 20679 ( .0866) 1 5411 (- .7641)-

- §1462 (1.2264) ¢ 1.3035 ( 10.4691)



fexcept innpopulation III, percent lysine of sample, mg of lysine per S

‘tercent oil 'mg of oil per kernel ‘and catechin equivalent value.

It;isfapparentJirom this study that much of the genotypic variance

ﬁfor several of the seed and chemical traits in almost all populations

?arises-fromidominance gene effects.’ Therefore an effective improvement

fprocedure would.result from selection ~among large numbers of families at

ia omewhat high level of inbreeding and since dominance variance is

fpredominant for several of the characters in all populations hybrid
development would appear to be an appropriate procedure. )

| In this study epistatic gene interactions were presumed nonexistent.
However, in the event that epistasis was present, the estimates of

additive and dominance variances would be biased upward.

"Heritability and Genetic Advance
:The magnitude of additive genetic variance and heritability has its

nse in estimating progress possible through selection in segregating
populations. Estimates of heritability and genetic advance expressed in
percent of the mean over two locations for seed and chemical traits were
computed for each segregating population and are presented in Table 14.
Heritabilities range from 5. 192 for mg lysine per kernel in population
IV to 59 84% for mg of oil. per kernel in population IV among F, sub-

po: lations and 7 294 for mg of oil per kernel in population II to 65%

Eo{ percent lysine of sample in population I among the F3 subpopulations,

,stimatespof heritability for each trait were variable from population »

‘° p°p“1ati°n‘i“levT“bP°Pulationé and F3 subpopulations. In:ge it

he estimates ofﬁ'erita\ilities of each trait for F2 subpo“

'onsistently greaterrthan those for F3 subpopulations{except percent



Estimates oF’ heritability and genetic advunce as. percentco£~chel
population- ‘mean- for seed: and chemical traica in Populations

‘1.'11. pess and IV.Y:“

i S ']‘Popul;éJ,;~‘ :;f‘-*'B3" as-'percent  as ‘percent
f‘;ﬂh.e.mgggr tdop - . of moa of moan
€f¥ke:ne1 weight . zv ,§i"fj*4i716 % e, 04,! 8,20 2.93
= L I 2, 72' 12 25 3.24 2.98
o IITY 32,98 - 26.27 6.79 7.43
T R R CI | 19,11  12.13 4,11 4.01
- “Ketnel volume I e — —— ———
T S FLRT II ' 28.65 16.80 heSh 4.27
III- 20,69 15.58 3,18 4.30
R L IV 17.19 10,24 3.75 3.35
“.;Percent protein: I 18.72 15,97 1,98 - 2,25
e s 1I - — - ———
‘ 111 38.21  28.77 3.85 4.10
IR RN . Iv - [y, ——— -
" ‘Mg of protein/kernel I . 32,90 23,53 9,01 9.33
S S — — — -—
III 35.19 25,65 8.18 8.56
S i v - ———— ——— ——
fPetcent lysine of S S ———— —— ——— ———e
protein IT — —— ——— ———
- 11X - -37,07- - 58,83 5,06 7.81
: IV 2 s e — —
Percent lysine of oI 26.24 65.07 2.67 5.16
sample - II - —— ——— ———
IIX 6.99 40,70 1,11 1.91
L1V 11.47 21,23 1.70 . 2,84
;Mn of 1ysine B 14.41 47.72 © 4,87 10.83
per kernel ‘II * mme— — —— o
’ II1 . 9.37 32,98 2,65 . 6.12
o ‘ IV £.19 " 16,16 1,66 3.48
. Percent oil I — ——— —— —
R oI ——  —— — ——
- IIT 48,06 42,52 10.57 12.25
e e IV .~ 34.30 .. 25,22 7.08 7,43
Mgofofl .o X 52,05 37,12 13,46 113.92
- -pex kernel - - 1T 14,95 - 7,92 2,60 2,32
T Y, IIT 13.22 8.90 3.99 4,01
Coe v j59 84 48.13 13.93 15.57
kﬂzgij - Heritability among F2 subpopulations
;yé:;”-}j = Heritability nmong F3 subpopulations , .
f}&g;ﬂ;f‘ - Genetic advance - within Fy subpopulacions as percent of the mean
A, 3 gf cenetic ndvance within F3 aubpopulncions as, petcent of the mean
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‘lysine of: proteinﬂiu population III, percent 1ysine of sample in
populations I III and v and mg of lysine per kernel in populations
I, III and IV.

:Estiuates'of°gepetlc advance as percent of each population mean
for seed.and-chemicel‘tralts ranged from 1.11% to 15.57%. Genetic
advthe in Fy and Fyq éubpopulationé for all the traits were generally
omall except for mg of lysine per keruel in population I, percent oil
in population III and mg of oil per kernel in populations I and IV,
Genetic advance as percent of each population mean for all seed and
chemical traits Ior Fyg and Fj3 subpopulations within each population were not
as different as the heritabilities for Fp and F3 subpopulations. It is in-
teresting to note that those traits with high estimates of heritability values
1ad high estimates of genetic advance as percent of the mean and vice versa.

.Theﬂfour.populations were .grown .in one,year and two locations
that were a couple of miles apart. Much more reliable estimates would
haue been.obtained if a larger sample of the populations and environ-
ments (locations and years) had been used. The extension of experiments
of this nature over several locations and years necessitates large
supplies of seed from Individual F3'panic1es which is not practicable.
Horner et al, (37) realized thls problem and indicated that accumulated
resultq from a geries of gmaller experiments, whether conducted by the
same worker or: different ones, should eventually provide whatever
information is within the potential approach itself.

Heritabilities and genetic progress expected under selection -

obtained“in this study give sufficient evidence that substantialf’mprove-;yfi

ment can be made for kernel weight ‘and’ volume, percent protei!_in ?
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f;pOpulation III, percent lysine of protein in population III and percent

f?oiliinfpopulation III and IV. Q_<l;§7fff;:ﬁffﬁ:;‘hii

.G_er_r_e.l_a_tis.r.ls.

;\All the phenotypic correlations among all characters in populations |

;il, II, IIv:and IV for F@ subpopulations and F3 subpopulations within Fa
kssubpopulations are presented in Appendix Tables 5, 6, 7 and 8 ‘respec- .
‘}tively. The phenotypic correlations between a pair of characters from
.ipopulation to population are in agreement in the majority of cases.
However the phenotypic correlations for any pair of characters for Fj
suhpopulations and F3 subpbpulations within Ph subpopulations in each
‘population tend to be variable. In most cases the correlations for Fz ,
subpopulations tend to be larger than - those for the Fy subpopulations

. in each population. Phenotypic correlations between kernel weight and

, kernel volume were positive and highly significant in all populations.
Mg of protein per kernel, mg of lysine per kernel and mg of oil per
’kernel involved weight of 100 kernels in their computations. It is

| interesting to note that all correlations of kernel weight or kernel
‘;volume with all these characters are positive and highly significant.

'Futhermore the phenotypic correlations among all these five characters

are also positive andfhighly significant.

: 1 Phenotypic correlations in all populations of grain yield with all
‘the other traits for F2 subpopulations and F3 subpopulations within Fz

.}subpopulations are presented in Table lS.f Phenotypic correlations of

;;g'ain yield with panicles per plot, panicle weight and kernels per -

fipanicl'bwere found to be positive and significant., It was also found

.‘( N
i

i[that the correlations of grain yield with kernel weight, kernel volume,.,;'
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| F3 subpopulations within Fy subpopulations [F3 2
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Phenotypic correlations between grain yield and 16 plant,

'seed and chemical characters in Fy subpopu]ations](Fz) and
in the

fourth generation for segregating grain sorghum populations
I, II, IIT and 1IV.

Grain vield

I IL IIL IV
Days to flower Fy -43313%  =-,1799 =, 6324%% ~ 5547%%
S ‘ Fy/ -.3512% =,0956 -.1543 -.2521
Plant height Fy .0903 -.0601 -.3821% -,0759
S F3/ -.1592 -.0279% -.2209 .0470
Panicles/plot Fg «3419% .1225 «5735% JA4BL7*%
- F3/2 Jab56%% 2747 .3075% «3287%
Panicle weight Fg .6413% «7555%%  ,6644%%  ,6392%%
F3/2 «2293 .6092%%  ,7291%%  ,5097%%
Kernels/panicle Fy J4481%%  7347%%  4386%%  ,3561%
- Fy/ <5154%%  5420%*%  ,6676%*% . ,3621%
Kernel weight Fo .1956 -,2838 +2640 «4198%%
~ F3/ +2166 -.0669 1122 +2891%
Kernel volume Fo «1566 -.2934 .1990 «3578%
F3/2 .0830 -.1304 .0712 +2848
Kernel density Fq «2759 1722 «4251%%  ,3719%
' F3/2 -.0321 «3779%%  ,1193 -.0782
Percent protein Fo -.2274 -.2063 -.6231%%  ,0530
F3/2 -.2491 -.4265%% ~,3802% -,0402
Mg of protein/kernel Fy .0643 ~-.3412% -,0307 «4292%%
F3/2 -.0540 -.2916 -.0723 .2368
Percent lysine of Fy -.0187 .0005 ~-.0734 -.3665%
protein F3/2 0660  .1648 .0011 -.1151
Percent lysine of Fy -.3352% -,2587 -.6358*%% ~,3403%
sample F3/2 -.2201 -.3786%*% " ~,3395% -,1975
Mg of lysine/kernel Fy .0817 -.3558% -,0646 . .3005%
F3/2 -.0069 -.2082 -.0707 .2129
Percent oil Fo +2054 .0006 «2757  .1653
. ' F3/2 «3465% .2106 1749 .0507
Mg of oil/kernel Fy +2585 -.2454 «3571% «5107%%
‘ ' F3/2 «3260* ~,0930 .1363 «3514%
Catechin equivalent Fo .0085 . 0661 .3825% -,1002
: F3/2 .0849 «3574% +1561 . 0549

* Significant at .05 level
*k Significant at .01 level
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‘kernel density and percent oil were mainly nonsigiificant with a few

. Thesi“results confirm what many other workers have found

3(6 '5f553) that panicle weight and kernels per}panicle are indicators/f»;

b;ofvgrain yield.; In this study it appears that increase of grain size

4:has no direct relationship with yield ‘except in population IV, where

fincrease of grain size would appear to increase yield.

" on the other. hand the interrelationships of grain yield with days to

‘-flower and percent protein were negative and in most cases significant.

It is, however, interesting to note that the correlation between grain

yield and days to flower were nonsignificant in population II which was

in:general, earlier maturing. It appears that. the significant, positive

correlation in populations I, III and'IV; which were late maturing,

are probably due to the factor that over 20% of the segregates in

:these populations flowered .late and hence the.filling up of their kernels

was terminated by the cold weather. This resulted into small and shriveled

kernels and lower yields for these segregates. This.may have had an effect

,on other'correlations between days to flower and other characters..
Phenotypic correlations of kernel weight with all other characters

.in all populations are presented in Table 16. The relationship between

kernel weight and kernel volume was found to ‘be. positive and highly

;significant in all populations while that between kernel weight and

;kernel density was nonsignificant in all pOpulations.A Thia implies

fthat selection of kernel weight results in the selection of kernel

fvolume and vice versa.;iThe densitviof?the-kernel does not appear to be
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Table 16. Phenotypic correlations between weight of 100 kernels and
16 plant, seed and chemical characters in Fy9 subpopulations
(F2) and Fq subpopulations within F, subpopulations [F3/2]
in the fourth generation for segregating grain sorghum
populations I, II, III and IV.

