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ABSTR.('T 
Pearl millet, I'ennisetum anericanum (I..) ILeeke. is often eslah-

lished under stressful en%ironmeni.l conditions. lIus. establishment 
capabilifi is crucial In success of [he crop. ()bjeelikes of this sluds 
sere (i) In %erif%preious results associating establishment of tie 
crop "ilh densiti and site of seed, and (ii) to idenlif. other seed and 
seedling traits if pearl millet that are related to seed densit and 
site. Seed of four populations %%asdii ided h%grai it table into three 
densi., fractions. each of %hich was then separated. I' doclage 
siees, into three site fractions. Seed representing each population-
densit-site fraction %%as eiauated in a field sld%at Manhattan, 
!-'S in 1981 and in the laborator. Seedling emergence increased from 
400i iti small. lm-densit seed. to 62o it h large. high-densitlg 
seed. l).as from seeding to anthesis decreased from 70 uith siiall,
Iou-densit. seed, to 62 itfh large. high-densit. seed. In both cases. 
densil. and site interacted in such a ramanner that each factor had 
most etfect at ih leels of the wiher. Seed iwighl. a germination
inde\ that enlphasiied speed iifgermination, and seed diameter $$re 
positisel. affected h both .wed densit. and site. In addition. ger-
in alion, seedling height 24 da s after seeding, and proporin of 
%itreous starch in seed endospern %tereposilikel related to seed 
densit . Seedling respiration rate. on a per-seed basis, %sasassociated 
positivel) nil seed densit) and site. \\ iti a lised %%eight of seed. 
Iouseser. there "ias little effecl. Results indicated that seed densil 
and seed site %ere effectihe criteria of field establishment and 41f 
seed qualiti as deterniined 1) a number of lahorator%tests. In SinC 
cases, hosieuer. tie nalre f the densit\ I sie interact ion implied 
thai the major effects of both factor Isere effectis el. inlegrated in 
seed %%eight. 

.4dditional inder "wrds: ;erminatiiin. Grain .ield. Seed diameter. 
Seedling respiration, Seed protein content. Seed %%eight.Pennisetumn 
arnericanun (i..) I.etse. 

F \RI. IMII. I . ]mc'iin Leeke.Ihviimj U'lUr/I('/'IfJml (L.)P isan important food crop in semiarid parts of* 
Africa and Asia (Rachie anLd M lajlludar. 1980). Usa-
ally. tile crop mitust be established tinder conditions of' 
uncertain rainflIl ald WithoLut benelils of' aldvaInced
tillage and seedling leclnologv. Superior seed quality. 
and seedling vigor are. therelore, requisites to con-
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sistent establishment of satistactork stands. Study of 
Ihose traits should be a part of any conprehensiVe
c]eI'i to improve pearl millet. 

In lany crops. seed germination, seedling vigor, and 
other taits considered important in establishnmerit ca­

pabilit. have been found tO be associated posilivelv
with size. densit\. and/or weghlt of seeds (Abdullahi
i] Va; derlip. 1972: Ka fFmarinn and Guiltard. 1967:

Kneebone aid ('rller. 1955: Ries and Everson. 1973:
Sung and IelotChe. 1962). Gardner ( 980) found that
seed germination, seedling emergence. and e'entual

related positivelvto seed sie and seed 
grain yield wer t
density in pearl millet. Superior seedling vigor of heavy
seeds o" ba rley. lor'dleum vilga' L.. has been attrib­
ted to all incrcased quantitv of'm ilochondrial protein
and higher respiratorv activitv of' iloch ondria 
(MLDanlit'. 1969). Bartee and Kreig (1974) reported 

ti ii pla rid cotlon. (io.lp/fu Iir'il l L.. Iuan­
tliies of organic and inorganic nmaterialIs available to
geri ;.liaing seeufings \vere greater in seeds of' high
dellSV 111,111 in those of' low density..- positive rela­
tionship between eedling vigor and seed protein con­

e nt has been noted in wheat. ilUiiini an'Suitui L..
L el al.. I972: Ries and Everson. I973), 
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Objectives of this study were (i) to verify findings 
of Gardner (1980) relative to effects of seed density 
and seed size on seed germination. field emergence, 
and final grain yield- and (ii) to identify other seed and 
seedling traits related to seed density and seed size. 

