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ABSTRACT

Collins, Frederick Clinton. Ph.D., Purdue Universitv, June 1969.

Genetic and Environmental Control of Protein Quantity and Quality and
Their Relationships with Certain Agronomic Characters in Sorghum bicolor
(1..) Moench. Major Professor: Robert C. Pickett.

Combining ability for grain yield and protein quantity and quality
of the grain was investigated in nineteen sorghum lines and in Fl hybrids
obtained from certain crosses among the nineteen lines. In 1967 an
incomplete diallel was grown which consisted of inbred parents and
crosses among 12 linea used as males and four lines used as females.

In 1968 a nine parent diallel was grown which consisted of the parents
and one set of Fl's. Grain yield, percentage protein, percentage lysine,
. protein yield, and lyvsine yield were measured in both studies. In
addition, date of flowering, leaf number, height, flag leaf area index,
head exertion, head length, yield per head, and 100 seed weight were
examined in the 1968 study. Significant differences among genotypes
were found for all characters. Grain yield ranged from 3088 to 15863
kg/ha, proteln varied from 9.18 to 18.22 percent; and the range of
lysine vas from'1.25 to 2.74 percent. A highly significant general
conbining ability (GCA) variation was found for every character in the
. two studies while 51gnificant variation due to spec1f1c combining
ability (SCA) ‘was found only in the 1968 study and it existed for

every character. Grain yield and percentage lysine had GCA SCA mean

square ratios of less than 10 l and percentage protein had a 3li



‘~Hany bi'svitldcd ﬂignlfioadtly more thdnititﬁer parent and some had
bf,algnificantJv hlbher leles of proteln Lhan their’pdrents. Among thcae
'#iwereAhvbrlds whose parente wer qupexxor for y1e1d and protein lCVLl
thetLen-abe pxotein wias nL5Jt1VLlV correlated with 1v>1ne and yicld.
‘iPtrc;n*dge 1\=1ne and vield were unrelated in 1967 but were pObltivelv
'associated-in-IQGS.”'fﬁeée results suggest that both additive and non-
additive gene action influenced yield, protein, and lysiﬁe and that
ﬁigh leveis of protein aod lyeine can be incorporated into high vielding
meterials;

fhe inheritance of protein level was studied in five segregating
populations, thcdr Fl's, and parents. Four lines were involved; three

had higher levels of ptotein while the fourth was low in protein. The

F., variances indicated that the lines all had different genes for protein

2 |
which were few in number and appecared to be at least partially dominant

for high protein.: ?he ptotein level was positively correlated with
tiller number and negatively associated with date of flowering. A

highly significant‘negative correlation existed between proteio level
aod=head welght in ever-y.F2 population. Results of single seed analysis
 £fom sead of parents, Ei,plentsf‘and F2 olants failed to show evidence

of genetic variation‘whdeﬁ;shggeSt that the environrent has sufficient

infldence,on\axpleth"of uoﬁteee{the expression of genetic differences
1n the seed of that pl nt. ;fd

Four experlments we*e conducted to determlne the effecte of specific

4

3env1ronmeutal treatments on protein.“ Comparlson of the ozotein values

,of individual plantb with those of their progeny indicateo that a more

,reliable estimate of protein can be obtained from a sample of %everal
: Y Lo

fplaots, opagging{the~heed;end*remoy;ng,thekflogileafgsignifieaotlvgf



deereasced vield while percentage protein was increased sLightly by bagping

the head. iGrain had a high level of protein when it was haéyested ia
the mi}k stage. The protein level in grain harvested four ménths laécr
was similar to the protein level of grain just matured. Growing ecleven
genotypes at threé chations for two years disclosed a significant
interaction of genotvpes ~ locatioqs v years and it indicated the

necessity of evaluating material for protein at the location of intended

utilization for more than one year.
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SECTION I

‘COMBINING ABILITY FOR YLELD, PROTEIN, AND LYSINE AND
THEIR' RELATIONSHIPS WITH CERTAIN AGRONOMIC CHARACTERS
. IN SORGHUM BICOLOR (l..) MOENCH

Introduction

Conéiderable attention is being given to improving the nutritional
value of cereals; including sorghum which is a major source of food
for nillionsjof people-in the world. The nutritional vnlue of the
gréin'cau»be‘increased by either increasing the quantity of protein
or B& increasing the queiity of thet protein which is already present;
theunitimete objective is to increase both. In order to improve the
quality of soréhom protein, the proportion of lysine must first be
increesed:beceuse it is the most limiting amino acid in sorghum protein,

A wide range in protein and lysine contents exist$ among lines of
the world collection of sorghum and both characters appear to be under
genetic control. 1In order to incorporate better protein.quantity-and
quality into .the grain sorghums efficiently, it is necessary to determine
the type of gene action which controls their expression. Since
commercial grain sorghnm production in the United States is based on
;the'nSe of nybrids, the combining abilityvfor protein quantity and
:quality should be meaqured by the performance of hvbrlds in such a

N

Qmanner that gene action can be partitioned 1nto additive and non- ”;fi

tadditive effects. Therefore, this study was deslgned to investigate

ﬁthe.‘ombining ability for protein and lysine content and their



l;:r;,'

[relationshipb with ceitain agionomic characters 'These included date i
;of flowering, leaf number, hei&ht flag leaf area indc\, head e\trtion,

:head leugth, glain yield yield le head, and. seed weight.

_Review of Literature

Farlybevidence of’genttic improvement in protein content was 5iven
llbv Hayes and Garbex (16) Wth they showed that the protein content in
:?corn could be 1ncreased bv selection. Frey (12) found in his protexn
“'1nheritance study in maize that low percentabe protein was domlnant
jwhich may have been partially caused by higher yields due to hybrid
‘Evigor. In the Illinois 1ong term recurient selection experiment for
protein in corn, woodworth et al. (43) reported that the percentage
protein was increased from 10a92 percent to 19.45 percent by selecting
for hlgh percentage protein and it was decreased from 10.92 percent to
4, 91 percent by selecting for low percentage protein after 50 generations
d:of recurrent selection. Johnson et: al (20) investigated the behavior
of protein in wheat, they found. Atlas 66 to be much hightr in percentage
'protein -than. other varietics and they felt that this increased protein
1content of Atlas. 66 was due to the enhanced ability of that varietv to
'

{ttranslocate the nitrogen from the leaves ‘to the grain. Mahaderappa (25)

.,studied the inheritance of protein content in Pennisetum t\phoides by .

.;use of a diallel cros 'of five parents which ranged from 12,40 to 14 95

;pertent protein and_”ound that, in general the‘pertormance‘of Flfs

;;were eith“r equal,to or above the mid parent value, there was also

ffevidence of'epistaSis.

jThere has been a considerable amount of ev1dence accumulated that

fithere is a wide range in;percentage protein among sorghum varieties {d?



:fnnﬂfthntVperbentngéfprotéin‘ik-uudér;genecic contral. Miller et‘a].,(ggof
| n xoportcd variat10n> of 5. 9 to 12.8 pexxent pxotuin in kausaq grain
sorghum varietles. Dg\oe and Shellenbexger (11) nnalyzed 15 different
_hybridn for protein content and found a range of 8.65 to 12.50 percent.
Liang (22) found general combining‘abiliCy to be significant for per-
.centagc'protéin and he also found the protein content of the hvbrids

was significantly“lowef than the superior parents. The Jinks-Havman
.megnod of diallel analysis was used by Liang et al. (23) to study gene
acnion ina 6 varieny diallel; they concluded that protein content was
partially dominant; howeve;, the regression coefficient in the Wr,Vr
graph wasAsignificantly less than one which indicated the presence of
4eithef ebistasis or correlated gene distribution or both. Their analysis
also indicated that there were two groups of genes for the control of
protéin contenn. -§§;m“(26) crossed eight exotic lines which varied

from 10.8 to 15.5 percent protein on to Martin, Combine Kafir 60,
Wheatland, and Redlan male steriles. General and specific combinin;\\
ability for percentage protein was estimated from the performance of
_the Fl's; generalncombining ability was 17.5 times greater tnan the//
spegific combining ability which indicated that the additive gene/’

aCtiOnﬁwasymost important. He also found that Martin contributed more

to protein qontent than the other female parents. Campbell and Picket
(7)1répoited é genotypic range of 11.7 to 16.3 perceant protein among
~'11nes of the world collection of sorghum used in their study.

.'P:otein quality research in cereals was greatly stimulated by the

discoverygby Mertz and Nelson (27, 30, 31, 32) that opaque-2 and floury-u
2 mutants of maize contained almost twice che normal proporcions of |

lysine and tryptophan. They found floury-z also to have a higne1



*ﬂmcth Hnine level. An ddded bOﬂu: came whcn they found qome or.tne.

ﬂeitobcnv of i LrObS of n I]lin01s high protcin line with the double

.ﬁimutant to be high in pxotclnvqunnLitv and qualitv Johnson Lt nl.‘(20)
ypfound select10n> of thc hlbh pioteln vnticty, Atlaq 66, which nere‘
fihlthl‘than noxmal in lvsinc contcnt‘ Villcgas et nl (40) 1nvuatitatod
,fthe lxqint contcnt in achrdl »po;iee of wheut, rve, and 1112&5919:
;ithey found protein values as high as °4 8 percent and lysine values up
i’to,é 6 percent' eome species had a good combination of protein and
iusinet‘ Deyoe and-Shellenberger et al. (ll) reported significant
ditferences in lvsine content among 15 varieties of sorghum which ranged
from'l.Sl to,2,49 percent lysine as a percentage of the protein,
Campbell*and Pickett (7) found'a range of 1.64 to 2.52 percent lysine
‘among 18 1nbreds of the world: collection of sorghum.

Mitchell et al. (29) found a negative relationship between protein
qnantityiand quality in corn. The proportion of zein, which has almost
no ifsine or tryptophan, increased linearly (r=0.95) with increases of
_total protein up to 14 percent; at higher protein levels the regression
l,departed from linearitv. Bhatty et al. (5) obtained similar results in
«wheat° they calculated a -0.72 correlation coefficient between protein
;and*1y51ne percentage. In a study‘of 25 inbreds of sorghum Bressani
iand Rios (6) reported a positive relationship of protein and lysine
(r=0 5623). aggel et al (42) measured the nutritive value of high and

ilow protein content grain sorghum bv rat performance and amino acid

vassays., The high protein (11 8 percent) grain had a higher percentage

fof all 17 amino acids studied than the low protein grain (7. 9 percent)

fhowever, the sulfur bearing amino acids, threonine and the diabasic f

1

famino acids, especially 1ysinefw‘ere‘;ower in the high protein grain f



than in the low plotein grain whcn thcv were ca]culatcd on‘an equal
nitxogen basis.~ The nutritive value as measured ‘by rat growth was d1b0~1
]ower for Lhe high'protein sorghum wheu they were fed thc two on the
-oasisvof cquol‘nitrogen. If the two were fed on an equal basis of'pouhd
for pouno of.the~grain; the nutritive value of the  high protein was
superior. waggle et al (41) later found that the level of nirrugeh
-fertili7ation affected the amin~ acid ratios. While nitrogen fertili=~
zation significantly increased protein, the proportions of lysine,
histioine, arginine, threonine, and glycine were lowered and the other
amino acids'increased in proportions. Although Campbell and Pickett (7)
found that nitrogen fertilization did significantly increase.protein
content, it did not significantly affect the lysine content of the
protein. A negative correlation of -0.12 was reported for the protein
.aod lysine association.

An inverse relationship has been reported between yield and protein
content in cofn by Hayes and Garber (16), Frey (13), and Aruand et al.
(1). However, the latter group of workers did find a positive associ-
ation between the two during one season. They were able to find hybrids

.that were both high yielding and contained a high protein content. An
interesting aspect of the study by Hayes‘und Garber was that they found
little, if any, effect of foreign pollen on the percentage protein of
the Fl~secd. Frost and Ellerstrom (14) investigated the causes of tlie
increased protein conteoc in.tecraploid rye and found strong negative
correlations.berween protein and fertility of the flower and between
protein and 1000 seed weight. The degree of shrinkage of the . seed was

positively correlated with protein content. A nonsigniricant negative

FERaE

association of yield and protein in. sorghum was reporred by Liang (22)



fHowever: in the study made by Nalm (26) protcin was negatively corre-‘

ilated with v1c1d and staxch. PLoLcin was posltivcly correlattd with
%seed «tight’and, at thc same\tlmc, there was a p0s1tivc co11clation
Jbetween v1e1d and seed welght ' Lone (24) tound a; inverse rclationshi
betueen vicld and plOCLln content when he mensured thcm from the -
'pcrx01mances of. varleties and hybrids Axown under fallow and irligated
'ccuditxonst Varicties had a lower grain yield and higher protein
:ccntent than hybrids and irrigated conditions»incrcased vield and
decreased erotein content when compared with fallow conditions. This
‘may,Be explained by Bartel's (2) observations; he found hybrids occasion-
ally had a larger‘seed size than that of the larger seeded parent and the
maih effect was on’the endosperm. Since the endosperm has a lower
'percentage protein as shown by Rooney and Clark (36) and Normand et al.

(34), the hybrids would be expected to have a lower percentage protein

;if their seed size‘was.larget.
Heterosis forveatlier‘blooming and increased tillering, height,
stem size, leaf'size,»head size, and production of grain and fcrage
hus%Peen reported by~QU}nby (35).' Most reports have indicated general‘
combining ability to be mote‘iapottant than specific combining ability
vfor these characters whlch suggests that the genes controlling them are-
mainly additive in.their e\pression as shown by the agreement of the
;conclusions reached bv kambai and Webster (21), Chiang and Smith (8, 9),
éBell and Atkins (4), Liang (22), Liang et al (23),,Va1m (°6), and
fNiehaus and Plckett (33) However, striking heterosis was noted,

Hparticularly by the Niehaus and Plckett study, in crosses between very .

»diverse materials.



‘Materials and Methods
This stﬁdy éousisted of two parts. In the fifsc part an incompleté
formrof a diailel cross of 12 fertility restorer lines crossed onto four
male sterile lines was used in 1967 to give preliminary information
about the combining abilicy for percentage prOCein and lysine. A nine
parent diallel was used in 1968 in the second part of this study to
give a more complete assessment of the combining ability for yield,

percentage protein, and lysine of tihe nine selected lines used as

parents.

Four by Twelve Incomplete Diallel

Four male sterile lines which were widely used by the hybrid seed
industry ‘were chosen to evaluate combining ability. These were Martin,
Combine Kafir 60, Wheatland, and Redlan.

The pollinator parents were 12 lines selected to represent the
morphological diversity found in about 500 lines of the world collection
of sorghum that flowered at Purdue in 1965. The pedigree and origin
of each pollinator line is shown in Table 1. The 1963 Hyderabad nursery
" number is used in this thesis to identify the pollinator parents because
lines of the world collection of sorghum grown at Purdue in previous
years to 1968 had only the 1963 Hyderabéd nursery number for. identifi-
cation. The India Sorghum fI.S.) identifications, which are presently
being used, are given in Table 1 to allow comparison of the 1963
Hyderaﬁad an& I.S. ideﬂgifications.

CrQ§§gsgof the 12 pollinator lines onto each of t?e four‘male
:s:qpile‘1i§¢5;§§pé h§dé‘during the summer of 1966, The 16»pg?e§§si“'

48 crosses, and ‘RS 610 were planted at the Purdue University Agronomy’



" Thable 1.»

Pedigrec and origln of. each pollinator: parent used in the
iucomplcte diallel grown in 1967%..
1963 g LT S ST
o Hydera- & ) - Group . Pedigree ~'Se¢d Source
i 1329 L L < . .
Cbad Nooo SR . _ v ,
03057 8168 23-CaffrorumDarso -  KC 21362 G31 . IARI, India.
' 0786: 8120 36-Caudatum-Bicolor = a-112-3 Japan
£ 0819° 2319, 33-Caudatum P.I. 217837 Maryland
s ‘ ' A Lawalli White
Q2-3—25
: 11561 ,1220 ngNervosqmeKabling A85é27 Tsinan, China-
o S o Coimbatore
1360 8255 - 25-Caffrorum-Foxburghii EC 21454 SB256 IARI, India
1457 . 0718 10-Bicolor African Millet Mexico
1814v 0271 48-Durra-Kaura Unknown Unknown
1884 0508 34-Caudatum-Kaura RFYE 3-4-2 Mexico
2486 ° 3935 34-Caudatum-Kaura SA9850 Big Seed California
SN Yel, End.
- 5075 8005 12-Dochna Cane Hony lot Japan
#36175
5126. '8301‘«34Aéagdatum-Kaura 4 SA9129-26-4 . Texas
o - S . DD SS Wx-
"j5217* ﬂf‘6898’ 27ncgffro:umztece;1ca' 18 DS 18 Sudan

‘J+This 1nformation was obtained from "List of Pedigrees for World Sorghum

Nursery
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.‘?df@;pnwﬁdf-%;:ig67; The 65 entries were replicacea,;ou; c1mes.;p’qw:
fanédm;zéd“cbmplete‘block design. Each plot consisted df‘th fowsv38
‘jinches apart*aéd 15 feet in length. Each was hand~thinned to a étand*qf
apﬁroximatcly 120,000 piants per acre vhen the plants were arouhd four
inches tall. Weed control was by cultivgtion. The soil‘type was a
Chalmers silty clay'loam. Anhydrous ammonia at the rate of 194 pounds
per acre and 8-32-16 at the rate of 170 pounds per acre distribuced in
the row were applied before planting. The weather in May was wet and
cold{ June was dry and warm; July and August were also dry but the
temperacuré was abnormally cool.
The following characters were measured on each plot:
Heading Date - date when heads had protruded from the boot of
50 percent of the plants in the plot. | ’
Height - in centimeters measured at maturity.
Leaf Number - average number of leaves from three random plants
in the plot.
, Grain Yield - in kilograms per hectare, measured from 10 feet
taken ‘from the center of each row of the plot.»’
Percenﬁage Protein - the proporticin of nitrogen determined by
microkjeldahl multiplied by 6.25.

Percentage Lysine - lysine determined by ion-exchange column

chromatography and feported as a percentage of the protein.

Protein Yield - in kilograms per hectare, calculated by multiplying
grain yield by percentage protein. . l;
- Lysine Yield - in kilograms per hectare, calculated bylmuifip;y;ﬁgfg

‘pqueihjyield_by_percentagé'lysines

‘;Aitﬁéqgh;thé‘ﬁé;ﬁe;:épréSéﬁting percentaggwpfbce;ggigfrﬁ
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x;pxoportlon of Merude” protein of the grdin,,the term: percentage protein

;;will be ustd throughout this thesis.‘,

Hlk‘Only:the means were calculated from thc data of the first three
%dthnracters and these are shown in Appcndi\ Table 1. along w1th the means
f:of~the/rennining fiv churacters for: each of the 65 cntrics. The data
ftoz the last Eixg;ggped chaxacttxs was analyzed by analysis of variance
hto determine whether or not differences existed among entries. The
Vmeasutements of the 48 Fl hvbrids were then analyvzed for combining

ability using statistical methods of Comstock and Robinson (10) for \
Design II experiments. One assumption of this model is that the parents
were rnndomly chosent Sin¢§>the female parents did not meet this require-
ment and since there was also doubt about the validity of this assumption
~ for the male parents, the analyses were also performed on the data

using a'fined model. According to Sprague and Tatum (38), general
combining{ebility (GCA) designatesvthe average performance of a line

in hybrid combination and Specific\combining ability (SCA) designates
those cases in which certain combinations do relatively better or worse
than would be expected on the basis of the_average performance of the
lines involvedl Estimates of narrow sense heritabilitics were derived

by d1v1d1ng that component of variance due to additive genetic effects

by the total variance of - the crosses. The GCA component of variance

was used as the estimate of additive genetic variance. cZEE?ZI_ZZE‘“‘\\\\

specificAcombining ability_effectsﬁwete estimated from the Pl performance

byautilizing the method used by Beil and Atkins (4) to obtain values

"

for the relative magnitude of - each effect. - Heterosis was detetmined
byhdividing the mean of the Fl by the mean of the superior parent for

eachscharacter. Levels of significance of heterosis were obtained by



1

comparing the dctual means by the proper ILSD. Simplg,cor;clatibﬁs were -
calculated between characters to show the magnitude of tﬁﬁﬁr.rélgtibﬁf 3
;sﬁip;‘ Corrélation'cdefficients were tested for siénificanCe by comparing

them to values 1ﬁ Table.7.6.1 of Snedecor (37).

Nine Parent Diallel

The parents used in this portion of the study were chosen primarily
to exhibit a wide range in protein content but yet being aé different
for other morphological traits as possible. The pedigrees and origins
of the nine lines used as parents are shown in Table 2. The 1963
Hyderabad numbers are also used in this portion of the study to identify
five of the parents. Lines 0819, 1884, Martin, Combine Kafir 60,
Wheatland, and Redlan are common to both portions of the study. Again
RS 610 was included as a check.

