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Aith the advent ¢f rono, 2rm and rolynloid sucar heet vari2tiac
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and to wirat decree cslection can be el'fective in 1.7 cvin
characteristic,

The seedlot- ver2 '“mrvected from irdividuzl ~lants arvd frow
clones ol 2 ruici-erm variety, 3r=ed of cerninstion vas teler.ined

by rerairaiin- the seedinallis in contact wiis a Lirer:l rutrient soou-

Genetic=gtaticiicsl nnuhnds were used

o - o~

e citaniiicr ratios were
eztimzted on *he naziz o7: (a) between i lf-s5ip farily vaviao ces,
(p) wi*Win half-sion Pardly varitnees, (c¢) rarept-ofT: rir: correli-

tiors, (4) variances wiihin clonss to estincte environ ental variaree,

ard (e) the c¢2irz cotiinezd in a3 s2'action erzceriwent, Tre heritacility
eztimater deponzurated tnat creed of cemiiration 15 a Li ol neritarle
troit, avers - 91 rercent oy tlhe z—, and Z-uny erminatlon data,
Dorinance w2z found to bs inzi in “re dneerizance of Lrliy
craracteriztic, A <izzple ~+in in sneed of reri iy Sion vwis onlnined
throuh pacc s<lection, 1 noraors of gsaede . o a0 ewren L3 2 Ioheriied

ard afvected soeaed of  arinzstion,
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he seeds® of su;ar beeits nossess unsatizfactory fernination

+=)

cnaracteristics from the agrornomic voint of view, Thus it iz not too
surprisine tnat 5-10 vercenl or tn2 vianted su.'ar obeet acres-e i3 lcst
annually, larcely because of irresular or poor seediine e.er;ence
(4zricultural St-tistics, 19S2), and me=ny acres have to pe revluarted
(COK®E 1547, WICACL 1:5%). Unsatisfactor. :rerrination and slow iield

emer-ence also account for peet stands consideraoly thirner thin the

7 -

oentimum, causing rsduced yield and sucronse content (Daii. 1GLG,

V-

Cen'L
L(

1955). Althougsh ranid emer;ence may not oe the crucial factor every

vear, in some ye=rs and in certzin ri=lds it mayr become one ol the iost

[o))

important factors determining yield.
with the increasing use of monogerm and nolyrloid su:ar bpeet
varieties, the demand for hi,h ovality sced is becorins extreiels ursent,

Seeds of polynloid sugar beet varieties gernerally have a lower sermina-—

tion canacity and a slower rate of c¢ermination than do the equivelient

*The term surar vpeet 'seed" will refer to either monoreri or ruliirerm
fruits, For multirerm fruits the term "seedoail" vwill ve used, icr
monogrerm fruits the term "fruit", The surar peet seed, as defined in
the botanical terminolory (frecuently referred as to ".erm" in the
suvar beet literature), will be conseqnuertly desicnated as "true seed"
to avoid rossible confusion with fruits and seednalls,



diploids (F%TO and STLL 19472, 3DLKAYR 1957)e To fulfill thelr interded
purrose, i.e. snace nlanting to a rerfect stand, seeds of nono.erm vari-
eties reauire better .ermination characteristics than do muiticerm
varieties, with iono.er: seed=, a hiran nercent of germination cowoincd
with rarid ard uniform erer.~nce is a virlual necessity,

Rarid enervence is esneciaily iwrortant viere low termuera*ure,
poor aeration, critically low snil noisturz, or soil crustinc create
ternorarily unfavor=-le environiantsi cornditions, 3low erer erce may
dela: rronpl culiural onerations, caucing disacdvanta.eous counretition

o
s A

cerLair

(

betweern the su. ar beet ceedlin~s ard weed<., Tne everit;
diseases mar zlsn ve consideraolyr decr-aszed by rarid erer.ance and
vigorous suvcesient srowth (AFARASTV 16L2). 3Since a direct correlatiom
exists petween the lensth cof srewin: searon and yield and also sucrose
content (WUCKCL3 1946), earlier ewers~ncz vrrcvices a lon:er period of
erowth for beets, and consecuently a ki her swrar yield,.

The arronowic value of the surar beet seed has neen deter:ined
larcely on the basis of the ;ermination cajacity (nercent of seedrails
croducings ot least one sesdlin: ), or on the pasis of the totai nuw uer
of seedlinrs per 100 scedballs, under certain laboratory cond tion:,
hecently, howsver, more and .oore ernhacis nas beer ~laced on rate ard
vi or of rermination (D.aTsz 1951, 3i7iat 1854,

As a most obvious aroroach, ditffereat crnemiczl and ~nsicel
treatirents of the seeduall have peen uszed 49 accelerzie ~eriration in
surar beets (HUNTTR 1961, DSXTAR and LIVAICTC 1999), Hdowever, very

little has peen done to inrreve s-—eed of rermination or ciner saed
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characteristics by clan* breedin: netnns-, Triz was a loqieal cor-

+

"nzt ceryrirction cnsrzo-

L

cemnanece of tre arerally acce Lod astwr “ion
teristics ol the suiir beet seed are irnately phor and are in
larsely or environiental “actors (ssedoail maturity, stora.s conditions,
temgcerature, etc.).

The main pur;ose of tnis thesis is to deter:iine wiether soeed

ol rerminstion in su-ar beets iz reneticallyr corlrolied and to what

decree selection can b2 effeective in jurrovin. this cheractericziic,
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4 nurber of factors are tn

or slow erergance of sucar bees' se

.
.

convaniently into *wn wain groun:z

the su-ar bee: ceed (c=2ednzll or t

environmental factors, affectin: t

beet seed uner £i:1a coiitions,

the emer -2rce of

. ™NT
R

Z oYy '

M-t To pe resoonsitls Jor o the rer i
eds, Tusse factors can pe clzesified
(1) Irternal factors, inaerent in

PR N A 14 PR 23 T
rue seced) itszelt, and (2) AExternal

Murerous evternal factors, sucn a3 3253l moicture, soil toorera-
ture, zeration, soil structurs and comraction, Lillsz e rraectices, variosus
seecdbed pre-~ration technimes, fertilizer ~r-lication, cron rot=tion,
etce have irvortant roles in ocbtainin~ earl - and unifor:s erersence, as
have baen srovn oy AZChHI=ALlD (1651), ko voy (1¢i=), ni .o (3651), MmIT-«
and DIATER (19651), HULTWR and BUIGI3CN (1957), 30CiT, et =1, (1657),

WOPRO.LD (1952), WORRCnD ard DIalxn (195%)e. 2ecause of the score of tiis
thesis, we will 1init thce detniled review and discucsion, however, saialy

to the internzl factors

Environrentnal conditions durins the cdevelo went ans rinerin, of
seeds can have a crezt intluence on the subcemcent rernir tion and
growth of the re:ultins ~lant (EITD and W50 1%13), In s ar oeet,
PEvDIETCN (1954) found that under field conditions phes:hate and tesvy
nitro.en fertilizer a ~lication ircreased the ~ermipatisn caraciiy of

the seed bv RA-]10 nercent, Titro..

