Ao BTowIr Do, JUUUY o CIVERS L ORI LI G IOAL

e

Gt GRERE ARSB0OCTNUEG C BTH HEPROGUCTION - WD WIid

XS TR

By
Hussell G. Hothgebe

Tresis submitted to the Feeuldy of the Graduate ‘chool of the
University of laryland in nartial fulfillment of° the
requircments for the degree of oetor of hilosophy.

1928.



UMI Number: DP70554

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishing

UMI DP70554
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



EOREHR TR IR O

LA T o ¥ x4

LT
VAR NI e a 3 60 B 866 60500 LD 2dSdsSEBeRERBIBSD »W

e Ly A

R R
;}.I/’ £ 68 9 EG T 90N PVE B IS GE T PO T CEDErRR IR

TAYNT i A ¥ D AITY ke
AEVITE OO LITIHRLATTRYE caceswssscnsvocsscossnscnonsas

E A~

“heorctical f)fﬁ?QﬁCh CeBRscBENBOIUDPRORDOEGE
’ ‘xpex‘imental Contritutioneg sveeseccoscossncs

s vty ¢ :
Lot Hhils DU weevesevsesssvenevocrrsncnca

caeed Stoek and é"ield ?etihods Is eSS eNDT OO NS
Yield Corrceotlon ssescoenrcascnsceessocennss
war iﬁllmrfﬁg’f‘se’ﬂtg ST INOC SN Os e GOAORSADORGES

r

Yee8el LoeaBurenents sssvsrsevcvcacascrecacecas

T
TOIPNILAB cceeeissesctonssosasssssnssdbvessed

. 5oy -y TR £ -~
“HE,.}.J;;:T&}.; a3t ;i,{,-JTA B S0 PO EIQDDEVOREF PPN TRI NI

ryart I, lelatlon of Tassel and lar

CraYriOber8 cscsssvescacosnccscrvesavcocssoses

Tagoel Choaracters and Pollien ’roduction

Junber of orNel8 seeescsccscecrcscssccas
Inter-orogeny Correlatlions cseecessssase
rorent-rrogeny Correlotilons scsecesccese
f?tm"?;ﬂry' OFf 878 T ceeossncasccsccsscccoe

Part IT. neproduction and Tigld cecccasace

TUMLARY

~“ethod for neducling the Varlabilliy
of ¥ield 2tA cseervescascsncsavscccscanscs
Characteor=Yicld Correlatlons .cssvssesces
Tumrary of art I seecccsesaveacceness

;R SN &1 ho YETEY -
L & B2 ui)u{;LI;h.:I%:?:;v!w RN ERNEEENER EREENEEREEEENENRRE N

W

26
2¢
33
58
46
49
51
bl

71

73



ACEHOULEDOEERATS

The author wishes to acknowledge h4is sincere
spprecintion of the many helpful suggestions and erlticisms
proffered by bootor “illiam B. Kompe regpeclal thanks are
due Professor J., L. Hetzger who has cooperated An svery
possible way toward the eompletion of the worke. easY8.

We Mo “tusrt and G. Ve C. Houghland have given valuable
assietansce in the computations snd in the proparation of the

manuscript.

Re G He



A %TATI“%IC}L SPUDY OF S?V Hit Ly ¥QEPHQLO@ICfL

GHﬁHﬁb?FRE ASDUCIHTED WIT& o, PROHU&?IOE nﬁﬁ YELLD Iﬁ MATLE

INFHODUQTIOR

?ha ultimate préetiaai]atm'or'uli plant breeding
research 1s to sesist other botanleml aclences 1n the
acquig;t1¢n=§f knﬂwiedge whiéh willmmgkavﬁoasible, first,
thﬁﬂprgdietibn of plant hehavigr, aﬁ& sec@hﬁ, the manipuletion
neaasgary for inereasing or mainteining the ﬁradqction of
those pléﬁtfpurts desired by mans Tha'ab§ampliahmant of
such ends involve &t lesst a partiasl understsnding of both
environmental foroes and response cepacities inherent in the
plant. ﬁhatever the ﬁasia of evaluation, the final worth of
the cray ie the reauztant of the interactinn of both types of
faators. Axry improvsment miat come &8 the effecnt of & change
in one or tha other or both of these complexcs. ¥ean either
attempts to it a glven envirmnment to the arganium or he
attamptl to alter the hareditary qsnatitutian of the organism
‘to fit the environment, or more eften, he finds it p?ofiteble
to resort to both procedures. vhetever the path chosen, there
are many ﬁafflihg'difficuitiéu to be uvc?éam@; ‘Gains over

"natare arercongarvativa, and;tédieuh;y'made.
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Though plant breeders rust cver recognlze the
importunce of developrental conditions, they erc primarily
congorned with the heredity phasc of crop improvement. “hey
endeavoy to isolate that heredlitary pattern whieh will be
most expressive of the quallty or quallties sought. CoEnge
timer thelr reward comes easlly, espeecially Iin cases where
the quality in question does not deeply coneern the plant's
fight for exlistence. Beginming with the varlsbllity,
elther exhibited naturally in s population of individusls or
induced by wide crossing, the plant brceder keeps scloeting
g desired type from generatlion to generation. e lebors
with the hope that Tlnslly he will obtain a aztrain whieh will
"breod true” for the thing desired. larring mtations, he
cannot surpass the upper limit of the initisl population. He
1s not synthesizing; he 1is merely pleking out & type that
existe sae & mombor of & collection of Ltypes.

If the quality sought 1s closely associated with the
reproductive poﬁentiality of the plant, as is the casc in yleld
of grain in maize, selection is upt to be of 1ittlc value. OF
all tunctiona that of reproduction is the most iLnmportant from
the standpoint of the plant. For any 1ndividusl the number of
vigorous zygotes produced iz a wmeasure of its cofficlency; an
inventory of its competing power for a plaaé in posterity.

Thua reproduction may be looked upon zs the produet of number of

zggotes timca the vigor of zygobtes. ioth douhtless hsve a
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complicrnted mode of inheriltance. it scems safe to assume
that each representg the culminetion of mumerous cormrelatoed
activitles, and that cach 1s the reciplent of cvery
characterts contribution by way of organic function.
Pogeibly ecach contributing character rmay have a siaple miode
of irheritence; 1t may e one member of an allelororntic
series; 1t may or may not be 1lndependent of certain othor
contributing characters. - hatever the peculliarities end
the inter-relations of the component goenetic fsetors, their
combined effect la reproductivenesas. Thua 1t is enlightoniag
to loek upon reproductiveness &8 the arithnctical produect of
the reaspcctive proportionate effects of all sllelomorphile
series conceorned. since fastors of the same series, wmey
differ in extent of coantribution, unity esn be the value for
the "best" effeet of any one series, and zZero its "worst" or
inhiblting effect. The fractions between O and 1 will denote
intermeriiate effeet. If each series 1s progent at its maxi-
wam value, l.e. 1, then the produet wmust be 1 1f any series
have the value O, thon the product must be 0 send there can bve
no reproduction. any number of combinatlons wlth intermediete
values mey Lo assuned. Thug there might be a total of, say,
& series involved giving such a result asg
1.0X1.0X049%0.820.8x0.2 = 0.115
In thia czse fhere would be only 1€ percont of the pos«ible

reproduetion, If 0.9 is raisecd to 1.0 the produet is rsised
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to 0.128; but i1f instead, O«2 18 rulsed to 0.3, alsc an
inercase of O.1, the product is 0,173, “"herefore, the
factor with lowest proportionate beneficlal esffect hwus the
greatest welght upon the product, l.e. upon reproduction.

Yaturael scleetlion should be very effeotive in so
far aue 1t impinges upon characters expressive of a plentt's
competing power for & place in the population at eguilibrium.
5inee reproduction is that power, those factors dcitriental
to it will be eliminated unless protoected by linkage or lept
in the germplasm by recurring rutation. The lower the
reproductive velue of a factor in cowmperison to its allelo-
morph the more rupld it will be crowded out of the population.
The final results would spprear to be the same whether the plant
is self- fertilized or cross~fertilized. Inbrecding epparently
only serves to make elimination more rapid,

A population of corn plants reprosents one or the
other of two conditions with rogard to genotyplc constitution:
(1) the population may be at equilidrium with regard to the
proportion of genetypes concerned with reproduction; (2) the
ﬁapulatian may be in & state of transition due to (&) prowth
in a new loemlity, (b) a change in native onvironrent
(appearance of a new dlsease etc.) (e) the occurrcnce of a
mutation, (4} reccnt crogsing without the population, and
(e) ertificlal selection. fince natural aselection favora the

genotypes of hilighest reproducstive valus, & populatlon at



equilibrium rust be at ite reproductive maxiun oxcont

for recurring mutation. Any artifielsl selsctlon that does
not ssmple sll genotypes to the same depgree will throw the
population out of equilibrium.

If all sllelomorphic series segregated independently
the final result at equilibriwm would be one reproductive
Eenotypc. The population would s & pure llne with regeard to
reproduct iveness. But, the faoct that no eorn variety has sver
been found thet will not ssgregute for non-productive types
upon undergolng inbreeding and also under cross-broeding to a
iesser extent, provees that the pure iine for reproductivencas
does not exlst in the normal corn population. The theory of
balanced detrimentuls is ususlly prescnted us an explanatlion,
1.6. the henefleinl factor of one scries is linked with the
detrimental merber of anotlier soriea. en elther ocours in
the homozygous condlition the detrimental effect is exprossed.

weup {20 )Q hes ghown that for such s conditlion the heterozygote
st ave & higher reproductive value than the homozypous
classca, Otherwize, the detrinentals would tend to plle up in
‘heo population which would result in the presence of many none-
productive types 8 in tho case of inbrecding. Therefore,
sinee a corn populatlon under random breeding contsins
heterozysotes, 1t is S0 be expected that Lhere will be a

heterogeneous expresgion of reproductlve valuc enong 1lts

L=
Hefercnee by number to literature clited.
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menbers even at equilibriunm.
In the foregoling vague dlsgeugsion the atiempt
has beon wade to emphasizge the fact that reproductive

capacity, l,e. the formation of viporous zygotes, is ih

o
>
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o
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functlon through whilch natursal selection 1s effect ve. fionce,
in so fuar as the breecder is selecting for charscters assoclated
positively with reproduction, nature 1s his very shlc assistant.
In the case of corn for graln artificlal and natursl sslectlon
worlk toward siyziiar* £oale. The brecder seeks high welgnht of
grain per plant; nature secks a large number of vigorousn
kerncls per plant. The former 18 not so particular sbhout the
manner in whieh the total wolght is divided among the kernelsy
on the other hand, 80 long &8 slze does not reduce progeny
efficlency, small kernels are prefersable from the stondpoint of
reprodguctions s further difference resulta 1In the foct that
through crosz-fertlilizetion, reprodustion is favored by hilgh
pollen production as well as high ovule production. It is a
guecstion of totsl gametlc production rather than number of
ovules., The ratio of pellen number to ovule nambor may vary
wldely und yet the totul goenetic mumber mey rorcin constant,
Therefore, to the extoent that this retio is above average 1t
will be pogsible for a genotype of low ovule number %o valntain
itaself. Finally, it would appear thet genotypee with low
total inflorsccence must be relatively more vigorous in order
to hold thelr place sgelinegt the superior gasmetle numbsers of the

highly inflorescent typess
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REVIE OF LI ATl

‘“heoraetical Approachi « Sfince this study 1s an

attempt to meosure the degree of relation between cortain
malse charactera in a cross fertilised population supposedly
near 1its equilibrium po&ﬁt for genotyple proportion, it seems
advisaeble to roview impoptant concepts bearing upon the consti-
tution and hehavior of such o population.

rearson {30 ), Hardy (13 ), “entworth and “ennlelr {41 ),
Jennings (18 )( 19 )}, Robbing (33 }(34 ), ¥ishor (g )(10 ),
wright (43 ), Heldane (13 ), and kemp (30 } have given philosoph-
1esal perspectlive to ruch work in genetics. iided by mathomti-
cal and ststimtles) methods they have investigated factor popu-
lation as a whole rather than the behavior of individusl f.etors
in segregatiom. f'ormalas have hbesn developed showlng not only
the goenotypiec proportion at equllibrium but also the rete of 1ts
attalnment under variocus fsctorial relationshipe, modes of
breeding and selectlone. Although for the sske of couprohension
most of this work hes been conecerned with s single nllelormorphic
series of factors, enough has Leen done to show that the same
concepts may ho applied to the more complicated situstions in=
volving rultiple fuctors, linkeaege, fector interaction, ind mitn-
tions It is sufficlent to say that forrmmlss showing the theo-
raetical proportion of goenotypes for any goneoration snd at equi-

1ibriwn can be obtalned through the use of & foew basic as-umptlons.



Furthermore, these formilas can be generallzed sufTiclently
to uid in the prediction sand explasnetion of certsin charascter
“elationa observed in fleld populaticns of plants.

semp has made a very incluslve theoreticel study of
(1) conditions that may induce equilibriuwm, (£} the reprodue-
tion behavior at equilibrium and (3} the wmergin betwoen reproe-
duetion and production. iieallizing that the extent to which
an slleclomorph occurs in tie germplassm 18 a function of its
reproductive capaclity, Kemp hes arbltrarily sesigned each
nonohybrid genotype a reproductive value 1lying within the
Llmits of O aund l. Oy the use of these velues in appropriate
equations, he 1z able to get the proportion ef &ll thres monoe
hybrid types in any given peneration (Fm+1) from the proportion
found in the preceding generationa Similarly, the rate at
whiich equilibrium is aepproached end the genetie sltuation at
that point can be gotton. Convoresely, fro- the proportion of
the genotypes in a stationary paﬁulatien the reproductive
capseity of uny on  type can be calenlated in terms of the others.

