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ABST-aCT, 

(honolln,.o,Otto. Ph.D. , Purdue University, May 1973. Relationship of
 
Factors Influencing Pro tein Yield :and ,Quality: in Sorghum 'bicolor (Linn.
 
Moench. Major Professor: J, D. Axtel. .
 

A total of 19 lines from the world collection of sorghum were used
 

as male parents in crosses with four cytoplasmic male sterile lines to 

produce ,atotal of. 76 hybrids. The males were selected for phenotypic
 

diversity of leaf angle, leaf area, plant height, and maturity. The
 

male sterile lines used were Redlan, Martin, Combine Kafir-60, and KS-24
 

All material involved in this study was grown.at Lafayette, Indiana in
 

.1969.
 

Analyses for combining ability effects were determined for the follow­

ing characters: early vlgor, days to 50%bloom, number of leaves, flag­

-leaf area, third-leaf area, tillering,, stalk' sie, relativecano leaf 

angle, lodging, plant height, percent protein, percent lysine, head, 

-length, yield of grain per head, weight of 100 grains, grain yield, per 

acre, mg protein per seed, and mg lysine-per seed. Highly significant 

mean squares were determined for male effects for all characters. 

Female effects were sighificant or highly significant for days to 50% 

bloom, plant height, head length, mg bf protein per seed, and mg of:.
 

,lysine per seed. Significant male or female effects' were considered 

expressions of-additive gene action,,which could be utilized in varietal
 

improvement. Specific combining ability, indicated by significant mean 

square estimates of male x female interactions, would indicate effects 

http:grown.at
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best exploited* japrodtonscheme. Significant orhghly 
. . .. e:; . . . for -e r y vig. . d . o! 

significant interaction .levels were, determined for early vigor days to 

-50%bloom, leaf number, flag-and third-leaf areas, relatie canopy, 

leaf angle, lodging, plant height, percent lysine, head length, grain 

yield per head, and mg protein per seed. 

In this study"male sterile KS-24 was found to be a generally 

superior female parent for protein quantity and quality. Its hybrids
 

averaged highest in yield, highest in percent lysine and mg lysine per
 

.seed, and second iri percent protein and mg protein per seed. In addition,
 

its hybrids vere early in maturity and averaged 20 cm shorter in plant
 

height than hybrids of the other three male sterile lines.
 

This study indicated a positive and significant correlation of mg 

protein per seed with seed weight, percent protein, and mg lysine per
 

seed, 'and was not, correlated wiLt. grain yield. A selection 

program utilizing mg protein per seed appeared to offer a powerful index
 

to improve'the protein selection program without reducing yield,
 

especially.if it were combined with a screening test for high.levels 

of percent lysine.
 

Seed weight was correlated with plant height, but not with yield
 

per acre. Protein content per seed remained relatively constant over 

yield per acre._ These factors indicated no adverse effects should develop 

relating to yield if a selection program emphasized seed size. 

•Plsn'l: height was correlated with grain per head, 100 grain weightq 

grain yield, percent protein, and protein and lysine per seed. 

Unfortunately tallness was alsocorrelated with percent lodging :and 

negatively correlated with percent lysine. 

http:especially.if
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lanu:CorrelatjonfcoeffJcie#ets. between:parental perormafCe 

forsix quality factors were calculated. In a few-instances.
performance 

However these
these were determjied ,to be signifcantly .correlated. 

if a full testing program was
correlations were deemed useful 	only 

interval established for, these values
impossible since the confidence 

as a reliable indicator,is too wide to allow utilization 



INTR0DUCTOWI 

Present,day plawt breeding is often directed toward the nutritional 

improvement of a crop as much as yield per, Se. -The genetic potential 

of materia 6 obs cure,. awaiting the discovery of significance.often is 

The unknown qualities present in diverse genotypes of any specieq, and 

the inability to predict: future requirements, has encouraged the assembly 

of genetic stocks.. The first significant step in a world-wide concentrated 

sorghum improvement program was the collection of germplasm. Although 

the exact number 7of lines in the world collection is unknown, probably 

over 15,000 are included. This represents an overwhelming number to the 

sorghum breeder attempting to utilize the wealth of germplasm stored 

therein. Information' is needed which could be used by sorghum improve­

ment programs, indicat ing the potential usefulness of the collection 

and its sources or concentrations of genetic material. 

This study was undertaken to provide guidelines for selection of 

parental lines.- Lines to be evaluated as males were selected from world" 

collection entries growing at Lafayette, Indiana in 1967.' Efforts were,.1 

directed toward obtaining different:races of sorghum and a diversity of 

norphological- plant characters with respect. to head length, plant haght­

nd leaf size and angle. , It was felt that -some trait might be located 

rhich race uniquewould indicate which or which plant type right possess 


harate'risti. " au improyement po'.igram.
of valueto 
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The;,objetvSo this 'study, werea 

1.To evaluate-representatives, of the world collection as 

male pacents in F1 combinations for grain yield and other agronomici 

factors. 

2. To evaluate the female (male-sterile) lines.!available( for 

use in general and specific' combining ability effects: upon, their F 

grain yield, and protein and lysinie contents.. 

3. To measure the effect and association of leaf, stem, and 

grain characters upon :the:yields of these sorghum hybrids. 

4. To,.determine the extent that parental performance could be 

used to predict F1 performance for :grain yield and grain quality 

factors. 

5.. To examine the potential of establiuhing an improvement 

program based on the evaluation of absolute protein and lysine per 



' REVIEW OF LTERATURE-

The world collection of sorghum (Sorghum bicolor (Linn.) Moench)' 

has grownto include manythousands of entries, Estimates vary: widely, 

ranging from 4,500,to over12,000 accenssions (4,155, 67, '68). It is 

probable that the sze of the collection ,has grown considerably since the
 

lower counts were reported, although the lower'counts may also have elim­

inated much of the6 duplication of material which inevitably exists. The 

large number of lines in the sorghum collection offer much readily aaoail­

able. germplasm to the sorghum breeder. Maunder (50) has pointed out the 

difficulty of efficiently evaluating this great quantity of material-in 

addition to conducting regular breeding projects.
 

Limited Genetic Base ofthe Domestic Sorghum Crop
 

Mat:tin (49) in-1936,estimated that ithesorghum crop in the United,*" 

States traced to 20 sorgo introductios, 3: kafirs, 2 durras. and.1 each 

of milo, shallu, feterita, and'.hegari. Each of these is a,specific type 

of sorghums. Maunder (50),traced those introductions. to six African',and 

Asian centers of diversity as designated by Vavilov '(82). The present 

cropof sorghum now grown represents many more lines according to Maunder­

but the lines- developed from the original introductions did represent a 

narrow genetic base.- It is this material which has provided most of, the, 

commercially importrnt male-sterile (often termed A-line) lines lused in 

the present production of sorghum hybrids. Kingae_ al. (41) reported, 



I 

abilit ',among A-lnsta amongi,
less genetic diversity, -for combining 


fertility to t'e F1 hybrid),
R-lines (those which restore 
that sorghum ,irieties and hybrids now,-

Rosenow (68).indicates 

in 
grown in the United States represent a sma:Ll fraction of those known 

within the sorghum species
Much of the total genetic:diversity'the world. 


the present timein, breeding and improvement pro­is not being utiizedat 

to. 
grams in4this country. Many of the:alien';sorghums are too tall, fail 


to conditions in the United States.
 
zatures.or arothe2wise unadapted 


which
alien: lines possess many genes
It' is generally assued that these 

insect and disease resistance,
could contrb'te substantially to yield, to 

:.or to other qualityaispects of American hybrids. 

Diversity :in Crop Impovement.
" Importance of Genetic 

of diverse.germplasm in the*­
reseairch has indicated the' value 

of crop. to suit man's requirements. Vavilov (82) found 
" OMuch 

improvement 
that the great achievements'.

that the"history of, breeding cearly shows 


of material introduced from ,distant

Sof the past resulted from' 'the use 

to exotic lines was especially evident in Canada,
regions. Improvement , 

Sweden greatly

-Australia,Argentina, South,Africa, and the United 

States. 


improved, the local wheat- varieties by. crossing them with English square­

heads. 

that..the plant breeder is help­
Harl-n 'and Martini (28) pointed out 

of diverse character. 
lessin redesigning plants without. living materials 

For 
,Asingle strain of no commercial value may hi'arequired trait.furnisf

the source of smooth awn in 
-instance, the barley variety Lion. had been 


gr n in orth America to, 1936..,
varietybarley.for.every smooth-awned 

iaque ,to.t6 a sinle variety, a lar :i 
Since a pLrticular trait may be 
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"collection is a necessity. In barlay, for example, an Egyptian variety 

..of no value per se had been.'a valuable parent; Ethiopian material had 

',Jproven to have resistance .to covered smut and ,ummer cold;' Japanese line 

provided smut resistance;, and a variety from Turkestan-had an escape mech­

anism to -cold'killing of flowers.
 

Contemporary wheat breeders-have a vast array of materlal with which"
 

to work. Clark (16) indicated that Vavilov in a personal communication 

stated -that"the Rusians had assembled' a collection of not less than 31,000 

.typos by 1935. A potential use for -this type, of collection was shown by 

McFadden.of South Dakota who crossed Marquis wheat with Yaroslav .emmer to 

obtain the very important spring wheat varieties Hope and H-44. 

By 1936' Stanton: (75) was also pointi.ng out the importance of diver­

sity:of germplasm and the wealth of it,available for improving the oats. 

program in the United States. Never before had there been such a,wealth 

of superior germplasm awaiting the exploitation cf .theplant breeder.. 

Victoria oats, a selection out of South Africa, was not of commercial 

value per sebut did •providethe necessary sources of resistance to many 

races of crown rust and smut (3). 

A,ttraploid oat found in a collection of oats from ,the,,MeditV-rrane an 

region was discovered to haveIlarge caropses, high. protein, outstanding 

resistance to crown rust, and thick cum walls (54). The hexaploid oat, 

Avena sterilis, has been found to possess resistance to the majbr oat 

diseases here in' the U. S.-

Hayes and Johnson (29) Wu .(88), and Johnson and Hayes (38) were 

among the first to .report that diversity of genetic origin was an important 

factor in,obtaining maximum heterosis of Fi corn hybrids. Wu reported thimi 

a better, Fl can be expected, on the' average, if the parental Lbred~i.!ae 

http:pointi.ng
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manner that lines of .diverse'genetic origin are unites.
combined in such a 


Hayes and Johnson reported similar results, finding that 65% of the hybrids
 

resulting from crosses involving unrelated parents .gave yields equal to
 

those of adapted, high-yielding hybrids. -This was higher than the propor­

tionof superior crosses obtained'when the parent lines possessed some
 

::i:*degree :of relationship., They also considered combining ability to be'an, 

c papei (38) they found that cor­inherited characteristic. In their latv r

biniing low-yielding inblreds. (low x low) did not produce a'superior hybrid, 

though diverse germplasm was involved. , Crosses of low x high, andeven 


found to be about equal'.. Grafius 'et.al. (23) reported..
.,high x high were 

that the :work of- Suneson and Riddle, Harlan, et,'al., and Immer, with bar­

,ley showed, that high-yielding .,parents tended, to produce high-yielding 

lybrid.s.
 

Soybean varieties presently adapted to the North Central.region,of
 

(37) to tracethe United'States have been estimated,by Johnson and Bernard 


to six different introductions of Manbhuian origin. They estimate that
 

these lines may have reduced genetic.. intense selection among andwithin 

a low level that further improvement is difficult.
variabillty to 'such 


crosses
Thorne and Fehr .(80) studied high-protein exotic parents in with 

in aneffort 'toupgrade the protein, oil, and protein plus
 

oil contents of soybeans. They: found the high-protein content of the
 

exotic; strains to.transmit readily to their offspring, .and selection of.
 

aaptdlines 


high-yielding, high-protein strains from crosses in which exotic strains 

The exotics were used to establish populationswere involved was possible. 

in both 2-way [adapted line x exotic] and 3-way [(adapted x exotic) x,, 

Population means werecalculated to. .(adapted)] crosses in'this study. 


have been determined largely by additive effects,-but some :epistatic 



ef fects were founid. 'Population means were predictable from parental per­

formance, 

The ,predictive,'performance of the parental lines' is of interest since 

Harlan (27) has pointed out that the value of exotic germplasm may not be. 

generally realized until these varieties are studied as parents,. .inwell
 

established crops,in the United States, most plant introductions will'not
 

perform-as well as well adapted.varieties, according;to Harlan. As parents,
 

'these introductions may have outstanding qualities which-would not be
 

apparent from: their performance as pure varieties. Harlan points out that
 

the plant breeder needs to view the exotic lines as introduction of genes,
 

not as lines. Allard (3)" also indicated. that the role of plant introduct­

ions in the'future will probably be.less in providing varieties directly, 

asiathey once did, but rather in providing a reservoir of germplasm. Since 

some of the world collections contain tens of thousands of accessions, 

the task of exploring each accession for intrinsic parental value becomes 

formidable. 

In sorghum, Niehaus and Pickett (56) found striking heterosis in a 

population of sorghum only if one parent was an introduction. This heter­

osis may have been due to either genetic diversity per se or to vigor
 

associated',with height and maturity genes. The value of introduced or
 

exotic sorghum lines was also shown by Malm (47), who found new lines to 

have outstanding general combining ability with striking heterosis for 

yield; protein, and: other traits. Genetic diversity appeared to'be essen­

tial in obtaining hybrid vigorf. Malm noted that selection for seed-size
 

or head,size was more effective in improving yields than selection for,
 

seedling vigor. 

Jakushevskii (33) found crosses between Srghum. caffrorum and 



up'to a 100% increase in grain yield. 

King.t * al. (41) reported i n sorghum t R-lineswith. grater 

generd, combining ability (GCA) tended,to produce high-yielding " crosses 

regardless of the A-line. / 

Hurty (55): evluated ,genotylpe-environmental interactions of material, 

at three' locations in India . Hd found early vigor:, to be the most .con-

Sistent, while flowering time and height were the most variable. The 

best groups, for early vigor, which he felt also served to index drought 

resistance, were several Caudatum .combinations,Zerazera, Roxburghii, 

Oervosum, and. Nigricans-Guineense. TheDurra, Shallu, Conspicuum,' Cer­

auum, Subglabrascens, and Caudatum types were found to interact with 

Bnvironment for flowering time, whereas the Feterlta, Hegari, Kafir, 

Ferazera, Rada, and Darso groups were stable. Considering all.factors, 

Jaudatum and Bicolor combinations appeared to interact most with environment 

Sorghum Characters Studied
 

A review of the literature pertaining to the characters studies' in
 

:his thesis follows.
 

Vegetative Characters 

Early vigor, according to Nurty (55), indicates the ability of a 

.1ant to establish well and is , associated, with drouth resistance. Grassy 

iorghum types were poor for this characteristic. ,Vigorous types were found 

:oncentrated in'.Nervosum and its combinations, Bicolor-Kafir, Caffrorum, 

:affrorum-Blrdp f, Caffrorn-Durra, Nigricans, .Nigricans-Bicolbr,. 

Igricans-Guineen!e, Zerazera, and Caudatum-Nigricans. Early vigor was not 

eces sarily"associated with maturity In the normal commercia sorghums, 
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'outstanding vigor was found in Shallu, Hegari, Feterita, Sorgo, and So
 

almum.
 

Little information pertaining to agronomic crops .isavailable to
 

support Murty's contention that early vigor is assogiated with drouth re­

sistance. Delouche (8)indicates that .there are many reports of the ,in­

fluence 7of seed size on growth and development of plants in the horticul­

tural field., I.n general, larger seeds in vegetable' crops are higher in 

germination, vigor, and,potential yield.- Large seeds screened from a lot
 

of Bragg-variety oflsoybeans were found to prbduce distinctly superior
 

plants with higher seed yield than did small seeds taken from the same lot.
 

In Colc rado it was found that initial moisture content of the planted 

Seed influenced the rapidity of germination and subsequent vigor of the 

emerging sorghum seedling (58, 89). Under the. relatively hostile climate 

of eastern Colorado' dryland culture', plants- established by the more vig­
orous high-moisture seedlings yielded more grain than those plants- from 

the lower moisture seeds.. The"advantages of early and vigorous germin­

.ation were not'as apparent under the irrigation practiced at a second 

test site. It would appear from these results that plants established 

from more vigorous seedlings tolerated drouth better. 

*Large-eseeded populations of smooth bromegrass (Bromus inermis) were
 

found to produce superior'seedlings (81). The large-seeded selections 

imparted superior emergence capabil~ty to their seedlings, and greater 

weight perseedling and per unit area. This early vigor was apparently 

operative only during the seedling stage since mature plant-characteris­

tics did not reflect the superior seedling attributes.*. No observations,' 

of drouch response are noted. 

Malta (471) found that large-seeded exotic iines tended tproduce 
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*high-yieldinghybrids, while according to Quinby (60),.sorghum"hybrids
 

'appear to have a superior rate: of growth which begins in the .'embryi and
 

-_i
climaxs in a larger panicle on the hybrid. Neither author _ts -his
 

results to drouth resistance. 

If large seed is;,desired in: sorghum to akchieve seedling vigor, as, 

indicated by the preceding -material, size can be'obtained. Voigt, .et.al. 

oi(83) involved in a selecticfouiithree or four genetic, factors cross of a 

called Big Seed x Norghum. Additive effers predominated for.size, and 

heritability was estimated at 60%., However Mal, (47) found that .parents 

selected for seeding vigor exhibited the lowest degree, of general com­

bining ability for grain yield, and Quinby'and Schertz, (67) and Blum'(8) 

point out 'the"negative correlation between seed size. and seed number in 

sorghum. 

Days to 50-percent flowering was determinedto contribute substan'" 

tially to genet.ic diversity in India by Murty (55). The wide range of 

yariability which exists within groups may indicate the need of frther 

categorizing the lines into. maturity sub-groups, although it would be 

;difficult due to photoperiod effects. Gineense,'Margaritiferm, Nervosum 

and its combinations, Bicolor-Kafir, Dochna and its. combinations, and Caff. 

rorum and its combinations were found-to flower in 60 to:70 days. The Rox­

burghii, Conspicuum, embranaceum,* Bicolor, Nigricans, Dobbs, some Caudatw 

combinations, Zerazera, .and Durra and its combinations 'flowered in 70 to 

80 days. Subglabrascens, Durra-Nigricans, and Nandyal, as well as some 

.Caudatums, Roxburghii, Guineense, Subglabrascens and Nigricans were very 

late (ovir 80 days). Group variances for days to 50-percent flowering 

were highly heterogeneous. 

Duration of growth and ulti.ate plant size.in sorghum, with its:
 

http:genet.ic


terminal inflorescence, are dependent upon the time at which floral initi­

ation occurs. Delaying floral initiation results in'a plant with a thicker
 

stem, a -larger number of nodes-and leaves, and obviously delays flowering
 

and maturity according to Quinby (61).
 

,
Quinby and Schertz (67) reportthat plant sizeis a reflection of 

duration of growth within-the milo'group. The effect of,maturity genes
 

on plant size can be"seen in milo varieties having the same genetic back­

ground and the same height"genotype. Since duration of growth depends on
 

time of floral initiation, which is in turn controlled by a few genes with 

major effects, plant size. is'likewise determined. If floral initiation 

occurs quickly, the sorghum plant will have few leaves and be relatively 

small. Delaying floral initiation will result in a larger plant with more
 

leaves. Sinnott,(72). stated that the'size.of any organ depends on the
 

size,of the growing point. Abbe et.al. (1) showed that the relative size
 

ofa leaf of Zea mays is 'determined at the time the leaf primordium is 

laid down. Assuming that Sorghum has the same type of growth, the"rel­

ative increase.in:the size of sorghum leaves toward the top of the platt 

must result frbm the greater circumference of the growing point as it 

matures. If a growing point increases in size.with time, a head differ­

entiating from an older growing point should be larger than from a 'grow­

ing'point differentiating earlier. The predominant-factor in both time 

of maturity and plant size is the duration of growth of the' meristem 

prior to floral initiation, (67). 

re-The relationship between duration of growth'and plant size was' 

cognized when the first three maturity'-genes were determined-in milo. 

6he table below shows the effect of,the regression of yiel4,:on days to. 

(lower.. The'va rieties used were itwo dwarfs of similar background.' 
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Table 1. The influence of days to floral initiation on leaf number and. 

plant,,size of tlree milo maturity genotypes from a June 20, 1944 
planting at Chillicothe, Texas.
 

Genotype 
Early. Intermediate Ultralate 

Criteria mala 2 ma3Ma4 Malma2ma3Ma4 MalMa2ma3Ma4 

Number of days to anthesis 49 69 . 102. 
Number of leaves 16 22.. 32 
Height of plant, cm 86. 88 152 
Length of longest leaf, cm 51 65 78
 

2.5
Diameter of stalk, cm 1.4 2.3 

Weight of heads, gm 109.'. 163 122
 
Weight of plant,, gm 195. 281 . 440., 

........................... 

Source: Quinby and Karper (64). 

The table illustrates that duration of growth is positively assdci­

ated with plant size, best illustrated by total weight of the plant. Dif­

ference in size'.'is apparently the: result of duration of growth alone and 

not to a difference in rate of growth.,. A high positive correlation exists 

between total weight of plant and grain'yield,if growing conditions remain 

favorable. This association of low yields with"short duration of growth­

:exists-inithe tropics as well As in teciperate zones. The'wise choice is 

to arow the latest .variety that will mature without encountering unfavor­

able weather conditions or insect or disease damage (67). 

Sorghums are. short-day plants since maturity is hastened,by'shorter 

days (61). For example, all, strains: of 'milo are sensitive to short photo­

perio4 and cannot be distinguished by maturity from each other ::under 10­

hour days. Quinby and Schertz (67) state that differences in maturity are 

due to differential response by varieties to,factorsof photoperiod-and
 

tc-perature. These responses to photoperiod are contro"lled by fbur,gene 

loci with an allelic series,at eachlocus.. 

