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o Rodrigueé, Ferrando.- M S., ‘Purdue University, June 1969. lhe Influence
.of. Population. Density on the Embryo, ‘Seed Size, Yield and Other Agronomic
" Characters in Sorghum bicolor (L ) Moench. Major Professor.f Robert C.

‘ ‘Pickett. A SRR ;.

The influenceiofqpopulation pressure upon 16 characters in sorghum

was . studied using six genotypes chosen because of their adaptation,
i}relatively high and differing grnin protein content. The three :popu-
'i lation densities used were 86 450 172 900 and 345 800 plants per
:fhectare and the chnracters studied were embryo weight, embryo as percen
hfof the whole seed, percent protein in the embryo, lysine as percent
",of protein in the embryo, percent protein in ‘the embryo free seed,
-'lysine as percent of protein in the embryo free seed, percent protein
‘~in the whole seed lysine as: percent of protein in the whole seed,
fﬁpercent oil in the seed weight of 100 seeds, grain yield length and

,'width of the flag leaf, panicle length plant height and - xead exertion.

g;Significant differences due to population pressures were observed for

;head exertion, panic [ length leng:hiand width of flag leaf, percent

Qiprotein in the embry free seed and the whole seed and 1ysine as

‘e”embryo free se d Mean percent protein in

1fpercent of protein

‘athe embryo free seed and whole seed ranged from 9 55 to 13 00 and

,fIO 77 to 13 93 percent respectively, o1 the low“population.; For' the

,,,,,,

:umedium population the range”was from 9.55" to‘12 .2 'and 10 57 t0113_53 .

;:perc nt andrfor he high pop.'ationJB 95 to:11
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percent. The range for lysine as percent of protein in the- embryo free
seed was from 0 88 to 1 30 percent for the low populatlon, 0 99 to 1 30
'gpercent for the medium population and 1. 08 to 1.40 percent for the high
population.. No significant differences with population were observed
for percent protein in the embryo, lysine as percent of protein in the
,embryo and the whole seed, weight of 100 seeds, embryo weight, oil.
v.pereent in the seed. yield, plant height and embryo as percent of the
fwhole;seed. |
. Significant mean squares among genotypes were found for 15 of the
characters studiedtand the only'exception was lysine as percent of
protein in’the‘enbryo'which’ranged from 5.50.to 6.47 percent when the
' genotypes'were}considered over three populations. The embrvo as percent
of the whole seed over three populations ranged from 10.52 to 13.88 with
skgrand mean of ll.69. The percent protein in the embryvo over tliree
populations ranged from 18.14 to 24.68 with a grand mean of 22.05. Thes
values are ver§;similar to those obtained by other workers. The percent
protein in the embryo free seed and whole seed over three populations
ranged from 9.35 to 12.36 and 10.60 to 13.52 percent respectively,
iyith,grand means of 10.90 and 12.30 percent.

The genotype with the heavfest'embryo was found to have the
highestiproportion of embryo, the highest percent of oil in the seed
and;the‘highest percent protein in the embryo. .The genotype with the
:highest percent protein in-the embryo free seed was also the highest -

_in percent protein in the whole seed.

A significant population by genotype interaction was observed nly

:for head exertion.



The weight of the embryo was

relationshi between the 16 characters.t

Qilys' e ns percent of protein in the embryo free seed weight of 100

,Tfseeds (r:'ﬁ}7478), embryo as: percentvofrthe whole seed and certain other;

ficharacters., Grain yield”gave si'nifica ;i'o“‘tive correlation coeffie-"

}dients with plant height but ‘o' significant‘with flag leaf length and

;width.. Percentflysil‘ in the protein of the embryo and the whole seed

,'was significantly:negatively correlated with percent protein. Panicle

,«length was significa_lly negatively correlated with percent oil in- the -
QVSeed (r -~-.6764) andfwith percent protein in the embryo free seed and
‘fwhole seed Percent protein in the whole seed was significantly

1 positively correlated with percent protein 1n the embryo free seed

‘.(‘ 8867)




INTRODUCTTON

The effects of diffetent plant densities upon the components of
yield as well as upon oﬁhef,agronomic characters in sorghum_ié today
.an imﬁdrtant area of researéh in many countries of the world. The
: objective_is to determine those plant chéracters which are most
responsive to high population density and to obtain valuable information
on gehotypes which are best adapted for particular conditions.,

While much attention is now being placed on increasing production
using high populations, there is a lack of information concerning
the effects of population pressure upon the composition of the individual
fractions of the gorghum seed. Since the embryo is the richest portion
of the seed in percent o0il, percent protein and percent lysine in the
protein and since the embryo ana endosperm represent about 94 percent
of the seed, it is important to consider how these fractions are
influeqpéd by population density. If high populations reduce the
, nutritionai;guality of these components it may be undesirable to use"
high pOﬁulaéions gith'the’objective of increasing grain yield since
thig'will result in a reduction in the nutritional quality of the whole
\\seea; ﬂbre;infGrmdtisn is-also needed regarding the inheritance of the

protein, oil and 1ysine.»

AThis studv was conducted primarily to evaluate the effecc of -

,differentvplant densities and genotype on the size and compositiof»o




;embryo, embryo free seed and the whole seed of sorghum, and secondarily,'

;to study the effecrvof plant,i;ﬁsities upon other agronomic chnracters. r

lThe third objective vas! toustudy”che correlations becween these iefe?‘"'

;charactezs :



"/ REVIEW OF LITERATURE

v

veed Size and Embryo Size

: et al _(26) studied the relationship between seed size and

d weight. They found the weight of sorghum seed to be highly

.wcerrelated with seed size. They also found that seed size was posi-
: tively correlated with embryo size. Ashby (2) concluded that the basis
of hybrid-vigor is an increase in embryo siae, and that the hybrid
uvigor “he observed in maize was nothing more than the maintenance of an
initial advantage in embryo size. He suggested that there is no corre-
lation between embryo weight and grain weight. Sprague (33) found in
maize that in general hybrid embryos were heavier than selfed embryos.
The relative importance of embryo size and endosperm size in
relatibnato»the.effects associated with seed size was studied by
‘7Bremner‘§£.gl. (9) in.wheat. They stated that the amount of reserve
vmafgriai, and’the_amonnt of meristematic tissue in seeds both increase
lineerly;with,seedgsiae. Hatcher (15) found the weight of the embryo

to bezbf6p5§:;9g51,¢o“seed weight.