Using the above mode of attuck Xemp hes heen eble to
verify Plsher's ( 30) conclusion thet the heterorygous Lype
must hove 8 greater reproductive capaclty than the h@mozygeu&
clesaes 1f a detriwentsl slleiomorph is to bu retained in the
poplation without the ald of recurring ratatlon. “here apieay
to be only two ways in which tho heterosygous type may be more

reproductive than other types: (1) there may be something



inherently beneflcial in the unlon, or (2] there may be
a linkage of reclprocally balanced factors, l.oc. the
bteneficisl member of one palir is isseperable linked with
the detrimentel member of the other pailr. The latter
postulate ls most generally secepted. 2ueh a1 sonditlion omn
easily be imagined for corn in the ease of high infloresonce.
Kemp has pointed out that other things being equal
a genotype determining high inflorescence will gain the
agscendenesy in the population, It will displace other types
with low inflorescence and will eventuslly be the only type
represented. In fact the sparse inflorescence types long
ago would have ceased to exist barring mutetion or other
phenomena favorin; thelr persistencee. The belanced detri-
mental postulate seems Lo offer one possible explanation.
One may assume that the types with hi:h gemetle nuuber are
held in check by belng encumbered with detrimentals to suah
an extent that thelr production of vigorous progeny would not
surpass that of the low inflorescence types,. . gecond oxpla=
nation consists in the possibility that the populstion has
come into equilibrium under an environment sufficlently
unfavorsble to prevent a complete development of all the
zygotes of the prolific typese. fuch B condition would tend
to put the non-prolifiec types on an equality with the prolifie
types wilth regard to progeny numbers,
In this connection Kemp has brought out the reletion

of production and reprodustion in planta, It is shown that



production in reality 1s yield of plsnt material deslred

by men a8 ecsonomlc goods, whereas reproduction is yleld of
viable zygotes destined to sorve in the perpetuatlon of the
plant. In erops grown for seed the two come nearest being

the same in meaning. However, evan'hera the margin hetween
the two may be great enough to offer the »nlant breoder hope

of increasing yields, The crop will tend to come 1nto
equilibrium at the highest reproductive capacity, which may

not necesssrily mean highest yield. There may be 8 pre-
phndaranca of straina with high totel infloreacence which

show & wide pollen-~ovule ratlo, “ueh strains willl have &

high reproductive value but their yleld of graln may be.relatively
low. Upon the basls of such rsasoning the study of tassel

and ear characters acsoclzted with gametlc productlionr and vield

should ve of sclentiflc wvalus,.

Zxperimentel Contributions:- The fact that artificlal

selectlion has been effective in isoleting different pgerminel
complexes is attested by the numerous dlstinet varieties of corn
now In exlstence. XNot only are these varietios quite
distinguishable, but thoey cen be kept 8o by contimous selectim
and adequate protection from crosa-breeding with other varietics.
The obserwatlon thét varietles wlth visible differences often
show unllke ylelding cuprcities when compared under o coumon

environment, led breeders to anticlpante the assoclution of



certain morphologlesl eh&fﬁateriaﬁias with yield.
| The advent of agrisultnﬁal faira caused farmers to

vie with each other 1n groving geod orops. Thelr efforts
involved not only seed selection, but also field management
and ablliity to piakiahbw.gamplss* éﬁkf&raﬁ_ﬁaeh grower had
his owm ideal or “régay.gbiﬂtﬁﬂ. éaﬂt&mﬁ»#ent on an idaal
type became mara'arflgé&‘gﬂmmen_té a8 commanity. sith regerd
to aorn the ideal tyée uSualzy included ear characters,
cenoting high ﬁeigﬁ% Qf’grg;n,;aﬂunﬁnesa, and symmetry. In
order to fsecllitate judging at faira'atanﬂarﬁa'refleck&?é of
& consensus of ideals were prepared.

é&éﬂfﬁiﬁg to R£¢héy (31 ) the judges at the Chicago
exposition in 1886 fdrmalaﬁeﬁ a set of stanﬁafdu for use at
that time. In 1891 ﬁranga,skdﬂ'pregaraﬁ for the Illinois
State Fair, a score card which wes later modified and adopted
by the Yilinois Gorn Grawers' Asnoclation. Following this
move score cards osme 1nte gonorsl use throughout the corn
growing regions of the. Hniteé States. Upon thelr adoption
agronomiste set out teo &eteraine‘whoﬁhar hhe variaua points
were asaecipted with seed v&Iﬁe a8 mea#&re& by progeny yield
'13 field comparisona. The foellowing review includes a nnmber 
of the ﬁore'notewarthy tnvestigatlons, |

LA® 8 result of ﬁ&q&uating a large mumber of ear-«tos
row tests with sweet corn in l@ﬁ?, 1998, and 1909, Pewrl and



and surface ( 20 ) decided that there 1s no relation botween
external secode-ear ocharecters arnd yleld in sweet corm.

Hartley ( 14 ) from a study of 1,000 ear-to-row
tests involving four varleties for sizx ycars found yield to
e independent of seed-oar gharacters.

yonzgoﬁery { 27 ) of the lxebraska stetion in 1509
reported a Blight vield differcnee in favor of long ears with
medium depth of kernela

Zperimenting with Xeld's Yellow Dent and .Johnson
county “hite ecorn for five years, fconee ( 35 ) of Illi.ois
found that ears with 18 and 20 rows gave hetter yields than
those on elther alde of these clusoes.

Love ( 34 ) made correlation siudlices with Yirnesots
Hoe. 13 and Funk's Hinety Day corn in which he found that awmong
the charscters used length and welight of seed ear gave the
highest correlation with yleld. The highest coefficient found
(0325 +06Q) was that for welght and vield in the case of
Funk's Ninety Day in the year 1909. Fumber of rows gave small
regative values in three out of four coses. In gencral the
values were insignificant.

Love and ventz ( 25 ) using Funkt!s !ilnety Day corn
grown over & perlod of five years correlsted the following seed
cer eharscters «ith progeny yield: length, circumference, ratio
of tip to butt elrcumference, slreurmference of con, welght, psr=

centage of grain, sverage welght of kernels, mumber of rows,



average longth of kernels and average wldth of kernels.

In géneral no elose sssociations were found,. Circunference

of ear was the only charscter that appeared to have a sipgnif.

icent relation to yield, its coefficlent varying from 0.104 * ,067

to 0.360 T ,061 for the different yesrs,. Percentage of grain

was negative, though not significant, throughout the five years.

wxecept for 1913, numbér of rows was positive, but in no case

significant. In their conclusion the authors state that "it

is evident that the points emphaslized on & secore cerd are of no

value for eseed car purposes 2nd are entirely for show puproses",
¥cCall end vheeler (3g ) &t the Ohlio ststion correlisted

length, welght, clrcumference, and deonsity of secd eanr with

vield. Their results show only negligible relntions.

%11lisms snd Yelton (43 ) also at the Chilo station
seleocted seed ears ror extremes In such cherscters as length of
var, welght of ear, shape of ear, filling of %ip, kernel indene
tetion, and shelling percentege.  DBased on average of ¢ to 10
yoars they got the followlng differences 'n bushels per acre:
long over ghort cars, 1,393 tupering over cylindrical, 1.65;
filled tips over hare tipa, 0.343; swmooth over rough, l.76%
low over hilgh shellling percentage, 0.432.

jaey {93 ) hae given a summary of oxpsriments comnparing
the vields of kernels telten from the butt, middle, and tip of

seod ears. The resulta of 81 exporiments conducted during s



period of 45 vesrs are dDrought together 1in one talee. If

the averages yield of the middle kernels for all comparisons

is taken es 100, the reletive yleld for the butt lernsls 1is
1033 that for the tip kernels, 10b6. Differences for both

are stetistleally significent. It is suggested thut, due %o
later slllking of the butt and tip portions of the sar, trere

ia moire cross fortilization in these aresss £leo bhe exhrenes
of the ear may dry out more repidly thus obtaining hetter ma-
turlty than the middle portion.

Using @ dent varleties each grown in esr~to-row tosts
from 1 to & years, Cunalngharm { 4 } found thet cars smell in
eilrcumference, ears having a low shelllng percentege, and ears
with a low number of kernel rows vielded sllphtly bettoer than
esrs in the hilgher oclass for these charsciters. “he largest
average dilfierence, 3,7 bushels por sere, wes obitalued in the
case of li=-rowed easrs over 20-rowed ears for the varietics
Boone County ‘hite, Hansas "unflower, Leaming, Legaul Tend:r,
and liogue Yellow BLent.

Mtcheson and 0lfe, { 18) of the Virginis {+tation
grew an early meuring strein of Ioone County “"hite in cer-to-
row testa for two yecars. Iach yesr the progeniles were separsted
into nigh and low yleldling strains. “he progeéeny ears making up
both groups werc measured or scored with regard to a runber of
score card features. Pesplte the fact that there was an averspe

difference in yleld between the two groups of 17.74 bushicla por



aere, there was little dirference betwcen the weens for the
various messurcments. 0f the direetly reasurable characters,
length of ear and circumference of ear were the only ones

that showed appreciszble association with yleld. H{owever,
less tangible feotures which were scored in per cent consise
tently favored tre higher yieldling groups. The authors,
therefore, concluded that the score card ig of wveluc in
selecting high yielding atrains, Their coneclusion has Loon
somewhat discounted beesuse their ccoring was done on nrogeny
sars, the weight and score of wihilech may have varlied togsther on
sccount of growth esonditions.

Hughes ( 17 ) submitted BOO unselccted sced ears to
25 corn judgoes. Lfter belng scored a portlon of each car was
planted in & fleld test. The &0 best cars as gelected by the
majority of the ludges avoeraged only § bushels more poer acre
than the remeining ears, Furthermore, it wes eoncluded that
smooth ears 1ith large kernels were slightly bhetter than the
other g¢xireme.

“allace ( 38 ) using the date from the chove experirent
employed “rigntte { 43 ) method of path coefflelent to determine
(1) the welpght thet the aversge Jjudge gave to the verious score
card points, and (i) the welght thet each feuture should receive

according to its relmstion to the progeny yiecld.
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The following tale gives the camperison:

Charscter Judges! score: Correlatisn

! e Scéﬁa-cnr&

card ! with yvield : based on yileld
ﬁength . E éﬁ iﬁ 3 am‘ : 77
Cirecurforence i 136 : 068 : 10.0
e Of kernel © 0 18.3 : »311 ¢ 50.0
Lack of indentation P 13,3 : #1112 : 1840 -
Blistering of hernel Sed : «056 : 9,0
ibsence of starchiness ! 6.4 i «033 : 5.3
rotal . 100 : ¢ 200

From the table it can be secen that more welght should
bve glven to welght of kernel than to iength of ocar as was dene
by the judges. Teight of kernel had the highest sorreiction
with vield (0.311). xTherefaré, 1t is evident thet a very srall
portion of yield varigbilitg is eoneamitant wiﬁh that of the ear
cheracters studied.

In a series of esr-to-row tests involving flve vesrieties
of dent corn, éach‘6f~whi¢h‘wsa g;@wﬁ in & different lacality for
3 to 4 years, Biggar { 2 ) :auﬁdAﬁo,diutlnat'rélation between
number of kernel rows arﬁbatm&en shelling percentage snd yleld.
For number of rows and yleld ning'bb@relaticns ware negetive es
~gainst seven pcaitiva; In éize, the coeflriclents ranged from
«.286 $.089 to -+.663fiQQBlgﬁ of 16 éampsrisans 10 were negative
for ahelling pargaazagarand.yiala, ﬁh& range being -.368 ,082
O +.276 1 077 Fa&r a?,thﬁ.nﬁgative coefficlents were signifi-

cant and but one of the positive coeffiolents. Teken na a whole



Ai-';he_ results tend to iﬁdicaﬁe a slight negativé relation
‘between kernel number en:d ylelds

| Kelsselbaeh { 21 ) &n mmsarizmg emrmn’cal work
on ear. type aalsetifm to date (1922), both at the %iebmsku
station and at other ltatinna, ﬁcnaluﬂsd,%hat "gar and kernel
charactera, aslde from thom known te indieate soundnees and
special adaytatiana, hava 1ittle significence as indlecators of
nigh praduus.m seed aamaf He also mggastaa that where the
tendeney has been ta asiaat too large and Iat;s mmring types,
selection of long, alan&ar mdm snooth ears with medium
ghelling percentage snd w,iﬁh kernels of medium dggth, there is
s tendency to incresse 'ﬁf@mkiﬂm_ |

In e comprehensive sw of éarn breeding work to

date (1928), Richey ( 31) has listed in me table the results
of all importent experimente cencerned with the relation of
secd-sar charecters ﬁa yisld. A part of ‘b}iig table 48 given

3 89

‘below:
f@tmmgﬂy of soumparisons b&%wa&n seod ears Jdiffering
in some spaeiﬂe character. {Aaapteﬁ frm Hiﬂh&y)
- ‘
zmmbez- of eon:parincn ana erop years
Seed Iay 3
chay.oter - ravw&n&.} degree a'ﬁata& _
; C pws.~~ . Crop : cwzsmr:» Cro;
welght - Poos0 s Tooe
Length P43 :t 9 : 10 : 28
Circumference : 10 S U 8 T 5 |
Shelling pet. . 1l : 17 ;28 -
Ko« of rows ! 19 i i : 26 -- f 26
g . . e
.Indanta‘bicm " ¢ ¥ 11 ot



| ﬁiahsy eaﬁaluéad ﬁhat altheugh m@at of the

dirferancea oﬁtainﬁd &n the above ﬁxperiments were small,
_thera 15 every iuﬁia&tian thaﬁ aaleeti@ﬁ of hes?y, 1&&@,
’smaeth esrs with,fewar rows anﬁ lawer shelling peraentage

is gaﬁerallg éesirahies' AS a pcmsihla axpl&natian 1t was
suggeatad “that :his aupariarity af the ;maaﬁhﬁr, few%r~"awad
/@ars wag due te thair paraiaﬁaaoe in 8 p@@&laﬁian too alaaely
selected in another direstion, on there is good evidence that
'elea& type aaleeﬁien mny'ﬁﬁgrwaue yial&ay Ths snperieriby
alsa may be 1agﬁrent# 0? m&y be dﬂr ﬁe bﬁﬁtﬁ? seaé cqaaitian
- caused by better maﬁur!&y &aﬁ graatar freaﬁam from disease”,.