\IATERIALS AND NIETHODS 
Seed Lots 

Seed sources (populations) were: RMP I (RMP). HMP 
550 (HMP). Serere 3A (SER). and Senegal Bulk (SEN). Seed 
of each population was separated into fractions of high. me-
dium. and low density by gravit\ table. Subsequently, each 
densit\ fraction was separated into three size fractions by 
means of dockage sieves. Size fractions %%ere large (retained 
on 2.8-am round-hole Lievc). medium (passed 2.8-mm 
round-hole sieve but retained on 2.4-mm round-hole sieve),
and small (passed 2.4-mam round-hole sieve). 

Field Study 
A field stud\ was planted at the Kansas Agricultural Ex-

perinient Station Agronom\ Farm. Manhattan on 5 June
1980. Soil at the site was an Ivan silt\clay loam (line-silty. 
mixed. mesic (ululiC Hapludoll). The experimental area 
received 84 kg N and 34 kg P ha Ion 30 Apr. 1980. M ean 
monthlh temperatures during the growing season were 25.8. 
31.). 28.8. and 22.5 ("for .June. July. August. and Septem-her. rcspectivel). Mean monthly precipitation for the four 
months was 66.8, 29.7. 68.3. and 42.9 mm. respectively. That 
was < 50' of normal for th,, period and was especially 
deficient in July. but drought stress was not apparent. 

Experimental design was a split plot in which the main-
plot arrangement was a randomized complete block. Pop-
ulations were main-plot treatments and the nine possible 
densit\-size combinations were subplot treatments. There 
were three rep'ications. Each plot consisted of two rows 6.1 
m long. Row spacing within and between plots was 0.76 m. 
Seeding was b\ means ofa two-row \acuum planter and 110 
seeds were placed in each row of each plom. 

Field emergence was expressed as a pc-centage ofthe num-
ber of'seeds planted with seedlings counted on 24 or 25 June. 
when most were in the three- to five-leafstage. Seedling height 
was measured from the ground to *he highest point of the 
extended foliage 24 days after seeding on three random plants
from each ross of each plot. Measurements for the six plants 
in each ploi were averaged to give a mean height. Days to 
anthesis was the number ofdass from seeding until at least 
50% of tie plants produced heads and 51)% ofemerged heads 
were in full anthesis. Heads were hand harvested from each 
plot and threshed. Grain \ieid was adjusted to a moisture 
content of 125 g HO kg f of total weight and expressed as 
kg ha . 

Laboratory Determinations 

Lots of 50 seeds were placed c n moist filter paper in petri
dishes and maintained at 27 '(' in a germinator for 7 days. 
Germination counts were made daily beginning with the 
second day. A seed was considered germinated when it had 
produced a plumule and a radicle. Germination index, de­
signed to emphasize speed of germination as well as total 
germination, was calculated from daily germination counts 
acc,,uing to a formula described by Maguire (1962), with 
the exception that counts were based on 50 rather than 100 
seeds. Seed weight was determined on 50 seeds dried to con-
stant weight at 65 'C. An independent measure of seed size 
(diameter) was obtained by sizing 50 seeds with a series of 
five dodder sieves with hole diameters of 3.51, 2.62, 2.01. 
1.65, and 1.45 mm. All seeds passed the coarsest (top) sieve 
while none passed the finest (bottom). Seeds retained on each 
sieve wre counted and average seed diameter calculated by 

assuming seeds to be of the same diameter as the holes of 
the retaining sieves. Lots of 50 seeds were classified visually
according to shape as (I) elongate, (2)medium-elongate, (3)
medium-spheroid, and (4) spheroid. Individual seeds, in 
samples of 10, were sectioned longitudinally through the germ
face. Halved seeds were examined under a lOx stereomicro­
scope, and the apparent proportion of chalky to vitreous 
starch in the endosperm was rated as 0(0 to 20% chalky),
 
1(21 to 40% chalky). 2(41 to 60% chalky). 3(61 to 80% chalky),

and 4(81 to 100% chalky). Observations for the 10 seeds of 
each sample were averaged.