Crosses among the nine parents were made in the greenhouse during
the yinter of 1966-67 and in the field in the summer 1967. Where it
was possible, Fl seed were obtained by using male sterile lines and, in
several cases, emasculation was accomplished by using the hot water
technique developed by Stephens and Quinby (39). But in nearly 50
percent of the crosses, emasculation had to be done by hand because the
hot water treatment was not successful when used on lines 0355, 0819,
and 0793. Since 0355 did not shed very much pollen, it had to be used
as the female in order to obtain sufficient amounts of Fl seed. Lines
0819 and 0793 were excellent pollén producers but were difficult to use

“*

as femalgs. TheAFl seed of each cross, including the reciprocals, were

analyseafforkprgtein content to give an indication of -the dosage effeg:ﬁ:j oo

df'ggﬁes;céﬁgfbi;iﬁg protein formation in the endospérm.,



‘}iablt 2 Pcdigrees and origins of .the sorghum lines used as: parents
“in the’ n1ne parent diullel gtown An. 1968?. R

L Hydera- “Pedigree 7 seed Source
: NO . N . . :
- bad No. : :
0355 . 1259 12+Dochnai . As 5781 Huan-sa-phaung- Burma-
~ & o e ah-lpysu . Coimbatore
0793 - 0075 ;33§CaudatnmA . C.I. 623 Spur Feterita Mexico
0819 2319 33-Caudatum P.I. 217837 Lavalli Maryland
S L S White Q2-3-25
1884 ,0568 - 34-Caudatum-Kaura R T Y E 3-4-2 Mexico
5187 8364 22-Caffrorum  SA 3126 4 duf-CK60 USA

Martin (MRT) USA
Combine Kafir 60 (CK60) USA
Whentland (WHT) USA

Redlan (RDL) USA

?The pedigrees and origins of the first five lines were obtained from
"List of World Sorghum Nursery.'

The nine parents, 36. Fl crosses, and RS 610 were planted at the
‘Purdue Universxty Agronomy Farm on. May 1 1968. Shortly after planting,
it started raining and by the end of the month, 8 inches of rain had'
fallen.' Due to flooding of the fleld and quite cool temperatures,
,stands were very poor. So the entire experiment was replanted as

fcompletely as the remnant seed would permit. Each entry;was,rep;icated

\four times in a randomized complete block design. A”piotvconsistedgoffﬂ

ffour rows 30 inches apart and 12 feet long.. Each was thinned to o

; " e
;approximately 90 000 plants per acre. Atrazine and Ramrod were appliedvf‘



- spring plowed.

at 2.5'nnd'1,5&pdg;ds per acre, respoatively, for weed comtrol. Two

cultivntiona were required. Temperature and moisture were édequéte
. for good grow1ng conditions throughout the season with the exception

of May. The soil type was a Chalmers silty clay loam. The field was
Two hundred and fiftv-nine pounds actual nitrogen was
applied, half in the form of urea and half in the form of ammonium

nicrate the week prior to planting.

The following 13 characters were measured from plants of the two

center rows of each 4-row plot:

Floweting - date whcn 50 percent of the plants were in bloom.
.July 1 vas used as the base date because of the two different
planting dates. Plants from the later planting flowered about
one week later.

Leaf Number - average number of leaves obtained from three plants.

Height - in centimeters, measuféd at maturity.

Leaf Area Index of the flag leaf - in squarec centimeters, calcu-
lated by'multiplying the length times the width times 0.60%.

Head - Exertion - in centimeters, measured from the collar of the flag
leaf to the iowctmost panicle node.

Head Size - in centimeters, measured from the bottom panicle node
to the uppermost floret.

Crain Yield - in kilograms per hectare, measured from the 10 feet
of each of the two center rows of the plot. The grain contained

seven to eight percent moisture when it was weighed.

+Beckman, W. P. 1969. Leaf characteristics in relation to yield and
certain other characters in a diallel cross of 8 lines of Sorghum
vulgare Pers. Ph.D. Thesis, Purdue University. :
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:Yield per Hcad‘- in grnma, calculated by dividing grain yield of

.cach plot bv the numbcr of heads harvested. f“ﬁfrﬁiﬁ;[itﬁfiﬂi*H

;fercentage Protein - calculated by multiplvingv6.25 by the propor;:;

| tion of nitiahen determined from microkjeldahl o | |

;Protein Yield -'in kilogramb pei hcctare, calculated bv multiplying

| percentage protein bv grain \ield . B E
rPercentage Lysine - determined from ion-e\change column chromatog- ;
, raphv and baaed aq'a peicentage of protein. e ‘
Lysine Yield - in kilograms per hectare calculated by mvltiplying

protein vield by percentage lysine.

i The data for each character was first analyzed for the presence of
‘significant genotypic difterences. Then it was further analvzed for
‘general (GCA) and specific (SCA) ‘combining ability using method 2 -
model I" described by Griffing (15). This method utilizes the parents
and one set of Fl S but rJt reciprocal F 's and the genotypes and
block effects are conbtan*s.; iherefore, it will not be valid to make
inferences, which are derived from the results of this diallel, to

other sorghum populations.i Heritability was estimated by dividing GCA

by total variance. The data was also analyzed using the Jinks-Hayman
(Vr hr) method (18 19) This method makes certain assumptions as

follows.

ffl;"Inheritance”is wholly diploid.

g.»;Parents are homozygous
jS;IyThere are not maternal effects,ﬁ

f@t'?The alleles at’ different loci are distribUCed ndEpenf“;

;ith{in the different parents.d”‘:m

Ms;f}There is o i“tera°t1°nu;flalleles at differentw oci,:f%

DRSS


http:calculated.by

'-‘fdé;'”éaén'idtus‘has oniy two aiiéiésﬁ

hen any or ‘these assumptions are. not met, there is a more or less
,draqtlc change which is uaually charatteribtic of the cause. An analvais
icf’variance of the Wr wminus Vr values was performed on eachdcharacter:’
,1a§“atmethodvdescribed by Havman (17) for testing whether the data mect
7aSSnmptionst Simple“corrclation coefficients were calculated to '
indicate.the magnitude of relaticnships between characters. Again,

e

Table 7.6.1 of Snedecor (37) was used to determine the level of

significance of the coefficients.

Results and Discussion

Four by Twelve Parent Incomplete Diallel

Results of the analysis of variance for each character (Table 3)
indicatedjthat there was a highly significant effect of genotypes on
e;ch character. Blocks.(replicates) contained eignificant amounts
Pf environmental variation in all cases, particularly percentage lysine
nhere the block variation was about 47 times greater than that due to
genotypes. The precision of measuring characters was greatest for
,perdentage protein .and least for lysine yield as estimated by the
coefficiénts of variation (C.V.). The high C.V. value for the latte
wae probablp due‘tc’the confounding of error variance in measuring
‘grain yield and percentage lvsine. Grain yield ranged from 3088‘to
;‘9986 ki ogramsfperwhectare percentage protein ranged from 10 23 to:

‘15 53 percent' perCLntage lysine ranged from 1. 5 to 1 97 percent of

Vvthe protein protein yield of the grain ranged frum 573 9 to. 1192'5”

%kil grams per hectare, and lysine yield ranged from 7 66 to 18 58

fki;ograms[per;hectare_;;



fIablgﬁB;'«Analyscs_of_variance of grain yield, percentage~prdtein,.pnoteiﬁgyigld,.ﬁéfcéﬂtﬁé&fifE}ﬁé; .
Lz i lysine yield measured from 65 sorghum genotypes of the incomplete diallel grown in 1967, -

Mean Squares

Yariation. - _Grain Yield

Z Protein

Protein Yicld'

.f’ﬁzwtjsiﬁe«ﬁf

 Lysine Yield

L 3.37H%
57k

- fg;éﬁifiééﬂii#ﬁfiﬁéfféi"iévél:&l s

31,398%*
40,083%

- ©7,084

16.87%

0i10Rk

'“37}"0596lj:f

16.03%

;3;2§§622;:jif

LR


http:16.816.03
http:378,V651.49

ihSineefgenotypie differences were indicuted~ﬁy'the analysis 651
’yarience,ithe performahce of the 48 Fl.hybrids Qere analyzed in order
to estimate general (GCA) and,specific (SCA) combining ability effects.
fResults of the cembihing ability enalysis of variance are shown in Table
:47 -fhe male.by”femaie interation; which was a measure of SCA, was not
‘sigeifieant for‘aﬁy eharaccer. Therefore, the testing of expected mean
eduares wes'similef regardless of whether the parents were considered
”fiked'or raﬁdom;' There was a highly significant effect of male parents
l»efor each.eﬁaraceer while the female parents sigaificantly affected only
the gfain yie%d, percentage protein, and protein vield and did not
significantly'influence the percentage lysine or lysine yield of the Fl
progeny. . These results were interpreted to mean that additive gene
action was very important in controlling the level of expression of
eech character. Estimatioe of the amount of additive gene action was
determined by equating it to the GCA component of variation.

Narrow sense heritabilities (Table 4) were estimated by dividing
tbe GCA components.Of variation by the total variation. Where male and
female effects were both significant, the two GCA components were added
together. Theseqestimates of heritability for grain vield and percentage
protein wereeeuite high while that for percentage lysine was very low.

Estimates of the GCA and SCA effects for grain yield are shown in
flTable 5 : hybrids having Redlan as their female parent tended to

ffyield the_most while those having Martin as their. female parent tended

ﬁffti‘yield the least.: Wheatland crosses appeared better than Combine

if:kafi 60€crosses. The rank of female effects was as expected from

Qre_'

‘ Crosses involv1ng male lines 1150 and 0305

those of the 10 other male lines.‘ Line531360



.?gb}elé;*

1 hybrids grown in 1967.

Combining ability analyses of variance and estimates of narrow sensc hcritnhilitics\of”grhihg
yleld, percentage protein, protein yield, percentage lrsine,

and lysine yieid measured from .
-~ the incomplete diallel of 48 F : RN

Source-of Variation

Mean Squares

Crain Yield

% Protein

Protein Yield % Lysine flysiﬁe-fféid‘j

G.C.A. (Male effects) .=
G.C.A. (Female effects) * -
'S.C.A. (Male ' Female ef fects).

-Error: -

‘Heritabilityt '

.33

144

4,933,107%%
3,815,882%%
342,813

414,622

70

15.00%%
- 13.55%%
0.62

1.16

74

67,009
45,140%%
' 6,965

8,031

50

0.22%%

0.05 .

0.05 -

0.06

12 :

st

Cloom

4l

o352

e
o

#*Significant ‘at the .01 level.

_fHeritability estimates in the narrow sense.

8T
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‘Estimates of general and specific combining ability effects

Table 5,

for grain yield of 48 ¥, hybrids of the incomplete diallel

grown in 1967. ‘ ,
Males Females General Effects

- Martin CK60 Wheatland Redlan of Males
Specific Erfects |
v
0305 — 0.12 0.05 0.19 0.30 — 0.16
0786 -0.21 -0.06 0.09 0.10 -0.02
0819‘ 0 0.06 0.06 0.10 0.05
1150 0.02 0.23 0.25 0.25 ~— 0.19
1360 -0.25 -0.32 -0.01 -0.11 -0.17
1457 0.05 -0.05 0.12 0.08 0.05
1814 ~-0.28 -0.09 -0.05 0 -0.11
1884 -0.03 0.08 0.11 0.15 0.08
2486 0.01 0.08 -0.01 0.08 0.04
5075 -0.06 -0.02 -0.04 -0.10 -0.06
5126 -0.33 - -0.18 -0.09 -0.03 -0.16
5217 - -0.19 -0.05 -0.06 0.06 -0.06
General Effects of Females
-0.10 -0.02 0.05 0.07

(.gcc‘ ngé +‘07ﬁ4ﬂ4)
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f5126 and 1814 were infexior with Lespect to the ptlformantc of thoir

h?iv‘;, vdrtln de vcrv supexior to the othEE_ggmg]e parents in regard
to the levcl of protein found in lts test crosses (lablc 6) Crossces

hdving 0786 as a parent were the best of the male lines followed by
?croqseq 1nvolvinb 5075 1360 1150, and 0819. It is interesting to

lnote that hvbrida of llne 1150 were high In yield andvhad better’thon ‘
:avetage‘percentage proteln. Line 1884 was a very poorApatent‘in regard
to'the protein level oflits test crosses; it was also very low in protein,
itoelf. Hybrids involving 0786 and 50?5 contained protein levels which
were generally higher than that of the female parents while lines 6305,
1457, 1884, and 5217 exhibitcd.dominance for low protein in their

crosses. The remaining six lines showed no dominance.

The estimates of GCA and SCA for protein yield reflect the inter-
action of protein level and grain yield of all the crosses (Table 7).
As expected, line IISd*had the largest GCA effect of all male lines.
Lines 0305, 0786, and 0819 had larger GCA effects than the average and
they were about equal. Among the female lines, Redlan had the largest.
GCA effect which indicates the relative importance of grain yield over
percentage protein in determining protein yield. The crosses of 0786
‘with Wheatland and Redlan yielded 8,000 kg/ha and still contained 14
or'more‘pereent protein. ' For ‘percentage lvsine (Table 8); females did
not significantly affeot'it; Lines E&BG; 1884, 1150, and to a lesser
1extent 5126, 5075, and 0819’hadenigher.than average levels of lysine
in their crosseb.i Eétimates oftGCA and SCA for lysine yield (Table 9)

ewere somewhat similar to protein vield. Redlan was more important than.

the other females in influenciug high lybine yield while line 1150

,was the best of“the males.;



'Table 6. Estimates of general and specific combining ability efféct8<;
for percentage protein of 48 Fl hybrids of the incomplete
diallel grown in 1967.

Females ' , .
General Effects

Males £ Males
Martin . CK60 Wheatland Redlan ot ¢ 5

- 8pecific Effects

0305 -0..02 -0.07 -0.06 -0.06 . -0.05
0786 0.21% 0,07 0.12  0.09 0.12
0819 0.11 -0.02 0.02 0.01 ©0.03
1150 0.12 -0.02 0 0.04 0.04
1360 0.19 0.03  -0.02 0.04 0.06
1457 -0.03 ~0.05 -0.06 -0.06 -0.05
1814 " 0.05 -0.04 -0.05 - =0.02 -0.01
1884 -0.10 ~0.20 ~0.19 -0.17 -0.16
2436 0.02 -0.05 -0.06 -0.08 ~0.04
5075 0.14 0.03 0.11 0.08 - 0.09
5126 0.05 -0.03  -0.02 -0.03 -0.01
5217 -0.02 ~0.06 o 0.04 -0.01

General Effects of TFemales

0.06. -0.03 -0.02 -0.01
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*Tdb}é”7;75tsfimatés of géﬁdtdi'hnd specific combiuing ability effects .
St for protein yield of 48‘Fl,hybrids of the incomplete diallel
grown in 1967. R .

iﬁsié§? ,' . . Females Genefai Effects
e T Martin CK60 - Wheatland - Redlan o Ma}es
Specific Effects
© 0305 0.10  =-0.02 0.11 0.22 0.10
0786 -0.06 - 0 0.23 0.21 | 0.10
0819 0.25° . 0.03 0.06 0.1l 0.11
‘1150 0.4 0.21 0.26 0.31 0.23
1360 -0.11 -0.29- -0.03 -0.06 -0.12
1457 0.02  =0.10 0.05  0.02° 0
1814 0.25 -0.13 -0.08 -0.02 ~0.12
1884 -0.13 = -0.13 -0.10 -0.04 -0.10
2486 0.03 0.03 -0.07 0 0
5075 0.07  0.01 0.07 ~0.02 | 0.03
5126 -0.30 -0.21  =0.11 -0.06 -0.17
5217 -0.21 -0.11 -0.06 0.10 -0.07

ceneral Bffects of Females

-0.03 -0.05 0.03 0.05
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Table 8. Estimates of general and specific combining ability effects
for percentage lysinet of 48 Fl hybrids of the incomplete
diallel grown in 1967. .

Females General Effects

Males of Males
Martin CK60 Wheatland . Redian nales

Specific Effects

0305 -0.06 -0.01 -0.08 -0.08 -0.06
0786 -0.19 10.01 -0.08 -0.11 ~0.09
0819 0.04 0.07 0.08 -0.13 0.02
1150 0.13 0.08 0.01 0.13 0.09
1360 -0.08 -0.11 -0.05 0 -0.06
1457 0 -0.07 ~0.12 0.06 -0.03
1814 0 -0.08 -0.03 0.02 -0.02
1884 0.09 0.09 0.11 0.11 0.10
2486 0.06 0.11 0.08 0.21 0.11
5075 ~0.06 0.10 -0.06 0.11 0.02
5126 0 0.03  0.02 0.16 0.06
5217 -0.06 0.02 -0.17 -0.25 -0.11

General Effects of Females

-0.02 0.02 -0.02 © 0.02

tPercentage lysine is proportion of lysine in the protein.



T&biéid;ffEStimatQS‘of general and specific combining ability effects
for lysine yield of 48 Fl hybrids of the incomplete diallel
grown-in 1967. :

q'i“27  Females ‘ General Effects
aales o ' of Males
© - Martin CK60 Wheatland Redlan Ny
Specific Effects
0305 0.05 -0.02 0.04 0.14 0.05
0786 -0.21 0.01 0.12 0.09 0.01
0819 0.33 9.09 0.13 -0.19 - 0.09
1150 0.31 '0.27 0.30 "~ 0.28 0.30
1360 -0.18 -0.34 -0.05 -0.06 -0.15
1814 -0.23 -0.19 -0.13 0 -0.14
1884 -0.02 -0.04 0.05 0.05 0.02
2486 0.09 0.16 0.03 0.19 0.12
5075 ~-0.01 0.13 0.02 0.10 0.06
5126 -0.29 - =0.,17 -0.24 0.10 -0.15
5217 - =0.22 -0.07 -0.18 -0.15 -0.15

General Effects of Females

"'0 003 -0003 0 006




Percent heterosis was calculated for each measurement of the 48"
rosses and it is shown ih Table 10, ﬁeterosis is used here to designate ;
thdge cases where ché performance of the'Fl was superior to that of the
better parent. Heterosis for grain yield was exhibited in crosses
involving six of the male lines. It is particularly intereéting to

.

-~ \

note that heterosis was exhibited in all four test crosses involving b305 '
and that the grain yield of these test crosses were higher than other

test crosses of cach female parent. Only four cases of heterosis were
noted for percentage protein and they involved crosses with male lines

1150 and 1360; however, they contained only moderate levels of protein.

————

Heterosis for protein yield was found in the majority of crosses. This

must have been due to an interaction of'genes which governed yield and
percentage protein. There was no evidence of heterosis fof percentaée
lysine; it was usually lower in the hybrids than in the parents. Althougﬁ
lysine yield did exhibit heterosis in several cases, there were no
crosses where heterosis had not already been shown for either.grain

yield or protein yield which suggested that the genes giving the
heterosis response were not necessarily those controlling lysine level

in the protein.

The magnitude of the correlations between characters is shown in
Table 11. Grain yield and percentage protein were slightly, but sig-
nificantly, negatively correlated (-0.19) while there was not a signifi-
cant correlacionvbetkeen grain yield and percentage lysine; however,
percéntage protein and percentage lysine were negatively correlated
(-9334). ‘Grain yield was highly positively correlated withlprotein
y;eldT(O$SO) apd lysine' yleld (0.62). Percentage protein was ppsiﬁivéléﬁ‘

féfoéfated,ﬁithfpfdtéin vield (0.14) and not with lvsine vield..
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f“;T@biéleQ,ﬂPércent,hdterpsiSf[of,48[F',hybrids,th five characters.

- "measured from the ‘incomple

e-diallel grown in 1967.

:fﬁﬁhﬁybrid_1“Cr¢in‘Yield"Z Protein Protein Yield %

Lysinef“Lfsinc Yield

L
MRT N 0305 ) 740, 2%%
CKGO % 0305 31.9%%
WHT ~ 0305 49, 2k%
RDL x 0305 63, 0%
MRT x 0786 25.1
CK60 ~ 0786 31.7
WHT x 0786 45.3%%
RDL ~ 0786 39, 5%
MRT ~» 0819 6.4
CK60 x 0819 12.4
WHT x 0819 12.7
RDL x 0819 16.7
MRT x 1150 -10.0
CX60 ~ 1150 7.6
WHT x 1150 9.5
RDL ~ 1150 9.9
MRT x 1360 - 0.5
CK60 x 1360  =-10.3
WHT ~ 1360 31.2
RDL ~ 1360 . 12.8
MRT x 1457 42,3%%
'CK60 ~ 1457 28.7%
WHT N 1457 - 49,1%%

RDL X 1457 ©  36.7%%

MRT s 1814 i2.8
CK60 ~ 1814 27.4
WHT x 1814 26.3
RDI. ~ 1814 26.7
MRT ~ 1884 20.7
CK60 ~ 1884 35,2%%
WHT ~ 1884 37.9%%
RDI. x 1884 42,9%% -
MRT x .2486 59,0%%
CRe0 ~ 2486 52.0%%
WHT = 2486 32.4%
RDL. % 2486 36.7%%
MRT =~ 5075 47 .3%%
CK60 x 5075 37.3%
WHT x 5075 27.8
RDL x 5075 14.2
MRT x 5126 5.3
CK60 x 5126 - 15.2°
WHT x 5126 21,7
RDL x 5126 23.0

I
- 1

[N |
[l
DO N ODO W
. .