ﬁy&rﬁ, Love und ﬁusﬁeii {28 ) -6onclnded from sar-to-

row azﬂéisﬁ that thara ia no gra&ﬁiagi &a& ta~ba gainsd from
‘aulaating seed ears with aartain aharaateriaties. Hawever,
»uthey ta@nﬁ an 1near$ating correlation baewaan &aight of seed.
kerngls and por cent of matnre grﬁg@ny eara harveataﬁ. - Por
| @shber*a harly ﬁaa% @Ve? a 5 ywar garibd, the @aﬁfficiants af
esorrelstion were .193 sﬂ&ﬁ, #gﬁi ieﬁﬁa, aadﬂaaﬁs 2081}

for ﬂoraoll 12 over a two yaar'peria&,+aaﬁl._;aﬁ? and
—h326<iaﬁﬁ7e~ Fram these rnanlta the 1nferaﬁee may be drswn
that 1arga karnals w&th‘their grsabar atare of food aaterial
glve the naadlingx a b&ﬁt@f'start in %ha fiaxéc

" Kyl& snd %ﬁnnshﬁﬁgkﬂ 22 ) found ﬁhat pvalifie corn

wﬂeﬁms had fawr kernel rows than am«waufie varieties .



&nd thet under growth aunﬁitieaﬂ.aui@ahie for both, thé,
former outylelded the laﬁtﬁfﬁ The same u@a trus for ears
of isw row number both w&th&n proiifie ami, hara-p:xmlifie
varieties and else in several F, corosses, Furthermore, it
wag found ehnt selsction in 1nbraﬁ 1&mas was more rapid
toward ears® with feu:karnel'raws, than toward ears with many
kernel rows. Lines of the former type on tha QVeraga wero
more reasistent to eorn semst, ahawsé fewer hertlablevaefects,
and were more vigorous in generels.

Garrison snd Richey { 11) isolated six strains of
corn differing in number of kernel rowa from a selection of
ioone County Uhite. In yield gumpariaang.iﬁaluding the six
isolated straine, variﬁus ﬁateruatrain»araases, and the
perental seleections, it was foand that erosses with & lower
mman(namher.aﬁ katnal rows tand@d to bhe marevpraducﬁ1v¢. But,
ainae such cr@nqés,wara'bptkaea a§§a1ga‘ddrfaring'mugg_in
regard ta.rawinumbergrit waa~sﬁggést@ﬁ thatAthe efféat obasrved
might have been due to dlfferencs in the degree of Lybrid vigor
ﬁraaent 1n'thm’rwgpegtiva'qrﬁtﬁeaﬂ;-

vtiliaing d&t& from 5,2&6 eays ﬁomgrising foar varie-
ties esch grown: zrm o o 14 mrs, ﬁi@h&? { 32 ) has sabjactad
the pr@blag of ear type and yvield to rigarang statistical
analysis. Phrough tha use ufvﬁpaaigz methods nfﬂéérr@ction it
has been poeasidble teo eambina tha data rram different years into

one statistical fet. Thia pvaaeﬂnra raiass the mumber of
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aﬁmpariaeﬂs,aﬁtfi&iéhtly’te_mnke'iﬂsll qér#alaticﬁa atﬁtiitiaally
significent, ﬁ&mpis, parﬁia;,»ﬁag mnltipi@i&arrnl&tiana-ﬁhea
have been used to d@termiﬁa &hé[ihdivi&uﬁl affégt of emeh ear chare
aster upon yield. éiﬁhﬁugh aaéiﬁgntai'Variétian’ﬁae to soll ﬂnﬁ
other axperimental éaaéit&éﬁs wés respondible for the major peortion
of yiold variability (cstimated at 90 per cent), the work showed &
definite positive aéaaaiatiau'bstwwen waighﬁ Qf'@ar and yleld, but
a negative aeseﬂlstiou %etwwén yvield and both number of rowse per
unit of oiroumference aﬁd ﬂuﬁbﬁfrﬁf kernols yér unit of lengthe
These relations were'#hGWn:tcrb$ éue direably to the aharaateéa in
question, and notrdue inﬁifa@ﬁly tﬁ‘thair e@un@@t%én with othex
ear charm: teﬁa more 1nt1mately aaaaaiated with yiujd,

The fﬁll@ﬂiﬂg tabza modified fram Hiehey*s puper serves to
1llustrete the above pﬁiﬂt¢

Table giving & few of the cheractoreyiclds
correl&tien eoﬁffieients foand %v Richey

b&r ivariety ¥ &inﬂ ar cerrala%lﬂa ea@f?iciﬁnt
Character PoNes te :
: - 1 ~imp1e Ptrtial ! Varlable held
* i ) , I constant
* Y 7 .
wolght o ’-'G;Oﬁvgiafams 0.0641 £,0191% HNo. of Rows
-* 119 ! L1605 % 0884 + 2013 + 402802 7 ronm
A 14 ! «1586 + ,0R33% #1504 = ,0233%: " veon
: 133 P Ll014 £ (02608 gllﬂg + JOB684: " "ooon
0. Of vrows ° T 1«.,0805 +.,0190% ~o 1081 = ,0190:% Butt clrcume~
¢ o119 '«.080B ,0269% t «,1385 = ,0866%:  ference
10 ! »0070 =,0239 -+0147 + 0239 =+ ™ »
: 153 -t *g%sﬁ * a(’m'?l ~g03'f’? T, 088! u f
Ho. of A = ya1087 *,01608 -»1230 =,01894 Lengt)
kernels per | 118 ! 0872 2,027 : =.0716 %.0870 wath

N‘Wu‘u«omm.wmmun-»mwﬂﬁ«

: 1;55 : 1&01‘55 t..@g'?l ‘ n,%la _-e;.,@g'fl H ]
4
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This table shows that ths correlation between weight and

vield i1s positlive cnd 18 ineressed when number of rows is

held constants Slrdlarly the negative reiation of number

of rows end vield is sccentusted when bubt circunference 1is
fixed. Llkewlse, the coefficlent for mumber of keriela ner

rovy and yield are ali negative when length cesses to he effece-
tive. Uthor eorrelstions not llsted here show thet butt
eircuaference and length of sar are positively correl:tod with
vield, and that the former is positlively corrcluted with nurber
of rows, mnd the latter, slmiiarly correloted with mumber of
Kerniels per rov. It appesars therefore that these tuvo chersce-
ters relating to kernel number have zn opposite effect on vield
to that exhi~ited by the characters ost intinmately essscclated
wlth them. Furphermor@,'ﬁiahey found that in goneral the use
of welght, number of rows, snd number of kernels per row, in

a multiple system gave almost ss good results as the inclusion
of all eight charscters studled. These findings are evidence
that the totel number of Zygotes is nogetivoly cérrelated with
productiveness, slthough the magnitude of the relation may very
with difforent varietles,

‘‘he foregolng cltations hmve been concerned rostly
with determining the extent to which seed~ear charscters are
assocleted with productivity &8 measured b progeny vield of
graine. They have not all dealt with the loheritence of ecar

characters except in ¢ vory genersl ascense. Yendelisn analysis
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has not been attempted. xt hae meraly boen amssumed that
some aompliuabea azpresalan af &anﬁal’a law hes apglied.
fmpraon and nast ( 5 ) made a rather«ﬁegailad
study af quantitative 1nher1ﬁaaee 1n.va1ze, thnir oblect being
to show that suah 1aharitanee is azplainabla on the besls of
segragatian,of diseyet@ fagtors in the germplasme fheir work
included both cer eharacters snd plant'éhgrnaﬁers, among, them
being number of keraél rows, length of ssr, size of kernel,
nuaber of nodes, length of 1ntarnoés, length af plant, etc.
In general their mothed involved crossing strains whieh -
differed in magnitude of the charagter under study. Beginning
with the ¥1, means and vaflﬁbiiiﬁy constants were obtained for
progeny yogulatiena throughout aeverallganerﬁtians. By ¢am§
paring frequsnsy-diatriﬁuﬁian among praganiea with ﬁhﬁ parental
'&iaeributiann these invaatzgatowa were able tc estsmate the
numbey of raetors involved. They found that the.?l was ususlly
intermediate b@ﬁwean»tha_yaraﬁﬁa end less vsrisble than elther
parent; that the F, teken as a whole had éb&ut the same mesn as
the Fy but showed & distribution tﬁaﬁ ay&e&d over the opposite
limitas set by the perents; that in the case of row number and
airve of seed, parsntel types eould ho raeewuraé in tha Fg genera-
tlon. It was canalﬁéed thet the results seaured were precisely
what eauld be expacﬁsd L ¥ o quantitative diftbrancea are due to

fsummrqna faetorn 1nh@r1tad inag atria&ly ﬁ@ndelzan BENNer.
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Although = number of studles have been
conducted on the correlation between parts «f the same
plants, the wrlter has been «ble to find only two references
mentioning eorrelation, in which tassel meusurements have
bean consldered,

Twing ( 7 ) made a numbar'af intra-plant corryclae
tions smong plants of Funk's Ninety Dey corn. feveral corre-
lations involving weight of grain =zs one variable are
presented:
diareter of stalk, #.393 T.020; length of lesf, +.292 *.021g
height of plant, +.208 +,0553 height of sesdlings, *.219 *,037;
number of tassel branches -.009 *+,048,

“theridge ( 6 } has reported s s8l:iler study. Among
others, the followlng ocorrelatlion coefficlents with welght of
grain as the one varlable were found: days from plenting to
ailking, -.4181 £,01335 total leaf arcam, +,0702 *,0161; height -
of atalk, +.1109 +.01603 cirounmference of first internode above
ground, +.1840 £,0185; length of tussel -.1851 *.0170. Tassel
length was obtained by baking the totul length of five sverags
laterals, rmltipiyling thelr mean length by the total number of
laterals, and adding the length of the central spike.

The foregoling review of literature seeus to justify
the following concelusions:
1. Numerous experimenta have been eonducted for

measuring the relation betweon seed-ear charaocters
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of corn and nroductivensss.

xperimental disagreement hae tecen due to:

0
»

{a) the =uall differences lnvolived.
(b)) he use of different varieties.

(e) unlike environmental conditions.

Se The weight of evidence polnts to:

(a) A low positive correlation for those car
characters expresslive of :elght of ear.

(b) & low nepatlve correlation for total number

of crnels.

4. Investlgators are almost unanimous in agreelng
thet physleal dilfferences in scund seed curs
are of 1ittle velue a8 an indication of trelr

productivity.

