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of til# plant. The factors upon which the geeeeesihl culture of the plants 
depend® mm listed m maple nutrition# ahtmteee of precipitation# and 
relatively low tenperatare during the prosing seas©®. lowwor* a rewiew 
of the literature ©a cauliflower production shoe® that mm t technical 
paper® deal with minojweleaent nutrition m i also euturlal stmi.it® and 
that the effects ©f the eariroasant m the derelepmeat of the plant hare 
feeeu neglected* It was the purpose of this study to find m% m m ehent 
the growth m i development of cauliflower ae influenced hy variety out 
envlieneeBt In order to eliminate some of the h&serdt involved in the 
culture of the plant* Certain other phase® were included to supply os* 
•outlet! information for such a study#



nm :im  t

a stuijt o* v m  m t m o t o m  or '*hk n m t i t i w m

Introduction

On® of the ways that plant* respond to the eaviroaaeat is by change* 
la their oorphelogleal features* Differences in each features also make 
up part of the distinctions ftoong varieties* the peurpoee of this etndgr 
it to describe the morphological development of the eaullfleeer plat 
from geralnetion of the $m i to preentheela* la order to serve as a guide 
la & study of morpholofieal difference® eaoog varieties,* a d  the effect 
of eavtreanseat on the morphology of the plaate*3 Of secondary 1 sport aee 
is the evaluation of the morphological descriptions given by oth.tr authors* 
and also the description of certain morphological abnormalities encountered 
in the physio logical ©xparlment®*

lev lew of lit® ret are

the peculiar organisation of the cauliflower inflorescence M s  &t~ 
tree t«d tint at teat lea ©f botanists a d  horticulturists for eeaimriee* hut 
only three technical papers relating to this subject have been found*
Thess three mpmrs disagree with the commonly accepted betaaieal m& horti* 
cultural concept which appears to h®ve hesa introduced by ScCadolle* 1# 

gars aoallfloeer its scientific subspecies n®mt botrytis, » i  dssertbed 
it la French and Ifeglish in his *Meaolr of the genus Bracelet* CIS)* 11s

i
Sectlea III*

^Section If, f, n .
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description of the cunliflowsr was not very technical* and cm a® summar­
ised in three point®I Cl) Hi® flowers were not spread as a panicle* bub 
held tightly together and forced a cetyabi (3)the pedicels grew fleshy 
end lost bfetir shape fro® being held tightly together! (8) nothing but 
rudiments of shortly® flowers were produced*

meter (38) used ©ore technical tern. Ho stated that cauliflower 
and broccoli afforded familiar IX lust rat long of hypertrophy of flower 
staim eceenpsaisd by * corresponding defective development of the flowers* 
Session (28) wrote about the globular masses of the hypertrophied inflores­
cence with the flowers being 1® bud and the m m  implying flowers of the 
stem*

Ballsy (4) seemed to have tronoiated the botanical torn hypertrophy 
common

into Snglieh. Be used the sorts condensed m i consolidated fleshy flower 
stems and thickened malformed flowers* m i he referred to the *ete»-flower* 
interpretation of the name cauliflower*

The morphology of the cauliflower was clarified by Iaad and KSesrsdheu 
(35). fh®y said that the cauliflower wee characterised by m  m m m ir®  

branching brought about by the suppression of the flow@r»arie of the in- 
florescence m i promotion of the development and growth of the branches* 
ifcese second order breaches* after a period of active devel apnea t, In turn 
war® suppressed, and a new order of breaches developed, - until the apexes 
of tome of the last developed branches ultimately produced normal and 
functioning flowers* while the rest of the branches remained me naked 
apical merlsteste*

Lund ct nl (35) said further* that the develops®ml was brought a 
little farther la the defective "Biey* cauliflower* sai alt® in the 
broccoli®* where initiation of the sepal wherl of the flower* and sows



of t o pedicel took pl&ee# toy also mentioned tot m m  dis­
placement of the neduneles took place because of crowding, and that the 

peduncles beeaao fleshy*
t o  first of tbs lafliih author® to ?|a®sti©n the a&Xfomd and 

abortive flower theory we* Psrk (15). II® studied broccoli, m& hi® de­
scription. of tbs derelspasnt confirmed bad sad Kiesrsehosu Bss (48) 
studied to cauliflower* Me agreed with Daifct and compared to cauli­
flower curd to the condition evident among the cereals, wit* the forssu 
ties of a. tillering nod®. Oldham (41) In one of the latest non 

technical publications on to culture of Brass lea oierscss M i  related 
cruciferous crops, adopted Hark1® definition of the curd#

Material* and Methods

fhe cauliflower pleat® sampled for morphological study were the 
•uunaer cauliflower varieties Snowball M and fhe ftoybee# toy were 
raised in tbs greenhouse at tbs Heat Industry Station,
Beltsvllle, M&vyland,, during to winter of 1950-51. Hants were 
harvested at four different stag** of dewulepiiieat* shortly after 
tlen* at the 10-sode stage* at the 20-aeds atage* and at to tin® of 
initiation o f t o  inflereecsnee# Some oauliflower plants m m left in­
tact and permitted to m  to seed. Brunches of the inflorescence, in all 
states of development, were collected fro® the mm® plants the saw day# 
t o  material was killed and fired in f*A.A* so let lorn for later examina­
tion under th® blneoul&r aierossope and photomicrography# Some csuli- 
flower® of ‘bo th  winter a d  suaaer varieties were also bought in the 
msrket and studied for morphological differences*



fhs mtertals ussd for photography ©ore stained for a few soconit 
with foot green* and picture* w#rs taken with a taisoh aad Xoah m m m  

#§nippod with Micro fsssar leas ml aa sal&rgsasmt of 5* 30* dtptndlng oa 
»iso of tho oaoolftoft# 3ho spftttftCB w®« mhmrgei in gl^noria daring 

owpos&rs. A eavboiMro lamp lighted ono side of tho snselasft whllo &

Im p of lomy intensity was used on the otter stda. 

aro not -jrooontoA for all stages of d«relo??ai«ftt described 
in tho tent because of difficulties involved in photographing of the aoet 

ostollest structures*

Seeds soaked for 34 hsur® end dissected wder the h im m lar miorosoopo 
a well developed kgpecetjrl with a primary root apex end two feearte 

shaped cotyledons folded over each other* Ho structures m m  prm m t on 
the pluastle* However, initiation of tm« leaves started very soon after

prm m t at the it®# the ootyle&ong appeared 
mm normal loaf prl&ordie with prifsordta of 

fhe asallflower plants had two kinds of 1 

X«aw®» m m  peiioXnte# while the remising leaves 
soot lift* Between the ©etiolate and sessile leaves 
of a divided to cl aft typo, with Xebes of the

above ground. Stes® structure*
1).

so first 14 • If 

on the min stem m m

to fir® leaves

siimles located on each

on the iatorftodlats leaves* and

id® of the petiole m m rudteeatassr on 
in aim ant »de tip th# lower lob# 
with tha loaf blade on the sessile



ttg&ta X* CmXlflo«er mrrfc®lo^y*
fott&g tragetat iv« ^pleal *;1th prim
X#3^©$» mdltisaat̂ jy sad srtftn *ft«s
d1«&as ted 1*&ves•

£ 
&*
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leaves. 80 buds were distinguishable in the axils of the leaves although 
it m y be assumed that meristesis were there.

The sequence of stages in the change of the vegetative apical oeristem 
into an inflorescence was shown In Figure 2, where A and B represented 
vegetative growing points with primordia of leaves, and C and V represented 
transition stages. The latter was characterized fey enlargement and round­
ing of the apex, and by initiation of several whorls of bracts. These 
bract:. could not be distinguished from leaf primordia until structure® 
were initiated in their axils. The part of the stem iBBsedi&tely below 
the bracts elongated somewhat during this phase so that the inflorescence 
stood up as a small tower on the top of the stem.

Initiation of primary peduncles ©f the inflorescence in the axil® 
of the bracts were the next step in the development. (Figure 2 X)« Those 
primary peduncles served as secondary apical meristems, initiated bracts 
and yielded secondary peduncles. (Figure 2 F). It is not known how 
aaich branching occurred before the first of these merlst&ss began to 
initiate flowers, but branches of fifth 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 th© number 
of primary branches, the number of secondary branches on th® first primary, 
the number of tertiary on th® first secondary etc. Each 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 primordia of 
flowers. Only a few of the apexes developed flowers, fruit and seed 
during the subsequent phases of the life cycle. (See Figure 3 A, B, 0, 
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



A  B

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 th© bracts.
?. Initiation of bracts by second order apexes.
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figure 3. C&Lullfloiwr sttrphologgr*
Bifferect stages ia the develo'osasai of the card*

Initiation of first order -psdunelas*
B« Initiation of bracts ?5sRd 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
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th# first psa teles to develop, reached maturity* f&r ts of the cmrd m m  

still intact and alive 6 ©oaths after the first panicles had developed* 

the suppressed branch## deteriorated seat coMoaly from attack of mi ere- 
organ issi® however*

the peduncle# did m t elongate during th® branching period, hat th# 

priaeiy tissue, pith tad cortex increased ia else, and secondary growth 
started, so that the peduncles became thick -sad succulent* a detailed 
description of th® aaatony of the stem and th# inflorescence mm given 
elsewhere**

fh# developosat of th# inflorescence (Fiirars 4) sifter the heeding 
stage began with th# elongation of the peduncles at th# earn# ties as the 
sepals were initiated m the flower priaor&ia* Xb# flower apexes enlarged, 
and th# primordia of the aadreecla were initiated at their basses* 'she 
sepals grew rapidly to cover the apexes and the endreecie, and the pedi­

cel# started to elong&te* these steps were all completed hefors the 
young flower buds appeared above the surface of the surd* fhe enlarged 
flowftr epsses developed into gynoeeia, and the petals were finally initia­

ted between the--whorls of th# ̂ n&eeseie and the sepals* At th# time of 
anthesis only rudimentary petal# were present on the first flower of th# 

panicle under certain eaviroiioe&tal eoadttioas*
A.normal penicle, (Figure S A ) ,  was dissected under the binocular 

microscope, end three raoeaee were removed* %### raceme# alternated 
with flowers in m mnorderly «#na#r m th# panicle* ’Shlrty-three flower 
buds were counted on the ante raceme of the panicle while th# »p#x eat 

still initiating m m flowsr buds. Many abnormal flowers m m also found

^Section 2



10

Figure !$.♦ Cauliflower morphology.
Different stages in the development of the raceme.
A and B. Flowers Just ©merging 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.



IX

Figure 5. Cauliflower Morphology.
Am lors&l panicle before ant he* i* of lower flower.
B. AhnoMdk peniel*. Lower flower with r&een* derAjpeA 
within the flower*
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in the region where flowers and racemes alternate* This m y  have been 
due to their photoperiodie exposures reported e l s e w h e r eThese abnormal 
flowers were one sided, the side facing away from the floral axis being 
normal, while the side facing the floral sods had developed flowers with­
in the flower* Sven whole me m m  were found within flowers* These 
abnonsalitlties could bo traced back to the earliest stages in the develop­
ment of the individual flowers, the initiation of the sepals and the 
aadroeoia, and coincides with the .tain change of initiation of structures 
via* the change from Initiation of peduncles to flower®.

Another ahnona&lity was encountered in the low temperature experi­
ments with cauliflower. The growing points died on about 40 per cent 
of the plants, and the first or second leaf developed into a funnel- 
shaped structure. The plants were raised under controlled conditions 
and m  insects were present that could have injured the plants.

Discussion

The popular name for the Br&ssiea olsmcsa botrytis is c&volfiore
in Italy* collflor in Spain, couve flor in Portugal and cauliflower in 
Ingl&nd. All these popular names are derived from the Latin ”caulisw 
and "florid," (stem and flower). The two latin words put together have 
been give a distinct botanical morphological meanings "Cauliflory: 
the production of flower© from the old wood, as in the redbud, chocolate 
tree, and many tropical trees/* (dabster*s Dictionary}* Authors have 
not been found who stated directly that the cauliflower curd was a stem 
flower, but both Bailey(4) and Kenslow (28) among others said that

^Section 5 pp (37)

J
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the m m  iiaplied ”flower of the stem,** or "stemflower ,*• and their refer­
ence to the meaning of the two Latin words could have only one implica­
tion, and have undoubtedly misled the authors to the Incorrect definition 
of a cauliflower curd consisting; of thickened m Ifomml abortive flowers*

It is interesting to not® that no author from the Worth European 
countries mentions that the cauliflower consists of malformed and abort­
ive flowers* The reason say be found in their popular name of the plant• 
The Germans name it the Dutch call it b̂loesnkool" and the
Scandinavians say tlblomkaAl*rc The English translation of this me of 

German origin is ?lflcn?ering tale** or flowering cabbage depending on 
which English word is preferred as a name for the Brassica oleraeaa 
tribe* The German name does not imply any abnormal development of the 
inflorescence as does the name cauliflower, but the origin of the German 
name can .also bo traced back to Latin, since caulis was used as a generic 
na&e for the Sraaslcas by the ancient writers, (Sturtevant (53)* Thus 
it appears that the Latin linguistic group adopted the botanical 
-aorphologlc&l meaning of caulis (st«a), while'the'German linguistic gimp 
used the generic meaning of caulis((kale)* The latter is undoubtedly 
the correct interpretation since the-, four technical papers including this 
one, reject the theory of abortive flowers which Is the sole foundation 
for the ,teaulifloryw theory*

The extensive work of Lund and Xioerschou (35T has been confirmed on 
all points esoCept one* The question disagreed on is the cause of the 
excessive branching of the inflorescence* Lund et al* said that the 
suppression of the main apex followed by the development and the later

_IjLiind and KiOersChou9s paper received a Danish national award* It is
published in Danish, and no reference has been found to it in English 
literature*
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of the eler&caa eestate* frequently developed &maeh* shaped
structures fro® the utimvy ribs of the lo&vee* Be disci* 1m& every 
pretention to rank It even m & subspecies end considered it only a® 
an accident©! do foot, fhe same pheaoaeiioa has al*o been described by 
Goebel (33)* Only ©a® of three varieties exhibited the symptom in the 

expcriaeat* reported hew, -and the syaptoas were not awn on plant® of 

the n&m varie ty exposed to normal temperature. IMs phaacnenon v**» 
therefore* thought to ho a hereditary characteristic which required a 

specific environment for it® expression*

Snmwry

lh@ literature on the subject of cauliflower morphology was surveyed 

md too different thought® on the laorpfeology of the curd cornered* !8m 

morphology of the developing cauliflower plant® fro® germination of the 
seed® to pre»enthesis was described and five net® points* brought oat*

1* Budinentsxy stipules were proscat at the base of 
the potiol&te loaves* they enlarged on the Inter* 
mediate types of leaves and merged with the leaf 
bled# on the sessile leaves*

2m She curd of the cauliflower consisted of naked 
apexes of peduncles surrounded by a whorl or %m 

of indeterminate structures which developed either 
into apexes of a new order of peduncles or to 
flowers*

2, the excessive branching was brought about by the 
absence of apical desinence by any of the apexes 
of the inflorescence during the curd developing
phase*
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4* « u  acquired by the first breaches of
the in Here tease® to develop reeeaee» m i they 
suppressed the other eposes of the card* which 
remised as naked apical ntristeae* The mp*° 

pressed apeaM did not absciss* bat deteriorated 
asst eo^smly fro® attack of aiere-os^anis®#*

6* the eposes of th® raceme* wore indeterminate, i.e. 
Initiation of so® flowers took place until the 
dee® lop lag seeds had exhausted the plant nutrients 
and the pleat food* 

fee morphological abnormalities, els* the derelopaeat of « m&m& 

within a flower, and ai©back of the a©J As! sarlsie® followed by the 
derelopisent of a funnel-shaped leaf, see described, and defects of 
economic importance -were associated with thee© ahnofM&litles*



Introduction

fiit abnormal m  *$0*4* is the edible part of the

cauliflower*^ It has boon referred to m  hypertrophic by M&eter (36)* 
heuelov (3) and others, at being composed of eoadtttissd and consolidated 
fleshy flower stems and thickened nalforeed flowers by Bailey (4), and 
m bain®; monstrous by Muitgar (38), fedsrsen (4?) sad Illation (40)*2 

93bu» snatchy of this abnormal cauliflow©* lnflcreeecnee Is not- well 
knew®* 4 study m s  undertaken to -Useless the anatomical structure, 
to describe the nature of the anatomical ab&oraellty if *»/• &ad to 
study the »a turntion (llgnlf lost Ice) of tissue with the ate of find* 
teg a possible connect ton between the aaaios^ of the curd and quality*

fterlev of Literature

Bio anatomy of the cauliflower hag not attracted much at tentlca* 
and only tee papers deal lac with the subject here been found* tend and 
li&jrscheu (35) described all the tissues and tissue systems of the 
Brett lea olsraeca* but their detailed deeerlptlca of the cauliflower was 
mainly confined to the morphology of the curd* fin ton mi. rintos (61) 
vert also concerned with the aerpholocp* and seem to adhere to m  to*

1 ..*.,»•• of yome o^iflcnr pirate are else rate* in some oraatrlss.
gfbe mrptml&gp of the cauliflower l« described is Section 1
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cosreel definition of the oar#* rls* the malformed and abortive flower 

theory. ®*ejr alee studied the different tissues, hut did not deterth# 

say nbaornaltty la the anetoiGgr of tho peduncles, did they describe 

the maturation or lifaiflestion of tissues* Both lu»& stl £io*rschcu 

(Si) and triaton end slate* (61) used drawing* for illustrations, while 

phetoBleregraph* were used in this study*

Materialt and Methods

The enallflowors cas$led for aaetonleal etudy^ were raised la the

greenhouse at the Plant Industry Station, Seltsvilte, dryland, {faring 

the winter 1960*61* The plant* and the points at which eanpIts wort 
teles© art shorn in Figure 1. these points m the plants were designated 
m  follows*

4* Ip war t %m&*

B* Fiddle ate©*

0* tfpper atesu

S. First or6or branch of tbs inflsmsnsnot*

I. Second order brsaeh of the lafloresesacs*
F* tapper it a® fro® pi® at in bison*
0* First order hsmiteh tros plant in Moo©*

II. Second order breech fro® plant in Moo©*

1* $©©11 branch of the ocurd*

teaples wens ©Is© takm frm the ste»s of so©# younger pleat*.

Thf* material m * hilled and flared in F.A.A* solution, dehydrated in

stbylwb.tlyl alcohol sorio®, embedded la paraflUi, eat on the miorotoso to 
10% and stained with mtrmtM and fast green* Standard procedures were

WW*WW©wWw*miwwjwiiiirim rw ^m‘* ^ ’mnttnrH,v^T,a,i t0n^nmn„ ■» miaas

*$®# sectlea f*



Figure I* Cauliflower plants and locations sampled 
for anatomical study* Locations designated as fol­
lows:
A* Lower stem# B* Middle stem# C# Upper stem*
D* First order branch of inflorescenoe#
E* Second order branch of inf loro sconce*
F# Upper stem from plant to bloom#
0# First order branch of inflorescence from plant

in bloom#
K* Second order branch of inflorescence from plant 

in bloom#
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used ftt #11 tlsee* t oa ierogr&pbs m m  taken with a Bausch and Ie®b
etMrn using contrast proet-ts ortho fila*

Results

Ifi# isrm&iro cauliflower stea h&4 « d.lotyostela or dissected

siehime stele (Figure 5). 1sterf&sciet&tr e*-*s'biui3 dcrs lorded during 
seconds.*? growth to that the old sî fcnrc eton h»d t-he &ppee,r8nce of «. 
siphoaottel# CPS far# 3)*

fh# raeeol&r bundles (figures 4 as* g) rare collateral end rnried 

in lift# the urinary pHieen m* ©spued by an a w  of n«rtcyclic fibers 
shicfc foraed © discont latteas cylinder of seleffnejra* tisane. Adjacent 
bundles m m  separated by phleeawqrlen ray* of psrenefcyna. She urinary 
xjrle* (li|aw 6, A and 3), consisted of annular s«d spiral eleuenie 
whiah w»re surrounded by Xylem fiber eleoents* Th® large secondary 

rylca weasel» (Figure 8* C) were reticulate or pitted and «©ns alt© 
surrounded by xyX#m fibers*

The Ineefcire epidermis, corter* and pith Cfigure ?* A and 3) con. 
timed to fror for ease tine after cell division censed* Thin wve the 
colls e large tig-sag shaped surface which enabled then to emend grsmtXy 

without rupture. 'the cells then beer*3* spherical (figure ?, 0 end 8) 
during mfe**qrct«at ernes tiea. longitudinal sections of cortex m i  pith 

before sad slier expansion of the peduncles are she??® la fiacre f§ l* I*

0* m S I!* fh# epidemic* cortex and pith reaeiaed intact, mi a© 

peyldeyM m e  fer*ed*
All tiesne* and tIrene eye teat sew dersloped at the tic# of he** 

▼cat of the cauliflower for the imrfeet (Figure 8* 2>}» hut the si m e  
were not mtufe* i.e. the cells of the ,pe:fh*aclm  m m  capable of easp&ixsim,
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Left Figure 2.
Cauliflower anatomy* 
Croas section of first 
order branch of inflor­
escence showing aictyo- 
stele*

m

% t  ■ ■

h
£3.