LI B |
-
.

[}
[
* .

MIOOODQ—‘NP—‘;I-\IU\I‘O\DIOOU

*

*

I 1
[

1 LI I I
8] =
\ CWLWNODUVOIVDOWH MmN

LI S BN B | 1
= - rS
WIOHOVWTHVEO O

1
WOHNO O

s~w-o-:o:<>u>c\c>6x&>é>” '

(4L1.9%%
26.0%%
43, 1%%
57 .8%%
27.5%%
32, 4%%
57.7%=%
60 .3%%
23, 4%%

1.8

L O I~

o7
.6
13.8%
21 . 1%x%
26.1%%
30.3%%
20.4%
- 0.3
24, 3%%
24 ,6%%
36, 7%%
31.5%%
15, Gk
36.2%%
1.5
38.9%%
18.4%
30.4%%
17.3%
23.5%
15.7
27 4%%
38, 5%
. 64 . 1%%
19.9%
"33.,6%x%
43,6%%
60.0%%
37.9%%
 30.,3%%

,;;5‘673"

25:4%

14,80
Caslew

-13.0 23,7
-7.8 6.1 -
-14.5 22.8
~16.8 34 1%
- 9.1 5.7
- 6.0 47 bk
1.1 59, 0¥
-19.7 54 , 4k
-17.9 2.1

-12.2 1.8
-16.3 - 1.1
-21.5 1.6
-12.6 - 0.4
-11.8 12.6
-16.7 - 9.8
- 8.4 29.6%
-10.3 11.5
0.2 50, 9%
-13.6 18.2
-12.5 34, 2%%
- 4.4 27, 1%
- 4.8 15.9
-13.9 18.0
- 8.4 23.9
- 8.3 42, 7%
11.1 31.0%
1.7 39, 7%
i3.1 49 , 0%
- 0.1 49,6%%
- 0.6 52.0%%
3.5 61.7%%
1.1 43 4%k
6.4 40,8%%
5.5 11.5
2.6. 26.7%
3.4 14.3
0 23.0
5.4. - 5.0
3.9 11.4
741 2.9
4.5 0.1%%
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Table 10. (Continued)

"

Fy Hybrid Grain Yield 7% Protein Protein Yield 7 Lysine™ Lysine Yield

MRT ~ 5217 11.6 -16.1 0.6 -11.0 - 7.7
CK60 ~ 5217  30.3 -13.0 13.3 - 4.5 10.5
WHT ~ 5217 20.2 -7.9 19.9% -20.9 - 2.0
RDL ~ 5217 33.4 - 4.0 40, 4% -32.1 0.2

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

+Heterosis refers to the hybrid being superior to the better parent.

“Percentage lysine is a percentage of crude protein.



'3?T§bléi@1ﬂf'Siﬁple correlati0n,coefficicncs among: five characters of 65 .
“4p 7 sorghum genotypes of the incomplete diallel grown in 1967.

. ‘Characters Correlated

Correlation Coefficiedtf

Grain vield with percentage protein
Grain yield with protein yield

Grain yield with percentage lysine

" Grain vield with lyvsine vield

Percentage protein with protein yield
Percentage protein with percentage lvsine
 Percentage ﬁrotein with lysine yield
Protein yield with percentage lysine
Protein vield with lysine vield

Percentage lysine with lysine yield

~0.,1945%%
0.8046%x
0.0486
1 0,6204%%
L 0.1417%
~0.3400%%
~0.0316
© -0.0565
10.7030%%
0.0590

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

+With 258 degrees of freedom values of 0.124 and 0.162 are significant

at the .05 and .01 level, respectively.
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gnPorcentnge lysine was not’ sibnificantly 1elated to Lither protein vield
7,01 lysine yleld ‘Thnb, it dppears that eclectionbfcould be made from.{f
| thes crosses that(wonld'be high’iniyiéld,‘;efcentnge protein,‘and' .4
;:neleentage lvsine. It would be.mbre difficnle to select for high‘
pcrcentage proteln and lysinc than for high pe%eentage prote%n and high
glain vleld in this material Protein yield end lysine yield -appeared

to be determ1ned largely by grain yield rather than by percentage

p:otein,or lysine.

Nine Parent Diallel

The‘Fl seed obtained by making all possible crosses among the nine

parents were chemically analyzed for percentage protein; these results
are reported in fable 12. The purpose of this test was to check for
differences in reciprocal crosses. In general, the El_ygich had the
female parent contalnlug the hlgher percentage protein was fREEngQ.pQYSw

— (R———

a higher percentage protein than the reciprocalhjd_which had the female

v pars S

parent pbsscssing a lower protein level. This difference was probably

due to both dosage effects in the endosperm and effects of maternal
tissue. It was also found that the crosses between parents having a
low protein level were generally higher. than either parent. 'This was
'pxobably caused by there being only a few seed (10-200) per head of
}the hand-crossed ‘seed compaxed to several hundred on the selfed parent.

'Thus, all of the nitrogen that was translocated to the ‘head appeared

fewuseedq in the. case of the Fl rather than being diluted into.

many’seed5f1n the parents. This could occur even without having equal

_amounts -of nitrogen translocated in the two cases.



Table 12

"A,Percentage pxotein of inbrcd and accual F sccd of diallel
IOSSGb among nine paxents inuluding reciptocals G

bemalc Pareuts, B N ey

P“‘e“ts 0355 0793. 0819, 1884 5187 - MRT

CR60

WHT ©

RDL: .

o355j‘f,$17.25]_14;25 ~i9’47f113;97H;16.13!.17;19 
0793 - 17.59 13.66 17.44 13.50 - 14.847 14.69

0319jf 17.66 15.19 13 81ﬁj14 34’[13128;517;09
1884 16.63 13.50 16.53

NRT 17,000 13.59 18.19 13.13 14.72 12.97
CK60"  16.59 14.78 20.16 13.16 13.63 14.56

WD 16.3¢ 14:09 17.34. 13.53 16.09 15.31
RDL 16,88 14;75‘j15;38r313;60~ 13.81. '15.63

| 938 1450 - 15.44 -
5187 16.50 14.88 16. 13;{13.475f12206wj14;56'

16,
12
.69
84
.88
.06
.00

.78
.94

15.53
11.50
'15 2zf
14.25
13,28
14.66

16.78

Y

135
 14in
13,720

14.91 13716

13.34
16.66

10.31 .

£30.
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| RLbUlCS of the analysis of the diallel expeximenc grown in 1968
:(lablc 13) showed a highly significant variation among genotypes for
fbqueh,of ;he 13;chpr9etcrs.v Many of the characters, such as percentage
}itprOtern, iedf‘ndﬁﬁer;IIOO scad weighc, and height, had louw C.Y.'s.

vfeVonL of the C V. 's were large enough to cause concern. It was interesting
‘iltquofe thatjthe cechniqUe used to measure percentage lyvsine had improved

v‘in this ﬁortion bf the study compared to the earlier part; the C.V. in
-'_the first part was 16.63 percent while it was 10.05 percent in this part
of the study. The range of mean values for cach character was as follows:
From 6 to 45 days after July 1 for flowering, 10.3 to 19.0 leaves for

lLeaf number, 108 to 414 cm for height, 96 to 215 cm2 for flag leaf area
;ndex, 10.4 to 29.1 em for head exertion, 13.4 to 35.7 cm for head

lengch, 3143 to 15,863 kg/ha for grain yield, 15.9 to 99.7 grams for
"yield per head, 9.18.to 18.22 percent for percentage protein, 546 to

1841 kg/ha for protein yield, 1.74 to 2.74 percent for percentage lvsine,
and 5.15 to 18.07 kg/ha for l?sine yield. The genotypic means for the
six chavracters concerned with vegetative growth are reported in Appendix
" Table 2 and the means for characters determined from the grain are shown
in Appendix Table 3.

From the coﬁgining aSility analysis of variance for each of the 13
,ehqéeccersr(Table-IA) highly significant GCA and SCA components of
 ieréénee5yerefohnd qu.each. The interpretation of this was that both
Aaddrtirelana nonéeddirireigenes were involved in the control of the
_iexpression‘of each character. In all cases GCA mean squares were fouﬁd

gto be larger than SCA, however, the ratios of the two were rather 1ow ‘

Vr(less than lOil) for flag leaf area. index head e\ertion, yield per

The Gea SCA

;;head; grain yield, protein yield and percentage lysine.
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 T5ﬁIé?13:f5An§iyses'Of varidh@é]forle characters measured from the
- .sorghum diallel ofynipefphtents and 36 Fl hybrids grown ir

1968.

R Me;m Squarest ‘

. Character ~ : : CV (%)
T 'BLo;ks Entries 'Error ‘ .

Flowering 28,32 ** 306.02 %% 4,61 11.68

Leaf Xumber 1,60 20.87 ¥% 0.68 6.15
Height 676.50 35901.26 274 .62 7.03

L.A.T. 1758.44 %% 3416.58 % 787.26 17.88

‘Head Exert. 6.34 77.41 ek 11.10 17.08
Head Length 13.65 84.48 k* 5.38 9.13
Grain Yield 526210 * 5689984 #% 185712 12.28

Yield/Head 263.88 #* 1054.35 % 35.81 14.05

100 Seed Wt. 0.1758%% 1.8287%% 0.0321 6.47

% Protein 0.3772 22.5586% 0.3789 4.95

Protein Yield w4 56136 Kok 2650 12.27

% Lysine 0.0720 0.1278%% 0.0441 10.05

Lysine Yield 0.93 30,25 % 1.64 14.57

#*Significant at the .05 level.

*%Significant at the .01 level.

+The mean squares for blocks, entries, and error

degrees .of freedom, respectively.

have 3, 44, and 132



, Tablc 4. ‘Combining ability analyses of variance and herltabilitv

‘ 4‘ 31-

estimates for 13 characters measured from the sorghum dlallel“
-of ninc parents and 36 Fl hybrids grown in 1968.

Mean Squarest

GCA:SCA ratio

H

Character on son o (%)
Flowering 3549.84 15,76 #* 1.15 22:1 40 .
Leaf Number 25,43 A% 0.95 #®* 0.17 26:1 39
Height 39006 % 2302 69 17:1 39
L.A.I 2739w 420 %% 197 7:1 16
Head Exertion 52.86 %% 11,17 =% 2,77 5:1 17
Head Length 95.47 %% 4.14 - %% 1,34 23:1 34
Grain Yield 5428697 ** 531638 ** 46428 ©10:1 52
Yield Per Head 892,55 #* 123.80 #** 8,95 7:1 0
100° Seed Weight 2.0187%* 0.0893%*  0.0080 23:1 38
% Protein 27 .0374%% 0.8846%* 0.0947 31:1 42
Protein Yield 50166 ** 6005 ** 663 8:1 28
% Lysine 0.1763%* 0.0274%%  0.0110 6:1 2
Lysine Yield 31.0005%* 2.3542%%  0.4102 13:1 32

#*Significant at the .0l level.

tThe mean squares of GCA, SCA, and error have 8,.36, and 132 degrees of

freedom, respectively.

ttHeritability estimated in the narrow sense.
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{racio> for flowering, lecaf number, hend Lengch, 100 bECd wgight, and
‘ebpucidlly.perCLﬂLdgC proLein were qulte high (20: l or greatex) indi-
ating the 1elative importancc of addftxve gene action in Lontrolling
Lhexr c\prexsion ThUb, it appeatq that the deslrable chaxnccoxisticse
g\hiblLLd in crosses betwgun the nine paronts LOuld be incorpoxated
‘inppginbren lines. f SC\ (the non-addlLive gene, action) had been
nete.importanc than GCA for any character, it would be necessary to_
de&g;gg;hxy£}§§”;ngorder to n;ilize the non-additive gene action.

The magnitude of the additive gene action was confirmed by the
estimates of'narron sense heritability which are reported in Table 14.
Tne highest es&imate.of hefitability was for grain &ield where about
50 percent of the total variation was due to additive gene acFion.
Additive gene action accounted for approximately 40 percent of the
total variation for the other characters except for flag leaf area index,
head exertion, yield per head, and percentage lysine which had very low |
herieability estimates. | .

Estimates of GCA effects of the nine parents for 13 characters are
repertediin Table 15. Line 0355 and, to a lesser extent, 0819 and 1884,
had the lafgest effects on late flowering in the crosses. Crosses |
involVing Martin and Combine Kafir 60 tended to be earlier. Lines
0819 0355, and 1884 had the greater effecte on increasing leaf number.
Llne 0335 followed. by 0819 and 0793 had the greatesc effect on increasing
helght while line 5187 and Wheatland were ‘most important in reducing
height. The flag leaf area 1nde\ was 1nf1uenced the most in a positlve
direction bv line 0793 0355 Gheatland and Martin.f Line 0355‘and

Martin had the grea:est eftect on increasing head exertion and along

wtthvline 1884 head length.i Grain yield was increased by~1ines 0793




Table 15. Estimates of general combining ability effects of nine

from the nine parent sorghum diallel grown in 1968.

parents for 13 characters measured

_ Parents
-~ ~Character

0355 0793 0819 1884 5187 MRT CK60 WHT RDL S.E.*
flbweriﬁg 11.23 - 3.38 4.61 4.70 - 2.41 - 5.22 - 5.57 - 1.13 - 2.84 0.46
tLéaf Number 1.58 0.76 2.19 1.49 - 1.26 - 1.49 - 1.44N- 0.66 - 1.17 0.18
‘Hedght 115.22 25.10 67.92 6.81 —>60.24 - 35.58 - 37.40 - 49.90 -31.04 3.53
-L.A.I. 16.03 22.89 - 13.91 - 16.59 - 0.94 8.24 - 13.10 14.48 -17.10 5.98
Head Exert 3.36 - 1.08 - 2.70 0.66 - 2.28 3.48 - 0.87 - 0.3%4 -0.23 0.71
Head Length 4.65 - 3,00 - 4.88 3.88 - 0.88 1.18 - 0.57 0.65 - 0.57 0.49
Gtain Yield -1360 881 856 583 = -335 =272 =174 -179 1 91.9
Yield/head - 16.06 10.63 13.77 5.79 - 4.36 - 5.19 - 2.65 - 1.30 - 0.63 1.28
100 seed wt. - 0.86 0.68 0.48 - 0.02 0.01 - 0.14 - 0.08 - 0.05 - 0.02 0.04
% Protein . 3.88 - 0.28 0.26 - 1.53 - 0.46 0.40 - 0.81 - 0.80 -0.66 0.13
Protein yield - 77 100 i20 16 ° - 46 - 15 - 39 - 42 -16 11.0
Z Lysine - 0.21v - 0.04 0.11 0.24 - 0.01 - 0.08 0.06 - 06.02 - 0.05 0.04
Lysine yield - 2.38 1.88 2.97 1.25 - 1.01 - 0.65 - 0.63 - 0.95 - 0.49 0.27

fS;andard error

of the difference between two effects.

<6
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f§0819, and 1884 and it was decrcas;d by line 0355' these four iimes
#%wcre probnbl\ thc mObt diveibe in this atudy Yield per head protein
Efvxeld, and l\sine \ield wvere arfected by the paientq in an nlmost
TiidenC1cal manner as blaln vield which was not burpriqing becaube of the
iineture b) which they wore calculated. Lines 0793«aud 0819 had the
gieatest influence on 1ncreaqing 100 seed weight while line 0355 had
tkegreatesteffect of reducing 100 seced weight. Percentage protein
was increased pxinarilv by line 0355 and secondarily by line 0819 and
Marting line 1884 had the greatesteffect of reducing percentage protein.
Lines 1884 and 0819 had the largest effects for high percentage lysine
while line 0355 was the most important in reducing lysine level in the
proteinav

Estimates of SCA effects from the 36 F1 hybrids for the six vege-
tative characters are shown in Table 16 and the estimates for the seven
characters concerning characteristics of the grain are reported in
Table 17. The cress'of 0355 x 1884 had the largest effect on late
flowering. Crosses involving 0355 generally had the largest SCA effects
for late'flowering while 0793 crosses generally appeared to have large
>SCA,effects for early flowering. The cress of 0355 - 1884 also had
the largest SCA effect for leaf number indicating a possible relation-
lehip:ef late flowering with greater leaf number which was confirmed
'by looking at the reletionehips in other crosses. High estimates of
SCA‘effects for height were found in crosses 0355 x 5187 and 0819 ~ 1884.
‘The‘largest SCA effect for flag leaf area index was from the cross of
‘0793 N 0819. Crosses of 5187 Qith 0355 and 0793 hadlarge SCA
effecta for head e\ertion. Large SCA effccts for head length were

manifested in croeses of 1884 x Redlan, 1886 % Combine kafir 60 0355 X


http:rosses.of

37
Table 16. Estimates of specific combining ability effects of 36 F

hybrids for 6 characters measured from the nine parent”™
sorghum diallel grown in 196°. ‘

o T trrae § . . Head Head
Hybrid Flowering  Leaf No. Height L.A.I.. Exert. Length
0355 ~ 0793 3.03 0.93 -13.6 "9.3 -3.78 0.52
0355 v 0819 - 5.97 -1.33 =43.9 6.8 1.04 -0.21
0355 ~ 1884 10.44 2.55 56.0 -40.3 -1.05 2.32
0355 > 5187 2.55 1.45 73.0 3.6 7.00 -3.88
0355 » MRT 3.37 -0.25 19.6 34.0 -2.16 3.21
0355 * CK6O 4.96 1.05 53.9 30.1 0.49 -0.52
0355 ™ WHT 0.53 0.70 43.9 -10.9 2.2 -0.006
0355 » RDL 1.24 0.06 48.5 -36.3 3.33 -1.45
0793 ~ 0819 4.15 0.85 -36.3 49.3 -5.28 3.10
0793 > 1884 - 1.70 ~0.83 8.6 17.9 -0.38 0.01
0793 = 5187 - 4.33 -0.62 39.4 - 6.8 7.62 -3.10
0793 > MRT - 3.76 -0.40 29.7 -26.7 3.29 ~0.26
0793 ~ CK60 - 2.17 -1.05 29.0 -14.2 1.36 0.29
0793 ~ WHT - 3.60 0.23 50.3 - 4.8 4.50 0.05
0793 ~ RDL - 1.90 -0.17 37.3 - 4.5 2.97 -0.04
0819 ~ 1884 1.55 0.76 68.3 8.2 3.99 -0.87
0819 x 5187 - 0.33 0.49 49.1 13.5 -0.79 1.91
0819 = MRT 0.24 0.84 40.6 - 2.6 0.56 -0.01
0819 * CK60 - 1.67 0.29 25.0 -30.4 1.88 1.34
0819 ~ WHT 5.15 0.82 50.0 =25.6 3.27 -1.30
0819 * RDL - 0.40 0.70 49.5 3.3 ~-0.18 0.32
1884 x 5187 - 1.67 -0.38 -12.3 9.7 -6.15 1.68
1884 * MRT - 5.85 -0.93 3.0 25.4 3.27 0.59
1884 ~ CK60 - 4.76 -0.84 - 1.4 1.4 ~-2.54 3.17
1884 > WHT 1.80 -0.39 - 2.7 12.7 -1.55 0.48
1884 ~ RDL. - 1.24 -0.61 1.9 21.8 0.80 4.12
5187 * MRT 2.01 -0.15 -13.7 - 6.1 -0.41 0.19
5187 ¥ CK60 1.35 -0.08 -26.9 13.5 ~-1.67 1.69
5187 X WHT - 0.58 -0.73 -18.1 3.8 0.60 1.25
5187 * RDL 1.62 -0.23 -24.8 - 6.9 -1.33 0.19
MRT X CK60 0.67 0.47 18.5 - 0.8 0.78 -2.70
MRT N WHT - 0.26 0.07 ~24.0 15.0 -2.46 0.94
MRT ~ RDL - 1.06 -0.15 =24.5 6.5 -0.51 -0.37
CK60 X WHT - 4,67 -1.01 =24.7 14.7 2.81 -0.16
CK60 X RDL 0.28 -0.18 =23.9 - 1.4 0.09 -1.27
WHT * RDL - 3.15 -0.43 -20.2 16.7 -2.15 -2.04
S.E.a* 1.21 0.55 11.2 18.9 2.25 1.56
S.E,b+ 1.45 0.53 10.6 17.9 2.13 1.48

- *Standard error of the difference between effects of two crosses'haviﬁg'

one parent line in common. C
tStandard error of the difference between effects of two crqsses;haxing j

' no parent in common.