5« The inheritance of quantitatlve charscter 1n
maize ecan be explalned on s strictly endellan
basis,

B3« Pollen produetion with reference to quantity has

recclived very litile ettention.
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HATRIALS AND SETHODS

seed Stock snd Fleld ethods:~ HZxecept for the

greenhouse work, data for the study werse obltained from esr-
to row tests with Xeldts Yellow Dent corn grown 1n 1988 and
1927 «t College Park, Haryland. Yo selection of sced ears
was made except that due to eliminstion of nubbinsg and
decayed erra at harvest tiﬁa, and to eliminstlon through
germination tests. In 1926 the 100 esrs used were grown on
the ixperiment Station Furm at Veollege Park, aryland. In
1927, 200 seed ears were obtained from a lot taken from the
erit of ire. “arlon Ce. Prough of Sykesville, iaryland. It is
thought that both =eed stogks have been grown in the vicinity
of College rark aufficiantly long to be well udspted.

i.aeh seed ear was represented by three single«row
plots systematleally distrimited over the experimental area,
Thus there were three series, hereafter designated ns Serles I,
11, and IIX. lach scriles contalined one plot planted with
seed from a glven ear. In 19826 sseh plot consisted of eight
hi;ls. In 1927, “eries I and II each coutained ten-hill plots

while “eries III contained sixteon-hill plota. Consequently
for the first yecr 48 plants sonstisuted a perfect stand fopr

any ona scoed ear; and for the second yesr, 72 plante constituted



#‘parf&ct ntﬁnao- Flnnting wae dena by hnn& in nilis
-:ﬁﬁe&k@d 3486 faat aaa& ﬁay; Fﬂav tu uix karﬁeis v&?& plaeeﬁ
_1n emch hill and me stand latav m;,nnm to two pzanta, with
the exﬁagtian of Ssriaa iii for lﬁﬁ?; tha plata were located
on falrly unifarm laaﬁ us@é,rar v&riatalzaxyarimﬁnta in a
"rsgular vatatiau.‘ 3&9193 IIX fﬁr 1987 w&a laaatad on an
?area in s saaurate fialﬂ ﬁhat axhihitaa eonsiéewabla soll
,vnriabilitya ' o | i |

‘ ﬁt h&rv%at tima %ha yiaﬁta na.aaeh_glet were eut,

| tied intn 8 bua&la, taggad and. ahaekad 1ﬂ ﬁha rieléu,> ﬁf%er7
tha earnvha& eareﬁ for aavergl taak#. tha~bnnﬂ1aﬂ were hunaked
and the tatai gield of eara fﬁr'anﬁh plﬁt ﬁat&r&im&d by woelght.
1_@& ﬁhﬁs time, tha pregeny eawﬁ, p@aviaaazy markeé fer future
maasaremant, wa?e piekaé eut<aaé nsayaé 1n the saﬁd barna .?hé
remalning ears wsrﬁ ﬁiaﬂuraﬁd. : '

Eie;ﬁ Garréet&ca:tw " Feo &awraetzaa waa ade for
‘ moiature eaﬁtant af'thm 69@§r . ?hs 91#% 3131&& n@viaua&y in

arrar‘heeﬁuaa af in}ur? %a ﬁhﬁ #aan by ?ﬁﬁﬁﬁ%& oy poor ahanﬁ
‘were dlscardeds  The yamainiag plﬂt yﬁalﬂg wara eorrected for
soll variabizity; ' ;n 193& a&@n series was ﬁividaﬁ znta
‘hiaakt eampos&ﬁ af fivg eanﬁiguanﬁ piﬂti, aﬁ& anrrecﬁiaﬁ far
,yzaﬁ §1¢1ﬂ wa# maéersaaqr&iﬁg to zne faiiauiﬂg fﬂ@mulaa

grnigyxrli ®. earreataﬁ plﬁ% gie&ﬂs.
g = avmﬁ ytaiﬁ ﬁf’ a mﬂﬂk in the series
g.a actual yleld of an 1&31&&@& ;&a%

= :

yaeiﬂ of a gﬁv&n hiﬁek*
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This method was altered somewhet for the 1027 crope.
Instead of {ixed bloelis of five plots each, o running
average of ton plots was used as Indicuted 1n the following

forrmla:

x = A {p+r-a) = corrected nlot wield In per cent
100 of the serlies nean.

= gverage plot yileld for thc series.

a = average of 10 contiguoue plotsn.
s sctual yleld of plot to bs corrected, &
central plot in esach group of ten.

Py
i

fecording o thls method the average of a group of ten con-
tiguous plots la found and subtracted from the mesn of the
series. ‘"he differences thwn ndded slgebraleally to hoth

»1lot nunber & and number & in that particular contiguous group.
Hext the group la made to move seross the fileld by subtracting
two 0ld plote oand addlng btwo new ones. The formuls is then
appliled sgu'n, and the two centrsl plots corrected as hefore.
This process iz repested across the fleld, 4t the ends,
obviously, it 1s necessary to use n statlionary group. By
caelculating the ylelds of all plets in per cent of thelir
respective series means it 1z possible to average the ylelds

of 11 replicationa, oven though these plots may be of slightly
dlfferent gizes and located on filelds unlike in fertility. It
18 admitted that either of the aove methods cen orly be epplied

when plots are small so as to permit the formatlon of a group



of suffielent size to minimize the offect of any included

plot upon the group mean.

mar Jeasurswontsi- Length of ecar, average welght of

kernel, average thickness of kermel, and number of kernel

rows were rocorded for sll seed esrs. Iio lndividusl measure-
nent® were made for progeny ears in 1926, but in 1IHE7 length
of ear, average thickness of kernel, and nmumber of kernel

rows were rmessured for cach 1nﬁ1viﬁual in ¢ random sample of
10 eara talkeon from Series II. In all crses measuraents were
made on air-dry ears that had heen srored in the secd b»urn for
sgveral months. iength of car was measured to the nesrest
tenth of an ineh. Ten kernels pilcked sysﬁematioally from the
central zone of the ear were welghed 1n grams nnd their total
welght divided by 10 to obtain the average lernel weight for
the ear. ‘The mesn kernel thickness was calculated {rom the
totsl thicimess of 20 contiguous kermels in plince neer the
middle of the cob, sll measurements being nade to the naarest

twentleth-inchs

Tassel teasurements:- In 1926 eight progeny

plante from the same sead esar were scored for tnasel charace
ters. eoring was done by onc observer while the plants stood
in the filelde. The degree of expression of the characters,
number of tassel branches, length of splklet, number of spike-

lets per unit of lsteral length, and length of tumsel from buse

"



to tip was used to separate the nl#nﬁé ihta five eclasses,
In each csase olass I represents th@ 1aweat degrae of
exprsaaion, anﬁ elass 5 the highaat &@gree of ewpresuiﬁn.
Average grudes for the elght pragsny plsnts were used in the
aﬁrﬁelatians' . '

In 1987 a wmers exact method wes utilized. Ten
tassols from each plot in derles 11 aarfasgondiag to progeny
- ears raéarv@d fsr~measureman$g'@§?§ removed rram the plants
standing in £m, fielde The partislly dry tassols werc each
placed 1n a tan~paund7pép¢r beg from which the bottom had
been removed. Tﬁa,%&ga'éénﬁaining thﬁrtaaaela; 2000 1in =11,
ware then atéred in the seed barn. Latar.th@ ﬁaaﬁuremantg
were made 1nfth§ labarétary. Humber of tasssl branches was
_ obtained by sctual cownt. The total length of the lateral
branches wes datarmiued by r@mﬁwing all bronches from the
maindsﬁem,_glacing them 1n length classea of one inch interval
mnlﬁipiying[@aeh~§laég ?&1u67hy;133 frequency, and adding the
pfaﬁagﬁﬁc dens%h and denaity of apikeleﬁs were determined
on en average hraneh fram.the med.l elass for length.
V;eeual ﬁaasuramenzs of aeVQral apikalets to the nesrest
fiftieth of an inch permitted the ecsloulation of un average
value for the t&asalﬁ D@nsity of spikelets w:s determined
by ﬂaunting the nwmber of apikelata in the first two inches
of lateral length. Except in progeny ear-tassel corrslations,
‘gvaragea-wiﬁhin a progeny group of ten plants were uszed for all

tassel characters,
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Popmal-rgy- Txcent where sfherstse cointesd, the
ueual Tormalas for statisticeal constants have Deen sanlayed,
It tag been assumed that bthe charactoeriaecociations studied
have a linear relntion., If it be ntherwise, linear eonrrel-
‘ation will only serve to zive resltie too consarvaiive,

The »roduct-moment emuation for osimple correlatinon ') =ns
modified by Yallace and ¢nedrenr (39 ) for sachine use hag
heen used througheout., Pearson's Tables for Statisticlians

and Niometricians havs been helnful. Jeneral e wations are

A, B and ¥ ave senarate variables
2 e« gurmmation symbol

¥ = mean

¢ = siondar?d deviation

E &= nrobable ervor

O » ¢hafficiont of variation.

e =Yt X0 =~ 5 (M)
H

Oy = &f [K

C = ofir x 10D

' 1
E‘B = 8745 x [1*%?2 {¢ )%} / a2
5o

(Pactors for thin sruntion sre siven in
Poarson's Toble ]
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LAY~ 1 a(¥y)

rﬁx ”. L
Al , A () X YE7 =X ()

A7 = 3

paritinl correlation
botrren A and B when
T is held eonstant.
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EXPERIMENTAL RESULTS

PART L. ,Re;aﬁign ét Qﬁag&lv&nd ray Characters

Tasaél Chnrgﬁterannﬂ’?p;leﬁﬁrﬁaduetieuzo For the

problem st hand 1t would be idesl to know the sctusl number of
pollen greins produced by every experimerital ylani. This
mmber could then be anméured'ﬁirectly'with the velues for.
k&rﬂgi number and 31&16,' Unfortunately totel pollen ecunrte
are qxtremgly a1fficult to obtain for plants graﬁing cutdoors
in e humid olimate. A corn plant mantiﬁnet to shed pollen
"over a period of sighs tﬁ;aixtasn days. ﬁuring this time there
will be, in all probabillty, enough dawmp weather to ceuse
moulding or ceking of at least a pert of the pollen even though
it 1s belng collected in water-proof tassel bags. Purthermors
the mmber of plents required in Ehis work is so large that
ecounting the pa&iea'grnih@ would be too tedious even if the
pollen counld be easily neliaﬁteﬁ inks'nanna eogﬂ1£iana' There«
fore, an attempt wes made to determine whieh messureble tassel
shﬁﬁaetena are closely essoclated with pollen production, so
that maaagrensn#a‘nf these characters could be included in the
field work.

One hundred plants of Reidts Yellow Dent were grown
in the greemhouse in the asutumn of 1987 from a occwposite sample
of seeds Am soon as ths'plents beg#nﬁta“ﬁlan#um, tenepound
Kraft paper bags wore plaaeﬂ'ewer'the‘ﬁaaaeli and tied in



position. 2fter 211 vollen had hean shed, each tassel

with its bag was cut from the plant. The pollen was then
carefully dusted from the bag and passed through a 100-mesh
gleve in order to remove pleces of glunes and other debris.
The cleaned product from eaoh plant was placed 1ln an
uneovered retri dish which was immediately placed in & dese
sicator containing eoncentrated sulphurie acid. The pollen
was driled over the acid for 48 hours st room tempersture, and
under a pressure of approximately 0.5 atmosphere. It was
found that after this length of treatment the wolght rermcined

about constante.



TABLY Ia =
dried over soncentrated sulphurie ecid st room tempersture
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Frer cent wolsture lost by coprn pollen

and O.5 stmosphere preasure.

Ho. Green .fter rfter i fter rolsture
24 hrp. 48 hrs. 72 hrse.
1 2.546 2.185 24170 24170 7446
2 £.810 2.420 24420 2375 9,00
S 2235 2,136 2,120 24120 4,70
4 1.150 1.120 1.110 1.085 4.78
5 1.420 1,386 1.370 L.330 6e34%
G 2.520 2,230 2,330 2.38b 7.74
7 1,905 1.890 1.8786 1.865 2410
e} 24635 2.485 £2.480 24560 Cet4
@ 2.320 2.8%75 2.670 2.540 0 e 38
10 4,180 4.918 3.915 $o8BO 4 a3
11 2.810 2.830 2.G40 2550 5.69
12 1.968 1,885 1.880 1.910 £.80
13 35470 3,830 %.210 3280 5.48
14 1.8256 1.630 1.680 1.855 10.41
}.5 3 cb@g S 570 & aﬁ’?s 5 pg)SO 5098
16 5.0086 H5.1458 5.168 5.098 7.45
17 - - 243288 2.320 223056 - -
8 1.450 1.330 1,305 1.308 10,00
1g 1.450C 1280 1.258 1,270 12.40
20 2,880 24580 2.528 24538 12.00
21 1.480 1.338 1.330 1.330 10.74
22 1.020 0.9458 0,230 0.845 TalS
23 3000 24670 2.680 2.865 11.17
24 24830 - - 2.390 24415 £.55
25 4.085 - - 5808 3,840 8.00
26 4,505 - 396D S e 94D 8438
27 3285 - - 3,086 1080 e DB
26 5.950 e - 5*5‘?5 9.72
29 3.6855 - - - SeR95 F.886
30 80995 kot - R.VQO g‘.’%ﬁ
31 b.(ﬁgg -~ - -~ 5.1‘%0 5-5‘7
29 S .285 - - - - ?}.090 5236
DS 2385 - - 22210 T e 34
34 2.400 - - - - 2.215 771
1) 4 .38 - - - - ST+ 180 D81
Average 2633 7 .40



In Tabdle I are shown the data relating to the
drying of the polien. Due to loss or spoilage only
thirty~five gemples of pollen could be used. Oreen welghts
and weights made sfter different periods of drying sre shown
for the differsent samples. It will be noted that there is
very iittle change in weight after 48 hours of drying. In
g8 few cuasas the welght increamses slightly, but thia may be
dus to an increase in pressure or a change in tempesrature,
alﬁce these faetors were not eontrolled accurstely. The per
cent of water loat variles from 2.10 to 12,40 with an aversge
of 7.,40. The range seems ranther wide but thils doubhtless is
due to the effects on the pollen csused by changos 1in
humidity in the greenhouse and variations in exposure of the
different plants. 41l plents did not shed pollen during the
same period of time and hence all lots of pollen were not
exposed to the same atmespherie conditions. The average
moisturc loge is somewhat higher than that reported by
Vinson (37 ) and knﬁérsen and Kulp ( 1 ). The former obtained
2 velue og 3.97 per cent and the letter 4.88 per cent. 30th
dried the pollen at room tompersture over sulphuric acid in

partisl vacuums



PAGLE 2+ = Means and messures of distribution for
taasel characters Of‘ﬁﬁ_plants grown in the greenhouse.