1 ^ :N r<V W

\\• '• •{»■* . V i . * v
Right Figure 3*
C an 11 f 1 ow#r ana t enty * 
Cross section of middle 
stem* Interfasieular
cambium have changed the 
stem to sIphonoatelo * 
Leaf trace also seen*

mr w ' « ... . . . . . . . . jj/fvt rfjv AiOkfiiijf
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Right Figure d.

G aul 1 f 1ower anat omy •
Cross section of vascular 
bundles of middle stem 
(mature). Primary xylem, 
secondary xylem, and phloem 
fibers dignified.

b”\

•\
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Figure 6* C&uliflosrer sa&fcoiay#
*>* ^%'itudl&«X sssfcicas of first order brasch of inflorescence 

(lBiBetun) • Only ?rl natty rylon and ssaon&^ty rylea vessels
-1- •*■§£& i-i i’Sd#

•8* longitudinal sect Son of middle steza (mature)# Primary and 
»̂̂ âd:%ry zylsm, m& phi am fibsrs lifnifled#

0* Detail o f  reticulate res?el (nature)*
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Figure 7* Caul. 1 flower 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 uoo@r stem 
Dm 1Irct order branch of inflorescence showing ontogeny 
of tissue maturation before elongation of branches of 
the infloreccence♦ 1-aturation proceeds uoward from old­
er to younrer tissue*
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during the subsequent flowering phase, and the scerenctea tissues were 
not Signified* The only tissues of the curd to be slightly lignified at 
the time of harvest for the market were annular and spiral primary xylem 
and secondary xylem vessels* However, lignification of pericyclie- and 
xyle® fibers and of xylam rays were prominent in the lower and middle 
part of the main stem (Figure 8, A and S), while the upper part of th© 
sain item was not dignified, as the peduncles (Figure 8, 0)*

Th© expansion of the peduncles during the flowering phase was 
followed by lignification of th© tissue* Lignification seemed to start 
in the lower part of the primary peduncles (Figure 9, C) and proceeded 
upward as the peduncles grew {Figure 9, $)• Lignification also seemed 
to proceed downward from the expanding peduncles to the not previously 
lignified part of the upper stem (Figure 9, A and B)* Th© upper pert 
of the main stem was thus first lignified on the side supporting ex­
pending branches of the inflorescence*

Ho flower organs could be distinguished on the longitudinal section 
of a email branch of th© curd (Figure 10), but bracts and apical merlsiems 
could be seen easily*

Discussion

The terns used by the different authors to describe the cauliflower
curd are defined by Jackson (29) a© JHlcvss

Hypertrophy? an abnormal enlargement of an organ,
presumably by excess of nourishment*

Consolidatadi (Consolide. I make firm)
1* when unlike parte are coherent*
2* Crosier adds, having a small surface in 
proportion to bulk, as many cacti*
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Figure 9* Cauliflower anatomy*
A. Cross section of middle stem# Vu 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 inflores conce * Mat­
uration proceeds upward frees first order branches of 
inflorescence and also downward until it encounters al­
ready lignified tissue in the main stem*



¥ l&hit® IQ* Caul i flo^wr anatosgr*
l>onrifcudiaal sestiea of a trail hrmch of the curd* 
Ho floral p a rtg  c&n b$ d lt t ia g u is h e d *
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Condensation: (Oondensatic* snaking dense) • Coneonfcrat ion•
Compacted* (Ccr/cactus) closely jollied or pressed together*
^k^abrositys (jioastgositas) &aae ecmfonasoioa deviating,l0 * iiema-mmimia 0 itfawiHwiiwiwpiww

from the usukl arid natural structure*
S.Q. j • iiiOli3o «, s** tA4«i e

Two facts are apparent concerning in® usage of these terss in the 
description of the cauliflower inflorescences (l) the words seem ~ be 
correctly applied by the different authors, although (i) none of the 
terns describe specifically the nature of the abnormality of the curd*

The aorphoiogloal abnormality was described elsewhere^ m  an ex­
cessive branching of x»a® inflorescence causea by the absence of apical 
dominance of the primary, secondary and later order apical merisioasn 
during the cura developing phase* This w&e followed' by absence of 
elongation of the peduncles, and a saaall laagth-widbh ratio which made 
the peduncles appear hypertrophic*

A study of the an&to&y of the cauliflower inflorescence disclosed 
csuy one abnormality, namely the absence of lignification of the seler- 
enchym tissue during the curd developing phase* This is the general 
distinction between ancestral types of vegetables and the hypertrophie&lly 
developed edible forms* However, the hypertrophy is frequently associated 
with the development of secondary and tertiary cambiums which by their 
activity greatly increase the bulk of edible tissue* ho such development 
was found in the normal cauliflower although another subspecies of the 
Srassica oleracea* namely gonisgloides* possesses such features*

mi interesting abnormality was encountered in the winter cauliflower

^Section I*
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variety Ĵanuary** planted in spring and exposed to the warm weather 
conditions in College Park, Mainland during the sooner 1950. the upper 
stem enlarged and developed into a kohlrabi-like structure instead of 
initiating an inflorescence* The anatomy of the greatly enlarged upper 
part of th© sten was not studied, and it is not known whether secondary 
cambium had developed or not, tout ths growth habit of th© plants was 
that of cauliflower, not- kohlrabi except for the enlarged apical part* 
Hants were found in different stages of such development, so it is 
unlikely that it was due to seed admixture#

The fibrous nature of the prominent bundle sheath should be pointed 
out* It is easily overlooked by observing cross sections of peduncles 
during the curd developing phase only, but longitudinal sections of 
peduncles before and after elongation disclosed that the bundle sheath 
consisted of potential fiber® which became lignified following elongation 
of th© peduncles*

There is no reason to believe that quality might be impaired toy the 
premature lignification of th© sclerenchyma of the peduncles* Lignifica­
tion of eclerenchyna tissue was limited to elongated peduncles and to 
the upper part of the main s tm  supporting flowering branches# This 

lignification occurred relatively long after th® edible state of 
maturity#



Soamtr

Tm ##uilfl#v#r card consisted of pedestal#•« br»#ta sad aafctd 
apleal seri»t«iuu

2h# sain tlteu## pr##«at at th© tin* ©f h&rr##* for th# mzte»% 

war© thin* willed pa*«aehgra» (apidermit* e©rt«3§:* pfcl#«a»iqrl#A rays, pith* 
and apiCIil fiteri#t*&»)«

fha ©oli&ieral vascular bnn&l#® contained both perioyclio and jqrlaa 

fiber #Xta@att* bat th#a« #l#a*at# did not m m to impair th# oorlity of 
th# cauliflower sine* they wer# not Xi^atfied at th# tis# of harvott for 
the mrk#t«

Anatomically abnormal tlee*## ##r® not found, #ad th# mhftormlity 
of th# ©mliflower «#*&» to bo th# at»e«no# of apical mmnmm of th# 

laflor##8#a##» absaao# of elongation of p#dun#l## duri&g th# aird 

d®r#Xopinf pha«#, and abeeac* of lignifloat i*a of th# MfolorosMhyaa 

tissue*
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rnnv •• TTT ^ !n TVir,;A_.i *-»••* .1. Xs>*» i i i  X  V •

The experimental work reported in section III and the three 

first experiments of section IV were carried out at Lewis- 
ton* Idaho, and reported previously in a thesis written In 
partial fullfllment of the requirements for the degree Tas­
ter of Science and presented to the graduate school at the 

University of Idaho in 19h-9«
The survey of literature, discussion, and summary were 

rewritten after the library facilities of the U. S. D. A,, 
Library became available to the author# Sections III and 
IV were included in this thesis because the author consider 
the material an internal part of the study, which will be 
submitted for publication soctionwise in the order given In 
this thesis. Section III and IV are found in the appendix.
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h vwuf of "':m: ^r^r. of m ajtb
tm n m m m  of c^jxiploffi, (b) m^smtn n  m i

Iwtroductioa

It was concluded in Station IT thr,t prsMature heading ocasxsrM in 
sraliflsvsr since soan nuBber of le?/##* within s v&rl©ty Yarlsd treiieneW 
ously with the serins assent* However, iha variation In lasf number essnrrsd 
between experiments, not within «x}^ria*at# where th# earironagfttel fester 
responsibel -for It cmld here been 1 riantifled* ffas esperiiseafcs reported 
In 3setls» If were Halted to treatment# of transplants and me&eureseatt 
of th# off tots of treatment? after trmeplaatlag to th# field* Bene of 
the environmental factors could* thevsfbre, be excluded ®s possible 
eases* of premature beading in caul 1 flower* 4 study of the offset g? of 
phetepcrlodlea, nutrition, temperature and their interact ions was son* 
dusted under greenhouse conditions where environmental factors other 
%bm th# variable under study could be kept under more rigid control 
than under field condition#*

keels* of literature

Th# survey of literature given in Soot Im, Vf covers th# paper# deal*
lag with growth and development in emailflower* Ho attempt will he made 
to survey the literature concerning th# offsets of photoperlodlam and 
nutrition on dsrolsnmont of plants in general* hut th® survey will ho 
1 l«i ted to m m papers concerning th# $&i&t it stive asnsareaeat# of de



relmmmt m & of the ©nvironiaaat.

Muraeek and Ooae# <39b) appe&r to be ill® first to study the hi«tel©~ 
g im t of foots of pboteperiedleM, fhey we iked with the Biloxi seyhesau 
Borttkffidfc end Itxkw (10) described the histology and th® aorphelegy of 
the lilexi soybean and used node counts *»d mmbor of flower prinexdln 
initialed a# fuaatitat ire »#asifure»ati of the effect® of phetopertedl* 
stirnll V  which the following problea# won Unrest lasted* namely, itati* 
fication of the organ of perception of photon--ricdlo etimli to lilexi 
soybean (11), interact ion of photeperled with teuper&ture for control of 
flower log la Biloxi soybean (43), interaction of chotesynthesia with 
photoper led for th® control of flowering In Biloxi soybonn (43), end 
Stonily, Saitoer end Borthwiefc (S3), interaction of photoperiod end mtri- 
tie© for control of flowering InBiloxt soybean, while Barker, Headricks, 
Borthvlck sod Scully (44) worked out action speetaui for pheteperlodi© 
control of flowering in Biloxi soybean,

Borthwlek, barker end Beinse (IB) also polled node counts to a 
•tody of the effects of phetop«rfodl«n end teaper&ture on development 
of barley end notion epoetin* for the control of floral initiation In 
barley wers triced oat by BorttvlOc, Hendricks and Barker (13). the 
taw authors ieteribed the Morphology of th# %es«y»au algor (45) and 
worked oat th® action speetytua for the photaperiodic control of flowering. 

Blame and ©e~weftcey», at reported by feat (30), need histological 
studies la their extensiv# work on th# effect* of looperature on tnltt*» 
tlon and dofolopnsnt of flower priaordia in tulip and hyacinth bulbs, 
drogcry and Itunrie (18, 19, 30) applied node coants to their study of 
effect# of reraalisatIon in rye* while Hsath and Mater (37) studied leaf 
isl scale auabere in onion sets, these studies demonstrate the usefulness
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into a wooden title which fitted the pots sal crocks* The coxfea were pressed 
tat la. %m m i l or send sad two seed® were pleated la end* hole* fhe hole® 
were la-fe#r filled with sterilised soil ®r sal depending aft the experiment* 
'Ei# plants were thinned out to 8 plants after gemination m i  serea of these 
were e\arle* at success ire dctes of h trres t, while the last plant in cs.ch 
croak ms b&rwested at the termination ©f the experiment* tolling m * 

d<m# &i rmmrn althcm^i crowding of adjacent plants m« avoided as much 
as possible*

Ixperismjat I was a phot® ©die experiment for testing the effect# 
of m S-hour photoperiod fo r a given duration of development on the sab- 
sequent growth am! derelopasat uad«r 16-hour phetoperiod* 'Hi# actual 
tr#̂ t«30nta w@re m fellows*

(a) l&»hottr photo-period continuously.
(b) S-iioiii* photeperiod until 9.1 nodes, followed 

%  16-heur photpperled*
Co) 8-hour phe toper ted until 18*1 nodes, followed 

hr 16-heur phetoparied#
(d) 6-hou? phetoperiod continuously*
(e) §«hmr photeperiod oont Inuously

Treatment Ct) wa® t® bsro been changed to 16-hfnr photoperiods when 
30 nodes were initiated* Differentiation of the inflorescence occurred 
at that stage however* Use change was not made and the treat meat ms 
kept oa M w m r  photoperiod until termination of the ea^erinent, while 
treatment (e) m# changed to 16-hour photoperiod and permitted to go te 
seed* tone of ih# material of treatment (e) m s  later used la & study 
of the norpheloef^ m i  the anatomy^ of the cauliflower curd*

*he?ortcd in Section I*2'Seperted in Section II.



Planting date for the » i  Getefcer IB# X$Sf># t o  «m A
mm m m la sterilised soil in P* cissy m%B* t o  plants m m repetted 
late 841 pots loveitor 8 sad watered weekly with nutrient solut ion he» 
g la* inf 11. to 3-hour photo period m s  a*a>*g>ltoed hy eer*r»
i»C the plants with a double layer of slack sateen cloth at 4 ##M. sad 
uncovering at 8 daily, fa© lo~hour photo period m s  accoaipHahed 
by addition of li$»t of relatively t o  intensity fro* lasaa&eseeat* 
filament tops* t o  incandescent light we* controlled by m electric 
tie® switch*

&gp&Timm%® i t ,  III* I?# and f  m m  all performed a® sand culture 
csperiaents ta which the wtal. watering leob&sl*ime m e  used* dieted 
ecrtbcRwere creek* with straight tides# rmaied inside hot tests tad 
tide drainage holes *sr« caployed. to>ir inside dtoeisr m s  4^ and 
their greatest depth m§ ?§*• 'to drainage holts west oersted with 
sheets tf ariass mol which retained the sand* a prellmia&sy test with 
flae sad coarse sand did act result la any significant differences* ®# 
that fine sand was used im to subsequent *3&eri*eats because of its 
greater water holding capacity, t o  plants m m  watered every day 
with m% pint of nutrient solut it**

Ibeeelleat growth was obtained in a preliminary test with a four 
salt nutrient solution rteemndcd for soybean n by Dr# m. w* J>uiiB»r» 
U.3.D.&.# ?laat Industry Station# Bsltsvllle* Hanrlaad# t o  four salts 
were calcium nitrate# aagnesiua sulphate# potass in* sulphate# and m m  

peteeshui phesffe*te# Hoag land* * minor element solution A and 1 m m  

used is add it to. Dr. Porker's solution (solution 1 in these estptri- 
meats) was used as a reference solution and variations were wade to 
■orivc the desired level® of the different elements. Oalelu* sulphate#
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e&ieiun chloride and jaooo eodiaua phosphate vmm used m substituting 
salts to balance the solution®* Galeiu* was not completely balanced 
in the nitrogen nutrition series since it would have rai sfl. the chlorine 
and culphor concentration axeeeeivelar* The pH values for the various 
solution® m m  a l l betveen $ ? M  5*3 da® to the buffering actios of 
the mm® Pot as slam .phosphate m l aono sodium phoeph&te*

experiment 11 rm  & factorial!? designed experiment for t eating 
the effects of tvo temperatures m l firm levels of nitrogen nutrition 
m the fresh vei|$kt, length of stem# and xnuaber of nodes Initiated in 
%im em xliflom r variety Oaowball •«» planted tfovenber 38, I960* the 
night tes&erature treatments were 65»W ssnd 8&»GO*f» ‘the components 
of the nutrient solutions are given in fa hie 3#

Table 2m Components of nutrient solutions for Ir^erimmt II*

Solution * â.rts per million of elesant*
amstr i I * *> 1 % t fe « % * $ t 01

1 U 2 18 88 160 m 100
*\> li ’4 * m * 4 *
a M M « « 131 -
4 M <■■» 4 a * « 39
5 10 w « «f 4 4 60

Ixperiaant XII see a factorial!? assigned tape Hawn t for testing 
the effect?; of t cap era mure and deficiency of nitrogen daring indicated 
psriods of time on froth weight, length of tie* and number of nodes 

initiated in the emit flower variety Snowball M planted icvcg^cr 38, 
1930* ‘Bis night teaperetaroe were 6S»7G* end S5-SCF .?* # respectively. 
The treatments were as follows*



{&} f a l l nutrient solution coatiaiously#
{%} mU from 1/4 to 1/30.

(a) -8 fr©& 1/31 to 3/18#
(4) -1 fr©» a/18 to 3/i#

(e) ~M :'*©» 3/0 to teraiaatien of the experiment#

Tm of tm full nutrient solution a»& the •* solution
art &ivea 1b fable 8.

fable 3* Oeag>oxieat* of nutrient eolntlon® for Eroerianat III# 

1 Fart* per utllioa of elementsnumber......... ...—-■— ■« <   —   ■■#—"» - -■-—.— .i,,..»— .t̂ i.i,,,,,.,,,„„„
I. I f P i l l  On ,1 %g I g . t 01 

I  U 3  18 86 160 m 100
? g * * Bf * m  as

ftxporUmt If was a aon orthogonal aitfocoa, phesjsliermi.i ^aA pot* 

aesitttt nutrition experiment for studying the effaot® of the partlnalar 
elements on the fresh weight# length of stea and number of node* of 

csmli flower. Seed of the early variety# ffee Forbde. was planted
Aftfetuoyy If# 1981 and.the experiment was performed in the 55-60*F. 

night taa$eiwture eeetlon of the greenhouse# the ee*$onaate of the 

nutrient .solution* are fives in fable 4.

Ssperhmt ? m s  a nitrogen nutrition (8) x photoperied ii) s 
twperstmrt (3) faeterially defined experi»«at for t#«tlog the offset* 

of the different enwiremasat&i combinations on the fresh weight# length 

of ate® and amiabtr of nodee of oanliflomr# fbe fosfene one the varied 

need and the seed was pleated February If* If SI# nstual treatments

were *e follows*



(n) K itm$m im tr iito a , 113 p.p*s« *«• IB p*p*m* 

(h) Fboioportsiftt l&»h0O*t ▼*• S*'!iOtlK*
(«) f«,ap@r#tui»### (*li.£hfe) SB-TCP Ti* 55*60* I'.

tatfl# 4* Ck^ipoaaitjt of m%Hmi tolw&lo&t for &rodrUMN»t IT .

iolmtfett "" t '
i~IWMll-....-

i%rfe§ mr million of «l#sw*a4*
5 S' 1 * l K t 0* t % 1 5 1 01 : «*

6 808 IB §# se 100 «» m

1 112 « * m i# ti ** m

2 SI # t B? tf •ft m

2 33 # # # ft 131 ■ft -
4 aa *» * # «t * 39 -
8 10 # » * II m 90 ■*

«*rtM
1 112 IS Si iio 56 100 m

8 # 1 9 » ft 107 - -
9 ft gf8 9 it tm «t* **
10 * 1 9 n « i m ■ft -

iPoteacltm $«rl#t
1 112 10 II tm 96 100 ■ft «■
U f> * Jl * « 74 • 3
la' SI a 10 a if # • IB
13 9 I it H ■ft- 31



ffiit pitvrUM. eight factorial oeabla&tion** fb® nutrient m in i loss 
m m  the #a*ns mn ntad>#r 1 ©ad 3 of the other attrition es^crlnent** the 
different phot ©periods m m  aoeoapllshed In the same mane? as in the 
pbetoportedte erpsrlaent (oxpertiMat I)*

h it plants m i at the ootyiedenary nod* h&rrostsd* ft>«gr
wore thighed individually and the cuaher of nodes sea oounted on eieh* 
IriiaoMis of loaves too ©aall to ho detected by the naked «y* were 
Ids® ti fled under the binocular siczoscopa and counted* heatfureaonte 
of length of a ten wore ale© aade*

the data m m  subjected to analysis of variance* !© nebbed of 
stratification m# used* bat the plants were sored ar&uad on th# greet*- 

house bench in order to sliaijutte possible localised d i m  tie difference*#

M m iu

I# Orestihouss

Exposures of ®&alifl©wer plant# to S-hour photoperiod* throughout 
the ossoidMttt or until initiation of 10*1 not#® resulted la decreased 
fresh ml£k% eoapared to continuous tSmhmt photo pariods* Bower eyt 
plants espoeod to 8»hour photoperiods until differentiation of 9*1 
nodes oonseneed to grow wry rapidly following the change to 16-bwi 
photoporiods m i soon reached the else ef the latter* fhey were later 
again surpassed by the one® gtvea oentinaott* 16-hsmr pheteperied possibly 
heoaus# of the earlier initiation and start of greet!* of the curd* 

length of eten m o  s^seveuperessed m d «  the 3*»boar phetoperled 
(fable §* T im m  I  m i  2) m i none ©f the pleats expo ted ta Q*h»ur 
pfcotetariods reaehed the stem length of those expoeed to 16»hcror photo* 
period continuously*



M U  6. experiment X, 6nstmhmm#* tbt of 8-hour ?hotop*rlod« for m d«flalt«
t w i l e a  of dorolopmt followed by 16—Hour pboteperleds Ouriaf tho ro» 
aulalac t loo of th« •xporleoit on tho frosh uelglit, It&flh of 0*01» aad th« 
wiO»r of no dee initiated on oaullflouor plan to &t succ«* e 1t » dmtee of 
harrotti (pet grogft la noil* In th» rreexdumse* planted Octohar 10# 1960}•

6- h o m r  yhotoporlp&^tgUll,  i u a a a a r
M**a> IWiiOillltr

Bete o f  
fenrreet

Hot. 18, *66 
6 . 16 0  
60* •! 