Composition of the Seed

fﬁﬁhherd“etfal; (16) separated the seed from five varieties of .

,into endosperm, germ (embryo) and bran (cuticle epide:‘“

'Z-Jhypodermfend’major portion of the mesocarp) ‘and. the proportio of

egeach1washdetermined.: The proportion of endosperm ranged from 0

cfﬁggggfgéféégg;ithe 8erm from 7 8 to 12 1 percent‘and"v



_oz" 6 7,

Bidwolr (4) dissected the kafir _s*”“”

j:kernelyand found that onlthe average 6 1 percent by weight of: the kernel

i{wws'bran~310 percent was germ,fnd 83 9 percen: was endosperm. 'Inja‘;_

w;similar'experiment deuell ‘et dl. (5) studied the composition and pro-
.;portion of the component parts of the kafir, milo and corn kernels.
.ﬁThey found the corn kernel to contain 7 4 percent bran, 11.5 percent
»germ and 81 1 percent endosperm.. The kafir kernel 6.1 percent bran,
"10 percent germ and 83 9 percent endosperm. Milo contains 5.5 percent
‘bren, 11,1 percent germyandu83.4 percent endosperm. The germ of milo
fwasifound to.contain'abouchb 8.percent protein. Early et al. (13)
~working with corn, separated by hand eleven samples of corn seed ‘into
fractions representing the endosperm, germ, bran and tip cap. They
7reported that the endosperm coutains about 75 percent of the total
fprotein and 15 percent of the 011. " The germ contains about 22 percent

_of the total protein and . 84 percent of the oil. The proportion of endo-

the germ from 10 2 to 14.1

fsperm ranged from 79 7 to 83 5 percent~

fpercent and the bran from 6 4 to‘6 percent. Their data also shouéd

wseed and thL amount
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'protéin‘and°dilﬁcentent:ef‘nine ccrn3h§bfids7and-fouﬁd*that the' protein
and oil content of the seed tends to dccrease with higher population
and lower nitrogen levels. Since the embryo contains most of the oil
-present in the seed this might suggest that the composition of the
embryo tends to change with higher populations. Earlev and DeTurk (12)
reported’ftom’theit'experiment with eorn seed that at each level of
;soil‘nittogen; the‘petcentage of protein in the seed decreased with
increasing field stand. Nelson (20) on the contrary, suggested that
.planc spacing does not affect the protein content of sorghum grain under -
irrigation. |

, Rabidean (24) ‘revealed that in his experiment with corn there was
as great andfin some cases a greater concentration of amino acids per
unit-dry:;eiéht:in the embryo than in the endosperm. The endosperm was

regularlyiabout;eight to ten times the dry‘weight of the embryo.

The Effects of Plant Density on Yield and Other Characters

The response of individual genotypes to changes in plant demsity
’is an important consideration in breeding. Karchi and Rudich (17)
studied the‘effect of row width and seedling spacing on yield and yvield
conponenta*in grain sorghum grown under dryland conditions. He found
that superior yield resulted from narrow rows combined with wide intra-
row: seedling spac1ng. Yield superiority was due primarilv to increased
Inumber of heads per unit area, rather than to changes in head weight.
;Pickett (22) reported that 7 inch row spacing gave significantly higher'#i

;uyields than 14 inch or 21-inch “row spacing and that plant population ftf'f%

'£or some hybrid sorghuma in Indiana. Wilkins (36) conductedv_n experimenfi{;



Mnumber.:f heads produced on tillere decreasedu'

ifdecrcastd tht size of the kcrnel was found to decxease -HRow width had

ffa,grcater influonce ou weight pcx bushtl than did nrea por plant. The
‘t40-inch rows produced significantly lower yields than any othtr row width

he,humid north Robinqon et al._(27) made comparisons in sorghum

‘iof lO-~ 20-; 30- and 40-inch row spacing, each at planting populntions

fot 78’408 156 816 and 313 632 plants per acre. Planting pOpulations

iof 78 d08 156 816 and 313 632 did not result in appreciable differences
"in yield date of heading or plant height Increasing the population '
,dresulted in a decrease in seed weight. Lodging was also increased
;fwith increased populations. Porter et a1 (23) reported that planting
:rates which gave average plant populations of 61 000 108 000 and |
7152 000 had little influence on grain yield of irrigated grain sorghum

?in Texas._ Bond et al (7) in another experiment with irrigated grainl

tsorghum found that under normal dryland hu'fingaconditions-where.theree'5

!1‘ less”than 4 inches of available moistur t:seeding, wide rows will;ij

fproducef etter grain yields at either a ‘"or 4 pound seeding rate than*

;wil inarrow rows.: Also, the 4 pound seedin' rate generallv produced }i_;:




ess than that from 10- -20-, or 30-l;;fﬁ

;studieddthe effect of spacing and nitrogen application on yield of grain

isorghum.. Populations varying from 72 000 to. 228 ,000 plants per acre were

There was no interaction between varieties and spacing.
The sorghum varieties Plainsman and Martin were. found to be the
highest yielding varieties in Arkansas ‘trials conducted by Thruman

andLStaten (34) Row spacings of 20 inches gave higher yields than

+0—inch spacings.::.