Seedling respiration was determined on samples ot50 seeds 
placed in serum bottles with 5000 mm3 of vermiculite and 
5 mL of water. Samples of' 0.5 mL. of gas were withdrawn 
for determination of ('0 content at intervals of 48, 72, 96, 
and 120 h flollo% ing introduction of the seed. Carbon dioxide 
content of the extracted gas was det'rmined by means of a 
modified ('arle 85(11 thermal conductivity gas
chromatograph'. with a 1.83 m column of Porapak Sat 30 'C. 
and a N carrier gas at a flow rate of 720 mL It '. Respiration 
rate was computed h\ means of tie following formula: 
Rate Peak height of observation for ('C0 
Rt .(stoppered time in hours)
where/fis a standardization factor including corrections for
 
the aliquot taken and the peak size per mmole ofCO 2 injected
 

the mac .ad eak wow ('O
e wh es ed t as 
into the machine. Rates were expressed in two ways: (i) as 
pioles of CO, produced per hour by 50 seeds, and (ii) aspmoles of ('02 produced per hour by I g of seed. Total N
 
was determined spectrophotometrically (Technicon Indus­
trial Systems. 1977). and multiplied by 6.25 to obtain seed
 
protein content.
 

Data on seedling respiration were analyzed in two ways:
 
(i) with CO, production averaged across times of'extraction,
 
and (ii) with times of extraction treated as a factor in the
 
model. In the second analysis, the model was a three-rep­
licate split plot. with populations as main-plot treatments
 
and the nine possible combinations of seed density and seed
 
size as subplot treatments. In the latter case. data from each
 
population were analyzed separately as a three-replicate split
 
plot, with combinations of seed density and seed size as
 
main-plot treatments and times ofCO, extraction as subplot
 
treatments. Design for the study of relative embryo size was
 
a three-replicate, randomized complete block with trcat­

ments consisting of' all available combinations of popula­
tions. seed density, and seed size. Only populations of HMP, 
SEN. and SER were available for this stud'. In all other 
laboratory determinations, design was a three-replicate split 
plot in which main-plot treatments were the lour populations 
and subriot treatments were combinations of seed density 
and seed size. Deficiency of seed in some of the population­
density-size fractions resulted in missing cells in several of 
the laboratory analyses and necessitated pooling of certain 
nonerror interactions. Pooled interactions are indicated inthe analysis of variance tables. Data on seed shape were 

clearly nonparametric and were not subjected to variance 
analysis. 

RESULTS 

Field Study 

ield Emergence. Number of seedlings emerged in 
the field was affected by population, seed density, and 
the density X size interaction (Table I). Percent emer­
gence for RMP. HMP, SER, and SEN was 36, 57, 66, 
and 53. respectively [LSD(C.05) = 5%]. Generally, 
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Table 1. Analysis of variance summaries for field variables and Table 2. Effects of seed density and seed size on field emergence
 
seed starch appearance. and days to anthesis.t
 

Mean , uare 	 Seed Field emergence 1%) Days to anthesis 

Field Seed density Small Medium Large Small Medium Large
 
Sourceof emer. Seedling Days to Grain starch
 
variation df gence height anthesis yield appearance Low 40 43 59 70 66 63
 

Medium 57 57 58 63 63 63
 
% mm kgha' Iligh 59 57 62 63 63 62
 

Replication 2 186.4 202 91.34* 118433 0.256 	 t LSD (0.05) fo;- = 6%, dayscomparing interaction means: field emergence 

Population 1P1 3 2 042.60* 15 235* 415.52"* 407 226 3.524*0 to anthesis = 3.
 
Errora 6 45.1 1 743 3.70 104 118 0.063
 
Seed density (Dl 2 1319.9"* 14 586** 131.13" 702 881* 5.188**
 
Seed size 2 742 36.130 130780 0.338* Table 3. Analysis of variance summaries for five laboratory
IS) 98.2 

DS 4 225.7** 257 33.87* 123 792 0.086 variables.
 

