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Hinzo, Crog Otto.. Ph D., Purduc Univcrsity, May 1973. Relationship of
“ Factors Influcncing Protein- Yield -and- Quality in Sorghum bicolor (Linn.,
Mbench. Majorx Professor., J. D. Axtell. ,f‘ : T

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 a total of: 76 hybrids.‘ The males were selected for phenotypic
diyersity of leaf angle, leaf area, plant height, and maturity.l 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' E o : o :

, , Analyses for combining ability effects were determined for the follow-
ing characters. early vigor, days to 50% bloom, number of leaves, flag-
leaf area, third-leaf area, tillering, stalk size, relative canopy, 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.i Highly significant j
mean squares were determined for male effects for all characters. e

Eemale effects were significant or highly significant for days to 50%

bloom, plant height head length, mg of 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

aquare estimates of male x female interactions, would indicate effects .
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j;best exploited in.a hybrid production scheme. Significant or highly tf? E;
’.significant interaction levels were determined for early vigor, days to B
'SOA bloom, leaf number, flag—and third-leaf areas, relative canopy,
'leaf angle, lodging, plant height, percent lysine, head 1ength, 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
iseed, and second in percent protein and mg protein per seed. In additionm,
its hybrids were early in maturity and averaged 20 cm shorter in plant
'height than hybrids of the other three male sterile lines. .

B 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 with.grain yield. A selection
program utilizing ng 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 veight was:correlated with plant height, but not with yield
per'acre, Protein content per seed remained relatively constant over

fyield per acre. These factors indicated no adverse effects should develop<,tf~

;relating to yield if a’ selection program emphasized seed size.

| &?, Plan% height was correlated with grain per head, 100 grain weight,

fgrain yield, percent protein, and protein and lysine per seed.
'Unfortunately tallness was also correlated with percent lodging and

negatively correlated with percent lysine.


http:especially.if

thimpossible since the confidence interval established for these values :

k;fis too wide to allow utilization,as(a;reli b1e indicator.
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“”njpresent,day plant breeding is often directed toward the nutritional

him'rovemen”iof a crop as much as- yield per se. The genetic potential

iof material often is obscure, awaiting the discovery of significance.

7The unknown qualities present in diverse genotypes of any species, and

,the inability to predict future requirements, ‘has encouraged the assembly
zof genetic stocks., The first significant step in a world-wide concentrated
sorghum improvement program was the collection of germplasm. Although

the exact numbe%yof 1ines 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-'t,
ment programs, indicating the potential usefulness of the collection |

and its 'ources or concentrations of genetic material.

This ,tudy was undertaken to provide guidelines for selection of

parental lines.. Lines to be evaluated as males were selected fromnworld”g

collection entries growing at Lafayette,vIndiana in 1967. Efforts were

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

haracteristics of value to ai improvement program.






‘REVIEW OF LITERATURE::

g Ty . , S
The‘ orl collection of sorghum (Sorghum bicolor (Linn.) Moench)

fhas grown o include many thousands of entries.’ Estimates vary widely, T

{r nging fromJA'SOO,to over 12 000 accenssions (4 55 67, 68) It is

fprobable that the size of the collection has grown considerably since the

N ~

.lower counts were-reported, although the lower counts may also have elim-

jinated much of the duplication of material which inevitably exists. The
ilarge number of lines in the sorghum collection offer much readily uvailr

ahle germplasf’to the sorghum breeder. Maunder (50) -has pointed out the

ldifficulty of efficiently evaluating this great quantity of material in

addition to conducting regular breeding projects._¥

Limited Genetic Base of the Domestic Sorghum Crgp

.. 0"

Ma*tin (49) in 1936 estimated that the sorghum crop in the United%fé

States traced to 20 sorgo introductions, 3 kafirs, 2 durras, andrl eachv:f
of milo, shallu, feterita, andlhegari.. Each of these is a specific.type -
of sorghums Maunder (50) traced those introductions to six African and];f

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

crop °f sorghum ROW grown represents many more lines according to Maunder,.j
b“t the lines deVGlOPed from the original introductions did represent ‘a’ .

narrow genetic base.. It is this material which has provided mos

commercially importcnt male-sterile (often termed Arline) line used in

the present production'o)} orghum hybrids.g King et.al.,(4l



grown in the United States represent a small fraction of tho

the world. Much of the totangenetic diversity withinﬁthe sorghum species

M 5
is not being utilized at the present time in breeding an. improvement pll;jff

grams in this country. 'Many of the alien sorghums are too tall'ffail to

mature, or are otherwise unadapted to conditions in the United States.?’}ff?¢‘

It is generally assumed that these alienﬁlines possess many genes which '

could contribute substantially to yield, to insect and disease resis ance, )

or to other quality aspects of American hybrids. ,"'

”:ﬂf . Importance of Genetic Diver31ty in Crop Improvement

V'Much research has indicated the value of diverse germplasm in the

improvement of crops to suit man s requirements. Vavilov (82) found

that the‘history of breeding cle‘rly shows that the great achievements

A

of the past resutted from the use of material introduced from" distant :

fy

regions.' Improvement .e to exotic lines was especlally evident in Canada,

Australia, Argentina, South‘Africa, and the United btates. Sweden greatly
)

improved the local wheai varieties by crossing them with English square- -

heads.ij;kf {u‘;q :. D S _ - o
Harlﬂn and Nartini (28) pointed out that the plant breeder is help- -
s;iess in redesigning plants without living materia]s of diverse character.

:;,A single strain of no commercial value maygfurnish a*required trait. For -

5-instance, the barley variety Lion ha” theﬁ‘ource of smooth awn in

b“le" for every °m°°th‘med variet smvm'inl Horth ,America to"1936.

>-.Since a. particular trait may be:unique o



ifcollection is a necessity In barley, for erample, an Bgyptian variety 3 yi%

j{of no valu pd .se hadﬁbeen a valuable parent, Ethiopian material had

PRt

proven to:have resistance to covered smut and ,ummer c)ld, a Japanese line

3,provided smut resistance, and a variety from Turkestan had an escape mech- .'vk

ianism to cold killing of flowers.

'cContemporary wheat breeders have a vast array of material with which

5Clark (16) indicated that Vavilov in a personal communication ~1»’“'

istated,that the Russians had assembled a collection of not less than 31 000

ftypc”fby21935. A potential use for this type of collection was shown by
'McFadden of South Dakota who crossed Marquis wheat with Yaroslav emmer to

gobtain the very important spring wheat varieties Hope and H~44.

e By 1936 Stanton (75) was also pointing out the importance of diver-

Jsity of germplasm and the wealth of it available for improving the oats; :

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

fof superior germplasm awaiting the exploitation cf the plant breeder.'

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

;value p__ se but did provide the necessary -sources . of resistance to many

?races of crown rust and smut (3) PP oo ’ ;l“jmvd,b
,: ; A tctraproid oat found in a collection of oats from the Meditzrranesn |

;region was discovered to have large caropses, high protein, outstanding .

“~.< S

{resistance to crown rust, and thick culm walls (54) The hexaploid oat,.rll

‘Avena sterilis, has been found to possess resistance to the majot oat

fdiseases here in the U. S..

;ghayes and Johnson (29), Wu (88), and Johnson and Hayes (38) were

,among'the first to report that diversity of genetic origin was an importantﬁ“fh
_factor in obtaining maximum heterosis of Fl corn hybrids.‘ Wu reported that ©

ia better F1 can be expected. on the average, if the parental'fhay


http:pointi.ng

’;combined in such .a manner that 1ines of diverse genetic origin are united. B
?*Hayes and Johnson reported similar results, finding that 65% of the hybrids* 3

f;resulting from crosses involv1ng unrelated parents gave yields equal to

ffthose of adapted, high—yielding hybrids.»5This was higher than the propor-_flf

S}tion of superior crosses. obcained when fne:paren"lines Possessed 3°me

ree of reiationship.; They alsf considered ombining ability to be- an:"““'

:‘.I_:shybrids. o

Soybean varieties presently adaptedfto the North Central region of

f;the United btates have been‘estimated by»Johnson and Bernard (37) to trace

7“i n'origin. They estimate that

:ftofsix differenthintroductions of Manch

¢;intense selection u_ong and within these*lines may have reduced genetic

& ariability ‘o such a low level that further improvement is difficult.

;iThorne'and Fehr (80) studied high-protein exotic parents in crosses with

f]adapted lines in an effort tfkupgrade.the;protein, oil, and protein plus

E%oil contents of soybeans. They found_the high-protein content of the ‘}ﬁ:ﬁ?f

ﬂi xotic.strains to. transmit readily to their offspring, and selection of

[high-yielding, high—protein strains from crosses in which exotic strains'f

b*were involved was possible. 'The exotics were used to establish populationsf*

Ve

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

(adapted)] crosses in’ this study. Population means were, calculated to<]j

have been determined largely by additive effects, but some epistatic .
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‘“f/The predictive performance of the parenta lines is of interest since :

:iHarlan (27) has pointed out that the value of exoticvgermplasm may not be ;
:igenerally realized until these varieties are studied as parents. rn we11
g;established crops in the United States, most plant introductions will not
fperfotm as well as well adapted varieties, according to. Harlan.~ As parents,'
fthese introductions may have outstanding qualities which would not be ‘
‘apparent from their performance as pure varieties. Harlan- points out that
fthe 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-
gions in the future will probably be. less in providing varieties directly,
.a;lthey 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._ o o |

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

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

fosis may have been due to either genetic diversity.p__ 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 “Ptstanding general combining ahility with striking heterosis for

yield, protein, and other traits. Genetic diversity appeared to besessen-

;tial in obtaining hybrid vigor.; Malm noted that selection for seed size:

or head size was more effective in improving yiel s‘than selection forf
seedling vigor.;;"ij ‘A Yl : ': ‘,, |
| Jakushevskii (33dyfounipcrosses between orq caffrorum and




upvto a. OOZ increase in*grain yield

ﬁsorghum that erinesiwith’greater

‘:_’King t.'al;‘(Al) reported

general combining ability (GGA *tended to produce high yielding Fl crossesﬁf

regardless of the Arline.;_

i

T :\e

;ff. Nurty (55) evaluated.'enotype-environmental interactions of material'i}

at three locations in India.“:He found early vigor to be the most con—
sistent, while flowering time and height were the most variable. The
best groups for early vigor,vwhich he felt also served to index drought
resistance,;were several Caudatum combinations, Zerazera, Roxburghii,uimi
Nervosum, and Nigricans-Guineense. The Durra, Shallu, Conspicuum, Cer-u.f;_
nuum, Subglabrascens, and Caudatum types were found to interact with |
environment for flowering time, whereas the Feterita, Hegari, Kafir,

7erazera, Rada, and Darso groups were stable. Considering all factors, ‘

.audatum and Bicolor combinations appeared to interact most with environment

Sorghum Characters Studied

S A review of the 1iterature pertaining to the characters studies in o

.his;thesis;follows.;

:Végetative Characters

“di'-'tes the ability f

!lant ‘o establish well and 48! ‘sociated with drouth resistance.; Grassy

xorghum types were poor for his charac‘eristic.~,Vigorous typesbwere foundfi

'oncentrated in Nervosum and its combinations, Bicolor—Kafir, Caffrorum,
'affrorumrBirdp £, CaffrorumrDurra, Nigricans, Nigricans-Bicolor, “
'igricans-Guineensc, Zerazera, and Caudatum-Nigricans. Early vigor w

.ecassarily{aasociated with maturity.‘ In the normal commetcial sorghums,



or was: found in Shallu, Hegari, Feterita, Sorgo, and §.:. . -

Little inform tio ‘rtaining to agronomic crops is nvailable to

’support Murty s contention that early vigor is associated with drouth re-ff

hsistance.; Delouche (8) indicates that there are many reports of th_iin-l;f

'fluence of seed size on growth and development of plants in the horticul-'*

ftural field.ﬁ‘In general, larger seeds in vegetable crops are higher in

fgermination,d:\gor, and potential yield.~ Large seeds screened from a lot i

;of Bragg variety of soybeans were found to prbduce distinctly superior '

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

.InfColqrado it was found that initial moisture content of the planted

Eseed influenced the rapidity of germination and subsequent vigor of the

femei ing/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
Tthe 1ower moisture seeds._ The advantages of early and vigorous germin-‘:,‘
;ation were not as apparent under the irrigation practiced at a second

It would appear from these results that plants established

'from more vigorous seedlings tolerated drouth better.

\.. L ‘

Large-seeded populations of smooth bromegrass (Bromus inermis) were'r
vfound to produce superior seedlings (81) The large-seeded selections "
imparted superior emergence capability to their seedlings, and greater ?‘i";
weight per seedling and per unit area. This early vigor was apparently
operative only during the seedling stage since mature plant characteris- :4E

tics did not reflect the superior seedling attributes. No observations “f

of drouth response are noted.-

Malm (47) found that large-seeded exotic lin , tanded: te



high-yielding hybrids,

ﬁwhile ,ccording to. Quinby /60), sorghum ybridss

iappear to have a superiar“rate of growth which begins in the embrvn'xndif:

climaxs in a 1argef’panicle on: the hybrid. Neither author —a{,;;thisp;fi

‘ esults to drouth resistance.a [

'J’,iSrdesired in sorghum to achieve seedlingkvigor;"

;findicatedﬁby the preceding material, size can be obtained.‘ Voigt, et.al.}

;;(83);fou$d three or four genetic factors involved in a cross of a selectio
?fcalled Big Seed x Norghum. Additive efferts predominated for size, and‘?i
Theritability was estimated at 60%, However Malm (47) found that parents :
,iselected for seeding vigor exhibited the lowest degree of general com- i
iibining ability for grain yierd, and Quinby and Schertz (67) and Blum (8)

'/point out the negatiVe correlation bntween seed size and seed number in

;sorghum._f:f

'5fADiy 50 percen* flowering was determined to contribute substan-*L

‘tially to genetlc diversity in India by Murty (55) The wide range of
;variability which exists within groups may indicate the need of further
ﬁcategorizing the lines. into maturity sub-groups, although it would be |
Jdifficult due to photoperiod effects.i Guineense, Margaritiferum, 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, Mémbranaceum, Bicolor, Nigricans, Dobbs, some Caudatun
rcombinations, Zerazerayband 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 (ovar 80 days). Group variances for days to 50-percent flowering

3

were highly heterogeneous.