'tug{The effect of populationlsize on plant characters did not reveal
.lsignificant differences with reSpect to plant height, leaf number, or
iilength and - thickness of panicle in an experiment made by Rachie and Rao
i:(25) using four sorghum varieties sown in 6-, 12- and 18-inch row
:ﬁspacings with a p int population of 184 000, 155,000 and 123 000 per
‘acre, respoctively. Spacings, varieties and their interaction were,
;statistically significant with respect to grain vield Grain size

}was not influenced by plant spacing. Stickler and Laude (30) suggested

tthat grain sorghum yields were higher with 73 000 than with 52 000

{plants per acre, and that a significant plant population x row spacing

;interaction was present tThey concluded that successful narrow-row

’cult e‘requires a‘high plant population. p
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a”yfound thatlpoil tempcrnture, light intensit a

!?was significantly influencing the net radiation absorbed by sorghum

'?,plants.;q:' i ) ‘1117‘ )
: N‘ A study of the effects’of moisture, spacing, fertility and their
i;interaction on grain sorghum production was carried out under irrigation=
j*in northeastern New Mexico by Painter and Leamer (21) They used the
variety Plainsman planted in 36 inch rows with. plants spaced four and
dﬁnine inches in a row.: The highest yield was obtained from a combination
"Of‘249'"pounds‘of ﬁitrogenﬁand]SOVpounds of P,0,, plants spaced 4 inches
v'apartiinigh inchtrous:and:irrigated whenever the soil moisture reached
a tension of"0.7?atmospheres at a 9-inch depth. The value of thicker
"planting,uas.evident only when'léo or more pounds of nitrogen was
applied; ‘In.thisrcase yieldslwere from 14 to- 18 bushels higher.

In several tests with sorghum, Grimes and Musick (14) evaluated
‘ the effects of row. width 01 7- 14- and 28-inch rows all with plant

',populations of 56, 000 112 SOO:and 224, 000 plants per acre under irri-

,vgééian. They concluded_that plaﬂt P°PU1ati°“ may vary widely without

'tseriously affectin'? rain;yield and that this tolerance to varying plant

»ipopulations of grain sorghums was due to their ability to tiller and

_fproduce larger heads with low plant populations and smaller heads

ffconbined with some.plants not producing heads with high population. ﬁ'




of VéfQOQ;;§o£éﬁgéié;ﬁ§;ypes gfeéfiyajpf;uen¢e:th§ii’qupunse[té'gpQCiﬁg;i
"St:fi';i;ieyt';-q;id'"Y‘”b;‘\i;'i‘éﬁ“:,("-32’)'obtain'ed infornation on the extent to wiich -
'pléﬁtfheiéﬁt 5ﬁf§cted response to row width ‘and Stand:dehsity in threé,
‘grain sOrghum vafieﬁies. They used one short variefy-and two tall |
varieties. They‘foﬁn& that tﬁgvinteractioné of plant height by stand
dénsity’and blaﬁt héight by variety were significant in all cases. The
short genotype performed better at high stand density but the tali
genotypés were‘superior at lower stand densities. Martin (19) concluded
that in sorghum, environﬁental coné%tions favorable for greater plant
height also favor greater yield per unit area and greater seed size.
The.effec; of soil fertility and plant competition in sorghum grain
was studied by Blum (6). High soil fertility and low plant population
increased ﬁﬁe seed weight and number of seeds per panicle. Anderson
and Webster (1) compared the seed weight of sorghum hybrids and inbred
varieties. They observed that seed weight of the hybrid tested was
not greater than the inbred varieties when plant population was equal.

Douglas (11) using plants of the strains Martin and RS 610 reported that

seed weight decreased as distance between plants became greater.
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Field WOrk

ﬁ“This experiment"was initiated at the Purdue University A8f°“°my

‘”Farm ‘Lafayette,‘Indiana in the summer of 1968.4 The laboratory work was

:hconducted during the fall of the same year., Three inbred varieties,-

,ﬁo793 (I s. N .9:0075) 0819 (1 s No.,_2319) and Martin B from the world

';collection of sorghum and three hybrids Nartin x 0793 Martin x 1884
»fand R5610 were selected for this study Two of these strains RS610

‘and Martin B can be considered as short—size sorghum while the other
ifour can be considered as medium ‘types. For the purpose of this work
‘?the strains were chosen among a group of sorghum genotypes because of
ftheir adaptation, relatively high and differing grain protein content.

, The lines were planted on- May 1, 1968. The soil type was a Chalmers
;siltv clay 1oam.; This soil is characterized by being almost black, of

;neutral pH and fairly high in organic matter. The prior summer it

cropped with maize. The fieldiwas spring plowed. To eliminate

;fertility as a limiting factor to plant development 259 pounds actual
fni ogen was applied half in the form of urea and half in the form of

fammonium nitrate, the week prior to planting. Only hours after planting,7

‘rain ‘began to- fall and conti ed:falling for several days flooding the f~ :

fexperimental area.' this situation and the: contribution of ab- L

inormally cool temperatures uring the same period, germination wns

fextremely poor and most_ f ﬁhe,experiment had to be'replanted.k
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""" ; 1he first fuctor

y consisted of three population densities, 86 450, ‘172 900 and 345 800

w',plnnts per hectareiandfthe second factor Lonsisted of §ix genotypes,

'Martin x.0793, Jartin %, 1884 lartian; RS610, 0793 and 0819. A

ranaonizediconplete block design with four replications was used. Plant
densities and replications were considercd fixed and genotypes were
random. Each plot consisted of four 12-foot long rows spaced 30 inches
apart. The experiment~was thinned to approximatelv the desired popu-
lation densities when plants were between three to four inches tall.
Atrazine at the rate of 6.2 pounds per hectare and Ramrod at 3.7

pounds per hectare were applied for weed control. Cultivation was

practiced by machinery first when the plants were young and by hand
later. All counts and measurements were taken from the center 10 feet

of the two center rows to eliminate border.effects. The experiment was

bordered with two rows of RS610 sorghum.

The characters studied in the field, the procedure used to measure

them and the units of measurements are given in Table 1.

Laboratory Work

Seed weight was deternined by recoroing the weight of 100 seeds
chosen_at‘random for each of the 72 plots involved. To check on
unifprmitynof sanples, each seed was inspected to ensure that only
§Ho1e‘seeos were;included

Percent 0il in the seed was measured by use of the "nuclear magnetic

.resonance (N M R ) spectroscopy method." This method is rapid, accurate. |

qand.nomde'vructive.