Kernel weipht

I II III IV
Days to flower Fo = 0738%% = 1131 =, 73L4%% =, 4451%%
F3/2 w,3858%%  ,1297 =,6847%k . 3853%%
Plant height Fy =-.5375%% ~,0959 - 7594%% - 2522
F3/2 ~-.4951*%%  ,0836 -.6529%% - 3146%
Panicles/plot Fy .2491 -.0585 +4609% 1527
F3/2 -.0608 .0019 -.1420 -.2820
Panicle weight Fy .0168 -.1912 -.0569 «3543%
_ F3/9 .1050 -.0776 +2840 «5190%%
Kernels/panicle Fy =-.4758%% =, 5742%% - ,5360%% -, 3225%
' F3/2 -.1829 -.5037%% ~,1021 -.0844
Grain yield (kg/ha) Fgy .1956 -.2838 «2640 «4198%%
F3/2 +2166 -.0669 1122 .2891%
Kernel volume Fp «9901%%  ,9860%%  ,9837%%  ,9882%%
F3/9 «9841%%  ,9826%%  ,9844%%  ,9819%%
Kernel density Foy «1635 -.2154 «2752 -.0828
F3/2 ~-.2139 .0653 -.0622 -.1750
Percent protein Fgy «4408%% 0891 .1092 -.2493
F3/2 1974 «2569 .1908 -.0595
Mg of protein/kernel Fp «9480%%  _ 8514%%  ,9094%%x [ 8737%%
F3/2 «9267%%  ,8088**  ,9095*%%  ,8357%%
Percent lysine of Fgy ~.4493%% -, 0364 ~-.5264%% ~,1388
procein F3/2 -.2438 . -,2037 -.4378%% ~,1806
Percent lysine of 2 .0501 »1168 . -.3335% -,4152%%
sample Fa/2 -.0855 .0835 -.1877 -.2938%
Mg of lysine/kernel Fy «9604%% 8225%%  ,8643*% 8874k
F3/2 «9476%%  8113%*%  ,8442% +8697%%
Percent oil Fy 0472 .0033 «2688  -=.3924%%
F3/2 -.2724 -.1783 o4752%% -, 3319%
Mg of oil/kernel Fo «8411%%  ,8094%% [ 7738%%k [ 6156%*
F3/o 7424%% 6666 .8408%%  ,6205%*%
Catechin equivalent Fo' -.2564 -.0395 «3490%  -,3193%
F3/2 -.3718% .0565 ~-.2612 =-¢3743%%

* Significant at .05 level
*% Significant at .0l level



henotypic correlations of kernel weight with days to flower,/g :»f
ffplant height, kernels per panicle and percent lysine of protein were,¥af

finegative and significant in most populations. There were no significant~

%fc relations obtained for kernel weight with days to flower and plant

}?height in pOpulation II which was earlier maturing.’ The significant

‘fcorrelations of kernel weight with days to flower and plant height in

'fother populations are probably due to the factor that several segregates
in these populations flowered late.'

Phenotypic correlations between kernel weight and percent oil are
nonsignificant in populations lland II but are positive and only signif-
icant for F3 subpopulations within Fy subpopulations in population IITL

‘and‘negative and significant in population IV. One of the parents of
population IlI had~yery 1arge kernels~andimedium oil content while the
other_parent had medium kernel weight but high oil. For population IV,
one of-the parents had medium hernel weight but low oil content while the
other parent had very small kernels but high olil content. A large number
of lines that have been identified ‘to have high percent oil are small
~seeded sudanvgrass type. Simultaneous ‘selection for large kernels and
high percent oil would seem extremely difficult where one of the |

parent line was small*seeded_but with high percent oil content.

| Phenotypic correlations of percent protein with all other
lcharacters in all populations arevpresented in Table. 17. Phenotypic
correlations between percent protein and percent oil are positive and
highly significant in population IV.- Peicent protein and pereent lysine‘

of protein were found to be negatively and significantly correlated in

all populations but percent protein and percent lysine of sample”wegﬂff;Qf
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‘Table 17, Phenotypic correlations between percent protein and ;16 plant,
o seed and chemical characters in F, subpopulations (Fo) and

F3 .subpopulations within Fo subpopulations. [F3/2]

fourth generation for segregating grain sorghum populations

I, II, III and IV.

in the

Percent protein

I II III 1V
Days to flower Fy - -.1997  -,2346 «2646  =-,2817
F3/2 -.0145 -.2723 -.0814 -.4348%%
_Plant height Fg -.3221% ~,1392 +1012 «3750%
F3/2 -.0172 -,1293 .0507 .0114
Panicles/plot Fo .1832 -.0908 ~.0795 -.1066
F3/2 -.0318 .3016% -,0383 .1229
Panicle weight Fo -.2778 -.0726 -.6286%%  ,1426
. F3/2 -.2047 -.6325%% ~,3162% -,1557
- Kernels/panicle Fp -.4261%* ~,1003 -.6463%%  ,3500%
F3/2 -.2680 -.6898%* ~,3675% ~,0492
Grain yield Fp -.2274 -.2063 -.6231%%  ,0530
F3/2 -.2491 ~.4265%% -, ,3802%% -,0402
Kernel weight Fy L4408%% 0891 .1092 -.2493
‘ F3/2 1974 «2569 .1908 -.0595
Kernel volume Fo 4660%% 0827 1173 -.2969%
F3/2 .2028 .2739 . 2159 -.0982
Kernel density Fy -.0961 .0103 -.0672 .3586%
o F3/2 -.0874 -.1793 -.0980 .2118
Mg of protein/kernel Fp. «6982%%  _5946%%  ,5077%%  ,2458%%
: ' ' F3/2 «5433%%  [7734%%  5773%%k 4912%%
Percent lysine of Fy =~ 7475%% =, 6912%% -, 3594% -, 6105%%
‘protein F3/2 =e7936%% =~ 7543%% -, 2553 —.7314%%
Percent lysine of Fy J49L4%%k - ,2668 «6113%% 4015%*
sample F3/2 «3204%  =,4696%%  ,6096%% = ,3250%
Mg of lysine/kernel Fy «5513%% 2212 JA4422%% -, 0694
F3/2 «2979% .3664% JS5467%% 1118
Percent oil 2 <2414 1778 0716 « 7962%%
, F3/9 +1075 .0085 .0250 , 7879%:k
Mg of 6il/kernel Fy .4820 .1855 .1132 «4569%*%
. F3/2 «2210 2492 1416 « 5844 %%
Catechin equivalent Fo ~-.1133 -.0740 -.2200 .1782
F3/2 «1152 -.3289 -.0975 -.2631

* Significant at .05 level
i Significant at .01 level



Lpositively and significantly correlated in all populations except

Epopulation II. A good indicator for percent protein in this study wa:

ffound to be percent oil in population IV.;tN 1v‘

.i enotypic correlations of percent lysine vith all other characters
in all populations for Fé suprpulations and F3 subpopulations within
;Fz subpopulations are presented in Table 18.~ Correlations between
percent lysine of protein and days to. flower were positive and sig- -
nificantyin all populations. Plant height and percent lysine were
positively correlated and significant»in'populations I and III for
Fb»subpopulations; Percent'lysine~of protein and percent lysine of
sample are positively and significantly correlated except in population
I for Fé subpopulations. Correlations of percent lysine with kernel
density,umg of protein per kernel, mg pf lysine per kernel and mg of
oiliper~kernel are negative and significant in the majority of |
populations.

Phenotypic correlations of percent oil with all other characters
in allfpopulationsgfor Fz suprpulatibns and Fq subpopulations are
presented in Table 19, 'Correlations between percent oil and mg of oil
per‘kernel are positive‘and'highly significant. Percent oil and
catechin equivalents are positively and significantly correlated
.xcept in population II. {;

| In this study no stable and favorable associations of chemical

raits*with any plant or seed traits were found in all populations.

lowever kernel weight or volume could probably be used as a good

,..r . «_
BS

Lndicator in selecting percent protein in population I a”d percent oil

n population II while at the same time it would‘be‘; very poor
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Table 18. Phquﬁypichcorrelations between percent lysine of protein and
‘ 16-plant, seed and chemical characters in F, subpopulations
(Ezgﬁghd{Ej subpopulations within F, subpopulations [F3/2]
in the fourth generation for segregating grain sorghum
populations I, II, III and IV.

Percent lysine of protein

1 III 1V
Days to flower Fy «4540%% 4768%%  4980%%
' F3/ .1880 J4381%% 5277%%
Plant height Fy «3622% 4586%% ~,0877
- F3/2 «2251 +2920 .1028
Panicles/plot . Fy -.1638 -.2884 -.1514
F3/2 .0851 .0717 -.0058
Panicle weight Fqg .0094 .0837 -.3565%
F3/2 .0196 -.1437 -.0340
Kernels/panicle Fp .1811 .3319 -.2938
P3/2 «2384 -.0467 .0987
Grain yield Fy -.0187 -.0734 -.3665%
F3/2 .0660 .0011 -.1151
Kernel weight Fy - 4493%% -.5264%% ~,1388
F3/2 -.2438 -.4378%% -,1806
Kernel volume Fy -.4478%% -.4796%* -~,0899
’ , F3/2 - =,2218 -.4299%% ~,1285
Kernel density Fy -.0915 =.4035%% -, 3077%
F3/2 -.0865 -.1399 -.2352
Percent protein Fp -.7475%% —,6912%% -, 3594%  6105%%
F3/2 =.6936%% -, 7543%% .~ 2553 = 7314%%
Mg of protein/kernel Fy =-,6122%% o~ 3868%% ~,5938% ~,4399%%
F3/2 - 4654%%  ~ 5889%% - 4818%% - 5308%% -
Percent lysine of Fy .2038 «S151%% [ 4752%%
sample F3/2 +4571%% 5767%% [ 3966%%
Mg of lysine/kernel Fy ~.3655% -.2788 .0854
' F3/2 -.0971 -.1247 .0023
Percent oil Fp ~-.2087 -.3653*% -,5060%%*
: F3/2 -.0218 .=.1132 -.4794%%
Mg of oil/kernel Fp = 4652%% -.5506%% ~ 5536%%
F3/2 -.2207%% -.3027%  ~,5011%%
Catechin equivalent Fy .1067 -.2373 .2012
F3/2 - «0425 .2381 +3097*

*. Significant at .05 level
*% Significant at .01 level



" fourth generation fo
I, II, III and IV. -

tfhbié 19;;??ﬁéﬁ6typic'correlations,betweenlpérCenﬁk6113§hdf;6fﬁiéﬁt};; ‘f?
v geed and chemical characters in Fo subpopulations (Fp) and = .

F3 subpopulations with{n.Fz'9ubpopu1atiqns,[Fg/gdgin“thef“f“ff

r.segregating'g:a;n;so;gbgm{ﬁophiationg;{Jﬁ

',.:fwPercent,oil

o IIT

—I

Days to flover

Plant height R

LU, X
Panicles/plot  Fp©
o  F3/2

Rl

Paniclevwéight
,F3/2
F

Kernels/panicle
G;ain yield
Kernel weight Fy
lemel voiume
Ketnel demsity  F
géﬁb§§£7pfotein' F
géfdffpf¢tein/kerpél F
Percent lysine of B
.. protein

Pexcent lysine of
-~ gsample ;

Mg of lysine/kernel = Fp .. ‘ |
. .0546

Mg of lysine/kernel '
Mg of oll/kemnel =

:C§féchin edu{vaient-.‘ vﬁF21f

ST 335wk

T 1L

Ry .13 L0320
P2

‘=, 1943 - =;1002
-.1326
.0911
-.0680
.2094
0151
.0406
.0256
1222
.0006
.2106
.0033
-.1783
-.0545
-.1340
.3255%
.1778
.0085
-.0843
.1120
.0272
.0579
2821
. .0283
.1998
-.1856
- ,1998
-.1856
. 5745%%
.5933%%*
-.0856

.1967
.3041%
-,0262
.0286 *
. 2814
.2290
v 2477
« 3826%%
. 2054
«3465%
L0472
-.2724
.0128
-.3189
2426
«3457%
+ 2414
1075
L1134
-.2237
~.2087
-.0218
+0820
. 0546

=.2270
T 5T16%%

«3756%

. .5307%% 1438

n.3250%
‘ b Y 3514*

-.2372
-.3345%

-.0627

-.0269
.2584 -

~.1759
.0325
.2757
1749
.2688
4752%%
.1561
.3926%%
.1015
. 3849%%
.0716
.0250
.2649
.3955%

. =e3653%

-.1132

=-.2472

-.0600
.1655-
«4252%%
.1655
W4252%%
JBL17%%
«8601%%
«3006%

.0345

.3320%
.0786
.0811
.2979%
.1358
-.2026
J4532%%

 ~.0290

.1653
.0507
-0 3024%%
-.3319%
- 4366%%
-.3607%
. 3686%
.1904
. 7962%%
. 7879%%

-.0012
.1226
-, 5060%%
- 4794 %%
.2991%
.3767%%

-.2672
-.1412
-.2672
-.1412
L46B1N%
.5116%*
.3057%
.0545

% Significant at .05 level . .