Symbel Fhar&gter Kean Extremes
A Ho. of lateral branamn 20.8 . i2-31
Total 1 h of gt ls
Bolre sugt! {inchea| 145.8 79207
c Length of tassel " 18.8 12.8+18,8
D ensity of laterals,
?&0' ?gr ineh ?6 ’ 357 ﬁyﬂﬁ'&péa |
K a - ta . : )
(iﬁghgﬁ)}’at spikale 0,59 | 0.328-0.443
N 1 spike
F ool iaghe.r oontrel =p 1.08 640-1403
¢ 0. pra.lat. spikelets 583 2248960
noq" * ocentral " 132 76181
I Total Wo. "rs. i 716 404~1084
J Dengity of central fplke 1.8 T+0w18.456
K | 8ize of central spikeletd 0,43 37250
% | Dry €te of pollen (gms) | 2.633 Ous945-8,0056

Qeefg'ciant
. ?gg;gggggty

B4.4%2,04

21;9*1*85
B.820,78

FeH10,.81
5,910,490

18:7%1 .41
3;~0*2‘?5
Eﬁy@tlnes

25.5+2,838
. B2.1*+1,86

642 0.49
39+0 3459

TABLE Be =

Slmple correlation coefficiaents betwesn
tassel cheracters of corn grown in the greeahouse.
of variates“ aquala B L

Hﬁmﬁgr

PRI S 2

e

1T

—

.

R EO DO P

* . 5320

‘iilﬁ,e
~’25 3

‘ *t%ﬁﬂﬁ

) '12514
oy 3

wy,lB48
&g

bt

| - 0054

-.0255

»+ 26852
PT343

v~g6398
- =« 0087

+.0266
k.ggﬁﬁ

+#.0044
+.0687
#0716
-+ 0514
$.4589
=+ Q0534
* . 4562
**0568
ﬂceﬁgﬂ
&-3385

probable error.

# Aany coefficient aﬁova 0.3003 18 three times its



In #clﬁiti(m to the determination of. the dry
welght of pollen & number of charaecter measurements were
made on the tessels from whieh the pollen was aheds The
measurements were nade as previcualy deseribed except that
the values for density and size of splkelet were obtained
for averﬁ branch a8 well as the e@nt?ai stem. Actual counts
of number of spikelet pairs were made fer»éll'thirt?ufive
tasgols. Teable 2 giﬁea the means end tha'eaarfiaiants of
variability for the seversl aharaétara; it will be secn
that length of tassel (dlstance from lowest branch to the
tlp), size of spikelet, and density of latersl spikelets
have the lewest coefficients 6f variability of all characters
messured. Doubtless these charactors sre leest affected by
eaviranmant. The total ﬁam&ara’af spikaiat pairs ronge from
404 to 1084 with & mean of 716« These valuss roughly approx-
imate the number df kernels for this varlety under normal fleld
conditions. Sinee these figures must be multiplied by 2 in
order to get the total number of single tamsel spliolets 1t s
evident that the tassol aplkelets outnumber the famgza‘spikanh
lets et least two to one. Under normal growth conditiona in
the field this ratio is wider. In the greenhouse, the male
int%praaaaaﬂe'shawed.ineémplete ﬂeﬁalogmant, in that the tips
of praeticélly 21l the branches contalned a number of sterile
flowers. cccording te;wéatherumx (40:} every male and female

spikelet contains initlally two flowers, Doth of these develop
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in the male inflorescence but only one in the femele
inflorenoes  Thus esch kernel represcnts onoe apliiielet.
nerefore the tagsel counts made on corn plante grown in
the greenhouse show that wlth the varlisty Reid's Yellow
Dent therc arc at least four times as many starinate os
pistillate flowers.

rollen welight shows unususlly high varistion.
Unfortunately this experiment does not Indicete that Proporw
tion of this veriability is heriteble. It is gquite likely
that under field conditions the varla»ility would not have
bean &8 great. _

In Rable 3 a number of slople correletion coef-
flelente between the various t&asel~charaa£er$ are shownes
The symbols are the same as those used in Pable 2. lue to
the small number of ltems most of these c¢orrelutlons are not
statisticelly significant, however there ure several coeffi-
clentes that are significant and ave of cospecial importance.
Gnly those ebove 0.20 need be given serlous conslderation.
The charmeters giving any considerable correlation with
pollen welght are totali lengths of lateresls (+.289), number
of latcral spikoleta (#.459), totsl nmumber of spllelcts,
(#.456) and the produet of length of laterals times the
density of lateral splkelets (€.339). Humber of latoral
spikeleots gave the highest value with pollen welght. The

inclusion of the spikelets on ﬁha central stem lowered the



gorrclstion slightly. .ccording to Tevle £ the cendrsl
spikelots make up only sbout a fifth of the totel rumber
of splkelets and their mumber 1le mueh more variable than
t at of the lateral splkelets. This fact probably
accaunts for thelr negliglible sssoelation with pollien
walghte.

isilde from actual spikelet eounts, the product of
total leteral length cnd density of splkelets gives the best
correlation with pollen weight. In this conneetion it will
be noted that totel lateral length l1ls itself the produet
of mumber of latersls times average lateral length, and that
this product gives a scorrelation of +.784 with manmber of
lateral spikelets. From these sonsiderations 1t would scem
trat the measures of denslty and latersl length should give
the best available criterion of pollen production. For this
reason these ltems have Deen glven the most weight in the

fleld messurements to bhe teken up latoere.

Humber of Kernelszm The number of Kernels present
on the ear represents the contributlion of the female inflore-
escense toward the total number of zygotes with whileh the
particular plant is econcerned. Since malze is largely cross-
fertilleed, the pollen makes 1ts contributlion through zygotes
borne on other plants. The mumber of kernele then may be

taken a8 the number of maternal zygotes produged by & given



plent, but it does not indicate the mexlimum mambor possihle.
1t merely showa the number of ovules that have been ferti-
11zed and nourished to rmaturity. It would scem then that
kernel number per plent should very with the season and the
soil, Under favorable condltions more of #he ova prescnt
could be nourished. The presencce of nubblins and cars with
many rows dropped before raaehing the tip, probably, illus-
trates the plant's attempt to reduge its food regulrement.

ernel number 1s obviously the product of number of
rows tires the number of kernels per row. The letter fuctor
is pleinly dependent upon the length of the ear and the
thickners of the kernels In order to messure the extent of
variebility in these charaeters, the means and standerd devia-
tions are given for the seed ears used in 1986 and 1927, and
also fdr the progeny of 1887,



Cesse

Tﬁﬂm 4 - gma and wrﬁsbﬁ.ntg am@ants for
wr ah&mtwi assoelnted with kml mmw

T {we. | | oceffictent
Chersoter . = [ Isene | ean. | Varlsbility

Length af ear {ﬁ)- lmhsen IR -} S
- Parent 1928 g 86 anﬁ ‘tc%a. 1 8.2 D47
‘Parent 1927 I 155 | 84,51 * 038 | 8.2 +0.51
Progaay 1987 - ma  B.86 z*m‘- {117 £ 0.1

Ksmml | SRR RSO | -
'smiakmu {B) i inahas j : , | S
. - Patend . 1086 | 66 0.1'36 —‘-caﬂl T ] 8.4 10.42
Perent - 1987 | 153 {0.158 2.001 | 8.6 £0.87
-‘Pr@g@y - 1987 1143 - }9.158 = ,00% 9.0 £0,18

gﬂc of 3 ’ _ A
}:arnel rows (a) REEEE S T o

Parent . 1928 | 686 [19.14 =319 | 1&.« mw&

Parent 1087 | 153 [18.94 % ,18 - | 11.8 : 0.47

Pa-aga,ny g7 | 1es 19539 t.ia | 1846 *0.20

ka, of Kernels (x) » B I -4: T |
Parent 1986 | 86 | 934 *11.0 | 16.2 0.88
~Parent 1987 1 1638 | W t'?‘ﬁ s, 3.&:;5 0,50

* Quotienﬁ ef t«&tal Mml waighk div:&ad by
avamaae kmel weig.nt et a mlea
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With the exeeption of ear length, the means
for the different sar groups are gulte uniform for the
rea@@ctive charseters. The high value for length of eer
in the 1528 seced stock may be due to s more cereful sorting
at harvest time, resulting in an e:ieclusion of shorter oarse.
The higher coefficlents of wariablliliy for progeny measure-
ments can be explained upon a similor hasis. Theas wensuro-
mente include the "field run® of esrs. Hence the varishility
ls somewhat greater than in the seed astocks where mubbins
had been discarded. An inspectlon of the cosfficients of
veriability shows thet number of kernsla is the most variable
charasctor. “his 18 %o be expected since it 1s the produst
of other charscters and hence includes their errors whether
herltable or temporarys For instence, dlscontinuation of rows
through inadequate food supply or bare tips due to incomplete
fertilization might be named ss temporary offects upon the
fluctuation of kernel mumber. Of the three remeining charsce=
ters studied, numbor of rows has the largest variablility,
which, es will be seen later, is largely hereditary. Lar
length and kermel thickness show relatively little veriation.
Table & further bhrings out the inter-relations of ear charace
ters,

By studying the simple correletion coefflcients in
Table 6, it will be smeen that the relation between the number

of kernel rowa and mumber of kernels gives the highest uwalue, (¢.72).
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TARBLE Be Simple and first order partial ecorrelation

goagfficlients for each chearector

assc;c.iated wilth number of k:irnels

Simple Correlation | Partlel Correlation
Designation Coefflcient [Pesignstion Joefficlient
%
Kernel no. X length +0.2400 %,0411 r *0,4903 2,0331
of ear XAeB
hernel no. X kernel ,
thickness -, 3180T,0393 I‘_;:ﬁ s *,4943 %, 0330
Xernel no, X no, of
rowa ' %.7210 £, 0209 r‘iB ol - 5238 £,0317
Length of ear X
kernel thickness +.5083+. 0324 PYRG - 3674 £.0377
Length of ear X row 7
noe . | -, 1377£.0428 Ty od +.7841+.0168
Fernel thlcknesas X _
POW NGCe -~ 0885*,0433 rXG‘B ».7338 +,0201

#4111 constante sre bused on 239 items. resulting from the
conbination of 88 esrs for 1928 esnd 153 cars Tor 1927.



Purthermore, this relation appesrs to be largely independent
of sither length of ear or thickness of karﬁai, because when
the lattor charscter 1s held constant, relstively little
change in the coefficlent resulte. Thickness af kernel
evidently hss moreé influence upon number of kernels per row
than does length of esr, Ubviocusly, the two relations would
be expected to have opposite signs. Long ears tend %o have
thick kernels and few rows. A comparisoen of the simple with
the partlal correlstion coefficlents ahéma thaet the relation
between ear length and kernel number and botween kermel
thickness and kernel number is accentuated by ho3d1ng elther
of the other characters constant. This faeh simply emphaasizes
the intere-relation of the ¢haracters in question with respect
‘to their effect upon kernel mumber.

Briéfly, then, it may be said that the longer the

ear the fewer the rows and the thicker the kernels.

Inter-Preogeny Correlations:« The foregoing results

have indicated that certain measureasble tessel and ear charace
ters are intimately ssaoclated respectively with male and

female gemotlc grodwaéianv The questions new'arise &8 to
whether the male and female inflorescences present e psrallelism
in the size 0t'€heir parte, and 1 8o, whefher such a pnralleligm
comes about through heredity ér merely through tomporary response
to environment. In en ettempt to answer these questions, correle

stions invoulving both taassel and esr characters on the same plant



plants of the same progeny (halfesiblings), and on

aﬁjaéenﬁ plants of d4lfferent progenies have‘ﬁﬁén caleulateds
8S8ince no maammsnta‘ rar tzessels on parent plants were
avaeillable, 1t was ﬁaoenaarylto depend upon fratarnal eorrel-
ationsa amang‘ﬁhe 1927 progenles for taﬂtiﬁg.aut haradity
relationships. Hach progeny group wae separated into pairs

of plants between which simple oorrelation coefficients wers
obtained for the characters in guestion. Table 8 gives the
mesns znd distridbution constants for the meansurements concerned,
and Table 7 gives the emfr;-sienta’ of correlation.

By comparing the means for length of laterals and
number of lsterals recorded 1# Table 6 to the means for the
same two characters recorded in Teble 2, 1t is evident that the
field grown plants exhibited these dharaatera to a far greeter
dégrue than did plsnts from simller seed planted 1nkthe greene
house. The former averaged 248 inchea for total lateral length
and 32 fdr numbar_éf lgteral branches, wheress the latter
averaged respeétively~144 inches and 21 branches. -Obviously
environment hﬁ.laffeetod hha'axpranaian of ﬁheséScharaater;
markedly. -Further examinatlon of Tahle 6 shows thet the tassel
¢charsctors studied sre far wmore variable then éorrespcnéing ear
characters. This fact might suggest eigher that thﬁsa'taagei
and ear charscters are not énalegaualor that environment affects
the tassel much more than it does the ear. It may be that total

length of tassel brunches is a product of more varisbles than is
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DABLE Be = Hoans and 4distrivution constants for
esr and tessel charuacters on progeny plants in 1827,

NOo. | Coaefficient
Character Itom “ean of Virlability

Tasael

length of laterals(inches) 1148 | 248,01.3 26 «2+0,39

}1iose of laterals 196 | 81 .16 .43 27.7%),03
fpikelet pairs per inch 1148 5«50 1. 03 15,610,823

ar ]

Length (inches) 1148 8.86+.02 11.7+0.17
Kornel thickness 1148 | 0,188 +,0002 010413

¥o. of rows 196 19.17 £13 13.6%0,.,49
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Artificial selection has heen_cégéennsd with uniformity

of esr, but has not been concerned at all with tassel type.
For this reasson slome one would sntielpate a more hoterogsnous
inheritance for the latter and hence greater varisbility.