BOO* 66* *69 
Jao. 4# *61 
m *  IQ* * 6 1

O  a o 8 8 » | 8 * l  n o d e s tlB*l aodotg

6*66
16*00
18*00
63*6

1 0 7*6

0*69
11*76
18*66
6 6 * 0
80*0

t
t
t
•
fs

0*51 
10*66 
10*10 
16*0 

9

&* 6 * 6 *
5$ loool

1*09 1*09 N.S. l.lli 36.00O* 81 0*81 6.6. 0.98$ 33*70
10*60 10*38 ST. S. 11*06$ 33.91
10*69 18*06 3.8* 16*30$ 39*90
16*9 18*9 6*3 19*0 $ 96*3163*1 — 10.0 80*3 $ $ 17*86

3*60 3*90 0*76
$

6.97$ 16*19
8*00 5.13 0*81 7.13* 13.60
8*60 6*67 0*63 8*66$ 10.60
6*06 6*06 1.17 9.77$ 16*01
10*9 *— , 1*66 19.71$ 9*09

Boo. 3 0
*60 
* *60 

36. *60 
O. *61 
lO. *61

**m v  ' i r h  T '
11*06
13*00
16*30
96*9

9*09
11.77
13*06
91*9

S&s.

8 
• 
t 
t 
8

6*60
7.69
17*6

ftjfnnher ef nod*** per $ a « a $
Her. 8. $80 i ^ T T t 7*0 a 7.1 « 7.0 t 7*0 a a $
Her* 16. $80 $ 9*3 $ 9.1 $ 9*1 « 9.1 t 9*1 t a $
Bee* 8. $80 $ 10*1 * 13.1 « 13.0 $ 13*0 t 13*0 * 0.8 1 13*0 a 6.76
Bee* 30. $ 60 $ 19*9 $ 18.7 « 18.3 $ 16.0 a 18*6 t H.8. a 18*6 a 11*88
Bee* 38. $80 $ 38*3 $ 30*6 $ 31.7 $ 31*6 a 31.6 a 3.9 a 33.9 a 10.07
fen* O. $81 $ 37.0 $ 36*0 $ 30*6 t 33.7 a 33.9 a 3.9 a 35.1 $ 18*70Mb* lO. $51 « 30*7 $

*t—
33.7 $ 30*6 1 39*9 

«
a a 
a a 3*3 a 31*0 a

$
« 7.08

»9fele troot 
smnpled for o 
(a a j bI i a . p o r t

e x p o s e d  to l e m e  diiir 
o f  tb e  nospfeolooar 

pp a n d  p e n t  II. pp >
permit t o d  to b l u o *  e n d  tlao p l a n t *  were 

the M f t t e s f  o f  the m l i f l o m r  eturd.
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Figar* 1. Ihroeriaani I, dreeahoua#
Growth « i m «  (freeh weight and length of a tea), fa to 
of initiation of node* aad aoan 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 16-hoar 
photoperiod until termination of the osporlacat*



T % 3* %xp«*tattl It feftfttfJtmt*
if iteM *f «NdilUi«i pl*at» Vtrli^r 

tJNi tar%#t i O m A  wte* Mmhs* p&oioparlod ffc* * 
d & m  tamttoo of dcr«U|«Mt folloood Iqr Id^hsur 
9)Mt0«He4 tttll! tovaluation of Dm  oipottwwat. 
U| lA-tomx phatoportod all tiki %%m*
(S) tMumr ahrtoporiod **ttt 9«l nodto,
CO) e-boor ptoatogopiod m t U  19*1 dote*
(I) Bmbmr pfeotoporiad ill Ite tlat.



Only plants receiving continuous 8-hour photoperiods had signifi­
cantly slower rate of initiation of nodes and plants exposed to 8-hour 

photoperiods during initiation of the first 9.1 nodes showed m increase 

in mm number of nodes initiated before differentiation of the in­

florescence. However, the effects of photoperiods on the rat® ©£ initia­

tion and ms®n number of nodes initiated before differentiation of the 

inflorescence priraordla were both very small*

Experiment II, Greenhouse

Hone o f  th e  interactions of nitrogen nutrition a n d  temperature 

w e re  significant, nitrogen and temperature data were, therefore, 

presented in separate tables.
Significant decrease in fresh weight, which resulted fro® low 

levels of nitrogen, were encountered as soon as 7 weeks after planting 

of the seed when the plants were of the sis® of transplants (fable 6, 

Figures 3, 5, 6, 7, 9). ihese effects wore more pronounced as the 

plants admnced in growth*

Lower rates of initiation of nodes were also encountered under 
low nitrogen nutrition (fable 6, Figure 3) but no significant differ­
ences in total number of nodes, formed before initiation of the in­
florescence prlaor&ia, were found.

Temperature did not influence fresh weight under the conditions 
of this experiment (fable 7, Figure# 4, 8) but the higher teaperstures 
resulted in longer stem# (fable 7, Fignres 5, 9) than were found in 
lots of 55-60  degree® F. ©*® 65-70*F. temperature caused a highly 
significant increase in the total number of nodes initiated before 
differentiation of inflorescence primordia (Table 7, Figure 4) and 
had a$o s. slight effect on the rat® of initiation of nodes*



soil* •. t^«risKHxl II9 grwonhoutt. Sh« of fivo l m l «  of*
antritloa on tho froth l«nrth of 9ton, and nuiaber of* nnflne
tnlllotod in <wsullfXower plan to at iraeeeesive dntee of tsajnrest* (sand 
eultiuro In tho ^roeahouso, planted Horostbof S8« 1950) •

B a t e  of  
h a m t l

B t r  y i u t o g  Of B i t w « p
m  • e x 33 1 18 lO

l l .  SI* D *
1 err el

Ceeff ieient
' T a y U b U l l y

19, *60 
9*6* 39, • 60 
dan* 0 * *01 
dan* 13* *01 
dan* 30, *01 
den. 39, *01 
yet. 0 , *01 
ate. ll, *01 
tttotvurltgr

laarjfe
O . l d
0*08
1*48
3 * 4 7
6 . 6 7
14*33
38*0

107

t 0 * 1 1  * 0*11  I 0 * 1 0  
I 0*47 < 0.38 * 0.30 
i 1*31 * 0*90 S 1*01S 3*30 I 7*30 I 1*80 
* 4*49 * 4*33 1 3*80
t 9,00 > 9* 10 I 6*00
t 30*8 « 19*0 > 16*3
1113 I11S I 33 
1403 *313 1306
t--------JL * -------

o.io
0*30 
C .84 
1*03 
3*90 
4* 091 
10.1 
46 

110

1.10
3*09
3.6

31
60

0.11
0.43
1*10
3*39
4*44
9*31

18*9
103
3 1 3

34*03
30*18
30*17
33*01
17*07

length of a ten* J2S2L. $ t .
See* 39, *60 3*00 t 1.80 1 1*56 « 1*35 1.33* 0*36 1.63 * 84*09
den* 0, *01 4*74 1 3*88 t 3.00 t 3.47 3*141 0*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 9.30 I 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 9*061 1*00 13*68 * 18*70
373* 9, *61 30*4 118*8 s 16*4 t 16.8 13*3 * 0*96 16*4 * 9*89
One* 11, *01 31*3 I 38.7 3 37.1 s 33*9 19*1 1 3.0 35*8 * 8*78
afiettarttgr 39*8 1 36*6 1

1
I S3* 3 1

t 39.7 33.0 1 
1 3*3 33*1 1 I 8*14

Kjk* IMMh8MBB.S&., * t
See* 19, *0O 6*8 1 5*7 1 6*7 1 0* 6 5*6 1 S. S. 0.7 * 8.77
See* 39, *60 0*3 l 8.8 1 7.9 1 7.7 7*7 * o.s 7*9 « 6*48
den* 0, *01 10*5 I 10*3 t 9*9 1 9*6 9*5 * O* 6 9*9 * 7*80 -
den* IS, *01 is* 1 t 13*3 • 13*3 I 11*6 1 11* 4 * 1*4 13.1 « 18*44
den* 30, *01 16*3 t 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 13*4 * ’
dTfc* 8, *51 39*4 « 35*3 « 30*7 I 34*8 « 33*3 * 3*6 35*0 t 16*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* 51.7 *t I t 1......*— 1
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Figure 6* Experiment II, Greenhouse Representative plant* of cauliflower variety 
Snowball M of Hitrogen nutrition series 112- 6l- 33- 18- and 10 p»p«m» H* raised under 65-70*1?. 
night temperature#
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Figure 7* Experiment II# Greenhouse»
Representative plants of cauliflower variety Snowball M of nitrogen nutrition series 112- 6l- 33- l5- and 10 p«p*m* H, raised under 55-60®F* 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 55-6OP# night temperature.



fU&am 9* toepsrtmmt XI, Qrvmhmm*
Um&%h of otoao of eaullflooor pla&feo mriotgr 
Snowball ll of altfom aHHUoft worlow Ua» 
63U 33* 18- amd 10 p.p.*. 8* Xfeloot mftor 
65-70* aad 80-60* ?. toapofttttupoo.



ftxpor laont III, Cteoenhou®®

Wsm of th® laterae!ion® of nitrogan d o f l e l and tenpor&tur® 
a®r® steatftoant and t o nutrition. &ad toaporatop® date m m  proooatei
im ®®parat® isMo®,

t o  fmnh might of Oauliflowsy plant® In tro&tannt -II, fmm 1/4 
to 1/30 Cateiit 6 to 8 weeks old) oq̂ tolod thooo glvm  the continuous® 
full wa&rXmt solution, at tho termination of th© o^orlawt ( M d ®  8, 
figuro® 10, 1.3# 14). to deft- \m w  «** nitrogen daring later ported® 
of growth resulted in decreases in frooh weight ®ad thooo doeresa®#® 
war® aero proncnmeod tho later in to growth period t o  deficiency 
occurred* t o  effects of nitrogen deficiency m  length of $tea were 
eiallar to th® effects on froth weight (Totl® i, figure® 13, 16) •

»© tiplfiaoi difference® aswng »©©» matter of nodes initiated 
before initiation ©f to inflorescence wer® found hat nitrogen deficiency 
during ih# #.&rly stages of growth Cl/4 to 1/30 ©r 6 to 8 week® ©Id) 
resulted t» redaction is the rate of Initiation of note®
(tebie s, f l g m  10).

Difference® in froth weight mr® not femd tetoati 65-70* and 

5WKFF. ni^ht tes$te*&tur*« (thble f# Figaro® 11, IS), hat to ©torn 
war© significantly longer for tho 65.WF# tenporBturo (Sfefcle t, Figaro® 
13, 16). Unto of initiation of nodes nut not asfcrkadly Iaftaaneed %  its® 
tenpemteve under t o  eondlttena of tfai® experiment, hat the n m  saater 
of ante® Initiated before tniti&ttoa of infterotoeao® priaerdia tat® 9*1 
nates grt&tor far tho hi^or te^esmiure,

ItptrinoAt It, dteenhoaee

fh® stellar ifyr of th® response of t o  plant® to wrteti®*® in nitro­

gen, pboepheru® and petae^tee nutrition on© daanaftteeted in Milo® 10, 11,



Fable ® • Ixperlaent III, Greenhouse. Tiie effects of nutrieat solut ions deficient
in nitrogen for indicated periods ©f tiae on fresh rei^it, length of fttea, 
and nuaher of no do a Initiated In emliflover plants at ^accessive dates 
of harrest, (sand culture In tb© greenhouse, planted Noreaher 28* 1950)•

Bate of 
harrtst

t
3
:

bit boat J T for period indicated 3
X*. S. X). *
54 levelsMean

3Coeffleeleai 3 of 
:variability

ti all 3Jan. 4 -3Jan. 31 -3Fob. 19 -s 
tbo tines 30 sFeb. 18 3Mar. 9 ?

Mar. &3
3W*<>;*h. weli^t, gram, per plaBt 3 3 *. 3

Jen. 4, *51 3 1.23 3 1.34 e 1.21 3 1.27 3 1.31s 3 1.24s
Jan* 18* •31 e• 3.31 3 2.32 3 3.30 3 3.36 3 3.563 : 3.153
Jan• 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 o• 6.8 3 14. 9 3 14.9 ee 15.3 3 2.9 3 13.3 3 33.83
Feb. 18* •31 3 S3.3 3 28 . 2 3 33.6 3 51.7 3 48.7 3 10.0 343.2 3 38.98
Mar. 11* • 51 3 149 8 78 3 112 3 109 3147 ee 32 3119 3 29.41
Maturitr O• 567 3 573 8 ■A-jQ 3 361 3239 3 lOl 3 452 3 24.783 3 3 8 3 ae 3 3

3IoSKtt of •ten* on. per plant 3 3 3 m«
Jan. 4, *31 3 4.31 3 4.45 em 4.38 8 4.35 3 4.443 M.S. 3 4.383 20. 56
Jan. 13* •81 em 7.94 : 7.20 m 8.16 me 8.13 3 8.29s H. S. s 7.943 18.39
Jan. 30* •51 3. 11. 3 9.4 m# 11.6 3 11.1 3 11.2 ee 1.0 3 10.9 3 14.08
Jan. 31* •51 3 17.0 e• 10.9 ee 17.2 3 16.8 •♦ 16.8 3 1.0 3 15.7 t 10.45
Fob. 18* •31 3 35.2 8 18.1 ae 23.2 3 23 . 9 e.e 24.6 s 1.0 323.0 3 6.99
Mar. 11* •61 1 32.0 ee 24.8 8 30.3 3 29.9 3 31.4 3 3 . 3 3 29.7 3 8.76
Maturity I 41.1 3 39.6 eo 37.6 3 36.0 e* 36.2 3 3.4 338.1 3 10.008 3 3 3 : 3 •e 3

:»usiher of nodes per pi*»* ae • m.e 5 t
Jam. 3* *31 3 9.8 •e 9.9 3 9.8 3 9.9 3 10.0 3 M.S. 3 9.9 t 8.02
Jan. 13* •51 3 12.6 3 12.6 3 IS. 5 3 12.7 ee 12.8 3 M.S. 312. 6 m ' e 9.84
Jan. 30, •31 3 16.5 3 15.3 3 15.4 3 15.2 3 15.3 3 M.S. 8 15.3 3 11.63
Jan. 31* •61 3 21.1 3 18.4 3 21.2 3 21.0 3 21. 1 3 1.9 3 20.5 3 14.63
Fob• 18 * • 51 t 38.1 3 29.8 3 38.6 3 33 . 0 3 38.4 3 4.8 336.7 3 20.98
Mar. 11* •51 8 50.8 3 51.8 3 50.8 3 48.8 •e 55.7 •• M.S. 3 51.6 * 11.24
Maturity 3 54.5 3 58.1 3 57.7 a• 53.7 3 52.0 *e M.S. 3 55.2 3 13.95

3 •e 3 3 3 3 3 8



£ 6

III* 0y#®ahou»«* ;®3rfoe4* of %wo 4oaŝ ojr»fctMP8
Isrrol* on the fresh weight* length of stent end «a®b«r 
of nodflis iattiatod la esmliflooor pleats st soooosstro 
dstos of horrost* (send oaltnre In the syssahonso» 
plsntod lloronbor 38* 1900}*

B«t© of 
hOSTSSt

- ....._____________________ s
Itnnn

a Cosffl c lent 
a of"ea~7o» f* * 88~6C» F.11111 j.A»* S. P.t loro

.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 *51 5.8 a e.8 a 3.8. S.6 a 36.4231, •SI 13.X a 13.6 a if. s. 13.3 a 32.83Feb. IS, •SI *43.6 S 42.3 a 8. S. 43.2 « 36. 98
U&r- ll, • 51 lie 1 122 « ».S. 119 a 29.41
heturlt]r 470 S2 433 a 8.8. a 482 a

a 24.76
...a, ... p.r plan* a

Fsa. 4# • ax 5.32 a 3*48 a 0.36 4.38 a 20.88.ŝsi. 13. * 51 9.36 S 6.83 a 0.56 7.94 a 18.39
Jan. 90. 151 13. 6 a 9.X a 0.6 10.9 a 14.08Jan. 31, *51 17.6 t 13.a a 0.7 15.7 a 10.48
Fob. 18, f51 2S. X a 30.3 a 0.7 23.0 a 6.99
Ite**. 11. *51 3X.6 s 27.7 a 1.6 29.7 a 8.78
8fe*tturl%jr 41. X X

3 38.0 a 3.2 a 38.X a
a 10.00

Sunber of aJan. 4, *81 10.0 I 9.7 a 0.3 9.9 a 8 .02Jan. 13, • 81 12.7 3 X2.8 a U.S. 12. 6 a 9.64Jan. 20. *81 IS. B s 18. X a 8. s. 16. 3 a 11.63Jan. 31, *81 20.3 a 20.3 a 8. s. 20.8 a 14.63
Fob. 18, •ex 37.7 3 38.8 a 8. S. 36.7 a 20.96M4s.jp* XX* *6X 56.4 3 46.7 a 3.3 81.6 a 11. 24heturltF 89*3 t 80.7 a 4.4 88.2 a 13.98» a a



H* O

P o S
O*1

P* cnX
S K* £  ̂ilss«9 <f 1f9 sr ©s-i. ̂Jj p. Q HH* O g j~*
£ B 3 *® o 0f 9§ ?1

1
ft

£ & §  S 3
CD
T ?  »,11*4 3 Q O IM
» >•*>
RS-tS -ffH* *1 x̂ T><*fi

FRESH WEIGHT. GRAMS PER PLANT NUMBER OF NODES PER PLANT

FRESH WEIGHT, GRAMS PER PLANT

FRESH WEIGHT.GRAMS PER PLANT  ► NUMBER OF NODES PER PLANT

g ^ O M U i  3 g %  -A° 01 o cn o ut § g o
FRESH WEIGH, GRAMS PER PLANT

LENGTH OF STEM. 
cm . PER PLANT

o
LENGTH OF STEM. 

cm. PER PLANT

LENGTH OF STEM 
cm . PER PLANT

LENGTH OF STEM, 
cm . PER PLANTT f * ■

Is
~n
2 oo 2 O
?s>
5s



58

Figure 13* Experiment III* Greenhouse*
Representative plants of nitrogen deficiency experiment 
raised under 65~70 P. night temperature*(A) H* continuously. (B) «K from l/k to 1/20.
(C) -H from l/31 to 2/18. (D) -K from 2/18 to 3/9*
(E) •£ from 3/9 to termination of the experiment.Seed planted 11/28*



figure l!|* Experiment III, Greenhouse.
Representative plants of nitrogen deficiency experi­ment raised under F. night temperature.
(A) 13. continuously. (B) -N from lA to 1/20.
(C) -II from 1/31 to 2/1 S. (D) from 2/18 to 3/9.
(E) -II from 3/9 to termination of the experiment# (Seed planted 11/29)
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Figure 15* Experiment III* Oroenhouse*
Representative plants of nitrogen deficiency experi­
ment raised at 65-70 F* and 55-60 P. night temperatures* 
(A) lu continuously* (B) -X* from I/I4. to 1/20*
(Seed planted 11/20)
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b5 -10 T . NIGHT TEMPERATURE

5 5 - b O T .  NIGHT TEMPERATURE

9%0unm 19. Saraorlamt III, SniKbaui.
Imgtix of «tem of nitrogoa doflelcmogr oa&orlaaat* 
(4) 9« ill til® ttsi*
(B) *» A m  1/4 to 1/30* (0) -» fwa l/Sl to 3/18# 
(9) -I A M  8/IB to 3/9. (1) 4  fxoa 3/9 I#
t^ralnotioa of tho oarperiaaat rotood *t 8&.7C* ?. 
(?)aad 56497* (0) toog*o*&t*ro« and 
homotoi Marsh U.
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fabl«10 . IT* Groenhau*®. ffc« effects of tlx level* of nltrogiR
nmtrltlctt on fresh tei#t« length of ttem» exd nusb^r of nodoe In It lot od 
in cauliflower plants at success lvt dates of harvest » (eand eelttfs lft 
the iraoalwof* plan ted Tsbraarjr 17* 1S01).