. Table’l7. 'Estimates of spcecific combining ability effects of 36 F, hybrids
BT for seven characters measured from thc nine parent sorglium
" diallel gnpwm in 1968. :

Grain Head 100 . % Protein % Lysine

Hybrid .y i1d Yield Seced We. Protein Yield Lysine Yield
0355 x 0793 -1054 -15.3  -0.44 0.16- =-121.4  0.056 =2.22
0355 ~ 0819 = 717 -15.2  -0.16 ~0.51 - 94.8 -0.113 =2.48
0355 ~ 1884 - 481 = 5.9  -0.35 1.64 10.8  -0.197 -0.56
0355 + 5187 512 2.5 -0.60 0.4l 82.1  =-0.062 1.45
0355 ~ MRT 88 4.5  0.19 1.51.  31.0 =-0.055 .0.45
0355 x CK60 399 13.7  0.06 0.72 81.0 -0.157 1.03
0355 ~ WHT - 149 - 0.8  0.21 1.18 3.5 -0.125 -=0.19
0355 ~ RDI 5, 5.5  0.26 0.59 31.4 =0.094 0.29
0793 ~ 0819 2132 32,7 -0.29-  -0.80  217.1 -0.053 4.43
0793 ~ 1884 129 0.1  0.04 0.13 12.3  -0.109 0.01
0793 ~ 5187 589 2.2 0.39  -0.48 47.0 -0.069 0.67
0793 ~ MRT - 93 - 0.4  0.23 -0.63 - 1.8  0.123 0.41
0793 x CK60 265 - 1.7 0.2 -0.57 3.0 -0.092 -0.33
0793 » WHT 143 3.8 0.22 -0.91 - 20.9  0.268 0.82
0793 x RDL 342 6.4 0.44 -0.05 38.9  0.157 1.54
0819 ~ 1884 1051 13.0  0.23 0.81  161.6 =0.276 2.47
0819 ~ 5187 645 15.4 0,32 -0.37 61.7 =0.049 1.21
0819 » MRT 500 7.3 0.06 -0.30 45,2  0.101  1.47
0819 x CK60 125 = 0.4  0.25 0.06 15.7  0.001 0.36
0819 ~ WHT 210 4.9  0.31 0.42 43.5  -0.244 -0.33
0819 « RDL 339 6.0 0.21 -0.24 31.1 -0.038 0.43
1884 ~x 5187 - 25 5,5 =0.13 -1.12 - 41.2  0.145 =0.42
1884 » MRT 9 -3.5°  0.19 -1.00 =~ 26.2 -0.178 -1.27
1884 - CK60 283  21.1 0.31 -0.59 2.1  0.170 0.74
1884 ~ WHT 555 12.7  0.17 -0.31 44.4  0.010 1.06
1884 x RDL 730 8.8  0.17 -1.07 23.1  0.091 0.86
5187 =~ MRT = 194 = 3.5  0.35 1.15 6.5 -0.001 0.11
5187 » CK60 - 530 - 2.6 -0.15 0.68 = 45.0 =0.165 =-1.43
5187 » WHT - 79 - 0.4  0.06 0.14 - 0.6  0.030 0.05
5187 x RDL - 314 = 7.1  0.28 1.25 3.2 -0.056 0.16
MRT x CK60 299 4,1 .-0.03 -0.37 27.0  0.064 0.84
MRT ¥ WHT =~ 291 - 3.6 =-0.18,  0.16 - 24.5 -0.056 =0.78
MRT ~ RDL. - 290 =- 3.7 =0.37 = 0.29 - 22.3  0.025 =-0.45
CK6O x WHT =- 302 =-'5.2  -0.26 0.57 =-12.0 -0.181 -0.88
CK60 ~ RDL =~ 174 ' -.2.1 -0.08 0.21 - 8.9 -0.144 -0.71
WHT x RDL. - 330 = 6.7 =0.36 -0.41 - 44.3 -0.112 -0.9S
S.E. * 2900 4.0  0.12 0.42 34.7  0.142  0.86
S.E. t 276 3.8  0.11 0.39 32,9  0.134 0.82

*Standard error of the difference between effects of two crosses having

one parent line in common. :
tStandard error of the difference between effects of two crosses’ having

no parent in common.
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1884, and 0793 ~ 0819. The better combiners for grain yield also
had the large SCA effects; these crosses were 0793 » 0819 and 0819 . 1884.
The cross of 0793 » 0355 had the lowest SCA effect. Head yield, protein
vield, and lysine yield ‘followed the same pattern as grain yield. Large
SCA effects for 100 seed weight were found in crosses of 0793 with
Redlan and 5187. The crosses of 0355 » 0793 and 0355 « Martin had

large SCA effects for percentage protein; this was especially interesting
because the three parents involved in the two crosses were three of the
four parents which had the high protein levels.

The values of percent heterosis for the vegetative characters are
notég in Table 18 and the values for grain characters are reported in
Table 19. Heterosis for flowering was calculated to show that the F1
hybrid was earlier than either parent. The crosses of 0793 with 5187,
Martin, Combine Kafir 60, Wheatland, and Redlan were earlier than either
parent. Heterosis for leaf number was only exhibited in crosses of
0355 with 0819, 1884, and 5187. Several crosses showed heterosis for
height, especially those involving 0793 and 0819; however, the cross of
0793 x 0819 was no taller than either parent. VNo heterosis was noted
for the flag-leaf area index and only a few cases were noted for head
exertion and head length. Several instances of heterosis for grain
vield were found; these usually involved crosses of 0793, 0819, and
1884. Again, these three parents were quite diverse in type from the
others. The same parents were responsible for heterosis of yield per
head. Four crosses exhibited heterosis for percentage protein and
probably the most significant cross in terms of protein level was that

of 0355 x Martin; these parents had the highest and a relative high .

level of protein, respectively. Several crosses which‘usuallygﬁédfOSIQ



‘Labte: 10. - Percent "heterosisT of the Fl hybrids for six characters measured from

- pe; the nine parent sé?ghdmx
». diallel grown in 1968. : . I ST

F) Hybrid Flovering Leaf No. Height L.A.1 ol  £2§22h-
0355 = 0793 S =42.7 7.9% 4.3 6.3 -21.7 -20.8
0355 » G819 =T - 1.4 7.9% -13.1 -7.1 -28.3 .
0355 x 1884 . -36.3" - 13.8%* 19.1%% -39.3 - 4.1 . 3.0
0355 » 5187 . =55.5 . 8.6% 4.7 -7.9 21.6% -27.7
0355 x MRT -63.1 -5.2° - 3.6 12.6 - 4.0 - 0.9
0355 » CK&O . -64.7 4.5 5.8 - 0.5 - 0.9 -16.7
0355 » WHT ; -36.2 7.5 - 0.7 -7.3 9.1 -11.8
0355 x RDL . -46.4 - 0.7 5.8 -37.2 14.3 -19.4 -
0793 » 0819 -29.5 7.0 8.1 11.4 -13.3 7:8
0793 x 1884 - 6.9 -7.8 29.2%% - 6.2 -20.1 - 2.5
0793 x 5187 ' 60.6%* ~20.6 12.3% -10.9 89.9%x -23.1
0793 # MRT 70.8%% -20.6 19.3%% -16.1 0 -13.4
0793 * CK60 C41.3% =24.5 18.1%% -20.7 18.0 - 4.2
0793 » WHT 63.4%% ~11.2 22, 2%% - 1.6 50.3% -14.8 "
0793 = RDL 46.3%% - -17.1 24 . 6** -18.1 14.8 -11.3
0819 = 1884 -10.3 6.7 40,0%* 14 .4 - 8.5 -13.1
0819 x 5187 -34.6 -7.8 8.1 9.1 9.6 ~.8.9"
0819 » MRT -43.1 - 7.0 14 .1%* - 1.3 -17.6 -19.6
0819 x CK60 -34.9 -10.1 7.7 -19.4 11.1 -.8.2
0819 » WHT -31.5 - 2.0 12, 3% -24.6 31.3% -27.0
€819 » RDL -24.9 : - 5.1 18.8%% 4.9 -10.7 -19.0:
1884 » 5187 ~30.3 -20.8 - 9.9 4.2 -50.0 11.7
1884 = MRT -14.6 r -25.4 11.3 15.2 7.5 13.6%
1884 = CK60 -19.4 -24.5 7.9 4.0 -28.6 18 .8%% -
1884 » WHT -22.1 -17.2 " 1.7 - 4.0 -23.1 10.4
1884 » RDL -21.1 -21.6 12.6% 18.9 -17.8 21.7%%

0n



:fThBle 18.: (Continued)

’ Pl Hybrid .. Flowering

*Significant at the .05 level.

**Significant at the .01 level.

tHeterosis = percent above better parent.

: . Head Head
Lgéf No. Height L.A.T. Exert fon Length

5187 x MRT -19.4 - 4.6 -9.2 4.6 -19.8 - 3.9
5187 x CK60 -12.7 - 4.1 -28.3 9.8 - 8.4 8.5
5187 » WHT - 7.0 -13.7 - 1.1 - 0.6 16.3 - 3.3
5187 ~ RDL -10.2 - 7.1 -20.8 - 7.7 ~14.6 - 0.6
MRT x CK60 24.2 - 2.2 29.5%% 0 - 8.6 -13.4
MRT x WHT ) -12.7 - 9.1 - 9.8 11.4 -19.4 3.7
MRT x RDL - 10.8 - 8.4 - 4.2 2.6 -11.2 - 7.7
CK60 x WHT 46.4% -17.3 - 9.2 - 1.1 31.8% - 6.7
© CKeD = RDL, 0 - 8.2 - 5.0 1.6 0.8 - 6.4
WHT = RDL 33.3% -10.5 -10.2 - 2.3 - 8.5 -13.7

ty



fﬁT3b1¢319  Percent heterosis?t of the Fy hvbrids for seven characters measurea.

from tne nine parent . sorghun
diallel grown in 1968.

Yield 100 - - % Protein 7 Lysiue .Crain -
Per Head Seed Wt. .  “Protein ' Vield - ‘Lysinett  Yield-© - Yield
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Table 19. . “ffantimunais

fﬁf;?iiug;igﬁ:;,::‘k;ficld; 100 . 4 Protein % -hyslnev- Grain
"~glf¢¥w1f " ....Per Head - Seed Wt. Protein  Yield ‘Lysinett  Yield Yield.
5187 x MRT. - - 7.7 32.3 6.5 - 3.4 - 8.9 1.9 6.9 -
5187 x CK60 -1 4.5 11.7* - 6.8 -19.2 ~26.0 ~17.0
5187 x WHT - 3.0 8.1 5.8 - 2.6 - 5.0 - 8.3 -10.9
5187 » RDL. . -19.2 23.3 16.2%% - 0.3 ~10.0 2.8 ~14.2
MRT x CK60 ~ °  16.7 3.7 - 9.0 5.4 -13.3 8.1 12.9
MRT = WHT -14.7 - - 6.0 - 4.7 - 9.3 ~12.7 -14.7 ~15.4
“MRT x RDL ~12.4 - 8.3 - 2.5 - 1.6 - 2.1 - 0.5 -11.6
" CK60 x WHT -11.3 - 7.9 10.1% - 4.1 -20.4 -17.7 -12.7
CK60 = RDL - 1.4 5.5 3.3 - 1.7 -20.4 -.9.4 - 5.2
WHT » KDL -10.1 - 9.4 - =2 -12.2 -10.0 -14.7 - 9.0

» *Significanf at the .05 level.
- **Significant at the .01 level.

~ THeterosis = percent above better parent

*fPercehtageilysine 1s the proportion of lysine in the protein.

£y
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‘2;asyone paxent were supctior to either parent for prote1n Vlle Only a;f
'flfcn crosses showed hetexosls f01 lyslnc }ield and they involved crosses‘;
':of 0819 and 1884 hlth thc e\ception of one cross.e~

' qimple 001xclatlon c0cff1c1cnts “ere calculated to indicate the
%lmagnitudc of relatlonshlps among thc 13 tharacters (Table 70) ‘ chcent-A
dge pxotein uas p051tiVle dbeleted with tlowexing, height, flag leat
"~area 1nde\, head e\ertlon and head length, it vas. negatlvely correlated
wlth grain yield, yield per head,leO seed weight, protein yield; o
pelcentage lysine, and lysine yield. tPercentage lysine Was posltively
related to grain yield yield per head, 100 seed weight, and lysine

- yleld, and it was negatively associated with height, flag leaf area
'index, head exertion, and percentage protein. Thus, it acteu almost
exactly opposite of percentage protein. Grain yield was poeitively
correlated with leaf number,‘yieldvper head, 100 seed weight, protein
yield,'percentage lysine, and lysine yield and it was negatively related
to flowering, headsexertion,Ahead length; and percentage protein. These
correlation coefficients only indicate the overall relationships and
‘_do‘not necessarily show the actual relatlonshlp for the most outstanding
"ctoSSes; In order toldetermine'the characteristics of the highest

] comhiners for vieldisnercentage nrotein, and percentage lysine, the
?genotyplc means in Appendi\ Table dnd ApnendiQ Table 3 were esanined.
;rhcn the highcst yielding crosses usuallv flowexed latc, had hcav1er
:’seeds and more than averagc number ot leaves,/tended to be taller than

§average variel a lot for head e\ertion and length, contained moderate

:to low levels of protein and high levels of lysine. The si: highest

‘fand Redla'.f

fyielding hybrics invoﬁ: rosses among 0793 0819 1884

EThose llnes and crosses havingxthe hlghest levels of protein were



iTablé 20. Simple correlation coefficients among 13 cﬁéracters

grown in 1968.+

measured from the diallel of nine ﬁéiéhté

| =1 ;
. o o =
cemacter o E O E 4 T E'?:/%ns 238 .1 I3 & i
2 % 4 24 23 §¢ fEE 83F% E g2 vi i3

Flowering. PTORELTORE -.30%k 10 L32% -.20% —.09 —.39%%  _g1sx o3 -.11 -.01
Leaf Number JTTEE —02% -01  -.01  .21%%  .29%%  _q4 4%% . 40%= g5 .30%
Height ' .08 29%% 11 .05 4 -.07 62%%  33xk _ 2122 g3k
L.A.I. .01 .18% -.04  -.03 .08 22%% 05 -.o4%%  _.g5
Head Exertion PAO%E - 243k - 9% - 28%k  333x _ 14 ogas  __g3ms
Head Length ToADEE L -.36RE -.63%x 2Bwr —4lwr 140 gow
Grain Yield S93%%  7TEE - S57ER 9Qkx  7ax  gps
Yield/head T3EE 48Rk 8eRx  22%x gpws
100 secd wt. -.528% 69k Ip3tx 70
% Protein =.18% - 51%% - 35
Protein yield . fbéﬂ "°;92%i
Z Lysine B 34

‘*Significant at.the .05 level.
**Significant at the .01 level.

tWicth 178 degrees of

- respectively.

freedom, ‘values of 0.154 and 0.206 are significant at the .OSVand‘;OzvleQél;?
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'fﬁ“gencrally‘found to be later, to have longer heads, 1ighter seed

k.;#greater than average number of leaves, to be tall to exeit their
» ‘heads further than averagL‘ and to contain low levels of lysine. The
iinine tntxies with the highcst pxotcin ltvels had 0355 as one parent.
'Houtvcx,.lines and crosses whith contained moderate levels of protein
f;(l” ‘to 14 percent) were variable for the other characters. In fact,
;ithe highest,am0unt5‘of protein and lysine yield were found in this
Cgroup. Lines 6793, 0819, and Martin mere'parents of hybrids falling-
in this group. »Thns, it appears that selections could be obtained from
this material ‘hich would be better than averabe for percentage protein
and high in grain vield and percentage lysine.
The variance-covariance analysis was examined for each character.
The analysis of variance of the Wr minus Vr values indicated significant
effects of blocks and arrays for several characters (Appendix Table 4).
" The Wr,Vr regression coefficients for grain yield and head exertion
deviated significantly frcm unity which indicated that the assumptions
of the Jinks=-Hayman analysis were not metlfor these two characters as

well as for the characters for which significant effects of blocks and

arrays were found: Since the validity of conclusions derived from the

fWr,Vr analysisvwasouncertain when the assumptions were not satisfied,
! . e o ; ;

A Ll e msmalta diea fnliaece

~

Summarv_and Conclusions

Four by Twelve Parent Incomplete Diallel
Twelve diverse lines from the world collection of sorghum were
evaluated for their combining ability for grain vield percentage protein,i

percentage lysine, protein yield and lysine yield.p The twelve lines ’ff;;a



i

were crossed onto four male sterile lines and the performance of the Fl
hybrids was used to estimate GCA, SCA, and percent heterosis. Mean
squares of genotypes for all characters were significant in the analysis
of variance. Grain yvield ranged from 3088 to 9286 kg/ha; percentage
protein varied from 10.23 to 15.53 purcent; percentage lysine ranged
from 1.25 to 1.97 percent of the protein; protein yield was between
573.9 and 1192.5 kg/ha; and lysine yield ranged from 7.66 to 18.58 kg/ha.

Combining ability analysis of vaviance indicated a significant GCA
of both male and female effects for grain yield, percentage protein,
and protein yield and only the male efifect of GCA was significant for
percentage lysine and lysine yield. The SCA mean squares which were
estimated by the male by female interaction were not significant. These
results suggest that the characters were controlled primarily by additive
gene action. Wheatland and Redlan had greater effects of the females on
increasing yvield in the hybrids while 0355 and 1150 were more important
male lines in this regard. Martin and 0786 had the biggest effects on
percentage protein of the females and males, respectively. For percent-
age lysine 2486 and 1884 had the larger GCA effects.

Several crosses exhibited heterosis for grain vield, protein yield,
and lysine vield. OQuly four crosses showed heterosis for percentage
protein and there were no cases of significant heterosis for percentage
lysine. Grain yield was slightly negatively correlated (-0.19) with
percentage protein and not significantly related to percentage lysine.
However, percentage protein was negatively associated (-0.34) wiéh
percentage lysine.

The overall results suggest that selections can be made from ;hese

crosses for high grain yield and high percentage protein. ﬁ;gh_“. 



Tfpé:qéntégp,iysine can be inédfporhted intd_high peféeﬁtage protein

~but sélection for both would be more difficult tﬁﬁn selecting for either
.high grain‘yield and high percénﬁage protéih or high grain yield and

high fcr;entage lysine. ., Sincé the genetic variability exhibited in this
experiment was primarily due to additive and simpleldominéut gene action,
it should be possiBle to combine many favorable genes into homozygous
lines. This should have a lot of potential for those aréas of the world

lacking a hybrid seed industry.

Nine Parent Diallel

Ning parents were selected for a.range of 9 to 18 percent protein
and 1.87 to 2.74 percent lysine in the protein. They also were selected
for a wide variation in several morphological characters. Gene action
for grain yield, percentage protein, percentage lysine, and 10 other
characters were analyzed from the performance of the parents and the
diallel set of F, hybrids.