' For the mbryo study'a sample of 30 seeds was taken from each? lot“’

fEach sample containe_‘onIA whole seeds._ Sampies.were;piaceg in:a‘drier




f;Table 1., Characters measured in field plots to study effects of population pressure on. plant performance;
S in six sorghum genotypes. 1968, Lafayette, Indiana.

cm Recorded at maturity by measuring the mein etem from ground
level to the top of the panicle.

- cm Measured from the collar of the flag leaf‘to“the‘lewefmoee
- - panicle node. : S 7
fJPanicle Length L e‘ cm Measured from the bottom panicle node to the uppermost floretq

ngength of’the Flag Leaf,l cm Measured from the ligule to the tip o£ the 1eaf. 17'

:’ _ ,uthe Flag Leaf .cm Measured from the widest portion of the leaf blade.A;g:?;fffh;
. Grain Yield ": B Kg/ha Determined by hand-cutting the panicles ffom‘the‘deﬁtefuibr:‘:

feet of the two center rows of each plot, air drying to*"boutl
9% moisture, threshing and weighing.
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at.180 degrees Fahrenheit for 96 hours to remove all the moisture from
the seed. After thht they were removed from the drier and weighed.

To be sure that 180 degrees was enough to remove all the moisture from
the seed, two samples were left in the drier for 48 additional hours
after recording their weight at 96 hours. The new weight was then
recdrded and no significant change in weight occurred. This was taken
as indicating that the seeds were moisture free after 96 hours at 180 .
degrees. Next, seeds were soaked in water for five hours in the cold to
facilitate separation of the embryo from the endosperm. Separations
were made by hand and each embryo was checked visually for cleanliness
of separation. The seeds, now without embr&os, were placed back in the
drier at the same temperature for the same period of time as before to
remove all moisture. The weight was again recorded. By subtracting the
weight of the seed without embryo and moisture free, from the weight

of the whole seed moisture free, an estimate of the weight of -the embryo
and ﬁhe percent embryo of the whole seed was calculated.

To determine the relationship between the characters studied,

simple correlation coefficients were calculated.



'RESULTS AND DISCUSSION -

‘The analysis of seed fractions revealed that the embryo as percent
:of the whole seed vover three populations in six sorghum genotypes,
{ranged from 10 52 to 13.88 with a grand mean (over three populations
-and 6 genotypes) of 11. 69.; Thia indicates that the embryo free seed,
:which is mainlyvendosperm, ranges from 89.48 to 86. 12 percent. The
percent protein in the embryo.over three populations ranged from 18.14
tot24.68‘with a granddmean of 22.05. These values are very similar to
those reported by,Hubbard et al. (16) in which the proportion of endo-
Spérm was found to range from 80.0 to 84.6-percent of whole seeds,
and the germ from‘7.8 to 12.1 percent. They also found the percent oil
in the seed and percent protein in the whole sced and embryo were 3.66,
12;3-and:l8.9 percent, respectively, which is quite comparable to graud
means,of 3,65, 12.3 and 22.05 reported in this work. These results are
also Very'similar to those ohtained.by Early et al. (13) in corn. They
found the germ to range from 10 2 to 14. 1 percent and to contain abcut
22 percent of the protein and about 84 percent of the oil. Tables 2 to
4 give the analysis of variance with mean squares for 16 characters.
highly significant mean squares among\genotypes were found for head

exertion, panicle length, plant height length of flag leaf width of

flag leaf, weight of 100 seeds‘ weight of embryo, embryo as percent of

“percent oil in the seed?iyield, percent protein in the “3‘T

whole seed;

embryo free seed and whole seed 1ysine‘as percent of protein in the o

B
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;?T%BiéMZ.J-Analysis of variance for six c
L in Sorghum bicolor (L.) Moench

haracters with six genotypes over three
- 1968, Lafayette, Indiana.

population densities

Z protein- % lysine Z protein % lysine o

ariasion 4 fnemme  newne  nwele nlmle  Aprorsis i
Mean Squares

Blocks 3 0.376 0.026 1.941%%  0.003 52.074 3.433
P pulation 2 4.014%* 0.048%* 2.828%% 0.051 21.557 1.225
'cég;o;.ypes 5 17.638%%* 0.168%* 19.929%% (.387%% 58.004%* 1.497
P x G 10 0.421 0.009 0.229 0.027 8.058 1.396
Error 51 0.584 0.010 0.444 0.023 20.625 2.245

‘*Significant at the .05 level
- **Significant at the .01 level
‘ttLysine as percent of protein



* Table 3.

Analysis of variance for five characters with six genotypes over three population'den51ties

_in Sorghum bicolor (L.) Moench. 1968, Lafayette, Indiana.

l}Source of df Weight of
{;variation T 100 seeds

Embryo
weight

Embryo as %
of whole seed

3 oil inguf L T
-the seedj¢5; ;3»G,mw R

'*ffl3~lgil_5lgoib76
f{Population;i}* j:fiim;gi:»'fo.llh

; Genotypes  fi’:;;f5;f :’;'if3:999**
Pxc 10 0.0

TUS1L . 7 0.047

0.251
0.082
5.942%%
0.048

0.155

Mean Sqﬁares

0.692

0.485
17.391%*

0.208

0.591

~0.066

7.882%% 5*4664653 759**53
so% . enoain

0.033 . 450419.950

"242297‘563

0.059 fff4519174503688 -

. #*Significant at the .01 level
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giapié 4.

Analysis of variance for five characters with six genotypes over three population densities
- 1in Sorghum bicolor (L.) Moench. 1968, Lafayette, Indiana.