The maturity, genotypes of 1some .varieties--are known (61). In these.f 



-Varieties, combinations of dominants and recessives at the .four gente loci 

result in maturities ranging from 40 to 90 days under,growing conditions 

in'Texas. 

Most tropical varieties need the long nigihts of the tropics to in­

duce flowering. For.this,r,ts~on many varieties in the world collection 

cannot be'used in the temperate zones in their present maturity forms., 

Most tropical varieties studied, have proven to be dominant at the first 

maturity locus-, whereas most sorghums adapted to -the temperate zones are 

To be useful in the sorghum breeding pro­recessive at, the first locus. 


grams of the temperate zones, these tropical types must be converted to
 

maturity types of the adapted varieties (67).
 

Plant*height variability was substantial and indicated considerable
 

genotype-environmeht interaction due to-its association with flowering
 

time in the .Indian collection studied by Murty (55). Among the throe
 

height classes of tall, medium, and short, the sb--'ts constituted 31.5Z
 

of the collection. Subseries Caffra, Nervosa, and Durra had the highest
 

large.
concentration of short lines, but within-group variation was 

Dwarfing'genes were found to be.mostly concentrated in Roxburghii-Shallu, 

Dochna-Kafir, Caffrorinu, Caffrorum-Darson, Caffrorum-Birdprodf, Caffrorum-

Roxburghii, Caffrorum-eterita, Caffrorum-Durra, Dobbs, Caudatum, Caudatum-

Kaura, Caudatum-Kafir, Zerazera, Durra-Kafir, Dilrra-Nigricans, and Subgla­

brascens-Milo. Very tall typeswere found in Roxburghii, Conspicuum,
 

and Durra. Medium height selections were found concentrated in Dochna4i
 

Nigricans, ',and'Caudatum.
 

The':effect of height on yield of sorghum,,particularly grain yield, 

has intrigued many investigators. Graham and Lessman (24) evaluated 

height effects in Indiana by.using",reciprocal crosses between 3-dwarf and 



2-dar le fgan sorghum dfer ngonl at, the ,Dw2' locus (isogenic),. 

Light availability data indicated that the taller,2-dwarf,parent and 

F1 'is were'mr eficient. in'. utilization- of: available'light', due to the 

spatial arrangement of leaves on the taller plants. 

According to Loomis and Williams (44), the short-interhode type -f 

grain sorghum plane,, which freq.ently has its relative ly wideleaves very 

close together in relation to leaf rdth, is at a disadvantage. Better 

leaf can'opy structure would result if leaf widths were reduced or if the. 

were more whorled to.reduce the contiguous distributionleaf arrangement 

resulting from the opposite and alternate arrangement.. !More efficient 

light utilization is achieved by illuminating many leaves at a modest 

level of light'.than by exposing a few' leaves to. full sun. In addition, 

the'sheaths', petioles, and inflorescence parts"may Contain appreciable 

chlorophyll, and thus .be productive structures. 

King et..al. (41). point out that some of the'best ,potential parents 

are not useful because their hybrids are too tall for present standards 

of grain sorghum. They''also"indicate"the!complexnature of lodging oince 

dry-F1 hybrids seldom'lodge under proper irrigation, but. will lodge on 

This.island or under irrigationifI soil moisture becomes exhasted. 

especially true if both plant population and yield. are high..-

ThMe' first major 'improvernt in grain sorghuma varieties'Lin the U. S.' 
was the development of exra-dwarf, stiff-stalked combine types accordi. 

to Webster (84)0 Beaver-was the first of these types, and'it was -re­

lased in 1928.- Wheatland, Day, and Colby varieties .followedshortly 

Height thus became of great concern to the sorghum breeder.thereafter; 


The early literature reported that one of the manifestations of sorghum
 

hybridization ws the vigor as expressed in increased plant height.
 



Iany of the observed ..cases,-credited. to heterosis, were probably. 

the additive effects of compl mentary .alleles for height as elucidated 

by q',i'nby (60)'., 

Jastrebov (34) of. Russia indicates that heterosis in sorghm • . 

,hybrids in the Fl is most frequently shown as an increase in height of the' 

-
'F. This has been reported by many American investigators (6,42,.65, 66,
 

76). Quinby (60) found that one F1 hybrid, Texas 601, which showed less
 

heterosis: for plant height and for certain other factors, was also the 

lowest yielding hybrid. RS 630, which showed 19% increase in, plant. height, 

was the most productive. Kirby and Atkins (42).and Liang (43) found sig­

nificant average heterosis for nature plant height in the 24 Fl populations 

of grain sorghum which they studied.
 

Quinby,(62) reported that male-Sterile cytoplasm contributed an
 
average of three centimeters to total plant height as well as delaying
 

flowering by one-half day. However, tillerings leaf width of the largest
 

(fourth) leaf, and grain .yieldwere not affected by: the male-sterile
 

cytoplasm.
 

Plant height was found to.have the highest estimates of heritabii!-­

ties of the various factors considered by Ali-Khan and Weibel (2). They 

concluded- that individual plant selection in an F2 population would be 

effective for plant height and: days to.flowering, but less effective for 

other characters. 

Schertz (70) used'an interesting and novel approach o evaluate 

Short,.. doubled haploids .:recessive gene for.height.
the effect of a single 

at all four major height loci were compared ith tall, mutant derivatives
 

which were recessive at three loci and.dominant at the fourth. His corn- "
 

-arison thus involved'isogentc lines and compared 4-darf and 3-dwarf lines"."
 



The. lines differed noi.-only in height :but also in leaf-blade length, ' 

leaf-sheath length, panicie width , and grain yield. Schert.z was unable 

to determine ufhether.these other differences were due to the direct effect ­

of the dominant height gene ior to secondary effects of the height of the 

.plants. 

" Campbefl and.Casady (12). also used'isogenic•lines to compare culm 

elongation rates of,sorghum.. They Ui3ued isogenic lines of Japanese dwarf 

broomcorn, whidh differed only at the D 3 'locus. Culm elongation proceeded 

slowly until 36' to 39 days after seedling emergence, but,: then proceeded 

rapidly until near anthesis. The line with. dominant Dw3 had a more rapid 

and extensive internode elqqgation than did the line with recessive, dw3 , 

Hybrids differing at the' Dw2 allele were compared by Maunder and 

Weddige (51). They found the 3-dwarf x 3-dwarf (3x•3)' hybrid to always 

be superior' in.grain yield to the 4x3, the.3x4,. and 4x4 crosses under 

the 40'-inch row, width used. Yields of the shotedr hybrids.ranged from 92= 

.to 95% of the 3x3 crosses. They felt that the'decreased\stalk breakage, 

decreased plant height, and apparent greater resistance to charcoal rot 

were of sufficient importance as to renderfthe 5-8% yield reduction less' 

eignificant.
 

Casady (13) compared popultiions of graini sorghums which could be. 

.Considered isogenic, .,differingnlyin dominance or recessiveness for the'
 

dwarfgin gene dw3' He found the. lines t' differ not only in height but in
 

yield"and 'the two yield components, number of heads per plant and kernel 

weight. The height classes differed within varieties for number.of ker­

nels per head. Significant environmert-by-height interactionsj for yield 

and several of its components indicated that environments had a differen­

tial effect on the'height classes. Hadley et.al. (26) had results from,. 



a similar experiment which essentially duplicate. Cas ady's zesults. "Hadley
 

suggests that we need informatio to show whther th dwarf type, ;
 

might be superior to the tall type In areas of hjgh 'light intensity and ,.­

low humidity but inferior in areas of low 1ight itensifty and high humidity 

The relative value of:.the short genotype, in terms of harvesting ease and 

reduced lodging, needs to-be ;compared to the 17Z ,to'18, reduction in yield 

obtained.-

The difficulty. of fi;mly establishing, yield',parameters for the dif-­

ferent height, classes of' sorghuni was shown by-Stickler and Younis (79)"t 

They used isogenic lines differing only"at, the Dw3 .lcus.. Their tall and 

,.
short types averaged 57,and 37 inches at maturity. Row widths'of 20. and :

40 inches were used. Little evidence exiated f6r a row width-by-plant 

height interaction, but plant height-by-stand density and plant height.-by­

variety interactions were significant in 'each trial. The short, genotypes 

(dw3 ) perfoed better at the' high stand density-of 120: square inches per 

-plant,whereas the taller .(Dw3)' genotype was superior at a lotier stand 

density of 240, or 360 square incheS per plant.- Redlan was the' chief con­

tributor to the plant height-by-variety interaction for yield and,-ompon- %, 

ents of yield, and was te latest var"iety used. 3 

- ffect of plant height cometition. Considerable work pertaining to 

row width. and plant population.14a ben .accomplished in grain sorghum 

(10 .25, 48, 59, 77), but little data regarding evaluation of compLtition 

effects between the different height,genotypes generally found in sorghum 

testing programs. Ross (69),,pointed out that'multiple row plots were used "" 

to eliminate border row effects in the 'past. These border rc,.s also pro­

vided material with Which to study post-harvest lodging, provided an extra 

extra plants. for various testi. A more recent .trend has 
seed source, or 



been:tt limit grain sorghum. yield tests to'material of similar growth 

habit. Often material to'be tested is of :limited seed supply, or land, 

labor-, or facility -limitations6 may impose restrictions. 

Miller .and llier (52). Compared 3X3, 3x, and 4x4 dwarf hybrids of 

identical maturity .under competitive conditions in Texas. The* 3x4 hybrid 

produced 10.4%'more grain when bordered'by'the'.4x4 than when self-bordered, 

close to.,that observed in wheat by Jensen and- Federer' (35). Grain yield 

of the 4x4'hybrid "was; reduced by 4.8% 'when grown between 'the 3x3 hybrid. 

Th's figure again corresponds closely in magnitude to, that obsdved in' 

wheat by.:Jensen and Federer. Miller and Collier also, found that the 4x4 

hybrid ,"when grown between either of the taller hybriids, produced lower • 

- seed. and test weights and a higher proportion of. smaller seed, than when'.­

grown. in olid stands., Row width and plant height data are .not avalable., 

in the' reference.. 

Kern and:Atkins (40). conducted a similar test in Iowa. They cor­

pared Ux3 and Wx dwarf grain, sorghum hybrids under'.conditions of self,­

:.,border and counterpart , border., Row spacings of 76 and 102. cm (30 :and 40 

,in) were-used. The 3x3 hybrid averaged approximately 133' cm (52 in) in. 

height' for thel two years.. .the' Wx.'about'112 cm, (44 in).' They state that 

the height: differences jfor the entire experiment ranged from 17 cm (7 in) 

to 22 cm.(9. in),*with an -average of. 20 cm. .,Their results:.indicate that: 

;.yields, of, the.taller.U33 were enhanced aply 4% when borc4ered by 

"the 4x3,'whereas the' yield of the shorter'line wai depressed about 3% due 

to being bordered by the taller line. The total divergence was thus about ' 

cm7% when grown in mixed yield trials. According to their results, a 1 

difference in height between the center. row and the border row changed .the'
 

center row yield about 0.2%..
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Yields and other agronomic characteristics of four silage sqrghum, 

hybrids were compared byJohnson (36). These four hybrids were selected 

.to cover a ra .nge of heights-. Johnson designated these as short (up to 150 

cm), short intermediate (to' 190 cm), tali intermediate (to 230.cm), and tal3 

(above 230 cm). Each: type was grown in competition with itself and: the' 

other three heights. Silage yields of all types were greatest when bordered 

by; the ,short type and lowest when bordered by the' tall type. It was possi­

.ble to' group the two'.intermediate, types intoa single group from an analysis 

of their effects. Yields of the short type were decreased approximately 

5. when grown, adjacent to either of the intermediate types' and by 30%.
 

when ,-bordered by the tall genotype. Conversely, yields of the tall type'
 

were increased by about 11%next' to' the' intermediates and by. 14% when'
 

bordered by the short genotype.. Johnson concluded' that each of the three
 

groups (short, intermediate', and tall) could be tested -in slingle-rowed
 

plots only, if grouped by, height classes. 

Kern and Atkins (40) found s.ignificant differences in one experi­

.ment:for border row effects on days-to-midbloom, plant height, and heads' 

perlant. They felt: however, that these effects were small. when averiaged
 

over their three experiments.:' Johnson :(36) found no border row effects
 

on number of days-to-bloom or days in, bloom, plant height', or lodging.
 

He did find' that the',short ahd short. intermediate classes had a slightly 

higher p'ercentage-of'.leaves and'a lower percentage of heads when bordered 

.by the tallgenotype. The 3x4 -hybrid in Miller' and Collier's (5i) . experi­

ment produced'uore heads with fewer small seed when b orderedby.. the:.x4 

hybrid. The'4x4, when bordered by the tal r' 34, produced lgt se 

and a higher proportion of small seeds, than its control. 

Border .'row effects, as measurad by....,. insatsins have,7been 
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,sCA Lin.the literature to have profound influence especially 
on plot yields. 

-most desired is.in fact the' 
If, as Donald (19) suggests, vthe plant" te 

cdompletely free the plots from. 
least competitive, the 'testing program must 

appear that iany, plant'improvement pro­
.intervaretal competition. It would 

gram which Utilizes material'of diverse type, especially 
height, will .have 

the yield ev4atigr" of this material. The. sig­
to :oexerdc gre, c.. s in 

diffarencd in height,SmanturityIA relatively imailnificant effect of eVefl 

alert all: experimenters', espec-' 
or type o eghboring cultivar has_,to 

based on solid­
ially where 'relative yield differences are not large when 

The' sorghum breeder, has ppeidpa C.rMater diversity. of 
stand performance.' 

ayother plant breeder. Almost-all of: itisgermplasm availablie than 

and must properly evaluate,inerfetile. As a consequence be, must,,work 

of material which Vary widely in many important aspects.
yield levels 

this study, are too waste­
such as the slx-rowed plots used inLarge. plots 

A logical solution might be
for general: use. an 

ful of land:resourcesI 

and Atn's (40). formula: for. predicting the net change
extension of Kern 

in:yield .due to"a given unit of,, difference in adjacent row competition, 

at least, for' initial screening of lines.. 

leaves per'plant in,DochnaNumber of leaves perp.lant varied from 5 

.to 24.leaves in Conspicuum in the :world -collection in'India (55). iini-­

found in Nervosum, Bicolor-Kafir, Dochna­mum variation of leaf ,nuber was 

and Durraemb ranaceum. GroupsLeoti, Dochna-Honey, CaffrorumBicolor, 

number of leav es per plantwere Conspicuum (16.3),having..maximum:mean 

'igricans ,(17.01), a Cadaum
Guinee'nse ,(17),Membranaceum (16.4), 

Kaura (16.2). 

is an important attr.-'Leaf area, as a function of len th and width, 

bute contfibuting photosynthetic capability of.. the*plant. Equallyi, 
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important for the plant may be 
 tdpoiiOn
of the leaves on the stalk. 

Several types with nearly opposite and erect leaves 'werefoundin Cau­

datums from Sudan. by b'urty (55). Several groups were found to have a 

mean leaf.length of 65to 81 centimeters-, and a:; mean.leaf width pi:to 8.8:
 

centimeters., A maximum.leaf width of _11. 
 cm was observed in some Nan­

dyal-and Durra types. 
 some lines with a mean .leaf length of over 100 cm
 

were found in Dochna, Roxburghii, Conspicuum, Caudatum, Caudatum-Kaura,
 

and,Caudatum-Durra:. Several groups were homogeneous for those characters
 

Leaf angle variation among varieties.of sorghum is commonaccording
 

to Quinby: and Schertz: (67).' Some varieties have leaves that make an
 

acute.-anglewith the stem., However, the effects of this angle and its
 

genetic control have not been studied in'sorghum. 
The number of leaves, leaf'area, andleaf angle all contribute to. 

-
form the :visible photosynthesis capability 'of a plant: 
As long as,new
 
leaves are formed and contribute to the interception of more light, growth
 

occurs in an exponential fashion accoring to'Wit (87), 
 But crops are
 

often planted so densely that after some,time'a closed canopy is ,attained,
 

in which new leaves, do.not contribute to the interception .of more light'
 

but instead increase the mutual shading. From then on the crop grosat
 

more. or,less, a linear, rate.,_
 

:,These-dense 
 canop ies display their leaves in,every direction. The. 

way in which light :is distributed oer the individual leaves was first 

seriously consideIred byBoysen Jensen quoted by Wit (87). He deter­as 

mined, the relationship between the photosyntheis-of a ,single leaf 'of.' 

mustard and light intensity and found the saturationcurve. This.was corn­

pared to the photosynthesis of a canopy with, a. leaf!area index of 3.5 in 
their natutal position. The respirationof,'the canopy was about three," 

http:varieties.of
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the horizontal leaf., At low light intensitiestimes higher than that of 

of both curves was the same. However the photosynthesis of the'the slope 


single leaf was at its maximum in light in .tensities which, were, too :low
 

,for maximum photosynthesis of the crop canopy. Therefore,,the, performance 

of the crop considerably surpasse's' that of the singleleaves in the higher 

light ranges. : 

Wit (87) ,states that it has been found through computer models ..that'' 

:the influence of variations in the canopy structure often is disappoint­

! ingly small. He estimates, that the gross photosynthesis of a clpsed crop 

surface is about 50,000 kg 'per ha .(22 tons/A): for the growing season in 

The potential product­the Netherlands and is reasonable for many crops. 

ion of above ground parts will then be about 25-,000. kg per ha peryear, 

.which amounts to -an average growth rate of about 200.kg per ha per day. 

This . conclusion was corroborated by a comparison of the growth rate: of 

Oats,various.-,crops under near optimumi conditions in the Netherlands. 

barley,, -In'dian corn, peas potatoes sugar beets grass, "and ,gae all, 

grow at. a rate of about 200 kg per ha pe' day (175 bs/A)..... Differences 

.in dry matter yield are mainlydue to differences in durationtof growing 

s o.The influence of-weather was also surprisingly: small, at least
 

in grass production.
 
is iLoo (44) that 1eaf arrangement is important
d Willim fee 

to increas e crop yields'. Exitingpatterns of leaf arrangement are not . 

necessarily best for intensive agriculture :ince natural selection,. even 

under strong influence of man, has occurred principally in poverty envir­

onments and has emphasized many features of fitness in addition to pro-. 

ductivity. Since the primary productivity in communities of autotrophic, 

-green plants is initially dependent upon photosynthesis, improvements in 
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Of,.
the photosynthesis mechanisms should result"in more efficient crops. 


'
 particular interest ifj 'the'influence of canopy architecture on, otouyn-


thesis through s effect on light dis ribution.
 

The most 'obvious feature of foliage canopies is density. Physiolo
 

gists have long estimated percent cov.'er and-tried to relate this to pro­

duction. Less :than full cover not only permits solar radiation to escape
 

interception by.the,photosynthetic apparatus (44) but; also increases evap­

oration from the soil surfacei .a criticall factor in areas of insufficient 

rainfall. Lack of density. is of course a special problem in early stages 

of growt:h of annual row crops. Williams, Loomis and Lepley (85) worked 

with cbrn under.the intense solar radiation of the southern California
 

region and found'.a maximum rate of dry matter accumulation in their high 

plant plot of 460 lbs per day per A (52 gm/m 2 day) which occurred'during 

a 12-day pretasseling period. Population densities ranged from 2,700.to 

283,000 plants per A. Through this period, dry matter accumulation was 

directly, correlated with the proportion of solar radiation intercepted by' 

the canopy. They'concluded that the energy-capturing capability of a corn 

crop' is notfofully utilized by, present methods of culture for green forage. 

In 'another paper(86) these same authors reported lack of evidence in 

their experiment with' corn for an optimum leaf-area index, that poit at 

which crop. growth rate reaches a peak and,- then declines at still higher, 

leaf-area indices. ­

'In a comparison of corn and soybean , Buttery._ (11) obtained slight 

ofan optimum LAI. Within the LAI ranges utilized (appro.i­indication 

mately 1 to,5) the canopy arrargement of the"soybean seemed no less 

.efficient thanthat of corn. The mean 'net assinflvation rate (NAR),of the, 

Corn plant' was nearly 'tiethat. of, the soybean, however, which ma explain. 
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the difference in productivity of the,two species. Mean relative growth
 

.rate (RGR) and NAR increased for;both specie Sing: LAI whereas . 

mean crop growth rate and leaf area ratio decreased'
 

Williams'et.al. (86) attempted to,measure parameters of canopy archi­

tecture. A single-cross hybrid corn was grown under conditions of non­

limiting nutrient-and moisture conditions .incentral California. Seven
 

population levels from 17,500 to 125,000 plants/ha (7,090 to 50,500 plants/A)
 

resulted'in LAI ranging from 3.5 to-8.5. They-found that the amount of
 

light intercepted by: i-he oage was a ma or detriment,.,of cro 'grow h dur­

ing the vegetative stage.'- Erect leaves, at*tasseling permitted the deepest 

penetration of light. The yield of grain correlated well with crop, giowth' 

rates up to anoptimum-population density, then3;d,ecreased with increasing' 

plant density. Maximum grain production was achieved at 48,700.plants/ha" 

(970plants/Al, a figure close to.-that reported to give maximum grain 

in Indiana by' F.ery' and Janick (21). 

Shaai, and Weber (71) simulated varying degrees of lodging in.soybeans 

to-p'roduce changes in light: interception.' and yield. Maximum light pene­

traeion occurred with a moderate- amount of plant spread whichl simulated a 
small but definite amount of .Jlodging. Greater light"penetraion, result­

ing in more of the canopy having light intensities above 150 foot-candles, 

generally resulted.in igreater yields.- Higher•-oil content was,generally'. 

associated with greater light penetration. Bean-yield was positively 

correlated with both the amount ofleafarea and the volume of canopy­

above the compensation point. 

According to*Monteith, (53) most oftheliterature made avLlable 

,during the last 15 yeara, which, pertains, to,canopy architecture is cancerned 

with computermodels Heponts out that,' this, shows', it is easier to, 

http:Williams'et.al
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investigate:light distribution at the desk rather than in the field. The 

measurement of leaf, areas' hnd angles is difficult: and tedious. 

