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IRTRODUCTION

¥onogreshs and farmers bulleting on the culture of csuliflower
plants smphasize the difficulties nnd the haserds involved in the culture
of the plant, The factors upon which the successfl culture of the plants
depends are listed zs zaple mutrition, shundanee of srecipitation, and
relat ively low termarsture during the grosing seagon. Howsver, = review
of the litersturs on canliflover produotion showe that most technical
papars deal with minoreslement nutritien and slso sanurisl studies snd
thzt the affects of the anvironment on the dovalopment of the mlant have
baen neglected. It was the rurpose of thia study te find cut wore about
the growth and developmemt of canliflower as influonced by varlety and
environsent in order to elininate some of the hazards invelved in the

culture of the plant, Certain other phases were included to supply ese
sentiel information for euch & study.



SROTION X
A STHE OV OTER #NRTHOLONY oF YAR AANLITLOYER
Intraduation

One of the ways that rlante respond to the savirenment iz by changes
in thelr morshologicel festures. Hifferencss in such festures zlso make
up paprt of the digtinctions among varietlies. The ~urroge of this study
ie¢ to deseridbe the morphological development of the cauliflowsr plant
from germination of the sesd to oresntheele, in order to serve as a gulds
iz 2 study of morphologiesl 21ffsronces among varietiea.l znd the effect
of environment on the morpholegy of the tlsnis.® OFf escondary ilmmortaznce
12 the evalustion of the morphologiesz) deserintions zlven Ly other muthors,
and slso the descripstion of certain mornhological sbhnormelities sncountered

in the vhysiologlicel sxaeriments.
Review of Litersture

The veoulisy organisation of the cazliflowsr {nflorescence hep ate
Lracted the attentlon of botaniets and hortieulturigts for centurles, but
only thres technieal papers relating to thie subjact have deon found.

Thase thres papers disagres with the commonly eccspted betaniesl snd hortde
saltural concept which appears to have been introdused by Dsfsndolle. Es
gave asuliflower its scientific sudspecies name, botrytis, and dsscribed

1t in ¥reach snd fpglish ia hig Y¥emoir of the genus Srascies® (16). His

i
Heetiom XIII.

2
Sectiom IV, ¥, VI,



deserinticn of tha czuliflowsy was not very technical, and con be summure
ized in three pointel (1) The flowors were not epread as & panicle, but
held tightly together and formed & coryub; (2)the pedicele grew fleshy
snd lost thelr shape from beling held tightly togetheri (3) nothiag but
radinents of abortive flowers were nrodiced.

ineter (38) used wmore technical terms. He stoted that ceuliflower
znd broccoll afforded femiliap illustrations of hypsrirophy of flower
stalks sccomnanied by o corresponding defective develonment of the flowers.
Henglow (28) wrote sbout the globulsy masses of the Wypertrophied infleresw
cence® with the fiowers being in tud znd the name implying flowers of the
stem,

Aailey (4) meemed to have trenslated the botenical term hypertyonhy
m:omm?;um He used the vords condensed snd consolidsted fleshy flowsr
stoma snd thickened malformed flowers, and ho referred to the "stem-flower®
interorotation of the name csulifliower.

The morphology of tha eauliflower wes élariﬂcd by imad and Zios ruchon
{(35). They said that the cenliflower was charactorized by sn eicessive
brenching brought sbout by the suppression of the flower~arxis of the ine
florescence zad promotion of the develonment and growth of the brenchos.
These second order brenches, after o paried of mctive developuent, in tusm
wers suppressed, and e new order of brunches developed, - until the mpexes
of some of the last developed braanches ultimately »roduced normsl snd
funetioning flowers, while the rest of the braaches remeined as neked
splesl meristens.

und et &)l {35) sald further, that the developmnt wes brought a
1ittle farther in the defsctive "Rioy" eamliflowers and zlso in the

broccolis, vhere initiation of the senel wherl of the flowers and some



alongation of the pedicel tock olace. They zlse mentioned thst some dige
placensnt of the neduncles took vnlace becouse of crowling, sad that the
reduncles becane {lashy.

The first of ttw English suthors to question the malformed and
sbortive flower theory wes Dark (18). He studied broecoll, a2nd his de
seriotion of the devolopment confirmed lund snd Kie rschon. Bao (48)
gtudied the cauliflower. He sgrecd with Dark, 2nd corpapred the coulie
flower curd to the condition evident zmong the cereals, viz, the forus.
tion of 2 tillerinz node. Oldhsm (41) in one of the latest nom
techniesl publicstions on the culturs of Bragsics oleracea smd related

erucifercus crops, adonted Park's definition of the curd.
Yaterisle and Methods

The ecaunliflower plante samnled for mernholezieal study were the
sarmer ozuliflover varieties Snewhall ¥ ond The Forbasz. They were
reioed in the greenhouse 2t the U.%5.D.4, Flant Industry 5tatiem,
Beltaville, inryland, during the winter of 1980-51. Plante werve
harvested a2t four Aifferent stages of develonment, shorily aftar gersinse
tion, at the 10-node stage, &t the 20-node stage, snd at the time of
initistion of tha inflorescence. 5Some czxuliflowsy plants were loft ifte
tact and permitted %o g¢ to seed. 3yanches of the inflorescence, in all
gstages of developnent, were collected frow the samo plants the same day.
The material wese killed and fized in F.heds solution for later exsainee
tion under the bincoular microssone and photomlierography. Zome csull-
flowers of both winter snd summer varieties were algo bought in the

msrket and etndied for worsholozicsl 3ifferences.



the materisls used for photograghy wers stzined for & few secomis
with faat greem, =nd victurss weres taken with n BHeousch and losdb oamers
suuipred with Micro Tessapr lang at zn enlergement of 5.20x deveriing oa
size of the gpsoimen. The sregimen wms submeregsd in glygerin during
expoyure. - carbon-ars lamp lighted one side of the snecimen while &
tanrgten- filanent lamn of lowsr intensity wae used on the other side.
Photoniorozraphs are not -resented for =1l atarae of develoraent desoribed
in the te=z! because of 41fficulties involved in vhotosr:hing of ths most

trangparant and smslleet structures.
Repults

Seeds conked for 24 hours snd dissected wnder the Linoeoulsyr microscope
had » well developed hypocotyl with a nrimsry root aper mé {vwo hoapte
shaped asotyvlisdens folded over szch other. Ho structures wers nresont on
tha plnwmile. Howewar, Initiation of tmie lenves siarted vary scon aflter
the sonking of the soods hed taken nlage, 2nd geveral structures were
rresent st the time the cotylsadons apneared above ground., These structurss
wore normsl leaf primordia with »nrimordis of stipules (¥irgure 1),

The ocxuliflower plands had two kinds of lsaves. The firat 14 = 17
lenves wers potiolate, while the remmining leaven on the main sten were
seszile. Betwsan ths vetiolate and gsesrile lesvas were two to flve lesves
of 2 divided to clefi tyne, with lobes of the leaf blade on both sidas of
the petiocle.

e stipunles located on sach zide of the cetlole were rudimentary on
the petiolate lsaves. Thay inoresssd in glize snd mede up the lower lobe

on the intermedicte lesves, and merged »ith the leaf blade on the segsile
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leaves. HNo buds were distinguishable in the axils of the leaves although
it may be assumed that meristems were thers.

The sequence of stages in the change of the vegetative apical meristem
intoe an inflorescence was showm in Figure 2, where A and B represented
vegetative growing points with primordia of leaves, and C and D represented
transition stages. The latter was characterized by enlargement and round=-
ing of the apex, and by initiation of several whorls of bracts. These
braci . could not be distinguished {rom leaf primordia until structures
were initiated in their axils. The part of the stem immediately below
the bracts elongated somewhat during this phase so that the inflorencence
stood up as & small tower on the top of the stem.

Initiation of primary peduncles of the inflorescence in the axils
of the bracts were the next step in the development. (Figure 2 ¥)s These
primary peduncles served as secondary apical meristems, initiated bracts
and yielded secondary peduncles. (Figure 2 F). It is not known how
mich branching occurred before the [irst of these meristems began teo
initiate flowers, but branches of {ifth order were observed on cauli-
flower of marketable size., The number of apexes in the curd of the
above cauliflower were estimated to be five million by counting the number
of primary branches, the number of secondary branches on the first primary,
the number of tertliary on the first secondary etc. Zach apex had one or
two whorls of structure surrounding it that were either bracts in the
axils of which a new order of peduncles would appear, or primerdia of
flowers. OUnly a few of the apexes developed flowers, fruit and seed
during the subsequent phases of the life cycle. (See Figure 3 A, b, C,
for development of the curd.) The suppressed parts did not absciss, but

remained alive and some of them started to grow after the seed crop on



Figure 2* Cauliflower morphology*

Different stages in the development of the apical
moristem¥*

A* and B* Vegestativ© werlsterna with primordia of
leaves™*

C* and D¥* I'ransition stages with rounded apexes sur-
rounded by whirl of bracts and slight elongation of
stem Just below th© apex.

E. Initiation of first order peduncles in the axil®
of tho© bracts.

2. Initiation of bracts by second order apexes.



figure 3. Cslullfloiwr sttrphologgr*
Bifferect stages ia the develo'osasai of the card*
Initiation of first order -psdunelas*
B« Initiation of bracts Rl pedunclet of U'ter ord”w,
0. Mature curd*
Hot# similarity of structures in #11 #tag#B of
The? ar®© also all the same, aanely noteed caosx## and bvaet*9



the first -anleleg to develop, reached saturity. FParts of the curd were
still intset and slive 6 months after the first panicles hsad doveloped.
The suppressed branches deteriorsted most commonly from atiack of nicros
srganlsnz howevar,

The pefuncles 414 not elongute during the brasching yaricd, mt the
orimsry tisone, pith snd cortex incrsssed in size, snd gecondsyy growth
gterted, eo that the nsduncles beceme thick =nd succulent. & detsiled
descerintion of the snatomy of the stem snd the Inflorescencs wes riven
slsevhere.

The develerment of the inflervesacence (Figure 4) sfter the hesding
stage began with the slongstion of the peduncles at the some tlme ag the
sesnls were initlated on the flower urimordia. The flower apexes snlarged,
snd the primordis of the androecis were initisated at thelr bases. The
sepals grew rapidly to cover the apexee and the sndroecis, and the pedie
cels started to olongste., These ateps were zll completsd before the
young flower buds =ppecred sabove the gurface of the curd. The enlarged
flower snexes developed into gynoecia, snd the netsles were finally initis-
ted between the whorls of the indwoescla and the sepslse. At the tinme of
anthesis only mdimenteary vetals were ~resent on the firet flower of the
paniele wmder certain environmental wnditionsg.

& perrmal veniele, (Pigure 5 4), was dlesected under the binoculap
microscops, and three racemer were remcved. Thegs racemes slterrsted
with flowers in zn unorderly msnner on the paniele. Thirtyethree flowey
tuds wers counted on the main rscesme of the panlele while the apex wee

gt11l initisting more flowsr wuds. lHeny abnormal flowers were also found

1
Seetion 2



Figure 'S¢ Cauliflower morphology.

Different stages in the development of the raceme.
A and B. Flowers Just ©Omerging from the curd.
Apexes of the flowers coverad by sepals. Androecia
also initiated* but not seen.

C and D* Later stages in the development of tho
racemes.

10



Figure 5.

IX

Cauliflower Morphology.
Am lorsg&l panicle before anthe*i* of lower flower.
B. AhnoMdk peniel*. Lower flower with r&een* derAjpeA

within the flower*



in the reglon where {lowers and racemes alternate. This may have been

1 These abnormal

Jue to thelr photopericdic exposurss reported elsewhars,
flowers were one sided, the slds faeing away from the floral axls being
normal, while the side facing the floral axis had developed flowers wiitle
in the flowsr, Even whole racames were found within flowers, These
abnormalitities could be traced back to the sarliest stages iu the evelop-
ment of the individual flowers, Lthe initiation of the sepals and the
androecia, and coincides with the main change of initiation of structures
viz. the shange from initiation of peduncles to flowers.

Another abnormality was encountered in the low tLemperaturs experi-~
mants with cauliflower. The~grcwing points died on about L0 per cent
of the plants, and the first or second leafl developed into a funnsl-
shaped structurs. The plants were ralssad under controlled conditions

and no insects were present that could have injured the plants,
Discussion

The popular name for the Brassica oleracea boirytis is cavelfiore

in Italy, eoliflor in Spain, couve flor in Portugal and caulirlower in
Englands All these populsr names are derived from the Latin Pcaulis®
and "floris," (stem and flower). The “wo latin words put together have
been give a distinet botanical wmorphological meaning: ™Cauliflory:

the production of flowsrs frox the old wood, a3 in the redbud, chocolste
tree, and many tropical irees,” (JWebster's Diciionary). Authors have
rnot been found who stated direstly that the cauliflower curd was a sten

flower, but both Bailey{l) and Henslow (28) awong others said that

Ysection 5 pp (37)
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the name implied "flower of the stem," or WsteufIower," and their refer-
snce to the meaning of the two Latin words could have only ons implica-
tion, and have undoubtedly misled the authors to the incorrect definition
of a cauliflower curd consisting of thickened ™ lformed abortive flowers.

It is interesting to nots that no author from the Horth Buropean
countries mentions that the ceuliflower consists of malformed and sbort-
ive flowers. The reason may be found in their popular name of the plan .
The Germans name it ™bluuweniiphl;®™ the Dutch eall it "dloemkool™ and the
Scandinavians say “blomkaal.® The English translation of this mme of
ferman origin is “flowering Eale™ or flowering cabbage depending on
which English word is preferred as a name for the Brassica oleraces
tribe. The Cerman name doss not imply any abnormal development of the
inflorescence as doss the name ciuliflower, but the origin of the German
name can alse be traced back Yo latin, since caulis was used as a geasric
nzae for the Brassicas by the anciant uriters, (Sturtevant (53). Thus
it appears that the Latin linguistic group adopted the botanical
msrphological‘maaning'of'caulia (stem), while the German linguistic gioup
used the generic msaning of coulis((kals). The latter is undoubtedly
the correct interpretation since the: four teshnical papers ineluding this
one, reject the theory of abortive flowers which ie the sole foundation
for £h§ ﬁcsuliflsry" theory.

The extensive work of Lund and Kiosrschou (35)* has been confirmed on
all points exdept one. The question disagreed on is the cause of the
exngssive‘b:anchipg’of the inflorsscence. ‘Lund et al. sald that the

suppression of the main apex followed by the development and the later

Tfund and Kioerschou's paper received a Danish national award. It is
published in Danish, and no raference has been found to it in English
literaturae.
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of the pisrncsg nsumely, costata, frequently developed funnel-ghaped
stractures from the vrimary ribs of the locves. Fe dleciznined evary
sretention to ronk it even a2z & subspecies and considered it only zs
an scecidentzl defacet. The same vhenomenon has slze beon descrided by
Gosbel (23}, Only ons of thres varieties axhibited the symrtoss in the
sxnerinents reported here, and the symptoms were not seon oa nlants of
the sams wariety szxposed to norsal temperature. his vhenomenon was,
therefore, thought to be 2 hereditary chorcetaristie =hich required a

gvecific enviromment for ite ex rescion,

Sanmary

the literature on the subject of camliflowsr morphology wes surveyed
snd two differsnt thoughts on the morphology of the curd ccipared. The
morphology of the developing crullflowsy plants froe germinstion of the
seade L0 oreesnthesis sas deseribed and five zwin velnte brought ocut.
le Rudimenisry stipules wers nresent a2t the base of
the petislete leaves. They emlayged on the intore
mediate types of leaves =nd merged with the lsaf
blsde on the sessile lezves.
Ze The curd of the czuliflower consieted of nsked
smexss of pedunsgles surrounded by & vhorl or twe
of indeterminate struoctures which develoved sither
into spexee of = new order of veduncles or to
flowers,
%e The excessive bdranching was bBeought wboul by the
zbeanes of aplieal dominence by -ny of the anexes
of the inflorsscence dring the curd develoving

nhagse



is

4, Dominsnos wes acquired by the first branshes of
the inflorescencs to develop recemesg, and they
suppreseed the other apexes of the ourd, vhich
resained as neked splenl mepleteme. 7The mupw
nresced spexes 414 not abscias, Mat deteriorsted
most commonly from attselk of niero-orgenisms.

Ge The mpexssg of the reacemss were indetermincte, 1.0,
initization of new flowers took place until the
develoning seeds had exhmusted the plant nutrients
end the plant food,

Two morphological abnormslitise, vir. the dsvelonment of 2 racemd
within a flower, and dlebuck of the ani~:1l meristen followed by the
dovelopment of = {unneleghaped leaf, ves lescrided and defects of

econonmic importznee ware associatad with theee abnormalities.
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ihe ebnorwsl inflcorescence ¢y Ycuard” le the «dible part of the
coulifiowers’ It has been referred to ss ypeptrophic by Hoater (36),
fienslow (38) =nd othere, 2s being composed of crndensed znd consolideted
fleshy flower stems snd thickened wmalformed flowers by Hniley (4), sad
2¢ belag monstroue by etezer (38), Federmen (47) =nd Nilsson (40).°
The snulomy of thig sbtmormal couliflower inflorescance is not well
know. 4 stady was undertzken to diselose the anstomical structure,
to describe the nature of the znatonienl abnormelity if sny, =ad e
study the maturntion (lignifieation) of tissue with the aln of find.

ing 2 pos2ible connection betwesn the anstomy of the curd sad quality.
Review of Literatare

the apatomy of the cauliflower has not atiracted much attention,
and only two pepers desling with ths sublect bave bsen found. Iland and
Kim rachou (35) described 21 the tissues snd tigsmue eyetems of the
Sragsica pleruces, but their detsiled deseription of the cauliflawer wes
sainly confined to the morphology of the surd. #inton and Hintom (61)

wore also concernad with the morphology, and seem to zdbers to an ibe

1,
wenves 0F young cauliflower plante =re zlso esten in some countriss.

2me morphology of the esuliflower ig described in Section I



correct definition of the curd, vize. the mulformed and abertive flower
theory. Ghey also studied the diffsrent tisruag, dut 443 not deseride
say shaopmelity in the anatomy of the redunclss, noy &id they desoride
the saturstion or lirnificaticon of tissues. Both luad and Kige rsodou

(35) 2nd wintom snd vinton (61) used dvewings for illustestisme, while

cvhotomicrograrhs were nesed in thix study.
baterials and Hethods

The ¢auliflowers sammlied for snetomieal atudyl were vaised in the
granhouse at the Plant Industry Statien, Beltevills, Morylend, Suring
the wirter 1950~5). The nlante and the points st which eamples vere
token are shoen In Figure 1. 7Thess polnt: on the plints were designated
ze followal

fie Jooway stem,
3o ¥iddle stem.
Ge imeyp stea.
e Pirst order branch of the inflorescence.
%e Becond order branch of the inflorestence.
Pe Upner sterm from nlant in bloonm.
0o Pirst order branch from plant in bloom.
e Second order branch from plant in bloom.
Ie Buel) dbrench of ths curd.
Snamles weye olsy token frem the glems of some younger nlaniae

e mabterial was k¥illed and firved in PoA.d. solution, delydrated in

athyl-b ¢4yl alcobol series, enbedded ir narefMn, cut on the microtome to

10n, =nd stained with safrunin snd fast green. UStandard »rocedures were

lam Aegtion Y.



Figure I* Cauliflower plants and locations sampled
for anatomical study* Locations designated as fol-
lows:

A*
D*
E*
F#
o#

K*

Lowerstem#B* Middle stem# C# Upper stem*
Firstorder branch of inflorescenoei
Second order branch of inflorosconce*
Upperstem from plant to bloom#
Firstorder branch of inflorescence fromplant
in bloom#
Second order branch of inflorescence from plant
in bloom#



uged at &1l tises. Fhotoslorograshs wera taken with a Zausch =88 lomd

samars using contrast Process ortho Tilm,

Hosulta

The vovms Trmmgnre cenliflowar ghem hed o Slatynstele op dlecected
giphonoatele (Figure 2} Interfoncienl=-r erpbive dewile sd Muring
secondory growth ao thet the old nmatnre atom hsd the gomesranes of 5
sinhonostele {Fipupe 3},

The weecvicy Wndles {Fipures 4 sand £} rere eollztarsl nd voprled
in gire. Tha primary vhleea sz ¢2omed by on ore of ~erleyalie fiderg
rshich formed » 4incont irmene erlindar nf selavencyne tizme. A4jncent
wmdles ware seperated by nhinemexylem vays of zarvenchyms. “he nrimary
xylew (Figure 6, A znd 3), consigted of armlszy on? mirsl elements
whish sere surrounded by Xylem fibar slementz., The lsrge seccadary
xylea vaasale {(Flouare 8, €) were reticulais or 2itiad ond woro slso
aurqounaad by zylaen Tihera,

The twsatire spifarvia, corter, snd nith {(Plgure 7, & 222 3} cone
tirmaed tn peor for pome tine sfter cell diviaieon sansed, "™ia rewe the
celle » lerpe zipesng shaned gurface which enehled them to exnand grestly
withous minturs. The eoells thaem baceme erherical {(Tigura 7, C snd D)
during mbesqumd syponsion, Ilonzitulinzl gestions of cortex snd nith
e ore =ad aftor expansion of the veduncles z2re ghom n Figure 7 %, ¥,
3, zad H, The epidarnia, cortex and nith rensined intaef, =nd no
pagridops was Tormed,

411 Yigsnag agd tlssue gyntens wore doveleoned at the time of hape
veat of the eaulifliower for the mnricet {®izure 8, D), but the eiems

war® not sstups, leee the eells of the nefuiclims were cupable of sxpension



21

Left Figure 2.