Duration of growth and ultimate plant size in sorghum, "i£?_4t9?¢?;ﬁi
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-terminal inflorescence, are dependent upon the time at which flcral initi-

r

ationmoccurs.r Delaying floral initiation results in a plant with a thicker

ﬁstem,‘a 1arger number of nodes and leaves, and obviously delays flowering‘;'

Jand maturity according to Quinby (61)

L vauinby and Schertz (67) report that‘plant size is a reflection of L?.é
~duration of growth within the milo group.’ The effect of. maturity genes i
.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 ond_ '
itime of floral initiation, which is in turn controlled by a few genes with e
'major effects, plant size is likewise determined. If floral initiation .
5occurs quickly,:.he sorghum plant will have few leaves and be relatively

smal‘b':Delaying floral initiation will result in a larger plant with more

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

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

ofiaileaf of Zea._gzg 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 soxghum leaves toward the top of the plaunt
‘must result from 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- N
ing point differentiating earlier. The. predominant factor in both time'; Y
of maturity and plant size is the duration of growth of the meristem _

|
prior to. floral initiation (67)

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

cognized when the first three‘maturity genes were determined in milo‘

hows*the’effact of the regression of yield on days to

r'hgcéabgiéfléél”

”The varieties usedlwere two dwarfs of similar background»




. ﬁThe influence of days to floral initiation on leaf number and ‘
. plant,size of three milo maturity genotypes from a Juune 20, 19443
;]'planting at Chillicothe, Texas. . R

! .
o .- . PRI
s, . .

. ‘ ' Genotype L
R . “Early Intermediate Ultralate ,
" Criteria malMazma3Ma4 MajmagmaqMa; . MajMapmagMas -
'Number of days to anthesis R R - 69 . 102. ..
Number of leaves = 16 S22 o320
'Height of plant, cm o086 o 152
Length of longest leaf, cm .78
Diameter of stalk, cm : 2.5
Weight of heads, gm 1220
o A0

Weight of plant, gm

Source: Quinby and Karper (64)

| The table illustrates that duration of growth is positively associ-.
:ated with plant size, best illustrated by total weight of the plant. Dif-
fference in size 1s apparently the result of duration of growth alone and |
inot 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
1existq in the tropics as well as in temperate zones. Thefwise choice is
fto grow the latest variety that will mature without encountering unfayor-

5ab1e weather conditions or insect or disease damage (67)

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

;days (61) For example, all strains of‘milo areksensitive to short photo-t

;period and cannot be distinguished bj‘maturity from each other under 10-f~
o 0

:hour days. Quinby and Schertz (67) state that differences in maturity are:,
‘due to differential response by varieties to factors of photoperiod and

tcnperature. These responses to photoperiod are controlled by four gene

qqqqq

loci with an allelic series at each locus. 5}U
. The maturity genotypes of some varietiesf re o 1

\
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+?=FoA this'ruason many varieties in the world collection o

;duce flowering

'ied 1 the emperate zones in their present maturity forms. ;;

gmost ropical#varieties studied have proven to be dominant at the first e
fmaturity,lo 33" whereas most sorghums adapted to the temperate zones are,f

?recessivebatsthe first locus., To be useful in the sorghum breeding pro--

fgrams_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 considernble._

genotype—environment interaction due to. its association with flowering
;time in the Indian collection studied by Murty (55) Among the three
:height classes of tall, medium, and short, the sh-"ts constituted 31 5%
of the collection.~ Subseries Caffra, Nervosa, and Durra had the highest

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

Dwarfing genes were found to be mostly concentrated in Roxburghii-Shallu,‘
;Dochna-Kafir, Caffrorum, Caffrorum-Darson, CaffrorumrBirdproof, Caffrorum- f

Roxburghii Caffrorum-Feterita, affrorumrDurra, Dobbs, Caudatum, uaudatum-

Kaura‘;Caudatum-Kafir, Zerazera, Durra-Kafir, Durra-Nigricans, and Subgla- :

brascens-Milo. Very tall types were found in Roxburghii, Conspicuum,

mdunm~mumha@tuhammwuehmdwmmuuwinmmw,

Nigricans, and Caudatum.‘i .
| The effect ‘of height on yield of sorghum, particularly grain yield,fﬁ?
has intrigued many investigators. Graham and Lessman (24) evaluated l

height effects in Indiana by using reciprocal crosses "between 3-dwarf andji;



tf;?leaf canopy structure would result if leaf widths were reduced or if the :
ffleaf arrangement were more whorled to reduce the contiguous distribution -

~3resulting from the opposite and alternate arrangement. More efficient

'light utilization is achieved by illuminating many leaves at
‘;level of light than by exposing a few leaves to full sun. In addition,‘
_the sheaths, petioles; and inflorescence parts may contain appreciab]e f”'
chlorophyll, and thus ‘be productive structures.;w" y‘ ,},i “TTHT
King et. al. (41) point out that some of the best potential parents

1_are not useful because their hybrids aro too tall for present standards

-;of grain sorghum. They also indicate the complex nature of lodginguftf'
ﬁFi hybrids seldom lodge under proper irrigation, but will lodge o:‘dry-"

ﬁland or under irrigation if soil moisture becomes exhausted.-kThi ;is ‘.,

iespecially true if both pl population and yield are high.,;,

7; The first major.}mprovement in grain sorghum varieties in 'he i

Iwas th? developmen't fﬁex’ra-dwarf"stiff-stalked combine types according!:

jto Webster (84) Beaverﬁwas the first of these types, and it was re
:“leased in 1928.‘ Wheatland, Day,.and Colby varieties followed shortly
thereafter. Height thus became of great concern to the’ sorghum breeder*
The early literature reported that one of the manifestations of sorgh”

hYbridization wes the vigor as expressed in increased plant height.
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ity of the chssrvad cases, cradicad to heterostsy vere probably e fo

jfby Qainbf.(GO)

Jastrebov (34),0’1Russia indicates that heterosis in sorghum

f}hybrids in the F1 is most frequently shown as an increase in height of the 'ff

yf'This has been reported bY many American investigators (6 42 65’ 66’

7755?” Quinby (60)p ound that one Fi. hybrid, Texas 601, which showed less

,Qheterosis for plant height and for certain other factors, was also the
:lowest yielding hybrid. RS 630, which showed 19% increase in plant height,‘f
was ‘the most productiver Kirby and Atkins (42). and Liang (43) found sig—li
‘nificant average heterosis for nature plant height in the 24. Fy 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, tillering, leaf width of the largest
.(fourth) leaf, and grain yield were not affected by: the male-sterile
_cytoplasm..

Plant height was found to have the’ highest estimates of heritabili- <

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

conclud‘dﬁthat individual plant selection in an F@ population would be

L)

effective for plant height and days to flowering, but less effective for j;l.

“other*characters. =

o Schertz (70) used an interesting and novel approach to evaluate jlv'yi"
tthe effect of a single gene for heigh Short, doubled haploids recessive
“at”all four major height loci were comparedeith tall, mutant derivatives o
;which were recessive at three loci and dominant at the fourth.~ His com-'

‘parison thus involved isogenic lines and compared 4-dwarf and 3-dwarf lines;fi:



] ngation rates of sorg

ﬁzbroomcorn, which differe only at. the'DW3 locus. Culm elongation proceeded?

lfslowly until 36 to 39 days after seedling emergence, but then proceeded

;frapidly until near anthe s.: The 1ine with dominant Dw3 had a more rapid i

'”and extensive internod elongation than did the line with recessive dW3. ,:j

| Hybrids differing at the Dw2 allele were compared by Maunder and
:-Weddige (51) They found the 3-dwarf x 3-dwarf (3x3) hybrid to always
v;be superior in grain yield to the 4x3, the 3x4, and 4x4 crosses under f
,othe 40-inch TOW. width used.: Yields of the shorter hybrids ranged from 922‘n
?tof957 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 render the 5-8% yield reduction less

ioignificant. CYL%

uf Casady (13) compared populations of grain sorghums which could be

vtconsidered isogenic, differing only in dominance or recessiveness for the ;ﬂ

:dwarfing gene dw3. He found thé lines tn differ not only in height but in?%
;yield and the two yield componen&s, number of heads per plant and kernel -
Fweight. The height cLasses differed within varieties for number of ker~'
[nels per head. Significant environment-by-height interactions for yield
and several of its components. indicated that environments had a differens £y

tial effect on the height classes. Hadley et.al. (26) had results from ,Tfl
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which essentially duPlicates.Casady s results._ ‘Hadley

;

1 n
;ainformation to show whether the dwarf typs i nt~

;might beysuperior to- the'tallktype in areas of high light intensity and~ %3

ialow-humidity butzinferior in areas of low light intensity and high humidity
?The relative value of the short genotype, in terms of harvesting ease and

1reduced lodging, needs to be compared to the 17% to 182 reduction in yield

S I SRR
'obtained. _ff~_;""‘;:w.v, e ,f;f’iv” 3 ?". P 7’3'
w}".l The difficulty of firmly establishingwyield parameters for the dif- f

‘ferent height classes of sorghum.was shown by~Stick1er and Younis (79).,.;3

‘8

;They.used isogenic lines differing only at the DW3 locus. Their tall and o

ashort.types averaged 57 and 37 inches at maturity. - Row widths of 20 and
{40 inches ‘wete used. Little evidence existed for a oW width-by-plant
1height interaction, but plant height-by-stand density and plant height-hy-?

‘variety interactions were significant in each trial. The short genotypes

rformed better at the high stand density of 120. square inches per

‘plant, whereus the taller (DW3) genotype was superior at a lover stand

5density of 140 or 360 square inches per plant. Redlan was the chief conn

ES

;tributor to the plant height-by-variety interaction for yield and ' aompon- gf

-ents ofvyield, and was tne lstest va: iety used. Lo

Effect of plant height competition. COnsiderable work pertaining to g
\'sv

row width and plant population hsa been accomplished in grain sorghum

(109 25, 48, 59,~77), but little data regarding evaluation of compttition l
effects between the different height genotypes generally found in sorghum
testing programs - Ross (69) pointed out that’ multiple row plots were used“f
to eliminate border row effects in the past. These border rcws also pro- |

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

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



the‘4x3,vwhereas the yield of the shorter line was’ depressed about 32 due

EFtorbeing bordered by the taller line. The total divergence was thus aboutgv93

7% when grown in mixed yield trials. According to their results, a 1 cm

difference in height between the center row and the border TOW changed thel

center row yield about 0.2%.-
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‘ Yields and other agronomic,characteristics\of four.silage’sorghum

i;cm), short intermediate'(to 190 cm), tall”intermediate (to 230 cm), and tal]

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

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

‘fb"‘:he short type and}lowe“t"when bordered by the tall type. It was possi—

:fble to group the“tw intermediate types into a single group from an. analysis

, of their effects. Yields of the short type were decreased approximately
'1157 when grown adjacent to either of‘the intermediate types and by . 302

‘Pwhen bordered by the tall genotype.u Conversely, yields of the" tall type

lfwere increased by about ll% next to’ the intermediates and by. 14% when 2
’ibordered by the short genotype.. Johnson concluded that each of the three
_groups (short, intermediate, and tall) could be tested in single-rowed
plots only if grouped by height classes. |
Kern and Atkins (40) found significant differences in one experi-

P

Hnen‘*'or border row effects on days-to-midbloom, plant height, and heads

?over their thr;e'experiments.l Johnson (36) found nio border oW effects

;hybrid. The 4x4, when bordered by the taller 3x4, produced lighter seed:

Land”i”higher proportion of small seeds than its‘:o trol.

Wdorder row effects, as measured by mostﬁinVestigations,
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'?shown?i"the literature to have profound'influence especially on plot yielde.'

;?intervarietal competition. _It would appear th

fstand performance.o The ”orghum;breeder has perhtﬁe ﬂroater diversity of f t1~

,plant breeder. Almost all of it is

fful ofgland resources for general use. A logical solution might be an




iﬂ'dyal and Durra types.q Some lines with a mean leaf length of over lOOicm_

J' were found in Dochna, Roxburghii Conspicuum, Caudatum, Caudatum—Kaura, B

L.

: everal groaps were homogeneous for those characters

Leafk”'gle variation among varietiesﬁ“f sorghum is common according

k“fto Quinby and Schertz (67) Some varieties have leaves that make an s
5:ﬁacute angle with the stem.§ However, the effects of this angle and its

'ave not been studied in sorghum.

fé]genetic contro“

Theﬂnumber of leaves, 1eaf area, and leaf angle all contribute to

e visible photosynthesis capability of a plant. As long as:new '

7rleaves;‘re,formed and contribute ‘to the interception of more light,
,;occurs in an exponential fashion accoring to Wit (87) But crops ‘are

ﬂ}often"planted so densely that after some time a’ closed canopy iw

,pared to the photosynthesis of ‘a canopywwith lealfarea index of 3 5 in

ptheir natural position.v Th;!respiration o_,the canopy was about three


http:varieties.of
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?;ingly;small.n He estimates that theigross photosynthesis of a closed crop 8

%‘urfac ais about 50 000 kg per hj (22 tons/A)ffor the growing season in
£ 0y T The potential product- lf“

ts wil then be about 25 000 kg per ha per year,

;which.amounts to'an verage‘ rowth rate of about 200 kg per ha per day. ;"35‘

.?This conclusion wasxporroborated;by a comparison of the growth rate of

1}various crops under'n ar ptimum onditions in the Netherlands. Oats,iiii -

Eunder strong influence of man, has occurred principally in poverty envir-
onments and has emphasized many features of fitness in addition to pro-*ii

ductivity. Since the primary productivity in communities of autotrophic : ?\;

-green plants is initially dependent upon photosynthesis, improvements in
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the photosynthesis mechanisms should result in more efficient crOps.- Of:yﬁ'g

particular interest~iu.the influence¢oh}canopy architecture on photosyn-;“ffff

thesis through its effect on light distribution. t'fif,ﬁ

The most obvious feature of foliage canopies is density._ Physiolo»’}

"fgists have long estimated percent co«er and tried to relate this to pro-fﬁf_ﬁ;

“?~orationufrom'the soil surface, a critical factor in areas of insufficient -

Lack of{_ensitj is of course a special problem in early stages

1 .of giowth of»annual row crops. Williams, Loomis and Lepley (85) worked

o with c rn;unde‘ thvfintense solar radiation of the southern California

'f;region and found a maximum rate of dry matter accumulation in their hign-

.tfﬁi’ ”)plot af'aeo lbs per day per A (52 gm/m2 day) which occurred during
f',a 12-day pretasseling period. Population densities ranged from 2 700 to
'283 000 plants per A.. Through this period, dry ‘matter accumulation was
tdirectly correlated with the proportion of solal radiation intercepted by

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

vnot fully utilized by present methods of culture for green forage.

;thn;another paper (86) these same authors reported lack of. evidence in

ittheir experiment with corn for an optimum leaf-area index, that point at

iiféi‘;which‘fcrop 8rowth ,ra""-""' aches
ffjleaf-area indices. 5 : e
ﬁfa'comparison"f corn and soybean, Buttery (ll) obtained_sligh'

_LZindication of:an optimumrLAI Within the LAI ranges utilized (appr xi_




24

‘“':ifference in productivity of thettwo species.A Mean relative growth

;Frate (RGR) and NAR increased for:both apecies“éith increasinngAI, whereas

ilight intercepted b ,,he“foliage was- a major detriment of crov growth dur- o

fing the vegetative stage ,rect leaves at tasseling permitted the deepest

}pene: ation of light.T”The yield of grain correlated well with crop growth

:rat ;, .Jlu’“ ptimum population density, thenédecreased with increasing
:plant density.;'Maximum grain production was achieved at 48,700. plants/ha

g(l9 700 plants/A), a figure close to that reported to give maximum grain

Ain Indiana,by Fery and Janick (21).‘m_-v§f‘

and Weber (71) simulated varying degreesvof lodging in soybeans
:t, producevchanges in 1ight interception and yield. Maximum light pene-'

vtration occurred with a moderate amount of plant spread which simulated a.