With most: agriculturai crops, a basic pattern is imposed upon the 

community by. grouplng plants in regular patterns such as -rows and by* con­

trolling density-through seeding rates. This obviously. influences the can-. 

opy morphology particularly in affecting the'time to achieve full cover and
 

in introducing a hedgerow characteristic :to. the ,surface of the*canopy '.(44). 

Baker and Meyer. (5). found that north-south, rows produced higher yields of 

cotton than did east-west rows, and 'skip-"rows (paired planted and paired 

unplanted) outyielded the, solid stands.- Increases in yield were related. 

to the: amount of light intercepted. Loomis and Williams (44) concluded 

.:from a number of reports that north-south rows gave a better pattern of. 

light interception and,-higher: yields th a did east-west rows' in cotton, 

soybeans, and apple trees. Optimum row spacing will be influenced ,by " the 

Potential size'.nd character of the :individual plants- and by: latitude. 

The influence of variation in vertical density of leaves is relat­

ively uneiplored (44)0 Some work indicated a relhtionship of skylight'
 

occluded by a .1eaf of given' width and various distances from a receiver
 

point. Leaf,size.in relation to vertical separation strongly,influences
 

the angle of occlusion, hence the*skylight*pattern withix a-canopy Large 

but widely". separated, leaves like those of sunflower may create a diffuse 

light pattern similar. to "a shorter community with small leaves like alfalfa. 

Most plan,ts seem to' have evolved with mechanisms for maintaining acertain 

ratio between leaf spacing and leaf width, but this fact has been oyer­

looked in breeding for dwarf varieties-of cultivated species. The short­

their wide leaves close together ininternode types of grain sorghum have 

relation to leafUidth. Better cahopy structure would result if ,leaf 
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width was reduced or if the leaves were, more ,.whorled.', 

Leaf width aid lengfh:of sorghum parents and hybrids were measured 

by Quinby (63). He found the~ hybrids to ~have smaller, leaves at maturity 

than their female-.parents. However,"before maturitywas reached, the', 

leaves of hybrids were"always larger,' than those of parental lines at com-, 

'parable growth stages. Even embryonic leaves of hybrids were wider':than 

those of parent lines, which Quinby attributed to early, manifetation, of 

hybrid vigor. The largest leaf blades of the hybrid plant were either the. 

.fourth or fifth from the' top whereas the' largest for the p arents was the* 

hhrdfrom Kirby and Atkins, (42)'.alsofound hybrids topossessthetop. 

:0.longer.and wider leaves. 

Average foliage angle, alone may :provide' an inadequate' description of­

canopy morphology, for some communities '(44)." :The' distribution and totals 

of these angles' should also be' known. Severa authors have foliar des-

Criptions which serve to characterize' some major differences, in canopy 

*morphology. 'Cucumber an,! clover-were found to be highl , planophile' (hbri­

:zontal leaves predominant), whereas 'timothy and:corn .had, erectophile:cano­

pies'. Cori leaf distribution corresponded to the surface, elements of a 

. hen light*from near the zenith is abundant, and with'. nearly erect 

leaves' in, the, upper, strata' of the 'canopy providing abundant. gaps.. hrizon­

;tal leaves in'the lower strata'may be useful (44).* This vertical-!torhod.­

zontal structurehas' been suggested 'frequentlyt,but tests with models have.-' 

faile to confirm the view according to Loomis et.al. (45). 

Corn was found to have a 'wide range in canopy morphology. Russian 

and Estonian communities were strongly erectophile, the Netherland commun­

ity weakly plagiophile (median angles dominant) and corn at Davis, California­



27
 

was strongly planophile. Genotypes land environments were all different . 

and the literature does not reveal'time-of maturity or stand densities used. 

Yet it is. evident that the range of distributions for this one species is. 

great (44),-. 

Plant communities ;may show marked chinges in canopy structure during 
growth. In a stand of perennial ryegrass, the proportion of' horizontal 

'leaves increased durihng growth as reported by Wit, '(87). Changes'for corn'.? 

are not as great'. Loomis et.al. (46) noted that the upper leaves of corn 

shifted to a more horizontal habit after tasseling, but other, authors have 

conflicting data from their investigations. Nevertheless, structural 

changes between juvenile and mature canopies are obvious for many species. 

Dicotyledonousispecies frequently show an early dominance of horizontal 
leaves, an advantage for maximizing light interception by: the' small leaf 

area of a young plant (44).
 

Flag leaf .'sheath length.'and flag leaf width were found by. Hsu" and
 

.Walton (31) to, influence yield of spring wheat.. These authors report 

other work which found flag leaf area to. be associated with- kernel number 

per 'ear -and mean kernel weight', and found their own. observations to agree 

although -'some environmental effects were present. 

Tillering may contribute to.boosting yields in hybrids. Most of.:the 

coliection are grain types and therefore tend to have a limited number of. 

tillers according to urty (55). Nodal tillering,-defined as more than. 

3 tillers per. plant, was found in Conspicuum, Guineense, Bicolor-Kafir, 

'Dochna-Aiber Caffrorum, sumac, Nigricans-Feterita, Caudatum-Durra, and 

Durra-Dochna. Some groups involving Roxburghii, Dochna, and Nigricans did 

not tiller at all. Caudatum-Durra had potentially high tillerng , and 

severil 'other.'desirable features including yield, and grain quait o' 
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Stem diameter, measured atthe fourih internode after removing'the
 

leaf sheath b.y Murty (55), ranged from 0. 6 to 2.7 
!centimeters as. group•
 

means in individual cultures. Stem diameter is associated with peduncle,
 

.
size. Murty suggests selection for a juicy, thick-stem. Largest stem 

aeters were found in the N gerian andEthiopia collections followed 

'by Nervosum, Conspicuum, Nigricans,' and Dobbs.• 

Lodging "tendency is not necessarily associated with plant height.' 

Hurty (55): suggests that flexibility of the stem may be more important 

than resistance to lodging. Groups having a low mean. tendency to lodge 

were Conspicuum, Dochna, Caffrorum-Roxburghii, Subglabrascens-Milo, Kaura 

;combinations wlth Caudatum and Durra and:several other Caudatw, comin­

ations* 'The Nigerian material did not show lodging in.spite.of he'Vy 

heads and tallniess. 

SHead and Seed':Chracters 

.'i.Length' of panicle is a major component of yield,. and is a useful 

measure for differentiating between species.' Murty (55) also contends 

that head length is -amajor contributor .to diverslity in sorghum and is an 

important distinguishing character in each group in the*classification. 

Variability of means for hea& length was high withingroups, ranging from 

15 toI.45 centimeters. Nigricans and its hybrids had shorter panicles 

awhiie Nerosum-Broomcorn "andConspicuum had longer ,panicles. Conspicuum, 

Dochna, Caudatum and its'combinations had head length of about 30 cm. 

Groups with panicles shorter than 20: cm were Bicolor and, its"combinations, 

Dobbs,some of the Caffrorucombinations igricans and its 'combinatiops, 

Caudatum and Durra. Murty suggests that the high variances fr head 

length in Conspicuum,, Nervosum-Kaoliiang, Ner'vosum-Broomeor1., NigricanS, 

http:spite.of
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Caudatum, and Sudanense may be due to introgressive hybridizatio i addi-: 

tion to .the normal 'iariation. In groups where heads were longer,., thi main 

rachis was slenderiroundish, and tapering from the base to the tip, making 

them drooping. Thi', was particularily true: in Conspicuums, Dochna, and' 

Sudanense. In Rxburgii the rachis was tough and undulating longitudin­

ally. Generally,- lopnger panicles were associated with lax or semilax heads 

with long primary branches. 

Weight of 100kernels is dependent on seed size and seed density. 

Group means ranged from 1.4" gm to 4.1. gins. Those groups with a mean of
 

more than 3.0 gins were Conspicuum (3.5), Meinbranaceum (3.7), Caudatum (3.3),
 

Caudatum-Kaura (4.1), Caudatum-Guineense (3.4) , Caudatum-Durra (3.1),
 

Durra (33), Cernum (3.7), and Subglabrescens-Milo (3.7). When examined'
 

with data on grain hardness and seed Size, Caudatums and Conspicuums 

appeared to have both large grain size. and higher grain density. Hardness
 

rather: than size.appeared to contribute to grain weight in Durra and its
 

combinations.
 
Weight grain per Panicles was considered to measure productiity 

of the plant. (55) considered'urty only the main panicle of tillerng
 

types. Group means ranged from 134 gms to 652, gms. Groups in 
 which five 

panicles weighed over 400 gms were Caffrorum (434),' Caffrorum-Birdproof, 

'(407) Caffrorum-Peterita (434), Caffroru-Bicolor (652)., Sumac (10):, 

iNigricahs-Guineense (444), Dobbs (400), N,gricans-Durra (452), Caudatumi.­

Nigricans'(449) and Nandyal. (581)'. Most Of' these have long panicles. The 

intra-group variation for weight of grain.was high. The Durra.group-.did . 

not have a high mean although the panicl'es are heavy, which lead Murty to . -

suggest that components otherthan giappear tobe responsible for the' 

panicle weight in Durra, as well as for the ow gain' oduction. The 
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to the DurrA in this respect..Cernuums and Subglabrescens. are similar 

.Many investigators have considered the factors of ,heads .per.,plant, 

. head length, seed weight, and weight per head. In 1956, Grafius (22)', 

proposed a geometrical interpretation of yield. He,felt that yield:(W). , 

of paniclescould be represented as a sum due to effects of X - (nuimber 

per .init area), Y.= (average number of: kernels per.panicle) and:,Z (mean 

has been' utilized in 'general in 'attiempts to:kernel'.,weight) This, concept 

improve 'the .components -of yield of many crops. 

Blum '(8) considered the',Y factor of Grafi.s to be of three parts 

,\in sorghum: number of whorls number'of branches"perpanicle, per, panicle, 
\nd number of grains per branch6 These three components, together with" 

the weight.or'density, of, the: kernels cetermine the panicle weight' factor 

He compared' nine grain sorghum hybrids to' their parental lines for.these 

factors in Israel. :Parents differed significantly in the'weight of grain 

per panicle and -in ,each of the panicle weight components. Since parents" 

did not differ'in the'number of-grains per panicle, compensation apparentl] 

existed between the components'Whidh comprise this trait, and inter-parent 

to variations invariations in weight' of grain per panicle were due mainly 

weight'per grain. Six hybrids showed significant heterosis, defined by 

Blum as, superiority over the better' parent,, in'weight of grain per panicle. 

The three hybrids which did not exibit this heterosis hadL aparent line' 

Only one hybrid showed heterosis for weight
superior for weight per grain. 


.pergrain; it's parents were both low for this trait. Most hybrids showed
 

significant heterosis for number of grains per panicle Lnd they differed
 

per panicle and the number of branchessignificantly in number of whorls 

per rhorl. Only number of grains per.branch showed consistent and signi­

ficant heterosis and this was found to occur mostly in the basal whorls, 

http:weight.or
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least in the apical whorls. Blum concluded that heterosis did not result 

from an'interaction between: components but was due toeonsistent-heterosi
 

in a 'singleover-dominant panicle weight component. Only RS 610:showed 

heterosis for component interaction (number'of:whorls per:panicle and" 

number, of branches per'whorl). A negative association exists' beteen' 

weight per gran andnumber of grains. 

Kirby qnd Atkins (42). in Iowa measured expressions of heterosis.for 

13 characters of sorghum. Significant average heterosis was found for 

grain: yield as well as a number of other characters, but number of seeds 

per head and numberlof heads per plant were not significant effects al­

though the hybrds tended to exceed parental means for these effects. As 

did Blum, these authors found, that seeds per head was the character most 

highly associated with. grain yiel4. Biel and Atkins (7) also found a 

significant correlatlon between, number of seeds per' head and grain yield., 

and suggest that lsorghum breeders base number of seeds per head in segre­

gating populations as an important factor in their improvement programs. 

Many other investigators have reported that number of seeds per head 

is theprimary component itfluencing :grain yield (7", 56, '60,. 78). A neg, 

ative relationship between seed size:, and seed number exists according to 

Quinby. a'd Schertz (67). Large" seed .is, generally. thought to be desir. 

able for feeding and:milling, but no really definitive tests-have beeni. 
.possible since all -presenthybrids haveabout the same size., of seed. In 

breeding programs, progress towards large seed can be made"'if seed number 

is ignored, but if seed number is also considered' little progress is 

possible. 

Quinby (63) 'found that hybrid panicles were heavier than parental':,'­

panicles eiven though they were usuily produced'in less time. In'.Lthi,6' 
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study, thetwomost vigorous hybrids .were those wth seeds as small as,, 

those of ', he mae parent. .He felt that these hybtids'had so many seeds, 

that. 'seed size.-per se was actually reduced. 

Head length seems to have bean ..of less .conce0rn, for fewer.referencei 

allude to it.. Chiang and Smith (14)"'-found head length to be' depressed by' 

inbreeding.. 'Head type was compared ,by' Eastin'- and Sullivan (20). These, 

men found tha .the.open.type of inflorescence -continued to show an'.up ake 

ofCO through the' soft dough stage of growth during illumination.' In2 

closed type inflorescence evolved CO2 beginning 

milk stage under the same'lightconditions. While they were unable, to 

translate the difference into yield data, the implications are important.
 

Sorghur possesses an inflorescence ideally located"to intercept maximum 

light: if it is able tofunction in photosynthesis, as well as a vast array 

of modifications:to the basic inflorescence design, such as long' glumes. 

Donald (19) proposed an ideotype for wheat with at least a moderate" 

degree of tillering. Tillering is lrequired.to produce a large number of' 

headis per plant with:grass species.. .' 

Ishizuka (32) ,'indicates. that the' new' varieties of rice and. itheir 

improved yields are associated with .decreased plant':height" and increased. 

numbers of effective tillers. For.any variety,- decisions onthel density 

of plant population which wi f produce higher' yields mustbe related'.to 
lea arrangemen andleaf area index(L). 'It is assumed that an ,optimum 

comparison, the o,'f. at the 

LAI will produce maximim yield." Since ,the nfuber of leaves on. a rice stem 

.israther fixed as is the plant population,' I sL' overned to-a great ex­

tent 'y the amount of tillering. However, Holt (30).working with hybrid. 

sudangrass populations, did not find 'anincrease of LAI by. increasing 

plant numbers within a fixed row sp4cing. Chiang ahd Smith '(15) found 

http:related'.to
http:lrequired.to
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tiller in sorghum to be largely controlled by additive gene action. 

" Under, conditions, of limited soil moisture and dense plant, population, 

Blum (9) found most sorghum plants to ,produce a singlepanicle. A popu­

lation 'decreased, plants of 'later maturing hybrids produced: more tillers 

than did the earlier maturing',hybrids. 

'
 Protein content analysis by.-Hurty (55) in a-few representatives of
 

the' 70 groupsrevealed considerable variation.and a-range of 8 to 18%.pro
 

tein. Groupswith high proteiicontent were Roxburghii (14.7%)p M gari­

tiferum' (14.5%)' Nervosun-Broomcorn Dochn (15b.9%), Caffrorum­17.8%), e 


Birdproof (16.7%), Caffrorum-Feterita- (4%)Caffrorun-Durra,,(17.6%),
 

and Durra-Dochna (14.2%)-.
 

,Collins and Pickett (17)! fokind little eviidence for hatearosis in pro-­

tein content of. the grain, although. Ialm7 (47) reported. strikifig heterosis' 

for protein dontent., However .Maim re-ported significanit specific combining 

effects, -whereas, only, general combining effects -were reported by, Collins 

and Pickett.. Liang (43)' reported .-that the F1 protein content was lower 

than that of the" superior, parent:-. 

Lysine content was found to be: negatively correlatedwith percent 

protein by. Collins and Pickett.. (17), but weakly enoug as to suggesI 

breeding to combine high protein and high-'iysine. Lyaine content was not­

significantly related toyield in theirstudy.: 



MATEIALS, ND METHODS.,. 

"All ida .lyzed in this study trace to sorghum material'.grown at 

two'locations in Indiana during the growing season of 1969, The Lafayette 

site, hereafter referred to as Lafayette, was at the Purdue University
 

Agronomy Research Farm, located approximately six miles northwest of.West 

Lafayette., The deep, fertile soil at this ;site .is generally identified. 

as a Chalmers silty clay loam. A contrasting environment was provded, at 

the'.Purdue University Sand Field Experiment. Station, hereafter termed 

the Sand Field, located eightimiles southwest of Culver The.deep, extremely
 

-.
sandy soil of* this site is drouth prone.
 

*Selectiono f 'Parent 'Materiils; 

All male .lines-used this'study were from the'world collection; " 

Initial evaluation and selection of males was made at-Lafayette in the' 

fall of .19,67 . At •this time, large numbers of F1 lines, synthesized as a 

part of the continuing sorghum program at Purdue University, were growing 

,and available for. inspection. Male parents'.were, selected.which induced 

diversit of type iin,.theirFp . Diversity of Fis for flag leaf 

size, leaf number and angle: head types and size, and plant height-were 

selected factors.- Subsequent checking showed that themale lines sel­

ected by these criteria in this material belonged to group number 38, 

Caudatum-Kafir. This was a reflection of the material available in pre­

vious years of the breeding program as well as to the generally superior,. 

pollen-producing capabilities of this subgroup..
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To increase unu L--Oy& LLI.oG6t"tiqOf (&.,ua 

were examined in order to pe-mnitprevious, years ofthe breeding program 

-At"least two,'
the inclusion of additional subgroups into this 'study. 

Little data.';lines were selected,1,,from each subg?oup whenever possible. 

were available on.this material other than the existence,of seed.stocks, 

date bloom, and plant height. Selection thus was.based on.the avail-. 

ability of seed stocks and a range of plant heights in teal rent. 

lines had limited amounts of seed aVail'able.All selected male 

the Federal Experiment Station nearThese selected lines were planted on 

Isabell, Puerto Rico in :.November of 1967. Seed stocks were increased 

there during the winter season. It was possible to cross many of these
 

This permitted an.early evaluation of
onto male-sterile.:(female) lines. 

All Puerto Rican material was harvestec
Fl progeny at Lafayette.in 1968. 


in time for the 1968 spring planting.
in March and,:returned to• Lafayette 

Two,replications of the F1 hybrids produced in Puerto Rico were 

grown at Lafayette,in 1968.' Those F1 s which were bIviously lodging sus­

ceptible were discarded; as were those in ,whichthe male.parent was of 

he B-genotype, .thus incapable of pollen production in the FI. Only 

in- all of the Lafayette nurseries in 1968.slight lodging occurred 

Hybrid seed Production 

'All male and female lines were planted :in the spring of 1968, at, 

.,..Lafayette in order to facilitate the synthesis of Fls,. At this -time a , 

wide range of groups and morphologicalLtotal of 126 lines., representing a 

types.,, were planted. Split .plantings of all female material were used' 

'Five male-sterile grainto. insure synchronization of.,blooming periods. 
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i4.dentifi.ed as: Redlan, certifiedd 5611372 ,I be r Kg..ian dnumbersas c r i.fIi 

4RL4699; Combine Kafir-60, certified 55H276, Kansas certified number 

4RL4687; Martin, certified.5611812, number 0RP11881 heatland lot number 

:1350A (399); and KS-24s obtained from Kansas State University but not' 

.identified as to lot numiber.' 

Male-sterile heads were bagged prior toblooming 'or trimmed back 

well below opened f lorets 'if missed initially. Male heads were bagged at. 

leasIt12,hours prior topollen collection for crossing onto the male 

steriles. Each male line was crossed onto a miimum of five heads: of each 

of the five male steriles whenever possible. In addition',' five to ten 

heads of the male, lines-were selfed for pure seed stocks. 

All seed supplies were threshed with care to maintain purity, cle'ane 

and weighed. Not all.crosses were equally.successful. Available .seed:. 

stocks of ,some hybrids, were very limited., The"Wheatland male sterile in 

particular.proved to yield.less'seed than other,male steriles and as a. 

consequence this group was dropped from further testing. In addition, .a 

.numbe'rof male parents were so poor in poI.len productin that hybrids.. 

could not be made with them. 

Field Technique' 

'All tested,lines were grown in'1969. A split.plotdesign was util­

ized, with main plotsbeing progeny of a single female -Line. The most 

complete complement of hybrids existed within the Redlan group of'crosses., 

o:tal of.64 FI hybridswere planted within each,of the Redlan groupings.. 

Since each of the other-three female groupings hadless than a full com­

plement available, RS-610 was used to bring, the iotal number of entries 

to 64 within each block. . 
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.Table kof 'the appendix lists the:male parents involved in the'1969i 

planting, of,th'e'material by IndianSorghum a(S)n 

.fication.
 

Onemain plot also,consisted of the'male parents,and the B-counter­

,:part of the female lines. 14ithin main, plots, hybrids were assigned at , 
.random to subplots. Since different heights would be itemixed, six­

rowed subplots were utilized-so that -interplot competition would be minimal 

or nonexistent in the center rows of each subplot. Johnson (36) has estab­

lished the need of this :type of plot in his: paper,which compared silage
 

yields of fourheight groups when bordered by guard rows of different
 

-heights. All.subplots at Lafayette were 15 feet long (4.6 m) and utilized 

30-inch (76 cm) row spacing. Plots at the Sand Field were. 15 feet long 

and-utilized 20-inch (51 cm) row spacing. Two replications of all mater­

ial wee grown at each location. The Lafayette material was planted on 

May.19 and 20. Three"drys were required to plant the Sand Field location, 

_May.1.5, 16, and 17. 

Plant stands were generally good .at Lafayette. They were thined 

,by hand.to a Stan of approximately.90, 000 plants per acre (222,390 plants 

per ha) . 

:A paucity,of precipitation and -the presence' of.drying conditions 

decimated plant stands at the Sand Field'." No, thinning was required nor 

possible,.: Seedling vigor was reduced by 'alack: f available phosphorus. 

Phosphorus was. banded'on in early July.at..a"rate of 80 pounds per acre 

(90kg/ha). In mid-June-ammonium nitrate'at 00 pounds per acre (112 kg/ 

ha) was banded on. An app.ication of 100-80-40. had been applied previous, 

toplowing; it apparently was too deep in the soil profile to be available: 

to the sorghum seedlings. Poor stands made yield estimations impossible 

http:approximately.90


.at this Iocation. 