v

alorne had a lzvz ~ronourncat effact,



In ot cvlt re enqovinonis, woin i

(178¢h) cruls dwonstr.te ro ac rizantel 2fvact on  w1ndintion o
arclrins excer:s vitro oer,
Aceorad o Jani=Doss wla (Lr27), lucroved _orcdinstion en

L

as w=2ll as ra~tsr ;crrlons® on were Courd, soiien seed crooicin su_ar

2t
Gooer
e
.

stecxlin-s ware ,rovr on reavy rumic s oils ratner fi cn o1 i, s
scils, DSzed prciuciion on os:line oo cordnniion rerees b-

z-es in tre surcesient corecctian (M0G0 19n). Chlioding tne szed-

weathoer concitions durin,

ave ozen res=rded as very ircortint tor cood cerviral on charscetecinid

of the zu ar beet sced (K.arF 1952). 572G : 2nd muia Lo (1You) denon-

stroted trhat s2eds wiici develco-~ed arnd rmatured at aniroviiciel

[N

mear. tempsrature were si-nivicaatls rore ravid ia -~errfnstin Lo

oroduced at 12° ¢ mean tanceraturs.

Very 1iztle 13 knowr avout Lhez e’lectl of raturdi - of Li: mrie

scecds ard fruifs orn er-ination in su ar veetz, zllion : rveiativeiy

earl;s harvest sererzlly Ad4id rnot affect
sunariar reszarchers (A bl et 3i. 1-07) recortec

balls eynfainips lers thar 20 rercent o water wi-" oe ra ar-ed as

rire and would corinsoe drvedlatal s Seofdoall ot novvested wity oo =70
nercent walar cont chaiy LT e i b conctLoonls
~fter 2 cartein riat of ghtora el Jceortin Lo fion L et =i, )
n~ sl cificart diferonces ¢ 1l o ceaoad in » oo L 2

vhen tne ce=2d~2lls fad Teaz th o A0 rovcent vaiop copbovty out o



capacity dron-~ed corniiderably (1D rercent reduction) when seedpalils
contained 75 rercent water viien harvested,

v o

In s~me cases insect danase, cue to ditfrerent Lv-us srecles,
—_— -

was opserved to be resvonzinle for a reducticn of ~ermination cupacity
(KTLI.3, 1942). This occurred during the esrly stases of seed develop-

ment (HILI3 and Ta¥YLCA 1%50), but could pe controlled effectively by the

anplication of 5 nercent DT (HILL3 et al. 15u16).

Aprarently susar beet seeds maintain the2ir _erndinstion caacity
for a lon~ time when stored under dry and cool cornditions. JSeesdvalls
stored for 22 years around 0° ¥ still perainated 75 percent, conly about
10 percent less than the oriiinal material. The resultin. seedlin s
showed normal vi.or and the roots had nom:i:l sucrose corntent at harvest
(PACK and Cli 1650). At room temnerature tne :>»ruination canacity
dron~ed ranidl; after 15 ye:rs of cstorarse (alter 10 vears $6 nercent,
after 15 years 59 rercent, after 19 years 27 nercent serminated), Cn
the other nand, FILUTOVICZ and RwJiid (1954) observed that seedlirys
from seeds olcder than four years ererved 1-2 dxys later than oplints
from younger =zeeds. Under storagse conditions of hirh moisture and rela-
tively low temperature the viability of the susar beet seed is cuickiy

diminished (P<TO 1950, HUnTER 1951),

[6))
@
3
@
-+
—
o]
-

Different seed procescin: metnods (shesarin.,
decortication), used to decrease mechaniczlily the nunoer of true seeds
per seedball, can alsc have an influence on the rermination character—

istics of the surar beet seed, TOLiAN and 3TOLT (19L4L) obsarved that

shecarec seedpalls have a lower rield "ermination cziacit thor the



rcr-al orsz, bescruse 1 -15 porcent of niie snedred seced (ermincied
avrorwaily daz Lo Lne exsrsure ol the true si:ds fo air. lncle sced-
npalls and se wented seedoalls rroce-sed to the sw¢e size [ ave avoul Lre
sane fzruinztion oercent and & 2r:ence resulis under co:oharacie fizid
coni* tons (3 19LS, =iomeioon et 2l, 19n4),  secorticited and non-
decorticated seedrisls were ro orted (Ziisn 1¥90) to have esse Lially Lhe
sarve field cermination coavacity, altn~u h L:aCa et al. (194%) found trat
decorticated su:.ear oeet sgsseavails gerninated and erer =d ifaster at low
seil moisturss, Tnis bare’icizl eiffect was attriocuted %o tie increzsed
water apsorotion of decorticated seecdballs. At ni n s0il moisture,
only sii ht differences could ke deronstrated.

Polyrlnid surar beet v.rieties oroduced artiificially oy
colchicine treatient rossess iererally a lower vernination canacity
and slcwer [ield erer.ence tran the correstondins dinloid ones (I J2C
and HILL 1942, FATSULULA 1952, 3.0LkAY.c 1957, KLY 1957, 53~.L et al,
£1957). Tetraploid se-dballs, althou. . larcer than dinloid seedoails,
cotain fewer viaole scedo. FaT3U-tm (1752) su- ected tpat tie
inferior rernicztion of »nolr rloios is dus to neiotic irre wularities,
SARTL eb ale (19.7) could not confirs tinis findin.; tiu:, sa  evted
lower nuwiter of s=zed viun wers rd L2
rs2nd cavitlis: nre recoons ol I'or the inferior
c2muination of polyulciss.

For zeveral decades, inczislve investii =bions nove osen Lave on
the influsnce of seedva.l size on rer.ipation, ninofrest interast was
due Y2 an esrly re ort of o0 o (1900, cited vy A Ciill - VILC:. 19%), wio

clained thaet larcer seedbills vy uced nnt only better fi-ld © rinztion






A

tre sraller seedralls Atthounn -~ I.'s findin ¢ ¢co.0d vot pe con-
firead (3ChL o120 1672, 3USH ard 500 Ko 1945, CLULUUIRY et al, 18977,
a nositive eccrreiztinon belween seednzll zize and [erminztion casacl.uy

cola pe demonutr-ted, The exrericeris have ar s cleariy coovs Toab

-
P
n
9]
D
o
s
3
—
¢
\+
v

this correi-iim the poorer rerninatine of fhe s =lloct
hall elaszs (cianeter cusller than 2 m). Very lor;e zsedoullz