Much of the foregoing discussion applies ulike to
length and rumber of brah#hes or rows respectively in the nmle
and female inflorescences. Number of tassel branches is not
strictly analagous to number of kernel rows, - probably for
Toasons alpeady given. Of the eﬁ#&aetérs=atudied density of
spikelets preasents the greater aimilaricyt

A cursory exa@inatinn of Table 7 shows that, with
one exception, ell intra~progeny correlatione are small but
statistically significant. The higheat coefflcient (+.225)
1s that obtained when h&!fosiﬁlings are correleted for denelty
of femsle spilkelets. According to common usage the sguare of
a2 correlstion coefficlent eun be interpreted as per cent of
total varilability showing concomitant fluctuation. Thus by
squaring 0,225 the value of 0.0508, or 5.08 per cent is
obtained. It is then permiseible to say that 5.08 per cent of
the variability of splkolet density ‘e correlated with respect
to plants of a common maternal irhertance. The reuwalning
variability, 100.80 « 5.06 per cent, 1s ﬁﬁe.to'paternal heredity
and to the effect of non~heritable factors., According to
uright, (43 ) the meximum theereticsl correlations between perent
&nd offepring 1s +0.5 and between half-siblings it is #0.25 under



rendom fertilisation in the absense of inbreedings The
extent to whieh aﬁtunlufrat&rnni_éhrfelétiqns fall short of
thle theoreticel maxiﬁém,may*bb*uaediué a meanure~ﬂf the
degree of heredity far-tharahﬁraetéﬁ in question.

The 1ntra~prageny correlgh:aaa fer ﬁenaity are sll higher
than those for 191@3%11; Tapsel-ear aarr&htiana on the seme
plant ere respectively #0.12 for length and #0.16 for density.
Aajthﬁy szanﬁ; theasifiga:as'én naeygseeassriiy prove that
these characters tend to be lmherited togethers rerallel
development possibly could be & result of the cammon effeet of
externsl conditions. However, the faet that fraternal sorvele
etions show aéall,ganiﬁaﬁ%n of aim&lar‘sigh,“uign&figant’in the
easo of density, 1nﬂ£¢atai'that'€ha t&:ﬁaisgar sssociations ere
hereditary thaugh'vagy emalle h o

. Fraternal eerreléﬁiaua for the tassel measurements are
quite aignifi&dn&,‘th&-éaaffieseatk boing over seven times their
prﬁbabia‘ewrert. - Lars on half«aihiings, likawise, give signifi-
cant aeafriaients, alﬁha&gh ﬁha one for length 18 very much
lower than thea&\faw,tgasals or for ear density. Sinece all
uﬁyrelatiana b@&uﬁan half-siblings are based on the measurerents
of plants grown side b# side in the sémﬁ‘glot, it mayjbe,thaaghe
tﬁat éiaee efraeﬁ»in ﬁhe f&ﬂlﬁ_hﬂﬁ,iﬁéreaseﬁ the sizo of coef~
riaienzs. In‘araa; to test out tﬁig idea avr&éi#ﬁzana were cale-
culated for adjacent plants in neighboring plots. The small size
of the resulting aeﬁ&tant# seem to prove #hat there was little
effeot arising from soll veriability or field exposure.



TABIF, 7. = Inter-progeny correlations involving
length of tasgzel branches, length of ear, end denslty
or mmber per ineh of staminste or yistiilate spikelets.

Coeffleients for
—ongih.. . lensity
Tagsel X ear on same pland *.1241%,0196 7§ tsiﬁOGi.0194ﬁ

Corbination

Tessel X ear on helf-sibs ».028250199. | +.09181,0:97"
Tagsel X taasel " v #,1590 40194 * *.1759 $,0193%
“er X ear on half-sibs. *,0787 +,0198 * | *.22491,0180% .
Tasgel X tassel on adjacent

plants -, 0304 £, 0313 - #,01581,0314
Lar N ear on adjiscent plants 0.0&201;05157 | *.0673%,0312

® significant by at least odds of 45 to 1.
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carenterroceny Corralations:- Tho preceding

section has doslt with relaticnships b tween half-aiblings
or ecorn plants having the fomale parent in comrones 7The rale
parent wag not lknown bceause of rindom fortilizatlon in the
fi1cld. 1In the present section the relative extunt of sssoscla-
tione between the maternal ears and the corresponding progeny
plants are studisd. Tha progenieeg have not been ¥r=gted as
individucls, but, sinee tho number of asced cars is ..ot large
enough to meke small porrelations signifieent, the velues for
menbers of & progeny group have been everaged, and the
resulting mean naired with the velue for the »ropor sacd ear.
This proecedure gilves higher correlstlon eocffliciconts than does
the gsimple paeliring of cach parent wlth one of 1is offspring.
The increase in the sizse of the ccefficlents is duc to the
canceling out of mueh randon variability whon lndividusls are
averagede In other words the pgroup meens for the tobtal
progeny population have ¢ smsllier error then the 4rdividuals
of that 2ame population, For the shove renson the coefiflw
clents of Table 8 can only he compared s-ong thermselves; they
cannot be comparcd dirsctly with the half-sibling correla-
tions of “ahlo 7.

3y means of hils moethod of path caéfficieﬁtg, “right
{ 43 ) has determined the mexirmam theoretical correlstion between

parent end offspring. The r value found is «0C.B50;, whleh, when



squarcd, gives 6.25. It will be seen that tho cocefflclent

of eorreletion between parent wnd progeny for nuanber of
kerpels per inch 1s given es #0.,56 in Teble 8, Thus the
latter constant is higher than the theoretical veluo;
posaibly because of the use of averages as just explained,

or probably also because of chance fluctuation. ""he pProbe
+ble error is quite large dné to the relptlively amsll number
of individuals concernecd, namely 153 The difference hetween
the theoretieal value and the sctuasl velﬁn iz not three times
the error of the differenae; It 1a, therefore, not peossible
to regard the coefficient of #0.56 as a fixed vslus. It must
ba consldered aa & verieble fluctueting within rether wide
1imits. If & atmiler population were used in another erleou-
lation & much lower, or a much higher coefficient might be
obtained asg the result of chanee alonsc. 'the foregolng obser
vation, of course, sppllies to sll & ¥vslues listed ir Table B.
It is neceesary to be conservative Iin comparing them with a

theoreticel value.

The froteornal correlatlions given in Table 7 are |
based on a relatively large humber, 1148, snd therefore
have smaller errore than the coefflcients given in T=ble 8.
Thua 1% 18 safer to use the former 1in meesuring the

degree of heredity for the characters in gueastion.
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TABLL 8. - Correlations betweon narent ear and
progeny. Crogeny meagurenents uged represent group
averages .

Character Comblnation 1926 1997

2arent oa&y X progeny tassel
Kernel wt. X length of

apikoelet +.0874 T.0722 | +.0982 £.0640
Ho.0f kernels per inch X

spikelet per inch *.2709 %£,0674 $.1210 +.0537
Yo. of kernels X no. of

eplkclets - - 4.0380 £,05645
war lengtn X totel lateral

length i =,0016 *.,05458

Ffarent car X progeny eay

ternclas per inch - - +.5626 0373
%0« kernel rows - - #.4528 £ .,0454

cength of eay - - +,2087 12,0493
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For instance, ths actuel coefficlent of corrclation for
number of kernels per ineh between half-siblings fs «0.22 as
sgainst #0.25 for complete hereditary detercinstions The
squares of the above two Tigures asre respactively 0.0434 und
o 263 1 Tl 2484 . : ' ¥
U.0625+ Then w A 100 = 77 or thoe per cent of the theo=
~oggh , y
retical maximum thet 18 actuslly irherited. The foregoing
equation can bc used to calculate the coelffizlent that =should
be obtalned for the same character, thet ls nurber of kernel
per inch, bhetween payvent and progeny. 8 hae Dean soid the
maxlimam theoretlcal heredlitary determination for the latior
combination is (0.50)2 or 25 poer cent of the total progeny

variablility. ‘iherefore r. .2
' 20 w 077 % 0.2520.44

= 0.77 or T
Q.25 i

It seens safe to conclude thet the correct corrslstion vsolue
for kernols per inch between meternal oars end progeny ears
iz of the order +0.44 T.01ld3. This vslue most ecertsinly is
suffielently large to ne of Inportancs.  8lmllor observatlon
holds for surber of kernel rows and length of car. Those
three characters are dlstinetly heriteble snd they sre influe
enced relatively 1little by growth conditlons. uf the three
characters length of «er 1s limited to the greateat‘&egree
by feactors external te tho gﬁrmmiaam. This state-zut ssons
to bs borne out by flield ohservatlions In thot esrs nroduced
on Iinfertile soil sre short but tend ¢t have the charsctorisge

tic number of rows and thieckness of Lornels In other words,
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the grretest reductlion in weight of gralin under sube
optimun growth conditione is brought sbout more through
reductlon of car length then through elther & reductlon
in row number or & change in kernel thicknees.

The eorrelations hetween parent ears and progeny
teszele are £o smell in proportion o their probable errors
that it is not sefe to draw definite conclusions from theme
The most that can be ssid of the lattor rolstions is thet
they support the Ireternal correlations in indlceting e
amall hereditary relationshlp between tassel and ear with
regard to the exprcaslon of charscters markedly concerned

with pamotie nuners.

“ummnery 0f Part I. - Dy welghling pollien colilected

in the greenhousge from individusl corn plants and subsc-
guently =essuring the eorrespondlng tesacls 1t has boeen
posaible to arow thet total length of latorsl hrurches and
rumber of splkcelets per Inch have an laportent noeliive
reletlon with pollen vroductions. /f1lso the nors or ilass ohvious
reletlong batwveen tobtel number of lernels per car snd number of
arnel rowas on the var, the thiclness of Lerncls or the number
of kernele ner inch, and the length of cer have Leen polinted
out, Of the three esr cheraciers: row number has the hipghest
porrelatlion "ith totel kernel number. Hurbor of ltcrnels ner

inch rania second and lergth of ear comes last. In genoral,



1t may be s=1d that the longer tho ear the fower the
number of nrows nnd the thieker the kernels,

It has been shown by fraternal end parent-progeny
correlatione that there is a aslight tendency for tassel and
ear emaracters to e expressed to the same oxtent upon the
same planti that the charaeters are heritable to sn :pprecia-
ble extent; and that totai length of teesel brunches sud
length of ear are afiscted more by factores oxternsl to the

germplass than the other characters studied.
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PART II., Renroduction »nd Yielg

——"

A Yethod for fleducinr the Variability of Yield

Datar - In orler to secure statistical =ifnifiocance

eznarimental work iovolvins conll 4if erences in crom yvield

is alwaya hnadiearnmed by the necesnity for a large number

of com aricons. ¥Yield of »nlant naris 1o a growth ofisct
and like orowth 1t is eanlly 1nfluenced by any one of 2

number o7 thoze condltiona extoernal to the plant, which, when
taken collectively are eallaﬁ environment. %Tield comearisons
of crop vlants come under that crtegory of exmerimentation in
which the effcct of one contributing factor is studiel shile
othier contributing factors are left to vary at will, Amorig
other variables, s0il, tewnorature and light cannoet be
comyletaly contircllesdl over relatively laroe exnerimental nreas,
The bDeat the investicgitor can hone to do 1 tn summle a2rowth
onditions eoually with every member of his commariszon, In

he nrecent work the unit of commarison is a nrogeny groun of
corn nlants. In order to faciliterte the sammling of fleld
conditionsa, lnygely a nuestion of =01l wvrriation, ench olot
hag been replicated twice and the renlichter svestemsticnlly
f,“tribnteﬁ asver the exnarimentnl crea. Az 1s clwaye the cvase
with a larre musher of »nlots much coll variability wos en-

countere’, Consequontly olots olanted with sced from the eame



ear hove not sroduced esual amounte of rrain,. It T8 true
that all »lants from the same geced ear did not hoave the same
senetic onnstitution with reopard to. yield, However 1t wonuld
arnpear that -enstio difsrences among the nlante éf ALY

ziven nlot would avrrarze out, for nlot yiseld is simly ihe
averacs yield ner mnlant aimés the nuebor of nlants »rescent,
If the latter aspumontion be gronted thoen diffsrences Detween
nlote for a civen »Hroroeny wunt be due o factors onther than
haredity.