Weeds were controlled at all locations b machine and, hand ciltiva­

tion,. Control was excellent at Lafayette-but poorat the' Sand Field. At 

ihe latter location sorghum stands were too .poor to, compete with weeds. 

D.ate Determination 

1. 	Early vigor: rated at-about six to eight inches-of height. index "i 

of 1 to 5 was used to-,es-tite relative:vigor, as indicated:, relative­

plant development and vigor, with,1 indicating poor development. 

,2. 	 Days to bloom: days from planting to time at which 50% of the.panicles 

in the center rows of each subplot showed anthers. 

3. 	 Plant height: mean height ofthe .plants in the' center of each .subplot. 

4e 	 Number of leaves: mean.number of:total leaves as counted.from three 

randomly chosen plants, 

5. 	 Flag-leaf area: mean area of three randomly chosen flag leavess". 

Length x width, measured to the nearest centimeter, multiplied by 

the factor of .0.6 :as determined by Beckman*. 

6. 	Leaf area of third leaf mean area of'3 randomly,chosen leaves ,the 

second leaf after the flag leaf. Area determined in the same method 

as measured for flag le"f. 

7. 	 Leaf canopy: rating-of .density of- leaf cover. Mean of three ratings 

as judged by. threeobsererso rating independently. IA scale of 1' 

through 5 .was used, :'aith 1 equaling poor utilization.of the total 

*. 	 Beckman, W. P. 1969. Leaf characteristics in relationship to.yield 
and certain other characters in a diallel cross of, lines''of'S _u .. 

vulgare.Pers. Ph.D. Thesis, .Purdue Univ. 

http:utilization.of
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light available, 5 equaling a dense canopy. A 1 rating was awarded 

if the leaves did not meet in mid-row, a 5-if ver littelight' 

,penetrated 'to t e soil sUrface between the rows. 

8. Leaf 'angle:, rating of overall angle of leaf canopy. Rated by three 

independent observers using an index of 1 to 3, with 1 being an.up­

%right leaf of-approximately 30° in relation to the culm, a 2 rating 

indicating a general leaf angle of approximately 450 with the culm, 

and 3.forming a 900 angle or more with the culm. 

9. Tillering: lines were rated on the apparent contribution of tillers 

to the, overall yield. A mean of three independent observations was 

obtained, using a scale of 1 through 9, with 1 indicating 10% or 

less, 9 indicating 80 to 90%. 

LO. Relative 'stalk diameter of. the population: a mean of three indepen­

'dent observations rating stalk diameter as 1, slender, to 3, heavy, 

robust. 

Iii Length of head: mean length in centimeters of five randomly chosei 

headst.' Measured from the attachment of the lowest panicle branchei 

to the tip florets. 

12. Grain yield per head: 'each hiead measured for length was threshed 

individually. Grams of threshed grain per head was recorded. 

13., IWeight of 100 seeds: -meanof duplicate samples electronically 

counted from the bulked head Weighed in.grams. 

14. Protein content: nitrogen content of the subplot sample x 6.25. 

15. 	Lysine content: grams of lysine per 100 grams of protein.
 

16.. Grainyield per acre: determined by multiply4ng number of heads
 

harvested by mean weight of threshed grain from five random heads 

*This, product was -then multiplied by 1.8 to convert to, 'pounds/A. 



17. 	 MIilligrams of. protei* par saeed;,dete-rmined ,by multiplying. indivLdua1 

seedweight by percent protein.. 

content per seed multiplied18. 	Mlligrams of lysine per seed: protein 

by percent .lysinie. 

19. 	 Lodging: estimated percent of plants lodgedat harvest.' 

data.were available was reducedThe numbers of lines for which good 

showed early-season lodging,throughout the growing season. Some,'ines 

from 	further considera­especially :at Lafayette,. and these were eliminated 

tion at that' time (Appendix Table 12A). As pointed out previously, stands 

were 	poor and erratic at the Sand Feld. However, the greatest problem
 

occurred in September of :1969 at Lafayette when several inches of rain were 

followed by high winds. As a consequence, severe lodging occurred in all 

taller lines both in this material and in the rest'of the Purdue sorghum 

Twisting of culms was so extensive in much of the taller.materialnursery. 

a head back to its origin. All of thesethat is was impossible to. trace 

factors combined to reduce the amount of data available for both sites. 

The number of lines for which information existedat both sites was 

as to minimize the need to 'calculate missing plot information,reduced so 

resulting in 19 male lines being considered. These unfortunately do not
 

adequately reflect the many groups which could 'havebeen included under'.
 

Data,, averaged by entry over repliation,
more,fortunate circumstances. 

are' shown in Appendix Table _3A. 



ilathematical Models 

The analysis of Variance. for the combining ability data has the, 

. .. -llowingmodel: 

Y~km~+R±+y~i)+.l(j+ l?+ i+Mk+ )Rj + M1 MF~kc~i~ 

wheie: 

- the observation on an entry between the ith replication and the 

jtt female and the ktale.
 

. ! the general mean
 

R the effect of the ith replication, i - 1,2.
 

-(Y) m the restriction of.replication.
 

eF " the effect of the-jth female, j - 1 to 4.
-j 

R, -1n,
the.ihteract:on effect of the ith replication and the j th.. ij 

female. 

i(ii)=:the,restriction placed 'inrandomization by the split-plot 

design. 

. the effect of the kth male, k = 1 'to 19.
 

' .ik:-the interaction of the ith replication and the kth male. 
:t-

FI the interaction of.the Jth female and the k, male.jk 

MFR.k-	 the interaction of the ith replication,, j th female, and the
 

kth male.
 

e(IUjk)l -error effect associated with, each subplot..­
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The form of analysis for'combining.'effects-'forthe 76 hybrids was 

as follows: 

d "Expectad mean squaresSource " . .. 

+.76" + 76:."9Replications 

2. '2 2
 

Restriction on reps 0,T, + 19e :76ar 

Females 3 C2 
+mae38 

2, 

Error (a) -r-x f 3 ''a-, + 19a 
S 

+ 

2. 
1". 

Restriction of blocks 0 ar 
2 

+ 19ar 
Y 

ales 18 e+ 
2 

Female x, male 54 a 
2 

+ 2 

W le s' . a 4+ 

Erro (b) Ux f-x r "a'F. 

In the above analysis all interactions involving replications were 

assumed to be. zero. This permitted using error (b) 'to test female x -male 

and male effects. The male"x'reps interaction was pooled with error (b)". 

zero, which permitted 'thisReplications x females was 'also assumed to be 

2.,mean square, to.be considered an estimate of error (a) with which to test, 

emale "mean squares. There:.i no valid error term with which to test 

• replication mean squares. 

A one-way analysis of variance was conducted on the data in order 

to es'timate phenotypic and genetic correlation coefficients for all 

and between (cross-products) variancesmeasured characters. ,Within 

werecalculated and applied.in the'following formulas to determine 

correlation coefficients. .. 

http:applied.in
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Phenotypic correlationC m xx 

whererl the phenotypic mean cross product beteen pairs ,of charactes, 

obtained from the analysis of variance. _M andx2,- 'peno tpic mean 

squares of 'and 

Coy. 
: 


_ _l_2".
Genotypic correlation (r") g. 

wherei Coy
4; xZ' (GenOtyjre mean cross products - error mean cross 

products)/reps. ­

2 2 
where g " a gx2 was estimated from analysis of variance effects by: 

(Genotype MS - error MS)/reps, and is .furtherconsidered to represent 

tota:l (additive and non-additive) genetic effects. 

To examine further for the presence of SCA, a method proposed by
 

Oldemeyer and Rush (57) -%as utilized. Means of individual crosses were
 

adjusted by :adding or subtracting from thei the deviations of the means 

of ali respect ve crosses of each parent from the test average. Using 

the computation for percent protein as shown in Appendix Table 3A, an. 

example is as 1follws=.: 

CK-601 xr 7 produced grain of 11.1%.proein 

Test average 1-l.2X
 

All CK-60 hybrids averaged 08.
 

All male 7 hybrids averaged IL8Z
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Adjusted ean for CK-60 x 7,'i ' 

a
 

~This..adjustment removes the general combining effect'of both 

adjusted,, means-of indiviLdual crossesparents. If SCA effect did occur, 

,.shoulddeviate significantlyfrom the.test ,mean. The.rang e of non­

the standard deviation by the: s ificance was determined by multi-.y-g 

appropriate level of "t". 
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.RESULTS. AND :DISCUSSION-", 

Combining !Abiit 

of thte 19 male lines an 4 female lines used- in thi's study. Analysis of, 

varianceis,presented in Table 2 for the 19 characters studied.
 

Female and male effects are considered to estimate general combining 

effects .(GCA) whereas the female. x male interaction is considered an 

estimation' of specific, combining ability (SCA) (7, 39)., GCA is equated 

with: genes. which possess:, additive effects so.that gene action or effect 

is linear.' The presence of additive -effects is assumed to indicate that 

the plant breeder could incorporate the desired character into an inbred 

or self-fertilizing population,. SCA is a reflection of dominance and/or 

epistatic gene action which is non-linear. This type of effect.is best
 

exploited through hybrid production or perhaps early synthetics in those
 

species not adaptableto the ready production of hybrids.
 

In this study maleeffects (GCA) were highly significant for all 

19 characters studied. Sprague and Tatum (74) suggested'in corn that;' 

'GCA would be more' important, in relatively untes ted, lines, but as tes ting 

progressed and. only the superior lines remainfed, SCA effects would 

becomemore important. Kambal and Webster (39)-.-found greater GCA than SCA 

effects in their report, even though the 19 male-lines represented a more 

advanced population than used in this study'. They attributed much of 

the reducied female'effect to the relatively narrow geneticbase :represented 



Tmable 2. 	 Combining abilit .analysisof variance.for 19 char2acte s of76 F hyb
in' l969. 

14ean squares, 
Days,-to :,,Flag 

- Early30 Lv Leaf 
Source -. . df -Vigor Niumber Area-Bloom 

Rkeplications .. 1 1.132 17.79- '.164 2644 
FemalesError (a) - 3-

3 .779
.1,385 

109.34,*
10.12 

.428
1.971 

. 25207
6121 

Males.- 18 :.361* 467.28** 32.870** 83269** 
Females X Males 541. .672* 16.26** 2.372** 7424** 
Reps x Males 
Error (b) ::i 18 (.57Oj

5630'l6'261''54:," .3i9. (7,71)6,0 .664.916 5858E( 61 

Total 151 311977 
C.V,(a)
c.V.1(b) 

_33.2. 
7., 

'39,
3.1 

.9.8 
6".l 

_ 37.-8-
24.7: 

- Mean Squares

Stem 	 Leaf 


.ource 	 df Si Canopy Angle Lodging 

Replications -_ 1 .870 .658 . .341 .800 
'Females 3 .119 1.067 .51f 6.456 
Error (a) 3 .129 ,283 .218 5.042 
Males 18 ..506** 4.o61** .4. 98** 99.310** 
Females X Males 54 .065 .240* .166*xa- 7.473** 
Reps X Males 7 18. 03 cl52 054' 1.o46--
Error (b) 	 54. :(.085 ,135 .:053' 4i3;: 03, 
Total. . 1151 . 15.6 15.0.19.312.9. 

.C.VN.(ba)9
c.v.b) 	 10.8 1.55 95 21.9 

-Third 
Leaf 
Area 

'3972 

1221-0


U35 

26277** 


493o* 

L2162
1927" 

9. 
126 


Plant"'
 
Height 

388 ­
3925**
 

22 
36243*.
 
2791* 

19

(1.)4. 
'1.9_ 

6
6. 

TilleAin 

.87o. 
i.454­
1.75
 
8.2o4** 
1.072 

.737.789"
8'
 

34*8:­
23.1
 

-



Table -2. otiud. 

Source 

Replications 
Females 
Error (a)
.Males 

Females X Males.. 
Reps x Males 
Error '(b) 

Total 
C, V. (a) 

C. . b)10.9
V. 

df 

1 
3 
-3 
8 

54 
18-
511 . . 

Percent 
protein 

2.658 
7.223 

1.1485: 
4.610** 

1.072 
.664i 
620' 

Mean Squares 
..Percent Head 
lysine length 

.0206. 1,8-.3425 32.41* 

.o8012.9 
,14127* 797170 
-054o** 3.83** 
,027 1l.67~ 

(.0261''2:11 

6.1-049.1 
13.1 5.619.

6.b)17.17.3 5 

Threshed 
grain/head­

315.320 

7 

227*-. 
l9 
138' 

49.4 

Source-

Replications 
Females 
Error (a) 

Males x le.. 
Females X Males
Reps x Males 
Error (b) 
Total 
C* v. (a) 
C V (b 

. 

-

-54 

dfr 

1 
3 
3 

51 
54
18 

15 

100 grain
weight 

.552 
109 
.089 

i.595** 
.14 

(.039) 
Tl11039 

1O. 
7.2 

Mean Squares 

Grain yield 

10,886,182 
3,515,087 
16,552,847 

14,617,468** 
3,410,126
(2.285379)
2.,318 )82 
2318( 

53.7 
19.7 

Protein 
per seed 

1.638 
•513* 
.036 

3.434** 
.365** 
.183 
.135 

5.9 
fl.8 

Lysine 
per seed 

.0005 

.00072* 

.00003 

.00137** 

.00011 
(.00006) 
.00005 

7.8 
i1,1 
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in existing male sterile lines. Tn the .F population studied by Niehaus 

and Pickett C56) GCA effects wer, generally more important than were SCA
 

effects-, althoug. both components :,were: highly significant forthe eight,, 

characters studied. Their, study involved three*exotic lines. and five 

adapted selections. 

In this2 study female effects were highly :significant, for plant .heigl 

As showain Table 3,. hybrids having KS-24 as the' female parent averaged 

about 20-cm lessAin height than, hybrids with the other three female 

parents.. 

-Significant female effects were, indicated for:date of bloom, -head 

length mgof protein per seed, and mg of lysinesper.seed. Summary. data 

in Table.3 indicate that KS-24 and Martinhybrids averaged 81 days to 

flowering,.whereas Redlan" ar.1 CK-60 hybrids bloomed in an average of 84' 

and 83 days, respectively. Head lengths of hybrids of the.four; females 

ranged from 24.1 to 26..3 cm, and were found to be significantly different 

in the analysis..The.quAlity factors of protein and lysine per seed were 

also indicated 'to possess significant -female differences, -.Protein per 

,seed ranged from 3.14 mg.-per seed for Redlan hybrids to 3.41 mg for Marti 

hybrids.'; The Martin hybrids therefore had an average of 8.6%more p.otei 

'per seed tha' did the Redlan hybrids. Redlan hybrids also were lowest in 

lysine content per.seed. .The~meanof 0.0638 mg/seed for Redlan hybrids 

was nearly 13% less than the average 'of the highest group, the, 1S-24 

hybrids at 0.0733 mg/seed. ,Martin hybrids had the highest percentage of 

protein as well as protein, per seed. KS-24 hybrids .had the second 

highest protein content but the .highest percent, lysine, grain yield, aid: 

mg lysine per seed, even though itv,hybrids possessed thni smallst .'seeds. 



-Table 3. Mean performance of F1 hybrids by mae &d femae parents. 

Male 'No. Early 

'or Female Vigor 


7 2.0 
11. 43 

3 3.8 

20 	 2,6 

22 204 


24 4.
41 

-29. 2.6*

30 .4.6, 
33 2.8 
34 4.0 

36' 4.3 
38 461 

40,:,*. 


35 

42- 4.0 


.43 "4.4 


45 3.5 

49 2.5 
50 3.5 

io-24 3.6 
Martin 3.7 
Redlan 3.5 
CK-60 3.4 

Days',to-

Bloom 

.0 71 

77

76 

75 


.io6 

,91 

, 73 


79 " 

87 

94, 


86 

92 

80 

80 

88 


91 


73 

77 

93 


81 

. 81 


84 

83 


Number 


of Leaves 

1 

14. 

1 3 ­

14 


16 

13 

11 

16 

16-


13 

18 

13 

16 

.17 


15 


13 

12 

17 


14 

14 

15 

14 


FlagdLeaf 

Area 


239 

137
169 

1582850
 
118 


187 

189 

305 

143 

209 


472 

135 

44o 

130 

124 


278 


173 

199 

123 


240 

214 

188 

184 


TirdLeaf 

Area- /.,' ,:.Tillering 

349 .33­
292 2.0.298 2.8 

289 5.7, 

364 4.31 
384 •4.9 
435. 3.0 
311 2.6 
337 2.8 

465 5.2 
325 4.6 
474 4.4 
307 306
 
295 2.7 

370 4;o
 

398 4.o 
375 4.1 

"314 3,6 

378 3.8. 
352 3.46 
349 3.9
 
335 4.0 
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Table 3. Continued. 

Male ,No-. 
o ,Female 

Stalk 
Size Canopy 

'Leaf' 
nle, . Ldging 

Plant 
Height Protein, Lysine 

7 20 (M o11352.8113 .118 2.08 
1J.20 . 2.7 739 , 2.31 
13 1.9 3.3 2.5 7- 300 120 2.19., 
20 2.'2 3.l3 2.6, 1 175 108 2.23 
22 2.2, 3.7 .2.6 ; 0 183 lo0.4 2.26 

24 .2.6 . 3.8':- 2.5 8 308. 11.2 2.06 
292.2 3.0% 2.8 0 , 161, 10.1 2.419 

S30 1.8 3.1' 2.5 7 :321 12.3 1.99 
33 '2.5 4.4 2.0 2 193 11.1 2.29 
34 2.5 3.9 1.9 7 317 11.8 2,19 

36 '2.5 3r9 2.5 930 10 2.07 
38, 
46 

2. 
2.4 

1.5-
4.# 3 

2.3 
2.4 

. 4199 
9 236 

10.2 
1i.4 

2.19 
1.98 

4142 
2.6
2,5 

2.8, 
. 7 

2.5
2.2 

9
9 

307
303 

12.0 
11.2 

2.02 
2.02 

43 '2.'1 3'3 2. 6229 . 10.61 2.09, 
45
49 
50 

. 

2. 
2.2 
21 

4. 5 
.5 
4.1. 

" 
2.5 
2.4 
2.0 

:6 
0 

9270 

210 
143 

10.lo4 
10.9 
2.0 

2.11 
2.34 
2.14­

XB2.2.3 3.6 2.4 5.- 228 11.3 2.29 
iartini 3.3 . 3.6 , 2.6 .6 249 11.8 2.14 
Relan 2.3 •3.7 2.3 5 ' 249 11.0 2.06 
CK-606 2e.' 3.3 2.41 5 218, .1o.8 2.15 



Table 3. 'Continued. 

Male No. Head Grain Number of 100 Yield/ Protein/,Lysine/ 
or Female Length per Head.Grains/hd. kernelWt. Acre Seed: Seed 

7 . 26.0 '37 16oO 2.31 .5840 2.72 .0565 
11'' 
13 
20 
22 

23.5' 
23 8 
29.9 
28.4 

65 
53 
54 
48 

.1850 
1680 
1670 

"580 

3045 
3.16 
3.23 
3.03 

7160 
6330 
6340 
6300 

'4.37 
3;80 
3.52 
3.17 

.0998 
.0826 
.0785 
.0708 

24 
.29 
30 
:33 
34 

. 
26i 
26.9 
25.4 
27.9 
30.8 

8 
43 ,. 
59 
52 
73 

770,
1850 
1600 
"2120 

2480 

2.97 
2.33 
3.69 
2.46 
2.94 

8110 
6690 
6820 
7980 

10080 

3.31 
2.36. 
4.53 
2.74 
3.50 

.0673 

.0586 

.0902 

.616 

.0754 

36 23.8 73 2820 2.60 8950 2.76 .0576 
38 
40 

24.5 
29.5 

55 
62 

2440 
1960 

2.25 
3.16 

7530 
6820 

2.28 
3.61 

.0502 
•0705 

41 
42 

19.9 
22.9 

68 
74 

2090 
2470 

3.27 
2.99 

7570 
10550 

3.93 
3.36 

.0791 

.0674 

43 
45:' 

23.b 
24.8 

67 
59 

2040 
2500 

3.28 
2.36 

8270 
8660 

3.46 
2.45 

.0727 

.0518 
49 27.4 46 2020 2.28 6970 2.48 .0578 
50 19.3 65 2460 2.66 7840 3.17 .0677 

KB,-24 26.3 61 2170 2.80 8110 3.22 .0733 
Main 25.8 56 1950 2.87 7650 3.41 .0721 
"la 

CK60 
24. 1 
25.5 

63 
58 

2230 
1970 

2.83 
2.94 

7770 
7380 

2.14 
3.18 

0639 
.0678 



Hybrids of Redlan and CK-60 ranked below hybrids ,ofKS-24and Martin for 

these quality factors, 

Highly signLficant'SCA effects were noted for, date ofbloom, number 

of leaves, flag- and third-leaf areas, 1ea. i angle, 'late lodging, plant 

Theight, percent lyisine, head length and': protein per seed. The illelic 

series known to exist :for maturity (date of bloom) and plant height 

explains the occurrehe: of these two interactions. Significant levels of 

female x male interactions were also indicated for early vigor, canopy 

cover,, and 'threshed'grain per head. 

An examination of the coefficients of variation (C. V.) for the 19 

variables measured or rated indicated that most c. V., .values, were within 

acceptable limits.- Flag-leaf area would appear to be much more variable
 

than third-leaf area and the high C. V. associated with tillering would 

indicate that a refinement of measurement:or method of sampling should be 

considered: .'Lodging was associated with definite field effects (environ­

mental) and is known tobe highly variable. The high. C. V. associated with 

grain yield may be due .in part to the variation found also in threshed 

grain per.head since the latter factor was usedto calculate yied. 

An increase in harvested ,plot size with careful attention to actual area 

harvested should improve C. V. for yield.' 