*% Significant at .01 level o




ﬂindicator in selecting percent lysine of protemn in: all populations. Tff_?

_Correlations between days to flower and percent lysine of protein though :

ipositive and highly significant are. suspected of being, spurious.
.Correlations between percent protein and percent oil in population v are
ih;gn;y:significant;»*Since the analysis for percent oil is much cheaper
Athenftnst-for.percentfprctein,‘percent 01l could be used as an indicator
in selccting percent protein in population IV although this would tend
to réduce kernel size. '

Phenotypic correlations among kernel characters are mainly positive
‘and significant which suggests that kernel.weight and volume could be
increased- together without any appreciabie change in kernel density.

At the same tine, though, kernel number per panicle would be reduced

which would lead to reduced yields.



SupRY 4D CONLUSIONS

four-crosses were made using the hot water techntqoe among six
‘:parental lines that were considered homozygous and unrelated._ From
‘each cross random 45 Foy plants were selected and these were advanced
to the“third generation in Puerto*Rico. From each F3 progeny row, two
random plants were selected and selfed. All the 360-F3 selections'from
the;four crosses werekevalnated in the fourth generation in one"
reolication and two locations.} The"segregating progenies from each
‘cross'are referred to asra population. h

~$he~characters-on whichﬁdata-Were recorded as a single observation
,for a plot were days to flower, plant height, panicles per plot, grain
- yleld (kg/ha), kernel weight and volume,; percent protein, percent lysine
of protein, percent oil and.catechin equivalent values. All other
characters were‘appropriatelyfcomputed. Percent heterosis over midparent
~ for ‘kernel weight and volume was negative in all populations but the
percent heterosis over midparent for other characters were variable from
‘population to population.,ffl.’

RS

Tran’gressive segregation occurred in Both directions in most

5populations for”most characters except kernel weight and volume where ‘
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. The analysis of variance indicated significant differences among the
-Fz subpopulations and F3 subpopulations within Fy subpopulations in all
Vpopulations for several characte:s but for some other characters signif-
,icance was indicated for Fy subpopulations only or F3 subpopulations withi
F2 subpopulations. In most populations there were no significant differ-
ences for either Fo subpopulations or Fs3 subpopulations within Fp sub-
populations for grain yield, kernel ‘density and percent lysine of sample.

The results suggest significant heterozygosity in the Fy subpopula-
tions in the fourth generation for kernel weight and volume, percent
protein and percent oil. For these characters selection both within and
among Fy families in early generations would be most effective. .

Estimates of dominance genetic variances in all populations for
all, the seed and chemical characters were always larger than those for
nadditive‘genetic4variances. This clearly indicates that, while additive
gene action is present in the inheritance of the seed and chemical char-
acters, dominance gene action appeared to be the most important in these
populations.

Heritability estimates for each character were variable from popula-
‘tion to population, and the heritabilities amoné the Fo and.F3 subpopula-

’

tions in the fourth generation for each character in a population were
equally variable.

‘ pEetimates of heritability and genetic progress expected under
selecSion’for the chemical and seed characters were not very high but

theygdo‘give sufficient evidence that substantial improvement can

b made particularly for kernel weight and volume in most populations,

pe_cent protein in population III, percent lysine of protein pfafﬁw7uf,;;.wﬁ



i

'>fin population III and percent oil An: populations III and IV.

Phenotypic correlations of graini“iel‘ with panicles per plot,

efipanicie weight and kernels per panicle-were positive and significant in ]

F?f;11 populations but the correlations between grain yield and kernel
‘E:weight or kernel volume were nonsignificant in most cases. This implies
:lthat panicles per plot, panicle weight and kernels per panicle are the
honly components of ‘yield.
Kernel weight and ﬁernel volume were highly positively associated
dn all populations but the associations of kernel weight or volume with
days to flower, plant height, kernels per panicle and percent lysine of
protein were negative-and significant in most populations. The pheno-
typic correlations between kernel weight and percent oil were negative
and significant in population IV and this might be a barrier to
simultaneous selection for.large kernels.and‘nigh percent oil in this
population. |
In population IV, percent protein and percent oil were positive,

,significantly correlated but percent protein and percent lysine of.
protein were negative, significantly correlated in all populations.

F‘In this study.no-consistent and favourable correlations of chemical
traitsrwith.any plant¢or.seed characters were found in all populations.
However, kernel weight or volume could be used as a good indicator in

.selecting percent protein in population I and percent oil in population
' III while percent oil could be used as a good indicator in selecting

~

‘ percent protein in: population IV.‘
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3498
1.80

4,82
1.58

4e64
1.59

4438
1,58

3.55
1014
3.74
119

4ot
1.62

4453
1.63

3.90
1.3

bhel3
1.52

3.92
1047

3.1

1.27

4,52
1.56

4.81
1.84°

3.90
1.50

376
4436

KoV

C+ECo

34300
»383

3479
1,545

3«56
2345

3.30
+960

2.70
1,265

2.88

. +6810

338
+345

347
e145

3.10
1,781

3.15
3115

3,13
24020

2468
"e320

3455
o765

370
+325

3. 100
1.344

2.90
«230

3

KeDo

1.33
1,29
1434
1.33
1431
1430
1.30
1.30 .
1,26
1.31
1.26
1429
1.27
1.30
1,26

1.28
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33

.34

35

36

37

38

35

40

;;55
3 "
7
68

69

7
4
72

73

“PROT.
i0¢
12.15

107
13,35

.85
13.55

85
13.70

81

12495

8¢
12,79

81
13.25

84

13465

S0

11.80

84
13.15

g9e

11.€5

87.
13.65

90
LT

88

12059

86

‘12.3m

HT.
P/K

315

383

320
3466

125

5.56

163
5.22

213
463

190
653

247 .

6.09
177

6.26

207
4469

2€5
4,13

33
3459

a2z2r

5.88

313

o "}210
. 12,60 5012
190 .
6135

202
5:07

PIPL

‘LY S.

1900
1.%¢

2545
2.08

G40
1,85

4245

1.88

3345
1.9€

36.C
2.08

34e5
1.8%

43.5
1,93

224G

1.6¢8

20.0

1.87

2740
2435

33.¢0
1.91

3245
2.10

38,45
2(53

34.C
1(78

‘5?;&
1i897 "

P/NT.

LYS'S

21.3

e242

29(9
0 27H

22,8

251

1.3
0257

3C. 2
254

2545
263

2847
0 245

19.1
«263

Ele B
0233

5.9
s 246

3Leb
0275

4Ced
269

3.6
*275

3¢.8
0255v

Q“ot
0223
37.8i
.245
o s

KIF

LYS/K
6S0
077

10¢3
076

.5E8
o162

SE?
«0SG8

842
091

4<8
135

577
112

¥
«120

1640
« 063

17¢%6
077

1118

0084

942
112

726
o114
984
o104

874
0113

ez2.
f{ipgrg

Go!b
. 0IL

1754
3.22

3267

Jetd

4280
2466

3895
277

4347
Jel2

3764

353 -
" 3€30

3435

3587
3.42
619
3.39

4708
bebl

4299
3.16

5€73
3.86

4398
3.25

6598
3.91

6385

3.10

6589
3.28

KeHTo

OIL/K C.EQ.

343
i1.0¢C

274

93

4ell
1,39

3+8C
1.05

358
1.22

5.13
1.81

4458
1,54

4.58
1.56

3.98
i.34

313
1.38

3408
«99

4429
1.66

417
1.36

Le06
1.59

5495
1.55

hei2
134

KeVoe

2450
2+490

"2.20
0370

3,35
475

3e20
*360

270
o475

heVG
40

3467
« 465

3.55
«235

3.15
«3610

2445
24951

2445
1,515

3.38
o745

3.25
2660

3.10

*5€5

3480
«284¢

3.20,
<840

74

KeDe

1,25

1024

1,23 .

1.19

1.33

1.28

1.24

‘1429

1027
1,28°
1.26
1027
1028
1031
1.33

1,29
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&3

&2 '

&3

b

45

IS 3941

81

82

83

8%
85
86
87

89

o0

954 086

NK 330

PROT.
88
13.45

102
12,10

98
10499

ioes
11.C5

82
12,00

81
11.€)

98
12.10

102
12,89

99
12.88

96

12.90

85
14,57

86
14010

84
10459

HT.
P/K

220
4.97

325
3.38

277
3.32

275
3.27

2905
Ge7h

227
heS52

270
464

295
3.96

23
3.82

288
4.19

197
6467

229
41T}

204
2424

P/PL
LYS.

29.5
1.84

27 o8
2428

2645

24365

26 .5
2¢17

31 .0
2407

25.C
24GS

43 .5

2. 08

3045
2.0¢€

31.5
1.8

37 .5
1.97

34
1.¢€7

3242
1. 85

G2.1
2.01

F/HT
LYS.S

4C. 0
0248

3Ce7
0278

32.0
259

244 4
«24d

J€.9
o249

37.2
237

cte2
0251

2Le8
0264

6.4
0254

3.2
2254

2946
287

3.7
0260

W4e6
0212

K/F
LYS/K

1167
2 €1

io08¢
o077

10¢8
s07€

716
o071

940
Uc8

13916
«0C3

746
. 0SE

809
082

11€8
«07€

"12¢6

082

60
0122

611
+136

18¢4
V82

GeYe

CIL
5661
3437

3734
3.19

3617
2,90

2524
324

4172
.11

4ac3
2462

6328

3e52

3262
3418

4670
3432

6473
Jeb2

3949
he21

4290
3440

7¢67
337

KeHT,

CIL/K C.EC,

3.68
1.26

2.8¢C
*90

304
«88

2,96
«99

3495
1.23

3.89
1.02

3.84
1.34

308
+98

2,98

1.00
3.27

1.13

4,58
1.93

5.20
1.78

2o bt
»81

KeVo

2092
1.985

2415
0160

2445
1,400
24 3¢
1.565

3.00
2685

Je.20
«550

2.99
«380

2452
110

2435

+125

2+57
175

3.55
0280

YR Y

«659

" 1.80

34355

75

KeDo

1426
1430
1424
1426
1,32
1.22
1.33
1.22
1.27
1026
1.29
1027

1.33



76

ijhﬁhcﬁoiiétﬁétéﬁéf’"Péahs OF ALL SHARAGTERS CVER:
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13-95”“,?0 1.67 +233 .07¢ 3&70 1,25 . 6040
. 4 .86 245 45,6 FE.E 414G 7127 3.36 2442 1439
R 13,65 464 1472 4232 o079 3466 1423 4485
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F2(%) F3(4) D.FL - HT,.

10 -

11

42

13

14

e

16’

17

18

19

20

21

22

23

-

25

26

a7
28

29

PROT,
g1
14,70

89
14435

85
13.65

81
15.10

8¢
14415

86
14,55

83
15.80

' 89
13.45

8¢
13.40

81
15.70

84
12,25

80

o dketd

ae
14,25

79
13.95

100
11.25

162
13.73

P/K
265
44,63
245
5.32

250
4461

245
545

2GS
5.50

1%
5.27

200
5.39

277
3.41

222
4488

142
4.98

238
G4.78

23a5
LTLY

242
677

290
hel2

329
348

360
422

P/FL
LYS.