Reciprocal differences were found in the protein level of Fl seed
obtained by making all possible crosses among the nine parents. The
differences appeared to be due to maternal effects and dosage effects
in the endosperm. A wide range in cach character was found in the 45
genotypes which were grown in this study. The ranges were as follows:
6 to 45 days after July 1 for flowering, 10.3 to 1.0 leaves, 108 to
414 cm for height,;96 to 215 cm2 for flag leaf area index, 10.4 to 29.1
em for head exertion, 13.4 to 35.7 cm for head length, grain yield was
3143 to 15863 kg/ha, '15.9 to 99.7 grams for yield per head, 1.20 to
3.8§ gramé for 100 seed weighp,'9.18 to,18j22 percent protein,‘1;74 to’
2.74 pefcént lysine, 546 tn 1841 kglﬁé;fﬁf’pbeeiq yield, and 5.15 to’

[ 18.07 kg/ha for lysine yield. -
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. Combining ability analysis for the 13 characters measured in thiéﬁ}
éxperiment from the Fl plants disclosed highly significant GCA and SCA
va:iation for each character. The GCA:SCA mean square ratio indicated
that additive gene action had a greater effect on genetic variability

"than did non-additive gene action. High ratios of 20:1 or greater were
calculated for flowcriné, leaf number, height, head length, 100 seed
weight, and percentage protein while lower ratios of 10:1 or less were
- found for flag leaf area index, head exertion, grain yield, yield per
head, protein yie;d, percentage lysine, and lysine yield. Estimates
of GCA effects showed 0355 to influence late flowering while Martin

and Combine Kafir 60 promote early flowering. Greater leaf number was
found in crosses involving 0355, 0819, and 1884. Line 0355 had the
greatest effect of stimulating height while 5187 was the most important
in reducing height. Martin and 0355 had the greatest GCA effects on
head exertion and head length. Lines 0793, 0819, and 1884 had the
largest effects on grain yield, yield per head, protein yield, and
lysine yield; 0355 had the biggest negative effect on these characters.
Line 0355 had the largest GCA effect on percentage protein while 1884
had the biggest effect in the negative direction. The largest GCA
effect for percentage lysine came from 1884. Line 0819 had the second
largest GCA effect for both percentage protein and lysine. Several
important SCA effects were noted. The most important of these were
found in crosses 0793 x 0819 and 0819 x 1884 @hich yielded the highest
and second highest, respectively. Anoﬁher cross, 0355 x Martin, had tHe
highest percentage protein which was remarkabie in the fact that 0355
had the highes; level of protein of the nine parents and Mgrtin;qu‘among

:5¢ §dﬁr;ﬁigb parents in percentage protein. The performen¢¢§;§£f§h§§9~gq
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f?ttosttgntcrltct tht imtortance of gtnetic divérblty 1n pioducing supcrior“
:jbtnotvab. Hcteroqis‘was noted in sevcral‘crOSb for every character |
‘;O\Ltpc for flab leat area indt\ dnd ptxcentagc lysine.

bxain vield was found to be posxtivolv corxelatcd WICh paercentage

: 1Vsint, lyQint vi le pxotein yvield, 100 seed weight, vield per head,.
~and lLdl ‘number and 1t waa negatinlv correlated with percentage protein,
lgte’flowering, head exertion, and head length. Percentage lysine had
réimilar assbciatious with bther.charétters as did grain yield. Percent-
age protein was positively related to flowering, leaf number, height,
flig leaf area index, head exertion, and head length; it was negatively
correlated with grain yield, percentage lysine, protein yield, lysine
yield, yield per head, and 100 seed weight. )

The results of this experiment suggest that the 13 characters were
primarily under the gontrol of additive gene action. Hoﬁever, non-
addtive gene action was also important; part of it was caused by
partially dominant genes (fully dominant in the case of percentage
lysine) and the remainder by gene interactions. The magnituie of the
addtive gene action indicatés that superior hoﬁozygous lines can be
deéveloped from these .crosses. However, the full utilization of the
genetic variability e\hibited in the crosses depends on the use of
hybridb because there was a 51gnificant proportion of the genetit
variability due to non-additive gene action. It should be p0551ble to

obtain high yields with signifiCuntly better than average levels of

{protein and lysine.
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SECTION II
INHERITANCE OF PERCENTAGE PROTEIN AND ITS RELATIONSHIP

TO OTHER CHARACTERS IN SORGHUM BICOLOR (l.) MOENCH




il
v

'SFCTIO\* 184 -

I\HFI\IT\\‘CI} OF - PERCENT AGE PI\O]LI\‘ ANU 11D RELALIUNDIY
TO OTHER CH\RACthS IN SORGHUM bICOLOQ (L.) WOLVCH

Intrdduction

‘ The tesults or previous reseaich at Purdue Univeieity ‘have identi-

fied cheral high protein lince from the world collection of sorghum.

The F hybrids of crosses between some of these high protein lines have

1
exhibited'high vields~with better than average protein levels. Five sets

of crOSSes among three of the high protein.lines and a low protein line

:were examined for percentage protein and its a§§9gigtignwto*e;ght"gther
‘ chnggcters. This study was designed to give preliminary evidence
~about gene number and type ofdgene.aCtion which control the protein
Nlevel in the grain of theSe.five crosses as well as the association of
percentage protein with other characters. Another objective in this
e\periment was to determine whether the protein levels in the three high

iprotein.lines were;controlled,by‘the'sameogene(s).
- . . YN R ; . "

Review of Literature

No published reports were found on. the inheritance of percentage

13protein in the grain of sorghum which were based on the. indiv1dual plant

' ptrformance of perents, Fl s and F s.r However, there have been several

— T
LA Lo

’ investigations reported which described the inheritance of other agronomi

—

:characteristics.. Three of the most recent were by Beil and Atkins (l),n

whichwthey had examined

(,Voigt et al (26), and Liang‘and Walter (17)

's F2 s, qnd§5§¢g§fasg :

fpopulations of parents,m



Whilu littlc has ‘been done. to imptove the pxotcln levol in sorghum‘:

‘Ln thu nast, there hns beon a lot oL interest and effort 5iVLn to. in—’
icroasing the protcin level in corn and wheat. anes (12) and “l\ s and
jGnybor (13) reported that dominance for low protein con;cnt existed
in.fhe crosses which they=stndied. They also found a nogatinc corré-
”ln;ion~bGQween the number of seeds produced per ear and protoin per;-~
centoge and.thgy found little, if any; effect of foreign pollen on the
protein ievél the vear the_oross was made. Frey ;;1 8) also reported
dominance for lon proEéin pefcentage but he suggested that the lower
percentage protein in crossed seeds was due to heterotic dilution; a
negative correlation existed between the protein level and grain yield.
He estinated that the protein level was governed by‘ggwggpoﬁgg;gi. In
contrast to Hayes' work, Frey noted a significant effect of foreign
.pollen on percentage proteinAin’the same year,

Early protein inheritance studies in wheat by Clark (4) and Clark
and Quisenberry (5) indicated that the heritability for protein content
was complex ond highly influenced by the environment. Protein was
negatively correlated with yield and positively related to awnedness.
Davis et al. (6) studied tno_performance of F2 derived lines in a repli-
cated test and they found protein to be highly heritasle and controlled
by partially dominant genes for low protein. Séveral studies have been
reported by reaLarchers at Nebraska in which thev examined crosses
involy;ng‘Atlas;66 which has approximately 20 percent protein. The-
féborté”b;iHaUnold et 51. (iOfll), Stuber et al. (23), and”Johnson et‘gi.
,(14 15) can bp sumnarized as follows: the protein level of Atlas 66
vappeared to be under polygenlc control with no. indication of a pre-~

ponderance of dominant genes for eithet high or 1ow ptotein-‘ he prote1n ff
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’-TheV“euggested a“

%510VL1 of rzlmcan was: inchmediatt to boLh parents’

jhf'c m1J01 geucs but manv mino_ genes. Hetitahility eetimateq Langedu

;MT101JLLd with yield at'

fftxom O 56 to 0 83 PIOCCln was. negativelv

Délow nitxottn 1GVle and it wae poait;velv coxrtlated wiLh leaf 1ust
7Lre*i tauce.

e The tnvixonmtnt wae found to have a large 1nfluence on . 1nd1v1dual‘
”plante which was attributed to, row spacxng bv Haunold et al (ll) and
:bims (20). Stuber et al. (-2) \und diﬁfelencee in flower date aud

hde weight to have a significant- efftct. Gericke (9) in 1930 tound
diffcerences due to date of 1ip;hing to be a source of protein variatlon.

lang ¢t al. (16) reported a reduction in protein contentvof corn due to

higher population levels and lower nitrogen levels.

Materials'and Mathods

The parents used in this study were Martin, Hyderabad lines 0793

(I.S 0015), 0819 (I S 2319), and 1884 (I.S._ 0508) Preyious research

- Yan e,

uhad ‘shown that the first three named'lines contained~approximately
lé‘percent\proteln while 1884 had about 10 g_gcent. Crosses were made
among these lines duripg‘the'summer of 1967 and Fl plants were grown

 in the:greenhouse in'the followxng w1nter.‘ The Fz seed was obtained

3

gfrom the selfed Fl plants.f The Fl of 0819 X 1884 ‘was also backcroseed

to each parent.x This ex'friment was 011g1nallv de51gned to have the

.t s P

rollowing populations.itﬂartin 0793 0819 1884, (0793 x “RT) F and
(0819 x MRT) Fy and F <1ssa x u\;) Fy and F,, <0793 x 0819) F, an
(0819 X 1884) F and ¥, (0819 X 1884) x 0819 and (0819 « 1884) x

;1884. These populations were planted on Mav 2 1968 at the Purdue [14fi

1University .gronomyi‘ 1*.5Heavy 1ains and cold weather caught the seeds
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~ just as they{wépefgérminnting and killed them. The experiment was

»

replanted the: first week of June. However, the ‘backerosses and the Fy's

_df 0193 X 03}9 énd 081?_§m1§84 could not be replanted due to the lack

' of sced.

Theyﬁesign df the experiment was a randomized complete block
repiicated four:ﬁimes. Each plot consisted of four rows 30 inches apart.
and 12 feet long. The plants were spaced about one foot apart within
the row. The-soil type was a Chalmgrs silty clay loam. .Slightly over
250 pounds of écfual nitrogen per acre was applied prior to planting.
Weed control was achieved by the use of herbicides and cultivation. The
herbicides were Atrazine ahd Ramrod applied at the rate of 2.5 and 1.5
pounds per acre, respectively.

Measurements were made on individual plaﬁts. Forty plants per
plot were used for parents and Fl's vhile the F2 populations consisted
of every plant in the plot. The following characters were measured:

Percentage protein - calculated by multiplying 6.25 by the

pfoportion of nitrogen determined by microkjeldahl analysis.
A graﬁ seed sample was taken from the head of the main stalk.

Flowering - number of days between planting and half bloom of the

maiﬁ stalk.

Leaf numbe: - total number of leaves measured at anthesis.

Tilier number - nnmber of stalks per plant.

;H;ight - in cm measured at maturity.

Hgad exérpion -'in'cm distance between collar of flag leaf and

:’bogtomvnode of the heéd.‘
.Hédd length - infcqu%sﬁééce bétween botcom node of_thg~ﬁ§éﬂf§§k

the upper-most floret.



tnend!wcight #'in gm'obﬁalned from the main"stnlk,
bccd welpht - in gm medsULed fxom 100 sceds -
leu indlvidual sccds w;re analyzcd from each of thlLﬁ plantb of
QVartin, 1884, and chcib :-0;S¢€d5 ‘were analyzedlfrcm each of‘thrce Fl
jplants.." | | | EE |
| rho data was tixet.nnalVILd for dilfercnces due to replicatlons.'
‘Then thc data was checked to see if the populationg had normal distri-
butions and to see whether the means and variances were correlated in.
order to detexmlne the necessity of traneforming the data. Powers (19)
tecommended transformation if the populations were not normally distrib-
uted or if the means and variances were related. The F, mcans were
compared with those»of EEE&EME¢§PQFE§VE_REEE“tS to determine the relative
amount of dominance. 'Eggwﬁz variances were compared to the variances
of their parents to give an indicat’ .a of whether the protein determining
genes wvere different in the-varioue pnrents. Heritability in the broad
sense. was. estimated for percentage protein using the method of Lush (18).
The percentage procein values of each population were correleted with
the values of the eight other characters. Table 7.6.1 of Snedecor (21)
uas used to determine significance of the simple correlation coefficients.

Estimates of the number of gene pairs for percentage protein was
calculated using the Castle-wrighc formula (3) and the Burton formula
(2). The Castlefwright ﬁexmulajrequires the following assumptions:

1. All genes in queeﬁion must have the same effects.

2. None of themICan'eknibit:dominance.

.33, ,The genes must combine additivcly.

;é;iﬁBoLh parencs must be homozygous.f

iélf;One parent must have all of. the plus genes and the other

 parent a11~of the minus genes;
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6. The genes must act independently of each other.

7. Environmental differences must combine additively with genetic
differences and furnish about the same amount of variance to
each of the crosses and generations compared.

8. The number of individuals is large enough that- sampling errors
are negligible.

If the assumptions do not hold, the effect is to usually under-
estimate the number of genes. Only when assumptions 4 and 8 do not
hold, is it possible to overestimate the number of genes but gene
number can also be underestimated by failure of the last assumption.
Burton's formula.takes dominance into account and otherwise the assump-

tions are similar to that of the Castle-Wright formula.

Results and Discussion

) The analysis of variance for percentage protein (Table 21) did not
display a significant effect of replications, thus, there was no need
Eo adjust the data for replication effects. The frequency distributions
of the 12 populations (Table 22) appear.d normal and the correlation

of nonsegregating population means and variances (r=0.63 with 7 degrees
of freedom) was not significant; therefore, there was no need to Lrans-
form the original data. The frequency distributions of Martin, 0793,
“and 0819 appeared very similar while that of 1884 was different from the
other three lines. The Fl populdtions were generally distributed in
lower percentage protein classes than their respective parents, The
means of the F2 populations was usually higher than that of chd El
populgtion. The‘frequency distributions did not exhibit discrete classes -

in the F2 s which indicated that percentage protein in this study had

,to be handled as a quantitative c character.
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LTnble 21, Analysis of variance for percentage protein of 12 populations
S of parents, F.'s and F2

1
| Sourcc ‘ DT, Mean Square
“ Replications 3 - 4.,4272
Populations - 11 76.6132%%
Ervor 963 1.9313

**Significant at the .05 level

Based on the confidence intervais of the means (Tablo 23), it
appeared that 0819 had a lower percentage protein than Martin or 0793.
Another study showed no differences among the three lines. However,

‘the other results came from plots not spaced compared to -the spaced
plants in each plot of this experimenc. Thus, the differences exhibited
between 0819 and Martin and between 0819 and 0793 were possibly due to
an interaction of spacing on the percentage protein. The Fz's of
crosses .of Martin, 0793, and 0819 indicated that the protein‘level in
each line was controlled by different genes because the magnitude of
thevgenetio variance_wa; large in each Fz population. The large amounts
of genetic variability came from crosses of 1884 with Martin and 0819‘
(no information was évéilable obout’the performanc2 of the 6793 N 1854
Fz). _The lorge amounts of yariability were reflected in the estimates
rof~Broad sense heritability which ranged from 51 to 78 per-ent. Since
f{the‘Fl populations usually had a lower percentage protein mean, it was

v;nociused to estimate the amount of dominance. This is in accord with

;;Frey s (8) finding of. the - protein 1eve1 in corn being confounded by



Iable 22,

Frequency distribution o

3 f percentage protein values of 12 populations of parents, Fl's and
, Fz's.

. _ Classes of Percentage Protein Number of

1fPopulation Individuals Hean
' 10 11 12 13 14

Martin 12 12 9 40 13.26
0793 10 13 40 13.36
- 0819 14 21 s 40 12.18
1884 22 4 40 10.37
0793 MRT Fl 10 11 12 4 2 A 11.96
0793 = MRT F2 9 37 48 26 152 13.86
0819 = MRT Fl 5 19 15 40 11.69
0819 = MRT F, 21 36 48 30 27 177 12.81
1884 » MRT Fl 20 5 1 40 10.23
1884 « MRT F2 25 38 26 14 11 . 131 12.09
0793 x 0819 Fz 13 28 31 22 ‘109 12.36
0819 1884 F2 21 40 35 16 129 11.92



;iable;23. Means, phenotypic, environmental, and genetic variances and herltqhilxtv ch1matcs for pcrccnt-

age protein of 14 populations of parents, Fl s and F2
R Variances™ B e
Populations - ‘ ¥ean . -Heritabilivytt
DT Phenotypic Environmental Genetic : oL
Martin 13.26 + 0.38 1.4506
0793 -~ 13.36 +0.38 1.3867
0819 . . 12.19 + 0.20 0.3839
1884 . 10.37 + 0.20 0.3768
0793 » MRT Fl ~ 11.96 + 0.39 1.5201
0793 » MRT F, 13.86 + 0.26 2.7495 1.4694 .. 1.2801 47% .
0819 x MRT F, 11.69 + 0.32 0.4948 | R
0819 « MRT F, 12.81 + 0.24 2.6105 10.7060 1.9045 L 737
1884 » MRT F, -10.23 + 0.27 0.7125 .
1884 « MRT F,  12.09 + 0.27 2.5364 0.8131 1.7233 687"
hamd P P Sl
0793 x 0819 F, 11.63% o
0793 = 0819 F, 12.36 + 0.26 1.8242- 0.8853 0.9389 . 51%
10819 x 1884 F, 11.98+% .
0819 » 1884 F, 11.92 + 0.23 1.7588 0.3804 1.3784 78%
- ' T R ;
tThe environmental variances of F,'s were obtained from the average phenotypic variances of parents and
Fl. Genetic variance was esLxma%ed by subtracting the environmental variance from the 12 phenotvpic -
variance.

ttHeritability in the broad sense was estimated by dividing the genetic variance by the phenotypic Fé'
variance.

“ #The means of 0793 » 0219 Fl and 0819 =~ 1884 Fl were obtained from a separate expériment.
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heterosis for grain vield in the Fl. Even though the F2 populations
should show only 50 percent of the dominance found in the Fl population,
they were used to estimate the amount of dominance because they should
also show less heterosis for grain yileld. The mean of 0793 « Martin F2

was similar to both paveuts. Partial to full dominance for high protein

was indicated by the four other F2 populacions. '

Both Castle-Wright and Burton formulas were used to derive the
estimates of gene numbers shown in Table 24 because previous studies
had indicated that gene action for percentage protein was mainly additive
while the results of this experiment suggested that dominance existed
for rhe protein level. The material must not have fit all of the
assumptions because the Castle-Wright formula gave extremely small
values. Perhaps the relative magnitude of the values are of significance.
The value was very small for the cross between 0793 and Martin and it
was relatively small for the crosses of 0819 with 0793 and Martin. Large
values came from crosses of 1884 with Martin and 0819,

Phenotypic correlation coefficients are presented in Table 25,
Protein was usually correlated with tiller number, height, head weight,
and flowering. Higher protein was usually found in short, early flowering
piants with several tillers. Although the parent and Fl populations

seldom showed a significant correlation with head size, all of the F,

populations did show a highly significant negative association. This

may have been the result of segregation of genes for grain vield and
percentage protein which were linked in repulsion. However, it could
have been due to plants retaining the most heterosis for grain vield and

were lower in percentage protein than those plants which had become

homozygous for the yiele genes.,
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-vTablg‘Qﬁﬂﬁﬁﬁﬁmbér'of gene pairs for percentage protein in five F popu~
- lations estimated by the Castle~Wrightt formula and t%c

~ ‘Burtont+t formula.

wfdthopulations

Number of Gene Pairs

Castle-Wright Burton
0793 ~ Martin 0.001 0.372
0819 ~ Martin 0.068 0.194
1884 ~ Martin 0.572 0.917
0793 x 0819 - 0.182 0.531
0819 < 1884 0.300 0.389
+Castle's formulﬁ:
2., 2
8(s Pz - S Fl)

Where: n is number of gene pairs,

D is the mean difference of the parents, and

82F and SZF are the variances for F

2 1

++Burton's formula:

2 2
L2 0:25 (0.75 - h + %) D

2,

Thoreo = - Y * ..). _-)
Wheve: h Fl ll P, =t

-

i IO B
] U

[}

2
- §°F

1

1

mean of smaller parent
mean of larger parent
mean of first generation

mean of second generation

2

and F

1

, respectively.



Table 25. Phenotypic correlation coefficients of percentage protein with eight other characters in 12
" "populations of parents, Fl's and F,'s.

2

Correlation Coefficient

Population D.F. Leaf Tiller Heigl Head Head Head Seecd .
No. No. ight Exert. Length wt. We. Flowering
f quti& 38 -0.54%% 0.15 ~0.54%% 0.15 0.26 0.02 -0.20 -0.43%%
}0793 38 0.10 0.31* -0.44%=% -0.39= 0.27 -0.25 -0.28 =0.44%=*
{ 0819 38 0.20 0.02- -0.24 -0.31=% -0.08 -0.33% -0.12 -0.16
| 1884 38 0.28 0.42%%  0.08 -0.11 0.03 -0.02 ~0.29 0.48%*
{?0793 # MRT Fl - 38 -0.21 0.63%% -0.44%% -0.20 0 -0.06 0.13 -0.24
}_0793 x MRT Fz 150 -0.38%% 0.14 ~0.52*% -0.07 -0.17 ~0.58%% ~0.33%=* -0.38%*%
0819 = MRT Fl 38 0.?0** 0.37* ~0.27 0.05 -0.24 -0.31* 0.21 -0.07
: 0819 < MRT F2 175 -0.10 0.20% ~0.41%% -0.10 -0.12 -0.55%% -0.17 -0.14
' 1884 » MRT Fl 38 -0.32% 0.69%% -0.54%% -0.09 0.07 0.29 0.32=% -0.25
! 1884 » MRT F2 129 -0.07 0.23%% -0.13 0.11 ~0.,23%* -0.52%=* 0.16 -0.23%*%
! 0793 ~ 0819 Fz 107 -0.10 0.29%* ~0.27%* -0.04 0.08 ~0.43%=% ~0.20* -0.22%*
2 0819 - 1884 F2 127 0.27%= 0.18 0.15 -0.01 ~0.25%=* ~0.35%% -0.21=* 0.22%*

*Significant at the .05 level.
**Significant at the .01 level.