Analyses for: SCA effects were determined for five yield'and quality., 

:..-factors following the procedure proposed by Oldemeyer and Rush (57). 

These analyses are shown.in Tables 4 through 9. Both positive and negative 

effects were noted and ,the results essentially agreed with the analyses 

of' combining effects presented in Table 2. Two 'instances of'positive SCA 

were calculated for lysine percent, two for seed weight, two for grain 

yield, four for mg of protein per seed, and,one for mg8 of lysne per sed. 

http:shown.in


Table 4. Original and adjusted protein contents of F1 hybrids grown at 
Lafayette. 

Female Parent 
CK-60 Redlan Martin HS24-.. 

Rie, X- X x x x X eans 
2ae 2 2 21 

11.4 11.0 12.4 11.2 12.1 11.3 11.8 
10.5 132- 11.9 13.8 11.7 13.1 31.5 .12.7 

13 11.9 11.5 12.5 11.9 11.9 10.5 11.7 10.8 12.0 
20 .11.6 12.4 9.9 10.5 10.7 10.5 11.1 11.4 10.8 
22 9.7 '10.9 10.2 11.2 11.5 11.3 10.1 10.8 10.4 

24 io.4 10.8 il.6 11.8 12.2 u.6 10.4 10.3" 1i.2 
29 9.4 10.9 9.8 11.1 10.2 10.7 11.0 12.0 10.1 
30 11.2 10.5 1i.9 11.0 12.5 1o.8 13.5 12.3 12-3 
.33 0.2 10.7 11.2 11.5 11.5 11.0 1.4 11.4 11.1 
34- 11. 10.9 10.6 10.2 13.8 11.6 11.7 11.0 11.8 

36~::10.1 11.3 10.5 11.5 10.1 10.3 11.0 11.7 io.4 
038 10.4 11.3 .100 10.7 10.9 10.8 11.4 11.8 10.7 
.40 9.2 io.6 10.0 11.2 lO.6 11.0 lO.8 11.7 10.2 
41 10.3 10.5 11.3 11.3 •13.0 12.2 10.8 10.5 11.4 
42 12.7; 12.3 11,9 11.3 11.8 10.4 11.6 10.7 12.0 

3-: u.4. 31.8 9 .8. 10.0 13.1 12.5 10.5 10.4 11.2 

10.2' 11.2 10.5 11.3 11.0 11.0 10.6 11.i 10.6 
49 1.4 12.1 10.7 11.2 1.0 10.7 10.5 10.7 10'9 
50 12.0 1.6 12.0 11.4 11.9 10;5 12.1 3.2' 12.0 

Means 1O.8 11.0 11.8 13,03 f' 11.2 

s= 0.6" 
range. (t.= .05) 12.4 to 10.0 
• indicates adjusted mean varies significantly from mean. 



Table 5. Original and adjustedlysine',contents of F hybridsgrown at' 

Lafayette. 

Female Parent 
CK-60 Redlan Martin ES-24 

Male X X X 2 X X Means 
X2. X XX2 ' X; 2 

7 2.02 2.10 2.16 2.34 2.00. 2Z10 2.15 2.11 2.08 
11 2.53 2.38 2.04 1.99 2.28 2.15 2.37 2.10 2.31: 
13 2.08 2.05 1.95 2.02 2.02 2.01 2.72 2.57* 2.19 
20 1.89 1.82 2.33 2.36 2.42 2.37, 2.29 2.10. 2.23 
-22 2.22 2.12 2.33 2.33 2.03 1.95 2.48 2.26 2.26 

S21,'" 2.15 2.:25 1.92 2.12 1.87 1.99 2.29 2.7 2.06 
.29 2.47 2.14 2.37 2.14- 2.69 2.38 2.42 1.97, 2049 
30 2.02 2.15 1.77 1.95 2.02 2.12 2.15 2.11 1.99 
33 2.50 2.37 1.94 1.91 2.28 2.17 2.42 2.17 2.29 
34 2.11. 2.08 2.37 2.44 1.99 1.98 2.29 .2.14 2.19 

36 2.00 2.05 2.00 2.15 2.16 2.23 2.28 2.21 2.11 
38 2.17 2.26 2.01 2.20 2.02 2.13 2.10 2.07 2.07 
40 2.29 2.26 2.18 2.25 2.16 2.15 2.14 1.99 2.19 
41 2.06 2.3 1.76 2.04 1.82 2.02 2.28 2.34 1.98 
42 1.89 2.03 1.93 2.17 2.17 2.33 2.09 2.1 2.02 

'43 1.99 2.13 2.08 2.32 1.90 2.06 2.12 2.14 2.02 
45. ,2.06 2.13 2.00 2.17 2.01 2.10 2.31 2.26 2.09 
47 2.24 2.06. 2.15; 2.07 2.60 2.44* 2.38 2.08 2.34 
50 :7 2..25 2.23 1.87 1.95 2.27 2.27 2.17 2.03 2.14 

Means 2.15 2.06 2.14 2.29 2.16 

range N .05) 2.43 to 1.78 . 
* indirates adjusted mean varies,.significantly from mean. 



Table 6. Original and adjusted 'seedweight of Fl hybrids grown at 
,. ...Lafayette. i . ,
 

Female Parent
 
CK-60 Redlan Martin :KS-24
 

Male I A 2 3E2 A E2 5E - 2 Means 

7 2.28 2.75 2.32 2.90 2.38 .2.92 2.27. 2.88 2.31
 
l 3.39 2.72 3.55 2.99 3.46 .2.86 3.41 2.88 3.45
 
13 3.18 2.80 3.32 3.05 3.04 2.73 3.09 2.85 3.16
 
20 3.12 2.67 3.04 2.70 3.16 2.78 3.61 3,30* 3.23
 
22 3.15 2.90 2.93 2.79 3.49 3.31 2.56 2.43* 3.03
 

24 3.10 2.91 3.24 3.16 2.76 2.64 2.76 2.71 2.97
 
29 2.46 2.91 2.07 2.63 2.40 2.92 2.40 .2.99 2.33
 
30 3.80 2.88 3"75 2.95 3.52 2.68 3.70 2.93 3.69 
33 2.72 2.59 2.83 3.26* 2.30 2.69 2.43 2.89 2.46 
,34 3.28 3.12 2.04 1.99* 3.22 3.13 3.21 3.19 2.*94 

36 2.44 2.86 2.20 2.73 2.18 2.67 2.60 3.16 2.36 
38 2.60 2.82 2.65 2.94 2.48 2.73 2.65 2.97 2.60 
40 2.34 2.87 2.33 2.97 2.27 2.87 2.07 2.74 2.25 
41 3.13 2.75 3.37 3.10 3.28 2.97 2.87 2.63 3.16 
42 -3.62 3.13 3.12 2.74 3.29 2.87 3.04 2.69 3.27 

43 3.05 2.84 2.92 2.82 3.33 3.19 2.65 2.58 2.99 
45 3.39 2.89 3.22 .2.83 3.12 2.69 3.38 3.02 3.28 
49 2.45 2.95 2.35 2.96 2..0 2.67 2.2. 2.85 2.28 
50 2.81 2.93. 2.54 .2.77 2.70 2.89 2.57 2.83 2.66
 

Means 2.94 02.83" 2.87 2.80 2.86 

'range .05) =3.253(t to624, 
indicates adjusted mean vari i from meae. 



Table 7. 	 Origina and adjusted grain,yields of F1 hybrids growniat
 

LAfarettd.,
 

CK-60 Redlan Martin Ks-24 

xae2 X 2 X C Meanis 

7 5095 7327 6283 8125 6302 8268 5687 7186 5842 
1 6940 7851 5956 6477 8398 9043 7358 7536 7163 
13 7071 8814 5382 6735 6022 7499 6849 7859 6331 

'20, -6631 8368 6816 8163 5445 6916 6456 7460 6337 
629922 - '6566 8341 5375 6750 7341 8850 5913 6955 

24*. 8035 7995 9371 8941 7641 7335 7410 6637 8114 
29 7266 8649 5939 6932 6584 7701 6977 7627 6691 

5725 6715 5954 6477 681830 '7745 9001 7850 8716 
7938 7762 7450 6807 798433 .6595 6685 9952 9642 

34 12053 10045* 6195 3797* 8327 6053 13755 ul14* 10082 

36 *8621 8040 7662 7791 7770 6923 9469 8155 8655 
38 6809 5937 10386 9124 8124 6986 10466 8861 8946 
40 6716 7260 6167 6321 8260 8538 8975 8786 7530 
.41 " 4990 6243 8327 9190 6970 7957 6997 7517 6821 
.42 .8125 6631 10438 8554 10794 9034 9914 6687 9568
 

43 8485 6011 9765 6901 12231 9491 11712 8505 10548 
45' 7000 7705 9128 8543 7257 6796 8792 7364 8269 
49 6683 7785 7678 8390 6945 7791 6582 6951 6972 
50 7891 8123; 7859 7701 7198 7164 8422 7921 7842 

Means 7380 .7770 7646 8113 7727 

-

=108'
 
"ge ( t = .05)=.,9899 to 5555.
 
indiates adi d c e a me...... v ..
Jus .. dmeavaressigfcatly" 

n ' o 	 from mean. 



Table 8. Origiinal and adjusted protein per seed content 'ofF1hybrids
 
.grown adt Lafay~itte. 1 

Female Parent
 
CK-60" Redlan Martin RS-24'
 

Male -x X X X Xx v-an
2 2 2 2
 

7 2.55 3.26 2.63 3.11 2.95 3.16 2.76 3.16 2.72 
11. 3.55 2.61 4.68 3.51 4.79 3.35 4.46 3.21 .4.37 
13 3.79. A3.42 4.16 3.53 3.60 2.73 3.6 4 2.96 3.80 
20 3.66 3.22 3.03 2.71 3.37 2.78 4.02 3.62 3.52 
22 '3.07 3.33 2.99 3.02 4.02 3.78* 2.58 2.53 3.17 

24 3.22 ; 3.34 3.75 '3.64 3.40 3.02 .2.89 2.70' 3.31 
29 2.33 3.40 2.03 2.87 2.45 3.02 2.64 3.40 2.36 
30 4.27 3 4. 4.46 3.13 4.39 2.79 5.00 3.59 4.53 
.33 2.28 2.97 3.19 3.65 2.65 2.84 2.84 3.22 2.74 
34 .62 3.55 2.15 1.85 4.45 3.88* 3.78 3.40 3.50
 

36 *2'46 3.44 2.32 3.07 2.20 2.68 2.82 3.49 2.45

38 2.68 3.35 2.65 3.09 2.70 2.87 3.01 3.46 2.76 
40 - ,2.15 3.30 2.34 3.26 2.40 3.05 2.23 3.07 2.28 
41 3.22 3.04 3.85 3.44 4.27 3.59 3.10 2.61* 3.61
 
42 -4"55 4.05* 3.71 2.98 3.90 2.90 3.54 2.73 3.93
 

43' 
 3.45 3.62 2.86 2.70 4.35 3.92* 2.77 2.53* 3.36 
45 3.45 3.42 3.93 3.13 3.42 2.89 3.59 3.25 3.46 
49: 2.77 3.72 2.50 .3.22 .2.30 2.75 2.34 2.98 2.48 

r3.37
50 3.63 3.01 3.04 3.20 2.96 3.11 3.06 3.17 

Means 3.18 3.14 3.41 3.22 3.17
. 

s. 20.28 
range (t= .05)= 3.72:toi 2.62. 
* indicates adjusted mean va'ies,significantly from mean. .. j d " : om:""! mean,,// 



table 9. riginal and adjusted lysine per lseed contenit o F1 hybrids 

_ ., grown at Lafayette" . ". . . 

Female Parent 
CK-60 Redlan Martin ES-24 

Male- X .X 2 x X 2 x 2 X, -2 Means 

.0566 .0748 .0591 .0637 .0593 ..0681 .0565
7 .0510 .o653 

U .0899 .0609 .0955 .0704 .1091 .0758 .1047, .0702. .0998 

13 .0788 .0670 .0811 .0732 .0725 .0564* .0986 .0813 .0826 
.20 .068o .0603 .076 .0668 e0830 .0710 .0922 .0790 .0785 
22 .o681 .0681 .0699 .0738 .0813 .0770 .0640 .0585 .0708 

24 .0692 .0727 .0717 .0791 .0626 .0618 .0658 .0638 .0673 
29 .0576 .0698 .0480 .0641. .0655 .0734 .0633 .0700 .0586 

.0650 .0819* .090230 .0860 .0666 .0791 .0636 .0887 .1068 

.33 .0566 .0658 .0632 .0763 .0605 .0654 .0659 .0696 .0616
 
34, .0762 .0716 .0512 .0505* .0886 .0797 .0855 .0754 .0754
 

36 .0492 .0682 .046o .0689 .0475 .0622 .0643 .0778 .0518
 
.0644 .0576
38 .0582 .0714 .0533 .0704 .0544 * .0633 .0721 

40 .0494 .0700 .0515 .0760 .0517 .0680 .0480 .0631 .0602 
41 .066o ,0663 .0679 .0721 .0771 .0731 .0710 .0658 .0705 

.0672 .0856 .0730 .0740 .0602 .0791S42 .0853 .0770 .0716 

43 .0690 .0724 .0594 .0667 .0823 .0814 .0589 .0568 .0674 
45 .0713 .0694 .0678 .0698 .0687 .0625 0829 .0755 .0727 

49 .0621 .0751 .0537 .0706 .0597 .0684 .0555 .0630 .0578 
50 .0756 .0787 .0558 .0628 .0722 .0710 .0673 .0649 .0677 

Means, .0678 .0639 .0721 .0733 .0693 

range. (t au.0)s0t818,t'0.00"" 
* .indicates adjusted mean varies significantly .from mean.' 



Comparison off Parent6*and F s for Quality-Factors 

Each array of hybrids. was' compared to its-.male and female parenTp . 

for yield and grain quality, parameters., This"prmitted :the determination 

of percent heterosis,.calculation of simple correlation of parental means' 

with. F meana,-.or comparisonof .F These data arevar-ous 1 factors., 

presented in Tables 10 through 15.
 

For the measurement of percent protein as shown in Table 10,
 

hybrids ,averaged 1% less protein than male parents, although they were
 

4,4 ,better'than their female parents Perfoimance for percent lysine
 

(Table 11) was similarin scale to that determined for percent protein, 

but. was slightly superior to either male or female parent. 

Weight of 100 grains of the hybrids averaged 17% more than their
 

parental means; only-only F1 
 failed to exceed its midparent mean as shown 

,in Table 12. It.is this feature which appeared to explain generally the
 

increase of protein and lysine.per seed for the cohtribution from the male
 

lines. A.n exception were hybrids of KS-24, whose progeny were highest in 

lysine per seed'and second .bestfor protein per seed despite having the
 

lowest 1.0-grain weights of: -the four female lines, F -mean seed weight 

exceeded that of the maleparent for 16 of 19 groups, and the female 

means, for all four comparlsons. 

As shown on Table 13, hybrids averaged,about 24Z.more grain per 

acre than their 'Ibred parents. Male 43,appeared to greatly enhance total" 

ield capatbility.of. ts hybrids, followed by 'males 34 and 42. Hybridsof 

P7.24 averageo4about:4% more in yield than Redlan crosses about 6%. more 

'thanMartin crosses-'an 9%more than -hybrids of =4K-0.' 

http:capatbility.of
http:meana,-.or
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Table, 10 . Comparison of p~arental 'and F1 hyrbrid: protein, content 

Inbred' 
Idenif4ication Percentage Protein, 

Male Mae Parent F1 ineani/ bfidparent/ % eteros s~~ 

1.118 115 
n 106 1.7,10. 

-26 

11.6,, 
13 1.3 12.0 1.2.7.
 

2013 10.8 10.8 10.9- 1.0 
19.20,4' 10.6 1 

24 10. 8 11.2 0.'2.7 
29 10. 10.91 10.9 :7.3 

30 '12.90 12. 11.9 3.4
 
11.1 -9.0,
33. 13.4 2. 


12.
3". 1.0 n8 


36 13.eo0i.4 120-13.3,
 
38 3:604 :10.7 1.9T' 0'. 
40 11.;4 10.2 11.2 --8. 
41 12.5 ii.4 6.- 4 
42 

. 

.2.4 , 12.0' 11.7 2.6' 

43 10.2 11.2 10.6 5. 
45 11310.06 112' -5.:7 

*49 12.0 10.9 115'. -5.2 
50 128:120 11.9 e8 

Means 11.7 1..210 

Female, Female Parent­

cK-60(B 10.4 1081. 27
 
-1.8Redlan (B) .10.6 11.0 11.2 

Martin (B) 12.7 . 11812o2 3.3 
ES-24 (B) 10.3 1102.' 

Means 11.0 1121.2 

~/Mean of allI hybrids which possessed that partS 'I.ar parent.

g/(Male mean + grand'female mean)/2 or reverse.
 
~/(Midparent - F,)/midparent.
 

r,.male mean to F mean =0-3174%i 
,r.$ female mea= to1F1 mean =0.854o,. 

http:11310.06
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Tab e I. Comparison of parental 'and.F 1 ybrid lysine content (percent 

of protein). 

.Inbred 
Identification Percent Lysine 

Male Male Parent FI meanY' Midparent-/ % Heerosi" s i' 

7 2.10 2.08 
 2.14 -2.8
 
11. 2.23 2.031 2.20 5,0.
 
1 -2.12- 2.19 
 2.14 2.3
 
20 '2.26 2.23 2.22 0 
22 .2,45 . 2.26 2.31 -2.2 

24 2.27 2.06 2.22 -7.2
 
.29' 2.35 
 2 49 2.26 .10.2
 

* 30 1.71 1. 99, 1.941 2.5.33 " 204, 2.29 2.10 9.0 
34 47'.76. 20.19,. 1.96 1-1.7 

361.62. 
 14, 2.02 4.538 2.19 2.07 2.18. -5.0
 
4o2.27 . 2.19 2.22 

* 41 171' 1.9 19 
 2.1

42. 2.20 2.02 2.18 -7.3
 

43 ' 2.14 2.02 2.16 -6.5 
r45 2*24: . 2-09 2.21 "-. 449 2.18 2.34 2.18 73

50 
' 

2.04, 214 2.10 
Means 2.11 2.16 1'0
 

Female Female Parent 

CK-60 (B) 2.41 2.15 
 2.29 -5.7 
Redlan (B) 2.05 2.06 
 208 '-1.0 
Martin (B) 1.87 2.14 1,99 , 7.5 
Im-24 (B) 2.12.29 2.2.3. 
Means 2.17 2.16 1.9 

M/
Mean of all hybrids which possessed that particular parent.:.,"
 
. ./(Male mean + grand female mean)/2 or reverse. 
. / (Midparent F1 )/midparent. 

r, male mean to F mean = 0.473- (confidence intervai (0.05) = .05 to.)75) 
r,: female mean toF mean a'0.4350 .. 



Table 12. Comparis6n of parental and F1 hybrid grain size.'> 

Inbred
 
Identification 100-Grain lit. (g)
 

1 .Male Parent. F mean ' MidparentJ %HetersisMale 


7 2.01- 2.31 2.18 5.9 
1.2.30 3.45 2.32 :.48'. 
13 12.4 3.16 :2.24
 
20 2.6 3.2 260 ­22 2.73 33 2.54 19.3 

24 2.92 2.97 2.6 125 
29 1.77 .2.33 2.0o6 1.3.1 

.30 3.86 3.69 .. 10 19.0 
2.65 2.46 2.5 6 

34 .3.19 2.'94 2'.77 .6.1 

36 2.1 '2.36 2.35.8
 
38 2.32 "2.60 • 2.34 11.1 
40 1.95 2."25 2.15 4.7 

2.80 3.16 2.57 23.0 
-R42 2.49327 2.50 30.8 

43 2.36 2699 2.626.7 
453.23 3.28 2.79, 17.6 

171 . 2.8 2.16 5.6 
50 2.66 2.35.1. 

Means 2.3 2.86, 17. 

Female Femal e, Parent'", 

CK-60 (B) 2.5 2094 2.55, 15.3 
Reln() 2.49 2.83 .2.51 12.7 

Ys 'tin (B) 2.43-' 2.'87 2.48 15.7 
ES-24 (B) 1.12.80 2.22 26.1 

Means 2.35 2.86 1. 

1 Mean o±f all hybrids which possessed that particular parent.* 
2I Male mean + grand female mean)/2 or reverse.. 

Midparent - F1)/midparent. 

r, male mean to F1 mean = 0.733**, confidence interval (005) =.273 to 
.851. e 

r, female mean to F1 mean 0.756.,..... 
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Table 13. Comparison'of parental and F hybrid grain yield.
 

Inbred
 
Identification Yield of Grain/Acre (ibs)
 

1
Male ae Parent F1 mean Midparent-/  %Heterosis 

7 6208 5842 "6490 -10.0 
11 8168 7163 7473 -4.2 
13 5460 6331- 6119 3,5 
201 .5686 6337 6232 1.7 
22 6995 6_r99 6886 -8.5 
24 5936 8114 6357 27.6 

29 4122' 669 5450 22.8 
30 5803 6818 6290 8.4 

S33 1:4464 7984 5621 42.0 
34, 3745 10082 5262 91.6 

36 6667 8655 6722 28.8
 
38 7099 8946 6938 28.9
 
40 7031 7530 6904 9.1
 

o4i 664'5 6821 6711 1.6
 
42 6050 9568 6414 49.2
 

43' 	 6616 10548 6397 .64.9
 
45. 	 6280 8269 6529 26.7 

449 6972 19.04937 5857 
50 2850 7842 4814 62.9 

Means 5798 7727 24.5 

Female Female Parent
 

CK-60 (B) 5865 7380 5831 26.6 
Redlan (B) 7012 7770 6405 21.3 
Martin (B) 6805 7646 6301 21.4 
S-24 (B) 7430 8113 6614 	 22.7
 

Means 6778 7727 	 23.0
 

Mean of all parents which possessed that particular parent.
 
(Male mean + grand female mean)/2 or.reverse. 