:soufgé,Of ‘ af Head Panicle Plant’ Length of Width of
=vgriation exertion length height flag leaf flag leaf
_ Mean Squares

" Blocks 3 13.638 1.155 375.584% 66.557% 0.404.
jP9§ulation . 2 290.062%* .29.393** 241.127 207.161%* 3.559%%

\;égAOtype 5 421.945%* 417 .034%% 38937.650*%% 236 .591%* ©5.424%* '
PxG 10 - 25.434% 1.493. 94.068 13.354 0.203
.Error - 51 11.386 2.481 115.932 14.026 0.317

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



f?for l)sinc as percent f the protein in the embryo is suggested

,ﬂthat one or more of{'he‘fenotypea were considerabl different in their s

,}performance forf e cl racters studied with tht,eaception_of lysine as:;

‘ﬁpercent of protein in:the embryo. Duncan s new multiple range test wasf'

fused to determine which.o: the 6 genotype means were aignificantly ¢Lij
:édifferent for oil percent in the seed and for yield._ The results are f”
.ishown in Tables5 and 6 which give the average performance of each geno-

type over three population densities for each of the 16 characters

studied. ‘ .
| The analysis of variance also indicated highly significant differ-
ences due to population densitiés for such characters as head exertion,
.panicle length, length and width of the flng leaf, percent protein in the
embryo free seed lysine as nercent of protein in the embryo free seed
and'percent protein in the&whole=seed No significant differences due
to population densities were found for percent protein in the embryo,
:lvsine as percent’of protein in the embryo, lysine as percent of protein
,in the whole seed plant height,,weight of 100 seeds, embryo weight,

embryo as percent of the whole seed, percent oil of the seed or vield.

of the 16 characters studied only head exertion showed a signifi—

| This might indicate that the o

.cant population by ge'otyp 'int'raction

iresponse of the genotype to changes‘in population density was not the o

'same for this character.

*W f;Appendix Table Al 't0.:Al6: give the mean performancei £ ach

individual genotype for 2ach . cha

facilitate the compariaon_ofiperformance the ‘enotypes were ranked
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>T§$i§:§. ‘Means of six sorghum genotypes. for nine cha
S L LT percent oil in the seed with test of signif

racters with three population densitie
icance for percent - oil

s and ranked according to ; B
1968, Lafayette, Indiana. )

5.90

3.65

Weight of Embryo as X protein % lysine 2 protein 2% lysine 2 protein % lysine 2 011 Duncaﬁ 's: h':

embrvo X of the in whole in whole in embryo in embryo “in the in the - in the Vultiple o

(mg) whole seed seed seed*t free seed free seedtt embryo embryo?? ‘seéd Qange Test*;;'*

‘ﬂi0819 ' *371:1 ?9.71 13.88 13.38 2.12 11.70 1.33 24.66 6.16 ,s.za R

_*_qarzin B 288 11.49 13.24 1.82 11.59 0.98 22.52 647" 349 oy o

ﬁfuarzin x: 0793 :3.98 11.23 12.08 1.86 10.79 1.13 21.31 5.68 “-3,44’ - ivj1  f'§ :

Corez T 3.96 10.52 13.52 1.62 12.36 1.08 18.14 5.75 3.33:"‘Af;11i HE

lfgsslo, . 5,13 12.13 10.95°  2.00 '9.60 1.09 22.79 5.85 . 3.28. ‘1 l “f:f {f

x;r:;n:xjiaaa 3.12 10.88 10.60 2.03 9.35 1.18 22.86 5.50  3.07 | .‘;,
jv$¢§ﬁ ' ” 3.63 11.69 12.30 1.91 10.90 1.13 22.05

.’*Any two means not spanned by the same
. same . line are-not significantl»

%vb&l...-a..- P -

line are significantly different at the .05 level.
different at the ,05 level.

Any two means spanned—by;thgi




eens of six sorghum genotypes for seven characters with three nopulat1on densities and
anked according to yield with test of signlficance for yield.

1968 Lafa)ette, Indiana.

~=ﬁﬁ#ﬁé&df‘i"piah; Panicle Weight of Length of

"height length
- (em) (cm)

100 seeds .
(gm) -

flag leaf
(cm)

_ Width of .

flag leaf

| (cm){_?f;

_ Grain Duncan g Vewi

Kg/ha

yield - Multiple -
Range Iestf:; N

©235.08  23. 72‘_

w5163§55;§}

= s =

2ij;:;55"13f36fk"
78183 21.34 -

e

372
3.55
2.72
T2.05
o

2.63

:42,05

’¥33;47‘

3213

4319

3820

37,12.

6.537

6.28

T

. 5:66° ”’f56384.,92

6160 -

;.5;6655*;5f4919 74;fn

“ff7195 33?: e

;f6396 43Q

"3?6189 31f

fﬁﬁé&ﬁjf;*f;]ff’;% fislié“"”111§2;57 '21;41'

3.26

r37;6§

52?3' n[

667476

Any two ‘means not spanned by the same line are 51gnificant1y different at the 05 1eve1.
: penned by the same line are not significantly different at the .05 level.

Any’two means
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'"ﬁbascd o their mean performance ovcr three populationb- For most

fjcharacters studiec the genotypes with the highest mean values over
”ﬂthree pOpulations were also the highest for each individunl population.,
“The mean values for those characters which required fractioning of the
“‘seed and/or chenical analy91s are shown in Appendix Tables A3 to All.

'-The weignt of the embryo measured in milligrams and the embryo as

J percent of the whole seed gave mean values for the low population

kwhich ranged from 2 90 to 4. 63 mg and 10.60 to 13.50 percent, respectively.
-At the medium population the range was from 2.82 to 4.82 mg and 10.40

to 13. 98 percent, and for the highest population 2.90 to 4.67 mg and

<10 55 to 14 15 percent. Percent oil in the seed ranged from 3.00 to \
5. 22 percent for the low populations, from 3.07 to 5.47 for the

‘medium and 3. 13 to 5,12 for the high population. Mean percent protein

1n the embryo free seed, embryvo and whole seed ranged from 9.55 to 13.00
percent, 16.30 to 23.45 percent and 10.77 to 13.93 percent, respectively,
for-the iowepopulation. For the medium population the range was from
9.55mto l2;20, 19.13 to 25.13 and 10.57 to 13.53 percent, and the range
for the_high population was from 8.95 to 11.85, 19.00 to 25.47 and 10.45

‘ t6713 10 percent. The differences due to populations were found to be
rhighly significant for percent protein in the embryo free seed and

whole‘seed but not for percent protein in the embryo. These observations

‘ jsuggested that the endosperm is probably the fraction of the seed which

[ﬁiszmost affected by high plant densities in production of protein while

rj_the embryo or the proportion ot embryo are pot appreciably affected.