Cauliflower anatomy¥*
Croas section of first
order branch of inflor-

escence showing aictyo-
stele*

oo
o+
|

£3.

1 "N =¥ W

\\e "oV i v
Right Figure 3*

Canllflow#r anatenty*
Cross section of middle
stem* Interfasieular
cambium have changed the

T
stem to sIphonoatelo * Crr e e JJ/ﬂ’tﬂj‘me

Leaf trace also seen*
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~ J J Cauliflower anatomy,
'n Y"'>4Y1 ? ivfr :~' Cross section of wvascular
J>WVAN;L; A~ *h "bundles of upner stem
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Right Figure d. HAU
Gaullflower anatomy * > >0 '!.
Cross section of wvascular rI
bundles of middle stem Jx. / J
(mature) . Primary xylem, '
secondary xylem, and phloem iﬁ*r 4 '_f}
fibers dlgnlfled \\. rA-v/

N
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Figure o©*

Csuliflosrer sasfcoiavi#
B A1 itudl&«X sssfcicas of first order brasch of inflorescence

(1BiBetun) * Only ?rlnmatty rylon and ssaon&“ty rylea vessels
TelEsi-ii Sdit

¥ longitudinal sect Son of middle steza (mature)# Primary and
»ad:%ry 2zylsm, mé& phiam fibsrs lifnifled#

0* Detail of reticulate res?el (nature)*



05*5 fo

Figure 7* Caul.lflower anatomy*

A, Cross section of cortex with epidermis and 13 pith
of young stem, No intercellular spaces, cell walls
wrinkled or *ig~®ag shaped*

C, Cross section of cortex with epidermis and D. pith
of mature stem* Int@reel3.ular spaces present, cell
walls smooth*
IS. Longitudinal section of cortex with epidermis and
?¢ pith of young stem. Cells not elongated,

3* Longitudinal section of cortox with epidermis and
H# pith of elongated stem# Note stretching of cells.



Figure Cauliflower anatomy.

A, Jross sections of lower stem. 3. Croas section

of middle sten. C, Crons section of uool@r stem

Dm ITrct order branch of inflorescence showing ontogeny
of tissue maturation before elongation of branches of
the infloreccence¢ l-aturation proceeds uoward from old-
er to younrer tissue*
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during the subsequent flowering phase, and the scerenchma tissues were
not lignified. The only tissues of the curd to be slightly lignified at
the time of harvest for the warxei were annular and spiral primary xylem
and secondary xylem vessels. However, lignification of pericyclic- and
xKylam {ibers and of xylem rays were prominent in the lower and middle
part of the main stem (Figure &, A and B), while the upper part of the
zain stem was not lignified as the peduncles (Figure 2, C).

The expansion of the peduncles during the flowering phase was
fcllowed by lignification of the tissue. Lignification seemed to start
in the lower part of the primary peduncles (Figure 9, C) and procesded
upward as the peduncles grew (Figure 9, D). Lignification also seaned
to proceed downward from the expanding peduncles to the not previously
lignified part of the upper stem (Pigure 9, A and 8)e The upper pert
of the main stem was thus first lignified on the side supporting ex-
pending branches of the inflorescence,

fio flower organs could be distinguished on the longitudinal sectlion
of a small branch of the curd (Flgurs 10), but bracts and apisal meristess

could be seen easily.
Llacussion

it terms used by the different authors to deseribe the cauliflower
curd are defined by Jackson (29) as Mlovs:
Hypertrophy: an abnormal enlargement of an organ,
presunably by excess of nourishwment,
Consolidated: (Consolide, I make firm)
l. when unlike parte are coherent.

2e Crogier adds, having a small surface i
proportion to bulk, as wany cacti,
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Figure 9* Cauliflower anatomy*

A. Cross section of middle stem# W Cross section of
upper sten from plant in bloom* 0. First order branoh-
es of plant in bloom* D. Second order branches of
plant In bloom showing ontogeny of tisstxe saturation
after elongation of branches of the infloresconce* Mat-
uration proceeds upward frees first order branches of
inflorescence and also downward until it encounters al-
ready lignified tissue in the main stem*



¥ 1shit® 10* Caul ifloMwWr anatosgr*
Danrifcudiaal sestiea of a trail hrmch of the curd*
Ho floral partg c&n b$ dlttiaguished*
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nondensation: (Condensatic, making dense) = Concentration.
Compacueds (Corpactus) closely joined or prsased together.

%, RPN S £ Y T S JURT S FOIE S SR SO SN
somatroesioys  dougloosisan} sooe econlormacian deviaving

from the usual and natural sitructurc,
adje monsbivas.

sl

Two Iacis are apparani conddiuiig Lne wsage of Lusse terms i the
Jeseription of the cuuliflowsr inlicraesesance: {1} the words ssan . Le
correctly applied by the diifleront authors, although (I} none of the
terms describe spesifically the naburse of Lho abmorzality of whe curds

The worphologisal abnormailly was dsges ba& slaewharel as an axe
cessive brancihing of wae inflorestencs cawdea by the absence of upical
doinancs of Lhs pricary, sacondary and later order aplcal werisbans
Jduring the curd developing phass. Thls was followsd by sbsencs ol
glongation of the peduncles, and a suwall longbh-widih ratic whicn nade
the pedunclaes appear Ayperliopiice.

A study of the anatouy of tis caviiilower iuflorescence disciosed
oniy one soneormalily, nanely the absence of ligniflcation ol Lhs sclepre
snclhyms tissue dwring Lhie vurd Jusvsloping phasee This is bthe geusral
distinetion besluesn ancestral vypes of vegelables and Lhe hyportrophieally
developed sdalble fomms. iHowever, ihe hyperirophy is Iroequastly essoclabed
with the development of sesondary and tertiary cambiums which by thelir
acbivity grealiy increase hhe puli of a&dible bissuee Ho such developmsnt
was {ound in the nommal cauliillowsr allhougn anovher subspscies of (he
=ressics cleracea, namely gonayloiies, possssses sueh Jsatures.

An Inveresting abnormelity «as encvuntered in the winter cauliflower

o
*3ection I.



variely “January™ planted in spring and exposed to the wars weathsr
conditions in College Fark, Haryland during the summer 1950. The upper
slem enlarged and developed into & Kohirabi-like structure instead of
initiating an inflorescence. The analusmy of the greatly esnlarged upper
part of the stem was nol studied, and it is nel known whether secondary
cawbium had developed or nobt, but ths growth hablt of the plants was
Liiat of cauliflower, not kohlrabi excepl for the enlarzed apical part.
Flants were found in different stages of such development, so it is
unlikely that it was due to sesd admixiure.

The librous nature of the prominect bundle sheath should be pointed
oute It is sasily overlocked Ly cbaserving cross ssctions of paduncles
during the curd developing phase only, bul longitudinel sectiocns of
peduncles befors and after elongation disclosed thsat the bundls gheath
censisted of potential fibers which became lignified following elongation
of the peduncles.

Thers iz no rsason teo believe that guality might be impaired by the
premature lignification of the sclersnchysma of the peduncles. lignifica-
tion of sclerenchyma tissue was llmited to clongeted peduncles and to
tha upper pert of the main stem supporiting flowering branches, This
lignification occurred relatively long after ths edible stata of

30
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Saunsry

Tae eaulifiower curd sonsisted of peduncles, bdracte znd naked
spleal meristeng.

The mein tiesues vresent ol the tize ¢f harvest for the market
wore thin-walled parenchyme (epidersis, cortes, shloesexylem raywy, pith,
and apical mepistemn).

The oolliateral vazcular bundles contained both paricyclic =nd xylem
fiber slements, butl these clszeals did not geem to impair the cuslity of
the esuliflower since they were not liganifled at the time of hsryvest for
the market.

snatomigslly sbnoraal tiscues were not found, sund the adnormslity
ef the csuliflower sesma to Do the sbasence ¢f apieal dominemes of the
infloressance, abassncs of slongstion of peduncles during the murd
devslopiag phase, sud adeence of ligmifiestion of the schiereashyua

tiseue.
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The experimental work renorted In scction III and the three
first erperirm-nts o section IV were carrie? out =t Lowls-
ton, Idaho, and reported previously in a thesis written In
partial fullfilment o7 thie requirements for the “errce llage
ter of Science and presented to the graduate school at the
University of Idaho in 1¢L9,

The szurvey of litersture, discussion, and sumary were
rewritten after ths 1llbrery facilitles of the UL &, D A,
Livrery became avalleble to the author. Sectlons III and
IV were inecluded 1n thiz thesls because the author conslder
the materlial an interral part of the study, which will be
submitted lor rpublication soctlionwlse in the order ~iven in

this thesls. Sectlon II1 and IV are found 1 the apnendix.



SECTIOR ¥

oI 0F ThE EFTIOTS LT VHVINONMOHT O GROSTH AND

DEVIIOMENT OF SAULIPLOTER, (BY SUDITE IV THY GRARUNNOUSE
Int reduction

It was concinded in Leotion IV Lhos opemature he.ding cecarred in
g2 liflower slnce uaszn wamdar of leowes withln ¢ wveriety voried tremende
cugly =ith the srvircazent. However, the wariation in lazaf nunmber ogturred
betwesn ayporimants, not wlthin exrisents whare the anvironmmntal feeter
responsibel for it eould hoeve bdeen {daniified. The erporinents revorted
in Seetion IV were 1inmlteld Vo trostzente ¢f transplants ond nensurements
of the sffeote of treatzents =fter tramsplonting %o ths fleld. Yone of
the onvizonmandal factors could, thersfore, “e axcludnd 23 possible
amise of premature heeiing in canliflower. & atudy of the effsate of
pnotop-ricdisn, autrition, temperature nnd thely interactions vas cofte
froted undar gresnhonse conditions whers eavironmental faotars other
than thes verlaobly wnder siudy could be kent uwader zors rizid sonirel

than undar £iold sonditions,
Revigr of Litegraturs

The saryvay of litsrature glven in Zsction IV sovers the napers desls
ing +»ith growth wund develorment in esmuliflower. g attemnt =111 be made
to surver tha literzture concerning the effacts of vhotoveriodism and
nmatrition on develooment of plants in genernl, btut the survey will de

1imited 2o some pavers conserning the quuniitative mepnmurenents of ﬁg



velopment as & comsequende of the environment.

Kurneekx and Comez (39b) apresr to de the first to study the histolo.
gicel effects of nhoteperiodism. They woriced «ith the Blloxi soybesn.
Borthwick snd Parker (10) deserided the histology snd the morphology of
the Bilox! soybesm snd used nods counte and mumber of flowey orimordis
initiated se suantitstive measurements of the effects of photoperiedie
gstimmli by whieh the following probleme were invaestigated, nemely, identie
fication of the orgsn of perception of vhotor:riodle etimli in Bilexi
soybean (11), intersoticn of photoporiod with tempersturs for comtrel of
flowering in Biloxi soybesn (42), intemction of photesynthesis with
photoperiod for the control of flewering in Biloxl soybsen (43), and
Seully, Purker and Borthwiok (53), intermetion of phetoperiod and nuiet.
tion for control of flowering indiloxi soybean, while Farker, Hendricks,
Borthelck nad Senlly (44) worked out setioa speetyum for photoperiodie
eontrol of flowaring in Bilexl soybesn.

Borthwiek, Farker sed Heinze (12) also applied node counts to a
study of the effects of photopericdiem snd temperaturs cn dsvelopment
of barley and action speetrum for the contrel of florsl inftiation in
berley wore worked out by Borthwiek, Hendricks end Parker (13). The
pome authors deserided the morvhology of the Fyoseyamas niger (48) a=nd
worked cut the sction smectyam for the photoneriodie contrel of flowering,

Blamiw 2nd co-workers, as reported by veat (60), used histolozicnl
atudies in their axtensive woric on the effects of \esparsture on initie.
tion and developzeat of flower primordis in tulip and hyscinth ulbs,.
Cregory smd Purvig (18, 15, 20) spplied node counts to thely study of
effacts of vernslization in rye, while Heath and Matur (27) stndied leof

and geales numbern in onion sets. Thase studiss denomstyate the usefulnass



of nistologionl snd morvholezical exanination of the olants in ¢ study

of the affeets of anvironnent sn develovment.
Hatarials snd Hethoda

The sxporisente wors carried out in 2 greenhousse of ths U.5.D64.,
Plant Induetry Station, Beltgville, Herrliand, during the winlsr of 1930w
51. The grsophouse wes divided into three zoctions in shick the aight
tesporature was controlled by thermostats while the day teapsrstars was
contralled remaelly. Two of the sectionz of this greenhouse wers held
at a night temperaturs of 88500 7., and the thipd seciion was held ad
s nizht tempernture of 65.700 F. daring the wianter of 1850.51.

Inforast ion relativs to ths size of erxperisment needed to tast
differences of Llmortances at given levsls of significanes was avalle
able Trom the sxveriments raported in Sectlion IIl :ad IV. The wsean,
the stondard devi:ztion, snd the L.8.0s reguired te test s difference
betwean too ®esns &t the 5% levsl usiang 10 renliesiions 9f the varieties
Znowbsll ¥ ¢r The Forbes are glven in Teble 1.

The range in variation among neene wos 31.8 leawss for the vsriety
fBpowhell 4, whils the variety The Fordes had = raage of 26.6 leavege It
wag wgauzed that thess warletiss womld exhibit & similay varlsbility in
the gresnhouse teats, and that 10 repliostiony would bs adsquste to test
differsnces betwesn means within varisties resulting frosm partizulsy
treatsents. A mamber of replicstions of tam was, thorefore, used imull
the gresphouge experiments snd slso in the expsrimente in sonlrolled
sabinetz revorted in the next section.

#ethod of planting, :nd maaber of plants to the sot oy crogk, were

alse the sens in =11 sxveriments. Zight ocorks of size 2 wore nsiled
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inte 2 wooden dlgk whish fitted the pots snd orecks, The corks were sressed
dom in ths noil or s:nd snd two poeds were planted in eschk hols. The holes
wors later illed with sterilized soil or s:nd depending on the expsriment.
The plunte »ope thinned oul fo B plants sfter geminstion snd seven of these
mere enmled ob suceessive Acter of hureeat, vwhils the et plomt in zech
erool wap horveated 2t the tarmination of the expariment. Zomling wos
dome st readom although erowilng of edjacent plants was avolded ss much
zs pescible.
Tzperinent I wao o photossriodle oxperipent Tor testing ths effuets

of #n Hehour photoreriod for o glven durction of devclonment on the mabe
soquend prowth and davelomommt wunder lé-hour shotoperiod. The actual
trestomts were so Tollowsd

(a) lo=hour shotoperied continucusly.

{b) Benour photoperiod until 9.1 nodes, followed

by il=teur shoteperiods
{e) Behoup nhoteseried until 18.1 nodes, followed
Wy lo=hour rhotonapriods
{2} B-hour photoosriod contimicuslye
{#) B-hour vholerariod contimeonaly
Tesatwont {4) was to hive Baen ahsnged to lAhémy photorerinds waen

70 nodes were Initiated. Differantisilon of the Inflerssconce occusrred
at that stape howsver. The change wo: not mede snd the fresinent was
keopt on B-hour photovariod antil termimatise of the esgverinemt, whils
trsetwent (o) was changed to 1B8.hour rhotepericd and vpermitied to oo to

eeod. Some of the msterinl of trostument (o) w=as later used in & study

of the gwrpha?mgyl snd the mmawa of the ecauliflower curd.

lﬁwar%é in Zection 1.
2?@9&:‘%& in Segtion 1I.
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Planting date for ihe exrariment wes Gotober 18, 1980. The seed
wag sow in uderilized soil in 3" olsy sots. The vlants were vepotted
inte 8" note Hovewbsr 3 snd watered weokly »ith mutrient solution b
zinning Sovembor 1li. The Sehour vhotonerind wmas sgewmplished dy covere
ing the plants with & double laysr of vlack sateem cloth at 4 F.H. snd
uncovering at 8 A.s. daily. The loehour photoperied was acccaplighed
by addition of light of relatively low intensity from incandescente
filenent lamps. The incandescent light w=ne comtrolled by =n elsstrie
time ewitch.

Zxporinents 11, 111, IV, and ¥ were 21) nerforszed as sond culture
smorinents in vhich the menual watering technique wae uesad. Claged
sarthenware orocks with straight sides, rocundsed ineide bottoms snd
side drainage holes wmere employed. 'Their inside diameter was 4% and
thely rreutest depth was 729, The drainsge heles were sovered »ith
sheety of zlase w0l which retsined the sand, A nreliminsyy test with
fina and coarse szand did not result in sny significent 4iffarences, oo
thst fins zand was used in the subssquent experimenis becsuse of ite
graztar water holding eopagity. The vnlants wers watered every duy
with sne »int of matrient solution.

Rreellent growth wag obtained in s »reliminery test with o four
galt mutrient solution recommended for zoybesms by IDr. M. W. Parhepr,
Us e Dakhe, #lant Industry Station, Beltsville, Havyland., The four szlts
war® colcoium nitrate, magnesium sulrhats, potassium pulohste, snd mong
potearium vhosphate. Hoagland's minor olement solution A «nd B were
used in sd4dition. Dr. Perker's sclution {soluntien 1 in these experi.
ments) wes used s2 a reference solution =nd variations were mmde to

~ive the decired levels of the different slements. CUalclum sulznhate,
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¢zlclun chloride .nd moae sodiom vhogohste wers used s substituting
zalts to balance the solutiong. Unlolum woz not coumvletely balenged
in the nitrogen mutrition serise sines 1% vmld have reised the chlorine
and sulptar concantrstion sxcessively. The pi values for the various
solutiong wore 21l between 5 a4 5.2 das to the tnuffaping setion of
the mono soatassiun whoeshate 2nd sono sodlum nhosshebe.

mgpariment 11 wsg e factorially deslgned expariment o0 testing
the mffactg of two temieratures -nd five lovels of altrepen mitrition
on the {resh welgnt, iength of sten, snd number of nodes initisted in
the eanliflower variedy Inowbsll 8, planted Hovemder 28, 1980. ‘the
ulzht temparciure trectzants wors 85«70 wnd 586 ¥, The comononis

of the nmabtrient solutliong aro given im Toble 3,

Feble 2¢ Comnonents of matrient soluiions for Bwsriment 1.

salut fon : “crts ver willion of elenants
DABOSY + w1 P 3 R 8Os b wg % 3 % o1
1 12 18 a6 160 56 100 -
2 &1 s # 57 # o -
3 33 # o ® a 131 -
F A E “ # “ # L 24
8 10 # # 4 o i )

Zrporinent Il wasr & fuctorlzslly designed ewsoriment for testing
the effect: of temeraturs and defisiancy of nitrogen Muring indiosted
pericds of time on fresh walght, length ol stem and maaber of nodes
initiszted in the eauliflower vurlety Snowball M clanted MHovember 36,
1950, The night tewcerstures were GB.TF and 55000 P,, resvectively.

The mutrisnt trentnonds were og followsd
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(2) Mll mtrient solution contimiously.
{b} =4 from 1/4 te 1/20.
(@) -3 from 131 to 3/1a.
() <% from 2/18 to &9
{9} =i .rom 3/9 to sersination of tas exparimant.
Iha oosponentes of tos full sutrient selutiom and ihe =i sviutlon

are siven in Table 3.

Table 2, Components of nuirient solntions fopr FTrooriment 11X,

Snlutiom ¢ Parts ver willion of 2lements
nunhey
¥ (. PV E 3 Ca 3 Vgt § 1 O
1 12 18 86 160 58 100 -
7 [+] " " 87 A X3 85

Brverimens 1Y was a son orthosonal nitrogen, rhoesrhorous snd note
agsrium nutrition experiment for atudying the eflfeets of the nartienlsy
slenonte on the fresh welight, length of stem and numvap of nodes of
oraliflowsr. DJead of the caply variety, The Forbéds, waz nlaaied
Febraary 17, 1951 snd the exneriaemt was porformed in the 55.68 7,
night temernture ssotion of the gresenhougs. The components of the
mirient gsolutions are given in fzble 4.