•/ (Midparent -.F1)/midparent.
 

r, male means to F means = 0.112. . 
r, female means to means = 0.954*, confidence interval (005).­

0.999 to .o104..
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Table 14. Comparison of parental audn F1 hybrid protein per seed. 

Inbred
 
Identification Milligrams of protein/seed
 

Male Male Parent F, Means ' Midparet" %'Heterosisl'' 

7 2.40 2.72 2.50 	 8. 8 

11 3.50 4.37 3.05 	 43.3 
13 2.43 3.80' 2.52 	 5.08 
20 3.09 3.52 2.84 	 23.9 
22 2.77 3.17 2.68 	 18.3 
24 3.15 3.31 2.87 "15.3. 

29,* 1.89 2.36 2.75 -14.2p
1. 	230 5.00 4.53 3.80 


33 3.55 2.74 3.08 -3.0 
-1.41
34 4.50 3.50, 3.55 


36, 2.75 *245 2.67 -. 
38 2.42 2.76 2.51 - 10.0, 
40 2.23 2.28 2.41 "5.1 4 
41 3.58 3.61 3.09 	 16.8 
42 3.26 3.93 2.93 	 34.1 

43 	 "2.4 3.36 2.51 33.9 
45 3.65 3.46 3.12 	 10.9 
49 2.36 2,48 2.48 	 0 
50 3.01 3 280 13.2 

Means 3.05 3.23 19.5 

Femiiale 

CK-60 (B) 2.69 3.18 2.87 10.8 

Redlan (B) 2.62 3.14 2.83, . 
Martin (B) 3.12 3.41 3.08 10.7 
m(-24 (B) 1.97 3.22,1 2.51 ,28.3 

Means 2.60 3.24 	 15.2, 

Mean of all hybrids which possessed that particular parent.
 
( Mle mean + grand female mean)/2 or reverse.
 
(Midparent - F1 )/midparent.
 

r, 	 male means to F1 means = 0.689**, confidence interval (0.05) . 
.872 to .351. 

r, 	 female means to !, means = 0.550.. 
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Table 15. 'Comparison of parental of F hybrid lysine per .seed. 

,Inbred 
Identification Milligrams of lysine/seed 

-Male Male Parent F1 mean!/ Midparent2 %HeterosisI/ 

7 .0510 .0565 .0538 4.8
 
11 .0781 .0998 .06672 48.5
 
13 .0521 .o826 .0o542 52.4
 
20 .o697 .0785 .o63o. 24.6
 
22 	 .0678 .0708 .o62o 14.2
 

24 .0716 .0673 .0639 5.4
 
,29 .0443 .0586 .0525 11.6
 
30 .0854 .0902 .0708 27.4
 
33. .0725 .0616 .0644 - 4.3 
34 .0794 .0754 .0678 11.2 

36 	 .0511 .0518 .0537 - 3.6
 
38 	 .0532 0576 .0547 5.3
 
k0 	 .0506 .0502 .0534 - 6.o 
41. .069 .0705 .0586 20.3
 
42 0716 .0791 .0639 23.8
 

43 	 .0513 .0674 .0538 2-5.3 
45 	 .0816 .0727 .0689 5.5
 
49 .0516 0578 	 72.
-. .0539 

50 .0612 .o677 .0587 15.3
 

Means .0632 .0693 	 15.2
 

Female Female Parent
 

CK-60 (B) 
Redlan (B) 
Martin (B) 

S-24 (B) 

.0664 

.0540 

.0587 

.0456 

.0678 

.0639 

.0721 

.0733 

.0648 

.0586 

.06io 

.0544 

4.6, 
9.0 

18:2­
.34.7 

Means .0662 .0693 ;61. . 

b/dan of all hybrids which possed that particular parent.. 
(Male mean + grand female mean)/2 or reverse. 

~/(Midparent - F1)/midparent 

r, 	 male means to F1 means = 0.688** (Confidence interval (0.06) .350O to 
.872. 

r, 	female means to F1 means = -0.346. 
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Comparisons of mg of protein and lysine per seed (Table 14 and 15)
 

show heterosis of 15.2% to 19.5% over midparent values. Six setd of the
 

hybrids produced proteLn per seed equal to or less than midparent values,.
 

/All other male combinations exceeded.midparent values * Males'11,13,
 

42, and. 43 especially appeared to .enhance mg of protein,per seed.
 

Hybrids:,with. --K5-24 exhibited, the-greatest. percentage increase of-protein
 

per seed,: although hybrids of Martin were superior in absoluteamounts.
 

Redlan crosses were lowest in protein per seed. Two male lines showed
 

negative heterosis for mg of lysine.per seed; all other lines,had lysine
 

'contents higher than midparent values. Males 11: 13, 30, 41, and 43 

were determined to confer high levels ;of heterosis -for mg of lysine per 

seed., When hybrids were compared to'their ,female parents, the superior 

level of KS-24 progeny is of special note. Parental level of 1(5-24 

was the lowest in level of lysine, which explains the large (3407%) reading 

of heterosis', btit most important was the high total lysine per seed. 

15-24 hybrids averaged 0.0012 mg or. 6% more lysine per seed than-

Martin crosses: 7.5% more than CK-60 hybrids, and 12.8%'more than Redlan 

progeny. As.indicated in Table 11, KS-24 hybrids 'averaged'highest in 

percent 'Lysine also. 

Simple correlation coefficients were• calculated with-the previous 

'parameters, comparing parental means to F1 'means. Significant correlations 

'would tend to indicate, that within the population studied, performance of 

the parent could be used to indicate relative F1 performance. Grafius (23) 

quoted other plant breeders who showed that high yielding parents tended 

to produee high yielding hybrids. Thorne and Fehr (80) also found soybeanu-. 

population means to be prediciable from'parental performance, but Harlan ' 

(27) indicated that the value of exotic germplasm may not be apparent until, 
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1igastudied as, a parent.. Collins. and Pickett-.(17) indicated"that their 

sorghum hybrids'tended to reflect parental. performance.-' In the present 

study, significant s4imple correlation values were determined' for male 

lysine percentage to F1 lystne percentage performance. Highly significant 

values were determined ,for the association of the weight of grain for the 

male lines to F1 grain weight and for ..the two values of male -protein per 

seed and lysine per seed to F content. These values are shown at the 

bottom of:Tables 10 through 15. 

.Scatter diagrams were constructed to illustrate comparisbns con­

sidered to .be of value to a sorghum quality improvement program. In 

Figure 1 the comparison of 100-grain weight to yield of grain per acre 

iS shown to have little relationship in the F1 population studied.
 

.Correlation coefficients determined fdr these comparisons (Tables 16
 

through 20) support the low simple correlation obtained for the data
 

points of Figure 1. 

High intercharacter correlations were determined for the association
 

of plant height and,100-grain weight. Figure 2 illustrates the data points 

for mean F1 data, showing that taller genotypes produced heavier grains. 

ALI' intercharacter correlation comparisons of Tables 16 through 20 support 

the data illustrated.-, 

Quinby andShert:z (67)1andBlIm (8) have reported that seed size 

and seed number,"per head ;are negatively correlated.,, Derived datafrom-

Table 3 was. used to .-establlsh .data'.points,,for Figure 3, showing that 
saete& NhasadPickettthi~s population followed-that sm rn.Nehu nikt (5.6) 

found little relationship between seed weight and number of seeds per 

lead in the F1 generation .they %studied;and" that number of seeds. per 



Table 16. Intercharactiifphinotypic ar4genotypic'correlation coefficients for -the 19 hybrids with male Sterile CjX-6o as fe-aae 1,rent. 

Early No. 
 F2ag Third. Stem " 
 Head .rain Gra-nLeaf Yield/ Protein/ ,sin /-Vigor Blooming leaves Area, Ar-a Tillering Size Canopy Angle lodging Height-Protein L~ysine length Hd. art. Acre. Seed Seed1 2 3 4 " . 6. 7 8 9 10 1. 12 13 14 15 6 17-8 19.'
1 *17* .357 .01.0 -. 169 -.226 .175 .078 .181 .807* .790* .050 -.031 -.391 .612- .29 .440 . .231 .2859 .543 .8854 -.409 -. 5180 .052 .764 .4o5 -.362 .62o .516* .0952 .578-:.9. 768 -. 654--.6s.5, .222 .754-. .428 -. 028- -. 056 .552, -. -.017' -.044-. 331 .549* .438 .0. .046 -. 18. - -..115 -. 193 .068 .36 .390 -.C5 .372" -.0 .. . o. -165 -. 177 -.580 -.?97 .768 .073 -. 170 -. 333 -.236 -. 10 -. 090 -. 200 -. ?-S -. 175-. 392 -..ln .257 -. 303 -. -. 250 -. 346315 -.218 
 -. 079 .072 -.064 .C14 -.033 .002 -.074

6 -. 305 .027 .235 .122 .171 .527* .579 -. 0o46 .0707 .2621.04 1.11 -.269 -. 587 -.382 -.4600 -.105 .041 -.o81 - -. -.439 -.555"_3172
.728 .583*--.165 .427
8 135 .134 .098 -.230 -.032 -.063 .207 -. 5 .215 -.309.487 .012 -.164 -583 .791 -.388
-.423 -. -. 188.9 ,174 -.155 -.400 134 -. 445 .255 .098 -. 053 --375 -.03543 430 -. 187 -. 30B -.451 .. 036 -.465- -. 4110 .889 .633 .5i -. 169 -. 326 -. 078 .588 .159 .017 
-76 .119 -. 136 -. 513 -. 211 ,C19 -. 374 .138 .088.807*- ...1 -. 340 -. 435 .613 .393 .:455 .40 .32711 .879 .526 .464 -.434 -.377 -.427 .108 -. 211 -.098 .320 -.18212 -. 008 .133 -. 003 -. 249 -.325 -. 577 

.831 -. 197 .790- .64c,'. .677- .617, - .656.-. 611 .598 .308 .289S .Xo3 -.044 .374- -. 595- -.3oi.083 -. 228 -. 13,4 -. 12 .057 .348 -. 418 404 .085 .403 .180 .718- .559*R -.451 -.051 -. 121 -. 150 .Ow 051 -. 090 09-
-. 214 -. 531 .133 -.140" -. 38 -. 3.0 -. 517- -. 110-.634 .1466 .2.3 -. 30031 .867 .09 .054 -. 093.674 527 -. 520 -. 226 -. 150 41.1.6-. 144 -. 312 -723 .069 -. 205 -. 1 3.910 .263 -. 339 -. 01i4 -400 -807-. .396 .14.16 .344 -. 098 -. 042 -. 293 .138 -.433 -.520 -. 463 .077 .416 .672 .147 -. 477 -. 114 -55417 .782 .865 .325 .923, .890-..671 -.627 -. 158 -.24o0 .314 -.187 -.635 .626 .932 .554 -.464 -. 03-. -.013 -793 -439
18 273 -.026 -.289 .OP2 -.562 -.635 -.585 .328 .315
.201 .443 .665 '.708.19 .368 -.953 -. 005 -.443 -. 0 . -9705 -.529 -.215 .527 .946 .552 . .902­-. 680 -. 519 .035 .355 .700 .639 -. 186 -. 213 .:482 893 .435 .930 

Phenotypic values above the diagonal, genotypic below. 

* Significant at 5%, 4 significant at 1% level. 



Tble 27.- Intercharafler pbejotypic and genotypic correlation coefficients for the 19 hybrids with male, sterile X~S--21 as- femal patent. 

No. llag7 Third StemVLior Blooming leaves Area Area Tillering Teaf Read Graini/. Grain Yield/ Protein/Size. Canopy Angle Lodging Lysuine/Height Protein Lysine length Hd. wt. Acre Seed Seed1 2 3 14 6 7 dS 10 2.2 12 23.327 -. 008 .53' .387 -. 202 -.00 .509' -.171 .5120 .552* .232 
14 2 ~ l 4 J~ ..

2 .h25 .723" .130 -.095 -. 300 -.372 .1,81. .211 .5- * .269 .180­.635- .633--.395 .709* .572** -. 091 -.308 -. 132 .778-3- .003 .771 -. 010 .692-- -.047 -. 133'.-. 468' -.151* -. 068 .5541 .390 -. 1.49 .594 ' .151* -. 1334 -.581 .168 -. 76 -. 011 -. 098 .552 .11 .365 .021 .018.852* .001 .102 .322 .102 -.057 
 -. 003 -1:12 -. 01.0 .188 -.240 .431 -.S.52 .128 -.199 .942 223 -. 298.232 .201 .217 .187 -. 158 -. 118 -: -. 1 .15 .152 -. 291 .399 -. 268 -...6 -. 200 -. 053 -. 117 .06. .315 .. 40 -.345 -. 365 -. 16 
01 

-. 059 -. 175
7 -. 001 .870 .69 .030 .2.7 -. 130 .571 

-. 043 .053 -.132 -. 031 .363 -. 194. -. IM -.336 .232 .084 -. Ol -. 1308 .595 .693 . .379 .296 .o65 .5.- -. 307 .555' -. 402 -. 1 26-. 258 .78 -. 586-. .282 .11 -. 2.0 -. 058 -. 018 .1189 -. 22 -. 518 -. 607 .199 .230 .566 -. 1428 -. 690 - -. 31.4 -. 196 .152 .121 , -. 199 .422 -. 247 -. 260 
10 .561 .765 .622 -. 059 -. 179 -. 372 -. 034 -. 434 .027 -. 266 .059 .116.359..297 -.406 
 .901- .273 -.268 -. 455- .755-" .379 .518, .385 .312 
11 .608 .608 .465 .005 -.108 -. 70 .119 .138 -.231 .92112 .536 -. 087 -.01.2 -. 344 -. 353 

..29 -.129 -. 303 .731'. .570..94 .603-. .554­-. 528 -. 996 -.529 .560 .502 .791 -. 158 -. 245 .015 .4714 -. 139 .743-. .659­48 -.321 -.119
:.'1'r -.581 -. O80 -. 004 .151 .013-.059 -.502 -.791 -117 .O09 -. 118 -.504 -. 216 .1.3 .1,73 .361 -.-. 155. 335 -.-. 037-.223 -.046 .091 -.456 -. 318 -. 365: 338 -..049054 -.-. 058 230118 -..28115 .669 1.02 .699 .165 .118 .010 .765 .630 -.580 .931 .936 .124 -.561 -.325 .334 .851.- .250 .158 
16 .255. .o6o .151 -. 266 -. 324 -.013 -. 325 -. 206 o96 AA .635 _778 31717 .62 1 ~.085 ~:~. . 8 8 ::067 .363 .015lB .6 0 .9 -. 325 A m -.63: . ..5 8 .938" .918"36 -. 659 --.21.1 .31505 4:- -.163 :2 :761-.P-6e9 -?-.013 -.4 .855 -..028 -.048.315 .9B5 -.084:19 .227 -. 11 .073 -. 357 -. 4.76 -. 150 -. 530 -. 272 .235 .322 .607 .848 .501 -. 031 .167 .962 -. 219 .977 

henotyplc 'values'bove the diagonal, genotypic below. 

*N Signifcant at. 5%, "significant at I% level. 



Table 18. Intercharacter phe-nat ic aid genotypic correlation coefficients for the 19 hybrid: vith=ale-sterile Redlan as female parent. 

Er2y NO. Ma Third Stem . teaf % He&d Crain/ 100
Cran Yield/ Protein/ .lsine/.-

Vigor Blooming Leaves Area Area Tif ering Size Canopy Angle loodging iHeight Protein 17nine length Hd. Wt. Acre Seed Seed.­

1 2 3 4 5 6 7 8 9 10 121 12 13 14 15 16 17 18 19 

1 .406 .050 .244 .131 -. 22G .194 .083 -. 177 .541* .629' .529* -. 5E6- -. 375 .331 .336 .200 .464- .286 
2 oYAO .so8' .038 -.x76 -. 028 .776- .386 -. 492 .521' .5o4- -. 008 -. 336 -. 279 .476. -.053 .649 - -. 055- -. 205 

.1o4

.*7. 
.542

CA .-. 597 
-. 592** -. 748"*

.875 
-322

.443* 
-. 481'

.x76 
.328
.093 

.059 
-. 162 

.158

.036 
.303 

-. 214 
.037 

-. 301 
-. 001
.011 

-. 001 
-. 0o40 

.290 
-. 144 

.146 
-. 342 

.257

.035 
.109 

-. 352 
.152 

-. 427 
5 .230 -. 090 -. 795 ..94o0 .512* -. 043 -. 013 -. 234 .088 -. 146 -. 310 -. 129 -. 048 .007 -. 246 .149 -. 294 -. 428 

6 
7 

-. 156 
.282 

-. 021 
1.03 

-. 368 
.520 

.464 

.149 
.681 

-. 057 .138 
.054 .41. 

.291 
.046 
.196 

-. 224 
.424 

-. 439 
.264 

-. 676-' 
-. 125 

.263 
-.. 147 

.362 
-. 194 

.0o9o 

.413 
-. 430 
-. 192 

.031 

.688-0 
.. 573* 
-. 201 

.. 580" 
-. 283 

8 .206 .44o .369 .101 .002 .409 .408 :.44 .061 -. 129 -. 326 .055 .269 .114 -. 260 .007 -. 319 -. 361 
9 -. 207 -. 704 .11 -. 196 -. 412 -. 039 -. 351 --.474 -. 198 -. 04;5 -. c6 .2.9 .118 -. 088 .123 -. 248 .074 .229 

10 .643 .557 .117 .062 .134- -. 220 .519 .099 -. 248 .846- .:409 -. 825- -. 527' .735"- .491 .673-' .508- .278 

11 .792 .524 .344 -. 145 -. 179 -. 563 .368 -. 162 -. 040 .916 .490' -. 713 * * -. 555* .651 - .562-o .531* .667.' .514­
1213 .776 -. 74o -. 021 -. 388 .056

.042 
-. 311 
-. 067 

-. 450 
-. 163 

-. 803
.258 

-. 130
-. 179 

-.324
.034 

-. 270
.332 

.519 
-. 942 

.552 
.-. 784 -. 699 

-. 598" -.412
.359 

.074 .563.-.084 
-. 651"-.586"-.552' 

.797-* 
-. 645" 

.706­
-.343 

14 -. 539 -. 302 .Ol -. 048 -. 050 .44o -. 234 .350 .126 -. 565 -. 596 -. 548 .434 -. 133 -. 077 -. 255 -. 205 -. 124 
15 .317 .5.2 443 -. 194 -. 032 .188 .883 .229 -. 128 .4 .727 .019 -. 794 -. 269 .490" .797"* .373 .187 

16 .4o00 -. o48 .ic8 -. 358 -. 286 -. 493 -. 249 -. 3.3 .209 -523 .659 .619 -. 652 -. 083 .552 .168 .946* .900­
17 .159 .787 .367 .046 .92 2.3 1.295 .079 -. 381 .958 .632. -. 233 -. 674 -. 46 .790 2.- -. .070 -. 138 
18 .596 -. 059 .132 -. 364 -. 369 -6 -. 263 -. 350 .073 .568 .685 - .811 -. 715 -.:239 .408 .961 .070 .936-. 
19 .401 -. 223 .201 -. 480 -­53 -701 -. 362..-.419 .251 .333 .545 .718 -.A68 -. 152 .206" .930-.206 .949 

Pbenotypli values above the diagonal, genotypic below.-: ­

* Significant at 5, * significant at 1%level. -. • 



TiLble 19. Intecharacter phenotypie and genotypic correlation coefficlentsfor te.19 hybrids'With-mle sterile "artinas fele -rent. 

ErvNo ag 2idstemVfior0i Rooeng LearLeaves Area Area Tiflering Size CeAopy Ang1e lodIM Height Protein Head Grain Grain, yield/ Protein/ Lwuie/isine length HId. Wt. Acre Seed Seed:
 
1. 2 3 1. 5 6 7 8 9 10 1 12 13 114 15 16 17 18 . 19 

S.-398 .199 -318 .147- -.160 .179 .335 -.386 -M7 .677* .113 -. 480 -. 353 .554" .360.2 .1 + ' .716- -.139 -. 048 -. 313 .558 .424 -. 58"* .381 .317 .150.639"* .6514*i3 .21. . -. 629*- -.140 -. 125 .531* .333 
.337 -.334 -.:427 .697* .096 .615-, .-791 .08, 

1t .378 -. 301 .524* .4614 .319 -. 366 -. 304 .783"* .360 .621"--.177 -;.767 .8354" .2D9 -.0 .275 -. 068 -. 058 .383 .255 
5 .5 50 -. 069 -. 658 1.133 .213 -. 139 .343 -. 012 

-. 146 -.355 -. 001 .183 -.429 -. 431 -. 210 -. 424 -. 67­
.107 .050 -.289 .010 .12a -. 136 -.425 -21.2 " -. 386 -. 447­6 -. 21.2 -. 142 -. 140 .287 .159 .038 .132 .1499* -. 472 -. 494 -. 2' .2347 .I3 .818 .634 -. 142 -. 527 .084 .14O -. 343 -. 251 -. 322 -.420 -. 393.416 -.346 .158 -. 017 -. 092- .370 .479 .376 .316 .404 .013 -.230 .150' -. 136 .701" -. 126 -. 165.21o .57o -. 413 .2689 -. 486 -. 060 -. 300 -. 083 .153 .215 -.229 .178 -.265 -. 360-.629 -. 311 -. 069 .032 .663 -. 524 -. 143 -. 539' -. 361 -. 124 .260 .429 -.30510 .854 .654 .537 -. 066 .124 -. 567 .046 -.:4s -. o16 .085.252 .292 -.554 .851" .377 -. 628- -. 505 .711- .421 .42o .1660. .235

11 .769 .681 .81 -. 168 .020 -. 602 -.024 .05112 o45 -.389 .871 .574" -. 552* -. 416 .725- .590-- .380 o.412 .362 -. 429 -. 291 -. 791 .548 - .496­-. 111 -. 341 -. 256 .419 .644.13 -. 529 -. 518 -.1.23 .018 -. 493' -. 001 .449*. .611., .284 .838" 712-­-. 029 .384 .184 -. 021 .392 -. 807 -. 702 -. 476 .066 -. 422 -.43614 .279 -. 421 -. 348 .154 .124 -. 241 -. 4974 -.068.531 -. 452 .127 .1450 -. 510 -. 452 -. 041 .231 -. 41715 .665 -.943 .951 -. 047 -.225 -.044 -. 447& -. 030 -. 030-. 505 .597 .195 -. 325 .893 .867 .605 -. 436 -. 606 .429 .71-:" .499 .377 
16 . o .101 .381 • -.50o -. 467 -. 251 .119 -. 216 .022 .127 .629 .631 -.566 -. 17 .576 .164 .943" .874*+
17 .1456 .852 .74. -. 240 -.1421 -.592 .976 .125 -. 587 .534 .1442 .353 -. 063 -. 680 .738 .26628 .311 .245 .411 -.497 .242 .152-. 413 -. 87 -.127 -. 269 -. o6 .481 .731 .837 -. 572 -. 030 .666 .951 .35519 .171 .062 .304 .802­-. 579 -. 513 -.423 -. o86 "-.3- .o48* .234 .543 .792 -. 280 .032 .629 .89 .97 .946 

.++Paenetypi: value above the diagonal, genotypic below. 