hzve no a’vart e over ricdie=sized cres (T.0A10° 1000, Zuvlii a4 and

coniriieated n the facu tict lar:»r cezdoalls cortalin vy ~eiicnnl

more tmie seeds tiow craller cn2g, znd that the cize of tne Lrue cead:s
: 3 ; s~ . . P e AT + 40 [l <o A

vithin the sore seedrall ic - lso voriable (QxuLCVILY et =1. 15575,

Acceordine o STAUL (1987), Lrue seed: huve ~rrcxioztaly the sone (er-

ination caracit;r whether tney come Iro odne, LT, or rultizceded seed-

3

balls, Ifowever he obcerved, tnat true sz2eds in the sure saednazl dn ret

\
ob

4

+

cerminate incerwrndertly, out tnat trere exists a certain "comrunit s of

fzte" between thelir serpinstion l.e., when seedbailz conizinin s tve true

a

s2eds carminate, Lne, rroduce eitrer 2 zeedlin:z or none in greater jro-
mortions tiisn would pe ewrected thoorevlicaily. Tiils wes true for lanarn-

torr as wall as for field corcitions. according to CLluvonY ef =i, (195

;4

laryer true seeds proauced seadiin:s with cetler vi or rnd rnewvier roots
than did srall seeds f'reorn the came seedoall,
SAVITSHY er ale (1¢44, Table Z) wsed trus oree in

veet lires Lo iy tiy e%fect of fruit ~ize on orsiration, w ile nn



RIGIARISS af!

somevhat esrijer troo Ioro2 oraes,

Iarce monoser. fruits o ve a tolnrer stac Lian pa2dive or

2, al rouss the ocrosive covelusion wWas draw 1.0 tie

g2 voooer on hne has H

Ly 00 olher non=ntrelopnied e ori-

wonl (19497) dermonstrated clenrly foat Lsr-ar rors arm
fruits cozce sed a lower =riralion caracity and & slover rite of
erersance Liian soallere fruits,  uonins off some or Lo rervicars
saterizl drorvoved covrinieiion covsideranly. He concluden, tnerefore,
that tine ;redter asmirt of nericarn wsftzri: i decrewsen . oriination
coracity znd geadlin:s vi.or, He .. zsted develoving nono 2 su r
beet vorizli=. wi & lurce true sceds o d wity Jess veric v nitzrisl
as a neaxr. of dmoraving cermination,  Toovrkdn o wich monn.arne, Liooa O
and 3IVOER (1G4C) found also that, excest for Lne very s zllest zized
fruits, s~eed o' verrinstion was inversely correlited Lo tns size of

fruit (incluriinz bobhn diaceter and tiicwnesz)e, Th2 friii- of pedium

classes coritined tne ni heci orooseortion of viable ceeds,

The relationsiiio betveer
furtiier conprlicated by innibitory sunst-inces -~resart in the fruit
. .. A K .

PanTd

According to DUYL, et al, (L747), J..773 in 1422 vrec-red .. extrsct

d its incioivorys elitcel o tae

—
N
{

from su-ar bzet seednallisz ana reco-r

true seeds, rite =ler rive the first a-alrses of tle inor wic eoponzrts

of these extracts, FrO43CHNT, (1626) devonsirated thal the witer :cluole
ral 1

inhibitor(sg) are net srvecific to» the :-ccies, oubt ret:ried Lthne  arpir -
- b

tion of at least 26 other z-ecies as weill,

Indenendent of Ji.7




s

nrovend corciusivel s Toat tie corxy oterisl of the <u ar veen scodnall
(reric.rr and r@riantn) contzins water solunle susstinces reb rdine
cerminztion ard ¢ometines even killin, thz radclez of the scediin s
in Jaboratory tests, Ixtract from ihs seedballs of slovly . erinatings
seed-lots retarded ti2 perminstion of tne true sucar buet scads in
corrarizon with true seeds s-ruinsted in water., The ;reat cdiiferc..ces
in the corcent rserimination of seedvalls of v rious varietiss or sewd-lots
almost comnletzaly ci:arroared wien true seeds were used as a rvasis of
comrarison. Trier concluded that tre inhibitor; substances, wiich were
presernt in the szedball, nust nave been resoonsiole for the ditferences
in sveed and total rerwination, at least in laboratory tests,

8

They su; ~ested also> thzt th

v
v

W

viater soluvl: . cruinstion inhipitors
vary not only with varieties, buf sre intiucrced uy climate, s:il ond

seedvall maturi'y as well., TULrak and 370UT (1940) asswed tnal tre

n

toxic substances interfere ezpecially with the forecast of potential

R

field germination as reasured oy a lanoratory test, vecause wncer [ield
corditions tne ab-orotive rower of the soil rernves these suozturces,

On tnils basis they recom.iended tune wasning of seedpnalls in running wvater
pefore testing trnen on a plotter for .ermination (51UUT ard TUL an 1G4lc).
Tiids rrocedure also decressed thie nercentare of "browned seedlings?

(injured radicles ?) ( alU=A3.w 1G948)s Accorcin- to thz official s=ed

B}

testins retnods of the Urited States (T.5TILG AGLICLLIL=aAL ALD ViGuTasLI

35EU3, 1952), surar beet seedballs zhn-uld be soaked for 2 hours znd
washed in running water to removz water soluosle innivitors, wnica may

interfere with the laberatory vermination test on tloiter,

IS
<

Very confusing results have been rublisned in the literature on
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the nature of the presuwred inhibitory substances. 3TuULT and TCLianN (19L41a)
claimed that in dry seedvalls the germination is inhioited larrely o the
toxic action of free a monia, wiiic:: is liberated from nitroserous cub=-
stances nresent in the secdoail by enzymatic hydrolysis, lowever, in
fresh seeds thev su:sfested osmotic pressure to account ror rermination
inhibition. &l (1952), using sarden beet seen, also claimed tnat

free amnonia acts as an inhibitor during gerwination; out he found that

'l

it

the armoria was formed nainly throu- i the action of bacteria. nerefore,
he concluded that tnis type of cermination inkioition takes vlace only
in laporatory dishes, out not in the field zna may be vrevented sinoly
by the use of seced cisinfectants,

DUV, et al, (1947) reoorted thot os.otic oressure, due to the
presence of inorganic suvostinces in the seedoall, retarded gzrminition,
but ther were unable Lo obtain any srecific substznce, whicn irhibited
germination.