Bate of 1 7arte per million of .nitrom ft T' " fteeê jfieieail
banveet i * » * *** i « t »  * 18 t io * it* 9* SJm Mean * ox

ITftrisMlits
* frosb relebt of plan to ft ft ft

Her. 20* • «
Apr* 1* *51 
Apr* 13 * * 01 
Apr* 26* *61 
Kaf 10* • 01

t 0*63 
C 3*12 
* 12*10
* 49*1
*203*

« 0.64
* 3.17
* 11*80 
* 01*7
1216 <

0*40 
2 « 60
9*04

30*1
203

0.38 * 
2.37 t 
7.39 * 
33*2 * 
107 t

0*41 » 
2*37 ft 
5.92 ft 

16*6 « 
66 ft ft

0.40
2*203.48
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ft
ftftftftft
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7*5
22

0*401 2.621 
3 *31 ft 
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* len«th of ittft, on* per ft ft - ft
Apr* 1* * 51 
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* 4*26
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I 10.77 
t 24*27 ft

ft 4* 19 
ft S.70 
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16.00 t
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0.72
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ft
ft
ft
1
ft

0.20
0.47
0.86
1*33

3*80*
7*009
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19*30*ft
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11*03 9. 96
10.10

tKfenfeer of nodes per p l an t x ft ft ft
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 *. -

I 8*3 
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38.0 5
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34*2 « 
40*9 ft ft
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ft
ft
ftft
ft

0*3sr. s.
1*7
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T«bln XSk aatperlmemt XV, Qredn! cruise. Xti« of four Xe-r*!* of
potass iu£s nutrition on fr»ih wei&fvt, length of st#mv and 
ituua»b«r of no<S«s Initiated In e&tiXlfloMr plants at sueessslYs 
dates of harrsst* (sand culture In the greenhouse, planted 
Fsbmajey XV, 1951).

T*r%». j*»r million of r«rtg-»»luj» ‘ j.. s. D.
86 . 20 . IQ * 8 .8̂ 5 levelI ...... 6 . . . »

—  — 4 ism%n 4c . sosfcn mss •v\*efc

* Co offlclenlT 
i ofD©t« of 

Ha4nr«*t
FPtfh wet/*t. mitmmB Per alaa t s f

Mar. 30, • 51 0.64 t 0.35 0.38 * 0.31 s * 0.39 s
a pi*. 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 32.99Majr 28, *82 328.0 * 37.1 12.3 * 5.2 t 32 * 67.7 3 32.73s s s 8

*•»»***> of ettom on. rmT i>Xmmt t
Apr- 2, *52 8, 29 * 2.88 2.18 8 1.73 s 0.30 * 2.74 t 9.72Apr. 23, *52 8.V5 f 5.03 3.VO * o 082 m 27x3* I 0.87 * 5.11 S 11.53
Apr. 38, * 52 15.68 s V. 38 5.15 5 4. OS s 0.86 * 8.07 3 9.96
M^r 29, *52 33.33 2 13.28 7.92 « 5.82 s 1.33 8 13.34 3 10.20< I 1 3

l^ustnr of nodns per »l«Bt 8 3 3Mskr. 20, • 52 8.3 3 7.9 * 7.8 3 7.6 3 0.3 3 7.9 8 6.88Apr. 1, *52 12.2 3 Is? . 3 til.8 8 11.2 8 0.6 8 22.9 3 0.50A 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 3 39.6 3 14.27Assy 19, *51 •3£? Q serO • O 3 44.8 *36.1 * 39.7 8 6.0 » 3V. 4 t 17. ©a3 s 3 3 3 3
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Figure 1?. Figure 18.Experiment IV, Greenhouse • Experiment IV, Greenhouse. 
Growth curves (fresh weight)Growth curves (fresh Weight) rate of initiation of nodes rate of Initiation of nodes and mean number of nodes and no an number of nodes 
initiated before initiation differentiated before Initi- 
of Inflorescence primordla ation of inflorescence prim- 
In the cauliflower variety ordia in the cauliflower var— 
The Forbes under three lev- iety The Porbes raised under 
els of nitrogen nutrition, three levels of phosphorus 
Soed planted 2/17/51* nutrition. Seed planted 2/17/h
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Figure 19#
Experiment IV# Greenhouse. Growth curves (fresh weight) rate of Initiation of nodes and mean number of nodes Ini** tiated before differentiation of inflorescence primordla in the cauliflower variety The Forbes raised under throe levels of potassium nutrition. Seed planted 2/17/51*

t z ,  20
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Figure 20.Experiment IV f Greenhouse. Growth curves (length of stem) for cauliflower var­iety The Forbes under throe levels of nitrogen, phos~ phoruSf and potassium nutri tion. Seed planted 2/l?/|l.
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The effects of nitrogen nutrition, photoperiod and temperature oa 
$h© of initiation of nodes differ© somewhat from the effects on 

fresh wifht and length of stem. The order of h^portmm of the prlmy 
effects on node Initiation are (a) temperature, (b) nftmgm nutrition 

and (c) photoperiod* Hie Interactlong m m i to hew minor influence on 

the rat® of initiation of nodes except for the primary interne ties 

temperature x nutrition*

Mscnssioa

The mala purpose of the study wasi to disclose the environmental 

conditions responsible for premature heading la ceolif lower* The effects
of the environment on the fresh veî ht and length af &%m serre as a 

background for ©valuation of the degree to which the plants respond in 

general to the treatments*

Decreases in night temperature from 65-70® to 55-60® F* lowered 
the mean nod© mriber of the cauliflower variety %o*rttell M from 58.2 
to 45.3 in JtoerSsseat II. A decrease in me&n number from 59.8 to 50*7 

was encountered la Sxperimsat 111 with the sea® variety raised under 
identical temperature conditions as Ixperimeat II* The variety The 
Forbes see used in txm rim m t f. This variety also responded to & 

decrease in night tempers ture fro* 65-70® to 55-60® F* The difference 
in s#an smhor of nodes between the two treatments was 5.3. The con­
clusion is, therefore, that temperature is the factor which causes pre­

mature heading In cauliflower.
Deereeeee is photoperiod®. In nitrogen, phosphorus, or potassium 

nutrient level®, show either no significant differences or an Increase 

in number of nodes compared to opt in;. $1 levels* These increases in
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nusber of nodes worn associated with a decreased ret# of initiation.
It li ^oisitls that temperature my hpve entered the photoperiodte 
experiment m s "bias sine# the pleats exposed to 8-heur phot©periods 
were covered with hl&ek m%*m cloth during 16-hcurs of the- photopcriodle 
^rda# It is also possible that tesperatur# eater* the nitrogen, phos­
phorus cad wetaesiitti nutrition esmeriuent as a bias because of tht 
slower rates of initiation of nodes. This delayed the differentiation 
of the inflorescence tat 11 later in the 33ring whm the increased out­
side temperature mad® it Impossible to keep the greenhouse temperatures 
at the detired levels.

Hence it a*»y he stated afani causes of the increase® is sod® mabers 
as a result of decreases is levels of nutrition ©f particular elements 
or exposure to 8-hour nhetoperlede are either net significant or uncertain 
as to cause.

Becreages in length of shot ©sorted* level of nutrition and tesperature 
were associated with slower rate of initiation of nodes in all experiments, 
hut these effects were surprisingly swell shea compared with the draetie 
effects of the treat neats on fresh weights and length of atoms. It Is 

therefore impossible to judge the physiological age of the plants f * m  

their site.

Sltrogea deficiency md 8-hour photoneriod during early phaece of
growth did mot have my decreasing effect# on the fresh weight of the 
plants at the termination of the experiment* although the decrease in 
fresh weight during the treatments were rery distinctive. A more rapid 
rate of growth followed such treatments and the plants eventually reached 
the else of thm ones exposed to optimal eouditiou® the entire tine* It 
has been demonstrated that uleats exposed to unfavorable sondlt ions dura*
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lag the seedling stage surpassed the ones exposed to m re favorable c©&» 
dilions* flms Ihompson (56) reported the beneficial effects of lower 
temperature tortisc the propagation period for the subsequent growth ©# 
onion plants in the field* while Brener (9) reported simile* effects of 
short photoperiods m the farther growth of oaten plants la the field* 
Cere* et &X (14) reported increased /ield of cauliflower pleats after 
exposure to short photoperiod in the seedling stage* Hieee effects were 
associated with an increased number of nodes as etom elsewhere ia this 
thesis*^ Ihe conclusion was dram that the beneficial effects were doe 
to the increased time for establishment ia tha field give the plant* 
exposed to short photoperiod because of the increased cosher of nodes and 
also the slower rates of initiation under short photoperiods* it Is 
doebtfhl whether this is the whole explanation since the time -differences 
are rather small and similar effects are found ia cauliflower plant* 
which are not transplanted.

Summary

Decrease in teB^esatare fro® 6 5 - 7 C P  to 5 5 - 6 0  f• night t espe mature
was deamstmted to eanee a decrease ia mm nonber of nodes initiated 
before Initiation of the tnflorescasio# a«d time to presetor® heading*

Serious decrees ia length of phctopsrted and ia lews! of nutrition 
wee associated with an increase in mu&er of nodes# thus causing post 
mature heading*

Decreases in length of photopbrled# imtrlent level and temperature
ware associated with decreased rat# of initiation of nodes, hut to a

*3ee Section III.
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* u * p r is i» g ly  s m l l  degree eosEi&rea to the d ra s t te  o f fs e ts  o f  tha t m U

it#al§ oa the fresh weight aadlaagth of -iteae of the plants.
Iha eignifleaaoe of eheek in growth during m rly  stages of develop* 

m@at m  dieeaesed*
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Table • Experiment V, Greenhouse. fresh weight of eauliflower plants &t successive dates of harvest for the
different factorial combinations in the nitrogen nutrition (2) * photoperiod (2) at temperature
experim ent, (sand c u ltu re  in  the greenheuse, p lan ted  February 17, 1951)*

Date of 
harvest

Butr* & 
temp* 
Photo- 
period

1 112 ppm nitrogen 

‘66-70°F.'5S-60°F.* Sum

10 ppm nitrogen 

S5-70°F. * o5-60°F.8 Sun
* Sum 
|65-70°P.

Sum 
55-6Q*F.

Sum
Total Mean

L.S.D. 
%%
level

Coefficient
of

variability

1&r. 19, *51 16-hour
6-hour
Sura
iiaan

t
» 0.69 
l 0.42
i 1.11
s
*

0.30
0.25
0.53

0.99
0.65
1.64
0.41

0.80
0.48
1.08

*
t 0.24 
* 0.22 
* 0.45
t
i

0.84
0.70
1.54
0.59

» 1.90
* 0.90
* 2.19 
« 0.55

0.54
0.55
1.09
0.27

1.63
1.45
3.28

0.46
0.36
0.41

Apr* 4, *51 16-hour
8-hour
Sim
ifean

»
t 5*20 
i 2.78
* 7.98
t
*

1.67
1.28
2.93

6.87
4.04
10.91
2.73

2.85
1.75
4.40

*
t 1.10
i 1.07
* 2.17
* 
t

3.75
2.82
8.57
1.64

* 7.85 
s 4.53 
t 12.38 
t 3.10

2.77
2.33
5.10
1.28

10.62
6.66
17.48

2.66
1.72

2.19 0.37 43.95

Apr* 10, *51 16—hour 
6-hour
Sum
IjnaB

i
t 15.10 
t 7.15 
» 20.23 
* 
t

5.16
3.15
8.31

18.26
10.28
28.54
7.14

4.22
3.30
7.52

*
* 1.85 
t 2.03 
i 3.'93
* 
t

6.07
5.38
11.45
2.86

* 17.32
* 10.43 
i 27.75 
t 6.94

7.01
5.23
12.24
4.06

24.33
15.66
39.99

6.08
3.92

5.00 0.66 41.03

Apr. 28, *51 16-how 
8-hour 
S us 
*fean

* 66.3 
t 36.5 
*102.8 
i 
t

33.3
E9.5
65.8

102.6
66.0 
163.6 
42.1

9.3
7.4
16*6

t 8.4
* 7.9
* 16.3
t
s

17.7
15.3
33.0
8.3

* 75.6 
t 43.9 
*119.5 
t 29.9

44.7
37.4 
32.1
20.5

120.3
81.3
201.6

30.1 
20.3
25.2 3.94 35.16

*hy 20, *61 16-hour
S-hovur
Sura

*256.7
•176.3
*433.0
*
*

204*1
126.8
531.2

461.1 
503*1
764.2 
191.1

36.1
28.8
64.9

* 42.1
* 34.3
* 76.4
*
*

78.2 
63.1
141.3
35.3

*292.8
*205.1
*497.9
*124.5

246.5 
161.1
407.6 
101.9

539.3
266.2
905.5

134.8
91.6
113.2 12.0 22.74



Table 15. Experiment V, Greenhouse* Length of stem of eauliflorer plants at successive dates of harvest for the
different faeterial corah inatloaa in the nitrogen nutrition (2) x photoperiod (2) x temperature
experiment, (sand culture in the greenhouse, planted February 17 # 1951}«

Date of 
harvest

Photo* XU
ilutr ltioa ansi temperature 

P.P.2U nitrogen * 10 pmp,su nitrogen
«
t

* X X
Sun * Sun t S ®  t 

S5~70®F.155-60°F. [ fetal I

x „ xCoeffioient 
•h®*e*« of 
* levelf-.-..... * ... ........

jwr *-ij» ^5~7#|\;£5-*rr, i
*1 Sum j65-70®p»,55~60V•i 3»“ ;<

April I 13-hourffr_Kjit-tw-
Su»
Mean

6*72
2.76
9*59

X
1
t
t
X
*

2.80
1.54
4.14

i
9
1
9
9
1

9.52
4*01
15.53
306

t
< 4.18 
i 1.97 
t 6.15
i
t

s
X
1
t
t
9

2.11
1.08
5.19

t
t 6.29 
t 3.05 
« 9.34 
x 2.34 
«

X
«
s
1
X
X

X
10.90 « 
4.64 x 
15.54 x 
5.69 x 

I

4.91
M l
7,33
1.83

x 1 
i 15.81 x 4.95 
t 7,06 i 1.77 
x 22*87 x ,
x t 2.86V*"

X
X
«
X
s
X

X
X
X
X

0.15 » 
*

17.54
t 1 « « t « 1 t IT X X

April 10 13-hour 10*91 1 5.10 « 16*01 * 6.60 * 3.16 * 8.78 1 16.61 x 8.38 x 84.79 t 6.20 X X
8-hour 4.97 » 2.46 1 7.45 j 2.82 t 1.84 t 4.66 t 7.79 * 4.50 * 12.09 « 5,02 X X
Sun 15*86 » 7.56 t 25.44 » 3.42 1 5.02 113.44 9 24.30 « 12,68 a 38.88 i * t X
Mean » » 5.86 t > i 3.36 t 6.08 t 3,15 • t 4,61 > 0.20 x 13,48

9 I t X X X i: ’/j&.v!.’ X t 9
X 1 t X t X x V  - *1 » 9 9

April 26 IS—hour 19.87 t 12.03 » 51.90 I 8*04 X 5.86 *13.90 X 27.91 x 17,89 * 4S.80 ,11.48 t X X
S-hour 10.44 f 7.26 « 17.70 « 4.71 1 5.43 * 8.14 X 15.15 » 10.89 « 88,84 > 6.4* * X
Sum 30.31 t 19.29 9 49.60 l 12.75 X 9.29 *22.04 1 43.06 i m m • 71.64 x X t
Wmm i t 12.40 t X « 5.60 X 10.77 x 7.15 x r * 8.96 9 0.49 x 12.28

t 9 > X * t . i x
» t t 3 X X X * t 9 X

m y 5 16-hour 33.49 * 25*50 t 58*79 i 12.95 « 13.44 *26.43 1 46.48 s 38.74 X 85.22 t21,31 X t
8-hour 1B.42 i 14.48 i 32.90 x 7.75 X 7.72 xlS.47 * 26.17 « 22.20 X 48.57 «12.09 X X
Sura 51.91 * 39.76 X 91.69 x 20.74 3 21.16 *41.90 * 72.65 « 60.94 >133.59 x X 9
INft X X 22.52 i < *10.48 X 18,16 x 15.24 • >16.70 X 0,69 x 9.16

* t x « t X X J t______ S— a, X X



Table £xp?r laent ?, Greenhouse. Humber of node* of cauliflower plant* at successive data* of harvest for the
different factorial combination* In the nitrogen nutrition (2) x photoperiod (2) x temperature
experiment, (sand culture in the greenhouse, planted February 17, 1951)*
t

Date of iPhoto- 
harvest tperiod 

t

* Sutrition and temperature v « t i
Sum s Sum t Sum 

35-70°F.,55-e0°r. hotel

t
' Jtean t
*

US.D.
6*
level

•Coefficient
of

variability
r _ 112 -ir‘ I
i
»S6—?Q°P«

V  . II56-60°F., Sum 65-70°F. l55-60°F.s Sum
“l
<

i
ĥr* 19, 'Slilg-hots* 

t S-hcror 
s Sum 
« Mean 
*

t
*
i
t
t
i

9.1
8.5
17.6

t
I 7.8 
t 7.8 
t 15.6
t
*

16.9
18.5
33.2
8.3

9.1
8.5
17.4

t
» 7*6
* 7.6
* 15.2
t

t
t
t
t
*
1

16.7
15.9
32.6
8.2

t
t
t
t
«
i

13.2
16.6
55.0
8.8

t
»
i
t
t
t

15.4
15.4
30.8
7.7

>
t 33.6
* 52.2 
c 65.8
* 
t

I
t 8.4
t 8.1 
*
t 8.2 
*

0.2 6.59
> t t I * i t t ■-

Apr* 1, *51 *16-hour * 14.2 * 11.2 25.5 14.4 * 11.1 I 25.5 t 28.7 t 22.2 t 51.0 *12.8
i 8-hour s 12.8 t 11.1 23.9 12.3 * 11.0 t 24.3 i 26.1 t 22.1 i 46.2 *12.1
« Sum « 27.1 * 22.3 49.4 27.7 t 22.1 * 49.6 t 54.8 i 44.4 t 99.2 • i. ■ ‘''
* Mean i t 12.4 i 1 12.5 t 13.7 t 11.1 t *12.4 0.5 7.74
t t * * * « t I J-t i « t s t s . t *

Apr* 10, *51*16-hour « 20.6 t 14.8 35.4 16.3 t 13.4 s 30.2 * 37.4 • 28.2 » 65.6 • 16.4
* 8-hour t 16.4 t 14.0 30.4 16.3 t 14 . 2 1 30.5 i 32.7 i 28.2 • 60.9 s 15. 2
t S\aa i 37.0 * 28.8 65.8 22.1 * 27.6 t 60.7 t 70.1 • 56.4 *126.5 t
* lisam ( s 16.5 s t 15.2 t 17.5 t 14.1 s *15.8 0*6 10.51
i i t t t t • * t
s t i * t t • s i

Apr* 28, *51*16-hour * 43.6 s <&5.9 72.4 25.5 * 23.6 i 49.1 i 69.0 * 52.5 *121.5 >50.4
t S-hour t 20.8 i 27.6 58.2 23.2 * 24.5 i 47.7 * 54.0 s 52.0 *106.0 >26.5
t Sum t 74.2 i 56.4 120.7 48.7 i 48.1 * 96.8 *123.0 • 104.5 *227.5 t
t lean i t 22.7 : * 24.2 « 30.8 • 28.1 t *28.4 1.9 14.74
* t t * * I i s t
t * * t I » * *

20, * 51 ilS-hour t 54.1 i 30.8 84.9 47.9 i 40.6 s 88.5 *102.0 t 71.4 >173.4 *43.4
« 8-hour * 54.8 « 40.6 95.4 c 40.6 * 42.5 « 34.1 * 95.4 t 84.1 *179.5 *44. 9
t S um *108*9 * 71.4 180.3 t 88.5 b 84.1 *172.6 •197.4 s 155.8 *352.9 t l>r

i M a i * 45.1 * t i 43.2 t 49.4 • 38.9 s *44.1 5.0 15.19
* s i * i s « t t t
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112 ppm N 16-HR PHOTOPEI

■8'HR PHOTOPER

10 20 30 40 50 60 70 80 90 *- NUMBER OF DAYS FROM PLANTING 10 20 30 40 50 60 70 80 90— NUMBER OF DAYS FROM PLANTING

225 5
200
175 °-(— <

IQO 150 <
125
100 <2
75

25

NUMBER OF DAYS FROM PLANTING

Figure 23* Experiment V, Figure 24* Experiment V# Green-
Greenhouse* Growth curves house. Growth curves (fresh 
(fresh weight) rats of initia- weight) rate of initiation of 
tion of nodes and isean number nodes and mean number of nodes 
of nodes initiated before in- initiated before initiation of 
itiation of inflorescence pri- inflorescence priaordie in the 
mordia in the cauliflower cauliflower r rdity The Forbes
variety The Forbes under two under 18-hour photoperiod and 
levels of nitrogen nutrition* 8-hour photoperiod*
(Seed planted 2/17/51). (Seed planted 2/17/51).