PD 6 78.2 463 6.46 41 716 0.327"*
 
PS 6 17.5 1847 16.36 36 353 0.364"* Mean square
 
PDS 10 55.7 466 18.38 127 :101 0.142 Germina-

Error b 59 47.6 855 9.90 76625 0.183 Source of Germina- tion Seed Seed Seed
 
CV ferror al 12.6 17.6 3.2 57 10.2 variation df tion index weight diameter protein
 
C V (error b 12.9 12.3 5.2 49 11.8 .. ... .. . . . .. ... .. ..... .. . .. . . .
 

. .........--.. 	 - - - - - - - -.- - - - - --. '7 g mm gkg

*.** Significant at the 13 ( 05 and ' .:0.01 levels, respectively. Replication 79.52 1 591 0.0006 0.0066 1.9
 

em e witth SPopulationU'1 3 1197.49* 18901* 0.1740"* 0,1515*0 8971.2"*
 
emergence \vas ,asstociated p5itli\t.it bthi seed Errora 6 21.6 500 0.0014 0.0009 11.8
 

densilt and seed site. but the dIsity ' size Inter- Seeddensitv 11 2 583.2* q915** 0.0535* 0.0187"* 20.5 
action \was such that each 'actor had ma10sit dieCd it lov Seed size(S) 2 32.6 1234* 0.2532* 1.3127* 155.3* 

)S 4 55.4 708 ().0011 0.0242*9 115.9*levels of the olher. Ihls,elergence irolll hligh-(IenSit\ Pl) 6 125.2.* 1 176.* 0.0115* 0.0248** 74.1:* 
seeds was lnaflected b, seed si/m. and emergence fron IS + P1)S 13 28.5 263 0,00600 0.0168* 184.0.* 
large seeds \%as unafle,cted bM seed densit\ (Table 2). Errorh 54 36.2 257 0.0026 0.0024 11.4

CV (error a) 5.3 9.2 9.3 2.1 6.2~gSc/' I/I'ght..Av d ICi 24 daysd ragc e nig highlt (IVIerror hA 6.8 6.6 12.8 1.4 6.1 
after seeding was af.Celed h\ poptllatiOn and Seed dell- . .... .. ......... . 
sit% (Table I). A\crage height for RNI P. 1 M 1. SER. *, Significant at the' < 0.05 and P < 0.01 levels, respectively. 

and SEN \was IL)3. 248. 251 and .214 mim. respecti-\Ch 	 densitv X size interaction (Table 3) reflected a corn­[LSI)(().0.5 ) 229 nm ]...\ erage height (If' seed! irigs from' 	 egne~lzdseed(. medium,9 and hi densit 235. 	 plex relationship. which could not be generalized.ighi \asCIS2t)5.
aned 247 mm".respe.tie. '11.0 - \14 ias .2.3'cdI'I,iht.Weight of' 	50 seeds was aftlected by 

in seeingnl.1 pe Ne da.)((.()5:1flursaln2 lo Indic'so.I. Nut'hIerIi"erlof of da\Ss fri""114 seeding toto po)ulation. seed density, and seed size (Table 3). Seed 

anthesis %\asaffected b\ populalt. seed density. seed 	 weighl generall. increased with densu. but the eltand denst' 	 I).Sze. the X sie Interaction (Table Was more pronoIunced itli some po)ulations than withsie. dothers. odt resu lling inra significant population X density 
Means for RNP. HuI. Si-R. and SE-N were 66. 67. interactior (Tablcs 3 and 4). Seed weights for small. 
58. and 6+5 da s. respectivelvx [I.SI)((.()5) . 2 days], medium. and large seed were 0.34. 0.45. and 0.58 g. 
(iencrall.'. time reqIuired to reach anIlhesis \USisasso respecti el\ 11-SI)0.05) 0.03 gj Although tle es­
cialed riegali veh \i\hi both seed densit\ and seed si/e. tinlalCeOr the pooIled population X size and popIla­
but. as with field emergence. li e k.ct of eacl factor t i x density X size interactions was significanl (Ta­
was significant onl.x at Io\\ leels If tli' Ither (Table ie 3). e\aination of the second-order-irteraction
2). 