On the other hand, as early as 1940, GILLI5> f:und a strikinsiy
hi-h concentration of oxalate ions in the beet seednail extracis. He
deronstrated an inhibitory effect of an 0.0> norial notassium oxalate
solution on germination (cited oy OUYH et al. 1547). Indev=ndent of
GILLI3, MALIKO and KIYALCTC (1954) found that the most remerkable in-—
hibitory suvstance in the suzar beet seedoall was water solutle oxaliate,
This was demonstrated by MNIYALQTU (1957) for both dry and fresn seed—
bz1ls, He clained that only 50 m: nercent oxalate is toxic for the
cerminaticn of the suar beet seed, wnile he found that the seedball of

the investigzated dininid and rolyrloid varieties coriain avout 2 cercent

oxalate (/0 times hirsher than the toxic dose)s Jzedbaiiz of dinloid and
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nztion, He concliucad that at leizt sz of the innioitory effzct,

Ui
®
o
‘,_l.
by
[
(2]
O
3
o
&1
FJ~
o
(@]
>
U
+
5
o)
[
.

therefors, »ust be sitricutad to a
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CAZNET (138A, 1457) fourd that o-oxyoenzoic, vanillic, n-ovrcirmwsic

a~d fervlic acids in su sr beet ceedinall extracts irncioil | criisutions,
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snecies of Charordiascess,  mecertly, similar resulis have ozen re oriod

er:lic, r-couriric, eaffaic ana salic;lic acics in the rericar' s of

%

surar ne2t seedpalls, Thev also recovered Lhese conncunce 'rog runersuc

otrz2r fresh frudte, as well,

Cn the otler hand, 3. YD, (1%0z) vresented evidince troth, in

sove cuees, sucar boet seadvalls may stinulate :~orminction ard esrly
cseedling erorth,
ltrousn it i3 penerally azrured that irhibifory zuo .t aices arve

imrortant in vreventine a rrersture [ermination oi Lhe seed, notiirg

&

definitive is knovm concernin:” the im-ortznze ¢r role of' the nrz v ad
frerrination irnioitors in the susar beet ceesball. accoraing to U noin

et al, (1957) tie prezsence of & witsr solunlz . 2vination intibitor in

L1
Kovs3 and TALS4 199%), whe fhunid p-oxbenzolc,



the s211 hss 2ttaired a sufficient @ >izsture content, o w lca tine tre

inrhibitar wovla be wi-rad Hul, On th2 other hand, the  ~recuiated ot

the fiinctinn of the inkikitor m3 - 22 L2 mzintair the seed on
4

dorma~t, Tre wide diztrioucios of certain tyozs of s2ridinzilon innicitor:s,

as thoce dennnstroted oy TA33:T (1957) and nOV.3 and Varld (155%) would
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tial role in tne biclo y of itrne riaint,
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rheromenon, wiich nar haove =n
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The rrezured lurortunce of erivation innibitors nizo over-

snadowed zomewnat tnes lons recociized et trat the marssic | nronertis
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of the see’-all it:2lf r2yv rinder ~erninnition in uf

beets, The tourn «

2

o verictir: ard the ti ntaess of the ceede s were

T

suerested as tne cruse of nor-szrmination in cerftain Seba mubsoecies

(372 .4 1650, G A 1957)s  Fram *niz it is lo_icsl to suwrect Lt in

for factors rex-cneinle for tn2 delaved _[ernination of su ur oeet see’s,

e

onserved marked 4l ferences pe vieen and wivhin virieties 1. th2 tricu—~
ness of the dense inner lavers of the seeduvalls, as well as in tnz

tirhtneoss of the seedcans. re also demonstroted that notonzd seedbnlls

have a faster serriration than the ron-notched seedvallc (307 a0 1boia).

e
o+
I
[¢)]

(1957) frund n> differe: ces

Cn the other nand, =
structure of thz seednall or in tuie ti niness of Lhiz seedcu s vetween

,‘i,(“s Y

b
0

the s:ed of rolynlcid and cirloid su-avr beet vari
The ~onerally reccnized veneficial effect oi concentr-ted
acid trastnepts on tne rerninalion of su.ar nzeb sceds ca oe ro_aried

also az an indirect evidarce for the nhvs’eal hindrarce of trhe saednsll,



Germinntion eonld be si-nificartly irproved vy concenirited i, 30
rert, wnich corroded awar much of the h2rd rericarn

its rermeability (I1aFLAY and WwCODMAN 1930, ANONYM 1921, GAfLILH and

1932), Concentrated acid treatments were snown to
effect on the loosenin: of the szedcars, wiuich are
palls by heri-cellulose (LaCniY 1S43). Due to thne

concentrated acid treatiwents increased rerminztion

treat-

L

rmatericl ano increased

SANDE.OS
n.ve also a ;reat
cerented to the seed-—

o

anove efiects, the

caraclity, nastered

emercence, and rroduced a sreater rlant sonulziion at hervest, which gone-
times increased suzar yield (FALLADA and GinISuiinGER 191lo, GRACANIN 1928,

HINLEY and W0GLE AN 1920, AVOWYH 1921, GARVER and BALNDELS 1932, 34aiTL et al,

1957). However, accordinc to TOLNMA&N and 3TCUT (194C), the beneficial

effect of concentrated acid treatiments may also be expl-ined by tne
reroval of an inhioitory substorice from ths seedballs,

Becides concentrated acid treatiients, wnicnh are somewhat dan.erous

o

to use in the practice, a great variety of seed treatients have been pro-

vosed in an attempt to stimulate suiar teet seed carmination. [FiYaloTC

(1957) found that soakinc the sucar beet seedbails in water soliutions of
different inorgsanic and orraric salts increased si nificantly the jermi-

nation canacity and sreed of germirnatinr in £0il tests in the Jaooratory,

A 1:1 mixture of M/100C Hg(CHBCCO)Z and 0.5 percent Ms30) gave the bect
results, esrecially in the case of a tetranloid cu;ar beet variety,

MIYAICTO (1957) assured that this e”fect was due to the inactivition of

/

- e / -
the oxalic acid content of the szedcalls., MANDY ard F:L (1%58) rerorted

that the an~licstion of 0,25-1.C0 nercent KiD; solution iuwroved corsid-

3
erably the germination caracity of polynloid su;ar beel seed. :ut

generally it was found that soakine su.ar oeel seedonils 1n water zlone
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was ac effective as various jnor..ric sult zolu i-n3 in iacroazin or

hasterin: “he ;2riastion ol the au ur oeet scel (0L w ann S0 00 19L0,
SATC 1D 1GL7, b T 1951, Eowever, in fiald 2neriients no ogiorife

icant vereficl.l efect of Ltre :zoakin:g csuld ve ~enonstrotea vien ‘re

seedhalls werz ~larred drry 00-dn  web se2donils incrz-god tre roLte o

. SN
it .’lL,“,‘-J}'
di'f'erent nor.on2: nad no berevjcial

Sznee, or 3eeniing Vi oor (il o

+

Cionerellic acic treatre-t of Lre

seedpalls sirmilarl- had no effect cn

psets (VX 4T« 1092, BT

Crnztin: th2 surface of <u ar ceet seedoalls with nyorornilic
colloids (-2latin, a. ar, snd "al-in") acce’era“es water untake Iiom
sznd and accelerated cier-zoce vrder fial! coriitions (MIVLCTO 1954,
MU0 and DELYS 19.0).