2440
1.7¢

40.5
1.69

3345
1.€€

48 .5
1.57

3340
1.€8

3he5
1.68

4d 5
1.€8

37.5
1.91

43.0
1.¢7

4840
1.70

430.0
i.¢€4

45,5
1.78

230
1.83

48.5
1.72

29.0
2.09

2545
2e14

F/MT
LYS.S

2%.6
2256

31.7
0263

25,3
0227

1z2.9
227

36 b
0237

4243
245

31.4
0266

34e9
255

2E.5

262

18.4
°267

3C.3
234

22.7
0254

i1c.1
0250

1€, §
239

3¢, 2
0234

27,6
291

K/F
LYS/K

9ch
+08C

88¢
o 0¢0

871
eUET7

Je2
0 085

948
s0G2

1167
089

918
o061

1602

0E¢

9¢6
0S5

582
08s

781
20¢S1

77
079

674
«08€

641
00714

12¢7
o372

8¢9
e 88

(TS
CIL

3034
Jet7

58cC2
J.98

3837
3.80

2709
379

4586
3463

6264
3.23

S4EB
4elB

5C61

4.50.

6492
4426

3781
3.71

5051
2.82

Wy2y
3.85

2¢51
3e74

3¢88
373

Ls67
3.64

3092
Jel8

KeHT,
0It/K

3ell
1.09

3.68
1.44

2493
1.12

361
1.37

3.88
i.61

3.63
1.17

.41
1.39

2429
1.03

364
1.54

317

i.18

3.90
1.40

3413
i.19

3.31
1.24

2.95
1.10

3409
1.13

3.06
1.9

KeVoe

77

KeDo

CJ.EC,

2445
«070

2482
485

‘2423
0735

24+€5
1.005

34063
«510

2+85
+4849

2460
*505

1.67
v115

2.80
1.725

2.50
830

2095
320

2435
* 625

252
o845

2.22
« 860

2+40
0355

T 2445

433

1.28

1.30

1.33

1.36

1.28

1.27

1.31

136

i1.29

1.27

1032

1433
1434
133
1.;9'

1.25
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F2(0) F3(4) DJFL. HT,

17 -

46

19

‘20

21

22

46 . Bl
447D

. PROT,
33 86
g 13.49
3. 88

1420
35 86

13.9)

36 86
15.70

37 90
12.55

38 g€
13.20

33 108
T 12440

40 85
.1.3¢35

L% .99
14.€0

42 88

12.35

.43 80
16.05

b 84
13.45

4s 87
14060

84
W 8.
-~ 42485 -

48 97
“T13.28

P/R
238
417

290
43E

2ug
4.80

2u2
563
395

4,31

290
he0S

330
3.92

295
4.46.0

282
506
200

352

i77
5:24

182
5.90

280

heSH

S

272

4459
265,

5,33
305

4479

"P/PL

LYS.
31.0
1,63

345
1.5¢9

37.¢C

1.6

44,40
1.67

31.C
3,88

34,5
1.55

21.6

2.417

37.5

1,66

440
1.60

3445

1.88

LYY
1.59

41,0
174

. 2640
1,62

39.5
1.54

2645
1780

37.5
1488

P/IRT
LYS.S

324 &
213

4244
226

2448

0264

25.4
0262.

38,5
0236

42.0
*258

33.5

264

35,7
2213

1.3

4233

34,2
+ 231

21.6
0255

2%.9
231

48, 2
+236

3846
226

43,1
.232

‘2805

1249

K/F
LYS/K

1067
<068

1382
e07C

726
o 0C1

740
s USh

1118
«081

1375
« 08C

i03¢e
085

1207
. 064

7€3
0081

ii¢ce
e0EG

673
0083

817
086

15€4
0073

1240
w074

103%
00S7

734

«086

GeYe
OIL

4188
3¢33

6318
3.70
4605
3447
LETH
4,00

5164
3.52

6238
3.70

3039
3.19

5433
3.78

4871
419

5933
3.70

3772
3e74

5309
3469

5399
3¢75

6557
3.93

‘hW<S17
316

4203

3498

KeHT,

0IL/K

3.1¢
1.06

3407

"de1b

Jett5
1.2¢

3.58
1otk

Jehrty
i.24

3.08

*l.14

3e24
1.04

2.,99°
1,43

3445
1.45

2.85
1.36

3.26
1.21

3.7C

1.37

3e4C
1.17

3042

1.22

.48
1.33

3e6C

1.44

K.v.
C+EQ.

2+50
170

2,28
0240

2.60
2180

2.67
«090

2.€5
«1€4

253
«315

2+ €6
+158

2.,3C
+260

2.€2
0095

2,29
1.453

2455
115

2.88
«630

2,35
LY

2.30
"ed95

2.25
c480

2,80
265

78

KeDo

1.28

1.29
1.33
1434

1,30

1.22

1,25
1.30
1.31
1.30°
1.28
1.29

1.32

1435

1.29 °

1.28
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F2(4) F3C4) D.FL HT,

25

.26

27

B 1-

28

29

30

34

49

S0

51

52

53

54

55

56

57

58

59

60

61’

62

63

64

e

PROT,
82
14405

9¢
12.25

8¢
14,45

89
14,40

‘85
14,75

8E
164.30

79
12,35

85

12,565

86
164,70

85
16445

91
10.80

89
i3.20

83
14410

89
164.90

97
14.€5

91
13.80

P/K
295
L7

3¢0
3.83

255

bt 8

210
4,03

280
5.08

280
b7 4

245
3.3%

190
3.64

232
4466

255
616

295
3.01

385
3,39

210
5.62

215
5.24

267
4.58

230
4ol ts

P/FL
LYS.

38.0
1.62

34,5
2.00

375
1.52

3640
1,69

34.5
1.50

31.0C
1. 04

62.5
1.58

4545
1,84

33.C
1, €5

L6.5

1. €0

bi.(
2416

3740
1.76

50.5
1.7¢

5145
le 79

k245
1.76

32.0
1.72

Y

PIMT
LYS.S

35,2
0227

4244
245
347
214

3.2
242

37.3
221

422
0235

18.0
244

32.4
2231

32,3
243

2a.2
0263

42.9
0234

3.8

0231

20,6
.257

7.5

0267

22.5
0257

36,3
0236

K/F
LYS/K

1228
72

13¢7?
e075

16¢4
eUES

1084
sUGE

1u€E
+07E

12¢€5
+0E8

€74
e0€E

1140
«0EE

1034
377

' 590

«098

158¢
sOEE

112e€
e0ES

521
0 0S8

248
s 0SH

727

0« J80

1218
e070

GeYo
oIL

624l
4e10

6292
293

5569
3455

LEB?
364

5670
3+85

5756
J¢38

LEGS
3.97

6511

3463

4450
hell

40870
.U

7688
3elbly

5375
3.69

216
350

1€48
3422

4149
4.22

46LS
LeG8

KeHT o
0IL/K

3417
1.3¢

3.12
«9h

317
1.13

" 248¢

1.02

3elis
1,33

331
1.13

2468
1.07

2487
1.06

317
1.31

374
1,27

277
96

3400
«95

3.9¢
1.39

3.52
1.4i3

3413
1.32

2,99
1.23

cee o ssmacses

KeVo
C+EQ.

2445
435

24 45
400

2.42
185

2415
«195

2465
1Y
2.50
«030

2405
«084

2420
+335

2e 45
1,975

2480
215

2410
i.510

.2¢30
0215

3,10
*935

275
0260

2035
¢ 305

2435
o010

79

KDy .

1.29
1.27
1.31
1430 |
1,30
1.33
1,31
1.30 -
1.29
1;34
1.32
1430
1.28

1.28

1433

"4.27"
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ﬁrzca) F3(b) SFL
: o PROT,

:7*33:7f?65*'3 85
v i, ABekS

-66’-'. e B .66 88 '
| 14,85

36 .67 . 67

;#ﬁ;og

68 - 86

: ‘ 13,30
35 69 s
' 13.15

7002 86
i 12.75

3 71 - 79
14455

R£A 83

..10.90.

37 73 85
13035

t307a.

..38 ?5 ¢ 87.
13.90

" 76 86
12.70

T3 T 80
| 14,95

v 78Y ‘ﬁa]“
R

a0 '79... Gb
DA 15.55

Tt a0, 85

15040

HTS

P/K:

247

533;:

260
“.8‘.

.-250
525

242

hel€

165
S5.24

200
5,95

157

4459
190

3.33

172
409

202

4,73

2u5
5¢35

222

“093;

232

h.sz

247
365

17z7l
“‘%QV

245
4494

PYEL
fLYs.h
55.‘
74459
38.C°

1,78

1,8¢

39.5
1.71

43 .6
1.88

G40
2,03

- B24E

1.8C

364¢
2450

3645
1.71

45,5
1.81

3545
1.72

33.5

4.9

43.0
“1053"

ﬁ32;9
238

4245

15§5,

o'3°.°
1.633”

28,5
1057]

B/HT

LYS,S:

24,9

246

1:.5
0264

ié.a

«257

2847
226

29,9
o247

273
0258

:21.3

«262
34.6

.e249

27. 4
0226

26
47

2C, 4

023¢

31.5
.51

2448

o229

33,2

«262

38,3 1
. 25 “,::v vj ‘..‘

KIF

LYS/K

637
-08s

1102

oG85

48¢C

"e0SE

gl
007p

- T47

v0cCC
585
0121

678
« 083

1028
078

9G¢
eDES

" 776

«085

793
«DC2

8c2
e0¢7

724

oOGc
4074

.0071

1041
008&

1231

0084

G-X;
oIL

5367 3.
. 1.32

3.84

5761
‘0.23

37¢3

3.75

4723
3.32

5197
Le06

5010

4422
4848
3415

LET76
4413

4250
3.66

5344
3.80

4476

3.89

4433
4,34

4065
3.52

6C00
3.9

4297

3.80
4uskh

3077

CIL/K

3;“5
3.25
1,38

374
140

3.14
1,03

3.99
1.61
4467
1.73

" 3416

1.36
3.12

1.29

3.05
1.42
3okl
1.30

3.84
1.5C

3.85
1.68

3.02
1.06

" 3436

1.2¢

3.2C
1.21

3.19
1.25

KeVe

2469
9635

2.55
s+ 465

2.88
0660

2.‘}3
1.080

3.&3
«5440

3,63
1.380

2.30

2920

2.[‘0
7595

2¢30 '
«3J5

2,68

1.205

2.90
o700

2493
o455

"2e35

+ 400

2.30
Ju78

205ﬂ 
+400

f?@hn
765

80

KiDo
CIEOQ. , .

i;33

1.28
130

1.29

- 4,33

1029
137 °
1.30
1,33
1.32
132

1.32

129

1.33
1+28

133



APPENDIX TABLE 2 (CCNTINUED).
F2(4) F3(4) D.FL

L1

L2

43

YA

45

IS 0470

.

954 386

NK 300

.

81

82

83

© 84

85
86
87
88
89

90

PROT,

83
13.9%

83

12.55

83

14,28

87
14.50

Y
15,30

93
13.45

84
13.09

89

15.79

85
15.45

89

15.15

75
15.%0

87
14,02

83
10.37

HT,.
P/K

i77
5.9

240
G443

220
Se7 b

262
5453

270
5.31

335
4469

245
4,78

275
4.93

157
5.29
215

4.98

180
3453

212
7431

198
2451

* P/FL
LYS.

43 .5
1.53

5440
1. 84

37 .0
1.71

3640
1. 64

53 .0
.71

36,5
1,77

3644

1.77-

4545
1.7

38.5
1.91

3540
1.73

62.0
i.54

3844
i1.80

39.4
2.05

PIUT
LYS.S

28.7
212

25, €
231

az,2
Wbt
26.1
«238

18,0
0262

2S.8 -

238

45,7
230

2¢.5
274

35,7
«290

1.2

« 260

1407
2245

28.2
252

L€s3
o211

K/F
LYS/K -

772
+07¢

724
61

12¢6
V€4

829
133

523
s0C1

877
2683

125¢
C08ct

945
086

102

‘ed01

9¢c8
oUEE

6€S5

«DEE

54¢
0121

1947
051

G.YI
oIt

5350
3459

5¢86 .

