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a b s t r a c t

S eparate  o r  in teracting  effects of growth-regulating substances, 

plant s ize , and cold-induction on flowering in Golden Acre and Round 

Dutch cabbage w ere studied in 1948 at Michigan State College and in 

1949, 1950 and 1951 at M ississipp i State College* Large (s tem  

d iam ete r  9 m m .) medium (6 m m .) ,  and sm all (4 m m .) plants w ere 

sprayed  e ither before , during or after cold-induction of 38° F .  for 

42 days. Medium size plants were sprayed before cold w eather. R e­

sponses to chem icals w ere evaluated by determining histologically the 

tim e  of flower initiation, seed stalk and flower appearance. The ra te  

of flower development, plant height, head-core  ra tio s ,  and an a r b i ­

t r a r i ly  num bered growth phase index w ere also used in evaluating 

re sp o n ses .

Only cold-induced plants flowered. L arge  plants flowered 

m ore  read ily  than medium or small ones. Applying 15 ppm 2 ,4 -d i-  

chlorophenoxyacetic acid (2,4-D) to medium size plants during cold- 

induction delayed flowering, inhibited seed stalk development, in ­

c reased  head -co re  ra t io s ,  and promoted vegetative growth. V ege­

ta tive  growth was stim ulated, head-core  ratios and head f irm ness  

in c reased  in noncold-induced plants sprayed with 20 ppm 2,4-D  and 

500 ppm alpha, ortho-chlorophenoxypropionic acid (C1PP). Sprays 

of 250 ppm C1PP applied to medium size Golden Acre plants before 

and a f te r  cold-induction hastened flowering th ree  and two weeks r e ­

spectively , and increased  seed pod production. P lants sprayed during

x ii



induction rem ained  vegetative* All la rg e  plants flowered but those 

sprayed during induction w ere two weeks la te r  than controls* E s s e n ­

tia lly  all sm all p lants rem ained vegetative*

Medium size Round Dutch plants sprayed with 250 ppm m aleic 

hydrazide (MH) before p a r tia l  induction produced open heads in con­

t r a s t  to f irm  heads in con tro ls . Most plants sprayed with MH during 

p a r t ia l  induction produced seed stalks but no flow ers. T erm inal buds 

w ere  killed and growth inhibited generally  by MH applied after p a r tia l  

induction. In lim ited  te s ts  alpha naphthalene acetic acid (NA) s tim u­

lated vegetative growth, and 2, 3, 5 -triiodobenzoic acid (T1BA) caused 

no appreciable effect.

Shoot apices did not become dom e-shaped in the transition  

from  vegetative to reproductive development, but rem ained m orpho­

logically  unchanged. The most re liab le  morphological changes a s ­

sociated with reproductive growth w ere formation of longitudinal rows 

of cells in the rib  m e ris tem  region, growth of la te ra l buds, and 

dwarfing of young leaves . These changes occu rred  about F eb ru a ry  24 

in la rge  and medium p lan ts . Morphologically flower initiation o c c u r­

red  f i r s t  in medium size plants sprayed with 250 ppm C1PP before cold- 

induction; next in those sprayed after; then in the control and did not 

occur in plants sprayed during induction. With la rge  plants initiation 

occu rred  f i r s t  in plants sprayed before; second, in plants sprayed 

after; th ird , in the control; and la s t ,  in those sprayed during induc­

tion . Small plants rem ained vegetative.



I^eaf and flower in itia ls a ro se  from  peric lina l cell division in 

the th ird  and fourth cell lay e rs  of the flanking m e ris tem  just below 

the shoot apices* F low ers  w ere produced la te ra lly  as leaves and did 

not te rm in a te  the seedsta lk . The ir re g u la r  appearance of flower p a r ts  

w ere sepa ls , s tam ens, p is ti l  and la s tly  petals *

The findings in th is study w ere d iscussed  on the bas is  of syn­

th e s is ,  level, economy, and d istribution  of phytohorm ones. A method 

was p resen ted  for num erica lly  evaluating reproductive growth.

x iv



SOME EFFECTS OF CERTAIN GROWTH-REGULATING 

SUBSTANCES UPON PREMATURE SEEDING

IN CABBAGE

INTRODUCTION 

Cabbage, B ra ss ic a  o le racea  capita ta , Linn. , is a biennial. 

Growth and. development of th is crop may be divided in two phases;

(1) the vegetative phase and (2) the reproductive phase.

The vegetative phase, as in all plants, consists of the develop 

ment of the root system , and the shoot and leaf system . The r e p r o ­

ductive phase consists  of the development of flower buds, flow ers, 

fru its  and seeds . Before these  reproductive s truc tu res  develop in 

cabbage the cen tra l axis elongates, and form s a s truc tu re  re fe r re d  to 

as a seed stalk . Development of a seed stalk is ,  in this sense, a 

p a r t  of the reproductive phase.

When cabbage a re  seeded in the spring the plants form  com ­

pact vegetative heads during la te sum m er or early  fall. If m ature  

plants a re  w in tered-over intact under mild weather conditions, the 

heads bu rs t when growth s ta r ts  the following spring. The te rm ina l 

and sev era l ax illary  buds elongate into seed stalks producing flowers 

and seed the following sum m er. Cabbage seeded late in the sum m er 

may not fo rm  heads before cold w eather. If these plants a re  allowed 

to w in te r-o ver  in cool weather they do not fo rm  heads, but shoot to 

seed when growth s ta r ts  in the spring. This la tte r  phenomenon of



shooting to seed without f i r s t  forming a head is known as p rem a tu re  

seeding, commonly re fe r re d  to as "bolting".

Control of the vegetative and reproductive phases of growth 

is of g reat economic im portance to two types of f a rm e rs .  One type is 

in te res ted  in producing cabbage for the fresh  m arket or for p r o c e s ­

sing, and the other is in te res ted  in seed production. With the fo rm er  

the plants must be kept vegetative for m arket acceptance. The f o r ­

mation of seed stalks rend ers  the crop w orth less . The la t te r  type 

has the opposite objective in view. In terests  a re  d irec ted  toward 

seed stalk  form ation, seed production, and a high state of rep ro d u c ­

tiveness  is d es ired .

In addition, plant b reed e rs  a re  in te res ted  in seed stalk f o r ­

m ation. Only by inducing the reproductive response can plant 

b re e d e rs  make c ro sse s  to develop new varie tie s  with des ired  c h a r ­

a c te r is t ic s  such as re s is tan ce  to bolting or to d isea se s . Often 

b re e d e rs  have difficulty in producing flowers for use in crossing  

d es ired  v a rie tie s  and spec ies . This is especially  tru e  where cold 

s to rage  facilities  a re  lacking or inadequate. This n ecess ita tes  

re so rtin g  to natu ra lly  cool weather of long duration. As a resu lt  

flowering occurs during early  spring when the vegetable re se a rc h  

w orker is involved in many other duties.

P re se n t  methods employed com m ercially  for controlling 

the vegetative and reproductive responses in cabbage, as well as 

many other crops, center around the knowledge of the effects that
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ce r ta in  environm ental fac to rs  have upon the crop# F i r s t  the crop for 

m arke t is confined to the season of the year which is least conducive 

to bolting, yet conducive to good growth in that geographical locality . 

Second, the adjustm ent of seeding dates so the plants will not be easily  

induced to bolt when adverse  weather o ccu rs , and by supplying some 

pro tec tion , such as co ld fram es, for the seedlings during adverse  

w ea the r. T h ird , the use of v a r ie t ie s  which have some degree of r e ­

sis tance  to bolting.

Neither of the above methods of control a re  en tire ly  s a t i s ­

factory* W eather conditions a re  difficult to p redic t and im practica l 

to control under field conditions. In many localities  they fluctuate 

from  y ear to y e a r .  By choosing a seeding date which avoids te m ­

p e ra tu re s  conducive to seed stalk form ation one year may not avoid 

these  adverse  conditions another y ea r .  V arie ties  which a re  " r e s i s ­

tant" to bolting may be in ferio r in other re s p e c ts .  Resistance to 

bolting also accentuates the problem  for the seed producer of in ­

ducing the varie ty  to produce seed.

In M iss iss ipp i cabbage has been an im portant vegetable 

crop for about 60 y e a rs .  The harvest period occurs in the early  

spring when the m arke t is good. In o rd e r  to harves t cabbage at 

this peak m arke t season the plants a re  s ta rted  in the fall and a re  

w in te red -over mainly in the field. F requently  the plants a re  sub­

jected  to prolonged periods of cool w eather. If such conditions 

a re  extensive many of the plants bolt.
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Lioss due to bolting in com m ercia l production is difficult to 

e s tim a te . Most grow ers pull up and throw away all "possib le  - 

b o lte rs"  early  in the season. With such a p rac tice  an accu ra te  count 

of the plants which would actually bolt is hard  to obtain. Loss also 

v a r ie s  from  year to y ea r  and among fa rm s .  It has been noted that 

as high as seventy-five percen t of the plants on some farm s will bolt 

during ce r ta in  seasons, while in o thers bolting is negligible. In 

m ost instances bolting is estim ated  at five to fifteen percen t.

Much work has been done and a vast rep e r to ry  of information 

exists  on the affects environmental factors  have upon the responses  

of many p lan ts . Even so, th e re  is still too little  concrete knowledge 

of the m echanism(s) involved in the plant when it is transfo rm ed  

from  the vegetative to the reproductive phase of growth.

During the past decade effort has been d irec ted  toward the 

effect of growth substances upon growth respo nses . If a substance 

could be d iscovered  that will inhibit seed stalk development, its 

application would be of g reat value to the fresh  m arket g row er. 

Conversely, if a substance w ere d iscovered that would induce or 

accelerate: seed stalk  form ation it too would be valuable to plant

b re e d e rs  and seed p ro d u cers .  With such a m a te ria l it might be 

that cabbage could be chem ically induced to flower during any 

season of the y ea r .  These considerations were in mind when this 

study was undertaken.
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LITERATURE REVIEW 

T heories  regarding the cause of flowering in plants have varied  

considerably  among re s e a rc h  w orkers  during the past century . Ac­

cording to Caliachjan (9) Sachs advanced the theory  about I860 that 

vegetative and reproductive development in plants was horm onal in 

n a tu re .  Almost simultaneously Klebs introduced the theory  that 

flowering depended upon the carbohydrate-n itrogen  re la tionsh ip .

K lebs1 theory  was read ily  accepted and becam e popular. This theory  

was la te r  upheld and caused to gain in popularity  by Kraus and K ray- 

b i l l 's  (50) work with tom atoes . The work of G arner and A llard (32) 

on photoperiodism  in rea lity  reopened and supported Sachfs theo ry .

During the early  1920*8 other theo ries  w ere advanced. Detjen 

(23) concluded that bolting was he red ita ry  and behaved as a simple 

dominate fac to r .  Sutton (85) suggested bolting in cabbage was a 

rece ss iv e  fac to r .  S im ilar conclusions w ere reached by Van Heel (91) 

while working with b ee ts .

After Knott (46) failed to induce the reproductive phase by 

chilling B ra s s ic a  seeds for severa l weeks during germ ination, he 

suggested that some environmental factor which occu rred  during the 

la te r  stages of plant growth might be responsible for inducing the 

reproductive phase .

P lant re se a rc h  during the past few decades has provided 

much inform ation with respec t to the influence which various env i­

ronm ental fac to rs  have upon flo ra l initiation and development.
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Knowledge concerning the in ternal m echanism s involved is still m eag e r .

M iller (59) and Boswell (7) studied severa l environm ental 

fac to rs  associated  with precocious seeding in cabbage. M il le r^  

work showed te m p era tu re  was the m ost im portant single factor a s ­

sociated  with bolting in cabbage. Most of his work dealt with m ature  

p lan ts . He showed that 60 days of low tem p era tu re s  (below 45° F . )  

w ere  requ ired  to induce the reproductive phase.

Bosw ell's  work conclusively dem onstrated  that plant size at 

the tim e o f  cold induction was a decisive fac to r . The la rg e r  the 

plants when the cold induction trea tm en t was initiated the g rea te r  

the num ber of plants which subsequently bolted. P lan ts  with average 

s tem  d iam ete rs  of 6 m m . or la rg e r  readily  bolted when subjected to 

tem p era tu re s  below 45° F .  for two months. Two weeks of such low 

tem p era tu re  changed the charac te r  of growth of la rge  p lan ts . P lan ts  

with s tem  d iam ete rs  le ss  than 6 m m . at the tim e of induction t r e a t ­

ment did not bolt as readily  as la rg e r  p lan ts .

Based on the findings of M iller and Boswell with resp ec t to 

tem p era tu re  and size of p lan ts , Knott (48) was able to control bolting 

v e ry  sa tisfac to rily  in California by manipulating the planting d a tes . 

Seven v a r ie tie s  w ere  te s ted . T here  w ere varia tions among v a r ie t ie s ,  

but in general, plants from  the seedings made during August, S ep tem ­

b e r  and early  October produced heads in about four m onths. P lan ts  

from  seedings made afte r  October 15 w ere sm all when cool w eather
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occu rred  and produced heads the following spring*

Chroboczek (12) working with beets; Thompson and Knott (86) 

with lettuce; Knott (47) with spinach; P latenius (66) and Thompson 

(87, 88) with ce lery  associa ted  bolting in many vegetable crops with 

adverse  w eather conditions. A symposium recently  published by 

M urneek, Whyte et al (62) and a book by Whyte (101) contain co m ­

prehensive  reviews of experim ents involving the effects of environ­

m ental fac to rs  upon developmental growth in p lan ts .

During the past few y ears  chemicals have been d iscovered  to 

affect many of the phases of developmental growth in p lan ts . C urrent 

attention is being d irec ted  by many sc ien tis ts  to the use of growth- 

regulating substances as a possible means of controlling flo ra l in i t i ­

ation and flo ra l development in a varie ty  of p lan ts . A complete r e ­

view of the l i te ra tu re  on this subject does not seem  to be justified 

since seve ra l reviews which a re  both com prehensive and ra th e r  co m ­

plete  have been recen tly  compiled (51, 62, 80, 97, 100, 107, 108). 

This review shall, however, embody severa l phases of re se a rc h  con­

cerning information especially  pertinent to this study.

Although the theory  that the control of plant responses by 

chem ical substances in which flowering is but one case was advanced 

a century  ago (9) or even e a r l ie r  (100), it was Went (99) who f ir s t  

ex trac ted  a substance with growth-regulating p ro p e r t ie s .