Signc 5%, " significant at 1% level.flantat 



Table 20. nterchazater phenotypic and genotpic correl.tion coefficients forte e ne a .B . ....... 

l€o n Leaves Area Are, Tfllering .StemSize Canopy leaf
Angle 

" 
Lodging Height 

% 
Protein-Ly ine 

Head 
length 

Grain/
lid. Vt. 

i ,eldi 
Acre 

Protein/. 1yslne/ 
Seed Seed 

1 2 3 4 5- 6 7 8 9 W0 11 12 3 1 15 1 21618 19. 

2 

5 

::094 
073 

.485 

.161 

-. A 

.846 
-. 373 

.050 

-. 071 
.817* 

-. 626 
-. 387 

419 
-. 359 
-. 597' 

-
.823 

.112 

.018 
-. 382 

.726,,, 

.67 
-141 

-.. 0w 
.532** 
.354 

.097 

.616* 
-. 186 

.0 

4 -. o96 
".641'.46 -. 566' 
.352 -. 400 
.268 .182 

.. 019 

.602* 
-. 139 

.059 

.065 
-. 029 

.678* 
-. 150 

.009 

.126 
-. 065 

.212 

.083 
-. 103 

.053 

.099 

-. 534* 
.17 
.215 

-. V9 
-. 186 

-. 116 
.060 
.099 

-. 058 
.104 

.195 

.197 

.483' 
-. 147 
-. 151 

.342 
-. 078 

.078 
.022 

-. 949 

.029 
-. 280 
-. 025 

;096 
-. 158 

.4% 
-. 053 
-. 003 

.0x48 
-. 003 

.201 
.035 
.1146 

-. 090 
-. 081 

6 
7 
8 
9 

10 

.188 
-. c62 

.547 
-. 161 

.683 

-. 218 
.685 
.469 

-. 637 
-. 48 

-. 543 
.721 
.361 

-. 472 
.059 

.698 
-. 22D 

.339 

.215 
.057 

.67 
-. 091 

.380 
-. 006 
-. 030 

" 
.51 
.214 
.170 

-. 320 

.025 

.681 
-. 439 
-. 068 

.187 .024 

.595"*-.359 
-. 298 

-. 362 
.036 -. 098 

-. 246 
-.065 

.031 
-. 1.07 

-. 107 
-. 185 
-. 010 
-. 093 

, .849"* 

.067 

.021 
-. 010 
-. 634 

.289 

-. 087 
.056 

-. 095 
.333 

-. 451* 

-. 294 
-. 037 
-. 153 

.152 

.153 

-. 435' 
.217 
.213 

-. 031 
.489' 

.002 -. 281 
-. 059 -. o43 
-. 157 .229 
-. 292 .335 

.637-,-.013 

.034 
-. 051 
-. 146 
-. 466-

.641-

-. 010 
.003 

-. 187 
-.437" 

.549-* 

11 
12 
13 
14 
15 

.739 

.225 
-.654 
.. 
.23? 

-. 145 
.161 
.057 
.067 
.186 

.014 
-.oft 

.172 

.498 

.130 
- .o06 
-. 309 
-. o45 
-. 2 

-. ON, 
.049 

-. 180 
.156 
.2. 

-. 236 
.17 
-.134 
-. 401 
-60 

-. 196 
.069 
.115 

-. 010 
.265 

*000 
.150 

-. 280 
-. 178-. 

.199 

-. 103 
-

-.039. 

.873 
.335 

.5M 

-055 

.508 

.179 
-18 
.846 
.276 

-. 390 

-. 399 
-. 768 

-. 4oo 
x076 

-. 035 
P35 

-. 318 

-. o66 

.479. 
-. 349 

-. o26 

.737- .072 
243 -. 537-. 

•03-. 331 .203 
,3 -. 65 

A157- .579-

.684-
60L 

-. 596" 
.222 
.210 

.618­

.326 
-. 184 
.o4 
.359 

16 
17 
18 
19 

:350 
.006 
.402 
.168 

-. 67 
-. 333 
-. 024 

.050 

.1no 
-. 029 

.038 

.175 

-. 4 
.121 
.012 

-. 138 

-. 08 
-. 230 
-. 052 
-.114 

-. 038 
-352 

.021 
-. o5o 

-.062 
:,019 
-. 042 
.06 

-. 107 
. 253 

-. o61 
-. i45 

-. 319 
.392 

r.534 
-.49o. 

.66.4 
-. 017 

.6q6

.578 

753 
.089 
.715 
.663 

.193 
-. 715 

.557 

.260 

-. 335 
.170 

-. 627 
-. 255 

.129 
-. 113 

.240 

.052 

.507 
.568 
.250 
.405 

.010 
.920 
.964 

.OO4 

-. 266 
-. 222 

.917" 
-. 219 

.909 

.941"* 
-. 142 

.89" 

Tbenotypic valuen above the diagonal, genotypir below. 

-Slgulficatat 5%, "Significant at. 1% level. 
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head 	had 'the largest.. ieci effect on yield." 

Percent protein was positively correlated with'100-grain weight, 

as iflus.trated: in Figure 40 simple, phe,4otypic, :and"' genotypic 

correlations were relatively high as Shown ini Figure 4 an4 Tables 16-19. 

*Both-

Inbred or parent line data do, not agreain magnitude with hybrid data, 

however, sincelowar correlation coefficients were determined from 

inbred data as shown- in Table 20. 

Grain weight was negatively correlated with parent lysine as 

illustrated in Fiure 5 ,and the tables of intercharacter correlations. 

The notable exception is the-perf#rm4 nce of.KS-24 hybrids. As listed in 

Table 17, the phenotypic crrelation .of these two components was slightly . 

positive and the genotypic correlation was decidedly positive. 

. 'Totalprotein measured in milligrams per seed,and 	t0tal lysine 


wei always highly: correlated with seed weight in this study. This is,
 

illus trated in Figures:: 6 and .'7,,and values are presented in Tables 16­

through 20. Heavier., gr in: contained more protein and, lysine.
 

Protein content of the seed.remained relatively 'constant"over yield,
 
as shown in Figure 8, however, groups varied i meanperformance. HybridS
 

of CK-60 (Table 16),.and Martin (Table 19)- were determined to.be psitively 

correlated,. KS-24 hybrids (Table 17) and inbred parents. (Table" 20) !were 

",negatively.correlated. As shown in Table 18i hybrids of edlan were 

determined to be nearer to.zero for the coxrelation coefflcient.
 

* 	 Protein content of the seed and.lysine content of the seed were 

positively associated with percent protein. These associations areshown.
 

in Figures '9 and 10, and in Tables 16 to 20. ,Correlation of -mg lysine '­

with, percent. protein was relatively less for!,parent, lines, than', for,-hybrids. 
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FIG1. Grain yieid/IA. as a 
' wei htfunctio'n of 100--.rai 

of 1F 1 groups. 
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FIG 2. Plant heiht. compared
wiwt-h. 100-grain weight 
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SIG 3.Number of grainshead 
L6compared&to, 10.0-grain'.egh 

Of 19.F1 groups. 
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FiG.4.. 00 protein as a function 
of ,100-grain weight of 19 

. F1 , groups. 
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0
FlG 5. ysif as a functi on of 
1100 grain, weight of 

19F1 groups. 
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FIG'6,. mg protein /seed as a 
-function -of 100-grain vwt. o 
o F1 groups. 
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FIG ,img sine/ seed as a,function 
of, 100-grain, t. f 
1)F, groups 
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FIG 8. Grain eld A. ared 
to mgg-p.r:o Ot ein /seed of 1 
F" groups... 
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FIG 9. /oproteinas a functionOf 
mg:, protein /seed. of 19 F,, 
groups. 
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FI:l"O. mg lysine/seed-as a
 
function *of % protein
 
of'19 F1 groups.
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,! The relatonshiP of, pecent protein to both ercent lysine and of 

total content of 1ysipe per .eed, is shown in Figures 11 and 12. Both 

diaSrams,are supported by.'intercharacter correlations from'Tables 16 to 

20. A positive relationship exists bet4een lysine,:per seed' and protein 

content, but Anegative relationship exists for, the:asso iation of percent, 

lysine"and petcent protein. 

Other research at"Purdue has"produced results in agreement with.", 

several of the. observations froml-this study. hAbifarin*, Batayehu**, 

and Collin:s and Pickett (17) all found Martin to produce hybrids with the 

.highest, protein aid lysine contents and reported the, negative relationhip, 

between percent protein and percent lysine. All three studies also 

indicat:ed-that ,Redlan produced the highest yielding hybrids .but KS-2 

was not:icludedin any of the three programs., 

Several additional intercharacter correlations from Tables,16 to 20 

warrant inspection,. Comparisons were limited to those which appeared'in 

,three or more instances of the five populations studied. 

Early 'v!or was significantly. correlated: with lodging and plant 

'height. ,.It is possible that readings: of early, vigor were taken late 

enough (6:- 8 inches of seedling height),so that' bias was introduced 

favoring the taller seedlings. Early vigor was also determined to be 

Significantly negatively correlated in three of five evaluations with 

percenO lysine and positively with gratn yield. 

* Abifarin, A. 0. 1969. Combining ability and heterosis for yield, 
protein$ lysine and certain plant characters in 18 diverse inbreds and 
56 hybrids in-Sorghum bicolor (L.) Moench. Ph.D. Thesis, Purdue Univ. 

** Bantayehu, G. 1971. Relationships of certain morphological characters 
with grain yield and quality of phenotypically diverse lines and hybrids 
in Sorghum bicolor (L.) boench. Ph.D. Thesis, Purdue Univ. 
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. .,,Days to 50% bloom was often significantly associated with number
 
of leayes, stem :size, heigt, lodging, yield per head, and yield per
 

acre., These correlations find support from the work of Abbe et al. (1), 

iQuinby C61). and -Quinby and Schertz (67) who relate these features to siz 

of growing p61uIt. A negatiye correlation was id Iicated in, three compari­

sons for days to 50%.bloom. and leaf. angle, indicating that an upright 

leaf pattern was. detected with,the later genotypes. Loomis-'et.-al. (46) 

noted that maize leaves shift to a. more horizontal pattern after flowerinj 
Leaf number was sgnificantly negatively associated with flag-leaf 

and third-leaf area, and' positively with stem size, and lodging. Third­

leaf area was significantly correlated with tillering, and tillering 

,negatively with percent protein. It is difficult to interpret these 

associations.
 

Stem size was associated with yield per acre. This would relate 

to growing-point size as proposed by Abbe t. al. (1), Quinby (61), :and
 

Quinby and Schertz (67).
 

Percent lodging was-significantly correlated with plant height, 

grain per head, yield per acre, and protein per- seed. Many data from. 

many crops, support the association ,f yielding components with lodging. 

Percent lodging was also found to be negatively asc&ciated with percent 

lys:ne and head'length in three instances of this study. 

* Plant height was' often highly.correlated with grain per head, 100-m 

graiu weight, yield, and protein and lysine per seed. It tended to be 

,negatively associatad at varying levels with percent lysine and head 

length. but positively with. percent protein. 
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Afixed Modal;waIi used' analysis of, data, in this stidy. :E-ven. 

though iany :of the. rIesults obtained h e beeirn 'sbs tantiated, by workwith 

other populationsd o6f sOrghuim.,tha' ierpretation 'of data-la applicable 

only to'tha -populatlon, involved herb±il. 
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SUNWY,~~ AND-CONCL.USIONS 

An initial-population of 65 'diverse lies.were. selected-in 1967 

i:rom the world collection of sorghuml, An attempt was made to selet zor­

diversity of plant type in height, leafareas, leaf angle, and maturity, 

in addition to selection. of ines' representing as many groups of sorghum 

as. possible with the modified Snowden:,cassif cation then in use. 

Data on 19 male lines and their hybrids with four male sterile 

lines-were considered ia this:study. The fertile or B counterpart 

line of the male sterile was used in place of the sterile line for 

"parental comparison.. 

'A total:of 19 characters were, measured or determined for this popula­

tior. These.were: early vigor, days -to 50% bloom, numbber'of leaves, 

flag-leaf area,.third-leaf area, tillering, stem size, canopy cover,i leaf
 

angle.,lodging, .plant hihpretroinprcnt lysine, hea :length, 

grainper head, 100-grain weight, yield per acre, milligrams of protein 

per-seed, and milligrams of 'lysine per seed.
 

An analysis of variance or,combining ability was :determined for the 

F1 data. Significant-male or female mean squares were considered to 

represent general combining effects (GCA)., This is equated with additive 

gene action, linear in effect, and utilized by the plant breeder through 

incorporation into pura line varieties . Significant male x female*, 

interaction ls considered , expression.an of specific combining ability 

(SCA), due to dominance or, epistatic effects and to be utilized or. 



expl6ited in production of hybrids.
, In this.:studyi male: eff cts were 

highly sign~fi.cant, foiz all-19 characters' studiedC.,Significant or highly 

significant female effects wera detdrined1 for days to, 50% bloom, plant 

height, head length, 'and miligrams. of proteii and lysine per seed., 

The SCA component, males x females, was significant orhighly significant' 

;for early vigor, daya to 50% bloom, leaf numbers, flag- and i:third-leaf 

areas canopy cover leaf angle, lodging, plant: height, percent, lys'ne /: 

head length, thkeshed grain per head, and milligrams of protei per seed. 

Plant, height and days tio- 50% bloom may-be explained as'dominance (intra­

allelic seres') action and it may be:possible that allelic series exist 

..for ,several of the other examples of SCA detected. 

-Intercharacter correlations were. dentermned for all 19 characters.


Comparisons,pertaining to yield and quality factors were considered of
 

primary importanc..
 

Evaluation of Male Lines 

Several of the male lines used appeared to have special merit as 

parent lines in hybrid combination.-

For yield per acre, male 43 hybrids :produced the' most graini followed 

by progeny of 34, 42, 30,. and 36.. In percent heterosis over the .midparent, 

vale.e male 34 was highs ..(91.6%) followed by 43, 50, 42, and:33. 

Males 30, 11, 42, 13 and 41 produced progeny high in mill-grams of 

protein per seed. In ranking by percent heterosis-over midparent values, 

male 13 exhibited 50.8% haterosis, followed by 11," 42,,43, :and 20. 

'High. levels of lysine.per seedwere produced by males 1l, 30, 13,9 

42,. and 20. Percent heterosis over miparent values showed male 13 at 

52.4% highe t, folloied byA1, 30, 43, and 20.. 



Percent protein was substantially increased by males 11 and 13,
 

while lysine percentage was increased slightly"by males 34,, 29., 33, 'and
 

11.,-	 '
 

Evaluation of Female Lines 

Hybrids with (S-24 and kartin averaged 81 days from planting to 

50% 	bloom, CK-60 hybrids in 83 days, and Redlan hybrids iri 84 days;. 

For 	the quality '.factorsof grain, Redlan hybrids averaged 3.14,mg of 

protein per seed while Martin hybrids were high at 3.41 mg. In terms of
 

percent protein, CK-60 hybrids were the lowest at 10.8% to the high for 

Martin hybrids at 11.3%. Redlan hybrids were lowest in both percent
 

lysine (2.06%)and mg of lysine per seed (0.639). The highest group of 

hybrids for lysine were those with KS-24 which averaged 2.29% and .0733 

mg/seed.
 

The male sterileline KS-24 had not been used in sorghum investiga­

tion-at Purdue before this study and appeared to possess uniquepotential.
 

Abifarin*, Bantayehu**, and Collins and Pickett (17) indicated the superior 

yield potential of Redlan hybrids as well as the superior protein and 

lysine levels associated with hybrids of male sterile Martin. In the 

present study hybrids with KS-24 produced the most gr"In per acre, were
 

second in protein percent and mg protein per seed, and highest ir percent 

lysine and mg of lysine per seed. Hybrids tended to increaser their total: 

mg protein and rg lyaine, through seed weight increases in this study,, 

* 	 Abifarin, A. 0. 1969. Combining ability and heterosis for yield, 
protein, lysine and certain plant characters"in 18 diverse inbreds and 
56 hybrids in Sorghum bicolor (L.) Hoench. Ph.D. Thesis, Purdue Univ. 

k* 	 Bantayehu, G. 1971. Relationships of certain morphological characters 
with gr-,n yield and quality of phenotypically diverse lines and hybrida 



but hybrids of KS-24 averaged the. smallest seed weighto,. 'ofthefour sets . 

of hybrids on plants that were 20 cm shorter. .,It appj-ared frum this 

study that male.sterile KS-24 possesses."a .rare combination ox,characters 

-for use in a protein quality imuprovement -program. KS-24 may be of interest 

not only for utilization in a hybrid program but "the genetic mechanism. 

be of value for ,developi: varietiescontzolling protein synthesis may 

Intercharacter*Ad45iAtiol
 

Seed 'weight was highly correlated'with plant height but not with 

grain yield per acre. Protein, content, measured as mg/seed,*remained 

relatively constant over yield per acre in this study.' Derived data 

illustrated the negative relationship of .seedweight and seed numbers
 

per head- which has been reported by other workers, 

Several vegetative characteristics were found to have important 

associations with yield and quality factors in this population. P rcent 

lodging was significantly 'correlatedwith plant height, amount of grain 

per head, yield per acre, ana protein .per seed, and was negatively associated 

with percent lysine,and head length.. In this study there was excessive 

lodaing of tall material, but minimal lodging in the shorter lines. 

Perhaps lodging could be reduced while retaining the desirable aspects 

of tall material by selecting for medium heights.. Since plant,height.. 

was positively correlated with grams of grain per !,ead, 100-grain weight, 

yield, percent protein, and mg of protein and mg.of lysine per seed, it 

would appear that the merits of taller lines deserve special attention. 



" .redictonf 1 Performancej:from Parental Performance. 

Low correlation coeff1,c1,ent was determined between percent protein 

of the parent lines with mean ., performance in this, study. Percent, 

iysine F performance was' only' s,Lghtly. correlated with parental lines, 

but 100-'!gan'weig.t and rng protein and mg lysin per seed were correlated, 

sufficiently to be useful if testing were not practicable since the
 

confidence intervals determined are greater than most programs would
 

prefer to assume. Grain' ylield was determined to be significantly 

correlated with femaleiparent levels, but the estimated confidence
 

interval is too large to permit .utilization of the correlation. 

The Usefulness of Measuring Protein and 

Lysine Content .perSeed
 

All correlation coefficients indicated positive association of mg 

protein and mg,lysine per seed with seed weight' and with percent proteaim 

1g of protein per seed was 'essentially independent of-grain yield.-per. 

acre.,If selection were based on mg protein per seed, then percent
 

protein, seed size, and mg lysine/seed should all improve. Further
 

analysis for.percent lysine would be required to detect those unique
 

,genetic combinations which would.possess above average levels of lysineo 
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Appendelec oT-l
Appendix Table lA "i" ... d:.,Identification of male parent lines :from initial
 
selection. (Based on a 

Coeilssif'icationi. 
modified Snowden. 

-

I. S.,Vumber Code No. :Group Race * Classification 

"SUbseries- Guieense I - B 

391" 

220*76' 

5871 

3837 

8o64:. 

.:-,1216 

5 

7 

8 

9 

10 

1 

2' 

3 

"3 

5 

8 

G lloxburghii 

KC oxburghii -shall1u 

GK Conspicuum 

Conspicuum 

G Magartiferum 

•'Subseries II - Nervosum 

Nervosum ­ kaoliang 

120 

'3127 : 

11 

12 

8 

9 

K 

B 

Nervosum -

Nervosum ­

kaoliang 

Broomcorn 

Subsuries III - Bicoloria 

0710 '3 10 DC Bicolor 

0640' 

0637 

2868 

064i9 

6271 

6341 

o628 

3688 

3796 

14, 13 

15 ' 13 

16 14 

115Doohna 

.18 17 /Dochna 

19 20 B 

2d 22,/ 

-21 221 DB 

22 , .22 GD 

Dochna- Leoti 

Dochna- Lqoti 

Dochna -Amber 

- Collier 

-Roxburghi 

Dochna - Durra 

Subseries IV - Caffra 

Caffrorum 

Caffrorum I 

Caffrorum . " 



Appenmax IlUDle, ±. VL o-SWs 

I. S. Number Code No. Group Race .* Classification. 

823.1. 23 2-3 GKC *Caffrprui Da'so 

.2862 24 . 24m'G Caffrorum" Birdproof 

22217 25 25f Caffrorum Roxburghii 

224 2-6 25 Caffrorum Roxbirgbi± 

8205 - 31 C Nigrics= - Feterita. . 

3530 28 32 . Nigricans -,D.Urra 

.3982 29 33 XC Caudatum 

7124 30 33 BC,. Caudatum 

2319 31, '.33s '" Caudatum 

2143 33s, Caudatum 

0514 33 . 34s XC Caudatum - Kaua 

7186 34 35 CG Caudatum- Gineense. 