’small but definite amount ofulodging. Greater light penetrarion,yresult- :

ying_pnfmore of the canopylhaving 1.8w

RO

”intensities above 150 foot-candles, ,

generally resulted in greater yields :IHigher oil content was generally L

\as oc ated with greater light
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ﬂﬁinvcstigate light distribution at ‘the desk rather than in the field. The

Areas and angles is difficul,ﬁ,and tedious.

’f':;With most agricultural crops ‘a basic pattern is imposed upon the ,fﬁ
n_community by grouping plants in regular patterns such as rows and by con-5f
J.trolling density through seeding rates.‘ This obviously influences the can-

;popy morphologyfparticularly in affecting the time to achieve full cover and

5:in int duci‘gfa Wedgerow‘”har”cteristic to the surface of the canopy (44)

{jBaker‘and‘Meyerl(S) found that north-south rows produced higher yields of

ﬁiunplanted) outyielded the solid stands.. Increases in yield were related

iftofthe amount of light intercepted. Loomis and Williams (44) concluded |

“”,:and;apple trees. 0ptimum row spacing will be influenced by the .

,ipotential size and character of" the individual plants and by 1atitude:’°i'j
The influence of variation in vertical density of leaves is relat-l’lf

Jiively unexplored (44) Some work indicated a relationship of skylight

f°°°1“ded bY a leaf Of given width and various distances from a. receiverdf‘w

*fpoint. Leaf size in relation to vertical separation strongly influences L
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fl'.urth or fifth fro'fthe top whereas the largest for the parents was the b

fﬁthird from the top.“ Kirby and Atkins (42) also found hybrids to possess "

iﬁlonger and wider leaves.;7w;ft i

Average foliage angle alone»may provide an inadequate description ofis"

5The distribution and totals

ﬁcanopy morphology for some commnnities (44‘.

Several authors have foliar des-"

720 these angles should also be known

:;criptions which serve to characterize some major differences in canopy

j:morphology. Cucumber and clover were found to be highly planophile (hori-f_:

fz"talsleaves predominant), whereasftimothy -an :‘orn had erectophile‘cano- f'

useful (44) This vertical-t'

~zontal. tructure has been suggested frequently, but tests with models havebfnp
;failed'to confirm the view according to ‘Loomis et.al. 45). | e
Corn was found to have a wide range in canopy morphology. Russian L

and Estonian communities were strongly ercctophile, the' Netherland commun- j}

,ity weakly plagiophile (median angles dominant) and corn at Davis, Californif;ﬂ
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f;was strongly planophile. Genotypes and environments were all different

:;iand the literature;doe not reveal time of maturity or. stand densitie:lused.

]ert 1t is evident that: h“:range of distributionsffor this one species is

. great (44).‘ o

Plant communitie may show marked changes in canopy structure during

"“f_}standbof perennial ryegrass, the prOportion of horizontal

| "creased;duringjgrowth as; reported by Wit (87) Changes for corn-
ivare not as great.~ Loomis et al. (46) noted that the upper leaves of corn
p;shifted to a more horizontal habit after tasseling, but other authors have
'jconflicting data from their investigations. Nevertheless, structural
changes between juvenile and mature canopies are obvious for many species.
Dicotyledonous species 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
tother work which found flag leaf area to.be! associated with: kernel number
fper 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. Mbst of the7nj

,collection are grain types and therefore tend to have a limited number of

‘itillers according to Murty (55) Nodal tillering, defined as more than

ﬁ3 tillers per plant, was found in Conspicuum, Guineense, Bicolo

ﬂDochna—Amber, Caffrorum, Sumac, Nigricans-Feterita,*Caudatum-Durra, and

'Durra-Dochna. Some groups involving Roxburghii, Dochna, d Nigricans did

znotﬁtiller at all. Caudatum—Durra had potentially high‘ illerin“' '

zseveral other desirable features including Yield and grain quality.
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.V’Stem diameter, measured at the fourth internode after removing the

"“ﬂﬁi urty (55 ,’range‘wfto‘fo 6 ‘to 2‘7 centimeters as group

Stem;diameteriis associated wit”'peduncle =

l?mean in individualﬁ;ultures.

._Lodging tendency is not necessarily associated with plant height

EMurty ()5) suggests that flexibility of the stem may be more important
?;than resistance to lodging. Groups having a low mean tendency to lodge j}
ffwere Conspicuum, Dochna, Caffrorum-Roxburghii, Subglabrascens—Milo, Kaura:

ﬁcombinations with Caudatum and Durra and several other Caudatum combin-h"

. The Nigerian material did not show lodging in spite of heavy

headsgand tallness"Fv.Ff}fEif‘“'\“

_ Head and Seed Characters ?i"

F_jggga_ of p icle is a major component of yield, and is a useful
*measure for differentiating between species., Murty (55) also contends
fthat head length is a major contributor to diversity in sorghum and is an

vfimportant distinguishing character in each group in the classification.

fVariability of means“for heau length was high within groups, ranging fromg

Nigricans and its hybrids had shorter panicles
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'r:~ X Y
,f Caudatum, and Sudanense may be due to introgressive hybridization in addi-vi

Qf,tion to the normalvvariation.f In groups where heads were longer, th= main

:gfrachis was slender; :oundish, and tapering from the base to the tip, making 7

?Tthem drooping. Thisrwas particularily true in Conspicuums, Dochna, and

.'Sudanense. In Roxburghii the rachis was tough and undulating longitudin-'

. " . :
Jially. Generally, longer panicles were assoniated with lax or semilax headsvf

ffwith long primary branches.v,;iw

jﬂ;ggl_ of 100 kernels is dependent on seed size and seed density. e
TfGroup means ranged trom 1 4 gms to 4. 1 gms Those groups with a mean of |
igmore than 3 O gms were Conspicuum (3 5) Mbmhranaceum 3.7), Caudatum (3 3),:
»%Caudatumrkaura (4 1), Caudatueruineense (3 4), Caudatum-Durra (3. 1)y |
fiDurra (3 3), Cernum (3 7), and Subglabrescens-Milo (3.7). When examined? :
hwith data on grain hardness and seed size, Caudatums and Conspicuums |
fappeared to have both 1arge grain size. and higher grain density.{ Hardness
rather than size appeared to contribute to grain weight in Durra and its

‘combinations._.

Weight ofggraingper panicles was considered to measure productivity fﬂ

of th*“plant.‘ Murty (55) considered only the main panicle of tillering

Group means ranged from 134 gms to: 652 gms Groups in which five '~'f

[panicles weighed over 400 gms were Caffrorum (434), CaffrorumrBirdproof 5

f(407)' Caffrorum-Feterita (434), Gaffrorm—Bicolor (652), vSumac (610),

"?‘Ni ‘:ricans-Guineense (444) > Dobbs (400) Nigricans-Durra (452), Caudatum-

?Nigricans (449) and Nandyal (581) Most of these hawe long panicles.’ The

‘"Twroup variation for weight of grain was high. The Durra group did

knotghav ‘a'high mean although the panicles are heany, which lead Murty to

suggest that components,other than grain appear to be responsible for ‘the

'lrilow grain prod'“



lCernuums and Subglabrescens are similar to the ' rra“in this respect..v_.._;£

Many investigators have considered the factors of heads per plant,:f

2head length, seed weight, and weight per head *’nfl956 Grafius (22)

ﬂproposed a geometrical interpretation of yield. Heufelt that yield (W) _f

.&nd;number of grains e ‘anch. These three components yﬂfﬁ;i,_f;”ff,

‘the'weight, or density, offthe kernels determine 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 ink;ach of the panicle weight components.‘ Since parents
did not differ in'the number of grains per panicle, compensation apparent]q
‘existed between the ‘omponents which comprise this trait, d inter-parent
,variations in weight of grain per panicle were due mainly to variations in

:weight per grain._ Six hybrids showed significant heterosis, defined by {s

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

{The ‘hree hybrids which did not erhibit this heterosis had a parent line

;superior for weight per grain. Only one hybrid showed heterosis for weight
;per grain, it's parents were both low for this trait. Most hybrids showed
Tsignificant heterosis for number of grains per,panicle and they differed
significantly in number of whorls per panicle and the number of hranches
per whorl. Only numbexr of grains pexr branch showed consistent and signi-

ficant heterosis and this was found to occur mostly in the basal whorls,
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fﬁm'least in the apical whorls._ Blum concluded that heterosis did not. result

A"fro an*interaction between components but was duehto‘consistent heterosi

T??in a‘single over-dominant panicle weight component. Only RS 610 showed

ﬁf*heterosis for component interaction (number of whorls per panicle and

fh]number of branches per whorl) A negative association exists bntween :

f';weight per grain and number of grains.
Kirby and Atkins (42) in Towa measured expressions of heterosis for

?5313 characters of sorghum.‘ Significant average heterosis was found for

fﬂfgrain yield as well as a number of other characters but number of seeds

'“iper head and number'”f heads per plant were not significant effects al--

ﬁfthough the hybrids tended to exceed parental means for these effects. As
.ldid Blum, these authors found that . seeds per head was the’ character most .

”.highly associated withfgrain yield Biel-and Atkins~(7) also found an?

significant correlation between number of seeds per head and. grain yield,
‘;and suggast that sorghum breeders base number of seeds per head in segre-7
i.gating populations as an important factor in their improvement programs

.....

Many other investigators have reported that number of seeds per head

'{'13 the primary component iufluencing grain yield (7 56 ‘60, 78) A neg-
::;ative relationship between seed size and seed number exists according to
fiQuinby and Schertz (67) ' Large seed is, generally thought to: be desir-g'if

éjable for feeding and milling, but no really definitive tests have been

fﬁpossible since all present hybridslhave about the same size of\seed.~ In B




'"“”wo*most vigorous hybrids were those withiseedsfaS*small 88

[“the male parent. He felt that these hybrids hadso’ many seeda

f{fmilk stagefunder he sam light conditions.v While they were unable to

Fp}translate the differenc¥ into yield data, the implications are important.

}5wSorghum possesses‘anpinflorescence ideally located to intercept maximum

i%wlight if it is able to function in photosynthesis, as well as a vast array

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

N '-f. :

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

f};degree of tillering_ 5Ti11ering is required to produce a large number of

rheads:pe plant with grass species.

Ishizuka‘(32)aindicatek that the e{;varieties of rice and their ;ff

‘proved:yields are’associated with decr ased plant’height and increased

f;is rather fixed as is the plant population,inAi isi’overnedfto a great exr
“tent by the amount of tillering. However, Holt (30) working with hybrid
,'sudangrass populations, did not find ‘an increase of LAI by increasing

',plant numbérs within a fixed row spacing. Chiang ahd Smith (15) found
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c.ontent., However Malm reported significant specific combining




'JAllgdata analyzed in’ this study trace to sorghum material grown at

'locations in Indiana during the ngWiUS season of 1969., The Lafayettefﬂfh

site _hereafter referred to as Lafayette, was: at the Purdue University

8T0 my’Research Farm, located approximately six miles northwest of West

‘and available for inspection. Male parentt'were selected 'hichkinduced

ize, leaf number,and angle‘nhead types andlsize, and plant height were

.;selected factors Subsequent checking showed that the male lines sel-

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

hiCaudatum-Kafir. This was a reflection of the material available in pre-\l;:”ﬂ

vious years of the breeding program as well as to the generally superiorﬁﬂ

pollen-producing capabilities of this subgroup..
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i;?previous years of the breeding prog am"were examined in order toypermitff

t least two

- Little data

i'f.f‘\;date bloom, and plant height._ Selection thus was based on the availenfj

foThese ’elected lines were planted on the Federal Experiment Station near

‘ffIsabell Puerto Rico in November of 1967. Seed stocks were increased

;ch re“during the winter season. It was' possible to cross many of these

‘?ont_ male-sterile (female) 1ines._ This permitted an early evaluation of

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

and returned to Lafayette in time for the 1968 spring planting.

H%}E Two replications of the Fl hybrids produced in Puerto Rico were
;5grown at Lafayette in 1968. Those Fl 's which were obviously 1odging sus-
\.ceptible were discarded, as were those in which the male parent was of

"gthe B-genotype, hus incapable of pollen production in the Fl. Only r

dlslight lodgin “occurred in all of the Lafayette nurseries in 1968.. :

Hybrid Seed Production

, male an *female lines were planted in the Spring of 1968 at'”'

'hronization of_blooming periods. Five male-sterile grain




Qsteriles.,;Each male line was crossed onto a minimum of'five heads:ofleach

of the five male steriles whenever possible.' In addition, five to ten
heads or the male lines were selfed for pure seed stocks. _f S "

A11 seed supplies were threshed with care to maintain purity, cleane«

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

The Wheatland male sterile in

s ome "hybrids were very limited. -

'E'consequenc “thi group. was dropped from further testing. In addition,

plement availab]e, RS-610 wss used to bring

‘_to 64 within each block. L



iffpart.of the female lines. Within main plots, hybrids were assignev at

: . onexistent in the ‘ver‘rows of each subplot., Johnson (36) has estab-ii
L"f"-“lished the need of this type ‘of plot :m ‘his: paper which- compared silage R
Efyields of four height grOups when bordered by guard rows of different
"heights. All subplots at Lafayette were 15 feet long (4.6 m) and utilized‘hﬁ
hf30-inch (76 cm) row spacing. Plots at ‘the Sand Field were 15 feet 1ong v
‘gand utilized 20-inch (51 cm) Tow spacing. Two replications of all mater-

a,ial were grown at each location. The'Lafayette*material was. planted on

Lt:ALThree days were required to plant the’ Sand Field locatimn,'

Pll't~s.ands were{generally good at Lafayette. They were thinned

paucity ofﬁ recipitation and the presence of drying conditions'u

;zdecimated plant 'tandshatuthe Sand Field.; No thinning was{required nor

ffpos ible. Sev_ ing‘vigor was reduced by a lack of avai able phosphorus”

fiPhosphorus was banded on in early July at a rate oﬁ'80 poundsfper acre

jﬁ(90 kg/ha) In mid-June ammonium nitrate at 100 pounds per ‘acre’ (112 kg/

:¥ha) was banded on, - An apincation of 100-80-40 had been applied previous

;to plowing, it apparently was too deep in the soil profile to be available'”:t

{to.the sorghum seedlings. Poor stands made yield estimations impossible L:;;&;


http:approximately.90

.,at thia locatipn.