Hitchcock and Z im m erm an (38) w ere among the f i r s t  to r e ­

po rt that grow th-regulating substances have a pronounced effect upon
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flowering in p lan ts . They applied indolebutyric, indolepr op ionic, 

phenylactic and phenylproprionic acids to the soil in which T urk ish  

tobacco plants w ere  growing and observed that flowering was h a s te n ­

ed when e ither of these  substances w ere applied about one month b e ­

fore  the norm al flowering date . These findings, however, w ere  not 

confirm ed in studies made by M urneek (61) with tom atoes, tobacco, 

and soybeans.

The most spectacu lar example of chem ically controlling v eg e ­

ta tive  and reproductive responses in plants is with the pineapple. 

C lark  and K erns (15) reported  that the pineapple could be made to 

flower e a r l ie r  than the norm al by applying low concentrations of 

naphthaleneacetic acid. In sharp con trast, flowering could be d e ­

layed or even suppressed  by applying high concentrations of the same 

substance. A solution containing 0.01 percent of naphthaleneacetic 

acid applied 30 days before the norm al date for f loral differentiation 

delayed flowering 90 days in Hawaii.

In F lo rida , Cooper and Reese (18) induced pineapple to flower 

during the fall with ethylene, acetylene, and naphthaleneacetic acid. 

N orm ally the pineapple does not flower until January under F lo rida  

conditions. Indole compounds w ere not effective. Cooper (17) in ­

hibited flowering in pineapple by applying la rge  amounts of 

naphthaleneacetic acid, and promoted flowering with sm all am ounts. 

When th is substance was applied during certa in  season of the year 

plant response  was different. When applied in July flowering was
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inhibited and when applied in October flowering was hastened . The 

re su lts  obtained in F lo rida  a re  not in complete agreem ent with those 

obtained in Hawaii.

A m ore  recen t rep o rt  by Van Overbeek (96 ) indicates that many 

of the "draw backs" to the chem ical control of flowering in the p in e ­

apple have been overcom e. Pineapple plants begin to flower after 

being exposed to cool night tem p era tu re s  in the fall and continue to 

flower during the winter m onths. Under norm al culture most v a r i ­

eties begin to flower and produce fruit at the age of eighteen m onths. 

Some v a r ie t ie s ,  such as the P uerto  Rican Cabezona, take as long as 

five y ea rs  to flow er. Applying 0.25 to 0.50 mg. of naphthalene­

acetic  acid per plant gives alm ost complete control of flowering in 

the Red Spanish varie ty  in Puerto  Rico. P lants receiving th is  t r e a t ­

ment b ea r  the ir  fru it on a slender or re s tr ic te d  peduncle. Such fruit 

fa lls  over easily . This hazard  can be overcom e by trea ting  chem ­

ically  induced plants with Beta naphthoxyacetic acid afte r  fruit d e ­

velopment is underway. To control p rem a tu re  flowering la rge  

amounts of naphthaleneacetic acid a re  n ece ssa ry . Thus, according 

to Van Overbeek the chemical control of developmental growth in 

the pineapple is a rea li ty .  This p rac tice , under com m ercia l usage, 

enables grow ers to make a single harvest of an entire  planting. 

W hereas, severa l ha rv es ts  a re  requ ired , due to i r reg u la r i t ie s  of 

m a tu rity  among p lants, where flowering is not chemicaUycontrolled. 

With the p roper use of naphthaleneacetic acid pineapple plants can be
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made to flower during any month of the year  (96). Auxin is involved in 

controlling the flo ra l p ro cess  in this plant (97). Small amounts of 

grow th-regulating  substances will prom ote flowering (95).

Reports of work with other crops have yielded varied  re s u l t s .  

Dostal and Hosek (25) w ere the f i r s t  (1937) to show that flowering 

could be inhibited by auxin. They successfully  reverted  "flower 

ready" Cercaea in term edia  to the vegetative habit with indoleacetic 

acid in lanolin p as te .  The possib ility  that high levels of auxin may 

be harm ful to f lo ra l initiation was also suggested by Galston (30). 

Considerable evidence exists to support this postulation. Z im m e r­

man and Hitchcock (106) prom oted flowering in tom atoes with t r i ­

iodobenzoic acid . The number of flowers per c luster were in ­

c reased , and seedlings w ere induced to flower before the norm al 

flowering tim e by spraying the plants with 25 to 500 m g /1 of t r i -  

iodobenzoic acid . S im ilar resu lts  w ere obtained by Waard and 

Roodenburg (98) with a solution containing 200 m g. of triiodobenzoic 

acid p e r  l i te r  of w a te r .  Galston (31) found triiodobenzoic acid to 

augment the flowering response of Peking and Biloxi soybeans, to 

inhibit apical dominance, internodal elongation and the activity of 

indoleacetic acid . This chem ical failed to induce vegetative soy­

bean plants to flower but greatly  increased  the flowering response 

to photoperiodically induced p lan ts . Galston suggested that t r i ­

iodobenzoic acid had "florigenic" p roperties  which prom ote flow er­

ing. In this connection he considers the two growth phases to oppose
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each o th e r ,  F lo rigen  tends to prom ote flo ra l differentiation and auxin 

(the growth hormone) antagonizes florigen by favoring vegetative 

growth, Photoperiodically  induced Xanthium, a short day plant, 

sprayed  with 500 ppm indoleacetic acid and naphthaleneacetic acid by 

Thurlow and Bonner (90) form ed no f lo ra l p r im o rd ia .  These authors 

conclude that auxin content d ec rea se s  under short day conditions 

which prom oted flo ra l development. The application of auxin-like 

chem icals tend to augment the auxin content in the plant and nullify 

the induction tre a tm e n t .  G reen and F u lle r  (33) delayed floral in i t i­

ation in petunia and soybean p lan ts , by applying indoleacetic acid to 

the ro o ts .  Flow er development was also delayed on plants initiating 

flowers at the tim e for trea tm en t ,

Leopold and Thimann (52) applied low (1 mg/1 o r less) con­

centra tions of indoleacetic acid and alpha naphthaleneacetic acid to 

Wintex barley , a long day plant, and increased  the num ber of flo ra l 

p r im o rd ia  over that of the control* In con trast, flowering was in ­

hibited when high concentrations (1 to 400 mg/1) of these auxin-like 

chem icals w ere applied* Teosin te , a short day plant, showed no 

such response to the chem ical t re a tm e n ts .  Dosages of naphthalene - 

acetic  acid up to 400 mg/1 caused inhibition of flowering in every 

c a s e .  These authors considered that with barley , as with the p in e­

apple, auxin concentration exerted an effect on flowering. It ap ­

peared  that f lo ra l and vegetative growth w ere promoted by low and 

inhibited by high auxin concentration* Leopold and Thimann did not
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consider auxin to be n ece ssa r i ly  antagonistic to the production of a 

f lo ra l horm one. This concept is not in complete agreem ent with that 

of Galston (31), and Hamner (37)•

Bonner (4) and Bonner and Thurlow (6) inhibited flowering in 

photo-inducted Xanthium with naphthaleneacetic acid and indoleacetic 

acid (auxins), and prom oted flowering under short photoperiod with 

2, 4 -d ich loran iso le  and 2, 3 , 5 -triiodobenzoic acid (anti-auxins or 

auxin antagonists). The m ost suitable concentrations w ere 10 mg/1 

of naphthaleneacetic and 2, 4 -d ich loraniso le , and 30 mg/1 of t r i ­

iodobenzoic acid . When triiodobenzoic and naphthaleneacetic acids 

w ere  combined into one trea tm en t the plants showed no response 

to e ither chem ical. Rice (70) applied various grow th-regulators to 

sev era l crop plants and concluded that auxin and auxin-like chem icals 

delay flowering in most p lan ts . Leopold and Guernsey (55) have 

recen tly  reported  the role of auxin in flower initiation of the Alaska 

p ea . The object of the ir  study was to develop a simple method for 

m easuring  the effects of added substances upon flowering. Pea 

seedlings germ inated in paper towels were soaked for four hours 

in the d es ired  substance. The node at which flowers occurred  was 

used as a c r ite r io n  for m easuring plant response . Environmental 

fac to rs  w ere found to influence the node where flowers f irs t  appeared, 

and a control was run with each trea tm en t under severa l environ­

mental conditions. Under the condition of the ir  control trea tm en t 

the f i r s t  flowers occurred , in general, at the seventh node.
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N aphthaleneacetic acid caused a quantitative inhibition of flowering at 

te m p e ra tu re s  of 18-20° C, However, the auxin trea tm en t prom oted 

flowering in plants held at 10° C* Plant constituents as suc rose , 

arginine and m alic acid w ere  te s ted  and found to inhibit flowering* 

Auxin applied in combination with such substances o r under low te m ­

p e ra tu re  conditions nullified th e ir  inhibiting effect and prom oted 

flowering*

Flow ering was delayed in stocks by Johnson (43) and inhibited in 

m u s ta rd  by spraying the plants tr i-w eek ly  with beta-naphthoxyacetic 

acid* Alpha-naphthoxyacetic acid was le ss  effective* Hitchcock and 

Z im m erm an  (39) delayed flowering in dandelions by spraying the 

plants with 2, 4, 6 -trichlorophenoxy acetic acid*

W ittwer, Coulter and Carolus (102) controlled bolting ex p e r i­

m entally  in ce le ry  by spraying the plants with ortho-chlorophenoxy- 

propionic acid* C lark  and Wittwer (14) obtained in teresting  re su lts  

with le ttuce and ce le ry  plants that w ere sprayed with g row th-regu­

lating substances . Several experim ents w ere  conducted with lettuce 

involving sev era l chem icals, concentrations, and tim es of app lica­

tion* Elongation of the seed stalk was apparent f i r s t  in plants 

t r e a te d  with alpha ortho-chlorophenoxypr op ionic acid in concen tra ­

tions of 25 ppm and with 2 ,4-dichlorophenoxyacetic acid in concen­

tra t io n s  of 10 ppm* T reating  sm all plants with 2 ,4-dichlorophenoxy- 

acetic  acid appeared to dwarf subsequent growth. Seed stalk elongation 

was hastened in plants t re a ted  at eight to twelve weeks of age, and
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when repeated  applications w ere  m ade. Progeny of the trea ted  plants 

exhibited a s tim ulative response  s im ila r  but of lower magnitude than 

the t re a te d  p a ren t .  This stim ulative response p e rs is ted  even in the 

second generation. In each instance, stim ulation in seed stalk 

elongation was accom plished ear ly  in the season, and Grand Rapids 

the v a r ie ty  m ost susceptible to bolting showed the g rea tes t resp o nse . 

F ro m  th is  se r ie s  of experim ents chemical concentrations and tim e 

of application w ere  found to have a pronounced influence on the e f ­

fect grow th-regulating substances have upon developmental growth.

T heir  data from  the ce le ry  experim ents suggest that f lo ra l 

p r im o rd ia  d ifferentiated at the slowest ra te  in 2 ,4-D  trea ted  p lants, 

and that a fluctuation of phytohormone content in the m e ris tem  region 

was associated  with ra te  of developmental growth. P lan ts  of Cornell 

19, the varie ty  that read ily  bolted, and plants receiving a cold t r e a t ­

ment which induced bolting exhibited higher concentrations of phyto- 

horm ones than non-bolting p lan ts . A low level of phytohormones 

existed in the m e ris tem s  at o r just preceding seed stalk d iffe ren tia ­

tion .

Since Schoene and Hoffman (78) reported  maleic hydrazide to 

have unique growth regulating p roperties  many papers on the r e ­

sponses of plants to th is  chem ical have been published. A very  co m ­

ple te  compilation of these  investigations has been made by Zukel 

(108, 109). Much of the work with m aleic hydrazide has been 

d irec ted  toward tem po rary  o r perm anent growth inhibition of g ra sse s
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and w eeds. Considerable work, however, toward the control of sp ro u t­

ing in s to rage , and the vegetative and reproductive responses in a num ­

b e r  of crop plants has been published.

P re h a rv e s t  fo liar  sprays of m aleic hydrazide have controlled 

s to rage  sprouting and spoilage of onions (103), c a rro ts  and onions (104), 

potatoes (44), onions, potatoes, sugar beets and a number of root crops 

(65, 105).

The inhibition of s tem  growth, bolting and flowering by m aleic 

hydrazide has been rep o rted . E rickson  and P r ic e  (27) sprayed cold- 

induced sugar b ee ts ,  varie ty  U .S . 56 with 0.1 and 0.5  percen t m aleic 

hydrazide . Stem tips in many plants w ere killed by both concen tra ­

tions. The newly developed leaves of plants trea ted  with 0.1% maleic 

hydrazide showed form ative effects. Bolting plants became vegetative, 

and the elongated stem s produced te rm ina l ro sse tte s  of leaves; but 

root growth was not re ta rd ed  by the trea tm en t,  Naylor and Davis 

(64) applied m aleic  hydrazide in concentrations up to 0 .8  percen t to 

11 plant species from  5 fam ilie s . The responses w ere rem arkab ly  

s im i la r .  Sensitivity  to m aleic hydrazide appeared to d issipate  with 

plant age, and plants trea ted  in the seedling stage produced no flow ers. 

F low ering was prevented in tobacco and photo-induced Xanthium by 

high concentrations. Xanthium trea ted  with low concentrations r e ­

quired a 30 minute longer dark  period for induction. Naylor (63) 

sprayed the upper and lower sides of Turk ish  tobacco leaves with 

0 .05 to 0 .8  percen t m aleic  hydrazide when the plants w ere  beginning
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to flow er. P lan ts  sprayed with concentrations g rea te r  than 0 .2  p e r ­

cent ceased  to flower; lower concentrations suppressed  te rm in a l 

growth and development of in flo rescences . Maleic hydrazide stopped 

flower bud development on photo-induced Xanthium p lan ts . Inhibition 

of flowering in V irginia bright leaf tobacco (C iferri) and Havana seed 

tobacco (Peterson) sprayed with m aleic hydrazide has been rep o rted .

Naylor (63) and Moore (60) obtained striking effects with 

m aleic  hydrazide on flower development in corn . P lan ts  sprayed 

with concentrations as low as 0.025 percent produced s te r i le  s tam - 

inate in f lo re se n ces .

Maleic hydrazide has delayed flowering in m ustard  (20), 

rad ish  (40), and prevented bolting in onions (13) and suppressed  

flowering in Croft E a s te r  li lie s  (83).

C rafts , e t . a l .  (21) studied the response of 13 crop species 

to m aleic  hydrazide. Although different species varied  in behavior, 

the age of the plant at tim e of trea tm en t was a p r im ary  factor in 

determ ining plant re sp on se . Young plants were m ore responsive 

than old plants* In con trast to papers  cited above in which maleic 

hydrazide inhibited reproductive development Crafts (19) found that 

bolting was stim ulated in le ttuce when 0.1 percent m aleic hydrazide 

was applied to 20-day old seedlings.