99 .



lht plants which had m01 Lhan 16 pcrccnt protein alwn,v e qmttlff
 >?hon hcibhts (ltqq than 50 grams) Almost alwavs those pldﬂtb wlth
“::hle wti5hts 1a1ger than 180 gxama \\Le 1Qw_1n ptotain (less thanA12
3Epetcont). Hnwever, there were many pldnts which;had hedd weights of
Cless tl dﬂ'Sb gramé and cdutaincd low levels of protein. Flauts}hnving
morc than licpcrcent protein were generully;restrictcd to head weights
of 100 grams or less, but there‘were.several plants which had exceptlonal
combinati&ns. The plant with the best combination had 13.48 percent
protein in a 170 gram head.

The Fé of 0793 ~ Martin had segregates with the highest LeVeis of
protein. If one selected only on the basis of petcentage protein, the
0793 x Martin cross would be the best population to use for selection.
However, 0793 and ﬁartin have been shtown in previous work to be low in
lysine (about 1.9 percent) while 0819 and' 1884 were higher in lysine
(about 2.7Apercent). Thqs, selection for both protein quantity and
quality co;ld be'more.easily dccomplisﬁed in the cross of 0819 V.1884
or in crosses of 0793 or Martin with 0819 or 1884.

This study should be carried on for at least another yecar. Lines

of F, from F F, plants should be grown next year. More accurate measure-

———T

ments for yield, percentage protein, and percentage lysine could be
gbtained-ftom'the‘F3‘lines growvn in a replicated test. The results -from
the F3 lines should glve a thCLl baqib for determining the inheritnnte
‘iof ptotein quantity and qualitv.

‘ Results are shown in;Table 26 df the'single seed analysis for
vpertet'age protein from three planta of each population of Martin,

f1884 1884 X Martin Fl’ and 1884 % Martln F2 i Wide variation existed

;for percentage protein among" these lines. The objective of 'this. part


http:F,_yla.ts

}bgﬁ

Table 26. Means and variances of single seed analysis for percentage
protein of three plants of Martin, 1884, 188’ x MRT Fl, and
1884 ~ MRT F,.

Number of

Population Plant Seed Analyzed Mean Variance

Martin 1 10 14.58 + 0.40 0.3161
2 10 13.76 + 0.54 0.5691

3 10 12.61 + 0.50 0.4850

1884 1 10 11.21 + 0.15 0.0418
2 10 9.76 + 0.44 0.3857

3 10 10.49 + 0.23 . 0.2318

1884 » MRT Fl 1 20 12.70 + 0.29 0.3727
2 20 9.65 + 0.23 0.2494

3 20 10.49 + 0.23 0.2318

1884 »~ MRT F, 1 10 13,12 + 0.41 0.3261
- 2 10 15.35 + 0.39 0.2962

3 10 10.06 + 0.75 1.1007

of the study was to determine the feasibility of using single seeds for
genetic studies. Variation among séeds of each plant of the two
parents should be due only to environmental influences énd error of
chemical analysis.  The Fl should show varfability due to genetic BOgre-
sation plus that variation found in the parents. The F2 should behave
similarly to the Fl’ but the amount of genetic variability should be
less. However, the Fl variance values were not larger than those of
the parents. The amount‘qfuplangmto«plautquniation~wns_largé in each
population which was not sufprising because of similar findings in
previous work. One must conclude from these resQICS that single seeds
canigot'be used for genetic studies because the maternal infiuencé,v

whibh,is quite sensitiycf;o the environment, upparently\contrélsﬁtﬁép
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..]LVbl of protcin in thL grain.. rhe effcet of the tn\ironmtnt on LhL
;;plnnt must limit the amount of nitxogtn that can ‘be: trauslocated ia
;'Lach beLd. Thus the difftrent 5enotvpes tn the emblyo and endosperm

'”of thc seed from the Fl planL can not be distingu1shed from each other.

Summarv and Conclusions

Space planted individual plant pcrfornance-of each parent, Fl, and
F2 populations of five sorghum crosses was investigated in order to
elucidate the inheritance of percentage protein. The lines used for
this study were Martin, Hyderabad lines 0793, 08}9, and 1884 which
represented three lines having significantly better than average
proteins levels and a lon protein line, respectively. Martin and 0793
were about equal in protein level; they had 13.26 + 0.38 and 13.36 *
0.38 percent protein, respectively. Line 0819 had 1..19 + 0.20 percent
protein which was significantly lower than the previous two. Line 1884
had only 10.37 + 0.20 percent nrotein. The Fl means were alwa&s lower
than either parent while the F2 means were either equal to the high
parent or intermediate between the parents. Since heterosis for yield.
was c«pressed in the Fl, the mean rf the F2 was used to estimate domi- -
nante because there was a negative correlation between vield and h
percentage protein. . ThUS‘Ché Fz,exhibited partial to complete dominance
for high percentage'protein; Broad sense reritabilitieslranged from 47
to 7é,percent. The variences ofithe F2's indicated that each parent
haa‘different genes for controlling the protein level.

The number of genes psirs estimated by formulas of Castle—hrigh1
vand Burton appeared to t be few. The estimates from the former formul.

Qwere mote consistent with the E2 variances than were those from the



f;uﬁrﬁan fdrnﬁle;: The‘smallest est1nare came from the Wartin bV'0793
rcross' low estimntes'camevfrom crosses of 0819 with Mart1n and 0793
“and lnrger estlmates of‘gene pairs were obtalned from crosses of 188&
with 0819 and \Iart:in. | S

PercenCage ploteln‘generall\ appeared tp be positively orrelated
with tiller number and negatively associated with date of Flowering.
'There was a highly significant negative correlation between head weight
“and pertentage-prbtein in every F2 population but only two slgnificant
cases of their correlation in the seVen'perent and Fl populations. This
phenomenon can' be explained by either a segregation of protein and
vield genes which were linked ln repulsion or it'may have been due to a
part of the F2 populetion showing heterosis for yield and consequently
being low in prorein, similar to the Fl, and the remainder of the Fi
populacion showing higher protein levels in lower yielding, relatively
homozygous genotypes.

The inheritance of percentage protein was investigated in the cross
of Martin by 1884 using single seeds for chemical analysis. Seed were
taken from three plants of Martin, 1884, the Fl’ and the F2. The
variebilityramoug seeds from the same plant and between plants of the
parenrs and the\Fl sheuld have been due only to environmental factors,
assuming~tne parents were homozygous. Genetic variabiliCy shduld have
;een found parcicularly among seed of the same Fl plant and, perhaps
to a lesser degree, 1n tne F2 plants. However, there was no evzdence -
lfor genetic variability among the seed of the Fl plant which actuall) )

'represented F2 seed Therefore, it appears that the protein level of :

_single,seeds can. not be considered representative of the genotvpe of f

lthe embryo.v



3Thc OVLrall resulcb sub&est that sevetal geneslfor protein e\lbt o

(

planta were found which

Y

iand that they cnn bu combined.: Individual F2

fhnd superior levels of protein and large heads which indicatus that

7high vielding - high proccin geuotypcs can be selected from these Fq S.
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SECTION I1II

'ENVIRONMENTAL EFFECTS ON PERCENTAGE PROTEIN
| IN SORGHUM BICOLOR (L.) MOENCH

Introduction

Farly research on protein quantity and quality at Purdue was
hampered by poor repeatability of percentage protein determinations.
The -technique used in the chemical analysis of the seed was found not to
be the source Qf the error because remarkable repeatability (0.63 percent)
for percentage protein could be achieved from the same seed source. Thus
the problem became one of.obﬁaining a representative seed sample and
control of environmental influences. Initial results disclosed a
considerable amount of variability existed among plants of the same
line grown in the same plot and among years and plant populations.

Several experiments were carried out in an effort to located the
source or sources of variability. One study involved comparing the
.percentage protein values of individual plants selected from a uniform
appearing line with those values determined from their pfogény. This
comparison should indicate the reliability of protein values from in-
‘dividuallheads. If ﬁhe vafues are reliable, the breeding program for
. increasing,percentage pébtein can be'acéele:atedAby selecting on the
basis éf individual plant perfofmahce.l |

‘Addcher‘eXperimént was desigpe@itg detefmine the'efﬁects of bagging
:(sélfing) and flag ' f removal on'gfain yieldfand_percentage protein.

fBLénts‘in‘che nursery were selfed by placing7a:§§g‘bber the head before



anthesis to protect against foreign pollen. The nofmul method of
bagging is to remove the flag leaf and place a bag over the head.
Since photosynthesis occurs in the flag leaf and in the head, grain
yicld may be reduced by selfing and percentage protein may be increased
bocause Sf the negative correlation between percentage protein and vield
that has generally been obscrved. This may be reflected in a smaller
seed size which could be due to a smaller endosperm.

A third experiment was performed to clucidate the effects of
harvest stage on percentage protein. If a killing frost occurred
betfore the seoed were mature, percentage protein would bhe oxpected to
be higher. A delay in harvesting until winter because of bad weather
may influen:e the percentage protein in tﬁc seed,

The effects of growing the same genotypes at different locatious
ard in different years were studied in a fourth experiment. If location
effects or interactions of genotypes with locations or years or both

exist, it would indicate the necessity of more extensive testing of the

genotypes,

Review of Literature

Stickler and Pauli (15) found a curvilinear relationship between
grain yield and leaf area. Number of sceds per head and sced weight
were affected when leaf area was reduced. Yield was reduced more by
removing the leaf area from the upper than lower portions of the plant;
it was decreased by 23, 35, 43, and 95 percent when 33, 50, 67, and
100 percent, respectively, of the leaves were removed at the boot stage
or anthesis. Paﬁli and Stickler (13) reported a decrease in total

accunulation of nitrogen by plants of Plainsman grain sorghum after
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;gdéfdliaticn. 'If All‘theiiégﬁﬁs were rbmoved, the total nitrogen in the =
.vgrdin was reduced by 90 é;fcegt; howevér, percentage nitrogen was
‘inércasca significantlyrin the grain. The increased nitrogen lcvel tus
"dpparcntly caused by a lack of normal c;rbohydrate accumglation and

v sussequcnt seed development. Urie et al. (17) found that leaf removal
from safflover plants reduced viéeld and seed weight but increased oil
percentage. They found a differeptial response among genotypes.

Fr8st and Ellerstrom (4) studied the relationship between protein
content and other characters in tetraploid rye. They reported finding
a positive COrrclétion.between degree of shrinkage and percentage
protein. ;fhis should be coﬁparable with injury from an early frost
on'sqrghﬁm'gtAin.

The effect of growing sorghum at different locations on the protein
level in the seed is well docﬁmented in the literature. Lowe (8) noted
a higher protein ‘evel in grain growh on fallow ground than in the grain
grown under irrigated conditionéw The protein level of genotypes
studied by Malm (10) varied considerably between the two years in which
he grew his experiment. .Miller et al, (11) reported significant differ-
ences existed fqr location and varieties. They found that both protein
content and yield‘Were increased by nitrogen fertilization. Deyoe and
Shellenberger (3) obtained variations in protein content and aminﬁ acid
composition which wérevddé to hybrids and locations. Waggle et al. (18)
‘ reported significant incfeases in protein and 17 amino acids from

nitrogen fertilization; the distribution of the amino acids was also
~significantly affected. The proportions of‘glutamic, proline, alanine,
‘isoieﬁcine,,léuéine, and phepylalanine'were.increased while*the4§rppdr-~

" tions bf_}yéine;xhisfidine;:arginine, threonine, and glyéin¢ wét¢'
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decreased. Nitrégen fertilization Qas also found by Campbcll and
Pickett (2) to increasc proteih but it did not siénificuutly affect
lysine as a percent of protein; however, lysine was lower and protein
waé higher at a location maintained under very high fertility levels
compared to a location under good fertility management. Liang aand
Walter (7) studied the interactions of genotype with Lhe environment

on yield; the genotype by location and the genotype by year intervactions
were significant but their relative components were small compared with
the second order interaction of genotype ¥ location year and genetic
v&riance. The large second order interaction indicated a differential.
response of genotypes grown under different environmental conditions.
They felt that results from single experiments could not be considercd
adequate for hybrid recommendation.

The influeﬁce of the environment on protein content has also been
measured in other crops. MacGregor et al. (7) found no significant
effect of nitrogen fertilization on the content of lysine, methionine,
or threonine in corn grain. Bhatty et al. (1) found significant differ-
ences in the nutrivive value of wheat due to variety, location, and
year. Wood and Fox (19) studied the interaction of'nitrogen and irri-
gation on yield and protein in wheat grown in Queensland, Australia.
Irrigation increased protecin yield for every treatmént other'than the
no nitrogen treatment. Application of nitrogen increased protein in
every instance. When nitrogen was applled at sowing, yield was increased
while percentage protein was increased when the nitrogen war applied at

the time of flowering. Sims (14) and Haunold et al. (6) attributed a

large eﬁvironmental influence on the protein level in individual wheat

planés to row spacing. Flowering date and head weight were repo:;gq’by 
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Stuber ¢t al. (16) to have a significant effect on protein in wheat.
ocrickg (5) found differenccs due to date of ripening to be a source of

protcin variation in wheat.

Materials and Methods

‘Tﬁis study consisted of four separate experiments; each experiment
vas designed to reveal the effect of a particular environmental treatment
on the percentage protein of the grain in cvery case and grain yield in

two of the experiments.

‘ Experiment I: Plant to Plant Variation Within a Line

Hyderabad line 0819 (1.S. 2319) was chosen for this experiment
‘because it appeared to.be homozygous at least for all genes affucting
its morphological characters. Seven plants were randomly chosen from
it and the selfed seed from each plant was analyzed for protein. Each
selection was grown at the Purdue University Agronomy Farm in the
summer bf 1967. The design was a randomized complete block replicated
four times. Each plot was a single 38 inch row 15 feet long. Thé
soill type was a Chalmers silty clay loam. Anhydrous ammonia at the
rate of 194 pounds of actual nitrogen per acre and a mixed fertilizer
of 8-32-16 at ché rate of 170 pounds per acre were applied prior to

planting. Plants were thinned to 120,000 plants per acre where stands

‘were sufficient.
Grain from éhe entire p;ot was harvested and anaiyzed for protein;
~ yleld was not measured due to inadequate stands. ~Seed for chemical
analysis was'obtainéd by tdking a sample from the threshed seed of

'each plot. Percentage protein was calculated by multiplying 6.25 by

| the proportion of nitrogen decermined by microkjeldahl analysis. The



‘data was statisticially analyzed for differences among the progeny of
the selections. The percentage: protein value of the parent was corre-
lated with the percentage protein mean value of the progeny of ecach

selection to show the relationship between the two values.

Experiment IT: Effc ts of Bapging and Flag Leat Removal
The genotypes used in this study were RS610, llyderabad line 0819
(I.S. 2319), Hyderabad line 1884 (I.S, 0508), Redlan ~x 0819, and

Redlan ~ 1884. The treatments weore:

Treatment Number Treatment
1 Control.
2 Flag lecaf removed only.
3 Head bagged only.
4 Flag leaf removed and head bagged.

The experiment was grown in 1967 and 1968 at the Purdue University
Agroncmy Farm. The design in both vears was a ra~‘omized complete block
replicated four times. In 1967 each plot consistea of two rows 38 inches
apart and 15 feet long while the rows were 30 inches wide in 1968. The
study was grown on a similar Chalmers silty clay loam soil each year
and the fertility conditions were similar. Slightly over 200 and 250
pounds per acre of actual nitrogen were applied prior to planting in
1967 and 1968, respectively. The weed control methods did differ between
years; it was achievedAby conventional cultivation means in 1967 and
by conventional and herbicide in 1968. The herbicide used in 1968 was
.Atrazine and Rémrod applied at the rate of 2.5 and 1.5 pounds per acre,
respectively. Piauté were thinned to similar stands of approximately
100,000 plants per acre both years; actual stands at harvest ranged

from 60,000 to 90,000 heads per acre.
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1:*Gfﬁin'yield was detérmluéd‘By'harvéstingslo.£eet from cach row Qf‘f
‘%thé §iotf Percentage protein Qasjcalcuiated by hultiplying 6.25 by the
pfopdrtiou of nitrogen determined by microkjeldahl analysis. Seed
weight was deterfiined from the weight of 100 secds.' Statistical

analyses involved analysis of variance for each character.

Experiment IT1: Effect of Harvesting at Various Stages
The genotypes used in this study were RSA10, AKS614, Hyderabad

line 0819 (I.S. 2319), and Hyderabad line 1884 (I.S. 0508). ‘The harvest

stages were as follows:

Stage Number Harvest Stage
1 Approximately milk stage
2 10 days after milk stage
3 20 days after milk stage
4 30 days after milk stage
5 60 days after milk stage
6 90 days after milk stage
7 120 days after milk stage

The experiment was grown on the Purdue University Agronomy PFarm
in~1967{ The design was a randomized complete block replicated four
times. Each plot conslsted of two rows 38 inches apart and 15 feet
long. The soil type was a Chalmers silty clay loam. Approximately
200 pounds per acre actual nitrogen was applied prior to planting. The
earliest harvest stage began in early August and the latest stage was
harvested in early January. The threshed grain of each plot was sampled
fopmpfotéin analysis. ‘Percentage proccin.was calculated by wultiplying

6.25 by the proportion of nitrogen determined by microkjeldahl analysis.
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.Evnn analysis:of - varlaneg was performed to determine tho ai&nifiuunce or.

diffetcnces in pelcentage protein at the ditfetent haLvest stages.

Experiment IV: Effects of locations and Years

Elévén genotypes which exhibited a 10 to 18 percent range in
percentage proteiﬁ were grown at three locations in 1967 and 1968, The
genotypes were RS610, 'Redlan B, Wheatland B, Combine Kafir B, Martin B,
Hyderabad lines 0026 (I.S. 3126), 0355 (I.S. 1259), 0793 (I.S. 0075),
0819 (1.S. 2319), 1884 (I.S. 0508), and 5187 (I.S. 8364). The three
locations were the Purdue University Sand Farm and two locations on
the Purdue University Agronomy Farm; one represented a soil maintained
under a very high fertility level for many years and another maintained
under a normal level of fertility. The locations on the Agronomy Farm
were desigﬁated as High Fertility for the former and Nursery for the
latter.

Each year thé Sand Farm had 200 pounds per acre of 0-0-60 plowed
down, 150 pounds per acre of 8-32-16 as a starter fertilize, and 150
pounds per acre of actualAniCrogen side dressed in three applications;
the last application was made prior to heading. Each plot consisted of
tvo rows 36 inches apart and 15 feet in length. Weed control was
accomplished by use of Atrazine and cultivation. The experiment was
irrigated as needed. The High Fertility location received approx?mately
400 pounds per acre of actual nitrogen each year while the Nursery
received about 200 and 250 pounds of actual nitrogen per acre in 1967
and 1968, respectively. The soil type of the High Fertility and Vursery
was a Chalmers silty loam. Each plot in 1967 consisted of two rows

38 inches apart and 15 feet long but in 1968 the row widths werg,;gép@ég;fi}



1iﬁ§{39biuéhes.w Weeds were controlled in 1967 by Couvéntionalfmethpdé
f;d;g;iu'lgdsAchey were controlled tbroughvthe use of Atrdiine;and Ra@réd
'Eahd later cultivation. ‘Plants’were thinned to similar'pobulatioﬁs’of
:éfound 100,000 plants per acre at each locafion.in 1967 and 1968. Final
stands at the Sand Farm were around 100,000 plants pef‘acre while they |
were 60,000 to 90,000 at the High Fertility and N‘ur‘sery locations.

‘The design at all locations was a randomized complete block
replicated four times. Grain yiecld was determined from 10 feet harvested
from each row of the plot.v The grain from each plot was sampled for
protein analysis. Percencage.protein was calculated by multiplying 6.25
by the proportion of ni;roéen determined from microkjeldahl analysis.
Protein yield was calculated by multiplying the percentage protein by
grain sield, A statistical model similar to the one used by Mil}er

et al. (12) was used for the pooled analysis of variance.

Results and Discussion

~ Experiment I: Plant to Planﬁ Variaﬁion Within a Line

The percentage protein values of the grain obtained from each
selected parehﬁ and the progeny of each selection are presented in
‘Table 27. The sample for protein analy;is was taken from a singlé selfed
head for each selection and the sample from the progeny of each.selection
was obtained from the bulked seed of all cye plants in a plat., 'The range
of values of the parengs was.12.47 to 16.75 percent while the range of
thc!progeny méans was only 13.34. to 14.01 percent. The former had a
C.V: of 27.37 percent while the latter had a C.V. of only 0.90 percent.
The correlation between the means of the progeny with the values of

their respective parenﬁa was a‘nonsignifiqant 0.07.



Table 27. Percent
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qge‘protein of seven selections of Line 0819 prown in

1967.
Percentage Protein
Q4ée1ection gc%fei Replication ??ay,?F fo“f
arent 1 11 111 v Replications
0819-1 16.75 14.03 13.94 14.28 13.78 14,007
0819-2 16.09 14,03 13.25 13.38 13.28 13.485
0819-3 13.53 13.81 14,06 13.006 13.72 13.663,
0819-4 14,88 13.94 13.84 13.41 13,34 13.633
0819-5 15.94 13.97 13.88 13.91 13.47 13,808
0819-~6 14.22 13.91 13.69 13.63 13,53 13.690
0819-~7 12,47 13.50 13,53 13,00 13.34 13,343

There was a significant difference between progeny which was shown

by the magnitude of the variation due to selections in the analysis of

va:iance,(Table 28) .