Erveprinent ¥ waz & nitrozen mutrition (2) x shetoperiod (8) z
teanerature (2) factorislly designed experiment for testing the affects
of the differemt environsental combinstlions on the {resk welight, length
of stewm and number of nodes of canliflowsr. The Fordes wes the variety
uged snd the secd was 2lanted Fabruayy 17, 1951, The setusl tresinente

wore ze followst



{2) Nitrogen nutrition, 112 p.v.m. ¥s. 10 DPepelte

{h) Fhotoperiods, ifehours ve. S=-hour.

{¢c) Teapersiares, (nizht) 65-70F vs. 5B-80¢F,

P

Table 44 Components of matrient sclulions for Syveriment I7,
fSelotion i Papts ver million of alenente
pusor : ¥ Pt % 1 ¢a t Mg 3 5 & Cl & Wa
5 ] geri
6 208 18 26 283 56 100 . -
1 g v T 160 L B -
2 6L " a7 » " - -
3 z " . LA s S -
4 18 ] " # “ L %0 -
[ 1 o # " ] ® &80 -
1 1z 18 88 160 56 100 - -
8 " 5 " " 1Y - e
o o ?;&é L] L @ 1{}8 - -
in L & @ # ] 100 - -
Potzsaiun geries
1 112 3 a6 180 56 100 - -
11 " * 20 " * 74 - 3
12 E A 10 o L] L] - 18
13 L] # §' ® # <] - 81
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Thig provided olght faotorial ecombinctions. The mutrient zo0lutions
were the gzme sn nmuader 1 and B of the other nmulrition exoriments. The
diffarent photoneriods more zgoonslished in the same nanner s in the
vhotonericdie exnsriment {emerimont 1),

811 lante wspe out 4t the colyletonary nods shen harvosted, Thay
wery wolghed individaclly and the rmuaber of noles wes combed on esoch,
Friverdis of losves tos cuall to be deteeted by the nsked oye were
identifisd under the binoouwlay nicrescopn and wountel. looitrsucate
of levgth of eten were aled ande.

e detz were sublscted to analyels of vorience. Yo method of
strstificatidn »as used, tud the plante were woved arvund cu the grewme

houge bench ir order teo eliminstc pegeible loczlized climetic differences.

Ramlie
Taperiment I, Creenhougs

Szposures of cenliflower plante to Buhour photoperlode throuzhout
the experiment or antil initietion eof 18,1 rodes resulted ir decressed
froeh welght ocompered to continuous 16ehour shotopsriods. FPowever,
wlande 2zocsed to Belwur photoreriods until Riffersnsiction of €1
nodes comanged to grow vory repidly following the choape to l8=hour
vhotonoriods cnd soon rescshed tho size of the latter. They were lster
sgein surpceved by the ohes rsiven @ontinvons 16=hour photoperiod possidbly
because of the enrlier initistion ond stert of srowth of the curd.

Longth of steo was aleo euppressed woder the Selour photoperied
{Toble 5, Figure 1 and 2) end none of the plonts expessd to Beloup
phobome rlede reached the sten length of thoge expoged to lEehour photo-

period continucusly.



M U 6. experiment X, 6énstmhmm#* tbt of 8-hour ?hotop*rlod«
twilea of dorolopmt followed by 1l6—Hour pboteperleds Ouriaf tho
aulalac tloo of th« exporleoit on tho frosh uelglit,
wiO»r of nodee initiated on ocaullflouor planto &t succ«*elr>» dmtee
harrotti (pet grogft la noil* In th» rreexdumse¥*

Bete of 6-homr yhotoporlpé&®tgUll, ok Gk G *
fenrreet O ao88»|8*1 nodestlB*1l aodotg 58 loool

Hot. 18, *66 1*09 1*09 N.S.

6. 160 6*66 O0*69 t O*51 ox81 Oo*81 6.6.
60* ! 1600 11*76 t 10*66 10*60 10*38 S S.

BOO* 66* *69 18*00 18*66 +t 10*10 10*69 18*06 3.8*

Jao. 4# *61 63*6 66*0 . 16*0 16*9 18*9 6*3

m * Io* *o6l 107*6 80*0 3 o 63*1 - 10.0

s
**m  sss.
*60 v "irh T 3*60 3*90 O*76

Boo. 30 * *60 11*06 o9*09 3 8*00 5.13 0o*81

36. *60 13*00 11.77 - 6*60 8*60 6*67 o*63
O. *61 16*30 13*06 t 7.69 6*06 6*06 1.17
10. *61 96*9 91*9 t 17*%6 10*9 =, 1*66
8
fofirtier ef nodx** per S a <«

Her. 8. $80 i~TT t 7*0 a 7.1 « 7.0 t 7*0 a

Her* 16. $80 $ 9*3 $ .1 S o*x1 « 9.1 t 9*1 <t

Bee* 8. $80 $ 101 * 13.1 «< 13.0 $ 13*0 t 13*0 * 0.8

Bee* 30. $60 $ 19*9 $ 18.7 «< 18.3 $ 16.0 a 18*6 t H.S8.

Bee* 38. $80 $ 38*3 $ 30%*6 = 31.7 $ 316 a 31.6 a 3.9

fen* O. $81 $ 37.0 $ 36*0 S 30*6 £t33.7 a 3.9 a 3.9

Mb* 10. $51 « 30*7 $ 33.7 S 30*6 1l 39*%9 a a 3*3

H— << a a
»9fele troot exposed to leme diiir permit tod to bluo* end
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Figar* 1.

Throeriaani I, dreeahouat
Growth «im« (freeh weight and length of atea), fato

of initiation of node* aad acan number of node* initiated
before Initiation of the inflorescence in cauliflower
variety Tha Forbee raieed under 8-hour photoperiod far

a firen duration of development followed by l6-hoar
photoperiod until termination of the osporlacat*
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Only plants receiving continmuous 8~hour nhotoveriods had signifi-
cantly slower rate of initiation of nodes znd plonis exvosed to S-hour
photoreriods during initistion of the first 9.1 nodes showed an increzse
in mean number of nodes initiated before differentiation of the ine
florescence. However, the effects of nhotoveriods on the rate of initise
tion and meszn number of nodes initiated before differentisztion of the

infloregscence primordis were both very small,

Experiment II, Greenhouse

Hone of the interactions of nitrogen matrition znd temperature
woere significant. Nitrogem end temperature data were, therefore,
vresented in separate tables,

Significant decrease in fresh weight, which resulted from low
levels of aitregen, wera encountered ac soon as 7 weeks after planting
of the ssed when the plants were of the size of ¢ronsplants (Table 6,
Pigures 3, 5, 6, 7, 3)., These effects wers more pronounced as the
plents advanced in zrowthe

Lowsr rates of initiation of nodes were zlgo encountered under
low nitrogen mutrition (Table 6, Figure 3) Wt no significant differ-
ences in total number of nodes, formed before initistion of the ine
florescence vrimordia, were found.

Femperature did not influenee fresh welizht under the conditions
of this experiment (Table 7, Pigures 4, 8) but the hisher temperatures
resulted in longer ctems (Tadble 7, Figures 5, 9) than were found in
lots of 5580 degrees F. The 65-7(%F, temperature caused = highly
sigmiflesnt irecrassse in the tot:=l number of nodes initisted befors
aif srentistion of inflorescencs nrimordia (Table 7, Pigure 4) and

nad 4%0 = slight effect on the rate of initiztion of nodes.

P



of fivo 1 ml « of*
l«nrth of 9ton, and nuiaber of* rmflre

Sh«

soil* e, t «risKHxl II9 grwonhoutt.

antritloa on tho froth

tnlllotod in <wsullfXower planto at iraeeeesive dntee of tsajnrest* (sand
eultiuro In tho “roeahouso, planted Horostbof S8« 1950) e
Bate of Btr yiutog Of Bitw«p Il. SKFD* Ceeffieient
laarjfe
19, *60 0.1d £t 0*11 * O0*11 I 0*10 o.io 0.11
9*6* 39, 60 0*08 I 0*47 < 0.38 * 0.30 0*30 0.43
dan* (0* *01 148 i 1*31 * O0*90 S 1*01 C .84 1*10
dan* 13* *01 3*47 S 3*30 I 7*30 I 1*80 1*03 3*39
dan* 30, *01 6.67 * 4%*%49 * 4*33 1 3*80 3*90 110 4*44 34*03
den. 39, *01 14*33 £t 9,00 > 910 I 6*00 4* 091 3*09 o*31 30*18
yet. 0, *01 38*0 £t 308 « 19*0 > 16*3 10.1 3.6 18*9 30*17
ate. 11, *01 107 1113 I11s I 33 46 31 103 33*01
HHobaxdty 1403 *313 1306 110 60 313 17*07
t ________ JL * -
length of aten* 1. S t .
See* 39, *60 3*00 t 1.80 1 1*56 « 1*35 1.33* 0*36 1.63 * 84*09
den* 0O, *01 4*74 1 388 t 3.00 t 3.47 3*141 0O*54 3.70 * .
den* IS, *01 7.70 1 6*41 1 6*39 t 6*33 4.961 0.73 6*14 * 19*88
dan* SO, *01 11*38 £t 9.301 8.78 1 8*30 6.93* 0*83 8.93 * 14*80
den* 39, *31 16.06 t 13*%43 t 13*70 s 11*59 o*061 1*00 13*68 * 18*70
373* 9, *61 30*4 118*8 s 164 t 16.8 13*3 * O*96 164 * o9*89
Qne* 11, *01 31*3 I 38.7 3 37.1 s 33*9 19%1 1 3.0 35*8 * 8*78
afict=rticy 308 1 36*6 1 s3*3 1 39.7 3.0 1 3*3 331 1 8*14
1 I t 1 I
B Ss., * £
See* 19, *00 6*8 1 5*7 1 e6*7 1 0*6 56 1 S. S. 0.7 =* 8.77
See* 39, *60 o*x3 1 8.8 1 7.9 1 7.7 7*7 * o.s 7*9 « 6*48
den* 0, *01 105 I 10*3 t 9*9 1 9*6 O*x5 * O* 6 9*9 * 7*80
den* IS, *01 is*1 +t 13*3 e 13*3 I 11*6 1 11*4 * 1*4 13.1 « 18*44
den* 30, *01 163 + 14*1 <« 14*3 1 13.7 t 13*6 * 0*9 14*3 * 10*30
den* 39, *01 19*8 I 18*0 <« 18*4 1 13*4 1 17.1 * 1*4 134 *
dres« 8, *51 39*%4 « 35*%*3 <« 30*%7 I 34*8 <« 33*3 * 3*6 35*0 t l6*17
Her. 11, *61 49%6 I 48*0 1 01*8 s 61*6 <« 51*0 * W.S. 50*6 t 18*00
Matcurltgr 03*3 t 61*3 1 00*3 1 49.3 1 54*0 * S. 8% 517.7 =*
t I t 1 s 1
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Figure 6* Experiment II, Greenhouse
Representative plant* of cauliflower variety
Snowball M of Hitrogen nutrition series 112-

61- 33- 18- and 10 p»p«m» H* raised under 65-70%2.
night temperaturet
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Figure 7* Experiment II# Greenhouse»

Representative plants of cauliflower variety Snowball M
of nitrogen nutrition series 112- 61- 33- 15- and 10
p«p*m* H, raised under 55-608F* night temperature#



Figure 8* Experiment II, Sreenhouse*
Representative plants of cauliflower variety Snowball U

of 112- and 10 p«p«su nitrogen nutrition series raised
under 65-70*and 55-60P# night temperature.



fU&am o*

toepsrtmmt x1, Qrvmhmm*

Umé&%h of otoao of eaullflooor pla&feo mriotgr
Snowball 11 of altfom aHHUoft worlow Ua»
63U 33* 18- amd 10 p.p.*. 8* Xfeloot mftor
65-70* aad 80-60* <. toapofttttupoo.
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Bxparinent 111, Oreenhouse

Hong of the internetions of nitrogan deficieney znd tomparsture
wore significsat and the matrition ~nd temperstume data were oresented
in sepvarnte tables,

The fresh weight of eauliflower plante in trsatment «H, from 1/4
to 1/30 (adms 6 to 8 veeks 0ld) equsled those given the contimouse
full nutrient selution ot the $ermination of the exerimemt (Tedhle 8,
Ploures 10, 13, 14). ihe defy leney of nitrogen during later neriods
of growth resulted in decresses in fresh weight and these dsorssses
ware mors >ronounced the later in the rrowth noeriod the deficisncy
ocourred. The affscts of nitrogen deficiency on length of stem wers
sisilsr to the effeots on freeh welght (Tuble 8, Pigures 12, 16).

Ho significant differences cmong mesn mumber of nodes initisted
before initistien of the inflorsscencs were Tound Wt nitrozen daficiensy
during the sarly etages of growth {(1/4 to 1/20 or 6 to 8 waeks old)
resulted in temmoraxy reduetion in the mte of initiation of nodeg
{ble 8, Figure 10),

Differencss in fresh wolpht were not found datyeon C6=70F wnd
55.80¢ F, night terpsmtures (Tabdle §, Fimres 11, 15), 'mt the stens
wore aismificantly longer for the GDe?0 P, ifampercture (Tadls 9, Picuves
12, 16). fate of initiation eof nodes rms ot merledly influeced by the
temernture wnder the eonditivnas ol thile experiment, bal the neen nunbey
of nodas initiated before initistion of Inflovescense primordiz vas 9.1

nodes grestsr for the higher itwmsrture,

Exverimant IV, Grosnhouse

The sinilapity of the meoponme of the plants to vordstions in nitro-

gen, nhogphorus ad notas-iuw muteit lon was deponetreted in Tobles 10, 11,



Fable ® e Ixperlaent III, Greenhouse. Tiie effects of nutrieat solutions deficient
in nitrogen for indicated periods ©f tiae on fresh rei®it, length of fttea,
and nuaher of nodoa Initiated In emliflover plants at “accessive dates
of harrest, (sand culture In tb® greenhouse, planted Noreaher 28%* 1950)-

Bate of t . bitboat JTfor period indicated 3 3Coeffleeleai
3ti all 3Jan. 4 -3Jan. 31 -3Fob. 19 -sMar. &3X.S.X¥. * 3 of
harrtst tbo tines 30 sFeb. 18 3Mar. 9 ? 54 levelsMean :variability
3W<h. weli*t, gram, per plaBt 3 3 * 3
Jen. 4, *51 3 1.23 3 1.34 © 1.21 3 1.27 3 1.31s 3 1.24s
Jan* 18* 31 € 3.31 3 2.32 3 3.30 3 3.36 3 3.563 : 3.153
Jane 80* 51 3 6.3 3 3.5 s 6.3 3 6.2 3 6.1 1.3 s 5.6 3 36.42
Jan. 31* 31 3 1s.1 ¢ 6.8 3 14.9 3 14.9 & 15.3 3 2.9 313.3 3 33.83
Feb. 18* 31 3 s3.3 3 28 .2 3 33.6 3 51.7 348.7 3 10.0 343.2 3 38.98
Mar. 11* <51 3 149 8 178 3 112 3 109 3147 € 32 3119 3 29.41
Maturitr @ 567 3 573 g8 D 3 361 3239 3 101 3452 3 24.78
3 3 3 8 3 & 3 3
3I0oSKtt of eten* on. per plant 3 3 3 i/
Jan. 4, *31 3 4.31 3 4.45 ® 4.38 8 4.35 3 4.443 M.S. 3 4.383 20.56
Jan. 13* 81 & 7.94 : 7.20 ™ 8.16 & 8.13 3 8.29s H.S. s 7.943 18.39
Jan. 30* 51 3 11. 3 9.4 % 11.6 3 11.1 3 11.2 & 1.0 310.9 3 14.08
Jan. 31* 51 3 17.0 © 10.9 & 17.2 3 16.8 &% 16.8 3 1.0 315.7 t 10.45
Fob. 18* 31 3 35.2 8 18.1 & 23.2 3 23 9 & 24.6 s 1.0 323.0 3 6.99
Mar. 11* e61 1 32.0 & 24.8 8 30.3 3 29.9 331.4 3 3.3 329.7 3 8.76
Maturity I 41.1 3 39.6 8 37.6 3 36.0 ®36.2 3 3.4 338.1 3 10.00
8 3 3 3 : 3 & 3
>usiher of nodes per pi*»* @& . & 5 t
Jam. 3* *31 3 9.8 & 9.9 3 9.8 3 9.9 310.0 3 mM.sS. 39.9 t 8.02
Jan. 13* 51 3 12.6 3 12.6 3 IsS.5 3 12.7 & 12.8 3 M.s. 32.6 & 9.84
Jan. 30, 31 3 16.5 3 15.3 3 15.4 3 15.2 3 15.3 3 M.S. 815.3 3 11.63
Jan. 31* e61 3 21.1 3 18.4 3 21.2 3 21.0 321.1 3 1.9 =0.5 3 14.63
Fobe 18* ¢51 t 38.1 3 29.8 3 38.6 3 33.0 338.4 3 4.8 336.7 3 20.98
Mar. 11* 51 8 s50.8 3 51.8 3 50.8 3 48.8 & 55.7 ; M.S. 351.6 * 11.24
Maturity 3 54.5 3 58,1 3 57.7 & 53,7 352.0e M.S. 355.2 3 13.95
3 & 3 3 3 3 3 8
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III* Oy#®ahou»«* ;®3rfoed* of %Iwo 4doas’ojr»fctiMP8

Isrrol* on the fresh weight* length of stent end «a®b«r
of nodflis iattiatod la esmliflooor pleats st soooosstro
dstos of horrost* (send ocoaltnre In the syssahonso»

Plsntod lloronbor 38* 1900} *

B«<t® of —_ ... $ aCosffl clent
hOoSsTsSSt ea~7o0» F * * 88~6C>»> F. %’;Msigj:o Tornm  a of
. jnnMBf ,. a
Jan. 4, »51 1.35 « 1.18 2 1.34 t
#on. 13* *81 3.36 a 3.93 3 3.16 a
Jan. 2Cf£f *51 5.8 a e.8 a 3.8. S.6 a 36.42
31, esSI 13.X a 13.6 a if s. 13.3 a 32.83
Feb. IS, eSI *43.6 S 42 .3 a 8. S. 43 .2 «< 36. 98
Usr- 11, 51 lie 1 122 «< ».S. 119 a 29.41
heturlt]x 470 S 433 a 8.8. 482 a 24.76
2 a a
...a, ... p-r plan¥* a
Fsa. 4# eax 5.32 a 3*%48 a O0.36 4.38 a 20.88.
“ssi. 13. *51 9.36 S 6.83 a 0.5e6 7.94 a 18.39
Jan. 90. 151 13. 6 a o9.X a 0.6 10.9 a 14.08
Jan. 31, *51 17.6 t 13.a a 0.7 15.7 a 10.48
Faob. 18, £51 2s. X a 30.3 a 0.7 23.0 a 6.99
T, 11. *51 3X.6 s 27 .7 a 1.6 29.7 a 8.78
8ferth e 41 . X X 38.0 a 3.2 38.X a 10.00
3 a a
Sunber of a
Jan. 4, *81 10.0 I 9.7 a 0.3 9.9 a 8 .02
Jan. 13, 81 12.7 3 X2.8 a U.s. 12. 6 a 9.64
Jan. 20. *81 IsS. B s 18.X a 8. s. 16.3 a 11.63
Jan. 31, *81 20.3 a 20.3 a 8. s. 20.8 a 14.63
Fob. 18, eex 37.7 3 38.8 a 8. sS. 36.7 a 20.96
Mis. ¢ XX* *6X 56.4 3 46 .7 a 3.3 8l.6 a 11. 24
heturltF 89*3 t 80.7 a 4.4 88.2 a 13.98
pod a a
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Figure 13* Experiment III* Greenhouse*
Representative plants of nitrogen deficiency experiment

raised under 65~70 P. night temperature*
(&) H* continuously. ([B) «K from 1/k to 1/20.

(© -H from 1/31 to 2/18. (D) -K from 2/18 to 3/9*
(E) *f£ from 3/9 to termination of the experiment.
Seed planted 11/28*



figure 1!|* Experiment III, Greenhouse.
Representative plants of nltrogen deficiency experi-

ment raised under F. night temperature.
@) 13 B) -N from o 1/20.