nave taer race to inrcrove thie  erri-

ration of the sucar o2et sced by - lant breeding nethods. LTidiz is rot
too surprisin:, since aluost ro definitive evidence exizts ror a:zswing
trat -zriinatien charactors in sv ar beets are :eneticully controlled,
w.Ch, et =1, (1952) and .00 (1952) nave snown Lnat uncer iow
teperature concitions (2-3° C) varieties diftfer witi rescect Lo tie
aoili®y of their seed to serminate. 4 sienle rass selection ~rriirasion
vas imvroved 20--0 vercent, siowin. that surficiz:nc @ wetic voriacility
gctinn tor

eristed betveen ana wivhin Lines of @i ar hzebls £o rer it se

this cnaracteristic. Liifererces p-tween virieties :o-d irored Jicver,



whicn had the cure tol: o apmiration and Soesd o0 ardns ien WL rvion

tecnarature, wars notad vrern cnec wars gent o pound =50 C ot oorature,

Cn

low Lowmeratur: eomdltiong potn rite of erninalbion ard vi oor of 2204

lings seew t2 b2 horitacle triilts,

. (1697) dermnsur.otad it oune

;
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nferior - srmination characteriztics of wol nloid suw_ar neel szed can
noveved oy seleciion and trat | srodnanion siilar Lo the ssed of

dinleid vurieiies coil 02 ootainad,

5. ViEEL onserved lar-2 cirflerernces in rale of groruinszilon of
s=eds of ailferent varietiszss (19 5) and in ereryence of such g=2edlin

frem sand (195.) or soil (1997), Ther=

seer'ballzs harvesieo fros iraividual nlant

gerriniated in cort=ct viih nubrient woluticn of 10.1 atios bhorss

<

'

osmotic preszure (SVias 19¢7), e hka

[0}

contripuiine Lo sireed of Serpination resice in tre onstern L

surrurting the true zeed (3.Viii 1oooa),

37700 (1010b) selected ra id arnd slow cernin-tin . soedlin z

Py
«r

fron thz seed of 2 broad-na

"

D

e, onen-nollinated variety, Fi nts

tne two frouns were alloved Lo inter-rollinate &

N selectior e cevizents 50T (L93h) corciunes tnat uroer

> sucoetted thct tioe sajor fclors

the rooid and 72 of the ciow [erminator risnts vere coq nwrer for o 2ed

of germination urin a 1i uid-contact | zroiinabtion tecinicus, (o0 Lie

averare, the c=er of trne rocld criinsting. rlonts sooved - 2naul

P . . BN Do v - v TN
faztzsr arpination tuon Loose Jron the <low eriinadin 0 ninl. L
pzziz of thaee 11 iteld ro qits he on ST TES 2ozl ie taclor:

res-orcinle f'cr ths onzeryes L reTwesn toloelion CT S .




Usin~ an irozitcol olubion, wiicn croduced zout 10 alor heres

ocsrotic rreszure, S0 =T o (1983) Lade celactions ani re-
sclecticns Tor edarly soroutin and late sorow in: se=zd in,c In four

(e}

orr 2rei=xl surnr beet varieliez, 1he esriy s routing reseleclions

from all the faur varieties . =2ruintted si;nificartly faster than tae

late ones, wher teztizdi in inositol zolabtion. Due to tine innroved s;ced
J z H

o .

of gerniinztion, the yield in one out of two yezrs increased signifi-

cantly in conncrizon to Lthe ori-inal marental voirietizss (LOKTATLn, eb al,
1957),
To avoid renetition, literature citations nertaining to tne

annlied technioues are -iver in tne arrronriate sectionse.
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ceridnstion canacity) could b2 e.cluced

ALl rerrinztion exueri.znts, excest az roted, were conouctzd at
room ter rerature (2:-25° (). Germination counts w.re rade L”, 72, and
1-0 hours after ti2 seads were rlaced in contact witn the nuirient
solution. A seedball was con-idered az ¢ 1 intted wie: "ne radicle of
at leas* one true s-ed evtronred birond its seacdenat, Tois culil be

decided only ©. a careful exarination of encrn sz=doaill, ano often only

br thne rexcval of the lnose seedcear,



Genetic—-statizticz! retheoqq:

I

JOHAIE S (1059) denonstrated that ootn ervirsn ental z2-d

senetic factors contrixute to the onserved rherotyoic varizlion

tatween *he indivituals of a secrewtine vopulation, Fisi o0 (1¥18) found
. ) s s e .- . : . £
it useltl to express thls reiaticnzinin in the following linear form: 6; =
2 2 X 2 RN N L . .
6. + 6: + 65 ;5 Where renresents the totzl ctserved chenotyric variarnce,
G o 1= )
6& is the rart of tne wherotvric varisnce due to -~eretic erfects, chjs
( &
the rart of the nhenotyric variance due t» ernvironr=ntal factors, and
is the variance due to cenotyre-environrental interactions, FI3H R
(1%1°) further r-rititiored the .enetic variance into taree con:onerts:
1) ar diti gerietic vart, associsted witn tne avera, ffects ¢
1) an additive gerietic part, cizted wita tne avera e effects of
fFenes (68), (2) a domirance rart, arisins from tre interactions of
D
alleles (6%), (3) and an enistilic rart, a-trisutanle to the interactions
ey
of non-alleles (d?). He aizn snowed how adijitive :enetic and dominarice
variarce contrivute to correlations @rony rerztives in roanconly breedin:s

rorulations,

N PSRN . . . Y. vy e -
VAT L (1945%) rointed cut tne differerce vetvecrn Tixeols and nn=

-=netic v.riance arise:

«

fixable venetic virviance. Untixable additive

[

due to ihe presence of doainarce when the ailelic -ene frecuencies are
not ecusl to one-nalf, ecently, enistatic v riance has been fu:rther

partitioned (C. ot e 1954, K3 riru-r 5 1954) into facloricl co..cnents
(additive x additive, additive X dominance, do:irance x douinance, 24Ce

interactions) to estimate its irrartance counared to adeitive ~uretic

and domirance variance,



L3F ard Pai2% (1940) ororoced tne ritio of the additive senatic
- -

corrarent of viriance (6;) to the tetal vnecdtvnic variznce (cﬁﬁ, a7 A
measure of the cderree of herit bility. Later, LU3H (194=2) referred ic
this as to "heritaoiliiy in thz narrow sense'; whereas for Lhe ritio
of the totzl fenetic v-riance (65 - 6%'+ 5% + 6%) to the total rheno-
tyric variance (6%) he used thke term "heritaviliti, in the oroad sense',

Heritability values are exyressed ucually in percent, If tre
estimated heritaoility value (h?) is hi.h (close to 100 vercert ), tne
ooserved variaoilil s pust be 1lir:sely due to perstic faciors. If tre

heritabilit . value is low, the ovzerved v-riation is iainly dus to

[¢)

environrentsl factor:, and 1ittle goin can be expected 1'or tne ;iven
cnaracterisiic from gelection in the woarticular ronulzt on.