Tt would be very helnful 17 the ofect nf heveadity
unon yield could be asenarated from ¢ 21 due to nther counes,
Juch an acceoHmmlishment would reduce the number o»f trials
necegzary for makine sisnificant the annll relntions that wmay
exiot between virisug charcclers and yvield. from th2 sinnde
naint of mantine ner cent sflect, 11 wounld e mich botler to
oe able to atrte that a certnlin norent shafacter such o k?rnel
row nmumber e asgrcinted with a certain ner cent »f the yield
variability induced by evervihine, Il the environment uere
conastant for all exnesimente thias ben~If1t would be nocrliible,
but unfortunntely this g not the cnge., “ometinmes 1t renre«ents
a large nart of the ta%al yield fluctuctlion while at other
times 11 1s muoch omaller. ‘Thus the greaior nart environent
nluys in the size of the yield stondnrd Jdeviastion the lesge will

be ihe =or cent elfect of heritobdble charseolers. But were the

ner cent e.fect {obiained by somring r or B) canleulsted on
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cenetlie variability slone it would not only be larger,

but more anenrly consiant Yor differsnt triale, and, in fact,
~apsibly eould be used ‘n caleounlatingy the deprres of honozy-
zosis in 8 corn rwomulatiaon,

T 211 nlot vields in the exnerivent reg rdless of
the ori-in of their reed nrve coneldered as units in a total
ropulation of nlot yields, the estandazrd deviation of yicld
For an individual nlot measures in one value the wvariability
dﬁﬂ to (1) unlike field oonditions amons the »omulation of
nlots, (2) environmental eflectc unon the somntoplasm of the
peed such as chance digeanse infections, immaturity or ocold
injury, and (3) heritable Jifferencas. The effeet of (2)
can be almost eliminated by rigcid germination teste, but (1)
offerg more difficulty. The {irst sten ‘n the contrel of

Tield wvariation 1a renliication nf nlote. %here there nre an

X

wny o5 three nlota of o kind and a sufficient total number

=

of »lotz, say not less than 50, the sethod used in this work
sesms helniul.

The method rests unon the assurmtion that the
variability due to growth conditione can be gennrated {rom
heritable variability throush gtstlstical mani»ulation of the
standard deviation.,  Acocording to Yule (44 ) »n. 511 the
gmanre of the error inherent in the variable in muegstion nlug

the sauare of the error »f obzervaiion is equal to the s~uare
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of the error =meagured for the veriable. Thueat

2 2 2 2 a e
C = SO S~ I or - - “
% o, o, o -3

where Xy igs the ohmerved deviation from the mean of a2 w-riable
X3 x,the true deviation and o the error of oboorvation, Hence,
if any two of the errnrg are gnown, the other can encily be
Seterminad, The only condition ig that the nosition of the
mean of T be not alffected by the error of observotion. The
nracsent mathod for correcting yield variability assumee that
the avove Formila 1l apnlicable, environmental devieation being
consgidered ~nalosous to err~r »of obrervation, In future

sontation %11ll e rafeorred to asg the sitandard deviztion of

%y
yield due to heredity. 0. #1111 refor to all other wariobhility,

&

and o w11l denote total variability., Thue the basic sauation

igt

Obvi~usly since o, onn ba found from the total nopu~
lation of »nlot yieldg, the next glen is to obtain 2 value for
O, - This can be done by caleculating the error for each
replication pgroun, taking the averapre »f thice velus, correcting
it for emall numbers, and treating ithe reault obtalined ag a
meansure for environmental variabllity. Asg nesviously exnlalned

this nneration merely agsumes that dif{ferences Letween the yields

of nlota ~lanted from the sams seed oar muet be due o unlike
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of heads caloulated froo
Inrludes ten coine

toas

TABLE 9

Yrang and standard ¢ vietions for numbor

of Wi

s 1l proups of cofn tosies
z»'] {3 {');:} ;’bg"\

of four conegcutive Lossen.

aﬂ%

Fifty grouns camui

Group! Mean | ZH2- o Groug TH3-
0. | (M) | H(ug) 8 No.| & | =) %
i £ 400 € a0 142248 86 4450 1.7.00 1.833028
2 % 400 14,00 1.8708 27 ¢ 400 Ga 00 1.2:248
% D75 1 BL.76 1 .4730 28 00 14,00 1.787048
4 L &5 O:?é 0&‘%«3:\} 2*3 5600 £ .00 14 O000
5 DeTE CeTh L8090 36 C.OG 11400 5.&&&3
& é)g’?f) ‘3“?5 Q.ij ).C}Q t.ﬁl o Qs‘.ﬂ? 1:3 4,\?{’) o'?{,.«..a
7 4 ¢SO O a0 1.1180 S 5478 4 75 wc):37
& 4«50 25«00  12.0000 S 4«25 L) Catino2
“ 3e7H 20.753 ‘?.8’7‘7’6 3'53.': 520 r"o?"" 0.?:“2"}2
10 4 o+ 50 .00 1.5000 35 4450 11.00 LaCDUE
11 e 00 2,00 Ca7071 36 Salh 475 10347
iz 447D D75 Oe%idl 37 4 » 30 U« Q0 L eP048
i3 3«0 10.00 [1.5012 353 O e 25 270 0.828092
14 G220 %75 31,0887 59 Lo 50 De00G 1.1180
15 4 Q0 <« 00 1.2848 40 GeRd D78 O edt 330
15 5«00 £« 00 1.2248 41 425 12.75 178054
17 ZeBO 11.00 1.86858 42 D75 2.75 O.8292
i8 B.786 14,75 192008 & G a7 Be7H 144780
12 4.258 £ e 7H 1.2930 44 5« Q0 G« G0 1.8248
20 £.75 LeTH « 3208 45 4« 5HQ 15400 1.3028
21 4,00 400 le 0@30 45 550 400 1.,1130
22 5258 2275 C.03262 47 51450 5«00 1.1180
23 54,76 75 1. 4740 2151 0400 2200 0.7071
24 £ e2D 4475 1.0887 49 4 «DG B« 00T 1.1180
Vel (HeBH )., £.87 7670 1.“Q?% 5,100 (e 540 1.2133
Ves (im0 ) eanssencnnssovenvassnssssscanssn 4,985 7.106 1.2582910,08456
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are close togaether and malnly to one side of the -opulntion
mean thelr error will be relatively low, Such a groming
1s more llkely the smaller the number (n) of items nef pample,
Tnble 8, based on data obinined from colin tosees,
hns been nrepared to illustrzte the eifest of calonlating
standard deviations fyom =2m2ll camnles. Por this tzble
10 colna were %tosced simultansously 3060 times. The number of
coins with heads un was roecorded for ench toss., Later the
tosgen ware gromed conasoutively into sawmples of four iLhszcos
each., Them ‘the mean nnd standard deviation fox nunboer of
heads were calculated for ezch proun and entered in Table 9.
The average noesn and average standard Jdeviation woere {inally
coimared to the theoratical mean and the theosreiical staudard

geviation ro

o

ractively., Since the »robability of a head
f8lling unward is 1, the mean for L0 coins wmust be 10x? or 5,

and o2 = npg = 10xlix!

w 2.5 0 g = l;ﬁ&ll. Hy ingmection of
Table @ it will be seen that the averace mamber of herdg for
52 grouns is 4.085, only 0.015 less than the ltheoretieal velue
of 5.0. tn the other hand ‘the averapge clandard devintion
(1.3539) ie significantly lower (odds about 99 to 1 that the
differeonce 18 not Adue to chance 2lone) than the thae retionl
value. By gorrectinn throwzh the uee of factors derived by

entirely differsnt methods the averaze value is made to avmror=-

imate the oonrrect vslus.
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Tigher ( 9 ) hns nubliched tablees fivins Tasetors
Tor correcting the sinndard deviztion abiained frow rrousg
when 17 e@mnls 4 to 100G, The factor ig divided inte %he
obaerved value thua siving the correct vnlne in £ suntient.
Yomp of the 'inlverslty of Yarvyland in unmablished work hao
swrrecated another mathad »f enrrection, vhich for the -ranlenm

7

at hand, involves Lless work and apnarontly sives resulis

o)
b
&
&

arproximnting those of ¥Vighsre, Gee Table 9, Fisherts tn

©

have tho advantage in thai correction cean be wade =ither oHn
single group standard deviation or on the mean of such sirndard
deviations, Kemmtie factor must be anpliad to the smumre root

of the sverace ssuares of o munmbsr of groun coctnndard deviatioans,

Tt eannnt be apolied to = sinzle grour. On the other hand,

=
e

ninece ihe average velue fteelf mast be uzed in the eorn vwork,
Vhe Iatter wethod enves She laboert of iakine the finnl ool Inx
the Andividusl oroup standard Jdeviations, The fretor used
Tor correction s obteined in the following way, ©ivat the
soswmitlion is made thnat the standsred devintion of o «inr-le
ften in the mingled so-ulation is exnreesed by the Iorouls,

2 2 2 o

A where ¥ roorceeats the
groun weang =and g, A oroun Llem, Yt aingce sroume 2o to b
averaged the last term will be included in the avorore of the

sruares of the grouwy =tsndnrd deviatioan and hence “vome out of



the aquation, Thent

T

at ‘ O e 3w €x°
' &, = _L.. or ¢~ = £1

Then i, 3 2 6.2

By arbitrarily assigning OTB the v2lue of unity +he relr{ive

value of the average groun standard dsviation ean be obinined,

s 9 -
quﬁn.# -1 =41 - %‘ = (3.6185 = the correcting factor
; n _
21

i

oy
L
ey
(B

to be used na & vigor for the sboerved squarc rool of
mean »f the s-unares »{ the proup sitandard deviation.

The entirs mathnd for eliminating savirsnrentsl

variability (eg) from »lot yields in the nressnt corn exnariment

ie outlined bhelow.

1. Find the actual standar? deviation for the means

f a1l renlication groups or nlats »lanted to the same asecd ear

3
H

Let 1 renresent the groun wmanns; ¥, thse musber of groung; ¥, a

maan; and I, sumsatlon,

- ? - YT : 1
0y = iR’ iR (Mg)/ n



2. ¥ind th ajuare of the numeocotor tserm in the

gstandard deviation formula for each replication groun,

Let » ensual an included nlot yield and n the number of »lots

ner zroun. (n = 3 in the nrezent work),
e 2 2 -
n 6,5 = iy ar(M,)

3. Determine the mean of the squares of the group

miandard deviations

ﬁ = z,(zz“ ;_g_(}sq)

4. Obtain gy, the stnndard devintion due 4o field

conditione, by extraoting the square root of L.2/¥ ana

dividing by P = correction factor for amall samnles.

D,8185 for n = 3).
=y xSy /T

5, Make n? cémnarable to On by dlviding by n

LR
b

“ﬁ = 6o/

Hote! Combines in one equation (2}, (3}, (), and

N s

(o), mive SRS S
) 5 e S (}g
Q'g 5%* (&“l‘ S ij — } F

6., Calculate Oy Trom the enuation
G?’IIGB"GEE

H R



7. Substitute gy for gh'in_tha #raégat«m@mﬁn%
cexralatian_eguatioa. ‘Let'&rﬁe Aay ear oharacier correlated
#ith progeny yield X, and let p :ebréaant the nroduct moment,
The aerrelatian'bﬁtwaxu,ﬁ and X willbe without correction

r P

with correction

Tya ® ——PB.. oF for mechine adaptation

%%
rAxﬁfm&”ﬂvfgx
o xyR) ,E& .

obviousiyfﬁy 1aéaeniﬁg tia wreéuct'of'the variablility
term in the daacmiaatox of the areﬁusewmumsnt correlation formu-
Aia the size of ¥ *111 be increanad gtowiéad tha nunerator ie not
Vl!kewzae xgdueeﬁ, "Hawfaae variability term in the denominator
-§8 the staadgtd:dgviatign'nifon@ variable and the other is the
eﬁanéaxa}he§igflan for iha'atharvvariahle. In the present type
of work 2 gﬁrtnt ear eharactwr ranremants one’ variahxe and
nrngaay yield rearaaea%n ‘$he other. 1If the standard deviation
of the latter 1@ tadu@md to. reﬂregant only variability related
t0 the sead aar’then‘r vil} be 1&93@&@@6 aacqrdingly. The pro=-
duet moment in the_gﬁmerataxa&gs 1%5[@15@ only to ooncomitant
;d911§§1ons for ﬂhs*iwq variak}ag. yﬁﬁaﬁeaﬁiated deviations

cancel out au&am&tiéaxlyj"ﬁiaeé:théra ie no reanson to believe
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that environment was any different for any one narent-nroceny-—
yield pair than for another, it <an be assuned that the
nroduct moment is due only to the foct that the ee d ear directly
influences yield or else the two vary togsther on account of a
COmIon detarminamt transnitted from reneration to renseration.

It ig true thet any somatic unsoundness in the geed
ear which is indenendent of heredity but which may affect the
vigor of the offgpring, may also influence the magnitude of seed
ear characters and thus aument correlation, Thus immatnriﬁy
or digessge infection may effect one seed ear more than another,
not beczuge the one ig inherently woeaker than the other, but
because the one by chance hanpened to have a more intense ex—-
posure than the other, ffeverthaleegs, the disorder will not
only infiuenee auch ear characters ag veight of kernel or in-
éentatinn of kernel, but will slso reduce the vigor of the
seedlings, The result will be a correlation between weight of
kernel or ind-ntation of kernel and progeny yield, However,
the nronortionately emall offect of such situations and the
fact that the germination test eliminntes nracticsally =11
sonatic unnoundness arcue for the ignoring of the forcagoing
noseibility.