(C) -II from 1/31 to 2/1S. (D) from 2/18 to 3/9.
() -II from 3/9 to termination of the experiment#

(Seed planted 11/29)



Figure 15* Experiment III* Oroenhouse*

Representative plants of nitrogen deficiency experi-
ment raised at 65-70 F* and 55-60 P. night temperatures*
@) I1u continuously* @®B) X from I/I4 to 1/20%

(Seed planted 11/20)



9%0unm 19.

b5-10 T. NIGHT TEMPERATURE

55-bOT. NIGHT TEMPERATURE

Saraorlamt III, SniKbaui.

Imgtix of «tem of nitrogoa doflelamogr oca&orlaaat*
(4) 9%« ill HI® ttsix*

(B) *» Am 1/4 to 1/30* (0) -» fwa 1/S1 to 3/18#
(9) -T AM 8/IB to 3/9. (1) 4 f£fxoa 3/9 I#
t*ralnotioa of tho oarperiaaat rotood *t 8&.7C*?.
(?)Yaad 56497* (0) toog*o*&t*ro« and
homotoi Marsh U.
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i3 and in Pigores 17, 18, 1%, 0, 21, wnd 22, The decreszes found in
fresh welght 2nd length of stem resuliing from lewdy concentrationms of
varicue gomoonents ware expoctede Dmorsnced rotes of initistion of nodes
wore snovuntered only in cases of serious deficisney. This decrensed
bt of inltiotion of nodes wae followed by 2z sigmificinily higher
number of nodes inltisnted before diffarmmtiction of the inflorescence

srinordia,
Zxperinmi Y. OGreenhotss.

All aignificant factorial effedts in frosh waight sad length of
gtom in the nitrogm-mtrition x phwtopsriod x temperature experiment
were positive {Table 13) and the remults msy bDe sumnarised ss followss

{1) The relative imnortance of the three variable
environmental factorg ns determined vy thely
effeats on the Tresh weight, were (2) nitrogea
aatrition, (b) shotoperied and (e} temmersture.

{2) Of the intersctions only the two »rimery intere
sctiong, ilnvelwing nitrosen mutritien, were
of any importsnce coneopning the ineresse In
froeh welght.

{3} The relative importencs of the thres variable
envivenmeatal faotore as deternined by thely
effocts on length of stem were (a) nitrezen
mitrition, (b) shotovoriod snd (8) tomer:ture.

{2) Of the intercetions, -nly the two primyy interw
agtions invelving tompersiure w0 re of any
imertange oonceming length of stem.



fabl«10 . IT* Groenhau*®. ffo« effects of tlx level* of nltrogiR
nmtrltlctt on fresh teif#ft« length of ttem» exd nusb”r of nodoe InItlotod
in cauliflower plants at success lvt dates of harvest» (eand eelttfs 1ft

the iracalwof* planted Tsbraarjr 17* 1S01).

1 . . . £ T" fecerjfieieail
::,E‘e,egf - 7Tarte per million of. n:iie:ron.lt - *it*x O% SN Mean * jc_>x -

i * » *x  kkk i « £t » * 10 ITftrisMlits

*frosb relebt of planto £ £ £
Her. 20* e« t O0*63 « 0.64 0*40 0.38 * 0*41 » 0.40 £ 0*401
Apr* 1* *51 C 3*12 * 3.17 2 «60 2.37 t 2*37 £ 2*20 £ 0*03 2.621 37*13
Apr* 13* *01 * 12*10 * 11*80 9*04 7.39 * 5,92 £ 3.48 £ 1*53 3*31f£ 39*09
Apr* 26* *61 * 49*1 * Q1*7 30*1 33*2 * 16*6 « 11*3 £ 7*5 31*3 £ 33*99 v
Kaf 10* 01 *203 1216 203 107 t 66 £ 46 £ 22 124 t 32.73

* < £ £ £

*len«th of ittft, on* per £ £ -f£
Apr* 1* *51 * 4*26 f£ 4*19 3*50 3%42 * 2*84 £ 2.70 £ 0.20 3*80* 9.73
Apr* 13* *01 * ©9.31 £ S.70 7.90 6.70 £ 6*22 £ 4*09 £ 0.47 7*009 11*03
Apr* 38* *01 I 10.77 t 16*68 13*90 10.48 * 7.01 * 0.72 £ 0.86 11*439 9. 96
Asp 10* f£f01 t 24*%27 f£ 23*%33 20*79 16.00 t 11.70 * 9*69 1 1%*33 19*30%* 10.10

i ol t £ £ £

tKfenfeer of nodes per plant X £ £ £
bar* 20* *61 f£ 3*0 I 8*3 7*0 7.9 t 7.8 * 7*9 £ 0*3 8*1 f 0*88
Apr* 1* *01 * 12*1 £ 12*2 13*2 11*9 £ 12*2 £ 12*5 £ = s. 12*x2 f 6.00
Apr* 13* *01 * 18*6 t 19*6 19*1 19*3 * 18*8 < 16*0 £ 1*7 18*6 £ 34*01
Apr* 28* *01 * 30*3 * 30.7 34*3 32*8 £ 34*2 « 32.3 £ 4*1 34*%1 * 14*37
bajr 20* *01 i 41*3 £ 38*8 33*1 38.0 5 40*9 £ 50*8 £ 6.0 40*3 ;: 17*03

t £ £

* | -
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T«bln XSk aatperlmemt XV, Qredn!cruise. Xti« of four Xe-r*'* of
potass iufs nutrition on fr»ih wei&fvt, length of st#mv and
itaeb«r of no<S«s Initiated In e&tiX1floMr plants at sueessslY¥s
dates of harrsst* (sand culture In the greenhouse, planted
Fsbmajey XV, 1951).

DOt« of T*r%». j*»r million of matg>»luj» ‘j..s.D. fCooff]j.sclean
Hadnr«*t 86 . 20 . IQ * 8 .85 level - ©
FPtfh we tif*t.. mitmmB Pe&r alaat s £
Mar. 30, 51 0.64 t 0.35 0.38 * 0.31 s * 0.39 s
Api*. 2, *51 3,2v 3 X.VS 1.35 * 2.02 s 0.53 * 1.80 1 37.12
Apr. 23, *32 21.9 * 5.0 3.v I 1.9 I 1.5 8 5.6 8 39.09
Apr. 38, *52 51.7 * 14.6 6.0 * 3.1 s 7.5 t 18.9 3 32.99
Majr 28, *82 328.0 * 37.1 12.3 * 5.2 t 32 * 7.7 3 32.73
s s s 8
*emnk*k> of ettaom on. rmT i>Xmmt t
Apr- 2, *52 8,29 * 2.88 2.18 8 1.73 s 0.30 * 2.74 t 9.72
Apr. 23, *52 8.v5 £ 5.03 3.vo * onf@& 1 o0.87 * 5.11 S 11.53
Apr. 38, *52 15.68 s V.38 5.15 5 4.08 s 0.86 * 8.07 3 9.96
MAr 29, *52 33.33 2 13.28 7.92 « 5.82 s 1.33 8 13.34 3 10.20
< I 1 3
l1*ustnr of nodns per »1«Bt 8 3 3
Mskr. 20, 52 8.3 3 7.9 *7.8 3 7.6 3 0.3 3 7.9 8 6.88
Apr. 1, *52 12.2 3 Is?.3 +til.8 8 11.2 8 0.6 8 22.9 3 0.50
A pr. 23. 52 19.6 8 17.9 *17.3 * 26.6 t 2.7 8 27.6 8 14.62
Apr. 38, *52 35.7 8 36.0 *35.8 3 22.3 8 4.0 339.6 3 14.27
Assy 19, *51 S8 3 44.8 *36.1 *39.7 8 6.0 » 3v.4 t 17.0©a
3 s 3 3 3 3
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The offscts of nitreogen nutrition, »hatoreriod wnd tompersiure on
the rote of Initiction of nodesg 4iffers somevhat from the effects on
frosh waight and length of stem. The ordsr of icwortsnce of the primayy
effootz on node initiction sre (a) tewperature, (b) nitrogen nutrition
and {c) ohotonerriod. The interactions senm to heve minor influence on
tho rste of inltistion of nodes execept for the nrimsary intersction

terpzrature x mirition,
Disenssion

The mein yurpose of the etudy was to disclose the environsental
conditions responsible for premsturs heading in ceuliflower. The effecte
of the senvironment on the fresh weight and length - stenm serre mg a
background for evaluztion of the degree to which the plants respond in
ganeral t¢ the trestmenta.

Decresses in nizht teuperature from GB.7% to B5-60¢ F. lowered
the mean nede mnmber of the csuliflewer variety IJpowbs1ll ¥ from 58.2
t0 48.7 in Zyosriment Il. A decreasss in mewn numder from 59.8 to H0.7
weg e2ncountersd in Bxperiment I1I with the seme varlaty ralsed under
{denticsl tempersturs conditions as Zxperiment II. The variety The
Forbes wee used in Bxperimeat V. This varisty alsc responded to &
dseresse in nizhi temperature frem 68.7% to B6-60FF., The differonce
in mean pumbar of nodes betweon the t»0 treatmente wos 5.3. The conm
clugion is, therefors, that tamersiure 1s tha factor shich causes nre-
mature heading in caulifleowewr.

Decreases in photoneriods, in nitrogen, vhosvhoras, or potagsium
mitrient lsvels show sither no significant differences or sn Incresse

in mmber of nodes compured to optin :1 levels. These inereases in
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number of nodes wers zscocintad »ith & decreacad rote of Inttistion,
It 19 poasidble that tenncrature mey leve sntered the nhatonrriodie
axmariment ag 2 biss since the Hlants exmosed to B-hour vhotonsriods
wore coversd with black satemm cloth during l6-hours o7 the rhotoreriodie
eyole. It 12 also nossible thet temperature snter: the nitrozen, shoge
nhorus end rotassium nutrition exmeriment as a hias becones of the
slower rates of initistion of nodes. This deloyed the differentistion
of the inflorescence until later in the sz ring when the ineressed oute
aide temperature made 1%t imsoseidls t¢ kesp the grecnhouse temperatures
&t the derired leveln.

Henee it may he stoted that aeuses of the incresses ia node mimbers
g z result of decresces in levels of nutritien of nurtienlar eloments
or expogurs to S-hour vhotoperiode are either not sisnificent or wacertsin
as o canes.

Dacreasges in lemsth of nhoton-ried, level of mutrition snd temparature
were zanocizted with slower rzte of initiation of nodes in 211 axparimente,
it these offecte were surprisingly emall shea comered with the drastie
gffects of the treatnente on fresh veighte and length of stemg. It isg
thorafore izossidle to judee the vhysiolosiocnl ape of the »nlants fronm
their size.

¥itrogen deficieney snd B8-hour n»hotonaried Auring e:rly thases of
growth 414 not have eny deoressing effecte on the fresh wolight of the
plants ot the terninsntion of the szreriments althoush the decrense in
frogh welght Aurinz the treximent: were very digstinetive. & mors rapid
rate of growth followed such treatments ond the nlante eventually recched
the size of the ones eyvesed tc optimal conditions the sntire time. 1%

nasz been damonsirsted that »lants syoonged $o wunfuover:bdls conditiong dure
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ing the sesdling stare surnassed the cnes arposed to more favorsble cone
ditionse Tms Thompgson (58; reporied the beneficisl effects of lowar
temaearature during the sropagatiom period ror the subseguant growth of
onion plmats in the fleld, »hile Bremor (9) reported :zimllrr effects of
short nhotoperinds on the Murther growth of oalon plante in the Tield,
Carew at 21 (14) reportsd incrasssed yisld of esuliflower nlants after
exopgurs 0 short photepariod in the ssedlivg stsge. These sffects were
associatad with an incrsased numbar of nodsz as slwwn elsewhere in thie
thesis.! The conclnsion was drawn that the beneficial cffsets wsre due
1o the increased time for establishment in the field sive ths plants
exposed to short photoperiod because of the ingroused mumber of nodes and
als0 the alower raotes of indtiation undsr short shiotodarieds. It is
donbtful whether tinds 1g the whole explanntion since the time differences
are vather sswell and similur effecis are found in esuliflowsr plants

which are not transplanted.
&lﬂlﬂfzry

Decresse Iin temperature fron 65=70F to 55=60° ¥, night temperature
7as desongiraved to cause u decresse in mesn number of nodes Initiszted
bafore initlstion of the inflorescence »nd tims to cuuse premaiure heading,.

Serious decreas: in length of »hotoneried and in levsl of mutritiem
wos #se0ciated »ith an increase in musber of nodes, thus causing post
maturs hsading.

Jecreasss 1n length of »hotogeried, mitrient level =nd ¢superaturs

ware agrocisted with decresnsed rate of initiation of nodes, but to &

}';*&w Saction Xl
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gurprigingly smell degres comnred to the drsctie effects of the irest.
ments on the frash welight andlength of ~tems of ths vlante.
The gignifliecance of check in zrowth during eariy steges of develops

nont ge discusrad.
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Table . Experiment V, Greenhouse.
experiment, (sand culture
Butr* & :
Date of Fermp 1 112 ppm nitrogen
harvest Eefi‘gd '66-70°F. '55-60°F.* Sum
t
kr. 19, *51 l6-hour » 0.69 0.30 0.99
6-hour 1 0.42 0.25 0.65
Sura i 1.11 0.53 1.64
ilaan s 0.41
*
»
Apr* 4, *51 1lé-hour t 5*20 1.67 6.87
8-hour i 2.78 1.28 4.04
Sim * 7.98 2.93 10.91
ifean t 2.73
*
i
Apr* 10, *51 l6é—hour t 15.10 5.16 18.26
6-hour t 7.15 3.15 10.28
Sum » 20.23 8.31 28.54
IjneB  * 7.14
t
Apr. 28, *51 16-how * 66.3 33.3 102.6
8-hour t 36.5 E9.5 66.0
Sus *102.8 65.8 163.6
*fean i 42.1
t
*hy 20, *61 16-hour *256.7 204*1 461.1
S-hovur *176.3 126.8 503*1
Sura *433.0 531.2 764.2
* 191.1

10 pem nitrogen

.80
.48
1.08

(@)

=

.75

NS

.22
.30

w

A T Y M u S e e I I T S o A S A Mo S SR S s

o O

=

N

42.
34.
76.

w

.24
.22
.45

.10
.07
.17

.85
.03
.'93

ANV

= 0o N W O R OO

= 0o

17.
15.
33.

78.
63.
141.
35.

W o wJ

S5-70°F. *05-60°F.8 Sun

.84
.70 *
.54
.59

.75
.82
.57
.64

.07
.38
.45
.86

W Wk N

*  Sum

| 65-70°P.

»

0 ot
'_\
N OoON O

ot b % ot
N}
~J

t 43.
*1109.
t 29.

*292.
*205.
*497.
*124.

O U1 O O

.90
.90
.19
.55

.85
.53
.38
.10

.32
.43
.75
.94

U1o =

* photoperiod

Sum

O~ OO

oD N

44.
37.
32.
20.

246.
lel.
407.
101.

55-6Q*F.

.54
.55
.09
.27

77
.33
.10
.28

.01
.23
.24

1S S N

O oy = O

(2)

& temperature

Sum

Total

=

10.
.66
17.

24

15.
39.

120.
81.
201.

539.
266.
905.

.63
.45
.28

62

48

.33

66
99

w W

N W

Mean

(@]

W o

30.
20.

25.

134.
91.

113.

.46
.36

.41

.66
.72

.19

.08
.92

=

L.S.D.

fresh weight of eauliflower plants &t successive dates of harvest for the
different factorial combinations in the nitrogen nutrition (2)
in the greenheuse, planted February 17, 1951)*

%%

level

0.37

12.

.00 0.66

.94

0

Coefficient
of
variability

43.95

41.03

35.16

22.74



Table 15.

Date of
harvest

April I

April 10

April 26

my 5

Experiment V, Greenhouse*
different faeterial corehinatloaa in the nitrogen nutrition (2) x photoperiod (2)

experiment, (sand culture in the greenhouse, planted February 17# 1951}«

Photo*
JWr *=ip»

13-hour
fr Knt=tw
Su»
Mean

13-hour
8-hour
Sun

Mean

IS—hour
S-hour
Sum

lo6-hour
8-hour

INft

ilutrltioa arsi

Length of stem of eauliflorer plants at successive dates of harvest for the
X temperature

XU P.P.2U nitrogen
A5~7#|\;£5—*rr,*l Sum

6*72
2.76
9*59

10*91
4.97
15*86

19.87
10.44
30.31

33.49

1B.42
51.91

R s s A

MR

bt FhoF X Oy

* X ok Hox ¥

2.80
.54
.14

N

[€)]

.10
.46

N

[
N

.03
.26
.29

'_\
O I

25*50
14.48
39.76

9.52
4*01
15.53
306

R PO OR R

« 16*01
1 7.45
t 25.44
» 5.86
I

1

» 51.90
« 17.70
949.60
12.40

58*79
32.90
91.69
22.52

X X P of F O

temperature

*

10 pmp,su nitrogen

J65-70@p», 55~60V .5

ot bt e A Cf

.

»

H-t V= AR H

X

XX

4.18
1.97
6.15

.60
.82
.42

[OSIN S le)]

8*04
4.71
12.75

12.95
7.75
20.74

Ottt X n

WX XX E XX adVEeEdsxAa

A W X R

A

2.
1.
5.

=

o U1 U1

13.
.72
21.

11
08
19

.16
.84
.02

.86
.43
.29

44

16

t
t
t
«

N O W o

b

>(-("'><JI—'-'I:‘rf * R
w w >

* X
N =
N 0 W

*26.
x18S.
*41.
*10.

3»h

.29
.05
.34
.34

.78
.66
.44
.36

.90
.14
.04
« 5.

60

43
47
90
48

«

t Sun

. S5~70@F .

X

XX P n A

XX ok st P X ok X P XXX X o d A

10
4
15

5.

le.

24

27.
15.
43.
10.

46.
26.
2.

18

.90
.64
.54
69

61
.79
.30
.08

91
15
06
77

48
17
65

,16

* X X
* Sun  t S®
155-60°F. [ fetal
X X

« 4.91 i 15.81
x M1 t 7,006
X 7,33 x 22*87
x 1.83 x

I

1 t

x 8.38 x 84.79
* 4,50 * 12.09
« 12,68 a 38.88
t 3,15

X i A
X v =

x 17,89 * 45.80
» 10.89 « 88,84
imm e 71.64
x 7.15 x r
t -
X *

S 38.74 X 85.22
« 22.20 X 48.57
« 60.94 >133.59
x 15.24 -

X Jt

pa

4.9
1.7

X X P
~ o

(&)

XXX X X O O X Ot VXXX Xn XA

2.
\7)("
IT

t 6.20
«5,02
i *

t 4,01
X

»
,11.48
> 6.4%
X

* 8.96

t
t21,31
«12.09
X
>16.70

S a,

X

,, xCoeffioient

*h®*e*«

*level

X

e

0.15

0.20

0.49

0,69

XXX Xk

XX OX XX X XX W0WOX X XXX *xY

of

17.54

13,48

12.28

9.16



Humber of node* of cauliflower plant* at successive data* of harvest for the

x temperature

i

£t Sum

>

t 33.
* b52.
65.

FH o f Pttt % Q

51.
46.
99.

6
2
8

N O

O

[@NE)]

O O >

Table fxp?rlaent ?, Greenhouse.
different factorial combination* In the nitrogen nutrition (2) x photoperiod (2)
experiment, (sand culture in the greenhouse, planted February 17, 1951)%*

*
Date of EPhoto— . Sutrition and temperature 3 ; Sum E Sum
. 112 =i
harvest tperiod 1— v .1

£ »36—20°P« T56-60°F., Sum  65-70°F. 155-60°F.s Sum  <35-70°F.,55-e0°r.hotel
i t t t t t t

“hr* 19, 'Slilg-hots* * 9.1 I 7.8 16.9 9.1 » 7*6 t 16.7 t 13.2 » 15.4
t S-hcror 1 8.5 t 7.8 18.5 8.5 * 7.6 t 15.9 t 16.6 i 15.4
s Sum t 17.6 t 15.6 33.2 17.4 * 15.2 t 32.6 t55.0 t 30.8
« Mean t t 8.3 t * 8.2 « 8.8 t 7.7
* l * 1 l t
> t t I * i

Apr* 1, *51 *16-hour * 14.2 * 11.2 25.5 14.4 *11.1 | 25.5 t 28.7 t 22.2
i 8-hour s 12.8 t 11.1 23.9 12.3 *11.0 t 24.3 1 26.1 t 22.1
« Sum « 27.1 * 22.3 49.4 27.7 t 22.1 * 49.6 t 54.8 i 44.4
* Mean i t 12.4 i 112.5 +t 13.7 t 11.1
t t * * * « t
t i « t S t S :

Apr* 10, *51*16-hour « 20.6 t 14.8 35.4 16.3 t 13.4 s 30.2 * 37.4 e 28.2
* 8-hour t 16.4 t 14.0 30.4 16.3 t 14.2 130.5 1 32.7 i 28.2
t S\aa i37.0 * 28.8 65.8 22.1 * 27.6 t 60.7 t 70.1 e 56.4
* lisam ( S 16.5 s t 15.2 t 17.5 t 14.1
i i t t t t .
s t i * t t .