:tion;z Control was excellent at Lafayette bp

thff“Number of leaves. mean . number o total leaves as counted from threea{*

F{:randomly chosen plants.-jg‘
‘5;-‘F1ag-1eaf area:
'r¥ Léngth x width,

.1?as measured for flag leaf.k

7 ..Leaf canopy: ratins Of dens ltY J: eal

»* Beckman, W. P. 1969. Leaf characteristics in relat;

" vulgare. Pers. Ph.D. Thesis, Purdue Undv.
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“Néixlight availablei;S equaling a dense canopy.: A l rating was”awarded

,if‘thebleaves did not meet in mid-row, a S:if 'eryhlittle’?ight
penetrated to the aoil surface between the rows._ ﬂllh' 'mv
:?é.f;Leaf angle- rating of overall angle of leaf canopy. Rated by three
;;d:,independent observers using an index of l to 3 with 1l being an up-‘

f!rightjteaf of approximately 30 in relation to the culm, a 2 rating i

'ifindicating a general leaf angle of approximately 45° with the culm,’

forming a 90 angle or ‘more: with the culm.

Tillering.; lines were rated on the apparent contribution of tillers

i ;to”the overall yield. A mean of three independent observations was’

u*iobtained using a scale of 1 through 9, with 1 indicating 10% or

‘nj;less, 9 indicating 80 to 90%.
lQ. hRelative;stalk diameter ofrthe‘population: a mean of three’indepen-

»

"ﬁdent observations rating stalk diameter as 1, slender, to 3, heavy,

frobust.'

f;l. ]Length of head. mean length«in'centimeters of five randomly choee:

"xhﬁheads., Mbasured from the attachment of the lowest panicle branche

L fh7t ;the‘tip florets.,';
ﬁiZ;fiGrain yield per head. each head measured for length was threshed

fcounted,from the bulkedghead samples., Weighed in grams.

:Protein content.: nitrogen content of the subplot sample x 6 25'f‘»




protein € iseedzmultiplié_”‘,ﬁ?

:}Milligrama of lysine per seed. .

'by percent'lysine.~_’tf :
estimated percent of plants lodged at: harvesr. o ‘*;~3

The umbers‘of,lines for which ood'data were available was reduced

'throughout the growinguseason. Some 1ines showed early-season lodging,
tespecially at Lafayette, and these were eliminated from further considera--x
gtion at that time (Appendix Table 2A) As pointed out previously, stands

‘were poor ‘nd erratic at the Sand Wield._ However, the greatest problem :

;occurredfin: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 :
{nursery. TWisting of culms was so extensive in much of the taller material
rthat is was impossible to trace a head back to its origin. All of these
ﬁfactors combined to reduce the amount of data available for both gites.

tThe number of lines for which information existed at both sites was

;reduced so as to minimize the need to calculate missing plot information,

fresulting in 19 male 1ines being considered.g These unfortunately do not

;adequately reflect the many groups which could havepbeen included'under ;Tﬁif

imore fortunate circumstances.

?arefshown in Appendix Table 3A.
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Mathematical Mbdels

0 variance for the combining ability data has the jr;nfgfi]J

folloving model:

T R R O R B N =<w<>‘1

: et

af- the observation on an entry between the ith replication and the

j.n female and the kth.male.
':”the general‘mean,
{‘7the effect of the ith'reniication, i=1,2,

i ,the restriction of replication.

v_ithe effect of the jth female, =1 toé4,

' f,};#ﬁl*;éithe interaction effect of the. ith replication and the. jth
| 'ﬁ:female. r; ‘ '

r?,;ﬁﬁij};értne;restriction placed in randomization by the split-plot

the interaction of the jth female and the K male.

qx“ﬁﬁi:the interaction of the ith replication, jth female, and thej
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The. form of analysis for combining effects forfz"the 76 hybrids wast

* as follows:

‘Source

+ 76o‘

| - Y
" Replications .. + 190

5 Y
cr + 190;{_\ + 760‘

Res trict:ion on reps
: : -2 ik

= Females

’.,.Error (a) =

,:‘.;Restriction 13 blocks;

f measured characters.; With:l.n.

-in’ th

weracalculat:ed and applied 61136wi‘n*g&ffc’ﬁérnnl’a"s}lt determine

correlation coefficients X
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1Phe“°°YPi° °°rrelation:(r ) ='iéh°, .
g | /tM l),. ( )

l*where M&l 2 e the phenotypic mean cross product between pairs‘of*charactcrs,

3;°btained from the‘analysisﬁof.variance.: M&l and M 2 = phenotypic‘mean *f;;
Isquares of xl and leﬁl_ﬁi~‘y§~ Ca : o A

"cov»

Genotypic correlation (r ) ,'7 gXIxz
where Cov.
s 1v'r',8x1x (Genotype ‘mean’ cross products - error mean cross
'products)/reps, . .
2. 2

where‘o gxl Ok ‘8, 2 was estimated.from analysis of variance effects by..
(Genotype MS - error MS)/reps, and is further considered to represent
'total (additive and non—additive) genetic effects.

To examine further for the ‘presence of SCA, a method proposed by
Oldemey;rfand Rush (57) was utilized. Means of individual crosses were
:adjusted by adding or subtracting from them the deviations of the means
Lof all respective crosses of«each parent from the test average. Using :
,the computation for percent protein as shown in Appendix- Table 3A:.‘“A

example is as follows.,dg -

iCK'60fx 7 produced gxain of 11.1% protein .f

}fprest'average = 11 2%

J“a';All CK-50 hybrids averaged 10 8%

}:fﬁFAll male 7 hybrids averaged 11 82



,':;ﬂAdju .te.d mean for c1<-60 x7 dai
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Combining Ability

P 7..1..: 1.0 .”.“‘..‘..f ' A,.(-;-

Rl et \-vuw-\--—“b -v-v-—.-l "-’-i» e Sremae T A e mEm 6w -1 -1 ey

5*Lfof the 19 ale lines and 4 female lines used in this study. Analysis of

7;f3variance is presented in Table 2 for the 19 characters studied.‘7

,Female'and male effects are considered to estimate general combining
‘élfeffects (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 dssumed to indicate that;
:;the plant breeder could incorporate the desired character into an inbredf

or self—fertilizing population. SCA is a reflection of dominance and/or

fjiepistatic gene action which is non—linear. This type of effect is best"f;:'h

Tifexploited through hybrid production or perhaps early Bynthetica in thosef§
e pecies not adaptable to the ready production of hybrids. -

-?, In this study male effects (GCA) were' highly significant for all

*w&l9 characters studied.: Sprague and Tatum (74) suggested in corn that

- GCA would be more important in relatively untested lines, but as testing
k;progressed and only the superior lines remained, SCA effects would |
fiﬁbecome‘more 1mportant. Kambal and Webster (39) found greater GcA than SCA
;Qfeffects in their report, even though the 19 male lines represented a more

2fadvanced population than used in this study., They attributed mﬂ¢h-°f

gtthe reduced;fe
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Mean Squares
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protein

. Percent
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: Head
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Threshed
gram/ head
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- Error (g)
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Error (b) . o
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s
9
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3, ’410 126
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i,gin existing male sterlle lines. Tn the F population studied by Niehaus

dfand Pickett (56) GCA effects werA generally more important than were SCA

7‘effects, although.both components;were highly significant for the ight

fkcharacters studied.‘.Their study involved three exoticplines'and?fiveiji

Q?adapted=selections.;(f;k

n. this" stud;dfemale effects were highly‘significant for plant heigt

in_Table 3 ghybrids having KS-24 as the.fcmale parent averaged

:ﬁabout O‘cm\less in height than hybrids with the other three female 'f

’ignificant female effects were indicated for'date of bloom, head

Rflength'lmg’ofpprotein per seed and mg of lysine per seed.' Summary-data

,fin Table 3.indicate that KS-24 and Martin hybrids averaged 81 days to

.flowering whereas Redlan anl CKr60 hybrids bloomed in an average of 84"

‘“and 83 days, respectively. ‘Head 1engths of hybrids of the. four females

-tranged from’24.ﬁ 3'26 3 cm, and were found to be significantly different

ffin the analysis Theﬁ uality factors of protein and lysine per seed were

7:also indicated to;possess significant female differences, Protein per

.jseed ranged from 3 14 ’g'per seed"for Redlan hybrids to 3. 41 mg for Marti

ffhybrids. The Martin hybrids therefore”had an average of 8 6% more protel

[fpe‘ seed tkan did tl efRedlan hybrids.3 Redlan hybrids also'whre lowest in

;;lysine content per seed. The mean of 0 0638 mg/seed for Redlan hybrids

f;was nearly 132 less: than the average of the highest group, the KS-24
vfhybrids at 0, 0733 mg/seed. vMartin hybrids had the highest percentage of

_protein as well as prctein per seed. ; -24-hybrids had the second

highest protein content but the highest percent lysine, grain yiel 1 and

mg lysine. per seed, even though its;hybrids possessed tnn smallest seeds“
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Hybrids of Redlan and,CK560fraﬁkg
.t‘these quality factors.j“st

Highly significant sc ef

Jear _engle ;‘_-lata-»lo

fﬁof leaves, flag- and third-leaf areas.' dging’uplant

};height, percent lyﬁin head length and protein per seed.flThe-allelic @fi

;ﬁseries known to exist’for maturity (date of bloom) and plant height
t;explains the occurrence of these two interactions.‘ Significant levels of
ﬂifemale % male interactions were also indicated for early vigor, canopy
ﬁjcover, and threshed grain per head. ; R

Anjexamination of the coefficients of variation (C. V.) for the l9 |

j’variables measured or rated indicated that most C. V. values were within
A 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.'hat'a'refinement of measurement or method of sampling should be
’considered.\ Lodging was associated with definite field effects (environ-

;gmental) and is known to be highly variable. The high C. V. associated with

ffgrain_yield may be due in part to the variation found also in threshed

3ggrain;per head since the latter factor was usedgto'calculate,ygeld';ﬁ

ﬁjAnvincrease in harvested plot size with careful attention to actual area L

}iThese analyses are shown in Tables 4 through 9. Both pos ive

were calculated for lysine percent, two for seed weight, two“for grain

{yield, four for ng of protein per seed and one for g of lysine per,eeed.iy
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Original and a.d,‘justéd | 1y 31

Lafayette,

| Table. 5.

~ Redlan ' .

K5-2%

T Mertin -

CK-60

Means -

Il

3

1<

tl{ 2;29;-\

range (% & .05) = 2.43 to L.78 .

i*fi,ndif.'ates adjusted mean variggt; significantly from mean.
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Means
31
45
16
23
03
x

3
9
6
1
6
5
6
9
8
8
6

3.30% .3
2.13% 3
1l
2.99 3
3 &
9 4
9 2.9
6 2.3
% 2
3 k1
9
8 .9
2 2
> 2
3 6
2.86

27
Iy}
09
61
56
76
Lo
70
43
21
60
65
87
oh
65
38
pal
57

2 L ] 80

‘ 1 —x 3 0.0..,0 . e ® & o & & 8 e % 8 6 o o o e

¥y hybrids gromat

273 -
2.78 -

Female Parent
Maxrtin
2,10
2.70 .
2.87

1=

2.35
2‘.544
2.83

— ‘fR'ed'lan

Al NERYR QIR A

 Original end adjusted seed veight of

2.“5
2.81 -
2.9%

*'indicates adjusted mean varies significantly from mean.

S ToR=B0

“Table 6.
Male
7
11
13
20
22
ol
29
30
33
34
36 2
38
Lo
L1
ko
43
L5
k9
50
Means



L Orlginal and adjusted grain yields of

f,Lafayette.v:

l,

F hybrids grown at i

X-60

el

*Redlan;'

4l

1

'~t~Martin

=l

kel

1wl |- ]37

‘Means '

75095
13007071
L0 6631

22, 6566

ol 8035
29 7266 .
~;%3Q»2377h5_
336595
?4s~3H 12053.

- 36 862.'1.
38 6809
4o 6716
k1o koo

3 gkss

© 45 7000
- k9 6683
50 : 7891

;;Mbans 7380% .

7327
7851 -
8814
8368
8341

8649

9001

6685
1ooh5*

~ 8040
5937
. 7260
- 6243
6631

6011
7705
7785
8123

6283
5956
- 5382 -

6816
- 9375

7995

9371
2939

7850

9952
6195

7662
10386
6167
8327

0438

9765

9128

7678

7859

8125

6477
6735

8163

6750

- 8941

6932
8716
962
3797*
7791
912k

- 6321

9190 .
8554

690L. -
8543

8390 .
7701

:;3770»‘,

6302

8398

6022 -

54l
7341

7641
6584
5725
7938
8327

7770
8124

8260
6970
10794

12231

7257
69U45

7198
- 7646

8268

9043

7499

6916
8850

7335
7701
6715
7762
6053

6923
6986
8538

7957

9034

- ghal

6796

TT9L
7164

. 8u3

5687
7358
6849
6456

5913

7410
6977
5954
7450
13755

969

10466
8975
6997
991k

11712
8792
6582
8ho2

7186

7536
7859
7460

6955

6637
7627
el77
6807

sz
7163

6331
6337
6299

8114
6691

6818
- 7984

11014% 10082

8155
8861
8786
7517
6687

- 8505
7364

- 6951

7921

8655
8946
7230
6821
9568

10548
8269

- 6972

7842
727




2,&5,7
-2.76
2,08
3.6
2,48

3006 3.17 j

2.73 3.93

2.61% 3,61 -
2.53% 3.36

2 3.k
01 3.46

- f77xsféuf7'

23 3.07
3.25
2.98

Martin

Female Pai'ent

' 'Redla.n

" Original and -adjusted protein per seed content ‘of

.t ‘grown at lafayette. .

=

" Table 8,

3.1 3,22

';36141 -

Means -

range (t = 05)= 372to 262 ﬂ

82008

* indicates adjusted mean varies significantly from mean.



~rigina.l and adjustevﬂn .per
ﬁ5grown at Lafayette. - R

'sedd content ‘of

“Female Parent .

e

el

>l

Redlon

54|

- Martin

X,

;?ﬁ;uﬁ,,i..;;l

a1 L0899
1130 .0788
20 .0680
.82 . .08

ek .0692
>'i29a”,‘.0576
\ ?30“\: 00860>
‘:i33:: 00566
gk L0762 -

- 36 .ohkg2’
. .38 . ,0582.
ho  ..04ok4
ot 0660
coheto 0853

43 L0690
457 L0713
kg ,062L
‘50 L0756

owss 068

- .0653
. 0609
.0670
.0603 .

.0681
0727

.0698

0666
,0658

'0716,

10682
.071&'
.0700
+0663-

L0770

0724
.069L

0751
0787

| :‘.0639;’.[“

0566

0955

.0811

00706

.0699
o717

0480
0791
.0632
.0512

0460
.0533
.0515

.0679
.0716

..0594
0678

0537

.0558 .