B arnard  and Warden (1) applied 0.1 and 0 .5  percen t m aleic 

hydrazide to New York 12 le ttuce seedlings one week old and ob ­

served  that tre a ted  plants had g rea te r  bolting tendancies than
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c o n t r o l s .  K o sa r  and T h o m p so n  (49) p r o m o te d  b o lt in g  in young le t tu c e

and p r e v e n te d  b o lt in g  in o ld  le t tu c e  w ith  0 . 1 - 1 , 0  p e r c e n t  m a le ic

h y d r a z id e  s p r a y s .

In reporting  the re su lts  of a se r ie s  of elaborate  experim ents 

involving te m p era tu re  ranges , n itrogen leavels and severa l concen­

tra t io n s  of m aleic  hydrazide applied to ce le ry  plants at different 

s tages of plant development, Jackson (41) showed complete ex p e r i­

m ental control of the vegetative and reproductive responses in th is 

c rop . Each factor studied, m aleic hydrazide, nitrogen and te m p e ra ­

tu re ,  separa te ly  o r in combination influenced seed stalk develop­

ment in Cornell 19 ce le ry . Low tem p era tu re , low chemical con­

centra tions and a medium level of n itra te  w ere found to be most 

conducive to seed stalk development. Young plants sprayed with 

50 to 250 ppm m aleic  hydrazide following a low tem p era tu re  t r e a t ­

ment of 40° F .  and grown at a n itra te  level of 20 ppm flowered 

e a r l ie r  and m ore  profusely than the contro ls . High tem pera tu re , 

high chem ical concentrations and a low or high n itra te  level favored 

vegetative development. Jackson obtained chemical induction of the 

reproductive phase in young celery  plants which w ere held at a 

te m p e ra tu re  above 65° F .  Timing of the application and the concen­

tra t io n  employed w ere very  im portant. P lants 10 to 14 weeks of age 

when tre a te d  with 100 ppm of the chemical showed the m ost r e p r o ­

ductive resp o nse . Concentrations below 75 ppm were not effective 

except with cold-induced p lan ts .
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In com parison to stimulating the reproductive response  with 

low concentrations of m aleic  hydrazide on young celery  p lan ts , bo lt­

ing was suppressed  with high concentrations applied during the la te r  

stages of plant development. All concentrations above 500 ppm ap ­

plied during the la te r  stages of growth inhibited seed stalk develop­

ment in cold-induced and non-cold induced p lan ts . A single a p ­

plication of 1000 ppm of m aleic  hydrazide to older plants gave a l ­

m ost complete control of seed stalk development without any ap ­

p aren t in jury  to the m arke tab le  portion of the plant.

Lang (51) has recen tly  made a ra th e r  complete review of the 

l i te ra tu re  concerning the physiology of flowering and the effects of 

grow th-regulating  substances on flowering.

Morphological Studies 

Several theo ries  have been employed in describing the o rg an i­

zation of the m eris tem a tic  t issu es  in the te rm inal growing point of 

p lan ts . E am es and MacDaniels (26) mention two theories  which a re  

the histogen theory  and the tun ica-corpus theory . In the fo rm er 

theo ry  the th ree  m ajor regions of the stem  a re  considered to a r is e  

f ro m  separa te  h is togens. The outer region is called the derm atogen, 

the cen tra l region or core the p lerom e, and the region between the 

derm atogen  and the p lerom e,the perib lem . The derm atogen form s 

the ep iderm is , the perib lem  form s the cortex and the p lerom e form s 

the pith .
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The tun ica-co rpus  theory , form ulated by Schmidt (77) in 

1924, has become the m ore widely accepted theory  among an a to m is ts . 

Two regions unlike in s tru c tu re  develop in the s tem  apex due to d if­

fe ren t ra te s  and planes of cell division. The outer region is called 

tunica and the inner region corpus. The cells in the tunica a re  

sm all and divide p r im a r i ly  in anticlinal p lanes. The growth in a rea  

is p r im a r i ly  in the tunica. Cells of the corpus, which account p r in ­

cipally for growth in volume, divide in many planes. The principal 

d isadvantage to th is  method of describ ing the arch itec tu re  of the 

apex is tha t the tunica and corpus regions a re  not c learly  defined in 

many p lan ts . F o r  this reason  F o s te r  (28) working with C ycas,

Boke (3) with T richocereus  and Opuntia, and Satina and B lakeslee 

(76) with D atura modified the tunica-corpus theory . The shoot 

apices w ere divided into th ree  or m ore zones or groups of in itia ls . 

F o s te r  has made an adequate review of the l i te ra tu re  on the s t r u c ­

tu re  and growth of the shoot apex.

Griffith (3 5) studying the te rm ina l and la te ra l  growing points 

of four species of A raucaria  divided them  in four descrip tive  zones. 

The tunica was re fe r re d  to as zone 1, corpus initials as zone 2, p e r i ­

phera l zone or flanking m e ris tem  as zone 3, and zone of rib  m e ris tem  

as zone 4. Shoushan (79) working with Lilium  favored numbering the 

cell lay e rs  and re fe r re d  to them  as f ir s t  lay e r , second lay e r ,  and so 

on from  the outer layer  inward. This method elim inates confusion of 

the various zones as th e re  is no distinct line of dem arcation in many
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plants between the tunica and corpus but ra th e r  a gradual tran s it io n  

fro m  one to the o th e r.

Various m orphological changes have been reported  to occur 

in many plants with o r  even before the switch to reproductive from  

vegetative developm ent. Changes such as a g rea te r  stem  d iam ete r 

assoc ia ted  with reproductive growth w ere observed in sour cherry  

(71), plum (72), and apple (73, 74). It was la te r  found (82) with 

apple that the m arked  secondary thickening of the fruit spur occur 

a fte r  flower bud initia tion. Roberts and O cra (75) and S truckm eyer 

and R oberts  (84) examined s tem  tips at the fourth node of severa l 

species of flowering and non-flowering p lan ts . They found certa in  

anatom ical c h a ra c te r is t ic s  associated  with flowering. Flowering 

p lan ts , in con trast to non-flowering p lants, had less  active c a m ­

bium, thick walled cells in the pericycle , perim edullary  zone and 

phloem , and thin walled cells in the parenchymatous t i s s u e s .

Boswell (7) studied the te rm ina l growing points of cabbage 

from  late fall to early  spring. The f irs t  evidence of seed stalk p r i ­

m ord ia  different at ion was noticed in samples collected F eb ruary  4. 

P r im o rd ia  developed ir re sp ec t iv e  of plant size in all reproductive 

plants at about the same t im e . He did not find a significant c o r r e la ­

tion between plant size and size of stem  apex, but noted an inc rease  

in size of the apices of potentially reproductive p lan ts . D ifferences 

in size of apices w ere  detectable by the tim e growth ceased in the 

fall or even e a r l ie r .  G reat enlargem ent of the apices of potential
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seed e rs  o ccu rred  during the w inter and ea r ly  spring, w hereas the 

apices of vegetative plants rem ained  unchanged through th e ir  d e ­

velopm ent. Boswell repo rted  that flowers did not n ece ssa r i ly  a c ­

company an elongating axis and destruction  of the te rm ina l bud did 

not p reven t f lo ra l development* He found that seed stalk p rim ord ia  

developed rap id ly  forming branches with many well developed flowers 

which em erged  from  the head about A pril 1*

Thompson (89) conducted a m icroscopical study of cabbage 

from  fall seeding until the plants reach  maturity* His study was 

d irec ted  mainly at the development of the flower* F lo ra l  p rim ord ia  

w ere  f i r s t  observed during la te  F eb ru a ry  and early  March* The 

o rd e r  of f lo ra l organ appearance was found not to follow the usual 

acropeta lic  succession* The sepals w ere the f i r s t  organs to appear 

followed by the stam ens, ca rp e ls ,  and la s tly  the petals*
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MATERIALS AND METHODS 

The experim ents h ere in  described  w ere conducted in the g re e n ­

house at M ichigan State College during the 1948-49 season, and in the 

field and greenhouse at M iss iss ipp i State College during the 1949-50 

and 1951-52 seaso ns . Two cabbage v a r ie t ie s ,  Golden Acre and Round 

Dutch which a re  widely grown in com m ercial production, w ere s e ­

lec ted  for the study. Golden Acre is susceptible and Round Dutch 

re s is ta n t  to bolting. Seeds for planting w ere obtained from  the F e r r y -  

M orse Seed Company and the same or com parable stocks w ere used 

in all experim en ts .

The grow th-regulating substances used w ere 2 , 4 -d ich lo ro - 

phenoxyacetic; alpha, ortho-chlorophenoxypropionic; 2 ,3 ,5  t r i ­

iodobenzoic; alpha naphthaleneacetic; and maleic hydrazide, h e r e ­

inafter re fe r re d  to as 2 ,4 -D , C1PP, T1BA, NA, and MH, re s p e c ­

tively . The f i r s t  four chem icals w ere used in the form  of tru e  ac ids . 

The fifth, MH, was a water soluble diethanolamine salt form ulation 

p rep a red  by the Naugatuck Chemical Division of United States Rubber 

Company, containing 30 percen t by weight of the active ingredient.

F re s h  stock solutions of these substances w ere p repared  at 

the beginning of each experim ent by dissolving one gram  of the 

c ry s ta ls  in 100 m ill i le te rs  (m l.)  or 95 percent ethyl alcohol, except 

for MH. It was found that when MH, which is p repared  in solution 

fo rm  by the m anufac tu rers , was diluted with alcohol to make s ta n ­

dard  stock solutions a white precip ita te  form ed after a few weeks



- 23 -

in s to rag e . T h ere fo re ,  standard  stock solutions of MH w ere  p rep a red  

in d is ti l led  w a te r .  The stock solutions w ere diluted to the d es ired  

concentration  at the t im e  of trea tm en t with tap w a te r . All concen­

tra t io n s  a re  exp ressed  in p a r ts  pe r  million (ppm) of the growth sub­

stance .

The experim ental design in each instance consisted of a r a n ­

domized complete block. Whenever applicable, the data contained 

in th ese  investigations w ere  analyzed for s ta tis tica l significance. 

L ea s t  d ifferences requ ired  for significance (L .S .D .)  among t r e a t ­

m ents w ere  calculated by analysis of variance (81).

M ateria ls  and methods which a re  specific to an experim ent 

a re  outlined in detail and precede the p resenta tion  of re su lts  for 

each experim ent.
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TERMINOLOGY

The te rm  head -co re  ratio  is the length of a cabbage head 

divided by its core  length.

The te r m  growth phase index is a num erica l value applied 

to cabbage plants denoting the degree of vegetativeness and /o r 

rep ro d uc tiven ess . A zero  value denotes complete vegetativeness, 

w hereas  a value of eight denotes complete reproductiveness .

The te rm  shoot as used in this paper re fe rs  to the entity of 

the te rm in a l and la te ra l  growing points and the differentiated t i s ­

su es .

The te rm  growing point as used in this paper re fe rs  to 

the differentiating t is su e s  in its entity in and about the shoot t ip .

The te rm  apex as used in this paper re fe rs  only to the 

non-differentiated  t issu e  located in the extrem ity  of the shoot 

t ip ,
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EXPERIMENT 1, 1948-49

The f ir s t  experim ent w as designed to obtain prelim inary infor­

m ation. Information w as desired  a s  to whether certain  growth substances 

influence seed  stalk  development in cabbage; which chem ical had the greatest 

inh ib itive and which chem ical had the greatest prom otive influence on growth; 

and the rela tive  tolerance of cabbage to various concentrations of a number 

of growth substances.

MATERIALS AND METHODS

Seeds w ere planted February 24, 1948 in the horticultural green­

house at M ichigan State C ollege. The seeding m edia used in the flats  

con sisted  of a m ixture of equal parts of fie ld  so il and sand. Four hundred 

and fifty uniform seedlings of each variety w ere transplanted March 19 

to 3 -inch  clay pots and again on April 14 to 4-inch  clay p o ts . The purpose 

o f f ir s t  transplanting to 3 -in ch p o ts was to conserve greenhouse space.

The potted plants in each variety w ere arranged into seventeen  

groups of twenty-five plants each in such a way that the plants in one 

group w ere as nearly as p ossib le  the sam e s ize  a s  the plants in each  

of the other groups. The plants in each group w ere then numbered 

from  one through tw en ty -five . Each of seventeen groups of plants for 

each variety  received  one of the following treatm ents on April 18.
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T rea tm en t Concentration
Number Chemical (PPM)

1 2 ,4-D  5

2 2 ,4 -D  10

3 2 ,4-D  15

4 2 ,4-D  20

5 C1PP 50

6 C1PP 100

7 C1PP 250

8 C1PP 500

9 TIB A 50

10 TIB A 100

11 TIB A 250

12 TIB A 500

13 NA 100

14 NA 250

15 NA 500

16 NA 1000

17 W ater Control

After the stock solutions wereyiiluted with tap w ater 5 g ram s
I

of D reft w ere added to each gallon of Solution. The Dreft was used to 

im prove the spreading of the solution on the surfaces of the waxy leav es .

In o rd e r  to prevent contamination among chem icals, different 

p ipettes and containers w ere used for each chem ical. Solutions for
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treatm ents w ere prepared in deep enam eled pans and each plant was dipped 

in  the d esired  solution for ten seco n d s. The pots in which the plants w ere  

growing w ere inverted and only the above-ground part of the plant was 

em ersed  into the solution. Plants at the tim e of treatm ent had four and five  

w ell developed lea v es  and the stem  diam eters averaged six  m illim e te r s .

The f ir st  ten plants in each treatm ent w ere kept in the 

greenhouse w here the tem perature was maintained above 55 degrees Fahren­

heit (°F) by m eans of a therm ostatically  controlled steam  heating sy stem . 

T hese plants are referred  to as noncold-induced p la n ts . Treatm ents 

w ere arranged in random order in each of two re p lic a te s . The plants 

rem aining in each group w ere placed in coldfram es for a cold-induction  

treatm ent which induces bolting. They are referred  to as the cold-induced  

p la n ts . The treatm ents w ere arranged in three randomized com plete 

blocks of five p lants ea ch .

Outside night tem peratures exceeded 4 5 ° F . after May 25, 

and the plants w ere m oved May 28 to a cold storage room located in 

the horticultural building. The temperature in the storage room was 

controlled  by a therm ostat and held constant at 3 8 °F . Light­

ing w as inadequate for plant growth, therefore, the plants w ere carted  

out of the building and p laced  in the sunlight every other m orning at 

seven  o' clock  and returned to the storage room that evening at five 

o 'c lock .