1 }old. Mea n iclds for Stands seedI of' i.cans sho\\ed no gross departures from tile foregoing(I'l 	 ' from0111 
low. medium. and high densit.\ 'cre 411). 03,. and 714 o.%cr l Icr. Average seed diameter vared \it 
kg ha '.respectivel [LSI)(0.)5) ' 135 kg ha 'I. but St'cdluet 
applicabili tx of dernsi tx mean diflt.'rences ' as coni-	 poplulation, seed density. seed size.and all interactions 

ariong those factors (Table 3). Seed diameter in­
cated h\ significance of'the poptlation - density "X ,reased rather rcgularly \ilh seed site. Examination
site interaction. )ther real ef'cts in the gra in-xield 	 one sllo%%ed 11h,1 Sig­data rna\ haV ebeen o~bscured h\ tile hligh (UV( Ilablc of "Seco nld-td r.-ineract1iln liea nls 

l nificarnt interactions i1volvitrg size reflected relatively 
1 ~minor de\ialions from that relationship. The rela­

ti(InshilI between seed diarneter and seed density couldl~aboratory let1rmi10tions 	 n t egerieralited. showirng pronounced inicoInsistenc. 

(i,'mal'll lo. Total germinatioin after 7 days \was across I)opultioris (I able 4) as well as size classes. 
affected by population and seed densit\ (Table 3). (er- .Sccd Shalp. .Aveia_,e ratings ; r R NI P. H NI P. SER. 
mination tended to inc'eas, with seed densit\, hut the and SEN \ere 4.0. 2.6. 2.9. and 3.8. r'esectively (non­
effect was significant only with IIP. creating a sig- parametric data). [)ensily and size elkcts. though ap­
nificant population X densitx, interaction (Tables 3 parent inHNIP. SER. and SEN werc inconsistent. 
and 4). .S 'ed Ih.fpyw'lrne..A pparent ofAhwr proport 1011 

(lermlnation Imh,.. In all )OP attions. tile index chalk\ to vitreous s;arch Varied Witl populli.n, seed 
was higher with seed (f rnedi urn and high densit\ than densi t. seed size. a;:d the populatiorn X density and 
with seed of low density. That relationship. however, Il)Oulatiori X size interactions (Table I). Proportion 
was inore pronounced with HNIP than with the other of chalky starch generall. was higher in seeds of' low 
populations. contributing to a significant population density than in those ofh'ligl lensity. Seed size allected 
X density interaction (Tables 3 and 4). The significant starch appearance only iii RNIlP. where small- and me­

4] 
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Table 4. Effects of population and seed density on germination, germination index, seed weigh., and seed diameter.fl 

Density 	 Density Density Density 

Lew Medium High Low Medium High Low Medium High Low MKdium High 

Pc)ulation Gernunation 1%1 Germination index Seed weight jg) Seed diameter (mm) 

RMP 70 78 74 179 207 199 0.26 0.29 0.34 1.94 1.94 1.97 
HMP 74 92 94 205 270 279 0.46 0.47 0.46 2.08 2.10 2.06 
SER 88 4 96 244 269 279 0.53 0.54 0.60 2.28 2.22 2.24 
SEN 84 90 82 221 254 221 0.34 0.38 0.52 2.03 2.04 2.20 

t LSD (0.05) for comparing density means in the same population: germination = 10%, germination index = 26. !eed weight 0.08 g. seed diam = 0.08 mrm. 
t LSD (0.05) for comparing population means at the same or different seed density: germination = 10%, germination index 36, seed weight = 0.08 g, seed 

diam = 0.08 mm. 

Table 	5. Effects of population, seed denaity, and seed size on those liicltoi- and sTed| density (Tahle 3). Meian con­
st-rhatpp-e-anc-- - - tents were 113,-- - for RMP. HMP. SER. and SEN 106. 

Seed density Seed size 82. and 129 g kg '. rcspectively ILSI(0.05) = 3 g 

Population Low Medium High Small Medium Large kg ' . 