0748
LoT70k

.0732
.0668

.0738

L0791
L0641
.0636
.0763

.0505%

.0689.
070k
.0760.
.0721
.0672

L0667
.0698

.0706

0628

0591
- 1001
'00725'

0830

.0813

0626
.0655
L0887

.0605
.0886

OL75
L0544
0517

L0771

.0856

0823

.0687
.0597

L0722

L0637
.0758
L056L%
0710

0770

.0618

.073&'
.0650

L065l
0797

.0622

>';O633

.0680

0731

0730
.0814
.0625

. 0684
0710

ooz

00593fﬁl
010h7' 
.0986

.0922

'.06&0

.0658
.0633

.1068
.0659

.0855
".0643

.06kl

.0k80

L0710
LO7h0
.0589 .
+0829

.0555
.0673

0733 o

mmeﬁ=.w)_owmtoow& L
* indicates adjusted mean varies significantly'from mean. 
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iEach.ar ayfvf-hybrids was compared to its male and female parent
‘};for yieldiand grain quality parameters.v This permitted the determination ;Ffé

calculation of simple correlation of parental means T

‘fioffpercent heterosis,.
W t] ‘”‘nfior comparison of various F factors., These.data are
:;;i,;presented in Tables 1o through 15. o -

.i’ :Fbr the measurement of percent protein as, shown in Table 10,
é:hybrids averaged 17 less protein than male parents, although they were
{;43 better than their female parents. ‘Performance for percent lysine
;?(Table ll) was similar in scale to. that determined for percent ‘protein,
-fbutlwss slightly superior to either male or female parent.

S Weight of 100 grains of the hybrids averaged 17% more than their

xiparental means~ only only Fi failed to exceed its midparent mean as shown
.;in Table 12 It is this feature which appeared to explain generally the
viincrease of protein and lysine per seed for the cohtribution from the malev
ngines. An exception were hybrids of KS-24 whose progeny were highest in N
llysine per seed and second best for protein per seed despite having the g
llowest 100-grain weights of the four female 1ines.‘ Fi mean seed weight iviﬁilj

{exceeded that of the male parent for 16 of 19 groups, and the female

{meansvfor all four comparesons. e

Aé?Snéésubnfiébiéfis:fﬁ§b£i¢s£é&é#az¢d'asa&tizéziﬁéfézsf%iﬁ*’

Male 43 appeared to'greatly‘enhance t°talififf

.hanitheir inbred parents

lyield capability of 1ts hybrids, followed by malesb3: and 42,:ijbrids of -

:KS—24 averaged aboutf z,mo“

ﬂthanyMartin crossesﬁkand % more’ than hybrids of CK-GO


http:capatbility.of
http:meana,-.or

: Comparison of parenta”
' rper‘ent)

G Inbred" » e
i dentmfication 5 .
' Mhle

O F0N® ol oD

v oo~ o

d LI
FUOFHFO

W RO e
SREBG REREE BBES

]
(o]
L ™

0 o
@OoWwN: -
5B RESE

oo OFMIF BhuE

1 s
Do

~3

| 'V;:.f"f‘»i
.;155 | “.‘

ﬂf }ifeme1e' ~"FEme1enParent{u,r

o cK-60°(B) 10k
-~ Redlan (Bg» 10,6 .
- Martin (B) . 127
&0 Ks-2k (B) © 1103
',r'Nhans o "‘;;QO e

EEE
OO

N

;&/ ‘Mean of all hybrids ‘which possessed that parti““’ar parent
f;/ (Male mean + grand female mean)/a or reverse. A
(Midparent - )/midparent. Lok -

ST ‘male mean to F, mean = 0.317: - i
'r, female mean tolF mean = 0.854. -


http:11310.06
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11 Comparison of parenta.l“and
s o:f: protein).

Fl:?“ bybrid J,ysine content'}' 'percent ?;i

dentiﬁcation ST Percent Lysine S e L L '
| _;:;_f,Male - Ma.le Pa.rent Fl mea.n—/ Midparent—/ % Heterosisi/

.' .?’
- E\)\,
“cow>rb:f

‘2,08 - 2. 14--
231 . 2,20
2,19 . 2.k
S 2,23 2,22

e 2.2 ‘:;_,:,\‘1:“: ;2'.‘:06" . ' 2.22
Cnm . 199 19%
2.0k v 229 2.10
SL76 29, 1.96
86
19

LCENEN R
GREBE
DO

N

-l
Fopbh
NSOV

Ll 2,02

ow

|
=N
W Ed W

GRS P [ AR - N o AN S 2.18.
T r 1= 2, 19 - 2,22
R Y (S 98 1.94

U |
g

f 2ll+ 2.02 2.16

Looeeh T .09 2.21 ‘

Lo 2418 0 2,3k 2,18 . ,

s w50 ik 2.k 2.10 X9
- Means . 2.2L'L 2.6 - - Lo i

N |
. .

-I—'Q
o

Female Fema.le Pa.rent S o . ,\’
'5"3-}',_cx-6,o.2(3) | 2 b 215 2.9 B R
" Redlan (B) = - . 2,05 " 2.06. 2,08 - en00
© Martin (B) 1'87- . 2.1k T L.99 AL 3

_‘Ks-ah ® 2 3:.-1{ 22 22 32,

_-}_/ Mea.n of al'L hybr:.ds which possessed that pa.rt:.cula.r parent.
2/ (Male mean + grand female mean) /2 or reverse.

;‘;3/ (Midpa.rent - F )/midpa.ren'b. DU e
: male mean to F., mean = O 1+73* (conﬁ.dence interva.l (0.05) ‘=005, te
r, female mean toJF mea.n = 0. 35 ) CURIE e A B R B



‘Table 12.

Compariscn of parental and F. Hybrid grain siz

Inbred
Identification

'100-Grain Wt. (g)

Male

_ Male Parent.

Flmmy

[eh)
e
o)
H
5
NS R
N
o]
o
ct
(1]
H
(¢}
|73
jrN
o

C2,0L
L2k
2,860

0 O W 1O IO L5 L Lo e
i ; x )

2.35

.~ .
IR
O\

Female Paren-b e

l.JJ N
2w
o\ &

REEY RoBBR LEIUR -8B

g - A ¢ z R B
s s s o TR e~

oW FEBEow |
Goblb | &

‘§5H@Pm:#wﬂi‘
O\

!_' - ‘Lj L

H N W
wARTER &

MO~ oo b

6

3/

3/

r, male mean to

.851.

1

r, female mean to F; mean = 0.756

F) mean = 0.733%*, confidence interval 0.05)°

';/ Mean of all hybrids which possessed that particular parent. 'fﬁ;fhnzni
éMale mean + grand female mean)/2 or reverse._,”h;w R
Midparent - l)/midparent ) R



, | Tnbred ] PR
Identification = Yield of Grain/Acre ( lbs)

Male Ma.lg“l?arent Fy mee.n—/ Midparent—/ % Heterosisy

7 L 6208 5842 61490
1L - - 8168 7163 7473
.13 . 5460 6331 6119 -
2 5686 6337 6232 -
22 ,"1.»’;6995 - T 6299 6886

C okl Usgze guu 6357
L9 s hagel 6691 . 5450
30000 ... . 5803 . 6818 6290

S 33 bkl 7984 5621
3k 3745 - 10082 5262

0360 1 i 666T. 8655 . 6122
38 7099 8ol6 _ 6938
koo 7031 7530 690k
Sl eeks 6321 6711
27 6050 " 9568 6l

gl 6016 - 10548 6397
il 6280 8269 6529
ko 4937 - 6972 5857
50 2850 7842 4814
~ Means 5798 7727
. Femé.l'e 'Fémale Parent

' cx-éo (B) 5865 7380 5831
Redlan (B) - 7012 ° 7770 6405
Martin (B) 6805 7646 6301

KS-24 (B) - 7430 8113 6614

Means - 6778 7727

t o
'mxé-'wz-_.zéf'é"

-

RUESEC TR

N O
NO F 0o

5=

e

\.0 \01—'\0
O\ (Vi)Y o AXeRNe.]

N 16N
FIP“
U

BeEs
~ W O\

&
(&)

1/ Mean of all parents which possessed that particular parent.
2/ (Male mean + grand female mean)/2 or. reverseu o o
3/ (Midparent - F,)/midparent. |

T, male means to F, means = 0,112, ' . e A
r, female means toJT means = Q. 951}*, confidence :I.nterval (0 05
©0.999 to .10k,



table.db. Comparison of parental and ¥, lybrid protet pe

. Ihbred
- Identification . bhlligrams of protein/seed

- Male Male Perent Fl Mbans-/ Midparent—/

2.40
... 3.50
0 3.09 ¢
- (R

3.15.
1.89

T wn oty 3
INSAI®

gmm<wﬁmmm¢orme~

L d
[ ]

PW  WWW £

8

L ]
W o 33
RBBHTR B

.
[\VAN ] o
‘.

L
L ] .

PWPPL WWWP

VOFUION UIO DD - K
BEERT VBT TERIYB

=
=

W o
=\
‘oD

D WWPPD W
FW. VRN Wi

PWW WWPPD WP

fé
P
(0]
o

8

" Means  © 3.05 3.

, "1cx-6o (B) 2.69 .

. 'Redlan (B)  2.62
“Martin (B) = 3.12
“ks-24+ (B) - 1.97

Means 2,60   f

f;/ Mean of all hybrlds whlch possessed that partlcular parent
'2/  (Male mean + grand female mean)/2 or reverse. - o
. 3/ (Midparent - )/midparent. ;

5.r, male means to. F, means = O. 689**, confidence interval‘(o 05)\=7 7ft§f'?°f

. .872 to .351.
r, female means to I, means = 0, 550.
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| 'Table 15. Comparison of parental of F hybrid lysine per seed. -

3 ,,\:,"‘v‘jIﬁbred R
Identification  _ Mi.uigrams of lysine/seed | e
o MBle Male Paremt F mean/ Midparent—/ 4 Heterosissj o

7 S .0510 .0565 . .0538
11 L .078L. .0998 .06672
13 - o,0521 .0826 L0542
20 L0697 .0785 0630
22 .0678 . 0708 .0620

oot - 0716 0673 0639
B .O0hk3 .0586 .0525
30 e o 085 ,0902 .0708
330 L0725 .0616 .06kl
o3k o9k 075k 0678

PWFOAF POEWM®

s
w
L ]

03600 L0511 .0518 .0537
380 0 .0532 .0576 0547

o oihon - ,0506 .0502 0534
oW\ 0 L0609 ..0705 .0586
©oovke o Jo716 0 L0791 .0639
43 .0513 L067h . +0538
45" . .0816 . L0727 0689

49 .0516 - 0578 .0539
50 20612 . 0677 0587 .

Means , .0632 . .0693

3

BB o
PUW W oW o

L
\"L\:ﬂ\n

Fema.le - Female Parent

'cx-6o (B) 066 0678 .«0648
Redlan (Bg -, .0540 .0639 0586 - 9.

- Martin (B .0587 0721 .0610 18,
ks-24 (B) = .0hs6 .0733 054k .3k, e

Means '.06_62 .0693

_/ Mea.n of all hybrids which possed that particular pa.rent. ,
-2/ (Male mean + grand female mean)/2 or reverse.’ e
'3/ (Midparent - 1)/midpa.rent TR

fr, mg.le means to F, means = O, 688xx (Confidence interval_ (0. 06) =l '350
' . 720 * i ! ] v 2
*y female means to Fl mea.ns -0 31&6
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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 aets of the ﬂi

‘:‘hybrids produced protein pex seed equal to or less than midparent values.
"f{All other male combinations exceeded -midparent values.: Males 11 13, 3$

'j;,42 and 43 especially appeared to, enhance mg. of protein per seedfﬁ

Hy 'ids with.KS—24 exhibited theu“reatestvpercentage increaseﬁofb”rotein

per. seed although hybrids of Martin were superior in absolute amounts.

Redlan crosses were lowest in'protein per seed.; Two male lines showed

egative heterosis for mg ofl.ys ne.per seed, all other lines had lysine *Fi-

Males ll 13, 30 41, and 43

ere determined to confer high levels of heterosis for mg of lysine per

ifgseed. When hybrids were compared to their female parents, the superior ifbﬁ'"
b;;level of KS-24 progeny is of special note:A Parental level of KS—24

. was the lowest in level of lysine, which explains the large (34 7%) reading
ftiof‘weterosis but most important was the high total lysine per seed. ‘°;

»?fKS-243hybridsfaveraged 0'00125mg or}l 6A more lysine per seed than ;,{'

ould'tend to indicate that within the population studied, performance of

he parent could be used to indicate relative Fl performance.v Grafius (23);,g€,5

e quoted other plant breeders who showed that high yielding parents tended

to produce high yielding hybrids. Thorne and Fehr (80) also found soybean SO

population means to be predictable from parental performance, but Harlan

(27) indicated that the value of exotic germplasm may not be apparent until
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: Hit is studied as a parent,gaCollins and Pickett (17) indicated that their

4fsorghum hybrids tended to :eflect parental performance. 'In the present

¥~study, significant simple correlatipn~values were determined for male ?U
:flysine percentage to Fi lysine percentage performance. Highly significant )
5~values were determined for the association of the weight of grain for the
1;ma1e lines to Fl grain weight and for the two vaJues of male protein per :
Ziseed and lysine per seed to F1 content. -These values are shown.at thek

'Ebottom of Tables 10 through 15.
Scatter diagrams were constructed to illustrate comparisons con-
4isidered tolbe of value to a sorghum quality improvement program. In . .
;Figure 1 the comparison of 100-grain weight to yleld of grain per acre
i":i.s shown to have little relationship in the Fl population studied.
-Correlation coefficients determined for 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 lOO-grain weight. Figure 2 1llustrates the data points '
1for mean Fi data, showing that taller genotypes produced heawier grains.

ﬂAlJ intercharacter correlation comparisons of Tables 16 through 20 support j‘f

i

the data illustrated.