Irn the way horitebility is defined, it is inrliied that - strictiy
speaking - any h? estim.te or a certuin characteristic is valid only for
a particular nopulation and for a srecific erviron:ent., als>, at present
no satisfactory metnci is availanle to attach confidence intervals for
heritavbilit, estinates (K@ PTiC...l 1997, Hi 30N 19499), Lesriite tnese
snortcomines, h ritabilit. estiprs~tes can :-ive tre nlant breeder verys
valuable inforraticn to tredicti the :ain fron selection, and to deter-
mine the nost effective metnod of imeroveqent in cuantitative charac-—
teristice. This is esrecially true wnhere, for ths same trait, iore
than one h2 value can be estimated uvsing difterant oopulations and
diflersnt st:tistical tecnnicues,

Several different iretnods have been used to ca.cuiaie nerita-
bility values for a certain characteri-tic. These rethoos vary accordiing

to the an~lied statictical tecnnicues (recrecsions, covariances, variunce



comronents, etc. ) and accordin: t5 tre nature of the pno-uvlation, {rom
whicn the dala were u-ed tn estiscte haritapililt, (inobred lines, randonlvy
treadine opooulations, etc.)e. witn the excention of one reinond (estimatin:
h? on the basis of a salection exr .rivent), all estimation retiicds are
based on rel:tionsitios arong relatives (verents contra-ted witn orf-
springs, nxlf-sios, Fyts, Fy's, etc.). Wo attesit i= nade in tids thesis
2
to review ali the existing methods of ootaining neritabilit, estiuates.
The su:ar beet i3 a cross-pollinating cropn with natural barriers
to seif-fertilization and controlled crossirc. Therefore, tne classical
rethod of estinstin: variance comconents (Rarliisnn 1947) could not be
arplied directliy. 1nstead of this 1t wasz ar-sw.ed tnat a commercial su-ar

beet viriety is a randoml;- interbreedins (nam.ictic) vonulation,

Geretic variances ara heritanility ratios were esilisted (Sxcerirant 3)
fromw suck a rorulation usiny nurent—otforrine resression:z and betwzen
ard within (rater:1) half-sic rei-tionstins. The marent—-ofiscrin-
rerressions and the vetween half-sib farily veariances ca. contain orly
additive :=ne.ic variarces (6%) an” some epistatic variance (6$9

(COCH Timad? 197A, K PTHC LT 1947); the willin Ralf-sip fanily variarces
nay cortain a certain armount of dominance v: riarce (6%) as well (i73H

19472, 1948, FATHOR 1949). Folloving ¢

Aurio (1957), instead of

15))

carent—-offsring rerressions oarent-offcrrin: correlsation coefficient
were user! to estirmate heriftaecility,

As a cifferent rethod to ectinate neritanili’

cermiration, the varisrnce belweer cionzl lanis vsed to oestinate

lal

the envircnwertal variance (Guveriment C)e Coumarin the v.riaznce do=
’

taired betwee: tneze reneticall;r unifor “lants witn tne Lot.L voriasce



- -
(62 - 6% + 6: * ﬁ?) c=n he ecti: ted rom Lidg eblyod) ard the catenlztad
~ : ,
T .
h? valves wili ¢ rresmond o horitascilit; in the broad s2nse,

As arotier ncinnd, h* ratios were estivated on tha ra-'s of a

4

. o] . .
selection exrzrivent (Wxreric-ont T}, T~ czlculite h“, the rain from

“n

elartion was Aivided otz s-lect or di-tTerentizl (I .0 =22 1%92), 1In

vt

“i= cace, t2.ection war vade in the tvwo onroszite Ciract ong, tnus akine

the corimnrison netveor tp- voans of the two selecled ~rours and the

—
B
(&
ry
+
v
)

ori in=l mooln'ion unrscescary.  To oecbiccTa heprite i
metnod, the an-nlute di7fararce hatween tho rmanrs o) tne -0 zelsctad
grouns after irternollination (nolyerncs) was ~ivided ¢y Lhe atsolute

differcrice baetveen tha reanc of the ori ins? tyus s2lectad ~ooulztisns,

-7
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To determine whether the large di fersnce: ooserved in sreed
of germination between seedlots¥ are cdue to factors re:idin: in tne

+

maternal tissvnes, or to facltors present in the true sceed itcelf, the
cernination of zeeds in seedbslls and Lrue seeds of ti
were connared usin the licuid-contact ceriination technicue,

The seedlots (harvested in 1957) used in tris exnzrinent care
from individually harvested plants of U3 491, a commercial, nulticerm
sugar beet varietyv. The seedlots were previou:zly eviluated tor sneed
of germination by Snyder. Cut of this material, tvo evtreiely slow
(118 and 123) and two rarid (528 and 547) gerninatins ceedlots were
chosen for the exrerimert. From each of the four seedlots, 80 true
seeds with the brown outer szedcoat (testa) and 80 true seeds without
the brown outer seedcrat were obtzined. (The true seed: were reroved
from the seedoslls with the zid of a fin. a2rnail clircer,)

The exreriment was arranred as a s~lit-c»lit nleot exnerirent,

the main plots beine the four rermination counts (rmade zfter 24, L7,

ir 12 olint,

)
( n

*The term "seedlot! vwill refer t~ s=eds nurve:tea fron
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germinati~n was
tissues of the s
speed of cermind

charzcterictic,

20
.

nzinly influaneced o7 factors rresent in tne raternal

cedvall, Thereiora, for the ;urnoze o7 Lhis stucy

i

tion will be concidered t> be a {7y jci:l maternal



Evreri ent 3

Seeds from <138 nlirts of the broad-pasze, mulii. ern su:sr beet

variety, U3 101, vere harvested in 1957, 1In the fall of 1957, srirder

¢ the seedlots indivi-ually “or srveed of | erminatior, ucing 20

o+
9]
ct
D

er:

0

eedtallc ner seedlot, Of the “18 ceedlots, 60 seadlots with :cod

-

[

Lotal germinstion cxrzeity were randomly szlected for further studies,
Ten s=edballs trken at random froi eacn of the 60 seedlots
(which will be desi:rv-ted as "holf=-sio families") were »lanted in noils

in the greenhouse in 3ertemcer 1958, Plants were allowed to grow inr
three nmonth, after whicn ther were pnototlizr.ally incuctea ror 10

weeks at 50° F (107 C) mean tenrerature and under continuous lirht
(723KILL 1952) in a wlastic induction charoer (rlla 04kl 1960) in tre
creenhcuse. After inducticn the rlants vers left for rost-inmuctic
(AA°F mean tewrerature, continuous 1i nt) in the same cnambver, until
they were trans»lanted to the field. 411 600 plunts of the (O haif-c=ib
families showed good growth #nd vi.or, fefore trareol-ntin_ then to tre
field, the rlants were distributed accordin: to thelr rolutive slle

into two e~ual ~rours of five nl-nts, eacih yroun bzin, plurted a5 a

v

serarate field renlication, The first rocidlcvion was rlnied on 2y 5,

diin a fi2ld renlic.ticn the visnts w re

the second on a2y 6, 1955,
distributed at rinda, hoins rlunted in rows 2 feet (90 cm) =5 art, and
sraced 2 feet (/D c.) a-art within “he row,