2760 35 38 .9audatum -Kafir, 

0132 36 38 D do 

0112 37 38 do 

6198 '38 ~ 38 DCdo 

0121 39 . 38s GD do 

. 012"9 Ao 38s " K do 

06 . i ,1 38m ' ' ddo 

82 5' 112 38s, C, do 

8330 .43 38s,. C do 

2881 44 388 GO. do. 



Appendixi Table lA. Continued. 

:
I. S. Number Code No. Group Race* Classification
 

2643 5 41om, BK Caudatum,-'flurra 

Subseries.V - 'Durra 

1387 46 . 45 Durr- Dochna 

6445 476 Durra - Kafir 

0504 .48 48 D. Durra - Feterita/Kauxa 

1030 49 49 DC Cernuum 

0337 50 51 D Subglabrascens Milo. 

Subseries yi - Grass Types
:2n,=S'iW 

3301 51 52. Sudanense
 

7099 52 53 KI Grass Grains
 

8.305 54 unknown GD
 

* 	 Based on a classification proposed by: Harlan, J. R. and j. M. L. 
de Wet. 1972. A simplified classification of cultivated sorghum. 
Crop Sci. 12:172-176. 
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-tvw-.- . .
Appendix Table 2At. 	 iaenwuImcazion oi ma-ne partau u A 
further evaluation during 1969 test year. 

. Nmber Code No..-.Group Reason for removal
 

.640o 14:": 13 Excessive'early season logig In F Is
 

,do
0637'5 13 


286 136- 14 ' 
 ,do
 

do
0o649 17 :15 

'do
62>71 18 17 

do
6341' 191 20. 

22Z71 25 25 B-genotype 

do
224o' 26 25 

s
3530 28 32 Excessive early season lodging,In F1
 

2319 .31 33s 	 do
 

do0112 37 .38 

do":
1387 46 45 ,. 

,
6445 47 46 do.
 

do
7099 ,52 53 




Appendix Table 3. -Sraz a1ooedaanea=MaryOMICdataof and bybrids bydpyarenttins. ent l vr agdbielcto. 

Identi- Ear-Vlg-ird B-: No. A ' Ste Lfic~ation Vi-c- Boomig lea~ves Area Area Tinlring.-Size Canopy Angle 
Head Cralz/ Grain Tield/ Protein/ LycIe/zodging .Height rotein Lyne Lenh ld.. Vt. Acre Sced SeedY-,4 () 2.5 78 14 125 278.2.7 .2.3"33 2.7 0 125(3) 2.5 75 3rtin 128 O3 2.31. 

Redlam (B)1.5 
13 269 2.7 2.1 2.6 2.7 0' 330 

26 44 1.91 7429 1.97 .045577 12 144 11.1 2.11 25366 4.6 2.3 3.2 39 2.13 7.76CK-60 (B) 2.0 72 12 ° 2.3" 0 160 10.6 2.05 2.41 .0501163 313 3.5 2.3 2.2 2D 41 2-48 7011 2.622.5 0 140 10.4 2.47 19 30 .0539
2.58 2864 2.69 .06637 2.0 68 10 192 317 2.5 1.0 1.0 2.711 3.0 81 16 145 278 0 130 11.9 2.11- 27 3113 2.0 1.8 2.4 2.2 7 307 2.01 6207 2.41 .05104.0 77 23 10.6 2.23 1916f 303 3.7 77 3.30 81671.8 3.5 2.7 3.50 .078120 2.0 81 16 69 3 252 11.3 2.13 19 29 

22 2.0 
217 4.5 2.9 2.0 2.5 0 140 1.8 2.2 

2.14 5459 2.43 .052188 18 83 262 3.0 2.1 25 42 2.86 56,6 3.10 53.5 2.3- 0 152 10.1 2.44 28 46 2.73214 2.5 6995 2.77 .067976 12 306 423 5.2 2.3 2.8 2.829 2.0 90 .14 1 167 10.8 2.2798 325 3.6 24 47 2.922.2 2.5 2.8 5936 3.15 .07160 - 130 10.7 2.34 26 2630 1. 1.77 4122 1.6971 0 227 313 4.2 .04,4S 2.0 97 1.3 2.0 2.2 316 118 4c4 .0 2.5 3.3 1.3 282 129 1.71 26 34 3.86.5%03 .5.00 .08543.0 10 285 330 4"5 0 122 1 2.03 22.0 2.0 2.3 8 260 1.0 .77 31 2.32 .1 30 1.77 4 4:.50 .079431 23 314 3745 4.50' .079436 3.0 79 11 368 382 4.6 2.3 4.5 2.0 03 3.5 78 12 445 419 4.4 2.2 
122 23.0 1.86 21 28 2.10 6667 2.7540 2.5 4.3 2.5 1 .051168 10 175 175 10.4 2.19275 4.6 1.5 3.0 21 41 2.17 7099 2.4i 4.0 86 2.5 0 2.2 1.14 2.27 .0533 

112 . 
17 138 301 2.5 2.7 4.5 2.1 8 235 

20 2 1.96 7031 ;24 .o5073.0 91 16 12.6 1.7010 248 4.4 32 62 2.78 66452.8 4.2 1.5 3.58 .061043 3.5 0 190 12.3 2.20 1378 12 375 40 5.0 1.8 3.5 2.64 6040-6 3.26 .07162.7" 2 182 10.2 2.133.0 76 23 100 319 2.8 2.0 3.0 2.3 
21 42 2.36 6016 2.41 .05137 222 21.3 2.23 19 575 3.23 6265 3.652.0 8 15 120342 3.6 .0815

50 3.0 2.2 3.0 2.2 086 25 117 295 4.0 132 22.0 2.19 232.2 2.6 1.5 1 142 12.8 2.03 
35 1.97 4937 236 .051615 "26 2.35 2650 3.01 .06'i. 



Appenadix Table 3A. Continued. 

Lim 
n mcG V ior B oo mn g ;leaves 

Line7,a 
, Are 

T 
A e a T lle in g 

stea 
S ize Cm QP 

L 
Angle lodgi ng .He'iht 

$ .
Pot en la ne 

Headle gt Crain/d ' 

100 
GrainWt.. Yeld/Acre P-otelr/Seed Lylne/Seed: 

13-24 with: 

7 1.5 70 11 225 359 3.7 2.0 2.6 3.0 0 127 12 2.16 27 36 2.27 5687 2.76 .0593 
1-. 

-13 
,.5 
3.5 

.76 
77 

14 
14 

1113 
143 

301 
252 

2.3 
J.5 

2.2 
2.0 

3.1 
3.3 

2.5 
2.6 

8 
7 

325 
22 

.13.1 
U.7 

2.36 
2474 

23 
25 

70 
51 

3.,,1 
3.o9 

7358 
6849 

,4.45 
3.63 

.1047 

.0939 
20 
22 

2.0 
3.0 

75. 
79 

14 
16 

113 
141 

340 
337 

.0 
5.4 

2.2 
2.1 

3.0 
3.7 

2.5 
2.6 

0 
0 

17 
160 

11.1 
10.1 

2.29 
2.48 

30 
29 

57 
42 

3.61 
2.55 

6456 
5913 

4.03 
2.58 

.0921 

.0640 

21, 2.5 91 17 219 355 2.6 2.7 4.0. 2.1 9 305 10.4 2.26 26 73 2.76 74o9 2.88 .0658 
29 2.5 71 .13 181 398 4.5 2.3 3.0 3.0 0 l-2 10.9 2.42 27 41 2.4o 6977 2.63 .0632 

'30 5.0 77 10 328 451 3.1 1.7 3.1 2.6 6 317 13.5 2.14 26 52 3.70 5953 4.99 .1068 
-33 3.0 81 134 <162 326 2.8 2.5 4.7 1.8 0 140 11..4 2.41 31 49 2.43 7450 2.84 .0659-::­
34 - 4.0 95 17 311 404 3.1 2.6 3.8 2.1 9 367 11.7 229 32 102 3.21 13755 3.78 .0155 

36 3.5 81" 12 635 530 3.5 2.7 84.5 2.7 2 182 11.0 2.28 26 63 2.59 9469 282 .0643 
38 " 4.0 92 17 144 418 5.2 2.8 4.0 2.7 9 2b2 11.3 2.14 25 77 2.65 10466 3.CO .0641 
40 5.0 78 11 476 469 3;0 2.3 4.5 2.5 1 172 10.8 2.14 24 60 2.07 8974 2.23 .o43o 

-- 4.o 81 16 146 307 2.3 2.3 4.5 2.0 7 220 10.8 2.28 29 63 2.87 69M 3.11 .710 
42 3.0 82 17 115. 299 3.1 2.3 3.2 2.2 9 295 11.6 2.09 20 68 3.04 913 3.54 .0740 

543
45 

3.5
3.5 

8 .13
13 

19
199 

473
367 

Z.0 2.3
2.3 

3.2
3.2 

2.3
2.5 272217 10.410.6 2.132.31 23423 77"72 2.653.39 1.17128791 2.763.59 .0589.0-29 

349 
50 

2.5 
3.5 

74 
94 

1. 
17 

219 
165 

429 
356 

3.5 
3.5 

2.3 
2.5r 

2.8 
.• 

2.2 
2.0 

0 
9 

137 
24 

10.6 
12.1 

2.38 
2.17 

29 
19" 

48 
72 

2.21 
2.57 

6582 
8121 

2.33 
3.11 

.0555 

.0674 

Wrtin vlt: • 

7" 
11-

2.0
4.0 

70
78 

: 1 
-15­

261-
13O-

315
335 

3.4 , 
2.3 

2.0
1.8 

1.5
2.5 

-2.8
2.8 

"0
7 

137
320 

12.4
13.8 

2.00
2.27 

26
24 

36
74 

2.38
3.146 

6302
8398 2.95

14.79 
.0590
.1091 

23 -3.5 75 12 191' 370 2.5 .5. 3.0 2.7 7 337 11.8 2.02 25 54 3.04 6022 3.60 .0724 
2D 3.5 70 -13 2 311 . .6 2.2 3.5 3.0 1 182 10.7 242- 30 47 3.165145 3.37 .0630 



Appendix Table 3A. Contlid7 

LineZdenti-
fication 

Karzy 
Vigor Blooing 

O. 
Leaves 

-nag 
Area 

Third 
Area Tiflering 

Stem 
Size 

-leaf, 
Canopy Angle Lodging Height Protein Iuaine length 

20Cal/ rioCM/Cain 
ld. Vt. 

Yield/ 
Acre 

1Potein/ 
Seed 

LT:z-el 
eed 

22 
24 
29 
30 
33 

3.0 
5.0 
2.5 
4,5 
2.0 

76 
90 
71 
80 
80 

i6 
15 
12 
12 
15 

117 
258 
201 
339 
157 

260 
'.69 
371 
403 
299 

6.2 
4.0 
5.0 
3.2 
2.6 

2.2 
2.3 
2.2 
2.0 
2.3 

3 
.2 

'3;2 
3.5 
4.7 

3. 
2.8 
3.0 
2.6 
2.3 

1 
8 
0 
7 
0 

192 
335 
162 
320 
150 

31.5 
12.1 
10.2 
12.4 
11.6 

2.03 
1.87 
2.68 
2.02 
2.28 

30 
27 
26 
25 
29 

53 
69 
40 
4.8 
50 

349 
2.76 
2.40 
3.51 
2.30 

7341 
70.1 
6584 
5725 
7938 

4.02 
3.. 
2.45 
4.39 
2.65 

.0812 

.0625 

.c655 

.0887 
.c6C6 

"34 
36 

41 

4.5 
4.5 

5-05.0 
3.5 

91 
82 
1322 

78 
77 

14 
13 

12 
16 

216 
436 

460 
125 

31.9 
411 

509 
321 

2.5 
4.3 
4.7 
4.3 
3.5 

2.2 
2.3 
23 
2.3 
2.3 

3.8 
4.7 
3.8 
4.5 
4.0 

2.0 
2.7 
23 
2.0 
2;8 

9 
7 
9 
6 
9 

340 
210 
297 
215 
247 

13.8 
0.1 

10.8 
10.6 
13.0 

1.99 
2.16 
2.02 
2.16 
1.82 

30 
25 
22 
27 
30 

56 
56 
66 
56 
6 

3.21 
2.18 
2.48 
2.21 
3.27 

8327 
7770 
812' 
8260 
6970 

4.15 
2.20 
2.69 
2.39 
4.26 

.cAF.6 

.MO75 

.CV. 

.0517 

.C77 
42 

.43 
4549 
50 

4. 
4.5 
5.0"2.5 
3.0 

89 
91 
7076 
92 

16 
17 
1312 
16 

130 
139 
181223 
15 

26 
300 
353388 
301 

2.5 
2.5 
2.84.1 
2.3 

2.8 
2.7 
2.02.3 
2.3 

3.2 
3.7 
3.53.3 
4.0 

2.3 
2.3 
2.33.0 
2.0 

9 
9 
90 
9 

, 315 
327 
232142 
270 

11.8 
13.1 
10.921.0 
11.9 

2.17 
1.90 
2.012.59 
2.27 

21 
21 
2327 
19 

76 
80 
1.945 
58 

3.2910793 
3.33 12231 
31 272.09 695 
2.69 7197 

3.90 
4.3:4 
3112.30 
3.20 

.S46 

.C-22 

.'.6P7 
G072, 

7, 2.5 
2.1 A.o 
23 4.I5 

.20 3.0 
22 2.0 

24 .5 
29 ~~.0 
-30 ­.5 
33.' 3.5 

. 

.71 
79 
76 
79 
82 

91 
76 
8 
97 

n1 
15 
13 
17 
16 

15 
13 
11 
17 

231 
125 
16 

103 
089 

130 
158 
263 
231 

392 
239 
287 
280 
248 

329 

7 
330 

3.0 
1.8 
2.8 
4.4 
4.7 

.8 
5.1 
3.1 
2.2 

2.0 
2.1 

.2.0 
2.1 
2.1 

2.7 
2.1 
1.7 
2.8 

2.2 
2.8 
4.0 
3.7 
4.0 

3.7 
3.1 
2.8 
36 

2.5 
2.5. 
2.5 
2.6 
2.5 

2.3 
-28 
2.0 
2.0' 

0 
8 
7 
0 
0 

5 
0 
6 
9 

-140 
337 
287 
195 
195 

277 
177 
332 
332 

21-3 
13.2 
12.5 
10.0 
10.2 

11.5 
9.8 

21.9 
21.2 

2.16 
2.05 
1.95 
2.33 
2.33 

1.92 
2.37 
1.78 
1.94 

.24 
22 
21 
28 
26 

26 
26 
24 
21 

" 

39 
58 
52 
58 
47 

2 
2 

67 
65 

2.31 6233. 
3.5 5956 
3.32 53 2 
3.04 6816 
2.93 575 

3.239371 
2.06 5939 
3.74 7850 
2.839952 

2.63 
4.68 
4.16 
3.02 
2.99 

3.75 
2.02 
4.-5 
3.19 

.0567 

.C"5 

.81. 

.0706 

.- vv" 

.0717 

.0a:5 

.0791 

.c616 
2.8 :"­ 995 3"1 .0"6Z6 



Appendix Table 3A. Catiae4[. 

Line 
zaenti-
fication 

Early
Vigor Blooming 

30. 
Leaves. 

nlag
Area 

II1Jd 
Area Tillering 

Stem 
Size Canopy 

Leef 
Angle lodgig HeIght Protein L7siue langth 

Grain/
Hd. 

100 
Gran 
wt. 

Yield/
Acre 

P'rotein./
Seed 

IJi 
Seed 

34 
36 

'38 
40 
41 

3.5 
4.0 
3.5 
4.0 
3.5 

91 
92 
93 
78 
82 

16 
11 
17 
33 
16 

165 
614 
123 
461 

12 

293 
559 
272 
510 
310 

3.3 
8.0 
1.0 
1.6 
3.8 

2.5 
2.7 
2.5 
2.1 
2.3 

4.7 
14.3 
4.0 
4.1 
4.5 

1.7 
2.3 
2.5 
2.1 
2.3 

0 
8 
9 
2 
9 

150 
2145 
337 
212 
250 

10.5 
9.5 

10.0 
10.5 
11.4 

2.38 
2.12 
2.02 
2.18 
1.76 

27 
24 
23 
22 
30 

41 
70 

*9 
49 
79 

2.0 
2.11 
2.64 
2.33 
3.37 

6194 
9828 

l,3m6 
6,67 
8327 

2.15 
2.00 
2.64 
2.3. 
3.85 

.0512 
.0125 
.0533 
-.0510 
.0678 

142 
1.3 
45 
149 
50 

4.0 
3-5 
2.5 
2.5 

90 
90 
76 
77 
95 

17 
13 
12 
13 
16 

118 285 
33914114 
121 445 
41 32f 

089 299 

2.5 
4.3 
4.6 
4.5 

1.o 

2.8 
2.6 
2.1 
2.1 
21.3 

2.8•.5 
3.6 
3.5 
3.8 
1.1 

2.1 
2.1 
2.0 

.8 

9 
8 
8 
0 
9 

3±0 
292 
240 
152 
2a7 

11.9 
9.8 

10.5 
10.7 
11.9 

1.93 
2.08 
2.00 
2.1
1.86 

19 
-23 
23 
26
18 

71 
72 
86 
18
69 

3.12 
2.91 
3.22 
2.35
2.51 

10437 
9765 
9128 
7663
7859 

3.71 
2.86 
3.39 
2.50
3.0 

.0715 

.059. 

.0677 

.0537

.0557 

CK-60 th 

7 
11 

2.0 
4.5 

71 
714 

10 
13 

239 
151 

330 
293 

3.0 
1.6 

2.0 
1.8 

1.3 
23 

2.7 
2.7. 

0.1 
1 

35 
333 

11.1 
10.5 

2.02
2.52 

26 
21, 

36
59 

2.28
283.3960 2.553.56 .0510

.0398 
'13 

20 
22 

3.5 
2.0 
1.5 

76 
75 
80: 

12 
13 
15 

226-. 283 
201 381 
12 3 311 

2.5-
5.1 
6.5 

?-1 
2.1 
2.5 

2.8 
30 

:3.7: 

2.3 
2.3 
2.1 

5 
0 
0 

265 
177 

.185 

11.9 
11.6 
9.7 

2.Q8 
1.89 
2.22 

23 
31 
28 

55 
5 
51 

3.18 
3.1 
3.15 

7071 
6631 
6566 

3.79 
3.66 
3.06 

.0788 

.0680 

.0680 
2 
29 
30" 
33 
34 

4. 
2.5 
14.5 
2.5 

o 

91 
71 
75 
90 

99 

16 
12 
11 
16 

-16 

142-302 
211 143 
288 1438 
3.18 290 

n14 302 

5.5 
5.0 
2.5 
2.6 
2.1 

2.8 
21 
2.8 
2.5-
2.5 

3.1 
2.8 
2.8 

.3 
3.0 

2.7 
2.5 
2.6--
2.0 
2.7 

9 
0 
7 
0 
9 

•65. 
327 
150 

.12 

9.5 

10.2 
11.0 

2.1 
2.4,6 

2. 9
2.11 

28 

29 
33 

9 

144 
93 

3.09 3.22
2.167266 2.32 

61.22.02 226 3.80 "7a1 1.26 
2.22 6595 2.28 
3.28 12053 3.62 

.069 

.0576 

.0860 

.o56 

.0761, 



Appendix Table 3A. CctInued. ," 

Line 
Ident- NO Flag :"<. .~~.. +" I1 00 

Identi-
Zicatica 

Eary 
Vigor Bllooming 

No. 
Leaves. 

Flag 
Area 

Third 
Area -Tillering 

Stem 
Size Canopy 

Leaf 
Angle Lodging 

-
Height. Protein Iysine length 

Grain/ 
Hd. 

Grain 
Vt. 

Yield/ 
Acre 

Protein/ 
Seed 

7-ine/ 
Seed 

36 
38 
40 
241 
242 

4.0 
5.0 
4.0 
3.0 
3.5 

87 
91 
86 
79 
88 

15 
17 
23 
15 
16 

273 
128 
358 
230 
132 

320 
287 
409 
289 
331 

6.5 
4.3 

4.8 
:.8 

2.5 

2.7 
2;5 
2.7 
2.5 
2.5 

4.3 
3.6 
4.7 

.4.3 
2.0 

2.5 
2.5 
2.5 
2.3 
3.0 

7 
9 
6 
9 
9. 

225 
.217 

197 
230 
310 

10.. 
10.3 
9.2 

10.3 
12.7 

2.00 
2.17 
2.30 
2.05 
1.89 

23 
23 
24 
28 
18 

56 
57 

•57 
44 
56 

2.44 
2.60 
2.3. 
3.13 
3.56 

8621 
6809 
6716 
49e9 
812. 

2.46 
2.68 
2.16 
3.21 
4.55 

.o492 

.0581 

.0-493 

.065 

.o653 
243 
24
249 
50-

2.5 
3.0 
2.5 
3.5 

91 
71 
77 
91 

16 
12 
12 
17 

1247 
192 
212 
123 

2.3 
2 

357 
298 

3.8 
4.0 
4.3 

2.3 
2.0 
2.1 
2.5 

3.5 
2.8 
4.0 
2.8 

.2.1 
2.3 
2.5 
2.1 

9 

0 
9 

3 
227 
140 
282 

1. 
10.2 
21.3 
12.0 

1.99 
2.06 
2.23 
2.25 

23 
22 
27 
19 

67 
63 

. 
63 

3.05 
3.39 
.2,i5
2..&j 

81.84 
7900 
6682 
7891 

3.46 
3.45 
2.77 
3.37 

.0689 

.0713 

.0620 

.0755 

.0 

+ + +.+ .- _. 
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Greg Otto: Hinze was horn' 19 March 1931' inScottsbluff, Wehraaka 
' to Alfred and Marie Hinze, eldest of fiye chidren*. He received'hi" 

elementary education in Lyman, Nebraska public school&, his secondary 

oducation from Grooley, Colorado public schools. 

He entered Colorado A & MCollege in the fall of 1951; short of 
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of 1954, he was permitted to return to finish degree requirements by
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