Quinby and Schertz (67) and Blum (8) have reported that seed size

and seed number per head are negatively correlated.; Derived data_from“f

Table 3 was used to establish data points for Figure 3, showing that

this;populatipn followed that same trend. Niehaus and Pickett (56)

l

generation they studied and that number of seeds per ;



'5j!hble 16 Interchnsacter phenotypic und ganotypic correlation coertlcients for the 19 hwbrids u!th nnle sterile cxfﬁo as

Mmfpnﬁ”

- nm,y S No.  Flag Third. ; Sten Leaf . . LooiiooT g g Head Grd.n/ c.-;.n nem/ Protein/
- Vigor BFlooming leaves Arca Area 1111er1ng. Size Canopy Angle Lodging Height - Protein Lysine length Ha.- (W, Aere Seed

1 2 3 I 8 9 0 - nico12 0 13 U1 15 18 '-_17.:.';018’ -

gﬂ.g@mgm-uru&w'ﬂ <f' 
1
&

L7 - 357 040 -,169  -,226 175 .078  .181 «807%=" - J790%s - ,050 =031 -390 .612¢» .23 Mo _om - )
oH3 885 < Log -,518 ,052 L6405 -,362 ,620e¢  516% . 095 ~.028 . -.056 .552* -.CZZ _578ee 017 s
. .EgG =.E5knr., 65108 222 JToUwr L28 -.33) shgs - - 438 o1k O46 -8 ,390 -.635 .372  -.016 S
. 4053 -.k83  -.708 654 15  -.193 068 .36 170 -.333 -.236  -.110 =090 -.200 =223 175 -.250 . ,
=177 -.580 =797  .768 073 =.392 - ,257 -,303 . -.315 -.28 =079  .072 -.06% .05 -.033  .002 -.07h
-.305 .07 235 Az an S527%  5T9* -046 070  -.382 <.L60*  ~.205  .ob1 -.081 =33 -72 =439 o.555¢
.262 1.04 111 -.269 -..587 .78 .583%%-,265 kg7 098 ~,230 -.032 -.063 .287 -.2%05 .25 -.309 . -.388 .
R 487 - L0012 -.364 583 <791 =423 L1 <288 - Lhse «255  .098 -,053 -.27; -.035 . i85+ .15
2178 -.L55 -.loo (W43 430 -.187  -,308 -.ks1 L4036 =076 119 =136 -.513 -.201  ,¢2) -.37h .138 .08
889 .633 SE1 <169 -,326 -.078 588  .159 .017 . 807 2l =350 -U35 .613 <353 .55« Lok T - 3z
879 .526 LG =43 -3 -k 108 =212 -.098 .83) . =320 - <282 197 790%s  Elioes E77es  G17ew 6560
- =.008 .133 =003 -.2i9 -.325 ..577 ..61} .5 .308 . .289 +37h - P =e595%* =301 .085  Lko3 .1B0 718+ .550+
. €03 -.04% .083 -.228 -,)2  ..120 2057 348 -.h18 Lok o214 ..531 »133 ~.240 - ~.3E2 -.1k0 -,517¢ ..110
b5l -.051 =121 -.150 .60 051 -.gao o& -.63t 66  -,213 -.300 .098 054 ~.053. .089 . -.205 -.183
867  .674 521 -.520 -,226 -.150 M6 -, 312 723 910 263 =339 -.014 €0 .BO7e+ - .396 B

3% -.098 -.0%2 -.293 .138 -433 <520 -463 .07 a6 . .62 Mg g o S5 325 .gozes Bo0es
82 .865 671 =627 -158 -2l AW 187 -635  .626  .932  .55h o heh =043 793 k39 328 .35
«213 =.013 =026 -.289 072 -.562 -.635 -.585 .201 A3 665 708 | 529 -.205 527  .gh6 .s52 T 502

-368 7953 -.005 -3 0. -705 -.680 -.519 035 .355  .700 639 -86 .23 .48z © 893 35 gm0

S 2 1 e B gt g
Be8% &

Phenotypic values above the diazonal, znnotypic below.
‘. SIgutiant at 5;. o~ uguuunt at 11 level,




{Table 17, Intercharacter Phisctypic and ‘genotyple correlation coefficients for the 19 hybrids with male sterile ¥S-24-as feinle parent.’

869 -,013 -.123 w315 985 -.08Y% +95h s+
607 848 501 -.031 167 962 -.219 -4 :

C o marly . Ko  Flag Tnira Sten Leat ' [} 4 Hesd  Grain/. Grain Yield/ Protein/ Lystne/
" Vigor Blooming Leaves Area Area  Tillering Size Canopy Angle lodging Height Protein Lysine Length Hd. © "Wt. - Acre - Seed - "?_'s’e‘gd_-'_u_”i ‘
e 5 5 3 7 B CE——T pag p 5 3 pLs 16 B 19
1 - . «321 =008 ,530¢ -202 -.00 ,509* -.173  ,512¢ .552%  ,232 -,300  -.372 ABhe 221 sope 269 7 B0
2 425 S JT23% .30 Lk0 -.095 -635%+ .633%#-.395  .Tog* 572+ -,091 -,308 -.132 T78% -.010 . 692** 047 133
3- .003 <T72 o =.lBBe o k51 - 068 -554*  .390 -.blgs 5ok lS1¢  .,133 -,011 =008 -352 . 1% 365 . 0217 018
h .58 .168 * < k76 852n% .001 .102  .322 ,102 -.057 ~.003 -.129 -.212 -.0li0 #1868 20 U331 -,223 .,298 0
5 W52 128 b9 . .gh2 .232 +201 .27 .87 -a58 -1n8 -6 -hes 015 2152 =291 ,399  -.268  -L01
6 -.200 -,053 -7 ° .06% 315 =039 -.175 Mo -.3s  -365 M€ -.0b3  .053 -132 -.031 .363  -a9%  -.288
7 -.004 870 " -.695 .030 - .247  ..130 STL 336 .232 084 - b0l -230 065 JShlis 2,307 555+ o k02 k26
8 .595 693 . 339 296  -.258 <784 . =.586s 282 Akl =280 -,058 -.018 L1899 k22 -2i7  ..260.
9 =202 -.518 -.607 .19 .230 o566  ~u28 690" T -3k .,196 <152 .127  -.03%  <M34 077 -.266 059 116
10 561 765  .622 =059 -.179 372 2359 291 -.bO6 . «901%% 273 -.268 ~.455¢ 755+ _379 .518¢«  .385 .32
n 68 - .68 M5 .05 -,208 -476 219 138 -.m 92 ¢ 29 -.129 303 .731e% L5700 Lok .Go3ee  .S5he
12 .536 -.087 -.0b2 .34k .,353 -.528 -.996 -.529 .560 .502 .79 158 ~,2u5 015  h71¢ -,139 Ju3er 659+
13 =568 -,581 -.059 -.502 -.791 =117 =223 -,04 .91 456 -.216 RIT] 361 -.338 049 -.335 -,2:0 «28)
% -k -121 -119 -.080 -.004 151 013 .009 -.118 -.504 & -,318 «.365 473 : =e155. ~.058 -,058 <218 -.037
15 669 1.02 .69 .165 .48 <00 765 .630 -.580 .93 936 224 -,561  -.325 -334  .8shes .250 .158
28 H RE B R BRIELN OB DY B e
"o . o ' . - . 1 - 3 8 .593 - Y . - - -~e » - . - ~e
:8 -365 016  .085 -.za -.325 -.163 .-.530 -.283 % Ezlo 7 .
9

21 - 013 -3 -M6 -150  -1530 -2 235 .30

. !henaﬁyp!c values above the diuzéhal, genotyp ic below,
081@1&::&::?. at 5%, ** significant at 14 lcvel.
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Tuble 18. Intercharacter phéfiotypic and genotypiccomhti

‘ the19 bybrid: 'uith mesterue Redhn a8 !‘mleparent. '

Qe

Early To. Fleg Third [ Btem:. " - Teaf: o oio o0l €0 % Heed  Grain/  Grain Yield/: - Protein/ Lysine/ -
© Vigor Blooming lLeaves Area Area .Tillering  Size Canopy Angle. lodgirg " Height Protein “lysine Length  Hd. Wt. Acre -~ Sced Seed.
1 J06  ,050 L L3131 =220 Ja0h  L083 =77 541 .629%  ,520% .,586% -.375 331 L3360 .200 MG 286
2 .54 .508* .038 -.076 -.028 76 386 ~.lg2e  ,521s 50U#  «,008 -,336 - -.279 M76% -,053  LBUGes -, 055  -,205
3‘ .10k LSh2 =.592%% o, 7ufee -,322 - UWB)* 328 L0599 L1588 | .303 037 =001 -.000 290 b6 257 .109 .152
«3277 M8 =,597 875 Al3ze 076 .093 -.162 .036 -.128 =301 .011 040 -.abh  -.342  ,035 -.352 -4h277
5 L,230 ° -.090 <795 ..9%0 WS12¢  -.043 -.013 -.234 .088 -,146 -,310 -,129 -.048 007 =246 L19  -204 k28
6 =156 -.020 -.368 64 - €81 o5 1L 06 -2k ~439 676 263 .362  .000 <430 .031  -.573%% =.5B0es
7 .22 103 520 TAk9  -,057 .138 291 -.196 L2k 268 125 ~1h7 =194 W13 =192  ,6A8ee o,201  «,283
8 .26 Alko 369 .01 .002 409 ko8 -hoh 061 -029  -.326 .55 .269 LAl -,260 007 =319 -,361
9 -,207 =08 111 -.196 W12 ‘=039  =.351 -.L7h -198 .05 -,0686 .29 .18 -.088 .123 -.248 075 .229
10. .643 .557 W17 J062. 13- -,220 519  .099 ~-.248  oBlb¥s  LOg - B25+e -.527%  ,735%+ ,Lols _673+¢ 508+ 278
11 .792 524 344 -ak5  -.179 -.563 .368 =162 -.040 <916 JH90% =, T13## - 555¢ 651%%  562e% 531w 6678 5Uhe
12 776 021 056 -.311 U450 -.803 ~,230 -.32% -.270 .519 552 =502+ = 412 O7h . 563%¢-,0B4 - ,7g7es  706es
13 -,740  -.388 LOk2  -,067 -.163 .258 . =179 .03k ,332 942 --,7B4 -.699 . ¢359 . ~,651%e -, 5B6n- 5528 - BhSes o343
W -.529  ~-.302 011 -, 088  -,050 JH4o  -,234 350 126 ~.565 -.596 @ -.548 436 =e133 =077 =.255 -.205 -
15 .317 JSe2 W43 -agh  -.032 .188 883 .229 -,128  ,9kk g7 019 - 794 -,269 HAg0e  797e+  ,373 .187
16 .00  -.0l8  J10B  -.358 . -.286  -M93 -.249 -.313 .209 .52  .659 .69 -.€52 -.083  .552 .68 .Qu6%s . .9o0ee
17 .59 - .787 .367 046 192 -Bsz 1.295 .079 -.381 .958 632 =.233 .67 .86 790 - L1E7 .. .- L0710 «.138
16 596 -.059 .132 -.36h --363 -.654 -.263 -.350 .073 - .568 685 Bl -715  -.239 Ai08 961 L070 936 -
19 .01 -.223 200 480 =534 o 701 0 -.362..-.5190 251 .333 R

k5 B -868 -252 206 930 -.206 .99

Phenotypi~ values sbove the diagoral, genctypic belw.ﬂ
* Significent at 5%, ** significant ot 1% level, . ..

oL



Third

lznf

100

Seed: .

- stem IR '€ Head Grain  Grain- ue'ld/ Protein/ Lysine/
Ares Ana.‘ : nuering Size Cenopy 4Angle Lodzina Height Protein Lysine 1length Hd. Wt. * “Acre. Seed -
. o5 6 X 8 9 0 n 12 13 1} 5 6 17 18 ‘i}191'
.199 - o3U8 MTe _160 179 .335 -.386 77 L677+* 113 -.kB0s -.353 554 360 .381 .7 . Liso
27 | #T16% =139  -,048  -,313 - .558 - h2h -_5Bges _630%x  .GShes «337 -.334 -2y 697%% 096 615 5. .. .08
3 =.629%s - Lgov - 125 .531% .333 -.301  .S524%  L64s 319 ..366 .30k .783* 360 6218+ 383 255
L .767 . B35 «209 =047 .2ZI5 -, =058 =146 -.355 -.001 2183 U299 31 -.20 -2k LE7e L
- 208 069 . -.658 1,133 C .23 -39 L343 -.002  L107 <050  -.289 .00 .128 -.136 -.425 -.212 ° =386 - -.ll7e
6 -ako 287 .59 038 132 (lgge -h72e - hghs - .€12es 234 .Mko -3 -.251 3o -l -.383
N O 636 12 L 577 .084 . 416 346,158 -.017  -.092  .013 ~-.230 450¢ =136 .701%¢ . 2,126 - 165
Tl 376 .36 . .210 .570 ~413 268 -, -.300 -.083 ,153 215 -.229 178 -.265 -.360
) =311 -, .032 .663 =524 -3 =.539* -.361 -, .260 L29 -,305 LOh6 - L8220 2,016 .085
0 <537 -.066 .124 -.567 252 .292 -.554 «.851% 377 628 -,505¢ .TNes k21 k20 . -235
‘n 681 W81 -168 020 -.602 -.02% ,050 -.389 .871 ' oSThew <.552¢ - W16 .725%% .590* 360  ,5uBee . Lgde
12 12 .362 -.429 -,291 791 111 =341 -.256 ROT-) 6Lk . «.h93* -,001 JAlgr  6lhes 284 838%  [T12es:
13 -.518 -.423 018 -.029 2384 - 184 <020 392 <.807. C-702 -.476 066 k22 - L36 -.2h) - .lugpe - -.GEB
.1k Co=h2l -3k sk 10k 531 =52 .z W50 -.510 -b52  -ch) .23 «517  ~.08 < L7 .o3o -.03¢
- 15 -665 .-%3 0951 e -,229 -.505 asm '195 ~.325 0893 0867 .605 —.h36 --&6 . -l‘29 JTTLen . 99' 377
16 . .3 <101 381 - -.500 -.kE7 -.250 LA19 =216 02 Az 629 631 -.566 -.017 .576 JA6F h3es .87!w,*-
B R T L52 LW o200 - 42 -.592 916 125 -.587 . .534 L2 -353 =.063 -.€80 .738 .266 S W22 52
.16 .31 245 Ak -ugr -3 =87 .27 -.289 -.086 Bl Jq1 837 -.5712  -.030 666. .951 ' .355 - .BO2ee
‘39 _ ~.1_.71'7 062 ., =519 -.513 -h23  -.086 -.3uk .08 234 #5443 792 -.280 .032 629  .8% 397 W96 .

enotypi- ulue above the dia.gonal,

genotypic below,

Sisnitimt l.t 51, . :ignitimt at 1$ level,

TL



" gable 20. Intercharacter phenotypic and genotypic correlstion coefficients for the 4 female lines (B counterpart) and 1y males..