RApr* 28, *51*16-hour * 43.6 s <&5.9 72.4 25.5 * 23.6 i 49.1 1 69.0 * 52.5
t S-hour t 20.8 i27.6 58.2 23.2 * 24.5 i 47.7 * 54.0 s 52.0
t Sum t 74.2 i56.4 120.7 48.7 i48.1 * 96.8 *123.0 * 104.5
t lean i t 22.7 : * 24.2 « 30.8 « 28.1
* t t * * I i
t * * t I »

20, *51 11S-hour t 54.1 i 30.8 84.9 47.9 i40.6 s 88.5 *102.0 t 71.4

« 8-hour * 54.8 « 40.6 95.4 40.6 * 42.5 « 34.1 * 95,4 t 84.1
t Sum *108*9 * 71.4 180.3 88.5 B 84.1 *172.6 197.4 s 155.8
iMa i * 45.1 t 143.2 t 49.4 e 38.9
* S i i S « t

pa

Jtean

%t ok f (F H % (=
foe
DS

* ok
=
NN
— o

*12.4
J_

*16.4
sl5. 2

*15.8

>50.4

>26.5

*28.4

*43.4

*44 ., 9

*44 .1
t

UsS.D.

6*

level

0.2

0.5

0*6

1.9

eCoefficient
of
variability

6.59

7.74

10.51

14.74

15.19
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SRCTION YI

A ZTUDY 0P PHE LEPROTS OF THVIBONMEIT N GROYTH XD DEVILOPUMINY

I¥ CAULIFLOWRR, (C) STUDIBS 1Y OONTROLLED SHYIRONMINT IN CABIVRTS

Introduction

The impertanece of teoverature for nressture heading in emuliflowss
was cleurly demonstrated in 3ection V where night temeratures wers cone
trollaed by thermostats while the day temperatures were mamally controlled
and varied conglderably —ith the cutside wenther gonditions. This, »luns
the linited renge of svailable temperature lavels, excludsd the nossie
bility of finding the suantitative rel- tionshiy of temper:ture to growth
and develorm-nt in ecauliflower by studics in ths gresenhouse. Hueh informo.
tion wse desiradle snd = ctudy was undertalten in controlled environmenis
in ecabinete under srtificizl light of sufficiently higk intengity and of

the right guality to ~ive normal rates of growth =ad development.

Review of Litemature

Increased temperatures (55-60*F.) wore revorted in Seetion V te
ineresse the numder of nodes initiated before initistion of the ine
florescenca orimordie in ocauliflower. Only one reference to toupevatule
in rel-tion to emuliflower »roduction hag bheon found. Wood nnd Jomes
(52) studied cauliflower vproduction in the tronies aand reported thet
the mesn maxigam temperanturss for the montha of October through aAnril
ranged from 83,1 te 87.0 ¢F., while the mesn minimua temmaratures fopr

the saae months ronsed Tron 68.%F to 71, %%, OUnly cauliflower varietiss



fror India headed under those environmental conditions.

Miller {39A) reported a study of seed stalk development in cabbage.
Cabbage plants were kept In the vegetative stage for two year: by ex-
pusing the plants to 60-70 F. tempsraturs in the greenhouse. The heads
split, formed new leaves and headed repeatedly for eight times in suscesslon
during those two years. Plants exposed to 50-50 F. tamperature in the greefie-
houase initiated inflorescences after several months. The initiation was
greatly accelerated by 60 days exposure to cold etorage.

Bremer (6, 7 and &) studiad the growth and development of radish,
carrot and lettuce under controllsd tsmperatures in hotbhede. Samplings
were made at successive dates of harvest and rates of growth were 1llus-
trated graphically. Ho found that the day-neutral head lettuce variety
Tom Thumb did not head at constant temperatures above 189C, nor did it
head if the mean daily temperaturs aexceeded 129C,

Gergory and Purvis (18, 19, 20) studied the effecta of vernalization
on leaf pumber in rye and found that all rye varieties devsloped 7 lsaves
before initiation of infloresence primordia. The following 1€ nodes
were indeterminate and could develop elther leaves or bracts, with primor-
dia of apkielets, depending on the enviromment. All of these 18 nodes
developed leaves in unvernalised winter rye, while completely vernalized
winter rye developed only 7 leaves and appeared like spring rye. Winter
rye was completely vernaliged after 1) weesks exposure to cold treatment.
Rye could be partly vernalised by photoperiodism and lsaf number could be
reduced to 16 by photoperiodic vernalization.

Response of onions in bulbing, initiation of inflorescence and to seed
stalk development as a result of nitrogen nutrition, photopericd and

temperature, has b#sn reported by several authors. Allard and Garner (1)
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cases the puants are convertad over from the reproductive to the vegeta
tive pnase. High temperature on the other haand prevents initiation of the

infiorsscence primordia.

Haterizls ang selinuds

Ueseription of the controiied envircnment room. The controlled

eavironment studies were carried cut in a cold storage room at the Unive
ersity of Maryland, Uepariment of Horticulture. The size of the cold
storage rocn was 6% x 12%, The room was equipped with refrigeration
rmachinery of high capaciiye four growth chambers with glass Tops vere
constructeds A panel of lamps hanging from the celling and extending
beyond the cabinets provided artificial light. This panel (Figure 1)
was provided by the Uivision ul Photoperiod ab the UsSeDele, Plant
industry Station, deltsville, darylande It consisted of 128 Gesneral
uleetric 967 Standard Cool White diimiine {luoreseent tubes {formerly
called 4500 dhive; with the <7 lampholders spaced as close as possible.
Jn both sides of the [iuoressent Lubes there was one row of seven 100-
w#att inside-frosted incandescsnt-filament lamps. The nine 220-volt
ballasts were placed on a frasf outside the cold storage rcom. One row
of incandescent lusmps was connscied Lo sach of the hot lines of the 2il-
volt rluorescent circuit so thal the entira light panel was balanced.
A 220-volt time switch was lasluded in the circuit. The switeh turned
the light on and off auvtumatically as deaired.

The cabinets were made of i/i" plywood and displayed the following
features (Figurs 1).

(1) Four growth chambers with inside neesurements

19xk1x29 inches, and with a glass top.



{2) ¥slge floors over an alr beeting snd Alstribution
chamber, insids messupsments 19:41x15 inchese
(3) {wo 150wwmit heuting clements placed niove adjuste
able slits oveor 8x8 inches aquare cold aiy ducts
running under the alr distriimtion chambers.
{4} Feng for alr cirenlstion in the ducts snd eabinetse.
(5) Bimetal thermosiants in the doors of tle cabinete
which contreliled the temersture through relay
switches nlaced on the ead elevition of the cabinata.
(6)ran glazed earthenware crocks se doscribed in Section V.
(7) Copneregonstantan thermocounles for contlnuous recorde
ing of temneratures. :he thermocounles were tied to &
soall stake in thrae of the cracks of esch growth
chamber and beated =t & level jJust over the top of
the »lsnte. They were rotnted systewmatically within
the eabvinets with ihs planta.
(8) ine dlstance from the limht penel to the glass ton
wae e@ight inches, while the distaence from the light
panel to the top of the crocks wes 29 inches.
ine tewpaprstures of Seriee 1 sere measured with & polentiometer
snd eopper-consiantan thernoccuples using welting ice as reflersnce.
Vhae temporatures of Serles II wers contimuslly recorded by
dinneapolis Honeywell, Browm Instruuent Dvision, continmcus tempersture
recorder using iro-constiantun thormosounles. The lemmeratures show a
2light dowmnward trend in the Serdes I1I exverimonts. It ig voszible that
this renraegents n bise which entered the exmariments by the exhaustion of

the battery of the termperature recomer.
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figure !¢ Illustration of the constructions made ia the cold storage
room whidh consiated of & light penal and four temperature*

controlled growth cabinets.
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Tests of the cabineis, The intensity and the quality distribution
of the light in the temperature controlled cabinets are shown in Tabls 1.
The light intensity was measured with a Wesion light meter which gives
the intensity of the light in fool-candises. Berthwick and Parker+ ‘ound
that excellent zrowtn could be obtained with General Slsctriz 96" Standard
Cool White Slimline fluorescent light {formerly called 4500 White) if
10% incandescent light was added. It is apparent that the intensity and
quality distribution of the light was nolt perfect, but it would have been
vary difficult to improve the situation hence variation within ths cabinets
was eliminated by systematic movement of the plants.

Kesping the temperatures constant during the photoperiod and the
dark cycle proved to be extremely difficult and was not fully accomplished.
The difficulties wers caused by the mors than four kilowalts of light
radiation during the photoperiod of which a large part entered the cabinets.
The excess radiated heat had to be disposed of by air circulating fans.
The variation encountered during the three series of temperature
experiments are summarized in Table 2., It is apparent that the temperature
cf the photopsricd was higher than ths dark period for the 459F, cabinsis
while the temperature of the dark perlcd exceesded the light periocd in the
75 F. cabinet. Best control was obtained in the 559 and 65°F. cabinels.

Degign and genaral description of experiments., All three geries of
experiments in the cabineis were carried on in sand culture using the same
glazed earthenware crocks and the same method of planting as described

”y
alsewhera.™

+Personal communication.

25ection V.



Table 1. Intensity and quality distribution of light in toiaperature controlled cabinets.

i&rasur«ae»t taken on

the top of thi crock* at the 9 loomtions in each cabinet indicated by the recorded figures*

Type of s
light *
Incandescent t 140
Infloreseent t 1190

Incandescent ¢ inflorescent* 1310

Incandescent t 133
Infloroscent t 1290
Incandescent + Inflorescent* 1400

Incandescent » 145
Inflorescent » 1170
Incandescent ¢ inflorescenti 1300

Incandescent, mean
Inflorescent, seen
Incand. 4 inflores*, meaa
Per cent incandescent

o Bt ot

145
1200
1330

132
1310
1420

143
1180
1310

136
1199
1335
10*2

45°F* cabinet

136
1120
1260

1*8
1230
1350

138
1100
1250

*

t

150
1*60
1410

139
1380
1510

143
1210
1350

6S°p, cabinet

158
1290
1470

142
1420
1580

147
1200
1350

147
1239
1438
10.2

158
1*50
1410

14*
1380
1510

148
m o
1350

78°F« cabinet

160
1300
1420

145
1420
1580

151
1280
1410

159
1340
1490

143
1480
1610

145
1*60
1400

149
1340
1477
10*0

152
1300
1430

140
14*0
1560

145
1360
1410

55°f* cabinet

134 147 156
1160 1*10 1200
1310 1390 1580
131 136 137
1*90 1370 1340
1420 1520 1490
132 142 141
1120 1180 1190
1280 1310 1320

139

1*29

1380

10*1
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Table 2. Hecn terperstures for the photensried, the dsrlk peried snd for
the dehour aycle :nd the respeciive standsrd deviction of ths
maung for the three serleg of experimentz iz the controlled
envivonments in ths cablnets.

N : % : |
Zﬁﬁgﬁé - F}m'ﬁ@}}eﬁﬂﬂﬁ . m}.}c noriod

- thgan P, SF  iMesm SF.: ¥

Protoveriod + darlk porfod
Hecp o Fe 3 SF

e 20

L1 ]

Jeries I. 1l6-hy. vhotonerdod, Gehr. dark werlods :
7. s : : : t t
sabinet S Fhel 3 +0.43 I T4.7 at (e 57 4.4 : '}_’-9051
555 H s - : H 3 :
cebinet § 65.1 4 0.46 ¢ 65,2 13 0.38 ¢ 65.1 ¢ & 0.42
SR F. H] H H H H ¢
oabinet -3 Bfed 31; ’:}.35 H o ¥ 32‘ {Jad) ¢ 5542 H i (e 28
4P T H H $ $ H t
cabinet § 40.7 3¢ 0.54 ¢ 48,0 3¢ 0.86 1 48,8 1 ¢ 0.7
% E H H t H
Serieg 1l. 16.hr. vhotonerisd, Behr. dark eriod :
7R F. 3 ) : : : H
cabinet 1 7B.8 34 0.88 3 78.0 14 0,331 V6B 1 & 0.34
G F. H H H H : H
cobinet ¢ (0.8 34 0,121 68.8 ¢ 0,260 68,8 1 & 0.19
E®F. 3 t s : H $
cobinet H 83,8 3&; DeRd & 86,7 3'3; Qogﬁ H 56,8 ! t. ’i,?n%
43 7, H H H t H H
eebinet ¢ 51,2 4 017 ! 46,3 14 Q.06 ¢ 46,6 1 ¢ 0.4
H s 3 3 H :
Sepies IIl. 12-hr. vhotoveriod, Sehe. derk veriod :
TR T 1 3 T T :
enbinad 1 §9.8 31 @o‘%l H 734 3;!; 0.36 H Tled H ago«%
65 ¥, H H H H H H
cebingt ¢ 67,1 14 0,18 8 69,8 4 Qo221 OB4E 1 ¢ (.20
85 P, t H H H H H
czhinet : Bhe2 3'}; G50 3 55,2 “.‘; ﬁol? H 58.2 H ‘& (e 23
458 7, : : : H s H
cabinet 1 48,9 4 0,16 1 4l.4 4 0B 4B.Z 1 & 0.1B
H H $ H $ 3

®Craduel breakdown of the refrigerstion ocecurred in this experiuent. The
temporature messurenent includes the veriod up to this breasRdosn only.



Series 1 included onec varisble only, nemely, the four Lemperature
levels. Sesd of the variely Snowball M was planted in the crocks in the
greenhouse 8t the U.3.De.Ae, Plant Industry Station, Beltsville, Maryland
ain February 17, 1951l The germinated plants were thimned out to £ plants
to the erock and moved into the cabinets on March 6. They were exposed
to a lb-hour rhotoperiod and an 8-howr dark period. OGradual breakdown
of the refrigeration system started about the first of Aprils This i~
paired the results of the experiment.

The nutrient solution used was solution 1 of the nutrition experi-
ments reported elsewhere.l Nutrient deficiency symptoms which appeared
in the later stages of growth in the greenhouse experiments were ox-
agerated in the 65° and 75°F, cabinet.

The plan for the experiment called for a study of fresh weight,
length of stem, and number of nodes initiated at successive dates of
harvest. However, the relatively high intensity of florescent light
shortened the internodes so much that measurements of stem length were
omitted.

Series 11 included three levels of potassium nuirition and three
ievele of magnesium nutrition, superimposed on the four temperature levels,
The nutrient level of the other elements was the same as in solution 1,
except for the chlorine anion which accompanied the potassium salt, and
the increase in sulphate ion concentration which accimpanied the magnesium
galt. An increase in the potassium concentration to 150 pe.pe.m. cured the
deficiency symptoms, while the magnesium did not have any effect. The

data for the superimposed nutrition experiment were not given since they wers

13@9 Section V.
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inflorescense nrivordiz to the mean mumber of nodes inltisted before initis.
flon of the infloreacance in the varisus cabinstne
e grocth curves (fresh wolght) were drawm through points of mesn

viald nt the succesaive dntes of horvest in the resnective cnbinsts.

Results

ceblrelise ineremzed rate of Inltistion of nodey with ine

ereused temporature up to 65,1 %, wee demuncirsted ia the conirolled obe
viponoent studiess -+ Murther inerosse in prote of indtiction with 2 ralse
in temperviure to 74.4 %, wos found during the exrly thases of srogh g
vers loter sarpassed by the plonts exvoged to 65.1% 7., (Teble 3, Tirure 2},
inflergsconce prinordis were not initiated in the lamts erxposed teo
T4de# e 2t the Lims of terminction of the cxperiment, zlthough the mean
nmtder of nodex initizted exceeded those of the other treatmonts. (T:ble
3¢ Figure 2j. Initiction of the inflorescence prinordis in the planis
axposed o 65,18, DBi.3 ond 48,8 7. ocourred after 42, 46 mnd B2 Jays
whan ihe nesn number of nodes were (8.4 , 454 wsnd 7.7 respectively.
oreat lnovesses In fresh welght were fohind »ith increcses in tenpe
proetures un Lo 83,38 F, «hile tha fresh welght crowth curves for T4.4%
rgiid GDe % Fo wrosaed 2round 40 days after start of tesmperature treatnont.
Fopragente tive nleats from the four temerature trasinents 2% three d:tes
of hervest =re sghowa in Flgure 4.

“he resulty of sories 1 »ro not indlestive of the suantltative
effeots of temporrture «ince & gradusl breakdown ol the prefrigertion
syshen started late in April.

Serisg 1I, cabinetge ~he effects of the tomperstures en initistion

of naodes in the second serise of famersture smeriuvonts were incressed
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75 °F. b5 °F. 55'F. 4S'F.
April 5. 1151
Series I Beprooenté&tlro plants from con-

trolled environment studios in o&biaots. Upper
series were harvested 'faxrh. 12* middle series t-foch 23

and loiser mri@S April 5. Plants labeled A war® raised
in 74.4#?, B in 65.1*?., 0 in 55.3% and 2 in 48.0*F.

cabinets.
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rate up to 69.%P,, while the rate of initistion in nlante exdosed to
76.5 P, wue surpeased during later vhsses of zrowth by the plents given
89.9 7, (Table 4, Figure 5). Initistion of the inflorescence 4id not
teke place in the plonta exnosed to 76.2 F., although the mesn mamber
of nodes per plant a2t the time of teminetion of the experiment wsus 44
high ss 67.3. Initiztion occurred in the €2, , 56.8% and 45.607,
cabinets cftor 41, 52 snd 87 days when thelr mesn mumber of nodes wers
Wedy Z2e4d 2nd el respectively.

Inerseses in fraesh welight were sncountered up %o 6%9.9%,, while &
further increasze in the temper:ture rether decreased than increased the
yiald (Tsdle 4, Pigure 6).

Serieg I11 cabinets. HAates of initiation for comparsble temper:tures
ware lowar in the series 11l oxpedment than in the former. This may be the
rezult of szhortening the photoperiod from 16.hour te li-hour, wich re-
duced the light energy avallsble for nhotosynthasis by 1/4. The gensral
tremd in rote of inftiation of nodes for the different conztant tempers.
ture levels wes simdlar in series II snd III, with rete of inltiation at
the two upper temperaturs levels croesing in both series (Tadle 5, Pigure 7).

The highest tesperature of this series was decrensed to 71.4# 7. =nd
differentiation of the inflorescence oceccurred at this tempersture. The
mamber of days until initiztion of ths inflorescence in the 71.4, 68.F
and 56.8F%. eobinets were 57, 53 and 58 days when the plonts had initiated
48,5, 45.2 and 26.3 nodss respectively. PFlants of the 4B8.F 7. treatment
did not veach the stzge of initistion of the inflorescence hefore terminse
tion of the exserinent,

Bates of initiation zt ths altermative day and night temperatures were

intermedicte betwesn the two constant temmeratures and differentiatiom of



IT CR&birtets™ Faeall ed njgste of nddes init iated In
cNHAII>one”, plants under fdar diFferent tCSpoeratnree la contmilisd
cor =51tSons in cabinets a |l guccsst?lve dntds of hanrsst, (sand culture,

planted teg 3 1951.

Bate of TX baJbear of nod«i T T FI(*eeIs* Wey & * pgip e,

h~rreet 2 H 2 X * ex & S 0.V. s X * ex X safe X C.T.