Table 28, Analysis of variance of seven selections from Line 0819 ~>r

percentage protein.

Source d.f. Mean Square’
Replications 3 0.2222%
Selections 6 0.1749%
Error 18 . 0.0611
C.V, =

0.90%




‘:*Thésoﬂrcsults SUSSGSt;tD§F~CH¢‘P13nt toiplnnt;vgriation w;cnxﬁf;i:};
:hiine"iebaninrée that theynrotein'levelxin a Single“olant cannot’be'
dilcgardcd as being replesentative of the llnc 01 even as an indlcation -
Wofgthe performancelof the progeny,of'that head: Since the env1ronment
':ofrn'olant does appear to influence theiprotein level to such a large
Idegréc;na”seed_samplevtaken from severaibntants'shohld havc a level of
f;proteinhmore‘repreSentatiVe ofvthat particular line than a sample taken

from a sinéléfhéédelf‘

vExnerimentmiiz Effecte ofiBagging andfflag Leaf Removal

Reenltsfof the pooled analyses of variance for grain yleld, percent-
'age~protein,vand sced weight are shown in Table 29. These analyses
diéplayed'a significant effect over the two years of the various treat-
meﬁis on grain,yield and percentage protein. Even though the pooled
Anualyais for seed weight'did not disnlay a_significant treatment effect
Vnor,a'year by treatment interaction, the 1967 data did show a significant
'effeCt Of‘baéging on seed size. The treatment'means (fable 30) for
grain yieldfshow decreasesvdue to removing the flag leaf and to bagging
the head. when the two treatments were comblned, their effects seemed
to. be additive as indlcated b; the amount of reduction that they caused.

‘Bagging the head appeared to increase the percentage protein of the

'seed while flag leaf removal apparently had no effect on the protein

level. In l967 seed:weight wis alao 1ncreased slightly by plac1ng a
}bag over the hcad.« Varietlal means (Table 31) for grain )icld were
Alarger in 1968 than in 1967 while means of percentage protein were lower

iin 1968 than in 1967.
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Pooled analyses of variance for grain yield, percentage prdteiﬁ;
- and 100 seced weight of the effects of bagging and flag leaf
removal experiment grown in 1967 and 1968.

Table 29.

Mean Squares
Sources of : 4

Variation 9'f :
Grain Yield Protein Yield ¥ Protein 100 Sced Wt.
Years 1 18,236,472%%* 25,007% 46.537%% 0.3572
Blocks in 6 1,053,054 14,319 0.118 0.1305
Years
Varieties 4  20,178,738%* 211,812%%* 17.303 4.8020%*
%reatments 3 15,307,308#%% 190,621%* 4,152% 0.1203
Vs T 12 910,666%* 13,727 0.669 0.0603
VxY 3 2,341,721%% 49,332%% 50.234%%* 0.6898%*
TxY 3 454,571 8,495 0.142 0.1140
VxTxY 12 637,672 16,617%% 1.189%%* 0.0253
Error 116 .351,025 3,964 0.193 0.0468

*Significant at the .05 level.

*%Significant at the .01 level.



-dable- JV. -

ireatment means. tor grain yield, protein yield, percentage protein, and 100 seed - weight of

the effecLs of bagging atid flag leaf removal e\perlment grown in 1967 and 1968.

‘Treatment.

- Grain Yield (kg/ha)

Protein Yield(kg/ha)

% Protein

100 Seed We. (gms)

o 1967 1968 Mean 1967 1968  Mean 1967 1968  Mcan 1967 1968 Hean
“1. - 7600° 9141 8371  523.8 508.9 516.4  11.80 = 10.56 11.18 -.2.73 2.8 2.81
L2 6951 8142 7547  467.8 458.9 463.4  11.65 10.69 11.17 2.70  2.90 °2.80
3 6118 6322 6220  434.7 366.2 400.5  12.55 11.18 11.72  2.88 2.95. 2.92
47 /5076 6098 5587  363.5 355.7 359.6  12.27 11.23 11.75  2.90 2.85 2.88
ASDy;. .. - 469 871 465 50.3  53.3  62.8 0.28 0.17  0.53  0.12
LDy, . 625 1160 652  67.0 71.0 88.1  0.37  0.22

9


http:JaDie.iu

iiéblg 31. Varietal mecans for grain yield, protein yield, percentage protein, and 100 seed weigﬁtvofvthe
effects of bagging and flag leaf removal experiment grown in 1967 and 1968. :

et T Grain Yield (kg/ha) Protein Yield (kg/ha) 7Z Protein 100 Seed Wtr. (gms)
Variety e '
ST 1967 1968 Mean 1967 1968 Mean 1967 1968 Mean 1967 1968 Mean
{gggibf‘ 4737 5128 4933 347.3 310.3 328.8 12.49 | 11.56 12.03 2.41 2.37 2.39
:0819 5305 7714 6510 450.9  423.5 437.2  14.49  12.18  13.34  3.23 3.25 3.2
‘Redlan 8370 9274 8822 605.1 457.4  531.2  12.28 11.15 11.72  3.08  3.40 3.24
x 0819

1884 942 6354 6148 359.3  409.6 384.4  10.29 10.33  10.31 2.58  2.59  2.59
Redlan 7828 8611 8220  474.8 S511.4 493.1  10.41  9.34  9.88 2.70 . 2.86 . 2.78
% 1884 .

';L'SDOS 525 974 943 56.2  59.6 121.0 0.31.  0.19 0.13  0.12

LSD,,, 699 1297 1323 74.9  79.4 169.6  0.42  0.25 0.17 0.16

5
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Slncc aelfed SCLd contained higher pxotein Levels than opcn~polli— :

*Z“nnted soed bagginb the heads in ozdervto maintain genetic puxitv will

o piobablv blas the percentage protein values upward. It is 1nttresting

f?}toinOCL thnt flag leaf removal did not affect the proteln level even
Eiﬁthcubh Vile was decreased. IL was also 5cmtwhat euxprlsing that protein
f%f“ns not incxcased to a laxbex oxtent LOHSidLriﬂh tht savare reduttion in
‘vield 1hc lack in LONanHdrlon for poxccntntc pxotoln in lover vields
.wus 1eflldted in- rcductlon in protein yield. Perhaps the most signifi-
“,cant informatlon derived from this experiment relates to the effects of
lvflag leaf rtmoval and bagglug the head on grain yield. The head and

flag leaf.are apparently major sources of photosynthetic products which

are translocated to the seed.

Expetiment III: Effect of Harvesting at Various Stages

The:harvestkstage component of variance (Table 32) was highly
,signifidant;and it was apparently,caused by a higher protein leve' in
the seed which were harvested at the milk stage (Table 33). Harvesting
1lthe seed at. various dates from the dough stage. to four months later
fdid not affect the proteln level A significant variation of 11.10 to
;14 08 percent e\isted among genotypes (Table 34) The significant
j‘éinterattion between genot)pes and harvest stages appeared to be caused

':by harvestlng 0819 after the intended milk stage in the first harvest

;(Appendi\ Table 5)
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Table 32. Analysis of variance for percentage protein of four sorghum.
genotypes harvested at seven different stages of maturity in

1967.

Source of Variation d.f. Mean Square
Blocks 3 0.5689
Genotypes 3 42,2459%%
Harvest Stages 6 3.5798%%
Genotypes v~ H.S. 18 1.0225%*
Error 81 10,1867

v C.V. = 3.46%

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

Table 33. Means of percentage protein of seven harvest stages of four
sorgaum genotypes grown in 1967.

Harvest Stage %4 Protein Mean

il 13.52

{2 12.49

#3 12.20

S 1229

#5 12.19

{#6 12,24

#7 12.39
LSDOS 0.304
LSD 0.403

01
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-Tablef34 Veans of pelccntage proLeln of four 501ghum genotypes
' ‘ haxvcsted at seven btageq of maturity in 1967.

Genbtypé' | S o % Proteih Mean
RS610 12.27
AKS614 4 112.45
0819 14,08
1884 11.10
LDy 0.230
LSD,, 0.305

completely developed. Thus, the protein values obtained from the

chemical analysis of immature seed will probably be biased upward.

Experiment IV: Effects of Locations and Years

The pooled analysis of variance for grain yield, percentage protein,
and protein yield of the eleven genotypes over the three locations and
the two years arve presented in Table 35. The significant effects of
years and locations were expected for the yield measurements but their
effect on percentage protein wee not well documented on sorghum which
had a range in protein level that existed in this experiment. The
first ordér interactions of varieties with years and locations were not
significantdfor any of the characters. The second order interaction of
genotvpes X locations X .years was highly 51gn1ficant for each character.
'The yearly means (Table 36) indicated a larger grain yield and proteln
yleld and a smaller procein level in 1968 than in 1967. The eleven
?genotypes used in this‘study performed the best at ‘the Nursery location

A!(Tables 37 38 and 39)- chey performed the poorest for all rhree :



Table 35, Pooled analyses of variances for grain yield percentage
protein and protein yield of 11 sorghum genotypes grown in
three locations in 1967 and 1968,

Mean Squares

Source of Variation d.f. Grain Yield % Protein Protein Yield
Years Ny 1 9,550,713%%  86,0114%% 59,031 %%
Locations 2 20,860,678%% 25,5164 324 ,793%%
Genotypes . 10 7,307,737%%  107.9268%% 112,499%%
Blocks iﬁ Loc and Yrs 18 112,466 10.5782%% 20,724%%
Year x loc. 2 101,572 22.6966% 166,644 %%
Gen x year 107 1,129,345 1.8931 8,618
Gen » loc. 20 136,566 0.7582 8,557

Gen ~ loc. % yr. 20 909,298%%  0,9915%% 7,198%%
Error =~ 160 269,141 0.0607 1,817

**Significant at the .0l level.

Table 36. Yearly means of grain vield, percentage protein, and protein
vield of 11 sorghum genotypes grown in 1967 and 1968 at three

locations.

Genotype Grain Yield (kg/ha) %Z Protein Protein Yield (kg/ha)
1967 1968 1967 1968 1967 1968
0026 5062 6200 14.8 13.9 791 766
0355 2559 2119 17.9 16.9 493 317
0793 5501 7549 14.8 12.8 861 3068
0819 . 4635 6749 14.% 12.5 705 761
1884 4445 66061 11.3 9.9 521 . 597
5187 3699 3489 11.4 10.6 440 327
Martin . 4610 4789 13.9 "12.9 673 543
CK60 4890 5393 11.0 10.0 564 483
Wheatland 4661 5325 12,2 10.8 595 503
Redlan 5555 5946 11.7 11.0 682 . 580 .
RS610 . . 5794 6043 11.7 10.6 709 - 583

Mean . 4672 5478 13.2 12,0 . 639 575.



Table 37.. Means of grain yield (kg/ha) of 11 sorghum genotypes grown at thrcc_locations»in11967?ahd 1968;

SR " -Sand Farm Hi—Fertility Nursery , o
Cenotvoe - - N : . Mean of
emotyPe o - ALL Test
ST 1967 1968  Mean 1967 . 1968 Mean 1967 1968 Mean rests.
0026 12729 4395 3563 5961 7626 6795 6491 6593 65473 5634
0355 ~ ° 1085 1355 1220 2951 1894 2423 3638 3106 3373 . 2339
0793 3046 6606 4827 6634 7538 7088 6812 8497 7659 6525
0819 : 2777 6600 4684 4495 6927 5712 6630 6726 .~ 6679 5692
1884 2865 6225 4546 4258 6126 5193 6209 7629 6920 5553
5187 3445 2457 2951 3235 2553 2895 4413 5455 4935 3594
Martin 3916 3250 3583 4674 4863 4769 5215 6251 5746 4700
CK60 4236 4875 4556 4251 4856 4554 6121 6446 6314 5142
Wheatland 4077 3605 3842 5253 5333 5294 4650 7033 5843 4993
Redlan © 4738 4392 4566 6091 6273 6183 5831 7168 6501 5750
RS610 5318 5868 5594 5754 5933 5845 6307 6325 6317 5919
Mean - 3477 4511 3993 4870 5448 5158 5674 . 6476 6074 5074
LSDy 643. 812 962 1223 800 1265

stoi 866 1093 1295 1646 1077 1702
c.v. 12.8% 5.9% 13.7% 7.8% 9.7% 6.8%



Table 38. Means of percentage protein of 11 sorghum genotypes grown at three locations in 1967 and 1968.

Sand Farm Hi-Fertility Nursery “ £

Genotype A‘llia'l;“ (s)t

1967 1968 Mean 1967 1968 Mean 1967 1968 Mcan ests
0026 14.3 13.2 13.7 14.5 13.6 14.0 15.7 14.9 15.3 14.3
0355 16.4 16.4 16.4 18.8 17.0 17.9° 18.6 17.4 18.0 17.4
0793 14.0 12.5 13.2 15.0 12.4 13.7 15.3 13.5 14.4 13.8
0819 13.4 12.3 12.8 15.2 11.8 13.5 14.6 13.4 14.0 13.4
1884 ) 11.4 9.8 10.6 11.1 9.8 10.5 11.3 10.1 10.7 10.6
5187 10.2 10.5 10.3 12.0 10.7 11.3 12.1 10.7 11.4 11.0
Martin 12.1 13.4 12.8 14.5 12.4 13.4 15.1 12.8 14.0 13.4
CK60 9.6 9.7 9.6 11.7 9.8 10.8 11.7 10.5 11.1 10.5
Wheatland 11.1 11.7 11.4 12.4 10.3 11.3 13.2 10.4 11.8 11.5
Redlan 10.2 11.6 10.9 12.1 10.6 11.3 12.8 10.8 11.8 11.3
RS610 10.5 10.6 10.6 12.0 10.4 11.2 12.6 11.0 11.8 11.2
Mean 12.1 12.0 12.0 13.6 11.7 12.6 13.9 12.3 13.1 12.6
LSD 1.22 0.59 0.58 0.93 0.57 0.69
LSD,, 1.64 0.79 0.78 1.25 0.77 0.93
C.V. 7.0% 1.7% 3.0% 2.8% 2.8%

£6



‘Table:39. . Mecans of protein yield (kg/ha) of 11 sorghum genotypes grown at three locations iﬁAi96?53ﬁd:i“*

SR Sand Farm Hi-Fertility Nursery - Mean-of
Genotype , - All Tests
ST 1967 1968  HMean 1967 1968 Mean 1567 1968 Mean ests...
0026 389 612 500 909 867 888 1075 819 948 779
0355 178 234 206 587 267 427 714 451 583 405
0793 - 427 868 648 1049 782 915 1106 953 1029 864
0819 373 853 613 718 679 699 1023 750 887 1733
1884 326 647 486 500 502 501 737 642 690 559
5187 348 271 310 409 225 317 564 483 524 384
Martin 473 460 467 712 502 607 835 666 751 608
CK60 . 400 - 497 449 527 398 462 765 555 660 524
Wheatland 453 441 447 686 457 572 647 610 628 549
Redlan 483 540 512 777 554 665 784 647 716 631
RS610 562 658 610 726 515 621 839 576 707 646
Mean 401 553 477 691 522 607 826 650 738 . 607
“LSDy; 81 99 135 122 127 123

5ﬁ§9&i'V 110. 133 181 164 171 165

V. 7.02 6.2% 6.87  8.1%7 5.3% - 6.5%
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ol ) . . .
characters at the Sand Farm. The interaction of genotypes within!:
locations and years can be found in the tables by comparing the relative
rank of each genoﬁype for each environment.

These results imply that the genotvpes should be tested for more pJ C)f‘
v 1 !

than one year at the locations where they are intended to be grown I ,7
. o~ #“J

vather than making inferences to their performances at other locations A*ﬁt{
syt
w L

A

based on one year's data obtained from one location. Although the
-genotypes did not respond similarly at each location each year, the high L
protein genotypes contained high protein levels under each situation

and the low protein genotypes had low protein levels in every case.

Summarv and Conclusions

Four experiments were conducted to determine the effects of ‘specifi
treatments and environments on percentage protein. The first experiment
irvolved the comparison of the percentage protein values of seven single
plant selections with the mean value of their progeny. The results
indicated that the percentage protein value obtaiqu from a single
plant may not be very reliable. A more reliable estimate can be
obtained from a sample taken from several plants. Another experiment
was deéigned to determine the effects of bagging the head and flag leaf
removal on yield and percentage protein of five genotypes. Percentage
protein was increased by bagging the head before anthesis. Bagging the
head and remo§ing the flag leaf just before anthesis caused drastic
reductions (33 percent) in grain yield and smaller decreases {26 and
10 percent, respectively) wheﬁ either treatment was performed separately.
A third experiment consisted of four genotypes harvested at seven‘stageﬁ;

the first harvest was at milk stage and the last stage was four months



9%

~later..” The results indicated that the grain would-hqye a higher propor-
’§£i§u'af ﬁr&cGin ﬁhanymature ééed 1f'the}plant was killed by a frost when
ﬁhe secds were in the milk stége. The pefcentage protein in the grain
was ;oc significantly gffected by delaying harvest until winter. The
fourth experiment involved growing eleven genotypes at three locations
for two years and measuring grain yiel&, protein yield, and percentage
protein. The results of this ex;eriment suggest that genotypes should,
be evaluaggd at the location where they are intended to be grown because
significant interaction of genotypes % locations v years indicated that
the genotypes did not perform in the same ménner at all locations in.both
years for the three cha;acters.

The ovepall results of these experiments suggest that the performance
of a genotype can best be measured by growing it at the location of
intended utilization and by taking the seed sample ffom several fully
developed, open poliinated heads. The environmental effects ;n percént-
age protein need to be further studied to determine the effects of
different plnpcing dates and population levels. The latter is presently
under investigation. Furthermore, lysine should be studied under the

conditions used in this study plus those suggested above.
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APPENDIX

‘Appendiz Table Al. Mean values of eight characters measured from 65 sorghum genoly

pes of the incomplete.

diallel grown in 1967. BRI
, Date ) . Grain o o Protein Lysine
" Genotype 50% peat *(’j;g')‘t Yield Prorain i Yield . Yield
Heading : (kg/ha) -Y* . (kg/ha) (kg/ha)
0305 8-18 13.3 142.5 5697 12.53 1.66 711.3 11.82
MRT x 0305 8-10 13.5 176.3 7989 12.58 1.45 1005.7 14.62
CK60 x 0305 8-11 13.8 187.8 7515 11.93 1.53 893.7 13.73
WHT » 0305 8-9 11.8 166.3 8500 11.98 1.42 1017.2 - 14.51
RDL » 0305 8-10 13.0 163.8 9286 12,03 1.43 1118.5 15.85
0786 7-25 12.0 168.8 4326 15.53 1.26 690.1 7.66
MRT x 0786 7-20 10.0 165.0 5686 15.43 1.25 §79.7 11.04
CK60 = 0786 7-21 12.0 175.0 6694 13.68 1.56 914.1 14.13
WHT = 0786 8-2 13.5 198.8 7776 14.30 1.42 1121.4 15.60
RDL = 0786 8~1 13.8 206.3 7902 14.00 1.38 1106.5 15.26
0819 8-2 14.5 176.3 6734 14.05 1.97 923.2 18.19
MRT x 0819 8-9 14.3 231.3 7166 14.25 1.61 1139.4 18.58

CK60 x 0819 8-8 13.0 240.0 7568 12.43 1.65 939.6 15.23
WHT = 0819 8-10 13.0 215.0 7588 13.05 1.67 967.0 15.75
RDL # 0819 8-10 13.3 242.5 7861 12.88 1.34 1012.0 11.29
1150 8-2 12.8 238.8 8143 11.23 1.99 915.3 17.91
MRT x 1150 *7-26 12.3 233.8 7329 14.28 1.75 1041.6 18.23
VK60 = 1150 7-26 12.8 231.3 8765 ’ 12.58 .67 1108.0 17.72
WHT »# 1150 8-2 13.5 233.8 8919 12.83 1.56 1154.5 18.20
RDL » 1150 8-2 13.5 262.5 8952 13.38 1.74 1192.5 17.84
1360 7-29 10.5 250.0 5394 12.05 1.61 651.5 10.22
MRT > 1360 7-21 11.3 197.5 5366 15.28 1.42 817.3 11.51
CK60 > 1360 7-23 11.0 201.3 4838 13.20 . 1.38 649.5 9.22
WHT » 1360 7-25 12.5 183.8 7076 12.50 . 1.48 883.4 13.24
RBL.x 1360 7-31 11.8 181.3 6389 13.35 1.54 854.7 13.16
1457 8-17 14.3 217.5 5290 11.78 1.55 625.0 9.77
MRT = 1457 8-2 10.8 205.0 7526 12.40 1.55 928.0 14.74
CK60 = 1457 8-3 13.0 216.3 6810 12.15 1.43 §22.1 11.55