3.51

52681
4436

4368
3.72

3703
3.87

L4ES2

3.04

7069
J.02

5690
3449

5580
4,00

4338
bed3

3775
J.54

4599
3.28

7618

332

KeWTa
CIL/K CoECe

371
1.34

3453
1.24

2463
1.8

3.07
1.29

367
1.34

3447
1.05

3467
1.25

313
149

3+49
1.4G

3.25
134

2.22
79

5.2C

1.71

2.4¢C
19

KeVoe

2495
24145

2470
+ 625

1.99%
«285

2460
0425

2e7¢
+15¢0

2468
0385

277
«500

2okl
o403

2467
1.505

2.52
1.14¢

1.6¢
0157

6,11

T o767

1.85
J.805

81

KeDe

126
1.31
1,35
1,33
1.26
1.31
1,32
1.31
1.34
1.29
1.32
1.27

1.29
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f?zc«) F3(h) DoFL

2

-2 3
4

3 5
.
o7
8

5 9

¢

10

6 11
12
7w
-

PROT.
L)
13480

101
12.€0

83

12.75

-81
13.25

09
12.05

109
12,75

93
12.25

79
12.95

8é
12.25

80
11.15

108
15.35

’108

‘£F§3p‘“

1. .2¢5
“5é2k

’T;aes :
5 5.09

';313_;

PEAhS OF kLL OHARACTERS CVER'

THO/LOCATICKS FOR ALL ENTRIES.
IN POPULATICH 3o+ _

HT.
P/K

b4
6l 9

3C5
3.9

225
5.38

207
5.98

290
5,07
338
420
313

hoell
232

5.61

262
5.33

255
497

2090
4.85

307

3.78

L eer
7“073

4See page 98 for identificacion of
abbreviacions.

32"

P/PL

LYS.

36.C
1,85

334¢
1.65

46 .0
2.02

3740
1.85

2440
2+.20

33.5
2038

29.5
1.6¢

270

i1.8¢

33.5
1,94

40.5
2,08

29.0
2408

29.C
1.64

23.5
1.87

33.C
241%

28.6'
2005

31.0

2.19

FINT
LYS.S LYS/K CIL.

16,6
02989

35.5
o245

35.8
2259

3.1
o245

3.4
0265

31.7
332

.

32.9
o244

3.7
+245

.«oﬁ

+238

3140
231

14,7
313

2L.8
2257

3247
0253

22,6

0294

(35,

QZQSy
€6
02502,
column'headings and any other

_‘»

K/F

353
o420

1165
‘076

8€C
0109

780
110

813
o144

9gu1
«0¢8

978
€2

70¢
«11C

832
«104

714
102

443
'0E8

687
082

846

ST

643
108

- 1018
»i077

11138
103

GV

2517
4a?73

5676
352

7693
4.87

S5eih
4455

3863

3.22

4842
2.87

41490
3472

"3E84

3.36

5174
Jels7

5369
L5

1702
3046

2t82
3.36

3¢e3

3,33
3061 .

3452

4396

294

€Cu7
3.68

KoHTo
CIL/K CaEC,

beTd
2.22

3+4C
1.89

L,22
205

451
2.06

hLe20
1.3¢€

3.28
«95

3.36
1.25

bhel8
1.50

4.35
1.52

Gob3
i.98

3.45
1.4¢

3,32
1.02

386

$.29°
373

1.36

3,18
«935

4hell
1.52

Ke Ve

360
1,010

240
1%

3425
+735

3045
«895

3o 45
534

2067
0320

2457
4 EQ

361
1.280

3¢50
1.325

3.42
24520

250

*259

2445
21530

3435

75

2493
300

2.54

. .270//

3017
«89¢

82

KeDo

1434

1.29

1,30

1431
1.22
1.23
1,30
1.25
1,24
1.29
1.26
1.23
1,27
1.28
1.27

1430
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F2(4) F3(4) D.FL HT,

- o

10

i1

12

13

16

15

16

7

18

19

20

21

22

23

‘24

25
26
27

28

" 29

- 31

32

PROT.
88
12.00

90
12.75

405
12.05

10¢
i2.720

86
13.€5

83
14,20

8€
11.85

82
1-2.50

i02
12.80

96
12,75

98
13.35

9¢
12,45

99
13.35

86
12,35

85
10.8)

86
13.40

P/X
au7
5.37

i97
5.66

317
358

313
3.67

220
6.0 4

257
6:33

230
487

210
heb€

315
4407

3¢5
4.86

297
66

285
5.2

282
5.00

205
496

242
J.88

325
476

P/FL
LYS.

31.C

1.97

29.5
1.94

2543
2052

2641
2¢17

b1 .5
i1.9¢

6040
1.81

35.5
1.92

34.E
1.94

2540
2,15

29.(
1.c8

26.5
1.9¢

260
1.94

30.5
1.95

39,5
2407
1.5
2612

30.¢
2,08

P/UT
LYS.S

37.3
«23€

k] TN
o246

277
334

3E., 6
0275

31,9
267

18.9
+258

4i,7
«228

43.9
«243

2€.9
0275

41,90
252

3€,9
261

41,8
0239

1.9
«261

4C. ¢

256

44,9
0226

"3¢.9

274

K/F
LYS/K

834
e1GE

842
e1(¢

936
«0S0

1347
0 030

721
o118

b2y
o111t

g9¢3
« 094

11e8¢

KXkl

1171
087

10€9

2 0CE

111§
+0 8%

i19¢ee
o0CSE

843
«0¢8

1017
«103

1248
0081

1138
0 0S8

GeYe
OIL

4982
Je3d

4541
3.30

2%4y
2456

4211
2.89

5563
4e0b

‘4728

3e42

6221
4.00

6535
3+68

3¢36
2497

5137
3.58

4502
3.67

4581
4.63

4349
4e17

6570
bebl

7€68
4.51

5225

4e38

KeHT,
OIL/K

heb?7
1.48

L4e42
1.66

2497
77

249¢
*83

4ets3
1.79

bebb
1,53

4.4C
ie6h

J.71
1.37

Jel9
«96

3.81
1.38

Sels7
1.28

6435
1.89

275
1,57

.20
1.64

3,59
1,62
3.56
1.57

KoV
C.EQ.

Je47
775

3,51

755 '

2e45
345

2435
3740

3,47
1.780

258
1.235

3.23
+6640

2,95
ol 55

2455
330

3405
625

2.70
i.260

.‘3013

383

2485
*390

3e10
522

2.70
*535

2475

270

83

KeD

1.2
1421
1422
1424
1.27
1.26

i1.28

1.26

1.25

1.25

1.28

1429

1432
1.29
1.33

1.29
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‘APPEVO:X TABLE 3 (CONTINUEO).

*.'fﬁlﬂs-sikYS/K °1L~ OIL/K CeEGs .

" gg ‘258 3Z"f”¢§f3h;6f?ga§5'33eéa"k;éalf,sgad 1425
o 16,20 6010 1,87 1128k o113 W13 178 .92
i U3y 03 ‘auz 2840 3W.€  BET 4258 3,98 .40 1,29
S0 13070507 1098 271 W30E 4a27 171 .64

- ?481'-135ff'595 250. 25.0 (62,9 1435 6387 45 3460 1.23

‘ _ “ . & 1205 50552000 0251 oqiii_ 30’02 1.53 . 2345 -

© Tt 36, .83 255 25.0 47.1 1180 4E75 4497 3,25 1.25
ST 4315 5035 1083 o249 od0d Te22 43104200

19 37 .86 238 32;bljaz;5‘ 1945 5946 4ei? 3.3u 126
12,90 5438 1492 4250 <105 4405 Le70 +660

‘36 84 245 3540 41.3 1205 'SG74 3.51 2472 1,29
i 12010 he24 1499 o240 JGCEH 3.60‘. 1,26 1.015" :

20 39 96 360 27.0 42,0 107¢ 5270 3.89  3.07 1.27°
13070 5.33. 1485 o253 +0SE 4.50 1.76 630

40 98 285  20.5 4.2 1160 5518 3.79 2,92 1429
13035 5,04 1491 0255 4087 0433 1,65 1,915

‘21 44 91 290 33.5 31,1 81T 4261 3.88 3,05 1.27°
44030 5456 1484 4277 4107 4o10 1,60 .815

42 99 235 25.6 38,2 9¢€€ 4188 3.84 2.95 1.30
,.»_1‘0.‘00 5053 148 4262 o101 heb2 1:706 - 555 ‘

22 43 92 330 3.0 43,5 1441 6322 3.02 2432 130
' : 11055 3.54 1.95 227 +0E8 3J.25 098 14575

W 93 305 27.0 52:3 4753 5929 3.00 2.35 1.28
. .11495 359 2443 252 4076 3.91 1.18 1.050

2437 708 2939 3.23 2,55 1426

198 33 | :
3490 & 4306 408% 3.83 1,25 24300

‘36,3 8ES 4799 3,97, 3.10' 1428
43050 548 c03 o274 4108 3486 1.5 L5500 -
*;:jfioi;ﬂzééf;Ezb;s;fae;bAbiswajfeégs.f;gzn, ,Eiéa;}zeabﬁ

112070 4707 2,18 4278 41062 3075 1439 4650

;f?jﬁéé_;500j§f36§Cf‘22;kﬂ, 6aef}3533f~§i33,"2.721(1:527'
4345 '0050 20 05 0277 o 092 3070 1.24 “rio 215,

ENEN P - T T VP i ¢ BT el b‘-bm'._-
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ji;éﬁg@p;x TABLE 3 (CCNTINUED), |
fséi“’}Fsiq, D3FL. HT, P}PL P/HT K/F Ge¥e KeHTs KoV KeD(
o -'fi:PROTo P/K LYSs LYS.S LYS/K CIF_ OIL/K C.EC.

25 48 . 80 225 3640 42,7 4160 6337 3475 2495 1427
’ 11,70 441 2613 209 W0S4 4,01 1.51 1,935

T T B 86 232 35.0 €40 1426 6905 4ed3  3.43 4,33
: ' 12020 S.0& 2412 o258 o107 4.09 1.70 L7285

26 .51 90 297 23.5 61.2 1315 6187 3.38 2.58 1.34
| 12030 4416 2401 o267 084 3.58 41,21 1,335

52 96 265 32,0 47.4 4343 6462 3453 2,88 122
12,00 426 2411 4253 408S 3426 1416 4660

27 53 108 305 2240 3.3 9S8 2663 3,45 2070 1.16
T 13485 4433 2,03 4282 o088 3.35 4,07 220

1Y 100 3¢5 23,0 3643 1263 .3486 2.95 2440 1,23
- 14405 4413 2402 4285 4084 3450 1.02 325

28 55 99 255 30.5 26,8 © 813 4043 378  2.00 1426
: 14065 5456 1491 +280 +10€ 3,75 1.42 o 70y

""'-55* 102 267 26.5 303 799 3201 3480 2.95 1.29
1247574484 2401 o258 40S8 L.64 1484 o470

29 ° 57 83 275 35,5 2546 738" 4446 4400 343 129
' 13480 5.54 1,95 268 o107 3.45 1438 4875

58 84 232 3640 4S.0 1053 7146 427 3.35 1.27
T 12470 5043 1493 o244 o1C4% 3.92 1.67 1,045

‘30 59 76 170 38.5 27.5 1G87 4562 4,06 3.40 1420
: : 1205°~5008 1085 0232, 009“ 30“2 1039 0805

302 " 374C 24e7 817 327 3432 .2.58 1.17
3e53 2427 4260 <075 3459 1409 1.750

295 2240 27,4 1332 3516 3,66 2,88 1,27
4s53 240C 4243 4089 4.23 1.58 0958

€& 267 25,0 4302 10897 4474 3,85 3.05 1426
5 '5e10 2433 4264 <101 3472 1446 « 31§ .