“garly. " " Ro. . -Flsg' .third- - Stem . .Leaf i nicoeo I SRR R ﬁead * Grain/ Grain neld/ Protein/ Lysme/
Vigor Blooaing Leaves Area ;A’_‘F ﬁ:uermg Size Caxwpy Angle lodging Height Protein wune Length Hd. - - Wt. . Acre Seed ‘Seed T
1 2 3 L5 . 6 7. 8 9 1 n. 212 B W 1 ¥ w1819
1 ca2h -o7L bge .iia' 067 -0 €02¢ 678 272 -.53 =216 - ..195  .3h2  .029 - JMo%e - L201
2 -.0% 817+ -.353' 018 - el .m' 3769' ~566% <139 =.150 .083 .17 .0t 2197 - -.078 -.280 -,053 - .035 -
z -.073 846 .597% =.382  -los* 616+ .352 ~.b0O  .059 009 =103 215 099 JA83%  L078 -.025  -.003 - L6 ¢
L85  -.313 -.626 .726" .532%s =186 (268 .182  .065  .126 053 =279 -.058 <47 022 096 LOh8  -,000
5 L6 00 =387 .83 » © .35% 0 .020 .257 . 019 =-029 -.065 .09 =186 104+ -51 .04 -.158 -.003 -.081
6 .188 -.218 -.543 - .698 .64 . . 025 187 0% =286 =07 J067 -.087 -.29%  -Mli3s%  .002 -.281 .03 -.010
7 -.062 625 T2 ~.220 1001 . 051 . +595%#-.359 =,0685  -.185 021 .05 ~.037 .27 =059 -.0h3 -,051 .003
8 .5‘57 .!‘69 .361 L e339 a38° . .21" .681 '0_298 .03 =.010 «.010 "'0095 =.153 .213 -157 «229 -olhs '-187 )
9 -6 -.637 -A72 .25 -.006. .70 439 -.362 -1.07, =093 -,638 .333  .152 -.031 =292 .335 -.L66* .37
10 .683 -8 059 o R -.068  ,036 -.098 - . JBugse- 289 < 451 ,153 A4B9*  ,637%+-,013 Slhres  _Shges
1 739 -4 .ol 296 .000 -.203 . .873 a79 =399 -.035  JA79*  JT37e* 072 .6Bus» 616w
12 .225 161 -.061 . «069 © .150 -.T <335 . hz - 768% 235 -,349 243 -.537%* 602+ .326
13 -. 057 .72 S 15 =280 JMbS5 -.569 5 =846 7 - -.318 2103 © -.331  .203 .-,596%** -,184%
i -.16 L067  .090 =010 -.178 .61  .162 .038 216 -.hoo ‘ -026  .123 ~.065 222 054
15 .23 J186 k98 L - .265  .199 =.039. 513 - .50B -.390 ~ .076 -.066 A57e 0 579+ L210 .359
16 .3% -.067 .110 \ =08k - =038 -.062 -.207 -.319 .68% 753 . .193 -.335 .12 W57 00h  Lo17es  Qules
a7 .006 -.333 -.029 121 '980_‘ ’0352 o -.019 253 .392 -.017 -osg =715 ~ .170 -.113 -568 010 . -,219 - 2k2
18 oz -.02s 038 012 -.052. .02 -.042 -.061 -.534 .686 .M 55T =627 240  ,250 920 -.266 : 892¢s
19 .168 0350 .175 =138 . -.:_}lf 172,050 - JO46 245 -.h90. 578 663 $260 -.255  .052- W05 .96 -.222 . ..909 :

'N_‘"wotypic values Lbove the dingoml, gendtypic belnw '
) "-sxgnmmt at 5%, +* Siyuﬁmt at 1.'. 1eve1‘

(44
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‘*fhead ta :the argest irect affect °n’yieid'“?

'i?Thﬁinotable exception is the performance of KS-24 hybrids. As listed in ﬂ:

'QdTable:17 'the phenotypic correlation of these two - components was slightly g

'f‘positive and the genotypic correlation was decidedly positive.

tal protein and total lysine, measured in milligrams per seed

liwere always highly correlated with seed weight in this study.; This is

;ﬁillustrated in Figures 6 an'*',nand values are presented in Tables 16

::through 20 Heavier grain contained more protein and lysine.iu'igjf'fflf'?
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t di,;rams are supported by intercharacter' or 'lations from(Tables 6 to
e """“. i

"‘"a A:positive relationship exists between lysine er‘seed and protein

- content, but a negative relationship exista for?the‘association of@percent
fq”lysine and percent protein

‘Other research.at Purdue has‘produced results in agreement with 5

'Abifafin Bantayehu** B

jﬁwseveralgof"he obserVations from this study,m

;i;andfcollins;and Pickett (17) all found Martin to produce hybrids with the

;Vhighest protein snd lysine contents and reported thelnegative relationship$55*

iﬁbetween percent protein and percent lysine. All three studies also‘l

::indicated that Redlan produced the highest yielding hybrids but KS-24

"was not included in any of the three programs. v A o

| Several additional intercharacter correlations from Tables 16 to 20
~fwarrant inSpection.@ Comparisons were limited to those which appeared in
jthree oxr more instances of the five populations studied.

‘ Early vigor was significantly correlated with lodging and plant
Tfheight. It is possible that readings of early vigor were takeni‘ate
f;enough (6 - 8 inches of seedling height) so that bias was introduced
;;favoring the taller seedlings.' Early vigor was slso determined to be |

hfsignificantly negatively correlated in three of five evaluations with ' '!3?

J}percent lysine and POSitiVely with grain 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.) Moench. Ph.D. Thesis, Purdue Univ. Lo
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Days to 504 bloom was often significantly associated with number ‘

'i?of leaves, stem size, height, lodging;; ield per)head and yi@ld per

Loomis et. al..(46)

};lea 'pattern wasvdetected with the later genotypes.

Third-

& j‘fthird—leaf area, and positively with stem size, and lodging.

finegatively with percent protein. It is difficult to interpret these

lassociations. f?j[ fltfir

. | Stem size was associated with yield per acre.. This would relate f=<

to growing—point size as proposed by Abbe et. al. (1), Quinby (61), and i
Q“inby and Schertz (67) ' L o

." E;Percent lodging was significantly correlated with plant height,
jgrain per head, yield per acre, and protein per seed.' Many data from
ﬁmany crops support the association of yielding components with lodging;}”
[Percent lodging was also found to be negatively associated with percentj{i

'lysine and head length in three instances of this study. ‘if.'

JQ‘} Plant height was often highly correlated with grain p rjnead 100-

}grain.weight, yield and protein and lysine per seed. Lt tended toabe
fnegatively associated at varying levels with percent lysin,p nd:

length but positively wixh.percent protein. ﬁ,“_._



'fixed model waa used in, the analys:ls of data in ‘this study. 'Eveﬁ::"fj‘f

V,_;t:hough.-‘many of t:he. result:s obtaine.d have. been substantiated by work wit:h.

j’.only to the. vpopulat:i.on 'invalvad he.rein




8

‘SUMMARY AND CONCLUSIONS

- An- initialjpopulation of 65 diverse lines ﬁere selected: in 1967

orld co. le tion of sorghum._ An attempt waa made to select ror,p_
iversity o”iplant type in height, leaf areas, leaf angle, and maturity,v

;fin addition to selection of lines representing as many 8r°“P3 of 5°r3h“m

,oas’possible with.the modified Snowden classification then in use.

‘Data on'19 male lines and their hybrids with four male sterile L
14 es were considered i1 this study.« The fertile or B counterpart |

jlinerfvthe male sterile was used in place of the sterile line for

;fparentalg‘omparison. S

Aftotal of 19 characters were measured ox determined for this popula-

tion.‘ These were._ early vigor, days to 50% bloom. number of leaves, ifﬁ}:

;Iflag-leaf area,ﬂthird-leaf area, tillering, stem size, canopy cover,twﬂff;

Jfangle_}lodging,’plant height, percent protein, percent lysine, head length,
ftgrain per head, lOO-grain weight, yield per acre, milligrams of protein : ,
{fper seed and milligrams of lysine per seed. f IR L

| An analysis of variance for combining ability was determined for thewk

fFl data. Significant male or female mean squares were considered to
A o

5Lrepresent general combining effects (GCA) Thls is equated with additive v

_fgene action, linear in effect, and utilized by the plant breeder through
R -

incorporation _into pure line varieties. Significant male x female'”

interaction is considered an expression of specific combiningvability

l(SCA) due to dominance or epistatic effects snd to be utilyf‘ )1



In this studyﬁmale efféots were

?jﬁerploited*inHproduction3of hybrids.

. The SCA component males x females, was significant or highly significant

vgifor early vigor, days to 507 hloom, leaf numbers, flag- and third-leaf'}fg

jffor several of the other examples of SCA detected. "f

'vﬁviiIntercharacter correlation were determined for all l ch acters. L

"Comparison pertaining o yie-d and quality factors were consideredﬁof

,_primary importancA '

‘xEvaluation of Male Lines

\Several?of the male lines used appeared to have special merit as

'parent_lines in hybrid combination.n,

‘ For yield per acre, male 43 hybrids produce thx most grain, followed.

3§by progeny of 34, 42 38 end 36.- In percent heterosis over‘the midparent,

fjvalue, male 34 was highest (91.6%) followed by 43 so, 42 and 33,

Males 30 11 42 13 and 41 produced progeny high in milligrams of ‘ﬂ
';protein per seed, In ranking by percent heterosis over midparent values, n
3ma1e 13 exhibited 50.8% heterosis, followed by ll, 42 43 and 20.'H_

High.levels of lysine.per seed were produced by males 11, 30 13,

,42 and 20. Percent heterosis over midparent values showed‘male;l"at

isz 4z highest, followed by 11, 30 43



g Percent protein was substantially increased by males 11 and 13
5fwhile lysine percentage was increased slightly by males 34 29 33,

Evaluation of Female Lines

Hybrids with KS-24 and Martin averaged 81 days from planting to .

f?507,bloom ,cx. ubhybrids in 83 days, and Redlan hybrids in 84 days.
iiForvthe quality factors of grain, Redlan hybrids averaged 3 14 mg of
'?protein per seed while Martin hybrids were high at 3.41 ng. In. terms of
_percent protein, CKP6° hybrids were the lowest at 10 8% to the high for'
fMartin hybrids at 11 3%. Redlan‘hybrids were lowest in both percent

lysine (2 06/) and mg of 1ysine 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 sterile line KS-24 ‘had not been used in sorghum investiga- |
Etion at Purdue before this study and appeared to possess unique’ potential.
;Abifarin* Bantayehu** and Collins and Pickett (17) indicated the superior
?yield potential of Redlan hybrids as well as the superior protein and
;lysine 1evels associated with hybrids of male sterile Mhrtin. In the
vpreeent study hybrids with KS-24 produced the most grain per acre, were
ieecond in protein percent and mg protein per seed, and highest in percent

lysine and mg of lysine per seed. Hybrids tended to increase their totalb‘ o

mg protein and mg lysine through seed weight increases in this study, i

*  Abifarin, A. O. 1969, Combining ability and heterosis for yileld,
./ protein, lysine and certain plant characters in 18 diverse inbreds.and
. 56 hybrids in Soxghum bicolor (L.) Moench., Ph.D. Thesis, Purdue Univ.

ﬁ#- Bantayehu, G. 1971. Relationships of certain morphological charactexs
"~ with gr~in yield and quality of phenotypically diverse linés and hybrida,

" dem Qasvnhiim hdanaTasw T Y Mannah Dl T Mannd~ Diswdera Tlader



‘but hybrids of KS-24 averaged the smallest seedeeight of the our" sets S

of hybrids on plants that were 20 cm shorter.’ IL appuareo fzom this
‘:study that male sterile KS-24 possesses a rare combination of characters

1}3for use in a protein quality improvement program., KS-24 may~be of interest:

ihnot only fox ntilization in a hybrid program but the geneticzmechanism _'”'

% controllingiprotein'aynthesis may heklf,value for deve10pinhbvarieties. a.;::

Intercharacter“Association

, ht was highly correlated with plant height but ot with’”.;“-‘ S

@fgrain yieldwper acre._ Protein content, measured as mg/seed, remained =

{;relativelyﬁconstant over yield per acre in this study.' Derived data :
:fillustrated the negative relationship of aeed weight and seed numbersvgif'ﬂ -
f{per head which has been reported by other workers. | e
_.,«. Several vegetative characteristics were found to have important)
?iassociations with yield and quality factors in this population. Percent
Tilodging was significantly correlated with plant height, amount of grain
;}per head, yield per acre, and protein per seed, and was negatively associated

;}with percent lysine and head 1ength. In this study there was excessive o

iflodging of tall matoriol, but minimal lodging in the shorter lines.iigljﬁki

erhaps lodging could be reduced while retaining the desirable aspects
;;of'tall material by selecting for medium heights. Since plant height
i;was positively correlated with grams of grain per .ead lOO-grain weight,ls*i

ﬁ?yield, percent protein, and mg of" protein and mg of lysine per seed, it

4

" would appear that the merits of taller lines deserveis ecial attention




"gffrediction ofﬂril?erEOfmaﬁEéffromVParentaifPerformance

7.0 correlatipn coefficient was determined between percent protein

rent lﬁves,with mean ¥, performance in this study. Percent

i dys l performance was only s.lghtly correlated with parental lines,
iibut”loo-grain weight and mg protein and mg 1ysine per’ seed were correlated
Iisufficiently to be useful if testing were not practicable since the -
f?econfidence intervals determined are greater than most programs would
iffprefer to assume., Grain yield was determined to be significantly

ficorrelated with female parent levels, but the estimated confidence

frinterval is‘,oo large to permit utilization of the correlation.