66



Appendiz TableAl. (Continued)

Date . Grain o o Protein Lysine

Genotype 507 ;saf l(iz;gil)xt Yield Proﬁcin 1 éine Yield Yield
. Heading . ; (kg/ha) 24 {kg/ha) (kg/ha)
WHT x 1457 8-6 13.0 205.0 7946 12.05 1.35 963.5 13.17
RDL x 1457 8-3 13.0 231.3 7747 12.08 1.64 934.4 15.00
1814 7-9 11.8 170.0 3592 13.45 1.63 485.2 7.76
MRT x 181% 7-12 9.8 161.3 5130 13.45 1.55 689.0 10.70
CK60 = 1814 7-13 8.8 191.3 . 6475 12.35 1.43 798.3 11.31
WHT » 1814 7-14 10.8 172.5 6763 12.18 1.49 841.9 . 12.17
RDL » 1814 7-17 11.8 186.3 7181 12.58 1.57 894.5 14.02
1884 8-7 12.3 152.5 5736 11.30 1.51 641.5 8.41
MRT » 1884 7-26 10.3 158.8 6922 11.48 1.68 796.0 13.70
CK60 » 1884 7-27 11.3 153.8 7756 10.23 1.69 792.2 13.39
WHT x 1884 7-31 11.3 152.5 7907 10.43 1.71 822.8 14.62
RDL = 1884 8-3 12.0 170.0 8197 10.65 1.71 874.2 14.69
2486 7-30 11.5 97.5 4410 13.18 1.65 573.9 10.00
MRT x 2486 7-21 9.8 128.8 7230 13.08 1.64 940.3 15.20
CK60 » 2486 7-21 10.5 141.3 7724 12.15 1.72 943.2 16.17
WHT x 2486 7-27 11.8 106.3 7085 12.03 1.67 852.3" 14.33
RDL = 2486 7-25 10.8 141.3 7742 11.83 1.83 916.2 16.61
5075 8-19 10.5 267.5 3088 13.35 1.36 413.1 - 12.44
MRT » 5075 8-13 11..5 271.3 6698 14.60 1.45 974 .4 13.47
CK60 » 5075 8-11 12.5 288.8 6975 13.18 1.70 919.3 15.76
"WHT x 5075 8-10 12.5 265.0 6839 14,23 1.45 980.2 14.21
RDL » 5075 8-10 11.8 260.0 6470 13.80 1.72 894.0 15.30
5126 7-31 10.8 132.5 3832 14.93 1.47 575.3 10.37
MRT = 5126 7-20 10.0 128.8 4786 13.40 1.55 640.6 9.85
CK60 » 5126 7-21 11.3 136.3 5856 12.38 1.59 721.8 11.55
WHT » 5126 7-24 11.8 121.3 6517 12.45 1.58 816.4 10.67
RDL x 5126 7-27 11.3 136.3 6968 12.40 1.79 861.5 15.34
5217 7-30 11.0 166.3 5189 13.85 1.63 719.1 11.71
" MRT = 5217 7-21 10.3 157.5 5791 12.55 1.45 723.5 10.82

oo



Appendix Table AL (Continued)

Date » . . Grain o g Protéin‘ Lysix'{e}"‘;
~ Genotype 507 ﬁsaf ?E;i?t Yield Proﬁcin L ﬁine Yield ©  Yield

. ‘Heading B2 (kg/ha) F (ki /ha) (kg /ha) .
'CK60 * 5217 7-20 10.0  180.0 6764 12.05 1.5 B14.6 12.95.
WHT x 5217 ' 7-28 - 12.3  187.5 6756 12.75 1.29 862.2 11.41
RDL x 5217 7-25 11.5  196.3 7575 13.30 1.17 1009.3 11.82
Martin 7-23 10.3 92.5 4546 14.95 1.37 678.8 10.46.
CK60 . 7-24 11.0°  105.0 ° 5081 11.33 1.66 574.5 9.24
Wheatland 7-31  11.5 82.5 5353 13.25  1.41 711.0 .9.58
Redlan 8-3 1.3 110.0 5665 12.18 1.72 685.8 9.82
RS610 7-16 9.5  115.0 5469 12.35 1.52 675.6 11.80
LSD 1720.4 0.968 0.346 116.66 3120
LSDy; , 1905.7 1.273 0.454 153.32 4.101

Tor,



Appendix Table A2.

Heans of six characters measured from th
hybrids grown in 1968.

e sorghum diallel of nine parents and 36 F

i ALVLLHE . 2 . » .
Genotype Flowering* Leaf No. H?ig?t L(Qm%) H:aics)ert Hca%c;ingth

0355 31 14.0 348 191 22.7 34.6
0793 17 15.4 214 193 12.2 19.0
0819 26 16.1 271 118 11.2 13.4
1884 29 16.7 189 96 23.4 26.4
5187 13 11.0 83 143 12.5 23.5
Martin 10 10.7 140 151 25.3 26.8
CK60 10 11.2 136 124 16.1 23.2
Wheatland 19 12.4 109 175 15.2 27.0
Redlan 15 11.6 150 123 12.3 24,4
0355 x 0793 29 16.7 363 205 18.0 27.4
0355 = 0819 28 15.8 375 166 21.2 24.8
0355 ~ 1884 45 19.0 414 116 22.5 35.7
0355 » 5187 30 15.2 364 176 29.1 26.5
0355 x MRT 28 13.2 335 215 24,2 34.3
0355 » CK60 29 14.6 368 190 22.5 31.3
0355 x WHT 29 15.0 345 177 24,7 30.5
0355 » PRDI, 28 13.9 368 120 25.9 27.9
0793 « 0819 24 17.2 293 - 215 10.4 20.5
0793 » 1884 18 14.8 276 181 18.7 25.7
0793 « 5187 ] 12.3 240 172 23.7 18.3
0793 x MRT 6 12.3 255 162 25.2 23.2
0793 « CK60 7 11.7 253 153 13.9 22.5
0793 x WHT 10 13.7 261 190 22.6 23.0
0793 = RbL. 10 12.8 266 158 21.1 21.7
0819 » 1334 29 17.8 379 135 21.4 22.9
0819 » 5187 20 14.8 293 156 13.7 21.4
0819 = MRT 18 14.9 309 149 20.2 21.6
0819 » CK60 16 14.4 291 100 17.8 21.2
0819 » VT 27 15.7 304 132 19.7 19.7

z0T
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Z;Aﬁpghﬁix‘Table.AZ.1(Continued)

L.A.T.%%

o , . Height Head Ezert. Head lLength
Genotype.. Floweringt Leaf No. (cm) (cmz) (cm) (cm) .

0819 < RDL 20 15.1 321 129 16.4 20.1

- 1884 x 5187 19 13.2 170 149 11.7 - 29.5
1884 » MRT 12 12.5 210 174 26.9 30.5
1884 x CK60 13 12.6 204 129 16.7 31.3
1884 x WHT 24 13.8 190 168 18.3 29.8 .
1884 x RDL 19 13.1 213 145 19.1 32.2
5187 » MRT 13 10.5 126 158 20.3 25.8
5187 » CK60 12 10.6 111 - 157 14.7 25.5
5187 x WHT 14 10.7 108 174 17.5 26.3
5187 = RDL 15 10.7 119 132 . 15.6 24.0
MRT =~ CK60 8 10.9 181 151 22.9 25.7
MRT x WHT 12 11.3 126 195 20.2 28.0

" MRT % RDL 9 10.6 144 155 22.2 25.5
CK60 > wT 7 10.3 124 173 21.1 25.2
CK60 » RDL 10 10.6 143 118 18.5 22.9
WHT x RDL 11 11.1 134 171 16.8 23.3
RS610 5 10.3 141 154 19.5 25.3 .
LSD05 3.0 1.1 23.0 38.9 4.6 3.2
_LSD01 4.2 1.6 32.5 55.1 6.5 4.6

“1July 1 was used as the base date for flowering.

ttLeaf Area Index of flag leaf only.
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Appendix Table A3. Meanst of seven characters measured from the sorghum diallel of nine parents and 36 F

hybrids grown in 1968. . 1
v Grain Yield/ 100 o Protein v Lysine
Genotype . Yield Head Seed Wt. Prot:cin Yield I 's;n(_ﬂ_ Yield
(kg/ha) (gm) (gm) (kg/ha) - -y o (kg/ha)
0355 3143 q 16 n 1.20 u 17.35 a 545.9 m 2.04 f-nm 11.1 1
0793 8497 c-g 50 f-h- 3.71 a-c 13.45 ¢ 1144.0 a-c 1.87 j-m 21.3 b-f
0819 6725 i-k 38 j 3.27 d-f 13.42 cd 900.0 e-h 2.64 ab 23.6 a-c
1884 7628 f-j 38 jk 2.44 1-p 10.13 m-p 771.2 g-k 2.74 a 21.2 b-f
5187 5455 k-o 28 1m 2.26 m-q 10.70 j-n 579.9 1m 2.20 d-j - 12.6 i-1
Martin - 6252 j-n 32 j-m 2.28 m—q 12.82 c-1 799.4 -k 1.91 i-m 15.3 g-1
CK60 6403 j-n 33 j-1 2.44 1-p 10.45 k-o 666.1 i-m 2.45 a-c 16.6 g-j
Wheatland 7033 g-j; 38 jk 2.58 k-1 10.42 k-o 731.9 h-1 2.21 d-j 16.2 g-j
Redlan 7168 g-j 38 jk 2.47 1-o 10.83 i-m 777.0 g-k 2.02 f-n 15.6 g-1
0355 » 0793 4248 o-q 22 mn 2.16 p-s 16.20 b 690.1 i-m 1.90 i-m 13.1 i-1
0355 = 0819 4917 1-p 25 1-n 2.23 o-r 16.07 b 790.3 g-k 1.88 j-m 14.9 g-1
0355 = 1884 4838 n-p 26 1m 1.27 u 16.42 b 794.9 g-k 1.92 j-m 15.3 g-1
0355 = 5187 4999 1-p 25 1-n 1.80 ¢ 16.27 b 813.1 f-k 1.82 j-m 14.7 g-1
0355 x MRT 4225 o-q 26 1m 1.97 r-t 18.22 770.0 g-k 1.74 1m 13.4 g-1
0355 = CK60 5102 1-p 38 jk 1.89 s-t 16.22 b 826.5 f-j 1.78 k-m 14.7 h-1
0355 » WHT 3915 pq 24 1-n 2.07 q-t 16.70 ab 653.0 j-m 1.74 m 11.4 g-1
0355 = RDL 4739 n-p - 31 j-m 2.15 p-s 16.25 b 769.5 g-k 1.74 m 13.4 h-1
0793 » 0819 15863 100 3.65 a-c 11.63 f-j 1841.0 2.11 1-k 38.9
0793 ~» 1884 10969 a 59 b-f 3.48 ced 10.75 j-n 1178.2 ab 2.18 d-j 25.7 ab
0793 =« 5187 9985 a-c 51 d-h 3.86 ab 11.23 h-1 1117.8 a-d 1.98 g-m 22.2 b-e
0793 » MRT 9054 b-f 48 h-i 3.55 cd 11.92 1-h 1080.2 a-d 2.09 f-n 22.4 b-e
0793 ~ CK60 9634 a-d 49 p-i 3.62 a-c 10.77 j-n 1039.1 b-e 2.02 f-m 20.9 d-f
0793 » T 9361 b-1 56 c-h 3.62 a-c 10.45 k-o 980.6 co-f 2.30 c-h 22.7 b~d
0793 ~ RbL 10176 ab 59 b-f 3.88 a 11.45 g-k 1165.9 ab 2.16 d-j 25.2 a-c
0319 « 1834 12896 ' 75 a 3.47 cd 11.98 e-h 1542.2 2.16 d-j 33.3
0819 ~« 5187 10049 ab 67 ab 3.58 b-c 11.88 e-h 1192.4 ab 2.15 d-j 25.7 ab
0819 - Mpr 9686 a-d . 59 b-g 3.18 e¢-g 12.80 c-1 1224 .2 a 2.22 c-j 27.% a
0819 » CK6O 9279 b-1 53 c-h 3.42 de 11.95 e-h 1109.2 a-d 2.26 c-i 24.7 a-c

. %01



prpehdix!Tablé'A3,'(Continuéd)

" Grain Yield/ 100 Protecin

Genotype Yield Head Seed Wt z Yield oz ';?sigck' !
~Genotype . el . ea ee . . ile e d b - Yie _
SN (kg/ha) &) (&n) Protein (kg/ha) lystoett  (kg/ha)
0819 x WHT 9451 a-¢ 60 b-d 3.51 cd 12.32 e-g 1162.1 ab 1.94 Li-m 22.5 b-d
0819 x RDL 10116 ab _ 62 bc 3.44 c-e 11.80 e-i 1192.0 ab 2.11 c-k 25.2 a-c
1884 » 5187 8022 e-1i 50 f-h 2.63 j-k 9.33 op © 748.6 h-1 2.48 a-d 18.5 d-h
1884 x MRT 8230 e-h 40 ij 2.81 h-k 10.30 1-o 848.4 f-j 2.07 f-m 17.5 f-i
1884 x CK60 . 9032 b-f 48 g-i  2.99 gh 9.50 op 857.4 f-i 2.56 a-c 21.8 b-f
1884 = WHT - 9604 a-d 60 b-e 2.87 h-j 9.80 n-p 941.5 d-g 2.32 b-g 21.8 b-f
1884 x RDL . 10369 ab 57 c-h 2.91 g-i 9.18 p 952.2 d-g 2.37 b-f 22.4 b-e
5187 = MRT 5820 k-n 30 j-m 2.99 gh 13.52 ¢ 783.5 g-k 2.01 f-m 15.6 g-1
5187 % CK60 5311 k-p 33 j-1 2.55 k-m 11.85 e-h 621.1 k-m 1.98 g-m 12.3 j-1
5187 x WHT 6267 j-n 37 jk 2.79 h-k 11.33 g-k 709.7 h-m 2.10 c¢-m 14.8 g-1
5187 x RDL 6151 j-n’ 31 j-m 3.04 f-h 12.57 c~f 774 .6 g-k 1.98 y-n 16.0 g~k
MRT x CK60 7228 g-j 39 ij 2.53 k-n 11.65 f-i " 843.4 f-j 2.13 d-k 18.0 e-i
MRT % WHT © 5949 k-n 33 j-1 2.40 1-p 12.20 e-h 725.8 h-m 1.93 h-n 13.8 g-1
MRT x RDL 6338 j-m 33 -1 2.25 n-q 12.48 ef 787.1 g~k 1.98 g-m 15.5 g-1
CK60 « WHT 6136 j-n 33 j-1 2.38 1-p 11.40 g-k 700.9 h-m 1.95 g-n 13.6 h-1
_CK60 * RDL 6798 h-j 37 3k 2.60 ki1 11.18 h-1 764.3 g-1 1.95 g-m 15.0 g-1
WHT x RDL 6452 j-1 34 j-1 2.34 1-q 10.57 k~n 681.3 i-m 2.01 f-m 13.7 h-1
RS610 6595 34 < 2.33 10.98 723.5 2.18 16.0

- tDuncan's new multiple range test was used to compare means; any two means followed by the same letter are

not significantly different at the .05 level; any two means not followed by the same letter, or any
-letter, are significantly different at the .05 level.

“ttPercentage lysine as a proportion of protein. : o

‘. "SO.T



g

106

Appendix Table A4. Mean squares of the analyses of variance of Wr-Vr
values from 13 characters of the nine parent diasllel

grown in 1968.

Charactor

Mean Squarest

Blocks

Entries

Error

Flowering
Lcnf”Number
Height

L.AWT.

Head Exertion
Head Length
Grain Yield
Head Yield
100 Seed Wt
Z Protein
Protein Yield
%4 Lysine

Lysine Yield

280,11 %
.38 %

o~

1090
9000 *
679.91
187.22
8890
20100 o
0.0059%
0.0882
4069
0.0041%*
21.61

495,18 %%
2,34 #%

16363 %
6030
463.98
126.49
7993
55343 Kk
0.0015
1.0349%%
6952 *k
0.0010
36.61 %

19.61
0.39
1368
2597
326.01
142,28
10339
2954
0.0010
0.1461
3449
6.0010
9.30

#Significant at the .05 level,
*%Significant at the .01 level.

$+Blocks, entries, and error have 3, 8,

respectively.

and 24 degreaes of freedom,



’Aﬁpgndigiiéblg”ﬁﬁ,>Means for grain yield, protein yield, percentage protein, and 100 sécd,wcight of{fiﬁerf
R varieties subtjected to four bagging treatments which were carried out in 1967 and 1968.

RSO Grain Yield (kg/ha) Protein Yield(kg/ha) % Protein. 100 Seed Neight(gmsj

QVariety;-Treatment

1967 1968 Mean 1967 1968 Mean 1967 1968 Mean 1967 1968

s Mean
1 5612 7023 6318 392 401 397  11.88 10.80 11.34 2.30 2.33 2.32
2 - 4818 6006 5412 339 352 346  11.96 11.06 11.51 2.23 2.38 2.31
.3 4103 3876 3990 311 250 281  12.93 12.16 12.55 2.55 2.52 2.54
<4 4416 3633 4025 347 237 292 13.19 12.23 12.71 2.55 2.24 2.40
1 6627 7467 7047 562 385 474  14.42 12.26 13.34 3.18  3.27 3.23
2 5296 8646 6971 438 458 448  14.07 12.07 13.07 3.15 3.23 3.19
3 4780 7106 5943 417 400 408  14.90 12.19 13.55 3.33 3.24 3.29
4 5305 7673 - 6489 386 451 419  14.58 12.20 13.39 3.28 3.27 3.28
1 - 9991 11231 10611 718 528 623  12.14 11.13 11.64 2.95 3.44 3.20
2’2, 8905 9501 9203 639 461 550  12.24 11.25 11.75 3.08 3.54 3.31
3 9291 8769 9000 675 440 558  12.28 11.43 11.86 3.10 3.44 3.27
4 5293 7703 6498 389 400 394  12.47 10.79 11.63 3.20 3.19 3.20

e 6505 8470 7488 403 548 475 10.55 9.71 10.13  2.45 2.44 2.45
2 6783 7609 7196 403 486 444 10.13 9.96 10.05 2.43 2.44 2.44
3 5353 4457 4905 332 288 310 10.57 10.59 10.58 2.73 2.73 2.73°

4 5126 4915 5021 298 317 308 9.91 11.09 10.50 2.70 2.75 2.73
9262 11512 10387 544 681 613 9.99 8.87 9.43 2.91 2.83

2.75
8956 8946 8951 519 538 529 9.85 9.14 9.50 2.7% . .
7066 7465 7266 438 453 446 -10.57 9.52 10.05 2.68 2.80 2.74°
6026 6565 6300 398 374 386 11.23 9.83 10.53 2.75

SN R
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Abpendix TaﬁlelAﬁi‘Means of percentage protein of four sorghum genotypes
- harvested at seven stages of maturity in 1967,

Genotypes ' Harvest Stage - % Protein Mean

13.29
12,20
11.90
11,93
11.95
12.32
12.30

R5610

NONWU! W ts

13.70
12.21
12.16
12.55
12.26
12,14
12.16

AKS614

NOV WS

14.20
13.71
13.53
13.95
14.43
14.14
14.62

0819

.
NONWU S W

12.90
11.85
11.20
10.71
10.13
10.38
10.50

1884

~Non SN
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Frederick Clinton Collins was born May 31, 1941, at Prairie Grove,
Afkansas, to Mf.vand Mrs. Edgar Collins, and he was reared on a farm
near Lincoln, Arkansas. He received his elementary and secondary
education from the Lincoln,schoolé.

He enlisted in the Arkansas Army National Guard in 1957 and, ..
received an honorable discharge in 1965. In the fall of 1959 he enrolled
in‘the University of Arkansas and worked for the Agronomy Department
three and one-half years as an undergraduate. He earned his B.S.A.
degree in 1963 and began his graduate studies under Dr. R. L. Thurman.
His M.S. thesis was on the inheritance of crown rust resistagce in oats.
In 1964 he moved to ColPrado State University to work as a geneticist
for U.S.D.A. Sugarbeet Investigations under Dr. .LeRoy Powers. He
completed the requirements for the M.S. degree ﬁhere and the degree was
gfanted by the University of Arkansas in 1965. After Dr. Powers passed
away in 1965, Mr. Collins Applied for and was granted an assistantship
from Purdue University to work under Dr. R. C. Pickett on the A.I.D.
sponsored project to improve the nutritiongl quality of sorghum:

He and his wife, the former Jo Anna Sheffield, were married in
1961. He is a member of Alpha Zeﬁé, Gamma Sigmé Delta, Sigma Xi,

" Ameficgn Society of Agronomy, and Crop Science Society of America.