811 nlants shioved ercellent scedetala and soen develo ooty
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Yelire racvers 1o cowav s o F toa alonlo wems o i ST e
cnrd Lever nelocs tor ezch o e o0 padtecd o Jed s
t}’—‘ twoy '.:’; o *{(‘ ‘r‘, wr }l - : lares vers 17'\:' e
vert, Parvellir wu:orace 1o oar vy oobne sone i oara s

betvieen N 12 and Aot O,

Lfter adr-in , thr=inin , o ane zil oOr Lo
the n rcent of lo.i szdesn o% was cziorinzg (oo Jandle 1L,
cerming tion for 221 470 (50 x ) seadi~ts wan tribag Ta Can ia
of 1853, Tn zecur: unitor. concilions) b o 3 wero or

in a t omeraturs cortrol chrlver 2l a conltooho U

Frorm thez ierminatior data orf

wean souares; in the seccornd case, fro

ficld rerlicatiions rear ssuares
rerlicitions mean simares (Tanls 2),

17 level, were ontained vetwszen fauil

farilies within fi21d raniic tions (Taule

The reretic and enviromiental

traticn 1rs Dlecat ona wero

a-eet of  erpdiniiion in tv

means and froq clants vitia

fror the h‘l nts x .»e?'.'!-.j n

Didfersrnces, i nitdcunt

oo e
roene s of
Wi are

L.ae

2 5% ! =
v el o f
e Taln
in.ted

JPRETS!

=t inon

at

J

L.

w the rlonts witindn families witiin

e

123, end vetvesn olznts vithin

comion=ni: of varjance,

*The term "nircent of lost ssedezns®
in a seedlot tnzt had at 1
ceed) miszinc,

eact on2 of

refers to the rercant of
their scedcans (coverin.

seedu

Lo

':] l:.z
trie
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rerfect cross nollintticn in thie ori.dinal oocul Lior, mar v2 esti: o ad

(CATHER 1¢l2, COCHT Fib 1956) as follevs:

i .. . . 2
Astveen hali'-sid family variance (Gf) = 1/8 D
‘ i<
Within half-sib family variance (6&,‘ = 3/3 D+ 1/4H
Familiee x field rerlicntions variarce (6%) = El

Plarts x rermination renlications varizance (65)

D is the additive renetic variarce

H is the dominance variarce

Iy is the environmental variance for family me=zrs
To is the erviromrental variance for individusl plunts

The variance comnonant 6§’was estimzted as follows (Table 2):

62 = (Between Farilies 1.3.) = (Farilies x Field warlicutions ¢.3.)
-

r
where r is the numner of field repiications,

The variance component 55 was estinated as follows:

6% = (Betwveen Plants wilhin Farilies i.5,) = Pandilies x Germ. nendy b o3.)
W 0
)

n

where n is the rurber of germination renlicutions,

The environiental varian

o

e for fa.ily means (GT) was estimated

(FRzY and RORILR 1955, JUGI 19%4) as follows:

J2
.
N

62 = (Families x Fiald jeridications | .,°
1
r

The environrental variance for individual nlarts within fuilies

(6%) was estimated as followe:

~ . . - . o . . S . . 3
6& = (Plant=2 vithin Panilies X ferrinntiecn renlicaticrs Fele)



The heritabiiit;r rav o tor petwese neif-vio faadits means [Toole

L) was e=tin~ted by neans of tre Fallondin. Pormilag

~ Z
h§= 6
o1 F
The heritanility ratio for rlunts within haif-sio fanilies

(Table 5) wzs estivsted uzins tne folleovin, Tormuras

Heritability values are also given in relation 1o the original
randomly intercrzeding worulstion (US L01), usin _ zoti between anc withi-

in fanily variances tn estimate sonetic variance copronents, and assuning

V]

that linkar~e and enistasis do not vlay an imrortant role, In tuis case,

b

heritability ratios wa;r be estinated frow tetween fonmily variances as

6F
+

follows:

2 1/2 D L
- ;o)
1/2 D+ E L 6>

~y

6

o

and from within fanily variencers as follows:

2 12p+17 ¢ 4/3 ‘%

h =
L/ €~ + oo

It

b 1/ p+1/2H +

[

The h< valuaz estimated on tne basis of vrtween farily variances
correspond to heritadiility in tne narrow serse; while h™ vaiuns eztisated

o

he basis of within o variances corrasrond to herituuility in 'he

, 1/2 D, and heritability rercentaes for the

S
h%!
|
-
|
.
w
N
!
b
-
”

rermination data, estimated by usine holi-sib fwrily variences, are :iven



CALOUIAYED Vallis3 OF m%, 1/3 i
PoiCI TAGRS FUa 2=DAY, 2-DiY, A-D 5-0.Y G.oilInaTl

~ArILY VARTALC S5

~ SNt A

DATA U3TwS 57000 niele=313

L
-
\\
00}
)

3¢

R ALD T

N
N\

2-day gormination 15424 L) e 7.1 Gzoly
Z-dny  erwsination 10,20 22.L5 72,4 1,7
5-day ermination 5o 5P ~.15 £8.5 22,8
#* E i3 the estinate of the envircnuenval variiance

¢ 1/8 D

~t
e
=y

is the estimate of tne adaitive-seretic variance

is the heritability rercentzee calculated for oatween

half-sib fanilies, according to the forwula (1/3 DY/(1/3 » + ¥

i3z the heritanility vercertace

0

ranconmly interbrecaing rooulat

forrmla (1/2 D)/(1/2 D + =)

calculzted for ihe ori_ iral

ion (U3 401l) accordin. to tre

|

.
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my DTy AT fI TR T TS (e 5E (':' /3 T) + 1/ SRR AL "
TALT 5. CALCULAT WD VaLowsd CF o3, (Z/3 1 174 H)p=e, s
HETITASTIINY PEUCH TAGWS Fln 2=DaV, Z-i0aY, A0 5=DAY

S memn. TN TP e e corere e e Ty
Ghie Taarilh DATA Torldh wilinls ral==51 S 1LY Vanl=