(230 32.0 22,9 4S3 3472 4,72 3,80 .26
BeB% 2006 4238 4137 3,63 1,46 .603 ,

89222 . 29,5 267 669 3761 6,56 3,50 1.30
40 6,16 2000, o266 o122 3,33 1.52 #3680 .
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APPENDIX TABLE 3. (CC | L
" F204) F3(0) D.FL Ge¥e KoWTs KeVe KD
e LOIL/K CoECs

5 ez
e
";.31‘
e »‘.sa'fribgﬁaizo,“f31jé 326 ibscf‘usis 2,91 2,30 i.zi
~35 "‘651ffxééLféj5¥ 'aé;§;£4§.9 .;zez ia:6a 3450 2,75 .27
'Qf“‘ 101 i7§§f{é§nfi iaﬁﬁl 9?.7:.;éfs 3UGY To47 2475 1426
36 7 ;1&1!13@5“ fzq@d ~éi.s  ;659 ‘5665 2080 2,22 1,26
72 '1q6'-360_ 30.0. 35.8 ‘iéze 4540 3.46 2475 .1426

g 37. 3 9é4ﬁzéov“féu;c .2#.8’ % 4¢ '179§H 4425 3.30 1.29
1.25
38 1.27
1.24
i.za

. 1.22
‘;59 5:- 5. 1026

1e287



http:37964.17
http:53705.88
http:11.35'3.18
http:1.5s654.46

APPENOIX 'TABLE 3 (CONTINUED),

F2(6) F3(4) D.FL

L 1S

42

&3

L1}

45

954 386

IS 2319

BK 300

&1

83

8

&5

86

87

89

S0

PROT.
1
13.15

98
12.€0

78
‘14410

93
13.55

102
14400

iol
12.10

78
12.85

85
13.25

99
13.25

101

13.35

8€E
14.09

a3
13.84

84
10.12

HT,
P/K

255
be56

289
.21

215
64023

280
555

310
475

315
betd

270
5.84

280
L4476

295
6,31

315
431

215
751

2mn
4.96

eco
2¢35

P/EL
LYS.

33.0
2,21
3140
2,09

43.5
1.88

22.5

1.5

25.0
2447

35410
1.6¢

33.0

1.88

41.¢
1. 85

21.C
1.89

16.5
2.20

3547
1.81

30.2
218

b14€
2411

F/HT
LYS.S

35,8
0287

37.3
0262
26,5
0263

38,5
0261

364 €
»333

I2.37 -

0239

Hl.1
+ 241

28,7
02063
3704
e249

3207
0234

28.7
e 254

4Se3
»300

43.4
0243

K/F
LYS/K

1672

«GS9

1123
o387

61*%
w113

1C74
«104

16e7
+102

943
+08C

978
«iC¢
840
olBE

1178
¢80

1026
0S4

548

«138

13¢8
e1G7?

i9¢e
e 49

GeYo
OIL

5,66
Le72

4673
4.83

4962
373

3335
J.22

3<40
Lell

4738

350G

6Ge8
3.81

4853
Lell

3316
3.55

2320
3483

4321
3.28

5¢53
533

7€58
3.32

KeHT

GIL/K C.EQ.

3.2
1.65

3033
1.62

L.28
1.,6C

4,35
1.33

3.3¢
1.38

3,33

1.18

44523
1.73

3e6C
1.45

J.20
1.16

323
1.23

532
1.75

3,57

1.8¢

2031
77

KeVe

2.60
1,325

2455
1.525

3425
1.173

3.20
o1

2465
164

2.69
0225

Jets?
«355

2475
24305

2,50
0355

252
1,000

418
«697

T 2480
" ek78

1.7¢
3668

87

KeDe

1431
1.31
1.32
1.25
1.28
1.28
130
1449
1.29
1428
1.28
1,27

1.29
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FZ(“) FS(Q’ D.FL

;;; : f{i#
5
. -  _' 3
.. “
3 ;'s
.
L 7
) 8
5 .9
) 10
6 u111
.
7 .?iif

T 51,03

PROT.
L6430

_ ;'91
. 13.30

97

98

' 121“5

86
12,25

102

) 10590

102

42415

99

12,75

.89
14485

84

"fz.zs

abbreviations. k)

PEAhS OF ALL GHARACTERS OVER

THO LOCATIC?\c FOR.ALL: ENTRIES
CIN FOPULhTIOB bet :

,ur.j”
PAK

290

303

305

'2!86

277

3419

290
‘3408

260
3.63

275
2445

365

2;2“'
‘330

2.61

.310
3.40.
265

4400
313
wz;;;;

P/EL FINT K/F
LYS.S LYS/K CIL

LS.

A 26oU
2016

27-0 e &

2+2¢
28.45

2,28

20,5
2433

2840
1.82

' 2905
20 40

37 o0
2,22

2545

2, 3¢

37.0
2, 88

2440

1.8

2445
1: 61

. 2940

82 2,07

( ﬂ 3ii§ﬁ
2403

6 - 95 235
: S0 13465 3408
pSee page;98 for identification of column headings and any other

,lﬂ36}5,
228

'2505.
1y89:

b4e0 -

2014

- 2€.
319

33,6 1!
o 3EE

304

3243
o247

3Ce7
230

4,1
0223

3b4e 6
» 261

26,1
«26€

273

0293

2€.2
0273

4448

o2l

»2639

287

24,5
«297
“Leek
.zeﬁ'
23,9"
o240
hédéi
"e248 ..

22.0.
0279f

of—;zie
S OES

157¢

10¢¢
0714

1228

U711
171¢

.+ 0.€7

1532
05¢

1121
¢

434¢
o060

1312
W UES

137¢
0 07€

1742

Yy

1656
036

1064
‘GUQQ

1012
087

1653

(LY

g27.
oneﬁ

“GaYe
2934
4,38
3972

3462

4509
3413

2€92
3e17

6129

3.23

4136
3eib

3193
3011

3315

3.69

4590
4.64

4745
3445

2819
te78

2€29
Le79

2842

3458

2zu1
3.19
4906
3.58

4168

3.52

[x T,
.aOIL/K c.ec.

212

093

2.15
78

290

091

2447

79

2.96
«96

2425
o706

1.84
o 58

2.04
7%

213
99

3.28
1.12

1.54
o7l

1.3
63

1,84
66

2¢36

.75

2061{
94

2.36

(483

KeVe

1.60 .

4+665

1.70
5,995

2,20
24713

1.90
405

2427
«880
1.70
4,135

1,35
3.500

1460
S5.790

1.68
4.655

2453
2,893

1.22
4,895

i1.00
0270

1.4¢
24570

'1085
44010

1.95
4568

1,90 1
0“03 _iq

,ot- e ol

88

KeDe

1.32
1022
1.32
1.30
1431
1.32
1.35
1.27
1433
1.31
1.26
1,31

1.34

1428,

1.34

25



APPENDIX TABLE & (CCNTINUED).
F2(4) F3(4) D.FL .

i2

13

14

" 45

17

" 48

19
20
21
22

23

2h -

25
26
ar
28
29

30

3

32

-

PROT.
90

14.00
86

13.85

8€
14435

99
13.10

89
13.85

91
11,45

8€
13.€0

93
13.45

98
11455

Q90
13455

88
13,00

94
14,30

" an
inh.60

102
12.15

&5
14,45

86
13,04

HT.
P/K

357
4.09

280

3.39

295
3.27

290
334

288
2475

2us
2454

285
Ged 8

325
377

280
2.114

195
3.67

285
ekt 2

310
3.05

305
Sebbls

313
2444

315
3.91

290
3463

P/ FL
LYS,

3heS
1.087

3240
i.74

2245
1.95

27,0
2410

2845
1.79

22.%
2.1¢6

3445
1.95

29.6
1.7¢

3045
2441

2745

1.80

3546
2.06€

21 .5
1.82

27 4G
2408

34 45
2023

3840
1.91

404§
1,90

PINT
LYS.S

3643
261

36.8.
0237

43.1
«280

3463
0275

3Ce &
o250

4%, 0
o248

2247
02604

32.0
s 241

23.6

0277

2440
o244

37.5
0268

3€.3
+260

36e2
331

244
oc74

3t 5
0276

1.7
0248

K/F
LYS/K

123¢
077

1498
058

189¢
«CEY

1341
2070

153¢
0 J4S

20232
+G5E

755
«97¢

114t
o0EE

1305
+ 351

8¢c2
e JE6

14314
070

1714
«0E5

i15C3
o07¢

11¢3
084

1134
075

120¢
o068

GlY.
clIL

54¢5
3.87

5130
4439

4157

454

4669
beCl

3609
be94

4349
Je84

3349
LeCl

398
3.72

3004
3eb7

2802
2,66

5€31
4el3

3333
4464

3832
4.92

3587
3.86

5020
bebd

5313
Le28

KeHT,
OIL/K

2,92
1.43

ALY
1.08

2428
1493

2+55
193

1.9¢
91

2¢21
*85

3400
i.24

2.84
1.04

1.83
-1

2471
" 99

2463
1.47

213
299

2435
i.16

2401
77

2.7C
1,20

2.65
1.146

KOV'
C.EC,

S 2447

455

1,88
€e165

1.70
7.365

1,99
€.535

1.48
4.845

1.72
«900

2,39
1,890

2.15
3260

1,38
7254

208
1.040

1.95

4,555 -

162
hed15

1.77
eS8

1,55
Le834

205
J.194,

2,05
3,370

-89}5

KeDo

1.35

4438

1.34

1,34

1.34

1.28

1.30

‘131

1,33

1.34

1.35

1.3

1.32

1.30

1.32

" 1429



;Phppsuoxx raqu o (OCNTINUEB).
frzc«: F3(Q) DLFL:

.i’

- 48

‘19

24

21

22

]

24

33

T

. 35

36°

37

36

39

- 40

41

42

43

“ bty
45

46

47

PROT.
8y
13.70

88
14,00

8¢
13.25

95
16,50

‘16€
12,79

io2
12.25

88

14415

86
164,15

8¢
12.30

-1
13.49

100
11,85

86
14455

86

14,95

91

13.15“

2680
3.76

'65

"15.20

.n -A“a;f
13.70

39

HT.
P/K

295
2.89

305

3,30

295
3413

295

3408

310
294

315
2.76

2e5
3.48
310

3479

270
2469

267
2.88

325
2.92

260
3.22

300

3.27

270 -
3.32

365 ¢

hel d

PIPL
’LYS.

47 .0
2.02

- hi.0
1.¢5°

27 45

1,5¢
- 37.0

1.92

2545
2,19

29.0
2.09

32.0
i1.94

39.5
1.87

31.5
2.90

3649
1.66

30.5.

2431

3940
1.8

3545
;.7“

4345
1.55

v‘3b5
2403

26,5
?122

PIWT
LYSWS LYS(K

2€.8

W77

2¢,5
273

4CeS

0262

27.5
«286

23,3
0277

3z.8.

0256

34,7
o274

3€.6
e 264

2%.6

0295

- 2€.5

0257

38,2
o274

2%.7
0288

32.3
«260
2604
255

22,2
¢339

28.5
* 335

K/P

12€8
«UES

1218
CUEL

174¢
oD €2

1334
e0C9

1043
+0EY

1447
057

1415
0E7

13¢0
0071

1382
0S4

12C4
WBE7

156
o 0E7

1347
«UEL

148¢
LE?