RMP 31.3 2.3 1.9 2.5 2.7 1.9 I)ISCI SSION 
HMP 3.0 2.6 2.4 2.7 2.7 2.6 
SER 3.2 2.9 2.8 :1.1 3.0 2.8 Limitations of methods for separating density and 
SEN 2T 2.1 1.7 2.0 2.1 2.3 size classes of seed should be considered in interpret­

t Scale = 0)0 to 20% chalky) to 4 (81 to 100% chalky). ation of' results. (iravity-table separation divided seed 
$ 1SD (0.051 for comparing population x density or population x size lots into density classes. blt pr)vilded n10 mIeasure of 

interaction means = 0.5. the actual densilv off those classes. Size separation 

through use of sieves probabl\ was aflected h diffter-
Table 6. Analysis of variance summriries for seedling respiration ences in seed shape. Shape diflerences prt)hail\ also 
- averaged -across time s f CO 2extr action. .. aff'ected gravity table separation of seed densil classes. 

Source of.. Meansquare. . .. for ,molCO,. h .	 density and seed size on. . . . .. Effects of seed seed weighl 
variation df 50seeds I g seed and seed diameter Indicate that densitl> and size sep­

ar Itions were eflfctivc and naningfli. The significant
Replication 2 40.86 114.56 el.ct of Seed densit\ ti seed dia1elr. as ured 
Population (P) 3 48.52 76.16 
Errora 6 16.22 56.26 by dodder sieves, indicates Ihat densil\ classes differed 
Seed density)!D) 2 96.05*0 61.58 in seed size or shape as well as in seed density, and 
Seedsize (S) 2 23.660 46.06 persistence of that et laf Seed si/ing h\ dockage 
DS 4 (1.23 53.79 
PS 6 33.70* 102.460* sieves reflects lititations of sleving.
 
PD + PDS 9 6.59 22.74 Field resulIs are in general agreement \\ith those of
 
Error b 42 5.03 22.56 Gardner (1980). who found field emergence of pearl 
CV (error al 32.0 3.8 
CV (error W 17.8 19.5 1 ilet to be associated ptsiIivelk with bo~th seed den­
. ........ . ............................... sitv and seed size. (rain \ield also was aflected bv 

* Significant at theP < 0.05 and P < 0.01 levels, respectively, both densil and size ill that stti\. In this experiment. 

eftects of'size on grainI yield were not signi icant. (I ard­
diumn-sized seed were higher than large seed in pro- ner (198(0) found thai. While sti pei)r emergence and 
portion of'cialk\ starch (Table 5). tlLiIll\ %grain yield were obta i ned with seeds from tile 

.SC'dling Rc'lrton. Variance analysis resIlts for tipper hall ' tihe size range, exceptiotnaillv large seeds 
ind ividual populations. wi th times of'extraction treated f'reqien tI\ gave poor restIts. 'hlt efllct was not ob­
as subplots. showed that rate of('0, evol ut ion varied serxved in this stlidy. 
significantly with time of extract ion. being low at 48 The liature of the densit\ X si/e interaction im1plies 
hi and reaching i maximium at 96 to 12(0 h. In no case. a cotlpensatorv relationshi p between those flictors in 
however, did timte of' extraction interact significanltly seedling emergence. Low-densily seeds ga\'e satisfihc­
with either seed density or seed size. Analysis of' var- tory enmergence provided the\ were sutiFcienlly large: 
IancC restIl ts for seedling respiration averaged across small seeds performed satistacloril\. provided they 
times of'('0, extraction are shown in Table 6. A1ount were high in dciisity. There also appeared to he a comn-
of('U0 produced per hour by 50 seeds was allcted b\ )elsatory relationship between density and size in days 
seet densit. seed size. and the population X size in- to anthesis. Such :1relationship suggests that seed den­
teraction. Setdlings From seed of low, medium. and sity and seed sizt .1ie important, prinaril, as corn­
high density prottced ('( at rates of I 1.2 1. 12.92. ponents of'seed mass and that there is a threshold level 
and 13.72 pnol Ih '. respectively I.S1)(0.05) = 1.25 above which mass is unimportant. The tendency for 
mol I ']. Respiration rate generally increased with density and size elects to lose significance when weight 

seed size. btit the relationship was not consistent across tf seed is held constant, as occurred in seedling res­
poptlations. When C'O., production was placed on a piration. implies that the major effects of' seed density
fixed-wcight-ofl-seed basis. most significant effects dis- and size are effectively integrated in those of seed 
appeared with onil tile poptIaIltn ,Xsize interaction weight. 
remaining significant at the 1)0.5 leel. No compensatorry relationship was apparent, how-

Seed I'rolt't Protein content of seeds was aflected ever, in seed germination, seedling height, or grain 
by population. seed size, and all interactions among yield, where neither size ellects nor the density X size 
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interaction was significant: nor in germination index, 
where a densitv X size interaction with noncompen-
satory features occurred. 