A fter fifty-nine days of induction treatm ent where the night
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te m p e ra tu re s  w ere  below 45° F .  these  plants w ere re tu rned  to the 

greenhouse w here the te m p e ra tu re  was maintained above 55° F .

All plants w ere  transp lan ted  to eight-inch pots June 17 and 18. 

The potting media consisted of a m ixture of tw o-th irds field soil and 

o ne-th ird  muck. In o rd e r  to keep the plants well supplied with nu ­

tr ie n ts  200 m l. of a nutrient solution was applied bimonthly to each 

pot. The solution consisted of one ounce of 10-52-17 soluble f e r t i ­

l iz e r  and two ounces of ammonium n itra te  dissolved in th re e  and one - 

half gallons of w a te r .  Rotonone dust was used to control cabbage 

w orm s and sulfur to control soft ro ts .

A erial elongation of the plants was m easured  in cen tim eters  

(cm) each week beginning April 23 and ending November 20. M o r­

phological modifications produced by the chem icals were noted 

period ica lly . Notations of the general ch a rac te r  of growth, f i r m ­

n ess  of heads and num ber of probable seeders  w ere also m ade. In 

collecting the data on the heading ch a rac te r is t ic s  a score  of 1 was 

assigned  to firm ; 2 to loose; and 3 to open heads.

Results: Noncold-induced plants

Pronounced modifications of the foliage w ere apparent in 

ce r ta in  trea tm en ts  a few hours after they were applied. These m odi­

fications w ere ch arac te r ized  by twisting and cupping of the m ature 

le av es .  In some instances the leaves w ere tw isted to the extent that 

the abaxial side of the leaf was in the adaxial position. Twisting and
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cupping o ccu rred  among all plants trea ted  with 2 ,4-D  in concentrations 

g re a te r  than 5 ppm, and with 250 and 500 ppm of C1PP. These m odi­

fications w ere  tem p o ra ry  because all plants recovered  within 36 hours 

a fte r  t re a tm e n t .

Five days afte r trea tm en t th e re  was general epinasty, widening 

and thickening of the petioles and main stem s and cupping of the leaves 

of p lants t re a ted  with 2 ,4 -D  and C1PP. P lan ts  trea ted  with 2 ,4-D  w ere 

m ost affected and Golden Acre appeared to be m ore affected than Round 

Dutch,

The thickened stem s of plants trea ted  with 2 ,4 -D  eventually 

becam e so enlarged that the epiderm is split forming a slit p a ra lle l 

with the longitudinal axis of the plant, F igure  1, Within a few days 

th ese  s lits  becam e filled with p ro life ra ted  t issu e  of tum orous-like  

growth. F ro m  these  affected a re a s  a rose  adventitious tubular s t r u c ­

tu re s  which la te r  developed into la te ra l  shoots with morphological 

ch a ra c te r is t ic s  identical with the main stem , F igure  2. Leaves d e ­

veloping on these  adventitious shoots and on the main stem s above the 

tum ors  w ere much dwarfed, cupped and the petioles w ere  elongated. 

Growth in d iam ete r  of the main stem  was re s tr ic ted  above the tu m o rs .  

This re s tr ic t io n  was especially  pronounced on plants trea ted  with 

20 ppm of 2 ,4 -D ,

L ess  p ro life ra tion  resu lted  from  the C1PP concentrations, but 

some occu rred  on plants trea ted  with 250 and 500 ppm. No pronounced 

modifications w ere observed in plants trea ted  with T1BA or NA,
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Figure  1. A  cabbage plant trea ted  with 20 ppm 2,4-D  showing 

thickened stem  and split ep iderm is .

9
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F igure  2. A  cabbage plant trea ted  with 20 

ppm 2,4-D  showing proliferation  of tissu es , and 

an adventitious shoot aris ing  from the area  a f ­

fected.
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Plants  kept continuously in the greenhouse made rapid  growth 

ea r ly  in the season* Growth in height of the Golden A cre v a rie ty  is 

shown in Table 1* These data show the average height of the plants to 

the te rm in a l  bud for each trea tm en t on the dates specified. Although 

the  p lants w ere  m easu red  each week only the m easurem ents  taken at 

approxim ately  2 -month in te rva ls  a re  p resen ted . It can readily  be seen 

tha t m ost of the growth occu rred  by July 24 and in most instances 

l i t t le  growth was made between July 24 and Septem ber 18. July and 

August te m p e ra tu re s  w ere  v ery  high in the greenhouse and may a c ­

count for the  reduced growth ra te  during th is period .

Increasing the 2 ,4 -D  concentration applied resu lted  in a 

gradual in c rease  in plant height from  tim e of trea tm en t to May 21.

The average height of the plants trea ted  with 5 ppm was not s ta t i s ­

tica lly  different from  that of the control* P lants trea ted  with 10, 15, 

and 20 ppm w ere significantly higher than the control*

D ifferences w ere sm all on May 21 among the plants trea ted  

with various concentrations of C1PP. Only plants trea ted  with 100 ppm 

had an average height s ta tis tica lly  g rea te r  than the control p lan ts . 

T rea tm en t with TIB A did not a lte r  the average heights of the p lan ts . 

Applications of 100, 250 and 500 ppm NA slightly increased  the a v e r ­

age height over that of the control.

By July 24 slight varia tions existed in average plant heights 

among the severa l trea tm en ts  but w ere not g reat enough to be 

s ta t is t ic a lly  significant. When th is experiment was te rm inated
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T a b le  1 .  H eight of C abbage P la n ts  as  In fluenced  by G ro w th -R eg u la t in g

S u b s ta n c e s  (V a r ie ty  G olden  A c r e ,  N o n c o ld -In d u c e d )•

Growth Substances

Chemical 
Symbol PPM

May
21

Dates of M easurem ent

July Sept. 
24 18 

(Centimeters)

Control - 7.1 26.0 32.0

2 ,4 -D 5 9 .6 23.8 27.4
10 11.8 26.3 34.2
15 13.8 27.8 30.9
20 14.3 28.7 30.8

C1PP 50 8 .4 22.3 28.7
100 10.6 28.8 34.5
250 9 .7 23.1 26.2
500 9 .2 22.8 30.4

T1BA 50 9.8 22.7 27.2
100 9 .6 26.5 29.4
250 9 .5 23.9 29.1
500 7.7 22.0 30.2

NA 100 10.2 27.5 34.2
250 10.9 28.0 37.3
500 10.1 27.8 33.0

1000 9.3 21.1 32.5

L .S .D . @ .05 3.0 4.5 N .S.
@ .01 4.1 N .S.
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Septem ber 18, no trea tm en t differed s ta tis tica lly  from  the control.

Application of 2 ,4-D  to Round Dutch stim ulated ae r ia l  growth 

during the f i r s t  month following trea tm en t and as can be seen in Table 2 

average  height inc reased  with the inc rease  in concentrations. In fact, 

the average  height of the plants receiving each of the th ree  higher con­

cen tra tions was alm ost twice that of the control plants on May 21 ,

P lan ts  receiving either of the C1PP concentrations had grown 

to g re a te r  heights by May 21, than the control. During the f i r s t  

month subsequent to trea tm en t growth ra te s  of these  plants w ere s ig ­

nificantly different from  the control and from  plants receiving 50,

100, and 250 ppm of TIB A. The above concentrations of TIB A a p ­

peared  to stim ulate  growth in the Round Dutch varie ty . This r e ­

sponse was in con trast to no stimulation with the Golden Acre va rie ty . 

Only the 500 ppm concentration of NA significantly stim ulated growth 

ra te  in the Round Dutch varie ty .

During the next 2 -month period, May 21 to July 24, the re  

was a trend  indicating that the lower the concentration of 2 ,4-D  the 

g re a te r  the ra te  of growth. This fact is dem onstrated by the data in 

Table 2. These data show on July 24 no significant differences in 

average height of control plants and those in either of the 2 ,4-D  

tre a tm e n ts .  Neither the growth-regulating substance nor its con­

centra tion  a l te red  the average height of plants to the extent that they 

sufficiently differed from  the average height of the control plants at 

the end of the experim ent.
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T a b le  2 .  H eigh t of C abbage P la n ts  as Influenced  by G ro w th -R eg u la t in g

S u b s ta n c e s  (V a r ie ty  Round D u tch , N o n c o ld -In d u c e d ) .

Growth Substances
Chemical 
Symbol PPM

Dates of M easurem ent
May July Septo 

21 24 18 
(Centimeters)

Control - 4 .9 21.3 23.5

2 ,4 -D 5 6.6 19.9 22.6
10 9.5 22.8 25.4
15 10.4 23.6 27.8
20 11.1 24.9 27.7

C1PP 50 8.8 23.2 23.5
100 7.6 23.9 27.7
250 8.3 22.8 30.4
500 9 .2 23.2 28.8

TIB A 50 7.4 22.2 26.1
100 6.4 21.3 27.6
250 6.4 21.8 25.9
500 6.0 23.4 25.4

NA 100 5.9 21.2 23.9
250 5.8 21.8 26 • 6
500 7.3 21.6 28.7

1000 5.8 22.5 29.5

L . S . D . @ .05 1.3 N.S. N .S.
@ .01 1.8 N .S. N .S .
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Based on the data p resen ted  above, with respec t to growth of 

the Golden Acre and Round Dutch v a r ie t ie s  as effected by growth - 

regulating substances, two main points stand out. (1) The application 

of 2 ,4 -D , C1PP and NA in dilute solutions tend to stim ulate ae r ia l  

extension of the m ain axis of the plant soon afte r  trea tm en t.  (2) S tim ­

ulation of growth is lost two to th ree  months after trea tm en t and the 

n o n -trea ted  plants tend to reach  approxim ately the same ultim ate 

height as the t rea ted  p lan ts .

Other points worthy of mention are: (1) In general the growth 

ra te  in Golden Acre was g rea te r  than in Round Dutch. (2) The r e ­

sponse to the grow th-regulating substances by the two v arie ties  was, 

in genera l, somewhat s im ila r .

Cold-Induced P lan ts  

F o lia r  modifications, stem  splitting and tissue  proliferation  

o ccu rred  in about the sam e degree in cold-induced plants as d e ­

sc r ib ed  for the noncold-induced p lan ts .

Growth in height of the Golden Acre plants and the values r e ­

quired  for s ta tis tica l significance a re  presented  in Table 3. P lants 

t re a te d  with 2 ,4-D  grew slightly fa s te r  than the control during the 

f i r s t  month subsequent to trea tm en t.  Growth ra te  was increased , up 

to May 21, by 2 ,4 -D . The difference in height between the control 

plants and those trea ted  with 5 ppm was significant. D ifferences b e ­

tween the control plants and those trea ted  with 10, 15 and 20 ppm were
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T a b le  3 .  H eigh t of C abbage P la n ts  as A ffected  by G ro w th -R eg u la t in g

S u b s ta n c e s  (V a r ie ty  G olden A c r e ,  C o ld -In d u ced )•

Growth Substances

Chemical PPM  
Symbol

May
21

Dates of Mea

July
24

(Centimet

surem ent

Sept. 
25 

er s)

Nov.
20

Control - 5.5 15.2 24.3 32.5

2 ,4-D 5 6.3 16.5 27.0 37.5
10 7.1 17.9 30.2 41.7
15 7.1 17.4 29 .2 40.2
20 7.5 18.5 28.9 36.5

C1PP 50 5.8 15.9 26.8 36.2
100 5.5 15.8 26.0 36.9
250 5.3 14.8 26.5 32.5
500 5.1 15.2 25.9 32.6

T1BA 50 5.9 15,0 27.6 37.3
100 5.6 15.0 27.1 38.7
250 6.0 15.1 27.1 36.5
500 5.8 15.9 28.5 41.1

NA 100 7.0 15.7 26.7 36.5
250 6.4 15.9 27.8 38.9
500 6.0 15.7 27.1 38.5

1000 4 .7 14.3 25.9 34.7

L i . S . D *  @ . 0 5  0 . 6 1  2 .  11 N . S .  N . S .
@. 01  0 . 8 2  N . S .
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highly significant* At no tim e during the growing season w ere any of 

the C1PP tre a te d  plants significantly higher than the controls* P lan ts  

tre a te d  with T1BA made growth alm ost identical with the controls 

throughout the experiment* A stimulation in growth was noted early  in 

the season  from  100 to 250 ppm NA, but did not prevail la te r  in the 

season .

The data on growth in height of the Round Dutch varie ty  a re  

shown in Table 4. T here  was little  difference in ultimate height of 

plants among the varous trea tm en ts  (except with 2 ,4-D  at 20 ppm).

The low er concentrations of 2 ,4-D  and C1PP did not inc rease  the u l ­

t im ate  height in this varie ty  which was in contrast to the response 

shown by the Golden Acre va rie ty . However, all concentrations of

2 .4 -D  stim ulated growth in both v arie ties  early  in the season as com ­

pared  to the control. P lan ts  trea ted  with 50 and 250 ppm C1PP were 

also h igher than the controls on May 21. On July 24 the differences 

between the heights of the control and plants trea ted  with 15 and 20 

ppm 2 ,4-D  and 250 ppm C1PP w ere highly significant. There was 

li t t le  difference in the ra te  of growth for the 2,4-D  trea ted  plants

and the controls between May 21 and July 24. Only those plants 

trea ted  with 15 and 20 ppm w ere sta tis tica lly  higher than the con­

t r o l s .  By Septem ber 25 the differences in heights among the 2 ,4-D  

trea ted  and control plants w ere essentia lly  the sam e.

Data concerning the effect of varying the concentrations of

2 .4 -D , C1PF, T1BA and NA on the heading ch a rac te r is t ic s  and the
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T a b le  4 .  H eight of C abbage P la n ts  a s  A ffec ted  by G ro w th -R eg u la t in g

S u b sta n c e s  (V a r ie ty  Round D utch , C o ld -In d u ced )•

Growth Substances Dates of M easurement
Chemical PPM May July Sept. Nov.
Symbol 21 24 25 20

(Centimeters)

Control - 4. 1 14.1 25.3 33.9

2 ,4 -D 5 5.2 15.2 25.7 32.7
10 5.0 14.7 26.2 34.0
15 5.8 16.2 26.6 33.3
20 5.1 16.7 29.4 39-3

C1PP 50 5.6 15.7 26.4 33.4
100 4.7 14.7 26.4 32.2
250 5.8 16.1 25.6 31.7
500 4.6 14.5 24.7 30.3

TIB A 50 5.0 13.9 24.7 31.1
100 3.9 13.9 25.6 32.0
250 3.7 14.0 25.4 32.5
500 4 .7 13.8 24.7 31.1

NA 100 4.2 13.5 23.1 30.8
250 4.9 14.8 27.1 33.6
500 4.9 15.4 26.1 34.0

1000 3.9 14.5 26.3 32.3

Li .S .D . @.05
@.01

0.84
1.12

1.45
1.94

N.S. N .S.
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num ber of probable seed ers  in Golden Acre a re  p resen ted  in Table 5.