1133
o GES

86
«J7¢

932:

«063

G.Ye
‘QIL

6569

565

ey

4,82

4842

he34

4310
516

2835
3466

3826
3.48

4693
4,32

6150
4466

4129
4406

4¢97
375

5044
3o 43

5605
4e62
4€31
5,06

4762
3e84

3796
5.31

37456
4212

KeHTe  KoVe
ch/x Ce. ec.
2.11 1.60
1,07 4.570
2,35 1,75
1,14 5,670
2435 1.76
1.02 2.990
2.07 1,52
1607 44550
2.30  1.70

¢85 2.495
2,25 4475
79 3.790
2.46 1,85
1.6 44000
269 2,00
1,09 04,4543
2.19 1.60

«89 3.475
2.2C0  1.65°
082 3I.205
2.48 1.9
e85 3.600
2,214 1,65
1,02 ‘3.550
2412 1460
1.11 4449
2.53 1.88

97 o670
2.48 1.85
1,32 3.060
3.05 244
1426 54225

s

KeDs

1.32 .

1.36
1.38
1,36
1435
1.28
1.33
1.36
1,37
1,33
1430
1.34
1.37
1.35
1.34

1.27



APPENQIX TABLE 4 (CONTINUECL).

F2¢4) F3(4) DLFL

" 25

26

7

‘a8

‘29

30

T

‘32"

49
50
51
52
53
5t
55
56
57
58
59

60

61
" 62

63.

64

PROT,.

92
14405

87

164445

91
13.35

- 89
13,90

83
12,05

83
11.85

84
14.05

85
11.50

ge-
16,30

96
15.45

93
12,25

88
13,95

93
14415

88
12, €5

92
13,25

LT
12,35

L4

HT,
P/K

315
3.13

290
307

2¢5
3405

290
3.16

250
hel2

288
3.25

276
hell

232
3.69

320
UTLY: ]

322
3.3

335
It 3

305
4,25

335
3.16

275
456

3Jo2
360

295
2.89

P/FL
LYS.

2640
1. 81

26.C
1.93

26.L
1.9

35.¢
1.¢9

4740
2.28

33.0
2e 2

49 .0
1.801

35.L
1.84

31.0
1.74

21 .5

1.79°
3545

2.18

32.0
1.8¢€

35.0
1.97

2240
2027

378
204

39.0
225

F/NT
LYS.S

2.5
+255

J€. 3"
0270

2€. 3
0264

¢é. 9
«276

1.2
0274

3.1
264

4C.1
«255

23.1
0212

b
2284

3863
0276

337
267

2S.6
+259

32.7
0278

5S.0
0287

1866
0261

24.3
277

K/F
LYS/K

23€S
87

17CE
057

11¢4
SUED
1248
+DE3

g9z¢
.0¢3
11¢C€
. 073
13¢3
.076
721
J0E8

1248
«078

1712
061
12¢5
e07E

973
«079

1487
sUE2

1629
o1Gh

73¢
«0ES

g1¢€
ebLEYG

GeYo
CIL

5765
b.96

3€79

4494

2737
bedl

4198
435

6400
3464

4282
3al?7

EuL3.

4.29

3484
34066

4766
Le61

3508
4455

5173
413

4132
3466

43¢0
“.20

SE71
3s049

3615
4,35

3€L3
4e32

K. "TQ

OIL/K CoEC,

2.23
1.1t

2413
1.05

2427
+95

2427
99

3e40
i.24

2473
«95

2497
1.28

3.21
«98

2475
1.27

2422
1.02

2480
1.16

3.05 -

1.11

2.22
95

3.6¢C
1.26

2,61
1043
2.33
1,00

KeVe

1.70
2.48)

1,€5
370

1.67
2.205

1,67

J.345

2.58
325

2405
*335

2.33
485

2,47

2.040

202
2565

1,60

«2E5

2468
1.820

2.30

+135

1.65
$5.725

2¢77
34305

2.00
£.345

1,75
S.780

.

91 -

KeDe

1434

129

1.35
1436 -
1,32
133
1,29
1.30
1436
1,39
1.35
1.33
1,36
1.30
1,30

1,33



appeuorx TABLE a ccowr:uuee).z; N

FZ(Q) F3(b) D.FL

-‘ =J=5-;~

34

- 35

40

‘f"*‘i?f' ‘n: o
R v13.00ﬁ

65
" 66
67

68

70

£

72

73

™

75

76

”

78

.79

PROT. .

94
12‘95
98

11440
' 227

83
12.€60

85

12,90

97
12.70

38
11.95

Y
13.85

94
13,35

99
11.89

a8
14.15

91
1“.20

ac
14.50

.89
15,10

100

12.25

95

11“.30

9n

(HT.

P -

240

378

227
2466

3.9

282
el 0

245
2.88

290

2466

220
3.52

265
3.3

280
2.68

265
3.03

305
3.3¢

295
3.2

297

3.41

285

2.13

290
3.80
300
34

’

"P/FLl
29.5
‘2e12

39.9
2,52

43.0
1,¢8

2465

1.99

20..%
2.5¢€

2946
245¢C

. 25.t

1.9¢
26 €

2011

18,5
2461

25.¢
207

45,5
2+0¢

39.5
1.91

3946
1.7¢9

27.0
2439

29.¢C

1,98

2640

2e 24

;F/wr
LYS.St

:36¢1

275

15.0
(285
28,5
259
4852
0257

27,5
e 324

31,0
<299

2.4
0267

3Cets
0280

és.?
«286

3248
293

3he 2
0297

3145
0275

18.2
«270

‘2207

¢294
31;6

.23
'Gé.b

+290

K/F:
LYSIK

:1253
o080

-804
o GET

112€

~e GEZ

1334
e088

1202
73

14z€
L0 EE

1273
2 0€E8

1462
« Q€S

11€9
o0E€C

1343

'0071

1433
071

13¢¢
vJES5

818

W UEL

1300
$ 050

1377

075"

1988
,.070‘

(P

4625

303&
"3385

3e71

5216
3.67

4853
3435

2826

359

3884
3.27

3559
3.89

2054
3.87

2837
2.88

3555
be21

6731
479

S674
Le5h
3028
4469

2€21
3448

3940
4e1d

5356
bel5

‘K HT.
OIL/K'

2,69

+96

2432

.87

2.52
+93

3ebd
1.14

2.25
82

2.22
73

2.55
°99

2445
+96

2.45
72

2.42

.02

2439
1.15

2,35
1,07
2425
1.06

1,73

63

2¢65
1,09

2.42
1.006

K Vo

CJEC.

éqZS
1,420

1,80

44655

1.82
3.455

2065

4o6b5

1.70
44495

1.67
6655

1.95

0745

1.90
2.140

1.82
5,935

1478
435

1.849
6+735

1.52

3,835

1.7¢
4e.170

1.35
3.860

1.98
0325

4,82
4e360°

92

KeDe

1.30
1.29
1.38
1.?9
1.32
1.32

1.31

‘Le29

1.34

1,38

1.33
4460
1.33
1-28.

1.34

"T1432



93

APPENDIX TABLE. 4 (CONTINUED).

F2C4) F3¢4) DJFL HTe P/FL P/MT K/P  Go¥e KoHTe KeVe Koo
PROTs P/K  LYS. LYS,S LYS/K GIL CIL/K C.EGC.

L} § 81 87 290  23.0 50.€ 1768 50505 2.88 2420 1.38
13635 3427 2403 4231 JJEE 3434 096 0690

82 90 295 37.5 36,6 1442 3964 2,77 2405 1435
13.10 3464 2420 4286 o07S 3Je94 1410 14745

42 83 ‘92 280 40.E 3J€.8 1542 €417 2.38 1.82 1,31
12.40 289 2408 250 +0EC 3.88 092 345

84 | 83 272 354C 3306 1525 4CE43 2,22 1,60 1.39
1210 2,69 2,2€ 274 <JE1 375 o84 2,755

643 85 89 267 33+ 3ICed LGLUE 4764 2434 1,75 1.34
: 13:55 3419 2435 4290 < IEE 4e67 1409 4edUS

86 88 24 39, 3J1.1 1239 uLBSG 2.38 1.8 1,34
14460 2478 2433 4268 +0€4 3,93 «95 2.880

T4 87 . 88 295 2545 43,0 4852 UE33 2432 1.70 1.36
13495 3:24 2410 4293 JCE8 4475 1440 3.220

88 88 285 35¢E 350 14E€ 5786 2.42 1.60 1.58
14460 Je55 1491 278 o807 4e6) 1412 2,475

T 4S -89 95 242 27.5 28,2 1933 3533 2.6¢ 2:05 1,31
13,30 3.57 2.20 +233 ,078 3.38 «9¢C «705

90 95 255 41.0 31,1 1223 5453 2.546 1.92 1.32
11,15 2484 243S 4265 U688 3416 480 60200

IS 0628 8¢ 179 358 30Ce4 Bﬁi 4711 3,83 2.92 1.3
14,44 4,38 2,06 6235 43S0 2.54 98 435

IS 1210 86 286 35.0 32,4 1621 4859 2.3C 150 134
14084 2096 148S 4283 o056 5.34 1,07 44827

NK 330 85 200 4I.€ 40s9 1774 7096 2.33 1,75 1.32
10okl 2443 2405 o212 <049 3I.34 78 2.8€4



:"‘

10

4.11

12 Upper values are for F,(&) and

-

13,

38
‘18

16

¥ Significant at .05 level
5ee page 98 for identification of column headings

APPENDLY TEILE S —

PHENOTYPTC CORRELATIONS BETHEEM ALL POSSIBLE
OF 47 CHARACTERS AMONG F2(&) AND Fi/2(%)

IN POPULATION %.4
HT, P/PL PIuY K/P Ge¥o
2 3 I s 6
o590"% =, 374% =,159 . 170 =.331°
o375% =.013 =.335% 065 -.351°

=e4DT7%% L 336%  JSLESS 090
~e138  =.005 261 =159

| eebW7% o536 ,341®
 =i282 =198 LeuSee

«862°%% ,6L1°°
o772%% L229

ohhloe
e515%¢

Lower valu:s are for F3/2(4).

KeHT,
7

67328
~e385%¢

=s537%8
=ab95se

2069
-+060.
«016
«135

~eh750e
-e132

195
216

PAIRS
KeVe
8

~e663%8
-e369°

=e584%%

=.508%¢

o 2hts
=103

~.307
*123

=oshgive
-ohB7®S

«156
383

«990%%
«886%"

** Significant at

KsO.  PROT.

P/X

-9 19 11
o253 -.199 LI T idd
«010 =olll =e353%8
2236  =o322% =,536°*
0216 =17 =oh510%

«009 ‘183 «252

«165 sl 34 =369

o160 =277  =.087

-.123 -e214 ~-.026
«056 =426%% < ,527%¢
«009 =.258 =e560%¢

275 -e227 «3€4

o332 -025? =eJ54
*163 o463 ,GLpce
o213 «137 «926%*
«025  o456%%  ,955ee
=e382%% 202 «916%°®

=96 eJ83

- 087 =e220
692808
o543

.01 level

LYSe
12

bSLYS
188

»362%%
«225

«e163
«+085

«0C9
«019

181
-238

-.018
+066

cohiygee
.0253

—ehh7oe
~.221

-+092
=+086

74790
-.693%*

=e612%*
b5

LYs.s
13

«305*
o176

<205
«305%

«366
«336

—etg8es
-89

-e376%
« 037

=e335¢
-e228

«35¢
-o 085

«387
o007

=253
’9225

a491%s
«320°

<21t
b8

*203
o574

LYSIR
s

55300
-'325.

o
~e391°°

o248
=358

=e192
«93L

=e558%%
=e517°%

« 081
=0Jib

«96¢1 %%
« 9675

«963%+
3 L1 R4

«369
o284

5510
0297°*

0955+
0922%¢

“e365*

=4097

«324°
=006

and any other abbreviations.

‘oIL

s

o113+
ETY &%
136
L
=.326
28
0281
«229

o267
3820

2315
.3“6‘

TN 4
-e272 .

«312
~e318*
262
345"
o201
o147
113
-.223

-e2.8
-+021

«282
«092

«056
=a227

“oIL/X
s

‘=e589%8

~JbB80e

<e13u

~.Suges

‘168
¢396

«157.
6251_
=262
=e221
«253
-«326

«B41">
TH2%

813%e
«69Toe

268 -
.26

0582"

«221

W83uve

731

~abB65°
2223
286
’qdi“

. «813%¢
o727%s

‘-5jlif
«433%

. CeECs
R 148
};a#s'i'
‘fklﬁa .
.169-.
T a3ThT
‘-..56

:-o§3§:

*139°
Cewu® .
~ o266

.287

of(‘,.
. 86

=256 .
- 371" .