16-HR. PHOTOPER.

PHOTOPER

PHOTOPEI

> - 8 - H R
PHOTOPEI

225 <
—I200*
LlJ175Cf t150 < cr125 °f-ioo iLlJ75 55 x

5° £
U.25 k

X  _J
D C L  100

75

-̂5 25
40 50

10 20— NUMBER OF DAYS FROM PLANTING

60
50

o cr 40
Ldcr o. 

lu i n  
CO c/>2 Ldio 20

65-70° F-
55-60°F

NUMBER OF DAYS FROM PLANTING

20

NUMBER OF DAYS FROM PLANTING

16-HR PHOTOPERIOD

^ — 8 -H R .PHOTOPERIOD
NUMBER OF DAYS FROM PLANTING

3̂20
65-70 °F.z 10 55-60° F

NUMBER OF DAYS FROM PLANTING

225 <
200
175

o CL 10.0 150 <
65-70' 100 S265-70° F2.5 75

50 uj>5-60 25

NUMBER OF DAYS FROM PLANTING

Figure 25. Experiment V, Green­
house. Growth curves (fresh 
w© ight) rate of initiation of 
nodes and mean number of nodes 
initiated before initiation of 
inflorescence primordia in the 
cauliflower variety The Forbes 
under 65—70° and 55—€0°F. night
temperature*
(Seed planted 2/17/51).

Figure 28. Experiment V, Green** 
house* Growth curves (length 
of stem) for the nitrogen 
nutrition, photo period sad 
temperature experiments*
(Seed planted 2/17/51)*



Figor® 37. Sxp̂ rliaent ?* Greenhonee.
Bepreeenfcat ive fro© nitrogen x tenporature x 
photoperled experiment, with caulifloeer variety 
The Ibrbes planted 2/17/51*
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S 8 . 7, Oreoahou*#.
B*pm«atatlT« f»©» nitrogen x t$aiper&tture z 
photop^riod MRwrlimt with Millflomir wa.ri«t̂  

Jbybe# planted 2/17/81, picture t&kaa 5/19/81.
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LONG  DAY I 
t,5-10'F.
II2 r n m  N.

S H O R T 0̂y| 
bS “70 * F.
112 n r m N.|

S H O R T  D A Y  
55-bO'F.
II2 nnm N.

S H O R T  DAY 
b 5-10 °F. 1 
10 nrrr, N.

L O N G  D A Y I S H O R T  D A Y  
5 S - b O 0 F. I 5 5 - b 0  * F. 
10 ppm A/- | 10 ppm N.

Flgay® 29. Ifaroeriaeat T, Greenhouse. length of
stem of plants from nitrogen x phetoBeriod 
x temperature expsriaoat* with o&uliflower 
▼orlet^ The Ibrbee planted 2/17/81.
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Iniredactioa

Hi# importance of temperature for proastuure heading ia cauliflower 
was dearly demonstrated la Section V where night tesperaturas were oo»» 
trolled by thermo elate while the day tcNperatares were meumally controlled 
and varied considurably with the outside weather conditions. This* plut 
the limited rmg,® o f available temperature levels, exeluded the possl* 
bility of finding the quantitative relationship- of temperature to growth 
and development la omuliflower by studios in the greenhouse* Such inforaa- 
tion m» desirable and a study was undertaken la controlled eaviroaaasat* 
in cabinets under artificial light ©f sufficiently high intensity and of 
tim rl^ht quality to gire normal rates of growth and derelopae&t«

Beview of literature

increased t̂ njTeratnree (55-450*F.) were reported ia Section f to 
increase the number of nodes initiated before initiation of the tsw 
flereseciiee oriaordia in cauliflower. Only one reference to temperature
in relation to cauliflower production has beta found. Wood sad Wasats 
(6$) studied cauliflower product ion ia the tropics and reported that 
the smximni temperatures for the month® of October through April 
ranged from 33.1 to 87.0 •?., while the mean mimtmm temperatures for 
the seme mouths ranged from 66.3* to 71# 7* F. Only cauliflower varieties
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fror India headed under these environmental conditions*
Miller (39A) reported a study of seed stalk development in cabbage* 

Cabbage plants were kept in the vegetative stage for two years by ex­
posing the plants to 60-70 P. temperature in the greenhouse* The hm&s 
split, formed new leaves and headed repeatedly for eight times in suecession 
during those two years* Plants exposed to 50-60 F. temperature in the green­
house initiated inflorescences after several, months* Tfy® initiation was 
greatly accelerated by 60 days exposure to cold storage.

Bremer (6, 7 and B) studied the growth and development of radish, 
carrot and lettuce under controlled temperatures in hotbeds. Samplings 
war© made at successive dates of harvest and rates of growth were illus­
trated graphically. Ha found that the day-neutral head lettuce variety 
Tom Thumb did not head at constant temperatures above 18°C, nor did it 
head if the mean daily temperature exceeded 18°C*

Gergory and Purvis (18, 19, 20) studied the effects of vernalisation 
on leaf number in rye and found that all rye varieties developed 7 leaves 
before initiation of infloresenc© primordia. The following 18 nodes 
were indeterminate and could develop either leaves or bracts, with priaor- 
dia of apkielets, depending on the environment. All of these 18 node® 
developed leaves in unvemalised winter rye, while completely vernalised 
winter rye developed only 7 leaves and appeared like spring rye* Winter 
rye was completely vernalised after 14 weeks exposure to cold treatment*
Eye could be partly vernalised by photoperiodism and leaf number could b® 
reduced to 16 by photoperiodic vernalisation*

Response of onions in bulbing, initiation of inflorescence and to seed 
stalk development as a result of nitrogen nutrition, photoperiod and 
temperature, has b#«n reported by several authors* Allard and Gamer (1)
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eases the plants are converted over from the reproductive to the vegeta 
tive phase* High temperature os the other hand prevents initiation of the 
inflorescence prlnaordia#

Materials and Methods

Description of the controlled environment room* The controlled 
environment studies were carried out in a cold storage roc© at the Univ­
ersity of Haryland, Department of Horticulture* The aise of the cold 
storage room was 6* x 12^ • The room was equipped with refrigeration 
machinery of high capacity* four growth chambers with glass Lops were 
constructed# A panel of lamps imaging from the ceiling and extending 
beyond the cabinets provided artificial light* This panel (Figure 1} 
m& provided by the Division of Photoperiod at the U*3*D*A*, 'Plant 
industry Station, BeltsvUls, Maryland* It consisted of 18 General 
.Electric 96,f Standard Cool Irfhito Slimline fluorescent tubes (formerly 
called 4500 rfhite) 'with the 2” lampholders spaaed as close as possible*
On both sides of the fluorescent tubes there was on® row of seven 100- 
watt inside-frosted incandeseant-f ila&snt lamps* The nine 220-volt 
ballasts were placed on a frasPoutside the cold storage room. One row 
of incandescent lamps was connected to each of the hot lines of the 220- 
volt fluorescent circuit so that the entire light panel was balanced*
A 220-volt time switch was included in the circuit* The switch turned 
the light on and off automatically as desired*

The cabinet© were made of '1/2* plywood, and displayed the following 
features (Figure I)*

(1) Four growth chambers with inside msasureQonts 
19x41x29 inches, and with a glass top.
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(3) f a i t ®  floors error m air hmtdng m i dietribut ion 

chanter, ins id® mmmmmmt® 19241x16 inches*
(3) rf«© 150»sett healing eleeeats placed &‘2#we adjust* 

able slits oror 8x8 inches a^mre cold air duels 
running trader the air distribution chambers*

(4) fans for air circulation in the ducts end cabinets.

(5) Bluetal thermostat* in the doors of tie cabinet®, 
which controlled the tesgper&ture through relay 
switches placed on the end deration of ths cabinets*

(6)?an glared earthenware crocks m described m Sect ion ?•
(?) Ooprmr-soast&atan thermocouple* for continuous record* 

inf of temeratares* 1'bs thermocouples- were tied to & 
sasll stake is three of the crocks of each growth 

chamber and 3coated at a level Just over the top of 
the plants* fhey were rotated systematically within
the cabinets with the plants*

(S) fh© distance from the 11#-1 panel to the glass tm
wm  eight inches* while the distance from the light
panel to the top of the crocks was 39 inches* 

the temperatures of - Series 1 were measured with a potentiometer 
and copper-coneteatan thermocouples using melting ice as reference*
'/he tes^erature* of Series II were continually recorded ty 
Minneapolis Soaeymell* 3m m Instrument Mvi^ion, cotttineous i«^ratur© 
recorder using irsn»con«teaten thermocouples* ifh© temperatures shew a 
elidfet dosnw&rd trend in the Series III experiments* It is possible that 
this represents & bias which entered the erTJsrimeats by the eishamstlon of 
the hattersr of the temperature recorder*
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100 WATT INCADESCENT BULBS- G.E. 9 6 “ STANDARD COOL WHITE BULBS

© © ® m

® ©
LIGHT PANEL

GLASS
TOP

l CLAY POTS

ADJUSTABLE
SLIT

\ F-p
■ AIR DUCT -

!
hfiHi i H fj 0 .

3• •| i
I --- 1

; 1
L..I- 1 i

-THERMOSTAT 

 B

SECTION A-A
y

SECTION C -C

11 11 !! 1111
4 2 “ 6 “ 19.5" 19.5“ 19.5“

J 5 0  WATT HEATING 
E LEM EN TS20“ . 6“

|  RELAY
ij SWITCHES 

C

o  o

o  o
• a  o — FAN

^  SECTION B-B
THERMOSTAT

END ELEVATION 2 3 4  5 6

S C A L E

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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Teats of the cabinets♦ The intensity and the quality distribution 

of the light in the temperature controlled cabinets are shown in Table 1.

The light intensity was measured with a Weston light meter which gives 

the intensity of ths light in fcot-candlee• Berthwick and Parker̂ ' .:ound 

that excellent growth could be obtained with General Electric 96tt Standard 

Cool White Slimline fluorescent light (formerly called 4500 White) if 

IQS incandescent light was added. It is apparent that the intensity and 

quality distribution of the light was not 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.

Seeping the temperatures constant during the photoperiod and the 

dark cycle proved to be extremely difficult and was not fully accomplished. 
The difficulties were caused by the more than four kilowatt3 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 

of the photoperiod was higher than the dark period for the 45°P. cabinet® 
while the temperature of the dark period exceeded the light period in the 

75 F. cabinet. Best control was obtained in the 55° and 85°F. cabinets.
Design and general description of experiments. All three series of 

experiments in the cabinets were carried on in sand culture using the same 

glazed earthenware crocks and the same method of planting as described 
elsewhere.^

-̂Personal cojamwication. 

^Section 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 *

45°F* cabinet * 6S°p, cabinet 78°F« cabinet 55° f * cabinet

Incandescent t 
Infloreseent t 
Incandescent ♦ inflorescent*

140
1190
1310

145 
1200 
1330

136
1120
1260

i 150
t 1*60
s 1410

158
1290
1470

158
1*50
1410

160
1300
1420

159
1340
1490

152
1300
1430

134
1160
1310

147
1*10
1390

156
1200
1580

Incandescent t 
Inf loro scent t 
Incandescent + Infl ores cent*

133
1290
1400

132
1310
1420

1*8
1230
1350

i 139 
i 1380 
i 1510

142
1420
1580

14*
1380
1510

145
1420
1580

143
1480
1610

140
14*0
1560

131
1*90
1420

136
1370
1520

137
1340
1490

Incandescent » 
Inf lores cent » 
Incandescent ♦ inf 1 orescenti

145
1170
1300

143
1180
1310

138
1100
1250

I 143
I 1210
« 1350

147
1200
1350

148
m o
1350

151
1280
1410

145
1*60
1400

145
1360 
1410

132
1120
1280

142
1180
1310

141
1190
1320

Incandescent, mean t 
Inf lores cent, seen t 
Inoand. 4 inf lores*, meaa i 
Per cent incandescent t

136
1199
1335
10*2

147
1239
1438
10.2

149
1340
1477
10*0 ,

139
1*29
1380
10*1
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Mil® 2m item te^peraturee for the photcpertod, the dark period end for 
the 24Uhcmr cycle said the respective standard deviation of the

for the three series of er^erlneete in the controlled 
envlrommte is the caMaets.

Series 6 s ?hotaperiod 1 Iterk period
ee
8 Photonerled 4 dark period

eeblaete 5Meaft V• i s$ t; # y*• * S® 8JBeaft. *JV. t
Series X* 18-hr* 'photoperiod, S*hr. d&xfc period*1 8
m  f . l * * 8 1 8
cabinet s 74.2 i 40.43 s 74.7 84 0.57 8 74.4 • 4 0.51
m t . s * *** m e e 8~ 4* s
cabinet % 65.1 *4 0.46 s 65.2 %  °*m 8 65.1 1 4 0.42

5m w. I 1 $ j — «* 8
cabinet : 55.4 5& 0.35 i 54.7 8+ 0.40 8 55.2 8 t  0.38
4m fm i f i 8*** *e S
cabinet « 49.7 84 0.54 s 46.0 f+ 0.S6 8 48.5 «e 1  0.70

: s"* s 8 1 2
Series XX* 16-.hr* photoe«y&od# 8~hr. dark jjerlod «
$ * # . i * I 8 : ?
cabinet i 75. S S4 0.36 ? 78.0 *4 0*^3 8 76.5 s 4 0.34
m  f . s 5*** S •e 8 *4
cabinet i 69*9 H  0.12 8 69.8 *4 0.36 J 69. § ? 4 0.19
&m p. ; t 8 8~ 8 i

cabinet % 56. S 84* 0.33 8 66.7 *4 0.2S 8 «* 56.8 2 4̂  0.34
4i* ». : 8 8 8 1 8
oaMnet l 51.3 84* 0.17 8 46.3 ?4 0.06 t 49.6 1 1  0 .-4

t 8** I e• 8 i
Serlet I I I . 13-.hr• phototmrloa, &-hr. dark aeriod

1
tm f. i 8 X •e I ••

cabinet s 69.6 *4 0.41 8 73.1 84 0.36 X 71.4 •* t  0.3S
« * ? . I 8** 8 I 2
e&Maet : 67.X 8*4- 0.15 8 69.5 84 0*22 8 68*3 i 1  0-30
se«»F. i 8~ 8 j - : ♦♦
cabinet ? 55.2 8+ 0.30 8 56.0 84 0.19 f 56.2 t 4 0 .3 )
41* F. #• 8*" f 8 •4 t
cabinet i 48.9 l£ 0.16 8 41.4 *£ 0.13 e• 45.2 t 1  0.16: 8*" t i t 2
•Grada&l hreafcdoeft of the refrigeration occurred la this asperiosnt. Tm 
teerperature EHHLnuresiont include# the period up to this breaftdesa only*



90

Series 1 included one variable only* namely, the four temperature 
levels® Seed of the variety Snowball M was planted in the crocks in the 
greenhouse at the U.S.D.A., Plant Industry Station, Beltsville, Maryland 
on February 17, 1951 • The geminated plants were thinned out to 8 plants 
to the crock and gsovad into the cabinets on March 6* They were ©sposed 
to a 16-hour photoperiod and an 6-hour dark period. Gradual breakdown 
of the refrigeration system started about the first of April, this im­
paired the result© of the experiment.

The nutrient solution used was solution 1 of the nutrition experi­
ments reported ©Isewhere.3* Huirieni deficiency symptoms which appeared 
in the later stages of growth in the greenhouse experiments were ax- 
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 m m  

omitted.
Series 11 included three levels of potassium nutrition and three 

levels 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 
©alt. An increase in the potassium, concentration to 160 p.p.m. cured the 
deficiency symptoms, while the magnesium did not have any effect. The 
data for the superimposed nutrition experiment were not given sine® they were

^S©@ Section ?•
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Inflorescence primerAia to the mean number of nodes initiated before initio 
ii©» ©f the Imfloreseeace in the various cabin#ts.

B*e growth curve® ( f re s h  flight) were drawn throng point# o f  mean 
yield at the successive date# of hr rveet in the rs«pootiir® cabinet®.

Results

5#riot I, cabinet®. Increased rate of initiation of nodes with in* 

creased tea^eraturo up to 65.1*1% ms 6eacmf.treted ia ih© controlled #a» 
vironaent studio®. A further increase in rnt# of initiation with a mis# 
in tesgjemtur# t# 74.# F. «#s found during the early phases of **roih hut 
were later surpassed by the plants exited to 65.1* F* (faMi S* Figure 3).

Inflorescence prinordla were not initiated in the plants exposed to 
74.# F. at the time of termination of the experiment, although the ae®a 
nmb^r of nodes initiated exceeded those of the other treetmoats* (fable 
3* Figure 2). Initiation of the inflorescence prinordiu in the plant® 
exposed to 65.1* # 85.3* end 48.0^?. occurred after 42* 46 and. 63 daye 
when t.h# mean nu»bar of node# were 6t.4 » 46.4 and 37.7 respectively.

6re&t increases In fresh *>?©ight were fohad «lth increases is leap.* 
exuturee up to 65.1* 1% while the fresh weight growth carves for 74.#
-lid 6o#>F. crossed, around 40 days after start of temperature treat wit. 
Represent#tire plants fro© the four temperature treaimsnte at three &&tee 
of harvest ^re shewn in figure 4.

Ah# results of sort#® I am not indicative of the quantitative 
effect® of temposntttre since a gradual breakdown of the refrigeration 
system started late in April.

Serins IX. cabinets. Ah© effect* of the toaperatores on initiation 
of node® in the second ssrlee of beeper®tore experiments wire increased.
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75 °F. b5 °F.
April 5. 1151

55'F. 4 S'F.

4. Series I Beprooent&tlro plants from con­
trolled environment studios in o&biaots. Upper 
series were harvested 'ferdh. 12* middle series t-fcrch ,23 
and loiser m ri@§ April 5. Plants labeled A war® raised 
in 74.#?, B in 65.1*?., 0 in 55.3* and 2 in 48.0* F. 
cabinets.



m t* up to 69.9*F., while tho rata of initiation in plants exposed to 
76.# T. m s  surpassed during later phases of growth by the plant® gives 
89.9*?. (fable 4, Figure 6). Initiation of the Inflorescence did not 
taht place la the plants exnosed to 76.9* F., althcndh the seas m*s&ty 
of nodes per plant at the tin* of tonation of the ©scperisieat mn as 
high as 67.3. Initiation occurred in the 69.9*, 58.8* and 49.8*?. 
cabinets after 41» §3 and 87 days whan their seas number of nodes m m  

40.4, 23.4 and 30.1 respect tvely.
Increase® in fresh m i& it were one unieyed up to 69.9* F.* while a 

further increase In. the teoper&tnre rather decreased than increased the 
yield (fable 4. Figure 6).

Series 111 cabinet®. Bates of initiation for comparable temp#r&tsrci 
were lower in the series 111 ezpeiesAt than in the former. this say be the 
result of shortening the ptetoperlod fro® 16-h©ur t© 13-hour* shieh re­
duced the light energy available for photosynthesis by 1/4. the general 
trend in rate of Initiation of nodes for the different constant teag»em* 
ture level® was slallar in series II sad 111* with rate of initiation at 
the two upper temperature levels crossing in both series (fable 5* figure 7).

fhm highest tellers*ture of this series m s  decreased to 71.# f. and 
differentiation ©f the Inflorescence occurred at this temperature, fh# 
muster of days until initiation of the inflorescence in the 71.# * 68.3* 
and 56.def, cabinets m m 67* 53 and 66 days when the plants ted initiated 
48.5* 46.2 and 36.3 nodes respectively, fXante of the 46«a»?. treatment 
did m% reach the stage of Initiation ©f the Inflorescence before termina­
tion of the @:sperte«at.