49.6 5 F. Geblnst 211 « e i =mr o X 3

- 2 3 2 * : X ®

M{jr 12. *SI 298 * 4.a 2 2 S * 0.031 $ X 2
June 17. - ©1 2 40 * 8.2 *0.0©®© *® 0.1 3 4.39 * 0.196 - 0.011* 0.02 . 35.50
JTtLly 15« -©1 X 30 *13.6 20.20 ¢ O4 & 6.59 s3.66 3 0.21 “ 0.44 : 34.69
8 «.@@ 210 *19.8 *0.20 * 0.5 3.18 *13.30 3 1.53 X .46 39.80

AN, 18* -©1 2 XO *30.1 *0.41 2 0-8 6.43 - : : #

& 2 t 2 x 2 * X

©©.8 o.s* F. Cablnstt 2 5 2 2 X 8

* 2 s ’ 2 ° -

.., IS* *51 2 s8s 4.3 & 2 ‘ * 0.031 * X s
Juns 5* -S] 240 *S.9 *0.13 « 0.3 . 9.33 * 0.496 I 0.043* o0.0e X 53.00
JAm« 1?. *51 23D *13.3 *0.22 * 0.6 * 7.65 S.33 - 0.21 X 0.44 X 40.34
“Tu2y 15. *61 210 *33+4 *0.64 2 1.5 2 8.97 *41.40 . 5.10 3 11.50 » 37.74
- 1#» *©1 g IO *33.4 *o.50 'Ic 1.1 S 7.05 S7860 - 5.0 X 12.30 2 33.66

R *x N * 1 s x

* v 3 3 2 i S X X

69.S 0.2 F. Cs'bin#t 3 3 > 3 s : X

Mey 33. *SI 2 98 * 4.3 3 3 S * O0.0SI s 2 X
J8py 59, -61 241 * 9.3 *0.13 20.3 2 8.71 3 0.70.3 3 0.05 e 0.10 " 45 @9
Juns 5. <51 2 20 *13.9 *0.30 ¢ 0.6 2 9.67 * 3.14 £ 0O.24 & 0O.50 - 33.76
Ju&s 17* *51 2 10 *29.7 t1.60 3 S© 2 17.04 s18.80 X 1.84 s 4.1© 3 31.01
Jnly IS. <51 e 10 *40.4 *3.65 2 6.0 2 30.74 s133.00 X 10.10 X 22.80 : 26.02

: ) ' o3q & e -+ T e X %

76.5 0.3 F. Csbilnst - > % 3 5 X «

Hsy IS, «SI . 98 * 4.2 2 * X s 0.021 % X x
May 29. -SI s 39 *10.1 SOSO 20.4 . 13.0B * 0.976 X 0.033s 0.05 X 46.39
Juas S. *51 2 35 -15.0 20.39 2 0.8 X11.63 * 3.52 % 0.34 s 0.71 : 43.46
17* <51 2 1D 226.6 *1.33 2 3.8 : 14.©2 *18.50 3 3.30 ¢ 4.98 . 37.67
*Jally 15 *51 2 XO *67.3 *0O.81 2 3.1 X 13.45 *106.00 * 7.64 ¥ 17.30 : 22.89

2 2 2 2 s 2 X 3 3
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the inflorescsauce mrimordic ocourred at dotes intermediste detween the
Te¥ rnd 5.FF. (Teble 5, Filsare 7). ‘The altermcting temperature treste
ngnts started four deyes after the nlantz were moved into the cadinets
and the exchanre of plants was omitted 5 times during tha duration of
the ex»eriment. These ocurves wa. $, therfore, be viewed with reservsotions.

Growth rates wore slso considerably slower in gories IT than in the
formsy two sories. The hirshest matoe of zrowth were encountered with
nlents exposed to altemating temperatures 65.66 day =nd 55.2F. night.
The reveree situntion remlted in considerably les» growth (Table 5,

fim 7} .
Discuasion

Bumber of nodes initizted proved to be a ugeful meazuremont fer the
study of develovment 1a caunliflower as it was for Orerory :nd Purvis
(18, 19, 20) in their study of the development of rye. A lower limit of
7 lecves was devonstrotsd Yy rye in their studies. Heath znd Mathar (27)
found that a lower 1imlt of lasves plus scoles svoeared to bo essontial
befors differentistion of the inilorevscence conld take place in onion
sets. Initistion of 30 nodes had to be comleted before differentistion
of the inflorescence primordinam could occnyr in the canliflewer varlety
The Forbss. !owever, it 1s likely that othor varieties of czuliflower
dignlay different lower linits since an sayly varisty from Irdis headed
with only 7 nedes, while varieties laoter then The Fordes may show higher
node limits,

The reximum temperaturs at whioh inlti:tion took nlece in these
emperinents wag 71.4 7, while the minlmnm temperaturs where difforentiation

41d not coour wag 7€.5*F. The unper lialt for initli-tion of the inflores.

cance in the eauliflower variety The Fo¥bes muat be botween those two
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temperatures, This maximum appears to be below the mean itemperatures

for the tropics reported by Wood and James (52). Yot the cauliflowsr
varieties from Sutton and Son, Calcutta, India, headed under tropical
conditions. Iwo explanations for this phenomanon are possible. (1)
Cauliflower varietles display dillersnces in upper temperature aaxima

at which initiation may cccure. (2) Cauliflower varieties display differ-
onces in degres-hours below certaln sawdina at which initiation may occur.
it is likely that both thess explanatlons have to be considered in thinic
ing of the entire cauliflower population {summer and wint@r‘cauliflowere).

The caulifiower is variously lisited as blennial or annual by the
different authors. DBoth seem to bse right considering all cauliiflowers,
The early varietles from India ars annuals, while the latest varleties of
winter cauliflower are bilennials. All other varieties of cauliflowsr dis-
play different degrees of biennial habit.

It is interesting that both the maximum temperature for initiation
of inflorescence and the temperaturs at which the lower limlt of nodes are
sncountered occur within the range cosmonly encountered under field con-
ditions. an explanation for the more fraqueit occursnce of buttoning in
the spring crop is suggesied. The low tewperaturss encountered in the
spring may make the plants differentiate inflorescence prematursly and
wara dry conditions following such premature heading may decrease the
growth and result in buttoning. The reverse situation is usually the case
in the fall. Cauliflower planis are raised and transplanted to the {ield
undar warm weather conditions. They sbunl and do not grow very well, but
neither does inltiation of the inflorescence take place Lecause the temp—
erature is too high. Haln and cooler teuperatures are usually assoclated
in the falle The plants lnitiate Lhe inflorescence and the development

of the curd takes place under ideal conditions for cauliflower
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nrodnotion,

Cauliflower seed production in many places is limited decsuse of the
ghort season. Yor this reazon, the plants sre sewn the previous fsll,
wintered over in greenhouses snd trasnsplonted to the fields where the
sclections are made. This means thut the canliflower plants micsed for
seed wroduct lon sre exposed to low temperstures Suring the entirs wiater.
Bugh ig not comonly the case with cauliflower ralsed for the wmricsot.
gelogtion for seed prodaction is, thereofore, made undey cthor conditions
than those usually givea the plants by the tmek {srmers. These environe
nental differences may not be gerious, since excellent cauliflower seed
has beon wroduced in the past, but breeders ol ceuliflower nasr find
emidence in thie study of the effects of temperzture on growth :ud develope
nent of cauliflowey.

slternative day end night temweretures seam to influence develeopment
in & different mznner than they influence growth. Tms rate of initistion
snd mann number of nodes initizted hefore differentiation of the infloree-
cence seen to be the sams for the same mean {emperaturs whether it is cone
stant or slternating Jduring the 24-hour cycle, while the increzse in fresh
weight 1s mich largey for the same mean temperature i7 the day texmparature
iz Mgh and the night temperaturs is low. Definite proof for thi: state
nent is lacking =t the moment. 3Bremer (7) found that heading or no herde
ing in t'n lettuce variety Tom Thunb was determined by the mean lemperature.
Thether aBernating or constant, he did not get head formation 4f the mesn
tomparaturs was above 1890,

Conalderaile work has to bo done before the sffects of teupersture on
growth and developsent in cauliflowep are fully lmowm. To shorten the time

untdl initiation of the inflerascense is of considspable interest for csuli-
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ware combarceiad by the Inerasesd rale of inltiziilon. The decresee in
nods aumber below GOFF. wag more than sounteracied by the decreased reate
of inftiation zo thet = delsy in initistion of the inflorescence occurved.

he increase in rate of initiation won ascocisted with inerensed rate
of grovwth. Ovarall incresse in rate of initiation and fresh welight accumie
lztion osecnrred uv to PR Y, end this temperature eeens to be the ontimam
temrereture under the conditions of thase exveriments. FHowevor, it iz more
safe to recommend G0.TOPF. arc the maet guileble tempernture for cenliflower
profaction.

Rate of initia'ion of nodes scemeito bYe the same for the seme mesn
temperaturos whether the temperature was eonstant or zltemating during
the 24=hour cvels, vhile fresh: weight ascommmlation sas preatly sccellarnted
by siternating high doy tameraturss snd lor alicht temperatures.

The results of thoege exnorinents zve comnared to reeults of csulie
{lower experirenis {rom tbe troples, the lalle tione for breeding of

o

eilillower grefdscissed and vroblens for Mture rossareh pointad out,
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& STUDE OF MORPHOLOZICAL DIPFFRENCES AND THEIR RELATION

TO YIVLD AHL FARLINESS IN SURVAR CAULIFLOVER

Intyoduction

Pow, 1f any, cultivated nlants show as many morpholeogical differe

ences as the species Sragseice oleracesm. OCnly a wvery few of these

differences have been asssigned to specific genes. tost of the differ-
ances appear to be nusntitatively inherited or the effect of genes plus
modifiers. It is of considersble importance to find and 40 measure such
differences and to correlate them in order tc insure vrogrees in the
degirsble direction. Thig paper concerns measurable differences in
morvhological characteristics aworg varleties of cauliflower and the

relationship of these characteristics to earliness and yleld.

Review of Litseature

Chiefly, two characteristics seem to have beem involved in the
claszification of cauliflower vorieties. One of these was »hysiolegiesal,
nsmaly, earliness, the other was one of the morphological charzeteristies,
density of the heads. The latter seems to be the older chasracteristie
for classification. Thms DeCendolle (16) sald that the Prench gardeners
raised "Le Dur® (the hsrd), "le Semi Dur® (the semi-hard) =nd "Le Tendre®
(the soft or tender) which was the most upright in szrowth. DeCendolle
gtated further that these subvarieties founded on different degrees of

firmmess of the “footstalks,” wore far from offering s constant chsrscter-



ietie, and seemed nrincipally to depend on the nature of the ground, and
the influence of the climate. ¥ilson (40) mentioned in his deseription
of the cauliflower, thst excellent wvorieties had chort nrimsry brasnches
whieh gsve the curds s very demse avnearance when cut longitudinally.
Eraus (30) mezsured the density of the curd by dividing the welght of
the heeds into depth times width, =nd recorded the resulte as an index
of density.

iund and Kioe rechou (35) classified the voristies on the basls of
earliness, named the classes after the best mown variety in esch class,
&nd used morphologicsl charscteristics for the description of the ¢lasses,
They céivided thepopulstion of flowering kele into four groupe, nzmely
(1) &rfurter group, (2) lenormand group, (3) winter csuliflower gromp or
hesding broceoll group, and (4) Cenuime brocceli. The following mornholoe
gicel characteristics were used in thelr desceription! length of stem,
color of leaves, develorment of flower buds on curd, sescile versus
peticlate leaves, 2nd incisions in the leaves.

Bremer (3) reverted s survey of the cauliflower povul:-tion by obe
gservation trisls, and he classified the eauliflower varieties intec four
main groups with cubdivisions. Habit of growth, color of leaves, esrliness
and other cultural indexes were used gs classification chsracteristics.
Be, like lund et al (35), nemed the classes after kno-1 vsrieties.

Hordlsk Jordbrugsforskeres forening (Society of Rorthern egricultursl
gseientists) took up the question of standardization of claszification and
the usge of aroroved reference varleties in thelr wvariety testing. ILamprecht
(24) proposed four groups of cauliflower based entirely on esriiness.

The two latest maturing of Iamprechils groups were nractically eliminated

from the seed trade by the further developnment of the caunliflower industry



in the Scandinavian countries. JFarly and late varieties of the Erfurter
group sre the only ones used today, znd theso varieties are classified
in a very exmet order of maturation with refsrence to & standard. A new
method for calculsting esrliness was introduced by Lamprecht (33). It
has been modified by lamm et 2l (31) who also deseribed the method in
Bnglish,

The Swedish experiment statioms (32} used an orgsnolentic scoring
systen for sever:l morphological characters iike density, smoothness of
the curd, ricy hesds znd so forth. Thelyr orgsnoleptie ratings were used
to eliminate varieties with undesirable characters. ‘The Denish vegetadle
trials (24) also uged an organoleptic scoring system, amd their ratings
were incorporated with the yleld and quality grading date into = common
index upon which the reccumendstion or rejection of varieties were based,

The divergified climate in U.S.A. calls for a greater range in varie-
ties of cauliflower than is used in northem Hurops. Tms the winter
esuli floware, or the heading broccolis, ars of great importance in the
southesstern sad southwestern United Stetes. Thompson (57) divided the
cauliflowere into two mein groups! (1) The early to midseasen varietiss
(trus cauliflowers). (2) The late varisties including all Pacific Coast
strains plug St. Valentine and White Cap. Such z digtinetion iz aleo
made in Fngland by the Ministry - Agriculture and Fisheries (21) and by
Oldham (41) in hie late book ”‘?sraegica Crops and Alllied Crucifercus
Crops.” He also arranged the varieties according to the month of harvest
and gave the respective dates of planting in another column. Perry Horse
(17) has named many of their strains of winter cauliflower after the
month of harvest of the particular variety. This was also done in Italy

ag reported by Great Britaim, M¥inietry of Agriculture and Figheries (22).
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The development of cauliflower producticn in the tropies cslled for
special varistvies thui would head under conditions of high Lemperature.
Such varietlies have besn devaloped by Sutton «md Som Itd., Galcoutte,
Indis, snd the verleiies have been iried in experiments by Peul (46},
Bodrigo (80, =nd wod et sl (63). They have also bosn tried in the
Velede Ut found worthless sines they 211 headed prematurely undsr
condii lomg of cooler beuperature.

Ouly csuliflower varieties of the early »nd late Zrfurier or 3nowe
ball group, which are commonly grown in ths U.S.4. and in the Scandinavian
countries, were included in this sxveriment. It would have been de-
sirable t¢ include sz greater range of varieties; howevsr, (his would
have entailed a year round growing season. Idaho, where these exverie

monte wers conducted, does not offer such cilmatic condiilons.
Haterisls snd Hethods

The erxpariment was comducted near lLsewisbon, Idzsho Guring the 1948
season. Lewiston 1s loocnted at the confluence of the llearwater and
Sneke Iivers at 46 40" H. latitude and 117 ¥. longitude. The altitude
ig about 1200 feet above ser lovel. The climstic conditions for that
locality during the 1948 sprinmg season, (Table 1), were more ralny and
covler than normal which favered ihe couliflower crop, :nd excellent
vields were obtzined.

The twenty-two varieties of cauliflower wore tested in complete
randomized block design, with four replicatione. The plot slze was
4 x 22 feet snd consigted of 3 rows 12 inches apart. The distance be-
twetn the plants in (ke rows was 13 inches. The middls row in each
plot wae sampled during the neriod of leaf ‘nitiation and was removed

early before crowding of the adjoining rows. The distance at time of
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Table 1. Temperature znd r2infsll records at the Lewlston airport for
1247 znd 1948 seasons and the 4b=-ysar sversg? for lewisten,

18zho,
Kay June July Aug, Sent.
Average temperatures, degreessg Fahrenhelt
Lewizton szivport 1948 55.8 68.4 68.8 68.8 6248
Lewioton ziroort 1947 48.86 64.0 74.3 71.3 63,8
Lewiston City 4B-year sverage 5%.1 67.4 76.1 4.2 64.1
Avereps rracinitstion, inches
Lewlston airport 1948 4.80 1.18 3.08 C.15 .49
Lewigton a2irport 1947 0.38 2.43 2.03 .13 2.36
Lewlgton City 45-yenr aversge 1.50 1.46 0,49 0.48 0.89

*Date obtained from U, 5. Teather Buresu records. The weather station was
moved from the City of Iswistorn to the Lewiston Alrvert in 19468, The exe
perimental field was loc ted about 400 yards fraonm the weather stution,
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h-rvest was, therefore, 18 x 24 inches which gave 28 plants ver vlot,

The seed was gowm on biarch 26 in auysery beds in the field, and
the seedlings were trensplanied to the field on ¥uy 15 to 20. The
plants were very smull &t the time of trsneplanting znd had ne seoil
sttachied t¢ the roots. They were transplanted with i special dibhle
znd not watered. GZome Aiffienlty wes encountsred w#ith cutworms :ad
soe replanting wes necessary. This was dome during the [irst ten
duys ziter the original {raneplanting.

ihe expaiimental field hud been used Tor snsp besms the nrevious
season, @had = gresn manure crop of winter rye wac sown the wrevicus
falle Two hundred pounds of ammonium sulfate per scre wesapnlied in
the spring vrevious to plewing.

Irrigation water was applied once & week after the rainy spring
season was over. The field wes not guite level, =nd block one and
twe were flooded somewhat when irrlgated. This affectsd the total
growtn sppreclably buil it 414 not geram to Infivence the rats of plant
development. Leaf pumber and earlines: were the same in 211 the dlocks.

lisyvesting was done twice a week after the vlants reached maturity.
fhey were considered mature wien the heads had devslopel maximum size
without slosgation of the flowering byanches snd spreading out of the
heads The plants were cult &t the soll surface and analyzed for the
different characteristies. BEvery plant wa- hendled individually. This
limited the number of plente that could b exanined In a day to sbout
200

The data recorded at harvest wered (2) fotal weight of »lang,
(b} total weight of leaves, {(c¢) net welzht of heazd, {3) clas=ification

of the head sccording to U. 3. standards, (e) width snd depth measure=
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ments of Lhe head, and (f) leaf counts and claesification inio the followe
ing thres clasces! (1l)misshg leaves counied by thelr sbsclssion scars,
{2} elongatel leaves, extending sbove the curd, and (3) short leaves, not
extending sbove the curd. Figure (1) shows couliflower heads with the
leaves veuoved to the 7irst flower branch. ihe cotyledon leavsa were not
counted, ut all the lesves belween the cotyledon leaves znd the first
ieal with an azxiliary flower branch were counted. Thegs »oints may be
detorined precisely. Ilowsver, some Gifficulty was encountered when
funge or lagects had destroyed the abscission gcars. The heads were
cut juet below the first inflorescence branch (Figure 2): hemes the head
welghts were net, 28 wore also the yleld figures calculated from them.
Thig method of handling the heads waes used in order to facilitote leaf
count ing and im order 10 eliminate errors in the trimming operation.

The experimental results were subjected to amalysis of variance
for reliability of intervretation. 4 variation of the method developed
in Sweden by Lamm and Tometrop (31) was used for ealculation of earliness.
Agcording to thelr definition, biological sarliness is exoressed zs the
numberof deys from planting to horvest of 1/4, 1/2 or 3/4 of the
respective yields. Biologicsl earliness as used in this paper is the
number of days from transplanting to harvest of 1/4, 1/2 or 3/4 of the
totel mmber of plante, reepectively. The earlines: figures were ocale
culated by interpol-tion batween harvesting dates. The formula for
caleulating the volume of an oblate spheroid as described by Jurrell
:nd Vsnselow (B8) was used for ealeculating the volume of the heads.
he aversze head weight divided by the sverage head volume was recorded

as density.



Figure 1* Cauliflower plant# with th# leeret #tripped off
up to where th# flret flower breach begini ¢



119



50

35

30

25

20

15

10

FHBQUSHCT

FOR

THREE

33

DISTRIBUTTION

CAULIFLOWER

THE

38

yiffm

NUMBER

07

VARIETTIES.

TORBES1

U3

REQAMA

53

LEAVES

58

120

F

E

S

PLAIT



T

atotlnnh

Fxrerimental Results

The yield figures of the twentv-two vorieties or strains tested
showed thet the higheat yvislding variety vroduced more than twize the
¥ield of the lowest {(Teble 2}, 'The fiecures are nat yield since
2ll the leaves wers removed and the stems cut just below the hesd. It
wae found that 30 to 50 per cent should be added to these figures if the
yield data obtained are to be comparable to rscords from other exveri-
mente or Yo commercislly harvested csulifiower whers part of the leaves
are included in the yield records.

The other physiolegiczl and morphological characteristics studied,
waight of leuves, number of leaves, number of days from trasnsplanting
to harvest, and density of the heads also showed a great variation among
varieties (Table 3).

The relationship of the lifferent characteristies stndied are interest-
ing (Table 4 ). The correlation coefficisnts were 211 significant at the
1 ner cent level, but some of them explained too litile of the total
variation to be of any greaet imnortance. However, the high correlation
betreen yield of heads and le2af welght showed that leaf growth determines
to a great extent the size of the crop »hich may bs harvested. Ieaf
number and earlinesc z2lso showed 2 high correlation i.e. varieties with
fov diys from planting to harvest had a small number of leaves.

The frequency distribution for leaf mumber ver nlant (Tsble 5); and
frequenecy curves for thruec varieties (Tigure 3); showed differences zmong
variet}es in rznge of varistion. Clasc intervale of five were selected
because of the 2/5 lewf arrangement in cauliflower. An examination of
the data gave evidence that the heaviest yielding varieties had the highe

est freauency of number of lesves in class 5le=55 leaves wer nlant The
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Table 2* Grades and total yield of Heeds in tons per acre of 23
Cauliflower varieties.

Tleid of heads, tons/acre

Variety or strala . s. 0. s.