ArUiye

N
N

B + h™ h™ x7
b

2-day gcermination 1..7 17,59 Q7.5 T

Z-day cerrination 1..9 10,701 7k Ghe2
5-dz cermination 1.22 0415 8242 8740

* E is the estinate of environ ental viriance

e (2/8 D+ 1/ H) is the Joint estinate of additive and dorinance
variance

i h; is the heritapiiity rercerta-e (in the broad =anse) calcu=-
lated for within half-sib familier, sceordin- to the forrula
(/¢ D+ 1/6H) /(220 +1/LH+4)

5 hT is the heritaoility rercentazre (in the orcad senue) cilcu-
lated for the orisiral razndonly interoreedince rorulabion

(U3 4C1), accordins to tne forrula (1/2 Do+ 1/ H) /

(1/2 D+ 1/2H + %)



in Table 4, 7, (272 D + 1/4 E), and heritanility porcent: es, e:limated
b ousgin. vithin hzlf-<ib fauily varizrees, are nrazerted in Table 5,

To estimate heritauility usine taes nerent-ofvsirzin. re.wticnshin,
tne mean rermination values of the ©O (raterrs]) half-sio fandiiies in
1959 were correlated wiwn the sorrination values of the 69 moner nlants,
from whicn the hulf-sib farilies ori:inated (Tacle 6). These rarent—
offsrring corrolations corresrond to parsnt-offscring re;ressions ex-—
pressed in standard devialion uciis (F..Y and rGmi wt 1955).  Assuming
perfect cross rollinztion in the ori:inzl ropulztion, heritacility
estimates may ve obtained for the originzl U3 401 porulation oy multi-
olying the estimated r values by two (Table €). These neritaoility
values mey cortoin a certain asnunt of erizratic varisnce (Lol umnab
19%56), out the- will not contain arn coninance varisnce (IU3H 1943,

v S o
athont 1?'14—(7 ) .
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Sxnerinart

controlled erazses weprn

In A-pil 1065,

s2nt
V)

betwveen certain »iants from the surar o

Auced either evire-ely =1ow or 2xtre . aly r4:it

Tois was rocsible oooucin

csor=2 clones vhicn Invier n-

1

>

1952 and rnroduced seedrtzlics in early s

rin: .

accorsins to thalr - 2rmination characteristics ar

color,

cr=ft bx rlarts wivh the rarid

5L7) had doninant-red hoccotvls, and the rlints v

tion charucteristic (212, ~57) iad recezzive—:rean

the hrbrid riants (219 x 5.7 ard 257 x 5:3) could

hirocotrl cclor, A4After the seed ob*wired froq i)

hvnocotyls was

elimin.ted and only true h;t wrts were saved

tion. Ffecirroenl crogses (where the 1olh

ation characteristic) could not be serforred, boce

availecole chowins - low seed ~er-instiza and h-vin-
Trc true hvoris ssedlin s vwere rlsnt2d in

pinaeraoan

]

cerminatin:
the ori. inal ceei-~rody

A pros

caotatneriaily infucted in
Ih=
1
Contrrl of nollinbinn was accomnlichcAa by

cersinaticn

ere phototnernally

O T JPUAN

iz recrihduse

veriaety, U3 401, which nro-

~O

‘T

seed in 1

cir” riycts alan ith
4 a"¢d in tha :recen—

i winter of v /=

2

g"lun Ly were -=i reqd

O

t.eir h.roc

clow

the
hioeot 13,

Do oitenti Trad

.o rlants wita :freen

the seediin s vith green hymocoyl: ware

D -

far furtiner crorar

had fhe rs:id ermin-

nie mo plente vere

rod hroocolic,
2 ogarate ~ore o in June

ircuc.ad in an

e



eraatez rade in lovencer 17000 Taitad fo oposuce ey vooinl2 saed,
“or o escn of the Toais .2 iifeesnl Tent oty used dn e

crnrces, clonzs or veetative cutl iy ware vnode fro the saadot=lks

vhntapzriod (3

L . - \
PLAVE LeVeld s,

thermilly slonz witn the 42 »lants ¢

Ferrinating nolyeross oo ul-tion (Hoceriuent U) in he winier of 19:9-
1952, The rpi=nts were itransniante] in the field on dar 7, 1954,

The fi2ld exnerinent waz arran 24 as a modilied roandenized
cornlete plock desin (PUhad 1985), in that twy eatries (":low" and

Mpanid" nolyeross) anvearsd four times in each block, two entries (5183

erossas) arreared twice in each olack, ard four

X3

X 547 and 257 x 572

entries (the four clonal nomul-tiors) asme=red anly once in eacn 0lOCKe

A1l plobls (entries and dunlicate ertriac) were distiriv.ted at randon in

each of th= tvo fi-

¢

reniicutiong. A 2izt conzizted of 6-3 plunte,

from which onlv the seed of the % rost hietthr nlant

(@]
=
18
n
0]
D
s
e
3
ot
4]

~ernination exrerinent:,

The rlants were nlsnted in rows © feet (G cr) acnrl v vere
sraced 2 fzet (N0 c¢rn) arart within the rove Falrly uniiorm sceduialk

develonnent and cloomin: was ontained for the different rorul-. ion:,

Seedballs were harvezted 2t arrrowvinratel;s the ssme 3ta-2 of rirensss,

pY
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joN
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D
+
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s
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ot
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+
(&)
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all 127 soedlong (2 ~lon- X Connod owss leeted e e a0 1C54,
Fach s=edlol wus fectel da o avmelration war e s o4 ey Licstion
included 20 zeesdballs fro. o seslliof,

Tears, tohyo variances, nud recetic veriarnces for T-p - oqn]
fmday cerwinttion data snd for cdfferest pomidarions are et g
Tanlez 7, 3, ard 9, Tre frur clonal ~orniationeg npnvined ar exos. e

meature of the enwviron-onual

-
C.

are ~veticall;r idantic-!

the tetween nlant variances

hev

were nonied to oravice

variance in this ewreriment,

Tha

], and G) were on*ained n- v

lestinmuted from “he to-sl

variance of the se re ztin-

variances, heritanili‘: ecti

ac follows:

6§ iz the total ohcerved o
6§ i the

total nhenotynic varian

Feritacilitsy vaines

in percent are

The actuzl and than

12
PO T

enefic variznees

renetic variance, estimated from the diflerence t

si:own in Taonla 7

conzore

varianitiiy,

DA

Tocar coartain o Lirice

of *re four clonal were ziviidr,

iela R

ertirate Tar the ecvironuental

lTatinne

- 7

for the verre =+in, nory (Tanle 7,

notracidip. Yne pooled envivoniental viriance

e berwzon clonal olants=) fros tho total

~iarc

(RS
o

nonulationc, comraring cenetic and total

rates (in th2 broad sense) ay be obtained

;3 where

e

nenotyric variarce,

ce and trne environrental variance,
calciilated accordines to tris formula ard er—

a[;d. 9.

)

ticaily exnected nean . e-ndrnntion voiuves of
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