‘VlAlso,"h, reduction in percent protein in the endospvrm for. each

"4;increase"in;population seems to be large nough to result in significant

in-the ’hole seed The data for lysine as percent of




fathedembryo and whole seed. The range for each population was £rom O 885[f

to. 1.30 percent 5 66 to 6 60 percent and l 62 to l 92 percent for the f

5{ mbryo free seed, embryo and whole seed respectively, for the low
fﬂpopulation. For the medium population the range was 0 99 to 1. 30

‘95 23 to 6 87 and 1 66 to 2 19 percent and for the high population 1 08
o 1. 40 5. 62 to 5. 95 and 157 to 2.24 percent.
At 86 450 plants per hectare the range in grain yield was from
J{& 764 94 .to’ 7 9&5 86 kilograms per hectare' at 172, 900 from 4,548.33 to

JlO 150 15 and at 345 800 plants per hectare the range was from 5,445.95

to’ 8 792 96. Yields:were~always higher at 345 800Aplants per hectare
1than at 86 450._ However, the differences due to population densities were
:;not significant;‘ One explanation for ‘this could be that the high population<
,used to test the genotypes were not high enough to produce significant dif-
~§ferences.; The weight of 100 seeds range from 2.73 to 4 20 gm for the low
ipopulation, 2 59 to 4. 01 gm for the medium and 2 56 to '3.86 gm for the high.

?

«gPlant height increased with higher plant densities and the range was from

'¥122 15 to 270 75i*123 95; ‘fzez 45 and 129 75 to-263. 45 em for the low,

gmedium and high\populations, respectivelv.; The mean head exertion for the.

ylow;imedium and high pop"ations ,anged from 0 15 to 13 80 cm, 2.10 o 14 65

ﬁcm and 2 85»to 25 05. The mea panicle length ranged from 14 13 to .

12. 92 t0 28.10 cm.:;Thgc"** length of



http:to:,270.75
http:8,792.96
http:5,445.95
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f{for the highest:f The width ranged from 5 45 to 7 22 cm, 4. 60 to: 6 30

i

~‘,Yem and 4 47 to 6 27 cm for the low, medium and high population, respect-i:
‘;iively. | | - | |
The genotype with the heaviest embryo was ‘found to have the highest
percent oil in the seed, the highest percent protein in the embryo, the
second highest lysine as percent protein in the embryo, the second high-
est percent. protein in the whole seed and embryo free seed, the highest
lysine as pcrcent of ‘protein in the embryo free seed and the highest
proportion of embryo.‘ Also, it was the second highest in yield.
To'determine the type of relationships that exist between the 16
characters studied simpie correlation coefficients were calculated
(Table 7). The weight of the embryo was significantly positively corre-
lated'withrpercent oil in the seed (r = +6720), percent protein in the
embryp'free seed ‘and the whole seee, lysine as percent of protein in the
embryo‘free.Seed, flag leaf width, yield, plant height, weight of 100
seeds (r - .7578) and-embryo percentage of the whole seed. It was signifi-
cantly negatively correlated with panicle length and head'exertion. This
suggests that hreeding and selection for larger embryos might be effective
"in improving the quality.of the grain for oil and protein. Percent protein
in the embryo showee a significant positive association with lysine
as‘percent of protein in the embryo free seed and embryo as percent of
the whoie,seed and a significant negative relationship with lysine

as percent of protein in the embryo, percent protein in the embryo free

5seed and length of flag leaf. The relatioaship for lysine as percentfof

'pro'”i“'in the embryo was significantly positive with percent'prot in

fin the_embryo'freeAseed and lysine!fs percent of proteinlin;wh__wholewﬂ
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seéd;jaﬁdﬁs;gnlficahély negative with lysine as percent of protein in
the emﬁryo'ffééAseédV;nd percent of protein in the'embryo; Percent
ﬁf@téiﬁ‘iﬁ tﬁe‘ééé& showed significant négative relatiohéhips with
lysine as percenﬁ of protéin in the seed, head exertion and panicle
length, but signifi&antly positive with percent protein in the embryo
free seed (r = .8867), percent oil in the seed, embryo weight, weight
bf 100 seeds and wi&th of flag leaf. Lysine as percent of protein in the
seed gave correlation coefficient values significantly positive with
percent oil in the seed, lysine as percent of protein in the embryo And
embryo free seed and embryo as percent of the whole seed; and signifi-
cantly negative with percent protein in the whole seed and embryo free
seed and weight of 100 seeds. Yield gave highly significant positive
correlation coefficients with plant height, but no significant associ-
ation ;eemed to exist between yield and flag leaf length and width.

Panicle length was significantly negatively correlated with percent oil

in the seed (r = -.6764) and with percent protein in the embryo free

seed and whole seed.



SIDLARY

: | The effects of increasing plant density from 86 450 to 172 900
’;iplants per hectare and from 172 900 to 345 800 ‘was to significantlv
efincrease the percent lysine in the protein of the embryo free seed and
“'head enertion, and to significantly reduce the percent protein in the
fembryo free seed and whole seed panicle length and flag leaf length and
'width. No significant differences due to populations were observed for
percent protein in the embryo, percent lysine in the protein of the embry
'and whole seed weight of 100 seeds, embryo weight, percent oil in the
seed, yield, plant height»and embryo as percent of the whole seed.
' Yields were always higher at 345,800 plants per hectare than at 86,450.
‘However. the differences due to population densities were not significant
One explanation for this could be that the high populations used were not
high enough to produceca significant response. Yield was significantly
positively correlated with plant ‘height but no significant association
was shown with flag leaf length and width. The weight of the embryo
was significantly positively correlated with percent 0il in the seed
Aﬂ(?' ..6720), percent protein in the embrvo free seed and the whole
n{seed weight of 100 seeds (r =;.7478) and with certain other characters.
.fPanicle length was significantly negatively correlated with percent

;‘oil in the seed (r =V-.6764) and with percent protein in the embryo

;ifree seed and whole seed Percent lysine in the protein of‘thc -

h;embryo and the whole seed was significantly negatively-correlated‘with

,;percent protein, In general increasing the population resulted “in ‘an



kincrﬁ&se inipiant héight. A signifiCaht'popﬁlation by genotype interé{tf
action was observed only for head exertion. |

Signifiéaﬁt diffcre@ces among genOCyéés were found for 15 out of
16 cha}ncters studie&; The only exception was lysine as percent of
protein in the embryo..