1 . IAX Total
Snowball M 4086 7.19 8.10 8.13
Snowball D 1538 5.90 : 6.80 6.96
Snowball T 6158 6.29 : 6.70 6.88
Snowball I 5090 5.04 : 8.73 6.56
White Mountain 147/13x* 5.12 = 5.96 6.39
Impr.Holland Irfurter 4.77 : 5.75 6.23
Snowball (1) 5.15 ¢ 5.84 6.21
Early Snowball 247 4.30 : 5.56 6.12
Forbes Belianos 4.64 5.40 5.87
Impr. Super Snowball 3.73 5.51 6.52
Codanla 5.48 E 5.79 5.96
Begana 3.56 = 4.90 5.48
Irfurter 4.42 : 4.96 5.28
The Forbes 4.37 s 5.04 5.26
Super Snowball (2) 2.46 g 3.64 4.30
Safir 3.45 : 4.11 4.38
Snowball A 2098 1.83 3.20 3.81
Super Snowball (3) 2.29 3.36 3.68
S&rly Snowball 3.41 : 3.97 5.65
Snowdrift 1»690 c l.46 x 2,18 3.89
Super Snowball 1.91 0.97 : 2.18 3.65
Dry feather 0.75 X 1.89 4.15
I.S.B. (19:1 odds) 3.27 1.98 1.86
Mean 3.94 4.85 5.51
Coefficient of x
rariabillty (per cent) 40.7 X 28.8 23.8
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Teble 4. Coefficients of correlation ond of detarmination for
total yield, earlinese (} of the plants harvested),
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weight of leaves and aversgs number of lesves bper plaat.

Correlation of characters : ra : r

Yield times veight of leovas : 0.769 : + 0.877**
Tisld times number of leaves : 0.208 : + 0.457%*
Tield times earliness : 0.166 4 0.408%s
Earliness times number of leaves E 0.803 : + 0,896%+

®sSienificant at the 99 psr cent level.



Fable 6.

iarly Snowball 558
Snowball T 6158 563
Snowball (1) 562
Snowball X 5090 551
Barly Snowball 247 £61
Snowdrift 1-690 c 560.
Snowball V 4086 560.
White Mountain 147/12*50%*
Snowball D 1538 549.
Imp* Holland Erfurters49.
Forbes Bellance 547.
Dry Weather 245 545.
Super S&owball 1—91  545.
Codé&nia 542 .
Brfurter 541.
Hawvana 541.
Saflr 541.
lap. Super Snowball 539.
Super Snowball (2) 539.
Snowball A 2098 538.
Super Snowball (3) 537.
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heaviest yielding of the early varicties had 41-45 leavss per plant, and

the earliest had 36-40 leaves per plant.
Discussion

Recommendations of varieties cannot be made with complets confidence
since the experiment was conducted for one season only. Thé efficiency
of the design may also be questionsd, since the coefficient of variability
was 23.& per cent for the total yield data. This was due to partial flood-
ing of two blocks during irrigation, and should not be considered as a
reason for change in design.

It is interesiing to ncote that the earliness and number of leaf dats
showed much less variability than the yield records. Thus earliness and
number of leaves had a coefficisnt of vardebility of 3.9 and 3.3 per cent
respectively. Lamm et al (32) have reported similar variability for
garliness in cauliflower. When they applied analysis of variance to &
series of varlety tests they alsc found that the ranking of the varieties
would not be altered from year to year although the interaction of year
times earliness was significant, because the variance for varieties was
significantly higher than the interaction variance., Thus it appears that
one can place considerable confidence in the earliness data, and smail
differences can be tested with relatively little effort.

The high correlation between earliness and number of leaves is
interesting and hears out the rolation of physiology to morphology. Leal
counting may prove to be an additional tool for further improvement of
earliness in caulilflower varieties. Thers is & limit to improvemsnt in

this direction, however, since the varieties from India headed after



initiation of only seven ﬂodesl and the nlante were of the size of a
gmall transplant only when ths initiation of the inflorescence took
place. There wos not enough of the vegetative orgens nresent to aurse
s curd to o marketable size. One has encountered eauliflower of market-
able size with only 20-25 lesves, but it would de hazardous to rsise a
cauliflower vzriety which normally headed with such z low pumber cof
leaves since the slightest retardation of the growth, at any time during
the geason, would result in ”buttoning."g It is noseible that the de=
velopment of an extraordinarily e:rly variety with = small number of
leaves might prove desirable for conirolled conditions in greenhouses
or coldframes.

Apnother pesitive correlation has to be taken into secount if one
desires high yield in eaunliflower, nzmely, leaf snd head weight. Leaf
velght is agein increased by & higher mumber of lesves, and a pronounced
develovment of the leaves. A higher number of lesves give the plants
longer time for establishmemt in the field after transplanting and be=
fore initiation of the curd takes place. This insures a more vigorous
growth of the leaves.

The striking differences in density of the “eads are an indicztion
that there iz more reason to consider it in & breedingz vrogram than is
ust 211y done. The houssewife prefers the dense heads, but the freezing
an olieiling industry may profit with the les: dense varieties which are
nore easily trimmed for processing. This question is left oven for

future resesrch.

1
Uapublished observztion trislgs.

2“Buttoning is a popular term for the smell znd unmarketadle
cauliflowers encountered in the fields,



The desirability of the use of dndividual plant records for vegze-
tables, where the entire plant is harvested, should be stressed. Fre-
quensy curves can be plotbted, standard deviation compubtad, and also
coefficient of variability and these statistics will be characteristic
of the varistiss, nob of the exporimental technique as is the case when
the astatistics are computed from the plot ylelds. Such a procedurs
#ill mainly be of value for plant breeders as a gulde for kuowing when
& new variety is homogenocus enougn fur relsass.

SUHARTY

The 22 varisties of swmer cauliflower of the Erfurter or Snowball
group Lested could be divided into Lwo groups which differed in four
characterlistics, namely, yleld, sarliness, nurber of leavas, and density
of the heads.

The yield of the heads showed a high positive correlation with
walght of the leaves, and the weight of the leaves seemed to be associated
with a higher nurber of leaves whiehr by the additional time required for
their indtlation ensbled the plants to Lecome firmly established in the

% 3,

Tieid befcore Initistien of the Liflorsscence.

Barliness aad numoer of leavas aise showed high poslitive correli-
tione Thus the varietles wiih the fewer daye fror transplanting to
narved had the smailest mumber of leaves,

A& lower density was associated with the eurly varleties. Such
verieties also had longer interncdes on the main stem and the fillags
did nol cover the heads as well as Lhe later variellies.

frequency tables for number of leaves per plant showed that the best
varletiss had the smallest ranze, and Lhat the later varietiss generally

showed a wider range than did the esrly varietias,
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A& STUDY OF THY EFPECT OF RNVIRONMENT G GROWTE AND LFVELOPHUNT
I¥ CAULIFLOWER, (A) EFPECTR CF TREATHENTS OF TRANSTANTS OF

SUBSWITINT CROWTH AND DIVETOPMINT IN U7 PIRLD

Introduction

Producers of cauliflowsr frequently sustaia lossss in returna bee
cause 0f the occurrence in thelr fields of small unmarizetshle cauli-
flower heade pomulerly ealled "tuttons.! The buttoned condition is
mogt frequently sncountered in ths soring crop of summer ¢aulifiower
in the nited States, while the July-August sesgon is the most 41ffie
cult gesson for cauliflower productien in northern Europe,

The sroblom ia beat statsd by asking some guestlons concerning
the shonomenon of buttoning., ¥hat is 2 button? I it = heredltary
rgavonse or iz it a conseguence of the environmeni?! If the latter is
the case, iz the buttomed condition assoecizted with preumaturs {(earlisr)
heading, or is 1%t nersly underncurilshment of the »lants? @hich, 1if any,
gavironmenial fectoer causes pramature heading? How oun losses due to
but toning be sveolded under fisld conditions? Some of the answers to

these gueetion are given in the following 3 parts of this thesis.

Review of Literature

“he first gquestion agked in the Introduction, "%hzt is 3 Taitont,
ig not agreed upon by the different suthors. Bailey (4) considered

buttoning in cauliflower the fzilure of head formstlion irn cabbege, and
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other "rorues" and sbnormnllities as indicstione that the development in
thege races wasz not yet fix@& ans that the forms were interrslated. The
Deniegh vegetable triale (24) recognired the irmortance ¢f the selection
¥ enitable vorieties snd conductel = serles of verlety tecis terainoting
duping July and Auguet (eemson for butioning). They found tremendous
variztlon amonz vorieties in thelr 2billty to withstond climstic cone
ditions favoring buttonirng. The 2bility of the szrtieculer varioties to
glve = good erop under les: favor:bls conditiens was aszoclisted with a

relatively high mumber of lezves and lete ameturity sze reported elz@whare.l

Hobbins et al (48), however, oroduced tauttons in cauliflower artie
ficially in s:nd culture experiments by growing them in z mtrient solution
deficlent in nitrogen. They state that buttoning is the same as premzture
heading snd that this condition is csused by nitrogen deficiency. They
sugzeslthat other factors which influenee nitrogen gbsorption may cause
buttioning.

Carew snd Thomoson (14) performed similar experiments to thoss of
Robhing ot =1, and they obtained similsr plant resncnses. Thay stated,
however, th-t it is doudbtiful, in view of thelr data, thot duttoning is the
same as nremature heading because heeds were initizted at the same time
in 21} esses. The heads only avne=zred much sarlier in niirogen deficlent
plots because of les: foliazge. Carsw and Thompson also 4id extensive field
work and found that the most important factor besides mutrition in prevent-
ing tuttoning was the age of the transvlants. Transplanting 4 to 6 weoke

0ld plants gave the highest yleld of marketable he:ods.

1Sactian 1il.
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Another imortant discovery waz th:t a check ia growth zfther by shorte

day treatnent, drying out of flzts, or exposure tc 20ld temparalure 444
not 2mege huttoning whors the treatment wos 2pmlisd in tho seodling stage.

Freua (20) condueted ertensive zork on -raning of cauliflowsr at the
time of Srangnlanting to the field. e showed that r»runing delayed maturity
and dasreaged vield of canliflowar,.

Tabb {3) hes reported resulte of axperirents on the effecte of harde
enlng an? lavael of nutrition on varicus »lants. ¥a fount that hardening
delayed maturity snd csused lower yileld of csuliflower plants. He found
that high nitrogen zvplic:tion in the seedling stsge decresse? yield. The
same gffect was found with nitrogen applic;tian in the field in one case,
but this sffect wue not significent. Fe 41¢ not gtute the age of plants
24 the tlme of traneplinting.

It hae been shown by went (59) thet shading and duylength have a very
nerked effsct upen growth of csuliflower. Check slote (plants mot shaded)
geve grestest tesd welght and leafl welght, tnt lesf number zecmed to he
incresved by short dsy. The significance of his results g doubtful since

the exveriment wse not csrried out with renliested viots.
Hateriales and Methode

The firet three of these axperiments were conducted near lewlston,
Iisho, during the 1948 seeson. The fourth experiment was condusted at
the University of Yaryland, Ceollege Fark, ksryland, during the spring
seagon of 1250, The climatie conditiong at lLewiztion during the 1948

nesson a2rs deseribsd alaawherﬁ.l The epring season st College Park during

ISQction 1il.
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1950 was very cold with freguent frosts in April and the first part of
Hay followed by waram znd dry weather in the latter part of May and June
when the cauliflowers were hurvested. The climatic conditions were very
unfavoreble for esuliflower and small yields were obtained in this
experisent.

The experinents were limited to treatments of the transplante
{sesdlings) during the propsgetion period and the effects of the treate
ments were measured during the subsequent growth and development in the
field. The factorial design was selected as the most suitadle design
for answering the cuestions raised in the Intreductiomn. Varietles were
inecluded as one variable in 2ll experiments.

Exerinment I consisted of a 2 x 2 x 2 factorial designed experiment
for testing the affects of nhotoperiods given the sesdlings in the colde
frame, age of trangplants at transplanting time, =nd variety, on the sube
sequent growth and devslopment in the field. The actual treatments wers
as followst

Photopericd: 9 hours vs. 12-15 hours (normal day).

Aze of transvlants! 7 weeks vs. 9 weeks.

Varieties: Safir vs. Snowball A,
This provided 8 factorial combinationa. Two revlicates were uged for
each combination.

The sesd wags zowmm in flats in the greenhouse on Mzrch 27. 7The seede
lings wers transplanted to flats on April 3 and moved to the coldframe
vhere photoperiodlic treatzment was sterted according te vlan on April 8.
The 9-hour nhotopericd was accomplighed by covering the glass of the frame
with dlack roofing papsr st 53100 P.M. z2nd uncovering at 38:00 A.¥. The 7=

week traneplants were tranenlanted to the field on May 17, and the Seweek
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transplants on May 31. The different combinations were sampled for
study of growth and development on the following dates: May 17 and 30
La the coldframe; Juns 14, 22, 27 and July 5 in the field.

Experiment Il consisted ol a 2x 2 fectorial design for testing
the effect of moisture suppliy ilun the flats and variely on the subseguent
growth and developrent in the field. The actual treatments were as follows:

Hoisture suppiy: ®oInsl ve. low (watered siightly only
wheti wiilted).
Jariebtles: Oallr vse Gnowball Ae

This provided 4 factorial combinations. Two replicates were used
for each combination.

The seed was sown in flats in the gresnhouse on Harch 27. The
seedlings were transpianted tu [lats un April 3 and moved Lo the cold-
frames where the moisture ireatnmeris were started on April 5 and then
transplanted to the field on lay 20. The low molsture treated plants
Jere watersd only slightly when they showed wilting. Howaver, the
sreatmant was interrupted because of excessive raln and leakags through
the coldirams windowse

Experiment III consisted of a 2 x 2 factorizl design for testinug
the offect of pruning in the [ield on subsequeal growth and development.
The actual treatments were as followss

Pruningt WNot pruned vs. pruned (expanded leaves pruned
o 1/2% of the pstioles).
VYarieties: OSatir ve. dnowball A

This provided 4 factorial comblisbions. Two replicates were used for
sach combinatlon,

The sead was sown in the gresahouse on April 8, transplanted to

flats and nmoved to the coldfirume on April 22, ihe plants were irans-
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planted to the field on iuy 24. 7Table (1) gives the dstes of pruning

and mamber of loaves removed.

Table 1. Experiment II1I, praning dates and
muaber ¢f leavss removed per plant.

Number of
Date of pruning leaves removed
Juns 1 3
Juns 12 4
Juna 20 4=5
June 30 48
Total 15.19

Bxveriment IV consisted of a2 2 z 4 factorisl design for testing
the affect of exposurs of seedlings to low temneraturs and varieties
&f canliflowsr upon their subsequent zrowth znd development in the
field., Actual treatments wers as followe!

Perpersturesd G60-69F. during the vhole nropagaiion
period vee 40P P, for 30 days followed
by 60-6%F. until transplanting time.
Varieties: Snowball m, The Forbes, January snd
JeSeDeAs Plant Introduction Servies
No. 181860,
Thie zave 8 factorial combinstions and 4 replic tes were used for eaech
combinatione

The »lants for cold trestment were sown in soil in 2% clay ~ote,
covered with clssn s:nd and placed in the lzboratory for germination on
Jenuzry 30. The germinated nlants were moved to & c0ld storagze room at

400 ¥, on February 7. They were siven 2 15-hour photoperiad by mosns of
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incandescent light of relatively high intensity. The plants not exposed
to low temperature were planted in clay pots in the greenhouse on February
25, All combinations were transplanted to flats on March & when the green-
liouse plants that were sown later had reached a size similar to the ones
in the ecld storage. The flats were placed in the greenhouse and rameined
Lhere until transplanting to the {leid on April 10, Hard frost was pro-
dicted by the Weather Bureau a lew days aiter transplanting. The experi-
ment was saved by covering all ihe plants with soil. The wers uncoversd
again when the danger of killing frost was over.

The individual plots were similar in all four exporiments (Figure 1).
Samplings were made before crowding of adjacent plants and the distance
at the time of final harvest was 10 x 24", The plots then nad 28 plants
sache

The culture of the plants in the fisld and the data obtained are
described elaewhere.l

Humber of leaves initiated abt the specific dates of sampling is not
the total number present, but the nurber which could be distinguished by
the naked sye. The curve for the initiation of leaves is, theraefore,

probably lower than the true valus.
Results

The data were presented as factorial effects because this method
permitted the use of one of the dimension of the tables for the differant
characterisitics studies., This nade it eauy Lo compare the efiects of en-
vironment on the different characveristics. The effects are the actual
differences on & plot yield wasle and Lhey can be directly compared Lo the

statistic L. S¢ Do

L
Section I1I.



Figure la. Design of single plot for the factorial experiments.

Plot size,

4 by 21 feet = 84 square feet.
Distance between plants when transplantet,

9 by 12 inches.
Distance between plants at final harvest,

18 by 24 inches,
x = Forfirst and second sampling.
¢ = Forthird sampling,
a - Forfourth sampling.
° Forfinal

harvest atmaturity.

1ifux 1.
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(leazt sienificant diffsrence) znpearing in the resnective colummg. Iase
of understending is sacrificed somewhat by thisz ~rocedure since it ig not
commonly nsed. *his is mainly the Gase with the interaetions, tut the clue
to & correct interovrstation is alweysz found in the renking of the nrimsry

effects.

Brpariment I. Effects of Taylength, .29 of Tpansonlands

and Varlety

The »rimary effects on yield were &ll nositive and significant at
the 5% level in 21l but one csse, (7-week old transplants vs. G-wesk
old transplenis for UeS. Ho. 1 yield){Table 2). The greatest effacts
vere found in the total weight of plants. This is what could be exe
rected since the total weight of plants include all the variztion of the
above ground parts of the plenmte The results may be summrized ss
follows: (1) Sevan-week old transplants gave & higher yield than the
nine-week old transplants. (2) Plants exnosed to 9-hour nhotoneried in
the sesdling stare out-yislded plente exposed to normal dsy. (32) The
variety Safir gave higher yields than Snowball A, Of the intersctiens
only the total welght of plants shovwed sn effect excesding the oddg of
19t1., However, the trendes wera the same in the other yleld columns. The
interaction of transplants timeg drylength shows that daylength trestment
was not so lmportant for 7-woesk old transnlants as it wes for Je=week old
transplaents., The Interaction of dsylength times variety show that the
variety Sefir resnonded more -ositively to S-hour shotopericd than
Snowball 4. did. The triple interactiom showad that the vorlety Safir
resnonded more ~ositively when trsneplanted when 7 wesks old snd given

8 Yehour vhotoneriod thsn the varisty Snowbzll 4 did.
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Teble 2. Txperiment I. Factorisl effects in plant weishis in kg. per
2lot.
H iffects in ke, per plot
Trectments conprred ¢ Welght of I__ Yeight of hesds 1 getsl

:_plants  U.S, Moo 1 :U.S. No. 2@

7-week Uiraneplunts ve. 3 : : :

Cmwaok trapnsplants ! o4 4,0 2+ 0.26 ¢ 4 le4l o+ 1.1B

S=hour vhotoveriod ve, ¢ : : H

12~1B=hour shatoveriod ¢ + 5.4 : 4+ 1.80 : 4 1,36 ; 4+ 1,11
: H : H

Variety Safir vs. 3 H H H

Voristy Snowball A : + 5l6 T 4 230 ¢ 4 1.87 5 4 1.83
H 2 3 :

Interactiong H t : H

Ape of transplonts ¥ ¢ : s $

photonariod : = 1.9 T 4+ 0,08 ;- 0,88 3 = 0,8

Age of tresnesplants ¥ ¢ : : :

Vﬁria’tgf H + 1.3 H < {?.50 14 o Oo% 2 L3 Got@
H : H H

Pnotopericd x variety : + 1.8 ¢ 4 0482 ¢ 4 0467 3 % 0.328
s : : ¢

Age of tronsplents ¢ ¢ : : :

photoperiod x veriety : + 21 ¢ 2 0783 3 4 0J77 3 o+ 0,63
H 1 i 3

LcSoﬁo (1951 Qéfis} H 108 : 1’4‘0 H {'}.91 : {)‘?{}
3 H : :

¥ean 1 26,3 : 2,32 5eZ1 3 507
: H : :

Coefficient of varioe ! s : d

bility (‘ggar ean'{;) ] &%.2 s 3508 4 14.5 3 9.7
H $ : :

*Fisures oregentad in th

suparior to the second treatment in the columm,

the opnosite effect,

a tzble sre

fzetoriel effects cmlculated on the
basis of plet yield. & plus sign indleates thzt the first trostment ig

4 minug sign Indleates



3%

Daylength and age of transplants ware shown to have a marked 2lfect
on earlinees (Table 3)s Thus 7-week old transplants ware about a week
aarlier than 9-weelt old transplants. A J-hour photoperiod delayed muburiby.
This was especially true for ths first one-half of the plante harvesiud.
The diffsronces belween varlstles was significav’ only for the lateal pary

£ the crop. This means that Safir had & longer harvesting season Lhan
the variety Snowball A.