It appears  that increasing  the concentration of 2 ,4-D  above 10 ppm 

resu lted  in a corresponding inc rease  in the number of open heads. All 

of the plants t rea ted  with 20 ppm of 2 ,4-D  produced open heads. Leaves 

and s tem s of these  plants had many of the ch arac te r is t ic s  of r e p ro ­

ductive p lan ts , but none of them  produced a tru e  head nor flow ers.

The heads tended to be le ss  f irm  with the increase  in con­

cen tra tion  of each chem ical except TIB A. This trend  was very  p r o ­

nounced in plants trea ted  with 2 ,4 -D . Plants trea ted  with 5 ppm r e ­

ceived an average f irm ness  score  of 1.70 and as the concentration 

was in c reased  to 20 ppm this score  increased to 3 .00 . A la rg e r  

num ber of probable seeders  was noted in the plants trea ted  with T1BA 

than with either of the other substances or the control.

These data a re  m ere ly  indications and should not be re lied  

upon too strongly. The charac te r  of growth among the various t r e a t ­

m ents changed severa l t im es  during the season. E arly  in the season, 

the s tem s and leaves of many plants w ere identical with those of r e ­

productive p lan ts . During July the tem pera tu re s  in the greenhouse 

w ere above 90° F .  m ost every  day. After th ree  weeks of these  

high te m p era tu re s  the plants reverted  from  the reproductive to the 

vegetative phase of growth. Many plants, when they w ere about 

30 cms ta ll  began forming loose heads. Such a response suggests 

that the high tem p era tu re s  during July nullified the cold-induction 

trea tm en t resulting  in a type of "devernalization".
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T a b le  5 ,  H ead C h a r a c t e r i s t ic s  and N um ber of P r o b a b le  S e e d e r s  in

Cabbage P la n ts  a s  Influenced  by G ro w th -R eg u la t in g  S u b ­

s ta n c e s  (V a r ie ty  G olden  A c r e ,  C o ld -In d u ced ) .

Growth Substances
Chem ical PPM  
Symbol

Number Heads 
F irm  L>oose Open^

F irm ness
Score^

Probable
Seeders

Control 5 6 4 1.73 2

2 ,4 -D 5 5 10 1.70 3
10 15 2.00 9
15 9 6 2.30 ?
20 15 3.00 ?

C1PP 50 5 9 1 1.73 2
100 14 1 2.07 6
250 1 12 2 1.86 5
500 12 3 2.13 6

T1BA 50 13 2 2.00 10
100 15 2.00 5
250 14 1 2.07 11
500 14 1 2.07 9

NA 100 1 14 1.93 3
250 15 2.00 6
500 13 2 2.13 7

1000 13 2 2.13 2

1 P lan ts  forming no tru e  heads were re fe r re d  to as "open heads" .

 ̂ A s c o r e  o f  1 w a s  a s s ig n e d  to f ir m ,  2 to l o o s e  and 3 to open h e a d s .



Table 6 shows the effect of varying the concentration of 2 ,4 -D , 

C1PP> TlBA and NA on the heading ch a rac te r is t ic s  and the number of 

probable seeders  in cold-induced Round Dutch p lants. P lants trea ted  

with 5 ppm 2 ,4-D  produced m ore loose heads than the controls. When 

the concentration was inc reased  to 10 ppm the number of plants p r o ­

ducing f i rm  heads was alm ost the same as in the control. Increasing

2 ,4 -D  concentrations to 15 and 20 ppm resu lted  in still g rea te r  in ­

c re a se s  in the num bers of f irm  heads produced and a corresponding 

d ec rea se  in the firm ness  sco re . Although more firm  heads w ere 

produced by plants trea ted  with 15 and 20 ppm of 2 ,4-D , these  heads 

w ere only one-half as la rg e  as those produced by the control p lan ts . 

This response of Round Dutch to 2 ,4-D  appears to be opposite to that 

obtained with Golden A cre.

An increase  in the firm ness  score was associated with an in ­

c re a se  in concentration of C1PP, but no consistent relationship b e ­

tween the number of probable seeders  and the concentration of C1PP 

was found. As the concentration of TlBA was increased, an increase  

in the number of f irm  heads and consequently a decrease  in the f i r m ­

ness  score  was noted. A decrease  in number of f irm  heads was a s ­

sociated with an inc rease  in concentration of NA in concentrations up 

to 500 ppm . However, as the concentration of NA was increased  to 

1000 ppm th e re  was an increase  in number of f irm  heads produced.
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T a b le  6 .  H ead C h a r a c t e r i s t i c s  and N u m b er  of P r o b a b le  S e e d e r s  in

Cabbage P lan ts  as Influenced by Growth-Regulating Sub­

stances (V ariety  Round Dutch, Cold-Indueed).

Growth Substances 
Chemical 
Symbol PPM

Number Heads 
F irm  Loose Open-*-

F irm ness  
Score^

Probable
Seeders

Control 10 5 0 1.30 2

2 ,4 -D 5 6 9 0 1.86 1
10 9 4 2 1.53 0
15 12 3 0 1.20 0
20 14 1 0 1.07 0

C1PP 50 9 4 1 1.46 1
100 7 8 0 1.53 3
250 3 12 0 1.80 0
500 2 13 0 1 .86 2

TlBA 50 4 11 0 1.73 6
100 5 10 0 1.70 0
250 11 4 0 1.26 3
500 13 2 0 1.13 2

NA 100 14 1 0 1.00 0
250 10 5 0 1.33 1
500 5 10 0 1.70 2

1000 12 3 0 1 .20 0

1 P lan ts  forming no tru e  heads w ere re fe r re d  to as "open heads” .

 ̂ A s c o r e  of 1 w a s  a s s ig n e d  to f ir m ,  2 to l o o s e  and 3 to open h e a d s .
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EXPERIMENT 2 - 1950 

Information obtained from  experiment 1 indicated that growth 

substances affected the ch arac te r  of growth of cabbage grown in the 

greenhouse* Experim ent 2 was designed to obtain information on 

the effect growth substances might have upon the charac ter  of growth 

of cabbage grown in the field* Information was desired  as to whether 

o r  not ce r ta in  growth substances would induce o r  inhibit bolting and 

the re la tive  to lerance  of cabbage to various concentrations of these  

substances under field conditions.

MATERIALS AND METHODS 

Seeds of the Golden Acre and Round Dutch varie ties  were 

planted October 10, 1949 in flats in the horticultura l greenhouse at 

M iss iss ipp i State College. The seedlings w ere transplanted  to cold- 

fram es  November 1 in trea tm en t groups separated  by eighteen-inch 

alleys* The purposes of the alleys w ere to facilitate the application 

of the growth substances and to allow space for placing w a te r-rep e l - 

lant canvas shields to eliminate drift of spray  from  one plot to another* 

P lants at the tim e of trea tm en t had four and five well developed 

leaves and stem  d iam ete rs  which averaged about six m illim eters* The 

growth substances and concentrations were as described in experim ent 

1. Application was made January 12, 1950 with a "Sure Shot” com ­

p re s s e d  a i r  sp rayer at 75 to 100 pounds p re s s u re .  Individual 

sp ray e rs  w ere used for each growth substance and the lower concen­

tra t io ns  applied f i r s t .  Immediately after use the sp ray ers  were
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washed by allowing tap w ater to run through them  for at least two hours . 

The sp ray  was applied to the en tire  plant with special emphasis placed 

on getting good coverage of the growing point. The spray  was applied 

to the run-off.

F orty  plants of each trea tm en t were transplanted  to the field 

F e b ru a ry  20, ten in each of four randomized complete blocks. P lants 

w ere  spaced fifteen inches apart in rows forty inches wide in plots 

located on soil c lassified  as Kaufman clay loam . The soil was sup­

plied with 1000 pounds per ac re  of 6-8-4  fe r ti l iz e r  applied in the 

d r i l l  before transplanting . An additional 200 pounds of n itra te  of 

soda to the ac re  was applied as a s ide-d ress ing  after the danger of 

cold w eather had pas t.

T em pera tu res  w ere ascerta ined  by recording therm ographs 

from  the date of seeding until the completion of the experim ent. Cul­

tu ra l  p rac tices  w ere kept uniform for each trea tm en t. Water for 

i r r ig a tio n  was applied as needed with a P erf-O -R ain  sprinkler system  

attached to a dom estic  w ater line. Weeds w ere controlled with t r a c ­

to r  drawn cultivators and by hand hoeing. Insects w ere controlled 

by dusting with D .D .T .  and spraying with nicotine sulfate.

P lant heights w ere recorded semi-monthly in centim eters  

beginning M arch 9 and ending May 11, but only the bimonthly 

m easu rem en ts  a re  p resen ted . The plants were harvested  June 2 

and June 6 and d issected  for study with respec t to the ir  degree of 

development. The length of the centra l core and the total length of
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the head was m easured  in all of the plants from  each trea tm en t.  The 

point on the s tem  where the lower w rapper leaf was attached was used 

as a basa l point for these  m easu rem en ts . F ro m  this basal point to 

the apex of the te rm ina l bud constituted the central co re . The distance 

from  this sam e point to the upperm ost point of the folded leaves which 

fo rm  the head constituted the to tal length of the head. The m e a s u re ­

ment for the to tal length of each head was then divided by its c o r r e s ­

ponding cen tra l core length. The resulting quotient is herea fte r  r e f e r ­

red  to in the thesis  as the head-core  ra tio . The head-core  ratio  of 

each plant in a trea tm en t was summed and the average determ ined. 

Ratio values ranged from  one for reproductive to approximately two 

for vegetative plants with very  f irm  heads. The head-core  ratio was 

found to be a very  effective method for scoring the plants with r e f e r ­

ence to the degree of reproductive and/or vegetative development 

except in plants that had p rog ressed  to m ore advanced degrees of 

reproductiveness  .

T here  a re  severa l degrees of reproductiveness in cabbage. 

P lan ts  produce f irm , loose or no tru e  heads. They may produce a 

poorly developed seed stalk with no flowers or well developed seed 

stalks with many flowers and f ru its .  F or this reason it was found 

ea r ly  in these  studies that the head-core  ratio did not p resen t the 

en tire  p ic tu re .  F or instance, certa in  plants that had a head-core  

ra tio  of one produced a seed stalk and no flowers or f ru its .  W hereas 

o thers  with a ratio  of one produced several seed stalks and many
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flow ers and f ru i ts .  T here fo re , a method was developed in which the 

v a r ied  deg rees  of vegetativeness and reproductiveness w ere placed 

on a num erica l b a s is .  The num erica l values ranged from  zero  to 

eight as follows:

0 -Vegetative plants producing very  firm  heads.

1 -Vegetative plants producing firm  heads.

2 -Vegetative plants producing slightly loose heads.

3 -Vegetative plants producing loose heads.

4 -Vegetative-Reproductive plants producing very  loose 

heads, and la te ra l  buds that w ere slightly enlarged.

5 -Reproductive plants with only a partia l head, seed stalk 

em erged but poorly developed and producing no flow ers.

6 -Reproductive plants with no developed head, seed stalk 

p resen t and no flowers or fruit p resen t.

7 -Reproductive plants with a well developed seed stalk and 

few to severa l flowers and fruit p resen t.

8 -Reproductive plants with several well developed seed 

stalks and many flowers and fruit p resen t.

The above outlined num erical description was used in this and 

subsequent experim ents reported  in this paper. Such a method of 

evaluation is h e rea f te r  re fe r re d  to as the "growth phase index".
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RESULTS

The data on the effect of varying the concentration of the four 

grow th-regulating  substances upon the average heights of w intered - 

over Golden A cre and Round Dutch plants a re  shown in Tables 7 and 8 , 

re sp ec tive ly .

Response of the Golden Acre V ariety  

The average heights of 2 ,4-D  trea ted  Golden Acre plants w ere 

not s ta t is tica lly  different from  the controls on March 9« Plants sprayed 

with 100 and 500 ppm C1PP, 50 and 250 ppm of TlBA, and 500 and 1000 

ppm of NA w ere sho rte r  than the contro ls . On April 13, plants sprayed 

with 15 ppm of 2 ,4-D  w ere higher, and those sprayed with 50 ppm of 

TlBA w ere  sh o r te r  than the plants of the control. The average height 

of the plants in the other trea tm en ts  did not vary  from the control.

T h ere  w ere  no significant differences on May 11 in the average heights 

of the plants among the various trea tm en ts .

Response of the Round Dutch V ariety 

The data with respec t to Round Dutch (Table 8 ) w ere somewhat 

s im ila r  to that of Golden A cre. T here  were differences in heights 

among certa in  trea tm en ts  March 9. P lants sprayed with 10 ppm of

2 ,4 -D  and 100 ppm of NA w ere higher than the controls. The effects 

of growth ra te  resulting  from  these growth-regulating substances o c ­

cu rred  ear ly  in the season. This indicates that any inc rease  o r d e ­

c re a se  in growth due to these  substances occurs soon after trea tm ent



-  49 -

T a b le  7• The E ffe c t  o f  G ro w th -R eg u la t in g  S u b sta n c e s  on th e  H eight

of W in te r e d -O v e r  G olden A c r e  Cabbage*

Growth Substances
Chemical 
Symbol PPM

B ates of M easurement
M arch April May 

9 13 11 
(Centimeters)

Control - 4 .5 7.1 16.2

2 , 4-D 5 5.4 8 . 2 15.2
10 4.0 7.9 16 .6
15 5.4 8 .8 14.8
20 5.0 8 .0 13.6

C1PP 50 3.6 6.4 15.0
100 3.0 5.7 14.0
250 3.6 5.8 13.0
500 3.3 5.8 14.2

TlBA 50 2 .8 5.4 12.6
100 3.7 6.5 13.8
250 2 .6 5.7 14.4
500 - - -

NA 100 3.8 6.4 15.7
250 3.4 6 .6 15.0
500 3.0 7.4 16 .2

1000 3.3 6 . 2 15.9

L .S . D . @ .05 1 .2 1.7 N .S.
@ .01 1 .8 2.3 N .S.
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T a b le  8 .  T he E f fe c t  of G ro w th -R eg u la t in g  S u b sta n c e s  on the

H eight of W in te r e d -O v e r  Round D utch  C abbage.