The embryo as percent of the whole seed over three populations
ranged from 10.52 to 13.88 with a grand mean of 11.69.

The mean percent profein in the embryo, embryo free seed and whole
seed over three populations ranged from 18.14 to 24.68, 9.35 to 12.36
and 10.60 to 13.52 percent, respectively, with grand means of 22.05,
10.90 and 12.30 percent.' Mean lysine as percent of protein in the embryo,
embfyo free seed and whole seed over three'populations,ranged from 5.50
to 6.47, 0.98 to 1.33 and 1.62 to 2.12 percent, respectively, with
grand means of 5.90, 1.13 and 1.91 percent. Percent protein in the

whole seed was significantly positively correlated with percent protein

in the embryo free seed (r = .8867).
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APPENDIX

.‘laple Al, -mMean grain yleld or sSilx sorghum genotypes for three population
‘ densities (Kg/ha) ‘1968, Lafayette, Indiana.

Population.(Plants/Hectare)

Grand Mean

Genotype —— '

Rt 86,450 172,900 345,800 Mean
Martin x 0793  7,945.86 10,150.15 8,792.96 8,962.99
0819 7,154.66 6,870.33 7,561.01 7,195.33
RS610 6,224.79 6,286.06 6,678.44 6,396.43
‘Martin x 1884 4,300.00 6,549.98 8,304.38 6,384.79
0793 5,834.03 6,030.75  6,703.16 6,189.31
Martin B 4,764.94 4,548.33 5,445.95 4,919.74

6,037.38 6,739.26 7,247.65  6,674.76



http:6,674.76
http:7,247.65
http:6,739.26
http:6,037.38
http:4,919.74
http:5i445.95
http:4,548.33
http:4,764.94
http:6,189.31
http:6,703.16
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http:5,334.03
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Igan 100 sced weight of bix sorghum genotypes. for .three -
opulation densities (gm) 19685 Lafayet:e, Indiana.*

)

T romataston Glamealtectare)

172,900 . 345.800

‘Martin B VQ;f ?ﬂlfif;f,_

fGrtdeMéani"ffffﬂ

-—

+,Mean percent oil in the seed of six sorghum genotypes for

‘Table A3
N three population densities 11968 Lafayette, ‘Indiana.

£ “g‘ j‘ -

*'_;,i‘ébﬁﬁiagigﬁj(?15ni§/ueccate) Z

Genotype - ——
St el 345,800

fMarcin'x 0793

Grand Mean




‘3ﬁ:

'JMenn embryo nq percent of Lhe whole’ qeed of six sorghum 5

qPdeiqgign;(Pléﬁts/Hégtare)

LT 86,450, 172,900 345,800  Mean

13500 13,98 14415 13.88

L1205 0 1230 12,05 12.13

VEMarﬁin‘Bq }if{;Cf{t "1i.25, _ 11.45 A 11.77 © o 11.49
f;Marcin x o793*f:"?“ 10.85 11.35 - 11.50 11.23
iHattin x 1884? ; B 16;90 | 11.10 | 10.65 10.88
 0793 “; 15 ~' . 10.60 10.40 10.55 . 10.52

BT NI IR TR

qugﬁd Mean. . 11.53 11.76 11.78 11.69

'Table AS.; Mean weight of the embryo of six sorghum genotvpes for three
' population densities (mg) 1968, Lafayette, Indiana.

. Population (Plants/Hectare)

ST ».’g"} ;

86,450 172,900 345,800 Mean

0819'” 463 4.82 4,67 47

Martin X o793ﬁf5', ?f3t9sf 39 4,02 3.98

4.00 .3.87 3.9

Martin x 1884’*

Wartin B

Loledim




jIéBiézASQ 'Mean percent protein in the embryo free seed of six sorghum
STV penotypes for three populution densities. 1968, Lafayette,(ﬁ;
S Indiana. ' S A o LR

) 3Population (Plants/Hectare)

G e "?86 450‘5; 172,900 345,800 ' - Mean‘v

;67§§55f*#5”f,.! 1ff?13 ooﬁﬁgif"-f112§20*>',i .8 *12 .36
50319 - T3‘   : t%ﬁgflz 287,; »,ffii;gad‘;. - {11 03 ;11 70
Martin B 1L aofl*;g.'};?ig;13f :.:_- 0085 1159
Martin x 0793f"f ﬁ¢:11 17-[,ij ' f=16‘{3 \ :1 =1d}%§' 10079
RS610 h f,yﬁflff-9,8ov;. _*f” 9.0 930 . 9.60

Martin x 1884 - 9.55 ©9.55 . 8.95 9.35

Grand Mean 11.27 110.97 10.47 10.90

Table .A7. Mean lysine as percent of protein in the embryo free seed of
. 8ix sorghum genotypes for three population densities. 1968,

: Lafayette Indiana. ¢

Popuiagionj(Plgnt#[ﬂectare)

Gemotype . - —
86,450 . 172,900 345,800 Nean

0310 L1300 140 1.33

Martin % 1884§ ° Coral 19 1.18

Mnrtin x o793§ff o213 13

Rselo Comaz 109

0793 Coonde L osﬁf{f:?

dartin® 088 099 (18 098

srand Mean Blna
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‘Table A8, - M@an‘pgfééﬁtﬁﬁpotein‘1nf;he embryo of éix-gorghUm gcnotbeS7f;
‘ ?fgtcthrge pqu1ation~den81:1es. 1968, Lafayette, Indiana. '