Results indicate a strong positive association of seed 
density and proportion of vitreous starch in the en-
dosperm of pearl millet. That is in general agreement 
with observations on wheat, where vitreous endo-
sperm long has been asociated with high test weight 
(Shollenberger and Coleman. 1926). According to Ya-
ma7aki and Briggle (1969). diltrences in kernel den­
sitv o wheat are due. at least in part. to variation in 
tile amount of air space within the kernel. Those au-
thors noted that in low-protein wheat there ma\ be 
insufficient protein to fill the intergranular spaces in 
the endosperm. resulting in low kernel density. They 
pointed Out that niost soi'l (chalk. ) wheats are lower 
inboth protein and lest \%eight 1ahilard (\itreous) 
wheats. De Francisco etial. (1982). howeer. toind n10 
relationship in pearl millet starch belwcen vitreous-
ness and physical hardness as dctcrminled b\ particle­
size distribution after grinding. 

This stud\ iidicated no wel I-dc lined relationship 
between seed dcn1sil\ and seed protein conen111n t"pearl

' millet. The possibilt\ ofconmplications resUltillg fr'Oll 

seed sh rix ciii ng \warralnts considera tion. Since slri-
veiled seeds probabl\ ,wuld be low in densit\ and higlh 
In protein. iLe to incom11pletc tilling ol'lhc proleill m11.-

Irix \ith starch. their preseicc would tend t1 Mask 
an\ positi x association otdensit. arid protein coitelnt 

that light cxist allmong normal seeds. Slii xCeCd seeds 

Would le d 0 ;CCU111ulale IIIl\-d ensit\. Sllal]-si/Ctn t s\rsi. 
fractiotns \\hec their relative abun1.11dn111CC \ould var\ 
witi tie seed-densilt\ and seed-size characteristics o , 
ind iVidualI populat ions. The likelihood o I"statistical I 
signilicant i1neractiOlS Ll.der Such cilcut111slances is 
obx ious. ( Yard tier (198()) obser\ed a negat ive C()re-
lation between field etliCrgence aiid prOteilii conitent of, 
pearl nmillet seed. 

Results i ndicate that seed densi t\ aiid size are 1e-

tc'cti\ye criteria of, field estahli sll .ceIll andhcapabilit\ 

that densit. aid size measurements generally agree 
With results o' lier of seed Since.otI" tests iaiitx. in 

seedling eIiiCtgeilCe. dC1isit\ all size were i1iiptat
iiiari as comipoiieii t mass or \\,eight.

prin . onseed I reighi c-itice 
of seed xweight \. dclniit\ arid size as a criterion fI 
establishmerit capabilit\ appears to lie Ilargekl a matter 

ore 
of'Con\ leience. PI-recisN n 11 
11.islrellle of, denlsmt' a.n1d 
site is tcCiiiicall.ldiflicult. aid. tot lhat reasoi. plat 
breeders aid otlher \xorkers exalIlcaling Ilaige iiunibels 

a more practical(fIsmall seed lots mla \ lid seed weighlt 
criterion. ()n tile other hand. primitive as well as ad-
vantced methliods ofprocessing seed for planting usuallx 
in\xol xc proced u rces lIha1separate seeds on1thle basis (;t 

deinsilt (fitiinriiig. lx iiiicxvirig) aicd size (screeniltg). It 
Is InlporIalint to understand the niechanical as well as 

genetic eflctts that such practices may have on seed 
quallity. 

Design of this study permitted analysis of only in­
trapopulation eftctes of seed density and seed size. It 
has not been established that intra- and interpopula­
tion effects ot' those traits are the same. Therefore. 
population ditlerences in seed density and size should 
be interpreted with caution when those traits are used 
a.scriteria of establishment capab;lity. 
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