Growth Substances Dates of M easurement
Chemical M arch April May
Symbol PPM  9 13 11

(Centimeters)

Control - 2.7 4. 4 12.7

2 ,4-D 5 4.0 7.0 13.8
10 4.8 7.2 13.7
15 3.8 6 .0 13.0
20 4 .4 8.4 14.8

C1PP 50 3.8 6 .6 13.0
100 3.6 5.8 13.0
250 3.3 6 .6 14.4
500 3 .2 5.1 11.7

TlBA 50 3.3 5.4 13.6
100 3.1 5 .4 13.8
250 3.0 4.5 13.8
500 3.8 6 .6 14.2

NA 100 4.8 6 .8 13.7
250 3.2 5.2 13.6
500 3.4 6 .2 13.3

1000 3.3 6 .0 13.1

L .S .D .  @.05
@. 01

2 . 0
2.7

N.S. N .S.



if o ther environm ental fac to rs  a re  favorable for growth. L a te r  in the 

season  these  substances likely had been utilized or transfo rm ed  into 

inactive m a te r ia ls .

H ead-Core Ratio and Growth Phase Index

Application of 2 ,4 -D , C1PP or TlBA had no effect on the head- 

core ra tio s  of e ither varie ty , Table 9« However, application of NA at 

a concentration of 100 ppm to Golden Acre increased  this ra tio . The 

growth phase index was reduced in Golden Acre by 5 ppm of 2 ,4-D ,

100 ppm of NA, and 50 and 500 ppm of C1PP. The differences in the 

indices of the control plants and those sprayed with 500 ppm of C1PP 

and 100 ppm NA w ere highly significant.

The indices for the Round Dutch varie ty  resulting from  the 

various trea tm en ts  were not s ta tis tica lly  different. Due to the lack 

of sufficiently cool or cold tem pera tu re s  under the prevailing field 

conditions none of the plants produced seed s ta lks . The head-core  

ra tio  and the growth phase index w ere, under these conditions, not 

g rea tly  changed by the growth-regulating substances.
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Table 9 . H ead-C ore Ratio and Growth. Phase  Index of W intered-O ver 

Cabbage as Influenced by 2 ,4 -D , C1PP, TlBA, and NA Ap­

plied Before Cool Weather*

Growth Substances 
Chemical 
Symbol PPM

Head-Core 
Ratio 

G .A .*  R .D . *

Growth Phase 
Index 

G .A .*  R .D .*
Control 1*40 1.41 2.85 2.38

2 ,4-D 5 1.46 1.38 2.38 2.80
10 1.45 1.43 2 .68 2.49
15 1.45 1.41 2.76 2.32
20 1.45 1.49 2.82 2.34

C1PP 50 1.46 1.52 2.41 2 .0 2
100 1.49 1.48 2 .68 2.28
250 1.52 1.51 2.76 1 .88
500 1.52 1.42 2.31 2.41

TlBA 50 1.51 1.42 2.53 2.40
100 1.53 1.45 2.56 2.33
250 1.45 1.40 2.67 2.60
500 - 1 *46 - 2.27

NA 100 1 .68 1.43 2.31 2 . 2 2
250 1.40 1.41 3.04 2.31
500 1.51 1.43 2.64 2.31

1000 1.33 1.47 2.76 2.30

L • S • D. @ .05 0.14 N .S. 0.40 N .S.
@ .01 0.19 0.53

G eneral V ariety  Means 1.48 1.44 2.57 2.33

* G. A* - Golden Acre varie ty; R.D* - Round Dutch variety*
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EXPERIMENT 3, 1950 

P lan t s ize when cold tem p era tu re s  occur is known to be a factor 

which de te rm ines  the extent of bolting in cabbage. L arge  plants bolt 

m ore  read ily  than sm all p lan ts . The purpose of experiment 3 was to 

de term ine  the effects of growth substances on seed stalk development 

when applied to " la rg e" ,  "m edium ", and "sm all"  plants at different 

t im es  during a period of cool w eather.

MATERIALS AND METHODS 

To obtain " la rg e" ,  "m edium", and "sm all"  plants, seeds of 

Golden Acre w ere planted in the greenhouse September 17, October 10 

and November 2, 1949. These seedlings were transplanted  to cold- 

fram es  October 2, November 2 and November 23 for the f i r s t ,  second, 

and th ird  seeding da tes , respectively .

The plants of each size (large, medium and small) received  one 

of the following trea tm en ts :

T rea tm en t Chemical Concentration Time of
Number ' (ppm) Application

1 Control -

2 C1PP 250 D e c .20,1949

3 C1PP 250 J a n .23,1950

4 C1PP 250 F e b . 16 ,1950

5 2,4-D 15 Dec. 20, 1949

6 2,4-D 15 J a n .23,1950

7 2,4-D 15 F e b . 16,1950
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This made a to ta l of twenty-one tre a tm e n ts .  The d iam ete rs  of 

the plant s tem s jus t below the f i r s t  t ru e  leaf on D ecem ber 20 , 1949 a v ­

eraged  9 m m . for the la rg e ,  6 m m . for the medium and 4 m m . for the 

sm all p lan ts .  The dates for t im e of application of the growth sub­

stances w ere  selected  because they w ere expected to m ore n early  cover 

the  period  of anticipated cool weather than any other two month period  

during the y e a r .  It was d es ired  that the f ir s t  spray date be before o r  

at the beginning of cool weather; the second date during cool weather; 

and the th ird ,  after o r n ea r  the end of cool w eather. T em pera tu res  

in the coldfram e w ere maintained above 50° F* until D ecem ber 24 by 

m eans of a the rm osta tica lly  controlled soil heating cable and by 

covering the coldfram es with glass sash when tem pera tu res  lower 

than 50° F .  w ere p red ic ted . On Decem ber 24, the cables w ere d i s ­

connected and the sash  removed from  the coldfram e. Unfortunately 

the w inter of 1949-50 was m ild . Low tem p era tu res  for periods of 

t im e  sufficiently long to induce the reproductive phase did not p revail 

at M iss iss ipp i State College. The prevailing tem pera tu re s  will be 

d iscussed  in the section on r e s u l t s .

L arge  plants made rapid growth and became so crowded in the 

coldfram e that they w ere transplanted  to the field D ecem ber 7, 1949. 

T h e re fo re ,  the la rg e  plants w ere sprayed after they w ere transp lan ted  

to the fie ld . Medium and sm all size plants w ere sprayed while in the 

coldfram e and transp lan ted  to the field F eb ru a ry  17, 1950. In all in ­

s tances p recau tionary  m easu res  to guard against contaminating
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adjacent plots w ere  employed as described  in experiment 2 .

The twenty-one trea tm en ts  consisting of th ree  plant s izes  and 

seven chem ical sprays w ere arranged  in five randomized blocks in the 

field . Each of the f i r s t  four blocks consisted of ten plants of each t r e a t ­

ment from  which data concerning growth and development w ere collected. 

The fifth block consisted of 50 plants re se rv ed  for making m orpho­

logical studies of the te rm ina l shoot.

This experim ent was located adjacent to and received the same 

cu ltu ra l trea tm en t as described  in experiment 2. Data w ere collected 

as described  in experim ent 2 .

Heights of the plants were m easured  at approximately 2 week 

in te rva ls  from  F eb ru ary  27 to May 11 inclusively, but only bimonthly 

m easu rem en ts  a re  p resen ted . Large plants reach  m aturity  and w ere 

h arves ted  April 20. T here fo re , they w ere not included at the la te r  

m easuring  dates (Tables 11 and 12). Medium and sm all plants w ere 

h arv es ted  May 12 and June 6 , respectively . Consequently, the medium 

and sm all plants w ere  m easured  twice after the la rge  plants w ere h a r ­

v es ted .

RESULTS 

T em pera tu re  During Growing Season 

Weekly average maximum and average minimum tem pera tu res  

and weekly means during the period Decem ber 24, 1949 to June 30,

1950 a re  p resen ted  in Table 10. Average maximum tem p era tu res  for
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Table 10. Average Weekly Maximum, Minimum and Mean T em pera tu res  

from  October 1 , 1949, through June 30, 1950, State College, 

Mis sis sippi.

Date

Weekly Average Tem perature*  

Maximum Minimum Mean

D ec. 24 - D ec. 30 60 .2 35.6 57.5
Dec. 31 - Jan . 6 67.1 49.0 58.0
Jan . 7 - Jan . 13 62.9 45.1 54.0
Jan. 14 - Jan . 20 68.4 44.6 56.5
Jan. 21 - Jan . 27 71.9 52.6 6 2 .2
Jan. 28 - F e b . 3 65.3 47.3 56.3
F eb . 4 - F eb . 10 69-7 49.6 59.6
F eb . 11 - Feb . 17 63.0 40.4 51.7
F eb . 18 - Feb . 24 64.0 35.1 49.6
F eb . 25 - M ar. 3 61.9 36.6 49.2
M ar. 4 - M ar. 10 60.0 36.6 48.3
M ar. 11 - M ar. 17 65.4 40.7 53.0
M ar. 18 - M ar. 24 68.9 42.6 55.8
M ar. 25 - M ar. 31 71.7 46.7 59-2
A pr. 1 - Apr. 7 67.6 44.1 55.8
Apr. 8 - Apr. 14 71.4 43.5 57.4
Apr. 15 - Apr. 21 67.8 42.8 55.3
A pr. 22 - Apr. 28 81.0 56.0 68.5
A pr. 29 - May 5 78.1 61 .6 69.8
May 6 - May 12 85.4 67.1 76.2
May 13 - May 19 82.9 60 .0 71.4
May 20 - May 26 85.6 65.7 75.6
May 27 - June 2 86.4 79.0 82.7
June 3 - June 9 81.0 65.4 73.2
June 10 - June 16 89 .6 66.7 78.2
June 17 - June 23 9 0 .0 71.4 00 o •

June 24 - June 30 90.7 67.6 79.2

* Seven daily tem p era tu re  values included in each average.
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each week w ere  never below 60° F •, and w ere well above 60° most of 

the p e rio d . Average minim um  tem p era tu re s  w ere 45° F .  and below for 

only 12 w eeks. Weekly mean tem p era tu re s  w ere not as low as 45° F .  

for a single week during the period . The lowest weekly mean te m p e r ­

a tu re  reached  was 48 .3 °  F .  and occurred  during the seven day period 

M arch 4 - M arch 10, 1950. T em pera tu res  w ere not low enough for 

sufficient tim e to induce reproductive development, however, they were 

sufficient to influence the charac te r  of head development in the la rge  

p lan ts . These influences will be d iscussed la te r .

Data on seasonal growth in height of la rge , medium and small 

s izes of plants sprayed with C1PP and 2 ,4-D  a re  presented  to Tables 

11 and 12, respec tive ly . L arge plants w ere much higher April 10, 

the final m easurem ent date for the la rge  plants, than the medium or 

sm all plants on each date of m easurem ent. The final height reached 

by the medium size group was about the same as the la rge  group, how­

ever.

C1PP Trea tm ents

The effect of the tim e of applying C1PP on the ra te  of growth 

or u ltim ate  height of la rge  plants was not sta tis tically  significant. 

However, plants sprayed during cool weather w ere the highest of the 

group and those sprayed after cool weather were the lowest. T here  

w ere  significant differences in the ra te  of growth due to the tim e of 

applying C1PP in the plants of the medium group. Plants sprayed
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Table 11. The Effect of Time of Application of 250 PPM  C1PP On

the Average Height of L arge , Medium and Small Wintered - 

Over Cabbage (Variety Golden A cre).

Size of 
P lan ts

Tim e of 
Application*

Feb .
27

Dates of
M ar.

20

M easurem ents
Apr. Apr. 

10 27 
(Centimeters)

May
11

L arg e Control 10.8 12.4 15.0 —*

Before 10.3 12.6 16.0
During 11 .2 13.3 16.9 - -

After 9.9 11.4 14.0 --

G enera l Size Means 10 .6 12.4 15.5

Medium Control 3.9 4.9 7.0 9.0 13.0
Before 6 . 2 7.0 8.9 11.0 14.7
During 7.0 8 .8 10.9 12 .8 16.2
After 5.8 6.9 8 . 8 10 .6 14.3

G enera l Size Means 5.7 6.9 8.9 10 .8 14.6

Small Control 3.7 4 .2 5.8 8 . 2 12.4
Before 2 .8 3.0 4.6 6.7 10.5
During 3.8 4.0 6 .1 7.8 12.1
After 3 .2 3.5 5.0 6 .8 10 .2

G eneral Size Means 3 .4 3.7 5.4 7.4 11.3

L .S .D .  ** @ .05 2.9 3.7 3.2 -- - -
@ .01 4.0 4.9 4.3

* T im e of application in respec t to cool w eather.

* * L .S .B .  values apply to any tim e of application means within size 

groups, but not to general size means#
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Table 12, The Effect of Time of Application of 15 PPM  2,4-D  On

the Average Height of Large, Medium and Small W intered - 

Over Cabbage (V ariety  Golden Acre)*

Size of T ime of 
P lan ts  Application*

Feb .
27

Dates of M easurem ents
M ar. Apr* Apr. 

20 10 27 
(Centimeters)

May
11

L arg e Control 10 .8 12.4 15.0 Ms Hm _ _

Before 11 .6 13.2 16.1
During 11 .6 13.5 16.7
After 9 .7 12.5 15.0

G eneral Size Means 10.9 12.9 15,7

Medium Control 3.9 4.9 7.0 9.0 13.0
Before 7*6 9.0 11.0 12 .8 16.8
During 7*2 8 .0 10.9 12 .8 18.4
After 7.3 9 .4 11 .8 13.9 17.8

G eneral Size Means 6,5 7.2 10 .2 12.1 16.5

Small Control 3.7 4 .2 5 .8 8 . 2 12.4
Before 3*6 4.1 6 . 2 7.8 11.6
During 3.9 4.6 6.9 8.9 12.7
After 3 .4 4 .2 6.7 9-2 12 .8

G enera l Size Means 3.6 4.3 6.4 8.5 12.4

L .S .D .* * @ .05 2.9 3.7 3.2 — _  _

@ .01 4.0 4.9 4.3

* Tim e of application in respec t to cool w eather.

** L .S .D .  values apply to any tim e of application means within size 

groups, but not to general size means*



-  60 -

during cool w eather w ere  higher than the control p lan ts . The ra te s  of 

growth or the u ltim ate heights of the sm all plants w ere not m a te ria lly  

a l te red  by the trea tm en ts  employed. It is of in te res t to note that plants 

sprayed with C1PP during cool weather w ere the highest in each size 

group.