Pq?dlation (Plants/Hectare)

" Genotype

86,450 172,900 345,800 Mean
0819 . 23.45 25.13 25.47 24.68
Martin x 1884 20.98 21.75 25.85 22.86
RS610 22,28 22.73 23.35 22.78
Martin B 23,32 20.48 23.75 22.52
Martin x 0793 20.50 22.68 20.75 21.31
0793 16.30 19.13 19.00 18.14
Grand Mean : 21.14 21.98 23.03 22.05

Table A9. Mean lysine as percent of protein in the embryo of six sorghun
genotypes for three population densities. 1968, Lafayette,

Indiana,
Population (Plants/Hectare)

Genotype

86,450 172,900 345,800 Mean
Martin B - 6.60 6.87 5.95 6.47
5819 . - 5.50 6.75 6.22 6.16
3610 | 6.51 5.55 5.49 5.85
3793 . 6.74 5.60 4.90 5.75
fartin x 0793 .  5.85 5.20 6.01 5.69
fartin x 1884 ,.5°56' 5.23 5.62 “‘ f'_,5;5b=f~;fﬁ
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Table AlO.' Mcan pcrcent protein in thc whole sced of six. qorghum genc
& types for three population densities. 1968, Lafayette,

Indiann. S . . R

'("gfpopulation (Plants/lectare)

86,450 172,900 3%5,800  Mean

f0793 C1e3 1ms 130 w2
0819 . 'f”?fi5F5}f ; « s 735 :_ : 1338
TMartin B w }f;j3f3in3.é§ -,;’f;f g13;§q{ﬂi7;,‘H;12 55 ':fiﬁpgq
iMartin x o793ff*l}5j}i;.zs’ "‘;_*iizﬁs;j?f7?,§912 oof; f-tA 1208
;RSGIO ",ﬁ, i f', -f11,o5_. | ; ;11167' . *1o 7of‘f - 10.95
;Marcin x 1884 io.i7'f' ;'10;57' 10s 10.60

B 2 I SUAYTIT-RIR. ",

,Craﬁa Hean 12,60 12,37 11.92 - 112,30

«Tablé-All.;fMéénVIysiné as percent of protein in the whdle seed of six
o - sorghum genotypes for three population densities. 1968,
- Lafayette, Indiana.

Popﬁlationf(Plaﬁts/Héctaré)

Genotype e —
86,450 172,900 . 35,800  Mem

0319 Lo 219 2.2 212

Hartin x 1884;

203 . 2.08 - 2:03
RS610 9$° . . 203 200
at S O T 13

Martin B L

crand o
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‘Table A12 “ean plant height of si\ qorghum genotypes for three . popu-‘
A*lation.denaities (cm) 1968 Lafayette, Indiana '

'r’?éﬁﬁlhcion (Plants/Hectare)

jcéno;ype, e ‘ . -

| 86,450 172,900 345,800 Mean
0819, 'i,'  f2?o,75 S 262,45 263.45 265.55
Martia x 0793 . 230.70 233.55 241,00 235,08
0793 1213.45 217.30 211.60 214.12
Martin x 1884 180.95 - 185.20 193.45 186.53
RS610 | 120.90 128.65 136.95 128.83
Martin B ©122.15 123.95 129.75 125.28

Grand Mean - 189.82 191.85 196.03 192.57

Bt et BB S AB A b I BN B B o B mcmmna eed b ee v e

Table Al3. Mean head exertion of six sorghum genotypes for three popu-
lation. densities (cm). 1968, Lafayette, Indiana.

Population (Plants/Hectare)

Genotype -
86,450 172,900 345,800 Mean

Martin x 1884 13.80 14.65 25.05 17.83
fartin B 13.40 20.00 17.70 17.03
zselo S 9.95 17.15 . 19.25 15.45
lartin % 0793" - 9.35 15.50 18.90 14.58
)793 'f“'{ 1015 13.15 14.35 | 12,55
;;gaatu;;nt,; T e 137616135




38

- Mean panicle length of six sorbhum genotypes for three popu-f
lntion densities (cm) 1968 Lufavette, Indiann.‘; .y. S

. Poﬁulqtion (PlantSIHectaré)‘,',.,‘

Genotype | m———nr- . it
e "“86;450 o 172,900 345,800  Mean

fMarcin x 1884?ﬂjL  30 55i;-,'i |  30,5; . 28.10 29.73
7Martin B f,  f? s 27 }: ~' Cawag2 2235 24.12
Martin x 07957"f’ ;i3z5,;§?  a3s0 22,60 23.72
RS610 o V;22,88'A, o 20.és,u - 20.30 | 21.34
0793 173 15.82  15.65 16.20
0819 . 14.13 13.03 12.92 113.36

TRECY TIIEEE

Grand Mean 22.52 21.38 20.32 21.41

Table Al5. Mean length of flag 1eaf of six sorghum genotypes for three
' ’ population densities (cm). 1968 Lafayette, Indiana.

Populatibn (Plants/Hectare)

-Genouype } - . :
S 7 , 86,450 :  172,900 ‘ 345,800 Mean

Martin'x 1884 45.65 . ;'44 17 39.75 43.19
Martin x 0793 - . 43.00" 4zizs o 40.90 42.05
0793 361320 35.85 38.20

Martin B ass’ 3138 37.12

0819 L . ssﬁ;g~1;-.rao;25 13.47

'RS610 ;'30 27f][;f?ﬂ“;q}22‘ 323

aeee o was s
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Table Al6. Méun width of flag leaf of six sorghum genotypes for three
.population densities (cm). 1968, Lafayette, Indiana,

Genotype

Population (Plants/Hectare)

86,450 172,900 345,800 Mean
0793 7.22 6.30 6.27 6.60
Martin x 0793 6.65 6.60 6.32 6.52
0819 6.60 6.35 5.90 6.28
Martin B 6.30 5.60 5.07 5.66
Martin x 1884 5.85 5.65 5.47 5.66
RS610 5.45 4.60 4.47 4.84
Grand Mean 6.35 5.85 5.59 5.93