Sates of Initiation at the alternative day and ni^it temperature® m m  

Intermediate between the two constant temperatures and differentiation of



II C&bir̂ ets* Fare all end nujstbex* of nodes in it iated In
ĉ .u>liĴ Xowe*,, plants under fotaur diFferen t t ©ape ratmree la cont mllsd 
c o r  .-<5.1 tSons in cabinets a l  guccsst?lve dntds of* hanrsst, ( s a n d  culture, 
planted tegr 3* 1951.

Bate o f  
h ^ rre e t

"T-----------------------
bnaJhbear o f  nod«i T  — “““FI*eels* wey & * . p«jp .................X
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49. 6 2. F. Ge.b In s t " 5 1 1 1 
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e
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JTtLly 15* • ©1 X 30 *13.6 20. 230 •♦ O . 4 ee 6.59 S 3.66 3 0.21 «* 0.44 *• 34.69
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til® inflorescence primordia occurred At dates intermediate tetysa the 
??*4P end {Thole 5, Figure ?). '2b© alternating temp®rature treat-
aists started four d$y# aft#*' th« plants were moved into the cabinets 
and the exchange ©f plants was omitted 5 times daring the duration of 
the experiment* These curves therfora, h© viewed with reserve! ions.

Growth rates mum also coaal&srably slower ia series IX than ia the 
former two series. The highest rates of growth wore encouaiered with 

plants exposed t© alternating teŝ >©natures 69.6? day and 55.3*F* night*
The reverse situation result ©A in considerably lesf? growth (fable S,
Figure ?).

Discussion

Xfcuabor of nodes initiated proved to he a useful m&mremmt for the 
study of development in cauliflower as it was for Gregory and Purvis 
(IB, 19, 3D) in their study of the development of rye. A lower limit ©f 

7 leaves was demonstrated V  rye in their studies* Heath and Mother (3?) 

found that a lower limit of leaves plus scales appeared to he essential 

before different let ion of the inflorescence could take place la onion 
sets. Initiation of 30 nodes had to he completed before differentiation 

of the inflorescence prtmordiua could occur in the cauliflower variety 
The Forbes. However, it is likely that other varieties of cauliflower 

display different lower limits since m  early variety fro® India headed 

with only ? nodes, while varieties later than Hi# Forbes m y  thow hi$$ier 
node limits.

The rnariimm temperature at which Initiation took place In these 

eaperlmente mi 71«#F* while the minima temperature where differentiation 
did net occur was 70*8* r. Hie upper limit for initi tion of the inflores­
cence la the cauliflower variety Hi® Forbes mast be between those two
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temperatures* This mximsm appears to be below the mean temperatures 
for the tropics reported by Mood and' James (62)* Tot the cauliflower 

varieties from Sutton and Son, Calcutta, India, headed under tropical 
conditions* Two explanation® for this f&ena&nnen are possible# (1) 

Cauliflower varieties display differences in upper temperature maxima 
at which initiation may occur# (2) Cauliflower varieties display differ­

ences in degree-hours below certain siaxima at which Initiation may occur* 
It is likely that both these explanations have to be considered in think­
ing of the entire cauliflower population (summer and winter cauliflowers)# 

The cauliflower is variously listed as biennial or annual by the 
different authors# Both seem to be right considering all cauliflowers*
The early varieties from India are amiuals, while the latest varieties of 
winter cauliflower are biennials# All other varieties of cauliflower dis­
play different degrees of biennial habit.

it ia interesting that both the maximum temperature for initiation 
of inflorescence and the temperature at which the lower limit of nodes are 
encountered occur within the range commonly encountered under field con­
ditions. An explanation for the more frequent occurence of buttoning in 
the spring crop is suggested# The low temperatures encountered in the 
spring may make the plants differentiate inflorescence prematurely and 
warn 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 plants ar@ raised and transplanted to the field 
under warm weather conditions* They stunt and do not grow very well, but 
neither does initiation of the inflorescence take place because the temp­
erature is too high. Bain and cooler temperatures are usually associated 
in the fall# The plants initiate the inflorescence and the development 
of the curd takes place under ideal conditions for cauliflower
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production*

Cauliflower seed production la many places is limited lw«s# of the 
short season* Jbr this reason* the plants are ©own the previous fall* 
wintered over ia greenhouses and transplanted to the fields where the 
selections are mads* 'fhis means that the cauliflower plants raised for 
seed production are exp©sod to low ieĵ mrn.tures daring the entire winter* 
iudh is not oomaonly the eass with Wallflower raised for the sa&jket*
Select ion for seed production is, therefore* made under other conditions 
than these usually given the plants by the track fajnsera* Ihese environ* 
non tel differences m y  not ho serious, sines excellent cauliflower teed 
Isaa been produesd ia the past, but breeders of eeullflower nay find 
guldsaee la this study of the effects of tesgserriinrt on growth and develop* 
mmt of esullflower*

alternative day and night te^peretures se©» to influence development 
in a different manor than they influence growth. Bms rate of initiation 
and aeon number of nodes initiated before differentiation of the inflores­
cence aeon to h# the same for the same mean temperature whether It is con* 
stant or ait emoting during the 34khour cycle* while the increase In fresh 
weight is much larger for the same mean temperature If the day temperature 
1$ high and the night temperature is low. Be finite proof for this state* 
saont I# lacking at the moment* Bremer (?) found 'that heading or m  heed* 
lag in t>o lettuce variety Tom fttaufe was datemiaed by the mom tesg>#nature* 
pother a3 ©mating or constant, he did not get head formation if the smm 

temperature was above 18*0*
Considerable work has to bo done before the effects of temperature on 

growth and development in cauliflower are fully kmotaa. To shorten the tins 
until initiation of the Inflorescence is of considerable interest for eauli-
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wer© co-inter&oied V  the rate of initiation* Xhe decrease ia
no da umber helow SO*?* was aere than ooanterected hf the decreased mis 
of initiation to that a delay la initiation of the inflorescence occurred.

ffe« increase la rate of initiation mm associated with increased rat# 
of growth* Overall increase in rat® of initiation and fresh weight m&mm* 

lotion ©eeu*r#d mw t© ?(PW, m &  this tmpemtwm ###»« to h# the optiaaa 
tea^tratar© mi#r the conditions of these #3cperi*e»ti. Mowmrot* it is sex* 
safe to reeonns&A a® the most suitable tesqser&tar* for amllfiower
predoct ion.

Mete of iaiti&i Ion ©f nodes seesuat© he ih# saae for the sius* naan 

temperatures whether the temperature m s  constant or alternating daring 
the 24-hmxr cycle* while fresh wei#t acoasniatlon mn greatly aoem 11 ©rated 
fcy alternating high day testoeraturee and low night tasworatures.

fiie renalte of those* es^erisente are compared to reenlts of eauli- 
flower o rp erirm t* froa the tropics* the ianltc-- ti out for breeding of 
cauliflower aredAse'-'ssed and problems for fature r®scarab pointed cat*
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A STOTT OF MGBFHQLO01 GAL B I F P O T a iC lS  AMI) T H U S  BELA? XOH

to Tim.D A m  m w A  ** <* in wkah GMtLinorm

I n t r c d & o t  l o a

Pew, if any, cultivated plant* show m many m o r p h o l o g i c a l  d i f f e r *

©sc@® as the specie* Brasslea oI©races* Only a very few of the*® 
differences fear© been assigned to specific gene*. lost of the differ­
ences appear to he quantitatively Inherited or the effect of genes plus 
modifiers* It is of considerable importance to find and to measure such 
differences and to correlate the® in order to insure progress la the 
desirable direction* This paper concern® measurable differences in 
morphological characteristics among varieties of cauliflower and the 
relationship of thes® characteristic* to ©arllnes® and yield*

Beview of literature

Chiefly, two characteristics see® t© have been involved in the 
classification of cauliflower varieties. On® of these w a s  o h y s i o  l o g i c a l ,  

aaistly, earliness, t h e  other was on® of the .morphological character!sties, 
density of the heads* The latter seems to be t h e  older characteristic 
for classification* Thus BeOaadoil© (16) said that the French gardener® 
raised "L* Bur* (the hard), *1® lessi Bur* (the semi-hard) and **X*e Tendre* 
(the s o f t  or tender) which was the most upright in growth. D s C s n d o l l e  

stated further that these subvarieties founded on different degrees of 
firmness of the *footstalks,* were far from offering a constant character-



istle, and seemed nrinelp&lly to depend on the nature of the ground, and 

the influence of the climate. 81Ison (40) mentioned in his description 

of the cauliflower, that excellent varieties had short orinary branches 

which gave the curds a wiy dense appearance when cut longitudinally,
Krais (30) measured the density of the curd by dividing the weight of 
the heads into depth times width, and recorded the results as an index 
of density.

Land and Kies rsehou (35) classified the varieties on the basis of 

esrliness, named the classes after the best known variety in each class, 
and used morphological characteristics for the description of the classes, 

they divided the population of flowering kale into four group®, namely

(1) £rfurter groan, (2 ) Ismrmmd group, (3) winter cauliflower group or 
heading broccoli group, md (4) Senuin© broccoli. The following mo mb© lo­

gical characteristics were used in their description! length of ©ten, 

color of leaves, development of flower bud® on curd, sessile versus 

petiolmte leaves, end incisions in the leaves.
Bremer (5) reported a survey of the cauliflower population by ob­

servation trials, and he classified the cauliflower varieties into four 

main groups with subdivisions. Habit of growth, color of leaves, marlines® 
and other cultural indexes were used as classification characteristics.

He, like hand et al (35), named the classes after kno^a varieties*
ilordisk Jordbrogaforskeres form ing (Society of northern agricultural 

scientists) took up th® question of standardisation of classification md 

the uee of approved reference varieties in their variety testing* Laaprecht 
(34) proposed four groups of cauliflower based entirely on e&rllnees* 
fhe two latest maturing of lamprecht13 groups were practically eliminated 
from th® seed trade by the further development of the cauliflower industry
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in the Scandinavian countries. I&rly and late varieties of the Erfarter 
group are th© only ones used today, and these varieties are classified 
In a very ©met order of saturation with reference to a standard. A new 
method for calculating surliness was introduced hy La mo rechi <33). It 
has been modified by Lama ©i al (31) who also described the method in 
English.

Th® Swedish experiment stations <32) used an organoleptic scoring 
system for several morphological characters like density, smoothness of 
the curd, ricy heads and so forth, their organoleptic ratings were used 
to eliminate varieties with undesirable characters, ihe Banish vegetable 
trials (24) also used an organoleptic scoring system, and their ratings 
were incorporated with the yield and fuality grading data into a common 
index upon which the recommendation or rejection of varieties were based.

The diversified climate in U.S.A. calls for a greater range in v&ris*
ties of cauliflower than is used in northern Europe. 11ms the winter
cauliflowers, or the heading broccoli®, are of great importance in the 
southeastern and southwestern Waited States. Thompson (5?) divided th® 
cauliflowers into two main groups* (1) Th© early to midseason varieties 
(true cauliflowers). (2) The late varieties including all Pacific Coast 
strains plus St. Valent in© and fh.it® Cap. Such a distinction is also 
made in England by the Minlstiy Agriculture and Fisheries (21) and by 
Oldham (41) in his late book ' * 3r&«siea Crops m d  Allied Cruciferous 
Crops.* He also arranged the varieties according to the month of harvest 
and gave th© respective totes of planting in another column. Ferry Morse 
(1?) has named many of their strains of winter cauliflower after the
month of harvest of the particular variety. This was also tone in Italy
as reported by Great Britain, Ministry of Agriculture and Fisheries (22).
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fit© development of cauliflower production la th© tropics called for 
special varieties that would head under conditions of high fcesmer&ture. 
Steoh varieties have been developed by Sutton ©ad Son Ltd., Calcutta,
India, sad the varieties have been tried in experiments lay Pml (46),
Jo dr igo (80), and $ood ©t si (62). they have also be ©a tried in th®

U.S.A., hat found v̂ orthless since they all headed prematurely under 
conditions of cooler temperature*

Only cauliflower varieties of th© early and late .Srfurtor or Snow- 
©all group, which arc commonly grown in th® U.S.A. and ia th© Scandinavian 
corn tries, worn included in this experiment. It would have m m  de­

sirable to include a greater rang© of varieties; however, this would 
have entailed a year round growing season. Idaho, where these experi­
ment® were conducted, does not offer such climatic conditions*

Materials and Methods

Hie experiment was conducted near Lewiston, Idaho daring th® 1946 

season. Lewiston is located at the confluence of the Clearwater sad 
%ske liivera at 46 40* I. latitude and 11? I. longitude. Tm altitude 

is about 1300 feet above sea level, fhe climatic conditions for that 
locality during th® 1948 spring season, (fable 1 ), war© m m  rainy and 

cooler than normal which favored the cauliflower crop, sad excellent 
yields war® obtained.

fha twenty-two varieties of cauliflower war® tested in comp let# 
randonised block design, with four replications. Hi© plot sis© was 

4 x 22 feet and consisted of 3 rows 12 inches apart, th® distance be­

tween th® plants in th© rows was 13 inch©®, the middle row in each 
plot was sampled during th® period of leaf initiation and was removed 
early before crowding of the adjoining rows, the distance at tine of



fable 1. Temp era tare and rainfall records at th© Lewiston Airport for
194? and 1948 seasons and the 45-year average for Lewis ton,
X diilro •

May June July Aug. Sept.
Awerag© temperatures, degrees Fahrenheit

Lewiston airport 1948 55.8 68.4 68.8 68.8 63.5
Lewiston airport 194? 46.6 64.0 ?4.3 71.3 63.8
Lewiston City 45-year average 59.1 67.4 76.1 74.2 64.1

Average preelpitatien, inches

Lewiston airport 1948 4.80 1.18 3.05 0.15 0.49
Lewiston airport 1947 0.38 3.43 0.03 0.13 3.36
Lewiston City 45-year average 1.50 1.46 0.49 0.48 0.89

•Bata obtain©! from 0, 5. feather Bureau records* The weather station was 
mowed fro® the City of Lewiston to th© Lewiston Airport in 1946. The ex­
perimental field was located about 400 yards from the weather station.



h rvest was, therefor©, 18 x 24 inches which gar# SB plants per plot* 
Use seed was sown on ii&rch 2# in nursery beds in the field, sad 

th# seedling# were transplanted to the field on M y 15 to 20% Th® 
pleat® were very small at the tin# of transplanting and had no soil 
attached to th© roots. 5h@y were transplanted with a special dibble 
and not watered. Some difficulty m* encountered with cutworm# and 
some replanting was necessary. This was done during the first tea 
days after the original transplant lug*

1'be ©sperimental field had been used for snap beans th© previous 
season, sad a green manure crop of winter rye was som the previous 
fell. Two hundred pounds ©f ammonium sulfate per acre wee applied is 
th© spring previous to plowing.

Irrigation water was applied one© a week after th© rainy spring 
season was over. The field was not quite level, and block on# and 
two were flooded somewhat when irrigated. This affected the total 
growth appreciably but it did not seem to Influence th©. rat© of plant 
development. Leaf number mad earliness were th© sen® in all th® blocks 

Harvesting was don© twice a week after th© plants reached maturity 
They were considered mature when the heads had developed mximoa sis© 
without elongation of the flowering branches and spreading out of the 
head* The plants were cut at th# soil surface and analysed for the 
different characteristics. Svery plant wan handled individually. This 

limited the number of plants that could be examined in a day to about 
200.

The data recorded at harvest were* (a) total weight of plant,
(b) t o t a l  weight of leaves, (©) net w e ig h t  of head, (&) classification 
of the head according to U. 3. standards, (®) width and depth measure-



aents of the head* and (£) leaf counts and class if icat ion into tbs follow 
lag three classes: (l)misshg leaves counted by their abscission scars,
(2) elongated leaves, extending above th® card, and (3) short leaves, not 
extending above the curd. Figure Cl) shows cauliflower heads with the 
leaves removed to the first flower branch, ihe cotyledon leaves were not 
counted, 'but all th® leaves between the cotyledon leaves and the first 
leaf with an axillary flower branch were counted. These points may be 
detained precisely. However, some difficulty was encountered when 
fuaf̂  or insects had destroyed the abscission scars. The heads were 
cut just 'below the first inflorescence branch (Figure 2)5 hence the head 
weights war® net, as were also the yield figures calculated fro® the®, 
ibis method of handling th® heads was used in order to facilitate leaf 
counting and in order to eliminate errors in the trimming operation.

Th* experimental results were subjected to analysis of variance 
for reliability of interpretation. A variation of the method developed 
in Swede® by warns and Tometrop (31) was used fbr calculation of earlinees. 
According to their definition, biological earliness is expressed as the 
numberof days from planting to harvest of 1/4, 1/2 or 3/4 of the 
respective yields. Biological earlinees as used in this paper is th® 
number of days fro® transplanting to harvest of 1/4, 1/2 or 3/4 ©£ the 
total number of plants, respectively, the earlinees figures were cal­
culated by interpolation between harvesting dates. The formula for 
calculating th© volume of an oblate spheroid m described by lurrell 
sad fanselow (58) was us®d for calculating the volume of the heats.
Ilia average head weight divided by the average haad volume was recorded 
as tensity.



Figure 1* Cauliflower plant# with th# leeret #t ripped off 
up to where th# flret flower breach begin# •
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Hxperimentsl Besults

The yield figures of the twenty-two varieties or strains tested 
showed that the highest yielding variety Produced more then. tw2ce the 
yield of the lowest (fable 2). The figures are net yield sine®
all the leaves were removed and the stems cut just below the head. It 
was found that 30 to 50 per cent should be added to these figures if the 
yield data obtained are to be comparable to record® fro® other experi­
ments or to commercially harvested cauliflower where part of the leaves 
are included in the yield records.

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

The relationship of the different characteristics studied are interest­
ing (fable 4 )* The correlation coefficients were all significant at the 
1 per cent level, but some of them explained too little of the total 
variation to be of any great importance. However, the high correlation 
between yield of heads and leaf weight showed that leaf growth determines 
to a great extent the size of the crop which may be harvested. leaf 
number and earliness also showed a high correlation i.e. varieties with 
few &iya from planting to harvest had a small number of leaves.

Th© frequency distribution for leaf number per Plant (Table 5); and 
frequency curves for three varieties (figure 3); showed differences among 
varieties in range of variation. Class intervals of five were selected 
because of the 3/5 leaf arrangement in cauliflower. An examination of 
the data gave evidence that the heaviest yielding varieties had the high­
est frequency of number of leaves in class 51-55 leaves per plant Th#
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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 tf. S. 

1
:
:

0. S.
I A XI 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 ee 5.96 6.39
Impr.Holland Irfurter 4.77 •• 5.75 6.23
Snowball (1) 5.15 •e 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 ee 5.79 5.96
Begana 3.56 ee 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 ee 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 1.46 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 X 1.98 1.86
Mean 3.94 :

e6 4.85 5.51
Coefficient of 
rariabillty (per cent) 40.7 X

X 28.8 23.8
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Table 4. Coefficients of correlation and of determination for 
total yield, earliness of the plants harvested), 
weight of leaves and average number of leaves per plant.

Correlation of character® *
e«

2r r
Yield times weight of leaves ! 0.769 ♦ 0.877**
Yield times number of leaves s

•
0,208 4 0.457**

•

Yield times earliness 5
•

0.16$ 4 0.408**
•

Earliness times number of leaves *
•

0.803 * 0.896**
♦♦Significant at the 99 per cent level.