Number of lsaves dsvelopsd gave interesting resulis (Tébie L). Thus,
Lhe age of planits at the tims of field transplanting had significart btut
small effectas. The 7-week old Lransplants developed on the averags Lwt
wore leaves than the 9-wesk ¢id transplants. Photoperiod had a moers
marked influence. The 9-hour day plants aversged 3.4 more leaves bhun
those given a normal daye.

The ccefflclents of correlation and determination were calculated
vetween the different characteristies, It should be pointed out that
the correlation coelficisnts are not of any great valve for such a maall
mmber of variants. They were rerely calculsted for comparison te Lhe
coafficients found in the large variety test reported elsewhere.~ The
comparison showed the same trend however.

Effects upon iuv ehar&ctofs which may be classified as faectors of
quality, namely, density and buttoning are shown in Table 5, Diffecent
types of abnormal cauliflowers are shown in Figure 2. Thers was sme signifi-
cant inerease in buttoning when 9-wasok old transplants wers used comparsd
to T-veek 0ld transplanise O tho vardeties, 3afir gave ths smallest pui=
centage of buttons. The primary «flest of length of photoperisd did uot

exceed the chance velue, but ths interaction of age of transplunts tixes

»ﬁsctian Iiz.



Table 3. Bxparinent 1. TPectorial effects in weight of heads
znd in the numbar of days frowm transplanting to
harvest of 1/4, 1/2, and 7/4 of the mature plants,
resvect ively.

tTotsl yieldtgx from trznsplanting to
Treatuents comnaredt  kg. ¢ 1/4 2 )/2 3[4 '
per plot tharvest: hervest ¢ harvest

-

"o | o9 oo

7-wgek transplants ve.! : :
Seweek transplants P4 116 e 8.8 2B ! e 7.1
: : H H
fSehour nhotovericd vs.i H : H
l12=16-hour vhotoperiodt 4 1,11 3 4+ 8.9 ! & 4ed : + 2.7
$ : 3 H
Veriety Safir vs. 3 : : :
Variety Snowball A 1 4 183 ¢ ¢ 1e4 ! = 00 : + 4.1
: H 3 :
Interactiong : $ H H
Age of trapsplants x ¢ 3 H :
photopariod ! e 0081 ! e 3.3 4 241 : + 0.8
: H : :
hge of trensplante x ¢ H : :
varisty ! 4 048 ! @ 262! = Z2e2 ! = 2.1
: H : H
Fhotoperiod z vardety ¢ 4 0.38 : « 0.0 ¢ + 13 : + 2.4
¢ H : t
Age of transplants x ¢ H s :
photoperiod x variety ¢ + 063 ¢ 4+ 141 @t 4 1.7 t 4+ C.4
$ : H H
: : : H
LeSeTe (19:1 ".’?d‘j‘) : C70 ¢ 3.2 ¢ 3.0 ¢ %.0
: ¢ : :
¥ean H 6.07 ¢ 62.7 3 71.3 b 771
: : : s
Coefficient of varise : : H
bildty ( v-or cent) : 9.7 1 4.3 3.6 4,0
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Table 4. Bxperinent I. Factoriel effects in welght of heads,
earlinessz, welght of leaves pe2r plet ond in number
of lezves cer plant.

Totadl Days from !ueight iNo. of
yield kgottraneplantetof leaf: lesves

F& t e
ctors corpared 2er plot :ing to 1/8 tkg, veri per

*
.
.
.
[]
.
.
.
I
*
.
L]
.
.

$ harvest ¢ plot : plant
Tewack transplents veed 4 1.15 ! @ 6.1 $ 4+ 2.5 &t 4 1.8
Seweek trensvlents : : :
H : :
Sehour phetoreriod veel : $ :
1Z=15-lcur photoperiod: + lell : 4 4e4 3 + 249 ; ¢ 3.8
Veriety Safir vs. : : : :
variety Snowball A P+ 1e83 1 e 0.0 3+ 32 3 4+ 2.7
$ : $ :
Intersctions : : : :
Age of trangplants x ¢ : : H
photopariocd : @ 048l 1 4 2l ; =« 1l t = 0.5
s H : H
Age of traneplants x ¢ : : H
variety 2 4 043t @ 262 1 4 0B 1 = 04
: $ : :
Photoperiod x variety ¢ + 038 ¢ 4+ 1.3 1 4 1.2 ! = 1.1
: H H H
Aga of transplants x 32 H : H
photopsriod x vardety ¢ + 0.63 ¢ ¢ le7 ¢t 4 142 ¢t « 001
: 3 : :
t : H H
LeSele (1831 odde) H 0.70 ¢ 0 ¢ 1,1 1.5
: s : H
¥ozn s 6.07 71s3 ¢ 17.5 ¢ 40.6
$ s : H
Coefficlent of varige ! : H :
biliﬁy (?E?r G@nﬁ) e Ge7 8 306 H Bed 3 3.1




Table B¢ Exneriment I. Tactorisl effects in weight of hesds,
earliness, vercent of buttomed plants, 2nd density

of hande
t Tetal tDeys from ¢ Dennity
Factors compared tyield kgeitrensglanteiFercentt: of
) iper plot tinz to 1/2 ibuttones head®
: ! haervesy ¢ :
7eweek transplants veel + lelf ¢ o 8,1 lw 18.1 ¢ = 0.03
Jeweek transplents : : s :
9=hour photoperiod ve.t : s : 4
12=18-hour photoreriod! + 1.11 ¢ + 4.4 te 7ol : @ o1l
H : : t
Veriety Sofip ve. : L : :
variety Spowbzll A P4 183 1+ & 0.00 te 118 : + Q.06
: $ s :
Intersctiong : : H :
Age of transvisnts x ° ¢ : :
photoperioed P e 081 2 4+ 2.1 4 1066 ;1 & 004
: s t :
Age of trensplant: x ! H : t 4
variety !+ 0s48 ! @ 2.2 te 207 ! = (.00
Photoveriod x v -riety ¢ + Ce38 ¢ + 1.3 te 8.3 : @ 0,00
] H : H
Age of treneplants ¥ ¢ : : o
vhotopericd x veriety ¢ + 083 t + 1.7 te 4e5 1 4+ 0.03
¢ : : :
H T H 3
LeSeDe (1921 odds) s 0,7 2.0 t 0.2 ¢ C.04
: H : :
$ H : :
Coefficient of verize ? s : $
bility (per cent) t 9.07 ¢ 3o ¢ 3%.4 3 6.2
: : $ 3

*Deneity eslculsted by welght Volume cslculsted ss follows?
volume.
a/3 [] =2
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dayleugth wae signiflesznt. 4 S-lwar phelopericd 4id not dscreuse the
tendency to button for 7-week old trmnsrlants but decressed the butione
ing 17.8% in Y%-week old tremsplonts.

Ine results of the vre-horvest ssanlings offer an explanation for
the affect of ohotoperiod and age of transnlents on the subsesuent yield
and devslopment in the fleld (Tzbles 6 and 7 snd Pigure 3. Rate of le-f
initiation was decreased only slightly at the time of transplanting of the
7-wstk iransplants, while in the Y9-wsek transplants it was checked severs-
ly. The comparsble curves for a Y-hour photoseriod wars slwsys lower than
the 12al8=hour vhotoneriod, but the finel number of lgaves initiated was
highest for the Y-hour photoperiod as previously described. Tus three
effects of ochotopsriodism weve found.(l). The S-hour photoperiod with-
stood transplanting better than lz-lS5-hour photoneriod. (2) Rate of leuf
iuitiction was lower under the S-hour vhotoperiod amd (3) Srort photo-
nperiod incresgsed the final number of leaves Initiszted.

ihe Y-hour photoperiod produced = very marked check in the growth
of plants ia the coldframe. The plants were only half the size of the
normal day plants at time of trxsnsplanting to the field. This was true
both for the esrly and late transplanting. The »lants given S-hour
photoperiod continued to be smaller until the first purt of July when
they started to grow repidly and soon surpssced the norm=l dey »lants.
The starting point of heavy growth was very c¢leosely assoclated with the
time of comyletion of leaf initiatica.

Late transplanting csused s check in zrowth in the flates and in the
fielde The cheek of growth in the flats was becsuse of crowiing, and the
checlt of grewtih in the fleld was aprarently due to ths very hardened cone

dition of the plants.
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TIERK TRANSPLANTS, 12~
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figure S. BxperlB«at X. Growth curves (fresh freight), rate of
initiation of nodes end mean nuaber of node* initiated
before differentlé&ticn of the inflorescence orlssordia
in cauliflower varieties Safir and Snowball A. Different
treetr'<enta givm during rro*3agction in coldfraaee*



Exporiment Il. ZEffects of Holsture Supply and Variety

Ko significant differences were found in ZExveriment II, (Table 8).
This may hove becn due to the rainy spring season and the leaky frame
windows which caused interruption of the treatments, Wt it msy slso
have been due to the small size of the experiment (only 7 degrees of
freedom) hence it may be stated low moisture in the seedling stage szems

te be beneficial rsther than detrimantal,

Exporiment 1II. Hffects of Praning and ¥zriety

the e!.?_,t of
This experiment was planned to test pruning on the subsequent de-

velopment znd was bound to give results becsuse of the drastic treatments
(T=ble 9). The idea behind the experiment was that »mninz would cause

a decress® in lesf area :nd, thereby, decresse vhotosynthesis. The dee
creased photosynthesis would sgsin cause a2 decrsased CHO/N ratio snd an
incressed initistion of vegzetative orrane (1lssves). The leaf number of
the pruned plants wae 7 leaves higher tham the unpruned plants. T,is

wvag the highest incresse in leaf mumber obtaimed. Whether it was followed

by blochemiczl changes is not imown since the meterial was not analyzed.

Experiment IV. XEffect of Temperature During the @eedling
Stage and Variety

Ohly two of the four varieties included in this experiment headed
before the outside temperature became too warm. The result of the experi-
Bent was, therefore, calculated as & 2 x 2 factorial experiment sand is
presented in the same way 2s the other exveriments (Table 10).

Significant differences hetwean varieties wers the only effects found

in this experimmnt. It is interssting to note, however, that the mean



Table &,

% of the plsnis were harvested, »nd in number of leaves

Experiment .
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Factorial effects in weight of plants, in
welight of hesde, in number of daye from tranaplanting to

per plent.
! Totzl ¢ TJotml Deye from :lumber of
Paot - tweight ofiweight of:trangplent-! leaves
Factors compared : plants ¢ hesds ting to %7 tper plant
tke, plot ke, plot tharvest :
Low molgture suptly ve.l : H H
normal moisture supnly @ H : :
in the geedling stage : 4+ 2.2 ! + 0.72 ¢ 4 5.2 ¢ ¢ 4.1
Variety Safir vs. : H : :
Yariety Snowball A t % lel ¢ 4 1413 4 4.4 P 4 2.3
Molisture x Variety 3 @ 32 ! @ 0,467 e 38 1 e Bed
L.%.D. (18¢1 odds) é g 3 Ng ¢ NS $ ¥
3 : : :
Hean 16,5 ¢ B9 T 7L0 : 42.3
H : :
Coefficient of : : : :
variability (per cent) ! 12,8 ¥ 17.4 4.5 *} 7.0
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Table 9. Experiment IIl. Factorlal effacts in welght of plante, in weight
of beade, in dsys from treneplanting to 1/2 of the plants harvested,
ir pumber of lssves por plant znd in hwead density.

s Total ! Totel tDsys from :Muxber of ¢ Density

Trestments comnured t¥elght ofiwelght ofttrangplant-: leaves ¢ of
ee ¢ compare : Dlants 3 heads !ing to 1/2 iper plant ¢ heads
15ge plet g. plot ¢ hurvest :
Not pruned ve. rruned ! 4+ 24.0 ! + 6.0 ! @ 10,2 ! @ 7.3 3 e 0,24
Veriety Szfir ve. : H : H H
Variety Spowball A th 28 1 4 1B 1 @ Tih ! w3 ! e 0,02
: : : H P
Pruning x veriety @ UeB ¢ 4 05 ¢ + 1a8 1 4 34 = 0,00
: : : : :
: 3 $ ) )
LeSeDe (1981 cads) : Y08 3 1.0 ¢ 5.1 ¢ 4.1 N3
: : $ : :
Mean H 25.9 ¢ 5.8 LTt 27.0 ¢ 0.7
: s 3 H :
Coefficient of 2 : : : H
varisbility (per cent): 3.9 3 7.7 3 Z.8 ¢ 2.8 3 21,7
¢ : 3 : 3




Table 1D Experiment IV. Factorisl effects in total weight of plante,
total weight of hesds, number of lesves rer dlant and density
of handse

¢ Tetnl ! Totsl ! Wumher of ! Denaity
Factors comp:red twaight oftweight oft  lacves ¢ of
) : planta ¢ heads ! per plant 3 heads
, ikg..plok ‘ke. plop ¢ H
¥ot exposed to low H : :
temperature ve. H : : :
exposed to 400 ¥, H : LI | H
for 30 days P 0.81 ! - 007 1 w000 e 0,02
s : : t
Variety Snowball H 3 H : :
ve. var. The Forbes ¢ + 1.47 3 4+ (.36 : 4+ 4.0 T o+ 0,18
Temparaturs z : : : H
varieties Po= 0,32 1o+ 0,06 ¢ o+ 0.7 ! e 000
! i H t
Le8.De (1981 odds) @ 1.03 ¢ 0.3% 7 : .06
H H s :
Coefficient of variza: H H :
bility (per cent) : 6.98 : 1l.40 : 1.88 @ Tel4d




152
leaf mumber for both varieties wae vary much lower than that snoountered

in the three »revicnsly deseribed exneriments,

Diacuszion

The title of this chapier containg the words growth and developnent.
Nelther of these two words have one and only one specifie meaning. Thus
growth may be either an inerease in fresh welight, 2n increzse in dry
wolght, sn incremse in the size of the plants, or an incresase in the size
of & partigular orgsn. Growth means inereass in fresh waight for the
mrpose of tiis thesis unless ctherwise stated.

The Znglish word development iz commonly used to describe changes
which tske nlace. If there zre no changes there is no development or if
there are chengez in & porticular direction, there is development im theut
direction.

The introduction of the conecapt of vernalization confused the termia
nolegy. The word development has besn defined by suthors as the »rozress
of & plant toward the comnletion of the life cyvele viz., the »nreduction of
flowersy, fruite and seods. Ome does not sgree to such s limitation of &
common descriptive term and the word devslopment iz ased to deseribe
nrogressive changes which tazie nlace.

The first queation which ths axveriment was desiguned to anawer was
whether nremature heading occurred in caunliflower. A high eorrelation

existed between the mamber of leaves znd sarliness az reported elsewhere.l

This means that the number of leaves can be used as & measure of premature
heading and that & decrease in the number of lesves of treated plants,

coupzred to check nlsats, miat be considered ss a meszsure of »remature

lsaeticn I11.
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(ezrlier) hezding. Only one of the trestments given the trznsplants
showed o decrease in the nmumber of lexves, nzmely, the use of S-week old
transplants. The difference compared to the 7-week old check plants was
not high although it exceeded the 5 per cent level of significance. How-
ever, sn interesting fact waz brought out by = summary of the mean leaf
number in the ssme variety irn the Aifferent sxperiments and observations
made. Such = gummary is given in Table 11 for the varieties Safir, The
Forbes and Snowball M, It 1e spparemt thst only 2 small part of the
variation smong the means oeccurred within the experiments where the en-
vironmental factor, responsible for it, could have been identified. Host
of the varization was encountered betwsen the different tests and could,
therefors, not be assigned to any porticular environmentel factor. The
conclusion is ths! prematurs (earlier) heading occurs in canliflower,
but only environmentsl factors modifying, not deteraining the leaf mumdsy,
have been identified since the =main differenee azmong the mean le:f numbers
within the varieties occurred betwe2en exveriments not within the experimente.

#hat snswer 409s the experiment glve to the next question, namely,
i1g premature hesding the same az buttoning?! It ig shown in Zxveriment I
that the Y-week 0ld transplants heanded prematurely and this was followed
by sn increasez in huttoning. Tha entire experiment at the University of
Haryland hesded prematurely 2nd most of these plents huttoned alse. The
conclugion that prematurs heading is the sams as buttoning sesms, there
fore, obvious but should be -mestioned for two reasons. Firgt, an in.-
creased numbar of leaves was 21s0 mesociated with buttoning in the pruning
experimgnt, snd second, plants were encountersd which »roduged excellent
heads with as low or lower number of leaves than in the premature heading

plots. The question is thus left open, although one feels confident that



Teble 1l. Summary of range in variation in mean pumber of leaves per
plant within varieties observed under different environmentsl

conditiong.
Vesn number

Variety Invironmental conditions of lesves
Safiy Variety tezt, Lewiston, Idmhe 41.4
# long day, young transplanta, Pxnt. I 41.4
" Iong day, old trangplants, Fxpt. I 39,1
# 3 ort day, voung treneplantse, Fxpt. I 45,1
" Short day, old transplants, Zxpte I 44.4
" ¥ot wruned, Expt. III 44.9
* Pruned, Expt. III 52.4
* In greenhouse, ¥oscow, Idaho® 2940
The Forbes In variety test, Lewigton, Idaho 37.4
. * Hot exposed to cold, Expt. IV 3l.4
" " Bxnosed to cold, Nxot. IV 31.7
L] o Planted directly in field, Merylend 1950% 58.0
Snowbdsll ¥ In variaty test, Lewlston, Idche 50.8
# L Hot expogsd to cold, Expt. IV 28,7
# " Zxposed to cold, fxnt. IV 5.4
# ® Flanted directly in fleld, Marylond 1980%  67.0

*Not reporited elsewhere.
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excallent ylelds may be obtained from nremature hezded plants, but that
environment which ~romotes vremesturs hez=ding.

The Idaho tests confirmed the exverimente by Carew et al (14). The
exposurs of transvlsnte to o Y=hour photaperiod imereszszed the ylield and
deecrensed the danger of Tutioning. The leaf counts gshowed that thig ine
erease in yleld wae associated with an increased numbor of lesven esnd
delsyed maturity. This effect of = 9-hour photoseriod is called post
mature hezding. low moisture for the seedlings rave o similar offscy
althoush the efiect 4id not exceed the 5 vner cent level of significance.
Babb (3) found that high nitrocen avplies«tion to seedlings decreaved
subaequent yield. fThus it geems that trensvlants ralged under luxuriocus
conditions oannot compete with the omee erxposed to moderste conditions,

The benefielal effect of using voung transnlants ss recommended by
Carew 2t 51 (14) on the basis of thelr emneriments wae confirmed. An
explanstion frr these recommendations ean be found from the sampling
data ond cuves for lsaf initistion and grewth of nlente constructed
from the d=ta. Esrly transnlanting gave the »lonts amnle time for
establishment in the £°81d before initiatiom of the inflorescence,
eitile Initistion cocumd 1n the flats or shortly avter transplanting te
the field on the oldar trasns»lants. Thia resultd in tuttoning. An
interaction hetween varieties »nd sge of tranenlants wms expacted snd
#lee found. Mhis intersction might hsvs been larger if the difference
hatwasn varisties had been mora pPronounced,

The remlis of these ayvoriments mist be considersd negstive from
a commeraial Hoint of view since the 4trastiments of the iransnlants

recomnended in order to raiss the yield 2leo delayed meturity., 1If
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higher yields are desired they can be obtained more cheaply by the selection
of later varietiaa.l If earliness is desired one may uss larger and, there-
fore, older transplants and can avold check in growth at transplanting

time hy use of transplanta with an undisturbed root systeam.
Swasary

Prematurs heading was found to cceur in cauliflower but tha condition
of premature heading could not be assigned to a specific envirommental
factor since it occurrsd between experiments and not within an experiment,

Pravature heading was assoclialed with butioning under certain
conditbns, but bultoning alsc oceurred without premature heading and
premature heading ocourred without buttoning.

The danger of buttoning wus incraased if the plants wers exposed
Lo an enviromment lavoring prawmiures hsading since the heads were indtiated
sarlier, thus giving the plants shorter time for sstablishment in the
field,

A 9-hour photoperiod increassed the number of leaves as did low
molsture in the flats and pruning of the plants. This may bs called
post mature heading.

The inecrease in the number of lzaves was followed by higher yisld
axcept in the pruning experiment anc aiso by delayed maturity. These
beneficial affects may be obtained at no addlitional cost by the selsction

of later varieties,

lsee Sention III.
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