Table 10 has boen included to 1illustrate the
annlication of the correction nrocess to actual data, Thisg

table represents ounly a small »art of tho table sctunlly uced



TAB.E 10. - A semple portion of 2 large tsble used in meking veriability
correction in the 1927 progeny yields

feed Yield in lbs. per plot. Velues in per cent of respective series means coded
ear by gsubtracting 70,
No. “eries Seri Totel |y
Sries i & wean p 2 -
. ‘ — (zr) 1 (R) sr - ,(M.r)
I 11 111 1 (ry) | T1(ra) | IT1(ry) R
1 20.0 15,7 24,1 38, 21, o B3, £7 .67 164 39
2 £1.3 17.0 50.6 45 28 50 123 41.00 266 .00
3 17.0 19.7 29.1 22 44 44 110 36 .67 528,66
4 13.3 12.8 27.1 2 10 33 48 16 .00 632.00
5 14 .6 14 .6 22 .9 9 14 20 43 14,33 60.67
6 83.6 18.9 29.0 57 40 44 141 47.00 158.00
7 20.0 22.] 26.0 38 58 32 128 42 .67 370.66
8 22.5 17.3 | 26.9 51 54 &6 120 40.00 182.00
9 17 .4 16.9 22.7 24 28 15 71 23.67 - 40.66
10 17.8 20,5 22.3 26 49 17 92 30.67 544,66
153 17 .8 15.3 2040 26 19 54 79 26,33 112.67
2837.2 2640.2 3908.8 4587 4568 4566 12722 44 ,373.92
¥ 18.04 17.20 25.55 29.98 29.86 29 .84 89.69 290.03
2

;g = £R% -2R (¥R)/§ = 85.2409
6r ° 9.2326 = observed standard deviation of & group M

r“*ér(k
%4_ [£ J/ PYn = %/ B165 ¥% - 6.9523 - the standerd

deviastion i{ndepenient o7 seed
differences.

6\32‘-‘6‘,&2* oy = 9.2326 - 0.9523) 36.9064

6 = 6.0761 = yield standard deviation relsted to seed.

- g -



In eoleulntines the reoults of 10827, Uowever, it is thourht
that cufficient deta nre inoluded to illustrate ihe wrocess.
It will be noted that actual yields for each gories are
canverted ints nercentageg of thelr resgreotive series mesns.
This step nermits the combining of »lots in different fields
and of different sizes. It will be noted also that the
naraentages are eoded by the subtraation of 70 throughout,
which of course does not affect the nize nf the ragsulting
variability constants., The value of the true mean, however,
ie reduced by this exact amnunt. Coding merely reduces the
labor invelved, being a nrocess similar to that of grouning in
a correlation surfece,

Toblee 11 and 12 summarize the yield r@ﬁulté for
both 1938 nnd 1937. Attention ig esnlled to the fact thot the
yields of 1927 are almost double those of 1%36; Doubtleas
both season and soil contrivuted to the differencea, Yoot of
the plots ware on better =0il in 1827 and ylelds of corn in the
loecality of the exneriment were generally high on account of
& favorable s=a80n.

Fxamination of Table 12 makes natent the faoct that
in so far as the correction method is reliadble, about one-~hall
of the totsl plot yield wariability encountered tn this cxner-
iment wag due to roil or other field conditiona. The other

half apparently was due to ssed diffcersnces. In the yeor when



TABLE 11.

. -

Av&zage yields. of undried ear corn

foF BS progeny grezms growm in 1938 and 153 gmups gTOWR

; _fexies | j ries |
1t} gx ] zix] Totd ¥} rrd 111} Toted
Wo.Hills | 8} 8| & =4 10 10 16 38
Yield in ibvs.| 7.61| 7.83| s.83| 22.08] 18.54| 17.26| 25.55 61.25

 TABIE 12. - Yield avaragas and sfnn&arﬂ deviations

for the means Jf replication groups.
of three plets planted from the same seed esr

Rach group ocnsisted

T Avezaze, % | om 1 o RSN
Yeay i el R Oy Oy “%jé(g
ner A. nex A, | nercent] percent| nercent R
1936] 48.7 * | z.83 ' 6.08 4.09 4.48 0.545
. | |
* §3 groups in 1926 153 ;nfiégv

- unweighted -



tha total variabllity woo low the prodortion of virinbility
induced by the geed wae relatively high, This fact cecus %o
indicate that reduction of total wariability oame elthor ng

a result of more uniform field conditions in 1938 than in
1857, or as a rasult of a more elficient »lot to »nlot correc—
tion initially apolicd to the ylelds. The exnerimental area
in 1837 was much smallexr than that of 198927 and on the vwhole
apneared more uniform, e simllarity of the serles means
for 1928 ziven in Table 11 geems to bear out this ~baervation,
But regardless of how the zreduetion nf total wariability

came nbout it scems safe to coholuds that tranemitisd variae
bility tended to rermaisn conetant for the two yenrs,

-fhe efifect of the vield wvariability correct’on
upon the size nf a corrvelation ooefficient where vield ig one
of the variables is eanily demonsirated, If X he allowed to
represent yield, A some othey variable, and p the nroduct
moment, T.,, = P Then if oy OF o, is reduced in

Og04q
size Tya will be increased in firect proportion. to the acount

»f the reduction o © QC

H- mi"“

Thﬁf@f@r@,:ﬁl,_ giveg the ctor by which any ~iven crelZiclcont
1

muet be multinlied in order to cobtain corraction.

In 19286, “R/eg = 8,068/4.483 = 1,35

In 1937, t?g/,,.H = 9,33/5.07 = 1.53
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in work involving a series of yield correlations it is
more convenient to make the correction directly in the
denominator of the coarrelation egquation rather than $o
walt uﬁtii an ¥ value is obtained and then wultishy by a
factor,

It is demonstrated then that the method of correc~
tion ralses the coefficients of correlation from 35 to 52
ner cent, If the correction cznnot be proved invalid the
gain in the sise of the correlation cnefficients s.eme well

worth the trouble involved,

Character~Yield Correlati-nat~- Proceny vield
regults for two yearn'kﬂf work atill in nroprees have boen
used in the corrslat:ns to be dlscunsed, The respectlve
nrozeny yields have be:n correlated with morphological ear
and tasgsel characters nreviously found to be as-ociated
regnectively with ovuls and nollen numberas, The mathnd
daveloped for reducing the effect of field veriablility has
bren uscd in all the character-vield correlations, All r
valuee with their errors are vrezented in Table 13,

Though swmall in comparison with thelir nrobaule
errore the cnhefficlents taken ae a whole do ghow certain
rather definite indications. For instance, eanch narent-ecar
character maintains the same gign for T in the two yesre of

the experiment. Xernel number and number of kernel rows both



TABLE 13, =

Gimmle corpclation coafficients between

vzrioue plant charactere and vield of ear corn,

Character

1927

Parent =ay

Length of cob
0. kernel rows
¥ernel thlckness
HYo. of kernals
Ave, kernel wi,

Progeny tascel

Centy=1 length

¥o. brznches
Lensity of epikelet
dize of "
Lepgth of branchesa

Length of branches
x Jdensity of
apikelets

Sum of tasesl chur-
acter values

+0.1007 1.,0720

-. 0598
+.1380
~.1148
+.3561

-, 1738
-, 1507
-, 1445
-, 02542

-, 2715

+.0724

+ 0716
+ ,0717
+ 0834

+ 0705
+ 0708
x 0712
+ ,0725

- -

*,0871

+0,0781 + .,05432

-. 1608
+.01958
-, 1098
+ 0868

+,0937
+ 0807
+.,1323
-, 0838
+.1183

+.1500

* 0531
1 0545
T 2585

+ 0541

H H HHH
oD
WAt
o
L'V"
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show & nopative relati n with yleld, On the nther hong,
len=th of ear and weicht of kornel both show o nogitive
carrelation, It would apnear from this that size men:uro-
rents of the rparent ear have an erfeot omoalte to that of
kernel number. Uith the dsta at hand it is impossible to
gtate whether row number determines the relation shown by
xernel number with yield or whether the converge ig true,
¥ernel thicknese gives a nositive © value or stated difisr-
ently, number of xernels ner inch zives & nagative value,
Here arain cause and effect cannnt be diatinpuished,

Kernel thickneass varies dizectly with length and indlirectly
with kcornel number., Its relatinn to yield may be due to its
association with #ither kernel numbe? or ci~e of ear. “hen
the experiment hae continued long enourh to reduce the
error of the simnle correlati n coefficients, 1t will he
enlightening to niasce the seoveral variables in & miltinle
correlati-n ~ystem with yield., Then the individual effecte
of the different charscters gan be definttely moagurad,

The »roseny tasgsel measuremonts, like the narent
ear meédpurenents, do not tell a definite stovy. The nost
outrtanding observation 1e that the yield relstions aeem to
be ravorsed for the two vears. In 14926, all cigne arve
negative, whereas, in 1827, =211 but one sign, that for

spikelet size, are nositive, Thorefore, the results for
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1528 oheok the ear corvelatisng for woilh yvears in thai
high gametic number seems to indiosite low yvield., Tun 10227
total length of lateral branches and density ol spikelets,
ahnaracters highly sugoseetive of »ollen nroduction, have
commnratively high nositive T values. The chanpge Tor the
twe years cannot ve exylaimed. I% i3 sugrested that the
roversal of gign may be = resgult of the very favorable con=
ditions in 1827, As has been pointed out, yields for

1937 almost Qaublgﬁ thoge of 1808, Poaeibly taseel und ear
on the same nlant do not show %2 like resronme 4o favorable

zrowth conditinne, Murther work is vamiired to make nay

anuswer d-fintte,



Sunmary of Part 11~ A mathoe for eliminnting

3

or at least reducing the effoct of field conditisns upon the
variabiiity of »nlot yields in ear-to-row commariscns hasg begn
wrecented., Fhere the nuier of comrnarieons is large and where
cach seced 1ot i renrcornted by three or more »lote dictributed
ovoer the ewnarimental aren, the meothod is annlicable. The
virlidity of the »rocedure rects unon the assunmntion that the
average yield error within a2ll runlic»nkaﬂ rrouns of ~lots
after bveing corrected for size of samnle measurcvs the variablility
Adue to so0ll or other fleld conditions, and that the error onlou=-
lated from the minglied roeards 2f all nlots e curse the varia-
111ty due %o all cmuses, Then the diiferenes, nroperly gnrlcu~
lated, between the latier and the former renmrscents the oortisnm
of the total yvield vardlability due to sesd differencoz, IIndew
the conditiong of the exneriment the lattor arpunted to about
h=1f »f the total variabliliity., In the year when totrl veric=-
pility wne law, the »er cenl of tronsmitind variablility woe
igh, shich 1a evidence that the lniter teades to rawin constnnt,
Gorrelationes with enrrection wore caleculaied for yield

snd virlous tascel and ear c¢haracters. The resulting eoelliclents
zre low in relation %o their arobable exror , but taken as 2 whole
they show si~nifiecsnt tendencles, TDuamber of “ornels on the ~arent
ear and charactoristics contribvuting to awsber of kerncls show a
gmall nesative relation to vield, ©On the other hand szige or wmace

messurements such as lengih of ear and wolpht of Yernel show &



on with yield, For 10830, tnurel ohrractels

naaitive agsociatio
indloative of ncllen production were nagatively correloted
wig fovoersed,

VPE

with yield, but in 1827 the sign of the relztiqn
g adeouate explanation ls st hand, but it is thourhit that

ihe much more favorable senson of 1957 had a adifferontizl

zifeot on ear and tasecel dovelonment,
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SUMMERY 31D CONCQLUSION

The present work was prompted ﬁy the conceptions
that 811 plant functions culminete in that very important
capacity, reproduction; that through reproduction natursl
selection becomes effective; and that yield of grain end
reproductlion in malge are similar but not synonymous. fin
attompt has beon made to detsrmine what messursble easr and
tassel characters are expressive of gumetic production, the
extent to which each ig inherilted, the degree of assoclation
betweon tassel and ear charscters, and finslly the generel
relations of theee charuzcteristica ¢to yield of grain.

From the results obtained over & period of two
vears and invoiving 249 sced ears of elds Yellow lient corn
and their respeoctive progenies, the falzaéing conglusions

have been drewne

1. Under greenhouse conditione total number of
tessel splkeolets is & zood eriterion of pollien production.
Total length of tessel trenches tlues estlimated spikelet

denelty iives the next best messurement of pellien production.

2. Density and slze of apillkelet are rmich less

variable than length or mumber of branches.



\
3. Yeight of dried pollen is exceedingly

variable. “uantities produced in the greenhocuse showed a
coefficliont of variability of 39 per cent.

4. Environmental conditions greatly lnfluence the

extent of tassel development. |

5+ About 50 per cent of the variabllity for totel
number of kernelﬁ is correlated with number of rows. Number
of kerneles per inch has more influence on total mumber of
kernela than does length of ear.

6« Long ears tend to have few rows and thick
kernels. |

7. Har length is lese variable than tassel length.

8+ Intra~progeny correlations are small but
stetistically significant for densiﬁy‘and total length of
tassel. The size of the asctual cerrelations in comparison
with theoretical values shows that these sharsctera are

largely hereditary.

9. Length of tassel and length of ear on the same
plant gave a correlation of #0.124 *,020; number of tassel
spikelets per inch and number of kernels per inch, +0.161 £.020,
These figurea indicate the possibllity of wide poliea Qvule

ratios.
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10, There is less tendency for length of ear
to be inherited than elther number of kernels por ineh
or nnmber-of roWs per eare The parcnte-progeny correlations
coefficients arve respectively +0.309 £,049, 0.562 £.037,
and 0,453 £.043.

1l. I'leld variability tends to obscurec hercitary
relationships, but 1t can be measured through plot replicae-

tion and subsequent statistical treatmente.

12+ Uar characters indicative of the extent of
ovule production have a smoll but definite negetive corrclae-
tion with yicld, whereas taasel characters expressive of
peollen production may show a reversal of aign from season to

SCRa8UN .
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