Fable 6. Frequency distribution of leaf number per plant
e of S• Mean $ 28 s 33 a r ef 43 X 48 X 53 e #514 £ 63 2 68 73 s

iarly Snowball 5 58.2 x z 1 s 3 e• 16 5 10 5 26 ee 10 5 13 ♦e 14 X 20 X 112
Snowball T 6158 563.2 : x : 3 x 11 s 26 5 32 ee 25 £ 8 ee 3 ee 5 X 113
Snowball (1) 562.9 ee x X 9 ee 18 5 24 5 23 e♦ 17 £ 8 ee 6 X 6 8 111Snowball X 5090 5 51.5 x 1 9 1 s 6 : 13 £ 32 £ 30 X 18 5 5 ee 4 X 2 ee 113Barly Snowball 247 £61.2 ee s 1 ee 9 s 17 £ 28 £ 27 X 15 £ 8 X 4 X 3 8 113Snowdrift 1-690 c 560.9 ee ee 5 : 16 s 18 £ 14 5 21 X 17 5 12 ee 3 X 5 8 llO
Snowball V 4086 560.8 e• s : 5 X 17 : 24 : 46 ee 16 £ 3 ee 1 : X 113
White Mountain 147/12*50*4 : 1 ee 2 ee 8 X 16 5 30 5 27 ee 17 £ 4 ee 3 8 2 X llO
Snowball D 1538 549.6 ee e• 3 7 X 23 5 30 s 36 X IO 5 2 X X 2 8 109
Imp* Holland Erfurters49.3 ee 1 ee 8 t IO eO' 23 £ 22 £ 22 X 12 £ 6 X 5 8 3 e.e 111
Forbes Bellance 547.6 : ee ae 13 X 25 5 33 5 22 •e 11 5 2 ee 1 ♦• 8 106
Dry Weather 245 545.8 #e ee IO s 39 X 34 5 8 5 13 e• 5 5 7 X 3 X 2 8 111
Super S&owball 1—91 545.1 x 6 1 14 e 28 X 27 £ 11 £ 5 X 5 5 6 X 3 8 6 8 H O
Cod&nia 542.4 x 1 ee 7 s 31 X 48 £ 19 s 4 •e 1 £ 1 X 8 X 113
Brfurter 541.6 : ee 13 3 39 *e 46 5 10 5 1 ee X X 2 X 1 8 113
Havana 541.5 e• x 14 3 35 ee 40 5 14 5 7 : 2 5 X X 8 113
Saflr 541.4 t ee 30 s 41 X 12 5 12 5 6 ee 9 5 2 X 1 8 X 113
lap. Super Snowball 539.8 : 6 x 36 : 38 X 24 5 6 5 9 ee 4 5 X 8 X 113
Super Snowball (2) 539.7 : 7 $ 37 3 33 X 17 5 6 5 6 ee 1 5 1 ee 2 1 3 8 113
Snowball A 2098 538.1 : 3 s 33 •e 45 X cD 5 5 5 1 X X X X ee 113
Super Snowball (3) 537.7 x 4 : 41 3 36 X 20 £ 7 5 3 X ee 1 *e X X 111
Who Forbes 537.5

t
:
x 3 t

e
31 :

i
56 s

1
17 £ 5 5 x x

ae
e

X
£

ee
1

2 Xs 1 Xs 113
SumaatIon 8 $ 31 5 273 5499 5g*06 5375 5368 5195 5 88 ee 55 8 60 53447X ee 1 3 X 8 X ee X X 8 X
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heaviest yielding of the early varieties had 41-45 leaves per plant, and 
th® earliest had 36-40 leaves per plant.

Discussion

Recommendations of varieties cannot be made with complete confidence 
since th© experiment was conducted for one season only* Th© efficiency 
of th© design ©ay also b© questioned, since th® coefficient of variability 
was 23.8 per cent for th® total yield data* This was due to partial flood­
ing of two blocks during irrigation, and should not b@ considered as a 
reason for change in design.

It is interesting to not© that the earliness and number of leaf data 
showed much less variability than the yield records. Thus ©arliness and 
number of loaves had a coefficient of variability of 3.9 and 3*3 per cent 
respectively. Lamm et al (32) have reported similar variability for 
©arliness in cauliflower. When they applied analysis of variance to a 
series of variety tests they also found that th® ranking of th© varieties 
would not be altered from year to year although th© Interaction of year 
times ©arliness was significant, because th© variance for varieties was 
significantly higher than the interaction variance. Thus it appears that 
on© can place considerable confidence in the ©arliness data, and small 
differences can be tested with relatively little effort.

Th© high correlation between ©arliness and number of leaves is 
interesting and hears out the relation of physiology to morphology. Leaf 

counting may prove to be an additional tool for further improvement of 
©arlinas© in cauliflower varieties. There is a limit to improvement in. 
this direction, however, sine© the varieties fro® India headed after



initiation of only seven nodes* and the plants were of the sis® of a 
small transplant only when the initiation of the inflorescence took 
place* There was not enough of the vegetative organs present to nurse 
a. curd to a marketable sis©. One has encountered cauliflower of market­
able sis© with only 20-25 leaves, but it would be hazardous to raise a 
cauliflower variety which normally headed with such a low number of 
leaves since the slightest retardation of the growth, at any tine during 
the season, would result in wbuttoniag.Ĥ  It is possible that the de­
velopment of an extraordinarily early variety with a small number of 
leaves might prove desirable for controlled conditions in greenhouses 
or coldfraaes.

Another positive correlation has to be taken into account if one 
desires high yield in cauliflower, namely, leaf and head weight. Leaf 
weight is again increased by a higher number of leaves, and a pronounced 
development of the leaves. A higher number of leaves give the plants 
longer time for establishment in th® field after transplanting and be­
fore initiation of th© curd takes place. This insures a more vigorous 
growth of the leaves*

Th® striking differences in density of the '-eads are an indication 
that there is more reason to consider it in & breeding program than is 
u ® t  ally done. Th© housewife prefers the dense heads, but the freezing 
an pickling industry m y  profit with th© less dense varieties which are 
more easily trimmed for processing. This guestion is left open for 
future research.

Unpublished observation trials.
P^Buttoning is a popular tews for the small and unmarketable 
cauliflowers encountered in the fields.
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The desirability* of the use of individual plant records for vege­
tables, where the entire plant is harvested, should be stressed* Fre­
quency curves can be plotted, standard deviation computed, and also 
coefficient of variability and these statistics will be characteristic 
of the varieties, not of the experimental technique as is the case when 
the statistics are computed from the plot yields* Such a procedure 
#111 mainly bo of value fo r plant breeders as a guide for knowing when 
a new variety is homogenous enough for release*

Nummary
The 22 varieties of suie&er cauliflower of the Irfurter or Snowball 

group tested could be divided into two groups which differed in four 
characteristics, namely, yield, earliness, amber of leaves, .and density 
of the heads*

The yield of the heads showed a high positive correlation with
weight of th© leaves, and the weight of the leaves mm@d to be associated 
with a higher number of leaves which by the additional time required for 
their initiation enabled the plants to become firmly established in the 
field before initiation of the Inflorescence*

Surliness and number of leaves also showed high positive correla­
tion* Thus th© varieties with the fewer days fro® transplanting to 
harve& had th© smallest number of loaves*

A lower density was associated with th© early varieties* Such 
varieties also .had longer interaodes on the main stem and the i&iage 
did not cover the heads a® well as Im later varieties*

Frequency tables for number of leaves per plant showed that the best 
varieties had the smallest range, and that the later varieties generally 
showed a -wider range than did the early varieties*
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Introduction

Frodueer® of cauliflower frequently sustain loss at in return® 'be­
cause of th® occurrence in their fields of snail unmarketable cauli­

flower heads popularly called rtbuttone.rt 1h# buttoned condition is 

no ft frequently encountered in th® spring crop of gummar cauliflower 
in the United States, while th© July-August season is the saost diffi­

cult season for cauliflower production in northern Karop@.
The problem is best stated by asking some questions concerning 

the phenomenon of butt on lag. What is a hut ton I la it a hereditary 
response or is it a consequence of tho eariroBacttt? If th© latter is 
the case, is the buttoned condition associated with premature (earlier) 
heading, or is it merely undernourishment of the plants! fhlch, if any, 
environmental factor causts premature heading? Mow cm losses due t© 
hut toning ha avoided under field conditions? Soma of the answers to 
these question are given in the following 3 parts of this thesis.

levlew ©f literature

The first question asked in the introduction, "What is a button11, 
is not agreed upon by the different authors. Bailey (4) considered 
buttoning in cauliflower the failure of head formation in cabbage, and
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other r̂ogues*1 and abnormalities as Indications that the development la
thee# races was not yet fixed and that the forms were Interrelated* the 
Danish vegetable trials (34) recognized th# importance of the selection 
of suitable Tarlet lee and conducted n series of verlety tests terminating 
during July and August (season for button lag) • they found tremendous 

variation among varieties In their ability to withstand climatic con­
ditions favoring buttoning, Th© ability ©f the oartlcmlar verietlcc to 

give a good crop under less favorable conditions mas associated with a 
relatively high number of loaves and late me. tar I ty a* reported elsewhere *̂

Bobbins @t al (49), however, produced buttons in cauliflower arti­
ficially in sand culture experiments by growing them In a nutrient solution 
deficient la nitrogen. They state that buttoning is the ease as premature 
heading and that this condition is caused by nitrogen deficiency. They 
so#§esMth®,t other factors which Influence nitrogen absorption nay cause 
buttoning.

C&rew and Thompson (14) performed similar experiments to those of 
Bobbins ®t al, and they obtained similar plant responses. 'They stated, 
however, th t It is doubtful, in view of their data, that buttoning is th® 
same as premature heading because heads were initiated at the same time 
in all eases. Hie heads only appeared Much earlier In nitrogen deficient 
plots because of lose foliage. Carew and Thompson also did extensive field 
work and found that the most important factor besides nutrition in prevent­
ing button lag was th® age of the transplants. Transplanting 4 to 6 week- 
old plants gave the highest yield of marketable heads.

1Sect ion III.
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Another IsDorta&t discovery was that a check in growth a St tor by short* 
day treatment, drying cat of fists, or exposuro to cold teajpsrature lid 
not cauee buttoning where th® treatment was applied in the seedling stag®.

Erma (SO) conducted extensive work on -rtming of cauliflower at th# 
time of transplanting to the field. He showed that craning delayed maturity 
and decreased yield of cauliflower.

Babb (S) ha a reported results of experiments on th® effects of hard­
ening snd level of nutrition on various plants. Be found that hardening 
delayed maturity and caused lower yield of cauliflower plants. Ho found 
that high nitrogen application in the seedling stage decreased yield* fto 
saai® effect was found with nitrogen appliestion in the field in one ease, 
hut this effect was not significant. He did not state the age of plant# 
at ike tine of transplanting.

It has been shown by $ent (59) that shading and daylength have a very 
marked effect upon growth of cauliflower. Check plots (plants not shaded) 
gave greatest heed weight a d  leaf weight, hut leaf number seened to h# 
increased by short day. fhe significance of hi# result# is doubtful sine# 
the expert»#nt wm not carried out with replicated plots.

Materials and Method#

fh# first three of these experiments were conducted near Lewiston, 
Idaho, during the 1948 season. The fourth experiment was conducted at 
the University of Maryland, College Park, tiaryland, during the spring 
season of 1950. fhe climatic conditions at Lewiston, during th# 1948 
season are described elsewhere.^ The spring season at College Park during

1Sectioa III.
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1950 was very cold with frequent frosts la April and tbs first part of 
May followed by m m  and dry weather in th# latter part of May and June 
when th® cauliflowers war® harvested. The ellmatic conditions were very 
unfavorable for cauliflower and snail yields wore obtained In this 
experiment*

The experiments wore United to treat neats of the transplants 
(seedlings) during the propagation period and the effects of the treat* 
seats were seamed during the subsequent growth and development in the 
field* The factorial design was selected as the most suitable design 
for answering the questions raised in the Introduction* Varieties were 
included as one variable in all experiments*

Sxperisseat I consisted of s 3 i 2 i 3 factorial designed experiment 
for testing the effect® of photoperiods given the seedlings in the cold- 
frame, age ©f transplants at transplanting time, and variety, on the sub­
sequent growth and development in th® field* The actual treatments were 
as followst

Photoperiod: 9 hours vs. 13-15 hours (normal day).
Age of transplants* 7 weeks vs* 9 weeks*
Varieties: Safir vs* Snowball A*

This provided 8 factorial combinations. Two replicates were used for 
each combinat ion*

The seed was sown in flats in the greenhouse on March 27. The seed­
ling© were transplanted to flats on April 3 and moved to the cold-frame 
where phctoperio&i© treatment was started according to plan on April 5*
The 9-hour photoperiod was accomplished by covering the glass of the frame 
with black roofing paper at 5*00 P.M. and uncovering at 8:00 A.M. The 7- 
week transplants were transplanted to the field on lay 17, and the 9-week
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transplants on May 31* The different combinations wore sampled for 
study of growth and development on the following dates? May 17 and 30 
in the eoldfr&m&j t o  14# 22, 27 and July 5 in the field*

Experiment II consisted of a 2x 2 factorial design for testing 
th® effect of moisture supply in the flats and variety on the subsequent 
growth and development in the field* The actual treatments were as follows? 

Moisture supplyi m rm l vs* low (watered slightly only
when -wilted)*

Varieties? Safir vs* dnowball A*
This provided 4 factorial combinations* Two replicates were used 

for each combination*
The seed was sown in flats in the greenhouse on March 27* The 

seedlings were transplanted to flats on April 3 and moved to th® cold- 
frame© where the moisture ire&tmerfs were started on April 5 and then 
transplanted to th® field on Kay 20* The low moisture treated plants 
were watered only slightly whan they showed 'wilting* However, the 
ore&tjssnt was interrupted because of excessive rain and leakage through 
the coldfrasas windows*

Experiment 1X1 consisted of a Z x 2 factorial design for testing 
the effect of pruning in th® field on subsequent growth and development*
The actual treatments were as follows*

Pruningi lot pruned vs* pruned (expanded leave® pruned 
to l/2w of the petioles)*

Varieties? datir vs* Snowball A*
This provided 4 factorial combinations* Two replicates were used for 

each ocmbismiloxi*
The seed was sown in the greenhouse on April 8, transplanted to 

flats and moved to the coldfmme on April 22* The plants were trass-
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planted to tlis field on Hay 34* Table (1) gives the dates of priming

and number of loaves removed.

fable 1. Sxperimsnt III, -arming dates m§
number of leaves removed per plant.

Bate of pruning Humber of 
leaves removed

June I 3

June 12 4

June 20 4-6

June 30 4-6

Total 15-19

Sxperlasat I? consisted of a .3 z 4 factorial design for testing 
the effect of exposure of seedlings to low temperature and varieties 
of cauliflower upon their subsequent growth and development In the 
field, Actual treatments were as follows*

temperatures* 60-69* ?• daring the whole propagation 
period vs. 40*?. for 30 days followed 
by 60-69*.?. until transplant lag tins. 

Tsrieties* Snowball st. The Ibrbes, January and 
U.S.P.A. Plant Introduction Serviee 
We. 18I860•

This gave 3 factorial coahin&t ions and 4 replie tss were used for each 
combination.

Th® plants for cold treatment were sown in soil is 9* clay ->ots, 
covered with clear* sand and placed is the l&hor&tosy for gemination m  

January 30. The germinated alaats were moved to a cold storage room at 
40*?. m Tsbrunyy ?. They were given a 15-hour photoperiod by moans of
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incandescent light of relatively high intensity* The plants not exposed 
to Ion temperature were planted in clay pots in the greenhouse on February 
26* All combinations were transplanted to flats on $arch 8 when the green­
house plants that were sown later had reached a size similar to the ones 
in the cold storage* The flats were placed in the greenhouse and remained 
there mill transplanting to the field on April 10* Hard frost was pre­
dicted by the Heather Bureau a few days after transplanting* The experi­
ment was saved by covering all the -plants with soil. The were uncovered 
again when the danger of killing frost was over*

The individual plots were similar in all four experiments (Figure X). 
Samplings were made before crowding of adjacent plants and the distance 
at the time of final harvest was IS x Zkn * The plots then nad 28 plants 
each*

The culture of the plants in the field and the data obtained are 
1described elsewhere.

Humber of leaves initiated at the specific dates of sampling is not 
the total number present, but the number which could be distinguished by 
the naked eye. The curve for the initiation of leaves is, therefore, 
probably lower than the true value*

Kesults

the data were presented m  factorial effect® because this method 
permitted the use of one of the dimension of the tables for the different
characteristics studies. This made it ©aay to compare the effects of en­
vironment on the different characteristics* The effects are the actual 
differences on a plot yield ba&U and they can be directly compared to the 
statistic X*. S* D*

^Section HI.



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 = For first and second sampling.
• = For third sampling,
a - For fourth sampling.
° = For final harvest at maturity.

lifU* 1.
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(least significant difference) appearing in the respective columns. 3&ge 
of understanding is sacrificed somewhat by this oroeedure sine® it is set 
commonly used. "Afcis is no Inly the ease with the interactions, but the clue
to a correct interpretation is always fetmd in the ranking of tbs primary 
effects.

Experiment I. Effects of Daylength, Age of -transplants
and T&riety

the primary effects on yield were all positive and significant at 
the 5# level in all but one case, (7-week old transplant* vs. 9-week 
old transplants for U.S. Ho. 1 yield)(fable 2). She greatest effects 
were found in the. total weight of plants. ®hi* is what could be ©35- 
peoted since the total weight of plants include all the variation of the 
above ground parts of the plant. The result© nay be summarised m  

follows: (1) Seven-week old transplants gave a higher yield than the
nine-week old transplants. (3) Plants exposed to 9-hour photoperiod in 
the seedling stage out-yielded pleats exposed to normal day. (3) The 
variety Safir gave higher yields than Snowball A. Of the interactions 
only the total weight of plants showed an effect exceeding the odds of 
19:1. However, the trends were the same in the other yield columns. The 

interaction of transplants times dsylength show# that daylength treatment 
we® mot so important for ?-week old transplants as it was for 2-week old 
transplants, The interaction of day length time® variety shorn that the 
variety Safir responded mom positively to 9-hour photoperiod than 
Snowball A. did. The triple interaction showed that the variety Safir 
responded more ooeitively when transplanted when 7 week® old and given 
a. 9-hour photoperiod than the variety Snowball A did.
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Table 2. iTr~,ayim®at 1. Factorial effects in plant weights in kg. per 
l̂ot.

Treatments compered
Fffeets is kg* per plot

?4lght of s Weight of heads 1 
plants .11. S. lip. 1 5(1.8. No. 2 s

?-w@ek transplants vs.
9-week transplants
9-hour phot ©period vs. 
12- 15-hour photooeriod
Variety Safir vs. 
Variety Snowball A

5 S }
4 4.0*’ s 4' 0.26 } 4- 1.41 ; 4- 1.15

S ! S 
i : :4* 5.4 j 4 1.90 s 4* 1.36 • 4* 1.11
; ; :
• S t

-t* 5.6 j + 2.30 j 4- 1.8? j 4 1.53
i

Interactions s
Age of transplants x s 
photoperiod : - 1.9

♦
Age of transplants x : 
variety : +1.3

♦

Photoperiod x variety t 4- 1.9a«
Age of transplants % ;
photoperiod x variety s 4* 2.1

+ 0.09 j -  0.68 j -  0 .8!

+ 0.50 s

4 0.52

* 0.73

♦ 0.45

4 0.6?
4 0.48 
4- 0.38

4 0.77 j 4 0.63

A.8.B. (1951 odds) i 1.6
4*

Mean s 26.3
44

Coefficient of varia- 5
billty (per cant) 5 5.2

1.40

3.32

35.8

0.91
5.31

14.5

0 . 7 0

6.0?

S.?