-OZLSM
~e368% -

-e20%
“,ig?;

'fdlis
'.115:

f:é¢3’
=278 -

"e106.
el82"

;-,2‘

e22%

fQéSk"

4275
«375%,
.s:Lt’

,-.951

‘.1;5



10

11

16
15

16

RPPENDTX TARLE &
PHEHITYPIC 5O
OF 317 CHARACT

IN POPULATION 2.4
HT. PIPL P/uTY
2 3 &
.617.. ~o545es «209
289% «.392%¢ 177
=«386%* ,208
o0kl ~=,066

K7pP
5

«167
«226

223
=eC18

-.527'. -.ktz.‘
cwg5250s oL

Upper values are for Fp(4) and

«898%s
.a,g-.

Ge¥e
6

=s179
=+095

«+060
~.027

0122
276

«755%8

6394

o 7348
o542%e

Lowexr values are for F3/2(4).

-* Significant at .05 level

FSee page 98 for identification of co

RPELATIONS BETHEEN ALL POSSIBLE
ERS AMONG F2(4) AND F3/2(4)

KeHT,
b 4

-e113
+129

=+035
«083

-.058

~+191
=077

=eS574H%e
*e513%¢

=9233
=4066

PAIRS
KeVe
8

«055
~eJ3L

=382
o040

=+366
~eJ66

=-.102
YL 1)

=e565%¢
~e538%"

~e293
~e130

«986%¢
09829

KeDe )
9

- 3720
'0130

=s066
«213

G847
«357¢

+049

- «100

«139
*154

o172
«377

=e215
=+065

e 374

o277

PROT.
10

=234
=272

-.139
=129

=+(30
.30 1

-.‘72
6325

=132
=s689%s

-e236
~eli26%9

«089
*256

82
273

13
*.179

** Significant at .01

P/X
11
~e124
-e202

~el63
=028

=-s186
+19¢

~e232
“ebIyee

=e52108
-2 T45ee

o301
-e291°

«351%%
«808°e

o836%e
805

~e165,
-e157

594
o773%e

level

LYS.
12

e313%
o526%¢

»031
177

<066
=233

=056
«3C8*

=012
«399%s

«000
«16%

-e036
-2L3

~.016
-e172

117
=s109

=2 6917
=754

=s386°°
=o5880%

LYS.S
13

«221
«312°

-.952
«314

033
149

=e169

~.522%

=e166
o b74%>

=258
o378

«116
«J83

o164
e 16U

o216
-e 338"

«266
o469

*238
338

o918
«196

LYS/K

16
0145-
«021

-ed73
171

-e117
«371

~e212
~e291

=e533%s
~eb(2%¢

~e355°
-e208

«822%s
8119

«8J9°
«821°

-.177
=216

0221
+366°

o777
o757 %0

136
=s0364%

«51g0"
11Yad4d

lumn headings and any other abbreviations.

oIL
15

032
LY 81

-e132
«091

=368
2.9

0015'
o0by

225

o122

«0.3
21y

0.3
~e178

=e054
138

«325%
o114

177
LJ8

~elBb
112

o027
«057

«282
2u2é

«199
=185

oIL/X
15

0J26
=o%0 )%

o163
*s562%

~e239
157

=elb9
o3k9

%0555..

=e342¢

~e245
-e093

«3J90e
o666%¢

o764
«654%s

«135
«J63

«185
o249

a753%e
o323
=136

257
-el12

«772%s
«536%°

ST
593

c'ec.
17

-e231
e.87

-s291
-ed76

0218
=elib

=s209
e JH7e

o 87
¢ 66

o 66
«357¢

=eC39
+456

-s{15
.59

-e136
«t (9

“eiTb
-e328%

e 69
=e156

«. 85
e272

~eulb
o773

~+13C
e2.18

=285
143

L2794 1Y
136

S6
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APPENDIX TERLE 7

PHEMOTYPIC CORPELATIONS BET“EEN ALL: PCSSIBLE
OF 17 CHARACTERS QNONG Faey lND F3IZ(B!

IN POPULATION 3.+

"7, PIPL  PruT x/pv‘
2 3 & 5.
L eT8g%e 9;699-' “e156 ¢ 4179
: '0732’. f.l?UA '01‘3 oﬂz;
T dusuzee .09 L3eke
CTed052 . =a181  =.142
mei8l  =u325w

.0355’ -.ZQSY

T a8bT®S

o e889%9

”wnalxuus are

.

*'Significént at. .05 level

Gi'o
ry
-y 632""

-e154

=e759%s
-e220

e573ee

~337¢

o564
«729%%

oh38s
« 56750

for'lﬁz(4) au:d
Lower values are for F3/5(4)-

x.ur.
e

=731

“eb684"®

74008

=s652%8

065085
=142

~e(56
02806

=s536%3
’o;JZ

e266
o112

PAIRS‘
KeVe
‘8

SN T
~e656%

-0192 .

=6l

o h26°%
-elll

-.396
0202

o553
=.138

«199
0971

0983%s
«984°°

A

KeDe:
g .

S,6u19%e
+109

o181

o087

;ﬁhs-
o081
"166
0102

=633
158

eh25%%

0119

0275
0.062

" 0116
‘o187

PROT.

~10
.26%
-.tai

-.suseu'
. ¢S50

f.t?S'
',033‘

fn‘ési"
“316*

=.646%0
=s367°

~e623%8

‘=e38(0%

«139
«130

o117
o215

=067 ™
-+098

11

=+521°°

=e633%%

—‘556',

-p51288

o373%
~.128.
-e313*
4399

72708
"e23€

-+033
~e072

«9ug*e
.9egee

«397%e
09385

218
«993

e5070e
o577

e Significant at.0l1 level
+See page 98 for identiflcatlon of column headings and any other

PR

Lrss
12‘

<h76%8
b38es

“75es.
0292

-.288%
071
083 .

-e163

o331

'0055

=073
061

=s526%*
=e&3I7°"

=elk79°"
~eH29°"

—ekg3ee
~¢139

- 353°
*~e255

=e593%0
~ehl81es

+365

. LYS.S
a3

o284

-.Skﬁ"
~e278%

-4325%

°os°1'.

43128
o346

. =e6535%8

~a3390e
<o333
-a187 -

-e285°:
=e162

~oLOB®s
-.185

«6118%¢
«609%e

027
«005

«515%
«576%¢

ebgee

- =e2?

-e34,%
3835 L9573

-eibl

LYs/x o

16

3.623!“

~e436%% o,

2,237 e,
1:?5555?,;

PE T8 K.Y

o071

-.27@‘

eu?i -

,hi7326..“;1.:

o‘GB'f"x”
eB4aes

«868%%  Ji5g .
o8452%. 39,

088

-1&5U

abu2se

2505

93708
92508

=.278
-.125

0183 -
*357°

abbreviations.

=455 o8
9.3:2.'

6240

. .7;5.‘

811%.

«86,% -

 ¢32?3

Ce3ub8

pie e
 ‘;°-22£i;
’ et 9T.
ari7ee

-.752f‘

Te2277°.

~e265 "

5.23’ i

S e238

=357 ¢
-e115

.399“

| e291-

»}zss‘”
'oztl

vo3G.
0360

ek

ifP!;3, :



APPENDIX THBLE 8
PHENOTYPIC CORRPELATIONS BETHEEN ALL POSSIBLE PAIRS

OF 17 CHMAPACTER

IN POPULATION &,

HT.
2

-4 J339¢
e 1e359e

16'

PIPL
3

=e230
973

~eld87.

«872

L4

P7uT
L S

YL 844 =159

-e238 o013
=,0418 2135
*126 «376%
=e3G0* =ebip®s
=e.565% =sbA2%e
. o757
: «793%»

Significant at .05 level

ee page 98 for identification of co

G.'I
]

=554
=252

=375
o067

L1 3844
e328%*

«633%¢
*539%s

0356*
+362*

S.AMONG F2(4) AND F3/2(4)

KeHTe
7

-.kbsl.
=385

=2252
o314

152
-.282

¢354
«5190e

=o322%
=G84

" ohiges

‘e2089%

Upper values are for Fy(4) and
i Lower values are for F3/2(4)

KeVe
8

‘okii"
-.359.

-e291
-2303"

o143
=e339*

«308"
«5370

=.358*

Rt L1

«357%
02806°

«388%e
2981

.

Kln.
9

-0155
“e(G31

«250
<0629

«106
«187

«C89
=048

271
=e154

«371%
-e078

-,082
~el75

-e230
=o352%

-

PROT,
‘49

-.231
*ob34Hee

+375¢
o112

=.106
122

a2
=.355

«353%
~e(49

(53
=s040

-a269
=al59

~e296*
-.(98

«358¢
«21%

P/
11

=e565%%
~e557%%

“.061
-0257

109
=e170

+399%s
«366°

=178
=ed4E

oh29%e
«236

«873%%

«835%

«8370>
«798%e

«099 -
=e936

0245
ah9gee

** Significant at .0l level
lumn headings and any other abbreviations.

LYS.

12
31844
f527"

-,087
«102 -

=151
=005

~e356¢
~e038

-.293
«058

~e366°
~e115

=138
=180

~+089
-+128

=367
-0235

=e61( %"
=e7310»

~t3ges.

=e53( e

LYS.S
13

223
157

«3130
«132

-,260
o123

-,268
=208

938
=+068

~e300*
-.197

=el15%e¢
=293

~abl2ee
=272

«051
=+CT6S

325

=216
-e349

o k750
«356%*

LYS/K
16

=e375%
=e304°

~e117
~e2hb

+335
~e211

279
oh2g%°

“eJ21°
-e11t

.3ac‘
«212

«887¢s
«863%¢

o874sse
«862%s

=edS6
=201

-:369
o111

«853%s
«8320e

«d85
32

«05C
193

oIL
15

=e326*
*e351¢

«320°
u?8

«081
«297°

135
o232

25453
=129

165
«052

~e392%
=e331°

~ol36e
-e362°

«368°
19,

«796%%
o787

=e0s2
122

=516
=eh79%%

«299*
«376%

=e267
~elb}

oIL/x
15

" ee681e

=e516°*
«079

~e232°

227
«319
g
o317°

426 .
2376

o513
«351°¢

o615
«52)0s

o564%s -
o578%¢

o251
-edl1

oh56%e
«584L%e

1.1 Y Add
+853%e

=e553ve
-o5C1%®

-ctll
-t"

63300
»692%¢

WY TLLS
oS41°®

CoECs
47
#%92

k.zzs
0239

T e3u8%

*206 -
TS

-e261
-'IQS‘

~e.88
~e139

-.152
ot56
=.319%
"375'

.332‘
‘033'

«139
e 1h{

«278
~e263

238
--LOS"
.oZii
'3§9.
akhSkes
«%15
-e11b
361
o3:S
«156
99051
~e318%



F2(4)
F3/2(4)

.

‘HT.. .
B
BT
|78
*."Ki‘ﬁli,),- ~
P/

1s.s

oL .

2

”Fz eubpopulations in the 4th generation

;Percent protein

I?Mg of oil per kernel

- Catechin eqpivalent value

v -

2*F3 subpopulations within F2 subpopulations in the 4th g
' generation , ,

Days to flower
B S A

Panicles per plot -

Panicle weight in grams

Kernels "p,e;'.?; panicle
'Kernel;ﬁeiéht‘(inﬁgramsllooﬁkernels)
:KErnel density | | |

‘Mg of protein per kernel

-Percent lysine of sample

Percent oil :

' Grain yield (kg/ha)

Kernel volumek‘in c.cﬁ/lOOlernels)

iPercent lysinedof protein

:"fufifmg of lysine per kernel f ﬂ;jk

98
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