*:fThe7ﬁsefulness of Measuring Protein and
Lysine Content per Seed

. Allicorrelation coefflcients indicated positive association of mg

protein andimg lysine per ‘seed with seed weight and with percent protein.,

.Ng of protein per seed was essentially independent of grain yield per

acre. ;If selection were based on mg protein per seed then percent
giprotein, seedﬂsize, and mg lysine/seed should all improve. Further~

':analysis 03 percent lysine WOuld be required to detect those unique B

rgenetic combinations which would possess above aVerage levels of lysine. '
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“Sumary agronoatc data of parent 1ides and kybrids ‘:fbfy.t}i‘e's_;;;hrﬁéegvbjr»jx;ﬂefi:uédtvi'!@:ns‘; e

Identi- Early . mg 'Ihird : Stem. ©Lleaf ’ 2 % Heaa Grain/ Grain TYield/ Protein/ x.yum/
fication Viger Bloaning Leaves Area  Area nnerlng ‘Size:. Canopy Angl‘ I.od,,ing Beight Protein Lysine ungth Ha.. Wt. . Acre . Seced Seed-
-2 (B) 2.5 78 .. -y 125 278 2.7, - 2.3 . 3;3 : go Soa 125 © . 10.3 .;2.31_, 26 iy 1.90  7h29 1.97 LOu55° -
Yartin (B) 2.5 75 .13 128° 269 . .2.7 2.1 2.6 - SO0 1300 T M. 2,11 25 39 2.13  7.76 2.k1 L0501
Redlan (2) 1.5 T 120 L 366 U, 2.3 3.2 . s 00 1600 20,6 2,05 20 . By 2.48 7011 2.62 -0539-
CK-£0 (B) 2.0 ‘7200 12 163 313 3.5 23 . 22 25" 0 Wo 10k 247 19 30 2.58 28¢4 2.69 -0663
_ 2.0 €8 10 192 317 2,5 .0 20 .27 -0 . 230 ‘1.9 21 3 2.00 67 2. -0510
11 3.0 8 16 ks 278 2.0 1.8 2.k 2.2 7T 307 . <10.6. 223 19 77 3.30 8167 3.50 L0781
13 L0 7 . 13°  16r 303 3.7 18 3.5 .27 3. 252 . N3 213 19 29 2.1 sisg 2.43 .0521
0 2.0 81 16 69 27 45 2.2 2.0 2.5 0 k0 0.8 2.7 25 k2 2.86. s5€86 3.10 0657
S22 2,0 €8 18" 83 262 3.0 2.1 3.5 2.3 . 0 152 10.1  2.u% 28 .46 2.73 €35 2.17 0679
2k 76 12 5306 k23 5.2 2.3 2.8 2.8 1 167 0.8 .2.27 2 Wy 2.92 5936 3.15 0716
Srieg - 90 U 98 325 3.6 2.2 2.5 28 -0 * 13 107 238 26 26 1.77 . Mz2 1,69 SO
S 307 71 10 221 313 4.2 1.3 2.0 2.2 3" 282 2.9 11 2% 34 3.86 . 5803 . 5.00 -C8%4
ge a7 16 18 Loy B.o 2.5 3.3 13 0 122 13.& 2.03 31 32 2.65 LLgh 3.55 o724
- 69 10 285 330 . 5 ‘2.0 2.0 2.3 -8 260 1.0 . 3 3 3.1% 3745 5.50° L0754
36" 19 n 368 382 5.6 2.3 L5 2.0 0 122 13.0  1.86 21 28 2.10 €667 2.75 0511
38" .78 12 s 49 bh 22 43 2.5 1 175 10,k 219 2 41 2.17 7099 2.Lz .0533
RO 68 10 . 175 215 k.6 1.5 3.0 25" o 120 . nuk 2.2 - 20 24 1.96 7031 2.23 .0507
chy 86 - 17 138 300 2.5 27 L5 2.1 8 235 12,6 1.70 32 62 2.78 €845 3.58 .0610
-9 .16 10 248 L R 2.8 L2 1.5 0 1% 12,3 - 2.20 13 Le 2.4 6oko 3.26 0716
78 12 3715 oo 5.0 ° 1.8 3.5 2.7 2 182 0.2 2.3 2 k2 2.36 €016 2.5 .0513
76 .. . 13 100 319 2.8 20 3.0 2.3 7 222 1.3 2.3 19 5T 3.23 6285 °  3.65 .0815
-85 15 120 342 3.6 2.2 3.0 2.2 0 132 12.0 2.19 23 35.  1.97 ug37 236 -0516
867 18 n7 295 4.0 2.2 26 1.5 1 2 12,8 ‘2.03 15 26 2.35 2650 3.01 -0612

S0T.
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;Imw'u'- Early . . Fo. Flag Third © . Stem : 2 i 3 N Head ' Grain/ Grain " Yield/ Proteir/ lyiine/
- fication Vigor Blooming leaves Area Area  Tillering Size Cnnopy Anzlz Iodgina Heisht Protei.n Iysine lergth Ha. Wt. Acre ' Seed - [ Seed!
7 1.5 70 1 225 359 3.7 2.0 16 -3.0 0 -1y . 122 216 44 36 2.1 s6er 2.76 +0593 -
n . us 76 b1 143 301 23 . 22 31 2% 8 3% 13.1. 2,36 23 70 3.8 7358 4.5 047
<13 3.5 i b1 143 . 252 S5 .20 3.3 2.6 7 22_‘?’ 11.7 2.7Th 25 S5 3.09 6849 3.63 +0939
0 2.0 15 b 13 340 .0 22 30. 25 . 0 A n.a 2.9 30 57 3.61 6456 4.03 .0921
22 . 3.0 79 16 kY 337 5.k 2.1 3.7 2.6 o 160 10,1 2.k8 29 42 2,55 5913 2.58 0640
2. 2.5 o1 17 219 355 2.6 27 kLo 22 9 .305 10.4 2.28 26 73 2.76 7409 2.£8 L0658 -
S29. . 2.8 7 13 181 398 k.5 23 3.0. 3.0 -0 1k2 0,9  2.h2 27 51 2.h0 6977 2.63 .C632
-39 ¢ . 5,0 77 10 328 Ls1 3.1 1.7 3.1 2.6 6 317 13.5  2.1b 26 52 3.70 5953 4.93 .1068 -
233707 11340 81 W 162 326 2.8 2.5 b7 1.8 o ko un.h 2. 3 49 2.43 7420 2.64 0555~ -
3 b0 95 17 311 Lok 3.1 2.6 3.8 2.1 9 - 367 n,7 229 32 102 3.2 13755 3.78 .0855 "0
367 k.S 8Y 12 635 530 3.5 2.7 . 45 2.7 2 182 1.0 2.28 26 63 2.9 9469 282 o3 S
8 - b0 92 17 s L8 5.2 2.8 L0 2.7 9 . 2 1.3 2.1k 25 77 . 2.65 10L66 3.¢0 LOENE
. ko 5.0 78 11 476 U469 4.0 2.3 L 2.5 b 172 10.8 2.1% 24 6o 2.07 8g7k 2.23 -0k30
=3k - ho 81 16 6 307 2.3 2.3 LS 2.0 7 220 10.8  2.28 29 63 2,87 & 3.1 0710
b2 k.o 82 17 15 . 299 3.1 2.3 3.2 2.2 9 . 295 1.6 2.09 20 €8 3.0  E913 3.5% 0740
Y73 z.o 2.1 Lo 2.3 g - 72 108 2,13 24 2.65 unN2 2.76 .0589
367 -6 2.3 3.2 2.5 217 0.6 2.31 3 72 3.39 &9 3.59 .0229
k29 3.5 2.3 2.8 - 22 o 137 10.6  2.38 29 2,21 6582 2.23 0555
3% 3.5 25 4S5 - 20 9 aue 12,1 2.17 19° 72 2.51 &a 3.1 -0874
315 3.4 - 20 1,5 - 2.8 0 137 2.k 2,00 26 36 2.38 6302. 2.95 0590
33523 18 .25 . 28 7 30 138 ‘2; & 3.46 8398 L.79 1091
L3025 15 3.0 2.7 7 337 . 1.8 202 25 54 3.04 €022 3.60 .07
31 b6 2.2 3.5 3.0 21 182 0.7 242.- 30 3.16 Skis5 3.37 L0830
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Identi- Early No. = -Flag m:a =y Stenw S leaf g g % . cnin/ Gmin ield/ Protesin/ Lﬂ:i.’.e/
fication Vigor Blooning Demes Area Ares ‘nuering Si.zé - Canopy ‘Angle Iodging Peicnt ?rotei.n L/sine Icngth Ha, - we. Acre _  Seed Ssed -
22 3.0 76 16 117‘, 260 6.2 2.2 Es 3.0 1 192 .‘n.s 2.03 30 53 349 7341 4,02 L3212
b 5,0 0 15 258 - 69 bo:- 23~ k2 "~ 28" -8 33 121 17 4 6 - 2.76 760a 3.k1 SLo5
2.5 n 12 - 204 371 50 © 22 3:2- 3.0 0 0 162  10.2 2.68 26 Lo 2,40 6584 2,15 0655

. 2 339 ko3 3.2 2,0. 3.5 26 7 320 12k - 2,02 25 Le 3.51 5725 4.2 287

15 157. 293 2.6 2.3 W7 23 0 . 150 1.6 2.28 29 0. 2.30 7938 2.65 .Cich

14 246 3l 2.5 2.2 3.8 20 . 9 3% 13.8 - 1.9 30 56 3.21 837 L.45 LCEE

13 k36 4 5.3 2.3 k7 27 7 20 10.1 . 2.16 25 .56 2.18 7770 2.20 .C575

17 16 322 4.7 2.3 3.8 2.3 9 297 0.8 2,02 22 66 - 2,48 g1zt 2.9 -Coiy

12 k60 509 k.3 2.3 ks 2.0 6 215 10.6 2.16 7 56 2.1 &2fo 2.3 20517

16 125 32 3.5 23 4o 28 9 247 3.0 182 30 & - 327 60 k.25 .CT71L

16 130 264 2.5 2.8 3.2 23 9 . 315 n.s 2.7 21 76 3.29 10793 3.9 L0246
-17 139 300 2.5 2.7 3.7 2.3 9 327 3.1 1.9 2 8o 3.33 12221 L.zu .Ciz2

13 181 353 28 20 3.5 2.3 ‘9 232 0.9 .2.00 23 kg 3.12 7297 3.41 LCEET

12 23 388 ki 23 3.3 3.0 o 1 1.0 2.5 27T b5 2,09 64T 2.20 -G597

16 15 301 2.3 2.3 ko 2.0 9 ° 20 1.9 2.7 19 58 2.6 797 3.20 0725

n 31 392 3.0 20 2.2 25 o -1%0 1.3 236 .2 39 2.31 €283 2.6 0567

15 125 239 1.8 21 28 2.5 8 337 3.2 2.05 22 se 3.55 5956 L.e8 €555

13 N6 287 2.8 2.0 ko 2.5 7 287 2.5 1.95 21 52 . - 3.32 5282 L.16 .CA11

17 103 2820 Ly 2.1° 3.7 2.6 o 195 | 10.0 2.33 28 58 3.0 €36 3.02 L0785

16° 089 2u8 4.7 2.1 ko 25 0 195 . 10.2  2.33 26 u7 2.93 5315 2.95 0553

15 130 329 58 - 27 37 2.3 5 am 1.5 192 26 . g't 3.23 9m 3.75 -C737 -

13 158 5 5.1 2.1 3,1 -2.8 ‘0 7T . 9.8 2.37 26 2 2.06 5539 2,02 50

‘11 263 7 3.1 1.7 2.8 20 6 332 n.9 178 24 &7 3.7% 7€ L.is 075 -

7 131 330 2.2 28 36 ° 20 9 332 n.2 1.9 a 65

2.83 9952 315  .c8%
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.5 16 165 293 3.3 2.5 &7 1.7 0 - 150 0.5 2.38 2 L 2.04 61gh 2.15 .0512

3"5 3.0 % 1 €18 559 8.0 . 2.7 b3 2.3 8 245 9.5 -2.12 & 70 2.1 9828 2.00 0425

38 35 93 17 13 212 ko 25 ko 25 9 337 0.0 2.02 23 "% 2.6 10356  2.64 0533

ko k.o 78 13 keh 510 5.6 2.1 ka2 2.1 2 212 0.5 2.18 22 49 2.33 6167 2.34 D510

R 3.5 82 16 120 310 3.8 2.3. ks 2.3 9 250 uk 176 30 9 3.37 .83z 3.85 0678

42 4.0 90 - 17 18 285 2.5 2.8 28 : a5 9 3i0 11.9 193 13 7 3.12 10437 3.71 L0715

13 3.5 9 _ - 13 339 ik L3 2.1, 8 . 292 9.8 - 2,08 -3 72 2.91 . 9765 2,86 0594

WS 2.5  -76- 0 12, 121 M 5.6 . 21 8 250 6,5 2.00 3. 86 3.22 9128 3.39 SOETT

B AR T h.5 2.0 0 152 . - 107 2.4 26 48 2.35 7663 2.5 .0537
' 95 . 4,0 o180 9. - T 119 1.8 - 18 63 2.51 7859 3.01 .0557
3.0 A% 0 .23 - 1 202 .2 36, . 228 2335 2.55 0510
1.6 27 0k o333 0.5 w2520 2. 597 3,39 0 3.56 .0%58
2.5 -, 2.3 5 .. %5 N9 2.8 'HB 55 - 3.18 70M1 3.79 .C788
S.1 . - e23. 00 77 1.6 189 3 54 ~3.21 6631 3.66 .0680
S 645 L2 0 185 97 2.2 28 5 3.15 6566 3.06 0680
- 5.5 N A B 315 0.4 23k 25 : 3.09 B0l 3.22 0692
/5.0 2.5, 0- 165. - 9.5 246 - 28 E; 2.% 7266 2.32 -0576
2.5 2.6 T . 3T 1.2 2,02 - 26 67 3.80 7784 .26 .0860
2.6 L2077 0 - 150 . 10,2 2,49 29 L 2.22 6595 2.28 .0566
2.1 LT 9 k2 om0 233 93 °  3.28 12053 3.62
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Identi- Early . No.” - Flag- Third Stenm " Leat SR SRR 2 Grain/ Grain Yield/ Protein/ 1Iysize/
Sicotion Vigor Hlooming- Leaves: Area’ Area: - Tillering - Size Canopy ' Angle - lodging- Height Protein Iysine length HA, .= Wt. Acre Sect Seed S
36 k.0 87 15 213 3 6.5 2.7 . k3 - 2.5 7 225 - 0.2 2.00 23 56 2.4 gt 2.46 0492
38 5.0 91 17 128 287 . L3 25 3.6 2.5 9 .a7 0.3 227 23 57 2.60 6809 2.68 0551
b 40 86 13 358 k09 48 - 27 b7 25 6 gy 9.2 - 2.30 2 .57 2.34 6716 2.16 L0553
33 3.0 79 15 130 289 4.8 2.5 - 43 . 23 9 230 0.3 2.05 28 Lk 3.13 ugezz 3.21 0659
88 16 132 3 2.5 2.5 2.0 3.0 9 310 12,7 1.89 .18 56 3.56 8 4.s5 L0253
16 W7 293 k3 2.3 3.5- .21 g 320 n.L 2199 23 4 3.05 eLes 3.46 ~0B89
12 192 L 3.8 2,0 2.8 2.3 227 0.2 2,06 22 63 3.39 7900 3.L5 L0713
12 212 357 L0 2.1 Lo 2.5 0 ko 1.3 2.23 27 Ly 2.is €622 2,77 .0520
17 123 298 4.3 2,5 . 22 9 = o282 12.0 2.25 19 63 2.00 7891 3.37 -
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7 Greg Otto Hinze was horn 19 March.193l in Scottsbluff. Nebraaka .
to Alfretyand Varie Hinze, eldest of five. children._ He received hia
}'elementary education in Lyman, Nebraska public schoole, his secondury
'?educatiou from Grceley, Colorado public schools,

He entered Colorado A & M-Collega in the fall of 1951; short of
graduation when he enlisted in the United States Air Force in September
of 1954, he vas permitted to return to finiah degree requirements by
"Operation.Boo:strap". 'He was'awarded a B, S. degree in General
Agrenomy'in-i956 Upon his release from active duty in 1958 he returned
to Colorado State University to begin graduate studies under .

Dr, W. H, Leonard, and earned a M, S. in Field Crops in June 1960;
Fbllowing,graduetion he taught and conducted research in the Agronomy
Department of‘CSU for one year before moving to Akron to assume research
<on‘dryland crops in eastern Colorado. He was granted a saubatical leave
by CSU in’ 1967 to: work tovard an advanced degree under Dr. R. C. Pickett
at Purdue Uniwersity. ‘

‘He is a: member of American Society of Agronomy, Crop Science - Society‘!
of America, Weatern Society aof Crop Science, Sigma Xi, and Akron Lions
CLub. S | |
He and hip ﬁife, Judy, have three children.,