2 ,4-D  T rea tm ents  

The growth ra te s  of la rge  plants sprayed with 2 ,4-D  at d if ­

fe ren t t im es  w ere  s ta tis tica lly  alike (Table 12). Medium size plants 

sprayed before , during, or after cool weather w ere higher than the 

controls on each m easurem ent date. On April 10, plants sprayed after 

cool w eather and plants in the control differed greatly in height. At 

no tim e during the growing season were the heights of the sm all 

t re a te d  plants different from  the control p lan ts . With 2 ,4 -D , as 

with C1PP, the plants sprayed during cool weather w ere as high or 

h igher than the plants among the other trea tm en ts .

Head-Co re  Ratio 

An analysis of the head-core  ra tio s  of la rge , medium and 

sm all t re a ted  plants show no important differences resulting from  the 

substances employed or the tim es  of application. These data a re  

p resen ted  in Table 13. T here  was a trend , however, for the average 

ra tio s  of the sm all plants to be la rg e r  than those of the medium or 

la rg e  p lan ts . L arge  plants w ere expected to have small ratios as 

these  plants w ere sufficiently la rge  at the beginning of cool weather
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Table 13. The Influence of Time of Application of 250 PPM  C1PP and

15 PPM  2 ,4-D  On the H ead-Core Ratio and the Growth Phase 

Index in L arg e , Medium and Small W intered-Over Cabbage 

(Variety Golden Acre).

Growth Substances 
Chemical Time of Ap- 
Symbol plication*

Head - Core Ratio 
Size of Plants 

L arge  Medium Small

Growth Phase index 
Size of P lants 

Large Medium Small

Control 1.26 1.38 1.40 3.02 2.35 2.25

C1PP Before
During
After

1.28
1.20
1 .26

1.39
1.34
1.32

1.41
1.32
1.39

2 .98
2 .98
2.95

2.35
2 .60
2.38

2.45
2.65
2.25

2 ,4-D Before
During
After

1.28
1.35
1.28

1.36
1.33
1.29

1.42
1.43 
1.33

2.52
2.58
3.42

2.15
2.05
3.00

2.38
2 .10
2,70

L .S .D . @ -05 
@ .01

N .S. N.S. N .S. 0.73
0 .9 8

0.73
0 .9 8

0.73
0 , 9 8

Size of P lant Means 1.27 1.34 1.39 2.92 2.41 2,40

* In respec t to cool w eather.
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to produce seed s ta lk s .

Growth Phase  Index 

As might be expected, the la rge  plants had high growth phase 

indices since they w ere  the plants most likely to bolt. The average 

growth phase index of no trea tm en t in any size group differed s ta t i s ­

tica lly  from  corresponding con tro ls . However, the average index for 

the la rg e  and medium size plants sprayed with 2 ,4-D  after cool weather 

was considerably g rea te r  than the indices for the plants sprayed with

2 .4 -D  before o r during cool w eather. If the data from  each size group 

a re  considered together they suggest that the tim e of application of

2 .4 -D  had an effect upon the phase of growth. Apparently 2,4-D  

applied after sufficient cold for partia l  induction tended to stimulate 

the reproductive phase .
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EXPERIMENT 4, 1950 

The u ltim ate  objectives of experiment 4 w ere identical with 

those  of experim ent 3. The cold trea tm en t was different than that 

employed in experim ent 3.

MATERIALS AND METHODS 

V arie ty , seeding da tes , s ize of plants at the beginning of the 

cold trea tm en t ,  and the growth substances for this experiment w ere 

the  same as described  in experiment 3. One essential difference how­

ever was that the plants w ere subjected to a cold storage trea tm en t, 

while in the preceding experiment they w ere exposed only to the cool 

w eather which prevailed  under na tu ra l field conditions*

L arg e , medium and sm all plants shown in F igure  3 were 

transp lan ted  from  the seedling flats to 4-inch clay pots October 3,

1949* November 2, 1949 and November 23, 1949, respectively* Seventy 

p lants w ere potted for each of the twenty-one treatm ents*  All plants 

w ere  placed in a cold storage room on January 4, where the te m p e r ­

a tu re  was maintained at 38° 2° F« , and held for forty-two days.

The cold storage room m easured  12 x 16 feet and was equip­

ped with a 24-inch rotating fan which ran  continuously giving a uniform 

te m p e ra tu re  throughout the room . In o rder to supply adequate light 

for the p lan ts , 40 -watt Mazda bulbs wired in se r ies  w ere placed th ree  

feet apart and two feet above the p lan ts . This lighting gave 25 to 30 

foot-candles of ligh t. Lights w ere turned on at seven o*clock each
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Figure  3. Comparable sizes of cabbage plants at the begin­

ning of cold-induction. 1. Large plants. 2. Medium plants.

3. Small p lants.



- 65 -

m orning and off at five o 'c lock each evening by means of an automatic 

t im e r .  The above outlined cold storage trea tm en t is h e rea fte r  r e f e r ­

red  to as the cold-induction trea tm en t.

P lan ts  receiving the growth substances before cold-induction 

tre a tm en t w ere sprayed D ecem ber 20, 1949* Plants receiving the 

growth substances during cold-induction w ere sprayed January 23,

1950. The plants receiving the growth substances after the cold-in- 

duction trea tm en t w ere sprayed F eb ruary  15. P lants which received 

the application of growth substances during induction were moved to 

another room , sprayed, allowed to dry for two hours, and then r e ­

turned  to the cold storage room .

All plants w ere moved from  the cold storage room F eb ru a ry  14, 

and transp lan ted  to the field F eb ruary  21. T rea tm ents  w ere arranged  

in random  o rde r  in each of five blocks* Each trea tm ent in the f ir s t  

four blocks contained five plants which were used for the purpose of 

collecting data on plant growth and development. The fifth block con­

ta ined fifty plants of each trea tm en t and was reserved  for m orpho­

logical s tud ies.

Cultural p rac tices  employed in this experiment w ere identical 

with experim ents 2 and 3. In addition to collecting the data described 

for the preceding experim ents, dates of seed stalk em ergence, 

flowering, and pod m aturity  w ere recorded  for each trea tm en t.  There 

was no need for a s ta tis tica l evaluation of these  data since plants in 

ce r ta in  trea tm en ts  produced seed stalks while others did not.
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RESULTS 

C1PP Trea tm ents  

Data with, re spec t to the effect of the tim e of applying C1PP on 

the growth in height of the th ree  sizes of plants a re  presen ted  in Table 

14o To show the ex trem e differences obtained among the trea tm en ts  

in th is experim ent, these  data a re  also shown graphically in F igure  4. 

The points on the bar graph indicate the average height of the plants 

for each trea tm en t on the dates specified in the legend. The vertica l 

d is tance between the points indicate the increm ents in plant height 

between m easuring  da tes . L arge  plants sprayed before cold-induc- 

tion grew at essen tia lly  the same rate  as those in the control th rough­

out the experim ent. The la rge  plants which were sprayed during 

cold-induction grew at a slower ra te  than the control. The d if­

fe rence  between th e ir  average heights on F eb ruary  27 was significant. 

They w ere not significantly different on March 20 but w ere on April 

10 and April 20. By April 27 the differences in the average heights 

of th ese  two trea tm en ts  w ere very  apparent. The la rge plants in 

the control and those sprayed before and after cold induction w ere not 

m easu red  afte r  April 27. These plants, all possessing  flowers and 

seed pods, had ceased to grow. Large plants sprayed during cold- 

induction w ere  m easured  twice m ore, on May 4 and May 11. These 

plants produced flowers and seed pods much la te r  than the plants in 

the control plot as will be d iscussed  la te r .

L arge  plants sprayed with C1FP after cold,-induct ion grew at
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Table 14. The Influence of Time of Application of 250 PPM  C1PP On 

the Accumulative Average Height of L arge , Medium and 

Small Cabbage at Different Tim es During the Growing Season 

(V ariety Golden A cre, Cold-Induced)•

Size of Tim e of 
P lan ts  Application*

Feb .
27

Dates of M easurem ents 
M ar. Apr. Apr. Apr. 
20 10 20 27 

(Centimeters)

May
11

L arg e  Control 11.0 12.7 16.8 23.2 37.0
Before 11.3 13.1 17.7 24.4 36.9 -
During 9.3 10.7 13.1 15.8 19.4 40.0
After 10 .0 10.5 14.6 19.5 26.6 -

G eneral Size Means 10.3 11.8 15.6 20.7 30.0

Medium Control 3.9 4 .8 10.7 13.5 17.4 46.9
Before 3.9 4.9 11.8 19.6 35.0 50.0
During 4.0 4.9 7.6 10.0 10.8 19.0
After 3.8 4 .4 9.3 13.5 20.7 42.6

G eneral Size Means 3.9 4*8 9.8 14.2 21 .0 39.6

Sm all Control 2.9 3 .4 7.7 9.4 11.2 (\J•00 
1“1

B efore 2 . 8 3.4 7.4 9 .5 11.9 18.0
During 2 .8 3.6 6 .6 9.0 9.9 16 .2
After 2 .6 3.5 7.4 9.1 10.6 18.9

G eneral Size Means 2 .8 3.5 7.5 9 .2 10.9 17.8

L .S .D .* *  @ .05 1.4 2.3 3.1 5.6 8 .0 -

@ .01 1.9 3.0 4 .2 7.8 10.7
'

* T im e of application in respec t to cold-induction.

** L .S .D .  values apply to any tim e of application means within size 

groups, but not to general size m eans.
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F igure  4. Comparative seasonal growth in height of 

la rge , medium and small Golden Acre cabbage plants 

sprayed with 250 ppm ClPP before, during and after cold 

induction.
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a slow er ra te  than the control p lan ts . The difference in the average 

heights of the plants in these  two trea tm en ts  was noticable until April 

27, the la s t  date of m easu rem en t.

T h ere  w ere  spectacu lar d ifferences in the ra te  of growth of the 

plants in the medium size group as a resu lt  of the time of applying 

C lP P • Such d ifferences did not occur however until la te  in the season . 

T rea ted  plants did not differ in height from  the controls until April 10 . 

P lan ts  sprayed  before  cold-induction w ere, on April 20, much higher 

than the plants in the contro l. Between April 20 and April 27, plants 

sprayed with C lPP before cold-induction made m ore rapid growth in 

height than any of the o ther plants in the medium size group. P lants 

sprayed during cold-induction made le ss  rapid  growth in height than the 

control p la n ts .  They w ere substantially lower in height on April 10 

than the con tro ls . The difference in average heights between this 

trea tm en t and the control was not great enough for s ta tis tica l signif­

icance on April 27. Although s ta tis tica l analysis was not applied to the 

data for the two la s t  dates of m easurem ent because the plants in certa in  

trea tm en ts  had ceased to grow, the difference in average heights of 

the plants in the control and those sprayed during cold-induction was 

v e ry  apparen t.

P lan ts  in the sam e size group sprayed after the the rm o-in du c­

tion trea tm en t made growth in height s im ila r  to the contro ls .

T here  w ere not outstanding differences in response to the tim e of 

applying C lPP exhibited by the plants in the sm all size group. Their
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average heights showed no differences aris ing  from  trea tm en t.

2 ,4 -D  T rea tm ents  

The data in Table 15 regarding the effect of tim e of applying

2,4-D  on growth in height a re  presen ted  in bar graph form  in F igure 5 . 

It can be seen at a glance that 2 ,4-D  inhibited growth of cold-induced 

plants ir re sp ec t iv e  of the tim e of application and plant s ize.

The average height of la rge  plants sprayed before cold-induc- 

tion was not significantly le ss  than that of the control plants until 

April 27. P lan ts  in the la rge  size group sprayed during or after cold- 

induction w ere not significantly different in height from  those of the 

control at any time during the growing season.

P lan ts  of medium size sprayed either before, during or after 

cold-induction w ere p rac tica lly  the same height as the controls up to 

April 27. As mentioned e a r l ie r ,  the plants in a few of the trea tm en ts  

in th is  experiment had reached th e ir  ultimate height by April 27. 

T h ere fo re , the D .S .D . values were not calculated for the last date 

of m easu rem en t. It is apparent in F igure  5 that the plants which 

w ere sprayed with 2 ,4-D  in general did not grow as rapidly or reach 

an u ltim ate  height com parable to the controls. This is especially 

t ru e  with plants sprayed before or during cold-induction. Medium 

sized plants sprayed after cold-induction made the most rapid growth 

in height between April 27 and May 11 of any of the 2,4-D  trea tm en ts .

The subsequent growth in height of the small plants was not 

a l te red  by applying 2 ,4-D  either before, during or after cold-induction.
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Table 15. The Influence of Time of Application of 15 PPM  2,4-D  On 

the Accumulative Average Height of L arge , Medium and 

Small Cabbage at Different Tim es During the Growing S ea ­

son (Variety Golden Acre, Cold-Induced)•

Size of 
P lan ts

Tim e of 
Application*

F eb .
27

Dates of M easurements 
M ar. Apr. Apr. Apr. 

20 10 20 27 
( Centimeters)

May
11

L arge Control 1 1 .0 12.7 16 .8 23.2 37.0
Before 1 0 .2 12 .0 14.4 18.5 26.2 48.1
During 1 2 .2 12.7 18.0 24.0 32.4 -
After 9 .4 10.8 15.4 21.5 32.4 -

G eneral Size Means 10.7 12.0 16 .2 2 1 .8 32.0 -

Medium Control 3.9 4 .8 10.7 13.5 17.4 46.9
Before 3.8 5.0 9.9 12.4 15.6 26.3
During 4.6 4.5 9 .4 11.8 13.6 24.7
After 3 .4 4.6 9 .2 11.3 14.5 33.6

G eneral Size Means 3.9 4.7 9.8 12 .2 15.3 32.9

Small Control 2.9 3 .4 7.7 9 .4 11 .2 18.2
Before 2 .6 3.2 6.4 8.3 9.3 14.2
During 2 .8 3.8 6.3 9.2 9.5 15.3
After 2 .8 3.0 6.9 9 .2 9.9 17.0

G eneral Size Means 2 .8 3.4 6 .8 9.0 10.0 1 6 .2

L . S . D . @ .05 1.4 2.3 3.1 5. 6 8 .0
@ .01 1.9 3.0 4 .2 7.8 10.7

* Time of application in respec t to cold-induction*

* * L .S .D .  values apply to any tim e of application means within size 

groups, but not to general size m eans.
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Figure  5. Comparative seasonal growth in height of 

la rg e ,  medium and small Golden Acre cabbage plants 

sprayed with 15 ppm of 2 ,4-D  before, during and after

cold induction.
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As shown in F igu re  5, the controls w ere slightly higher on each date of 

m easurem ent than plants in e ither of the other trea tm en ts , although 

these  d ifferences w ere not at any tim e significant.