♦Figures presented in the table are factorial effects calculated on the 
basis of plot yield. A plus sign indicates that the first treatssent is 
superior to the second trentmeat in the coluaaa. A minus sign indicates 
the opposite effect.
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Baylength and age of transplants were shorn to have a marked effect 

on e&rlinees (Table 3)* Thus 7-week old transplants were about a week 
earlier than 9-week old transplants* A 9-hour photoperiod delayed maturity* 
This was especially true for the first one-half of the plants harvested*
The differences between varieties was significant only for the latest part 
of the crop* This ©cans that Safir had a longer harvesting season than 
the variety Snowball A*

Number of leaves developed gave interesting results (Tdble 4)* Thus,
the age of plants at the time of field transplanting had significant but
small affects* The 7-week old 'transplants developed on the average two 
jaore leaves than the 9-week old transplants* Fhotoperiod had a more 
marked influence. The 9-hour day plants averaged 3*6 mors leaves than 
those given a normal day*

The coefficients of correlation and determination were calculated 
between the different characteristics* It should be pointed out that 
the correlation coefficients are not of any great value for such a small 
number of variant®* They wez*e merely calculated for comparison to the 
coefficients found in the largo variety test reported elsewhere*The 
comparison showed the same trend however*

Effects upon two characters which may be classified as factors of
quality, namely, density and buttoning are shewn in Table 5* Different 
types of abnormal- cauliflowers are shown in Figure 2* There was ssmo signifi­
cant increase in buttoning when 9-week old transplants were used comparM 
to 7-week old transplants* Of the varieties, Safir gave the smallest per­
centage of buttons* The primary effect of length of photoperiod did not 
exceed the chance value, but the interaction of age of transplants tiaras

^Section III.
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Table 3. Experiment I* factorial effects in weight of heads 
and in the number of daym from transplanting t© 
harvest ©f 1/4, 1/3, and 3/4 ©f the mature plants, 
respect ively.

sTotal
Troatsmuts eo-nparedt kg

>er plot
_ a from transplanting to, 

*‘ 1/4 * i/5 s s74 
sharrest* harvest i harvest

7-week transplants vg.t
9-w©ek transplants J

•
s

9-hour phot ope riod vs #8
13* 15* hour photop@ri.odi♦•
Variety Safir vs* ?
Variety Snowball A .  j

:
Interactions 

Age of transplants x 
photoperiod
Ago of transplants x i 
variety i

i
Photoperiod x variety i

ss

Ago of transplants x i 
photoperiod x variety i

s
4- 1.15

+ 1*11 5 4* 3,9 •
8 S
: :

4 1*53 i 4 1.4 i s :
i :
s :
! • 3.3 •
: :

• *
- 3.3 i

o s
• 0.0 i 

i :
: : 
: 4 l.l s 
: :

- 8.1

4 4.4 

-  0.0

• 7.1

» 4 3.7
i
I
% 4 4.1

- 0.81

4 0.48 
4 0.38

4 0.63

4 2.1 i 4 0.5

- 2.3
4 1.3

4 1.7

i - 3.1
♦S
: 4 2.4

4 0.4

L.S.33. (1911 odds)
Mean
Coefficient of varis- J 
Mllty ( p r sent) :

0.70
6.07

9.7

: :
i 3.2 i: :
i 62.7 i
s ** »
: :
: 4.3 :

3.0
71.3

3.6

3.0 
77.1

4.0

mailto:photop@ri.odi
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fable 4. Experiment I. Factorial effects in weight of heads* 
earliaees, weight of leaves per plot and in number 
of leaves per plant.

Factors compared
fetal 

yield kg, 
per clot

Bays from : height 3 Ho. of 
transplsni-*of leafs leaves 
lag to 1/2 skg. per: per
harvest s plot : plant

7-w@ek transplants vs. 
9-week transplants

+ 1.15

9-hour phetoperlod vs.!
12-15-hour photoperiod: ♦ 1.11
fsriety Safir vs. 
variety Snowball A

Interact tons :
Age oftransplants x
photoperlod
Age of trantplants x 
variety 4* 0.43
Fhotoneriod x variety 1 +0.38

* 1.53

- 0.51

- 6.1

+ 4.4 

•  0.0

+ 2.1

- 2.2

+ 1.3
Age of transplants x
photoperiod x variety + 0.63 « + 1.7

:

•• 2.5 3
•• ••
•• :
•e ••
: + 3 . 9 ••
•• ••
•• s♦
: + 3 . 2 3
t• 3
: ••
: 3
•e • 1.1 ee
•• 3
•• j
•• + 0.8 3
! 3
: ♦ 1 . 2 3
•• 3
•• *•
: + 1 . 2 3
3 3
•4 •♦
! 1.1 •4

! + 1.8

j + 3*6

S — 0.5 
:
j
3 - 0.4

X - 0.1

L.8.D. (19J1 odds)
Mean
Coefficient of varia- : 
bility (per cent) 1

0.70
6.07

9.7 s

3.0
71.3

3.6

17.5

i.4

1.5
t 40.6
3
I
3 3.1
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Sable 5. 3Bxperiaent I. Factorial affects la weight of heads# 
earlineas# percent of hattoaed plants, and density 
of head*

Factors compared
total 

yield kg. 
per plot

Pays from i s Density 
transplant-5 Percents of 
lag to l/2 shut ion®: head* 
harvest : •

?-wesk transplants vs. 
9-week transplants

* 1.15 - 6.1 t- 1 6 . 1  s - 0.03••
•

9-hour photoperiod vs* 
l2»16-hox&r photoperiod94 4- l.ll * 4.4►

j 4*
- 7.1 : - O.U 

♦

fsriety Safir vs. 
variety Snowball A + 1.S3 - 0.00 4- 11.6 s 4* 0.06 *

Interact ions
Age of transplants x 
photoperiod - 0.51 4- 2.1

»♦
4* 10.6 ; 4 0.04 

*

Age of transplants z 
variety 4

+ 0.48
1

— 3*2
: 4

- 2.7 : - 0.00 ♦
Photoperiod * variety * 0 h 4- 1.3 - 6.3 : - 0.00ft
Age of transplants x 
photoperiod x variety ♦ 0.63 4* 1 . 7

*
- 4.5 s 4 0.03 
I :

• t f#
L.S.D. (10:1 odds) •• 0.70 3.0 3 10.2 : 0.04

i J 0m s
Mean «•

j
6.07 71.3 0•

•
35.9 «•

♦
0.60

Coefficient of varia­ :
♦
•
0

•
a•

bility (per cent) : 9.0? 3.6 I 33.4 3 6.2
3 3 3

♦Density calculated by weight fpluae calculated as follow®3
volume.

4/3 n
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day length m s  significant* A S'-hour phot©period did not decrease the 
tendency to button for 7-week old transplants but decreased the button­
ing 17.6$ la S-week old transplants*

The results of the nre-harreet samplings offer an explanation for 
the effect of ©hot©period and ag© of transplants on the subsequent yield 
and development in the field (fables 6 and 7 and Figure 3* fete of le-«f 
initiation was decreased only slightly at the tine of transplant lag of the 
7-week transplants, while in the 9-week transplants it w®k« checked severe­
ly. The comparable curves for a 9-hour photoperiod wars always lower than 
the 12-15-hour photoperiod, but the final number of leaves initiated was 
highest for the 9-hour photoperiod as previously described. ©ms three 
effects of ahotoperiodles were found. (1). The 9-hour photoperiod with­
stood transplanting bettor than 12-15-hour photoperiod. (2) late ©f leaf 
initiation was lower under the 9-hour photoperiod and (3) Short pboto- 
perlod increased the final number of leaves initiated.

the 9-hour photoperiod produced a very marked check in the growth 
of plants In the eoldffcane. The plants were only half the si a® of the 
normal day plants at time of transplanting to the field. This was true 
both for the early and late transplanting. The plant® given 9-hour 
photoperiod continued to be smaller until the first p^rt of July when 
they started to grow rapidly and soon surpassed the normal, day plants.
The starting point of heavy growth was very closely associated with the 
tine of completion of leaf initiation.

late transplanting caused a. check in growth In the flats and in the 
field. The check of growth in the flats was because of crowding, and the 
check of growth in the field n §  apparently due to the very hardened con­
dition of the plant®.
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Table S. Experiment I* Average number of leaves per pleat at specific 
sampling dates.

Treatment iAverage ho. Average number of leijves Average numberAge ox 
trims- 
pleats

JFhdtb-
period

•of leave® b@-
• fore irons*
* to field

at sampling ‘dates in 
the field

of leaves
at final 
harvest

*5/17 : 5730 ....6/14 6/22 6/28 7/5 s
9 weeks 
7 weeks 
9 weeks

12-15 
hour 
12-15 
hour 
9 hour

i s
* 11.5*• • • •
: 11.5*
* 10.9*♦ !

18.7

15.5

31.4
27.4 
30.7

26.5
35.4
26.6

28.1
34.5
27.9

25.9
33.0
35.1

37.7
40.0
41.6

7 weeks 9 hour * 10.9* 
{ :

25.8 32.4 34.6 40.5 43.1
•*

Xi.S.P# (19s 1 ode®} • • * 2.6 2.8 2.3 3.1 3.1
Mean t 11.2* 

; s
17.0 23.8 20.2 31.3 ' 38.9 40.7



Table 7. Experiment X. Average weight per plant at speeifie sailing dates*

Treatmeat 
Age bj' '*

^Average wt. of
spleat8 la grams

trans- * Photo- 5before transplant; 
plants 5 period *im  to field s

1

At®rage wt* of plants in 
grans at sampling dates 

in the field

M U 6/14 ; 6/52 8 6/2B": 7/F

5Average wt>
Jin grams 
♦of plants 

J *t final 
XfcaJOajdlU.9 weeks t 12-15 s s ’ e*

hour s 6.32 : 12.9• t 15.4 40.6 73.5 :
7 weeks

♦ » 
12-18 * !
hour * 6•22 I • *

O-.S 119.1 165.1 i

9 weeks
• «

9 houjp • 3*25 * 7#0i * 14.4 39.4 63.3 ?
7 weeks

4 •

9 hour ! 3.35 5
• e• %

40.3 96,6 113.5 !
.... .......... .— .... »— .... ■■■
L.S.X). (1951 odds) 1« t 6.0 25.8 40.9 s
Mean 5 4.74 5 30.0 30.7 73.9 104.9 s

5 5 S

f 737

234.1
134*6
312.4

i 948
t
5 992t
I 1072

82.1
179.6

85
937
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PHOTOPERIOD

7-WEEK TRANSPLANTS, 12- PHOTOPERIOD
7-WEEK TRANSPLANTS, 9-HR.

500

< 300

£  200-

x 100c/>UJ

9-WEEK TRANS­PLANTS, 9-HR. PHOTOPERIOD
9-WEEK TRANSPLANTS 12-15-HR PHOTOPERIOD

KTRANSPLANTS, 9-HR. PHOTOPER. WEEK TRANSPLANTS, 15-HR PHOTOPERIOD
10 20 30 40 50 60 70 80 90 100 
NUMBER OF DAYS FROM PLANTING

500 <

400 Q-

7-WEEK TRANSPLANTS, 9-HR PHOTOPERIOD
7-WEEK TRANSPLANTS,12-15-HR. PHOTOPERIOD

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150    NUMBER OF DAYS FROM PLANTING

UJ100 ?:

figure S. BxperlB«at X. Growth curves (fresh freight), rate of
initiation of nodes end mean nuaber of node* initiated 
before differentl&ticn of the inflorescence orlssordia 
in cauliflower varieties Safir and Snowball A. Different
t reetr'<enta givm during rro*3agction in coldfraaee*
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Ixperimeat II. If feet a of Moisture Supply and Variety

So significant differences were found in Ixperiment II* (fable 8). 
fhis say have beem due to the relay spring season and the leaky frame 
windows which caused interruption of the treatments* tat it my also 
hare been due to the small size of the experiment (only 7 degrees of 
freedom) hence it my he stated low moisture in the seedling stage ssess 
to he beneficial rather than detrimental*

Experiment III. Effects of Pruning and fsriety

the effect offhis experiment was planned to test pruning on the subsequent de­
velopment and was hound to give results because of the drastic treatments 
(fable 9)• The idea behind the experiment was that nnutln-g would cause 
a decrease in leaf area and, thereby* decrease photosynthesis, fhe de­
creased photosynthesis would again cause a decreased CHO/N ratio and m  

increased initiation of vegetative organs (leaves)* the leaf number of 
the pruned plants was ? leaves higher than the unpruned plants, f^is 
was the highest increase in leaf number obtained. Whether it was followed 
by biochemical changes is not known since the material was not analysed*

Bxperlaemt IT* Effect of femperature During the ieedltmg
Stage and Variety

only two of the four varieties included in this experiment headed 
before the outside temperature became too war®. 1h« result of the experi­
ment was* therefore* calculated a® a 2 x 2 factorial experiment and is 
presented in the same way as the ether experiments (fable 10).

Significant differences between varieties were the only effects found 
in this experiment. It is interesting to note, however, that the meam
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fable SxperiaeBtQ. Factorial effects la weight of plant a v la
weight of heads, in number of days from transplanting to 
■| of the plants war® harvested, and la number of leave® 
per pleat.

; Total i Total sSeys from dumber cf
:weight of:weight of: transplant-: leave®Motor. co>E»nd . plante , h|8ds siagtol sper plant

plot :k*. plot :harvest
low moisture supply vs.* •« «e
normal moisture supply J : ••
in the ooodli&g stage : + S. 2 + 0.73 s ♦ 5.3 * ie ♦ 4.1

•
Variety Safir ?«• :

m
m• 0«

Variety Snowball A j + 1.1 4* 1 • 13 5 4 4*4e
e•. ft 2.3

*
Moisture x Variety : - 3.3

*
• 0.46 : - 3.8 •• - 5.4

e « ft •
X*. S. S. (19:1 odds) *ft*e MS * MS : ISft•

ftft•ft m

Mean i 16.5 * 5.97 5 71.0 3 42.3*♦ l ftft 3
Coefficient of fte I 3 :
variability (per cent) : 13.9 5 17.4 * 4.5 : 7.0*• 4ft 5 3
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fable 9. Sxperlmet III. factorial effects 1b velgbt of plants, is weight
©f beads, in day* froffl transplanting to 1J2 of the plants harvested,
in Banter of leaves par plant and in head density*.

 __  t __________ _______ ________ ______ _____ _
; Total FTStS *TSys~from t?^bar~o$" ’• ̂ Psnsi^'"™ 

froatnont* ccsgmred of**ol*ht of: transplant-: leave# : of
tk*. plot sh*. plot harvest ee

lot pruned vs. pruned
feriety Safir v®. 
fariety Snowball A
Pruning * variety

4* 24.0 : 4’ 6.0
te•

+ 3.5 8 4* 1 * 5 
:

- 0.8 s 4* 0.5 
:

- 10.2

*» .4
♦ 1.5

- 7.3 : «• 0.34
s
9

- 0.3 : - 0.03j *
4* 3.4 : — 0.00

•
9

i.S.fl. (1911 odds) 
Mean
Coefficient of 
variability (per cent)

••

0 . 3  : 1.0 
:

35.9 ! 5.5
•#
•«

3.9 J 7.7 
•

5.X
77.7

«*■ o

t
4.1 : IS 

:

27.0 : 0.75 
:

i i » •

i 3.8 : 21.7
:



Tab!© 10. Ibrperlment It. Factorial effects; la total weight of plant©» 
total oslght of heads, number of 1saves per plant and density 
of heads*

} Total • Total 5 Humber of : Density
Factors comps red * weight of*wsight of* leaves * of

j plants * heads t per plant * heads
________ _______Ihs*,. »lat ____._____L......

Mot sspcssd to low : : 
temperature vs* * s 
©rposed to 40* ?• i : 
for 30 days : * 0.51 : • 0.07

$ s 
Tarlety lowball U ? i 
re. war. The Forbes : * 1.47 • + 0.38

: : 
Tsspsratturs x i i 
T®ri©t las : - 0.32 j * 0.08

i s

4
- 0.00 

4 4.0

4 0.3

4 0.02

4 0.19

- 0.00
5 S

l.S.B. (19il odds) i 1.03 t 0,31 0.7 0.08
t i :

Mean J 13.08 : 2.41
• *

33.6 0.70
* 2

Coefficient of vayia-s :
billty (per cent) J 8.98 t 11.40

* ** «

1.86 7.14



leaf number for 'both varieties was very much lower than that encountered 
in the three previously described experiments,

Biacnssioa

The title of this chapter contains the words growth and development, 
neither of these two words have os® end only one specific meaning. That 
growth may he either an increase in fresh weight* an increase la dry 
weight* m increase in the size of the plants* or an incresse in the site 
of a particular organ. Growth means increase in fresh weight for the 
purpose of this thesis unless otherwise stated.

the Bagllsh word development is commonly used to describe changes 
which take place. If there are no changes there is no development or if 
there are changes in s. particular direction, there is development in that 
direct ion.

The introduction of the concept of vernalisation confused the termi­
nology. The word development hag been defined by author® as the pregress 
of a plant toward the completion of the life cycle vis. the production of 
flowers, fruits and seeds. On© does not agree to such a. limitation of a
common descriptive term and the word development is used to describe
progressive changes which take place.

The first question which the experiment was designed to answer m s  
whet .bar premature heading occurred in Cauliflower* A high correlation 
existed between the number of leaves and earliness as reported elsewhere.*
This means that the number of leaves can be used as a measure of premature
heading and that a decrease in the number of leaves of treated plants, 
compared to check plants, mist be considered m a measure of premature

Ŝect ion III.



(earlier) heading. Only on® of the treat seats given the transplants 
showed a decrease in the number of leaves, namely, the use of 9-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, an interesting fact was brought out by a summary of the mean leaf 
number in the m m variety in the different experiments and observations 
made. Such a summary is given in fable 11 for the varieties Safir, The 
Forbes and Snowball M. It is apparent that only a small part of the 
variation among the means occurred within the experiments where the en­
vironmental factor, responsible for it, could have been identified. Most 
of the variation was encountered between the different tests and could, 
therefore, not be assigned to any particular environmental factor. The 
conclusion is that premature (earlier) heading occurs in cauliflower, 
but only environmental factors modifying, not determining the loaf number, 
have been identified since the main difference among the mean le*f numbers 
within the varieties occurred between experiments not within the experiments* 

that answer does the experiment give to the next question, namely, 
la î romatur© heading the same as buttoning? It is shown in 'SSxperiaont I 
that the 9-week old transplants headed prematurely and this was followed 
by ®a increase in buttoning. The entire experiment at the diversity of 
Maryland heeded prematurely and most of these plants buttoned also. The 
conclusion that premature heading is the same as buttoning seems, there­
fore, obvious bat should be questioned for two reasons. First, an in­
creased number of leaves was also associated with buttoning in the pruning 
experiment, and second, plants were encountered which produced 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



fable U. Summary of range in variation in mean number of leaves per
pleat within varieties observed under different enviroiMBsataX 
conditions.

fariety Environmental conditions
Mean number 
of leaves

Safir Tariety test, Lewiston, Idaho 41.4
n Long day, young transplants, Expi. I 41.4
« Long day, old transplants, Ixpt. I 39.1
» s:fart- day, young transplants, Ibspt. I 45.1
« Short day, old transplants, Ixpt. I 44.4
«t lot pruned, Erpt. Ill 44.9
ft Pruned, Ixpt. I l l 52.4
* In greenhouse, Moscow, Idaho* 29.0

the Ihrbet In variety test, Lewiston, Idaho 37.4
n « lot exposed to cold, Ixpt. If 31.4
H W Bxposed to cold, Iftxpt. If 31.7
H # Planted directly in field, Maryland I960* 58.0

Snowball M In variety test, Lewiston, Idaho 60.8
* * Mot exposed to cold, %pt. If 36.7
* Exposed to cold, ixpt. I? 35.4
* * Planted directly in field, Maryland 1950* 67.0

♦lot reported elsewhere.



excellent yields say be obtained from preaa tore beaded plants, bat that 
the danger of bat toning is Increased if the plants are exposed to am 
environment which prenote* premature heading.

the Idaho tests confirmed the experiments by Oarew et si (14), Th# 
exposure of transplant® to a 9-hour photoperiod increased the yield and 
decreased the danger of buttoning, the leaf counts showed that this in­
crease in yield was associated with am increased number of loaves and 
delayed maturity. This effect of a 9-homr photoperiod is called post 
mature heading, low moisture for the seedlings gave a similar effect 
although the effect did not exceed the 5 per cent level of signlflea&e*. 
Babb (3) found that high nitrogen application to seedlings decreased 
subsequent yield, thus it seems that transplants raised under luxurious 
conditions cannot compete with the ones exposed to moderate conditions.

The beneficial effect of using yoong transplant* a® recommended by 
Care* et al (14) on the basts of their experiments was confirmed. An 

explanation fo r these rsGCumsiidatio&s earn be found from the sampling 
data and cm^j for leaf initiation and growth, of plant* const meted 
fro® the data. S&rly transplanting gave the plants ample time for 
establishment in the f"eld before initiation of the inflorescence, 
while initiation occurd in the flats or shortly after transplanting to 
the field m  the older transplants. This resultd in buttoning. Aa 

interaction between varieties and age of transplant* was expected m i  

also found. This interact-ion might haws been larger if the difference 

between varieties had been more pronounced.

The results of these experiments must bo considered negative from 
a commercial point of view since the treatments of the transplants 
recommended in order to raise the yield also delayed maturity. If
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higher yields are desired they can be obtained more cheaply by the selection 
of later varieties.**’ If earliness is desired one may nae larger and, there­
for®, older transplants and can avoid check in growth at transplanting 
time by use of transplants with an undisturbed root system*

Summary

frmmbure heading was found to occur in cauliflower but the condition 
of premature heading could not bo assigned to a specific environmental 
factor since it occurred between experiments and not within an experiment.

Premature heading was associated with buttoning under certain 
conditions, but buttoning also occurred without premature heading and 
premature heading occurred without buttoning.

The danger of buttoning was increased if the plants were exposed 
to an environment favoring premature heading since the heads were initiated 
earlier, thus giving the plants shorter time for -establishment in. the 
field.

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

The increase in the number of leaves was followed by higher yield 
except In the pruning experiment and also by delayed maturity* These 
'beneficial affects may be obtained at no additional cost by the selection 
of later varieties.

^See Section III.
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