H ead-Core Ratio

It is of in te res t  to com pare the general size mean head-core  

ra tio s  for la rge , medium and sm all plants, Table 16. This mean a p ­

proached unity in la rg e  plants, was 1 .16  for medium, and 1.46 for 

sm all p lan ts . The tim e of application of ClPP and 2 ,4-D  had no effect 

upon the head -co re  ra tios  within the group of la rge  p lan ts . All these 

plants becam e reproductive, produced seed stalks, flowers, and seed. 

T here fo re , the average head-core  ratio  of each trea tm ent approached 

unity •

Outstanding differences occurred  in the head-core ratios among 

the various trea tm en ts  in the medium size p lants. A significantly 

la rg e r  h ead -co re  ratio  resu lted  when plants w ere sprayed with ClPP 

during induction. Spraying before or after cold-induction resu lted  in 

head -co re  ra tios  com parable to the control. Plants receiving ClPP 

during induction had g rea te r  head-core  ratios than those receiving

2 ,4 -D  during or after induction. Most plants sprayed during cold- 

induction with C lPP produced ra th e r  f irm  heads. In fact, all medium 

size plants w ere reproductive except those sprayed during induction 

with C lP P . Central cores in f irm  heads were shorter than in loose 

heads o r in plants forming no true  head. Consequently, plants sprayed 

with C lPP during cold-induction had la rg e r  ratios than the control.
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Table 16« H ead-C ore Ratio of Growth P hase  Index in Large , Medium

and Small Cabbage P lants as Affected by Time of Application 

of 250 PPM  ClPP and 15 PPM  2,4-D  (Variety Golden Acre, 

Cold-Induced).

Growth Substances 
Chemical Time of Ap- 
Symbol plication*

Head
Siz

L arge

- Core Ratio 
e of Plants 
Medium Small

Growth Phase Index 
Size of Plants 

Large Medium Small

Control 1.01 1.09 1.49 7.65 6.70 2.25

C lPP B ef o r  e 1 .02 1.13 1.45 7.60 6.48 2.35
During 1 .06 1.32 1.46 6.70 3.42 1.48
After 1.00 1.09 1.48 7.55 6.25 2.45

2 ,4-D Before 1 .02 1 .20 1.49 7.35 4.80 1.55
During 1 .02 1.16 1.50 7.45 5.08 1.58
After 1.01 1.14 1.36 7.55 5.20 1 .98

L .S .D . @ .05 0 .1 2 0 .1 2 0 .1 2 1 .16 1.16 1 .16
@ .01 0.16 0.16 0.16 1.55 1.55 1.55

G eneral Size Means 1 .02 1.16 1.46 7.41 5.42 1.95

* In respec t to cold-induction.
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Medium size plants sprayed with 2 ,4-D  had ra th e r  la rge  head- 

core  ra tios  as com pared to the control. H ead-core ra tios of plants 

sprayed  before induction with 2 ,4-D  w ere la rge  but not la rge  enough to 

be s ta tis tica lly  different from  the control.

The head -co re  ra tios  for the various trea tm ents  in the group of 

sm all plants w ere  essentia lly  the sam e except the sm all value for those 

sprayed with 2 ,4 -D  afte r  cold-induction. This was, however, of no 

p rac tica l  significance since essentially  all of the small plants produced 

f irm  heads . H ead-core  ra tios  among the several trea tm ents  within 

the group of sm all plants w ere , in most instances, la rg e r  than the 

ra tio s  of the medium size plants sprayed during cold-induction with 

C lP P . As will be shown la te r  the heads of the plants receiving the 

la t te r  trea tm en ts  w ere le ss  vegetative than those in the group of small 

p la n ts .

Growth Phase Indices 

The growth phase indices varied  with the size of p lants. The 

general size mean was high with la rge  (7.41) and medium plants (5.42), 

but low with sm all plants (1.95). It is of in terest also that the lowest 

growth phase index for each size group resulted  when plants were sprayed

with C lPP during cold-induction.

The indices among the trea tm en ts  within la rge  plants and among 

those within the group of sm all plants were not significantly different 

from  the ir  respective  con tro ls . As previously stated, all the large



plants w ere  reproductive and most of all the small plants were vegeta­

tiv e . a re su lt ,  the response to the varied  trea tm en ts  within these

two size groups was s im ila r .

The growth phase indices of the medium plants varied  a p p re ­

ciably with the trea tm en ts  (Table 16). P lants sprayed with C lPP before 

induction scored  alm ost the same index as the control. The index for 

plants sprayed during induction with ClPP was much sm aller than for 

plants of any other trea tm en t within the size grouping. P lants with an 

average index n ea res t  these  plants w ere those sprayed before induction 

with 2 ,4 -D . These two indices were significantly le ss  than the con­

t r o l s .  The differences between the index of plants sprayed with ClPP 

during cold-induction and the indices among the remaining trea tm ents  

w ere significant.

The only medium size plants to produce firm  heads w ere those 

sprayed  with C lPP during cold-induction. Some effects of tim e of a p ­

plication of C lPP  upon phase of growth in medium size plants a re  

shown in F igure  6 . P lants on the left w ere sprayed before; those in 

the cen ter, after; and those on the right, during cold-induction. The 

plants on the left produced flowers 11 days ea r l ie r  than those in the 

cen te r .  P lan ts  on the right were sprayed during induction and r e ­

mained vegetative .

P lan ts  sprayed before cold-induction with 2,4-D  had the second 

sm alles t and those sprayed during induction had the th ird  sm allest 

growth phase index among the medium size p lants. The index was
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F igure  6 . Some effects of the time of application of 

C lPP on the phase of growth in Golden Acre Cabbage. 

Left to right, spray applied before, after and during 

cold-induction. Photographed May 23, 1950.

F igure  7. Reproductive cabbage plants show­

ing increased  number of seed stalks resulting from 

ClPP trea tm en t.  No. 6 . The control. N o .7 .Sprayed 

before induction with 250 ppm of C lPP.
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sm a lle r  for the plants sprayed after cold-induction than for the con­

t r o l s .  Even though the indices a re  s ta tis tica lly  sm aller in 2 ,4-D  

tre a te d  than in control p lan ts , the p rac tica l value with respect to in ­

hibition of bolting in cabbage is questionable. All the medium size 

plants in each of the 2 ,4-D  trea tm en ts  were reproductive.

Seed Stalk Development 

The effect of tim e of applying ClPP and 2,4-D  on seed stalk 

development is shown in Table 17. The average number of days 

from  the end of cold-induction to the appearance of seed stalks varied  

among tre a tm e n ts .  P lan ts  in certa in  trea tm ents  did not produce seed 

s ta lk s .  The absence of seed stalks was confined to the small p lants.

C lPP Treatm ents 

The tim e of application of ClPP affected the development of 

f lo ra l p r im ord ia  in cabbage (Table 17). Applying this g row th-regu­

lating substance before induction to la rge  plants had little  effect 

upon the tim e the seed stalks em erged. When applied during in ­

duction seed stalk  appearance was delayed 14 days in the la rge  p lants. 

Seed stalks appeared four days la te r  on the large plants sprayed 

after induction than on the control plants.

Applying ClPP before induction hastened the appearance of 

seed stalks 17 days on medium size plants and 14 days on small 

p lan ts . When applied during induction, this substance delayed and /o r 

inhibited seed stalk and flower development in la rg e , medium, and
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Table 17, The Effect of Tim e of Application of 250 PPM  of ClPP and 

15 PPM  of 2 ,4-D  On the Average Number of Days from  

Completion of Cold-Induction to the Appearance of Seed 

Stalks and the Number of P lants Producing F low ers ,

Days to Seed Stalk Number of Plants
Growth Substances Appearance Producing Flow ers

Chemical
Symbol

Time of Ap­
plication* L ar g

Plant Size 
e Medium Small

Plant Size 
Large Medium Small

Control 59 73 79 20 16 2

C lPP Before 61 56 65 20 15 2
During 73 82** oc 20 0
After 63 67 70 20 15 1

2,4-D Before 67 70 oc 20 10 0
During 65 79 oc 20 9 0
After 59 76 oc 20 12 0

* In respec t to cold-induction trea tm en t.

** F ive plants produced seed stalks which bare ly  burst through the outer 

leav es , but no flowers w ere produced by any of the plants in this tre a t '  

m en t,



and sm all p lan ts . Even though bare ly  visible seed, stalks w ere p r o ­

duced on five of the 20 medium size plants, they neither grew above 

the norm al plant head nor produced flow ers. The seed stalks that 

appeared  w ere delayed as shown in Table 17. Seed stalks produced 

by medium and sm all plants sprayed after induction were visible in 

each size group six and nine days e a r l ie r ,  respectively , than in the 

corresponding contro ls .

P lan ts  sprayed with ClPP before or after induction w ere m ore 

reproductive than the control. This increased  reproductiveness was 

noted mainly in an increase  in the number of seed stalk branches and 

seed pods. In F igure  7 a re  two representa tive  p lants. The plant 

sprayed  before induction produced numerous seed stalk branches, 

w hereas the control produced only five or six sparsely  distributed 

b ra n c h e s .

The number of plants producing flowers in the medium and 

sm all s izes was the same for the control plants, those sprayed before 

and those sprayed afte r  induction. None of the plants in these two 

size groups which w ere sprayed during induction produced flow ers.

2 ,4-D  Treatm ents

All la rge  plants sprayed with 2 ,4-D  bolted. Seed stalks ap ­

peared  eight days la te r  on those sprayed before and six days la te r  on 

those sprayed during induction than on the controls. The number of 

days from  the end of cold-induction to the appearance of seed stalks
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on plants sprayed afte r  induction with 2 ,4-D  did not differ from  the 

contro l.

P lan ts  sprayed before induction were f irs t  to produce visible 

seed stalks in the medium size group. They were th ree  days ea r l ie r  

than the con tro ls . P lan ts  sprayed during induction were six days la te r  

and those sprayed afte r induction w ere th ree  days la te r  than the con­

tro l  p lan ts . A total of 16 out of 20 plants in the control produced 

flow ers . Ten of the 20 plants sprayed before, nine sprayed during, 

and 12 plants sprayed after induction produced flowers.

Neither seed stalks nor flowers were produced on any of the 

sm all plants sprayed with 2 ,4 -D . Based on these data it appears 

that 2 ,4-D  had an inhibitory effect upon seed stalk development ex ­

cept with the trea tm en ts  applied to large p lants.
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EXPERIMENT 5, 1951-52 

It was des ired  to obtain additional information with respect to 

prom oting the reproductive phase by the use of growth-regulating sub­

s tances . In o rd e r  to study this effect an attempt was made to partia lly  

induce the reproductive phase. Since Round Dutch is somewhat r e ­

sis tan t to bolting it was employed in preference  to the Golden Acre 

v a rie ty .

MATERIALS AND METHODS

Seeds of Round Dutch w ere planted August 22, 1951 in the

greenhouse. The seedlings were transplanted  to 4-inch clay pots

October 1 and grown in the greenhouse until the stem d iam eters

m easu red  approxim ately 7 m m . These plants were then divided into

eight groups of sixteen plants each in such a way that plants in one

group w ere as nearly  as possible the same size as plants in any other

group. Each group was then divided into four replicates of four plants

each. Each 16-plant group received one of the following trea tm ents:

T rea tm en t Chemical Concentration Time of
Number (ppm) Application

1 Control - —

2 M .H. 250 November 26, 1951

3 M .H. 250 December 20,1951

4 M .H. 250 January 7, 1952

5 TIB A 250 December 20,1951

6 TIB A 250 January 7, 1952
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T rea tm en t Chemical Concentration Time of
Number (ppm) Application

 ̂ C lPP 250 Decem ber 20,1951

8 C lPP  250 January 7, 1952

All plants w ere subjected to a cold-induction trea tm ent of 36° ^  3° F .

for forty-one days from  November 27, 1951 through January 7, 1952.

O bserve in the l is t  of trea tm en ts  above that growth substances were

applied to ce rta in  trea tm en ts  before cold-induction, to others during

cold-induction and to still o thers after cold-induction. Lighting for the

plants throughout the induction trea tm ent was the same as described  in

experim ent 4.

After the induction trea tm ent, all plants were returned to the 

greenhouse and transplanted  to one-gallon tin cans January 10. The 

medium in the cans consisted of equal parts  of soil, w ell-ro tted  

m anure , and w ell-ro tted  sawdust. Treatm ents were randomized in 

four rep lica tes  throughout the experim ent.

To insure adequate nutrients for the growing plants 200 m l. of 

a nutrient solution consisting of one ounce of 10-52-17 soluble f e r t i ­

l iz e r  and two ounces of ammonium n itra te  dissolved in th ree  and one- 

half gallons of w ater was applied every two weeks to each can. Nico­

tine sulfate and DDT w ere used to control in sec ts . D iseases w ere not 

a prob lem . Data on growth and development were collected as d e ­

scribed  in previous experim ents .
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RESULTS

The data regard ing  the effect of tim e of application of C lPP,

TIB A and MH on plant height a re  presented  in Table 18. Average 

heights w ere  essen tia lly  the same January 17, 1952. The average 

heights for two trea tm en ts  were on F eb ruary  29, statistically  d if fe r­

ent from  the con tro ls . P lan ts  sprayed with MH after cold-induction 

w ere not as high and plants which were sprayed during induction with 

C lPP  w ere higher than the con tro ls . The difference in average height 

of the plants in the fo rm er trea tm ent and that of the control was highly 

significant.

P lan ts  in the control w ere about twice as ta ll April 17 as plants 

sprayed  with MH afte r cold-induction. Spraying TIB A before induc­

tion and T1BA and C lPP during induction produced ta lle r  plants than 

the con tro l.

The only plants with average heights significantly different 

from  the control on June 11 were those sprayed with MH after induc­

tion . Spraying with MH after induction inhibited growth and plants r e ­

ceiving th is trea tm en t w ere only half as high as the contro ls . The 

te rm in a l bud died in m ost of these p lan ts . Term inals that did not die 

made lit t le  or no growth. Several axillary  buds developed but made 

very  poor growth* At the end of the experiment when the data were 

collected on the head-core  ra tios  and growth phase indices, five 

plants which had been sprayed with MH after induction w ere not d is ­

sected  but left intact for fu rther observation of the ir  growth habit. The
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Table 18. The Effect of 250 PPM  of Certain Growth-Regulating Sub­

stances on Average Height of Cabbage Plants P artia lly  

Induced, to Flower by Cold Tem perature  Exposure (Variety, 

Round Dutch).

Growth Substances Height in cm s. on dates specified.
Chemical Time of Ap­

Symbol plication* J an . 17 Feb. 29 Apr. 17 June 11

Control 6.48 13.85 16.45 20.42

MH Before 7.02 13.90 18.48 22 .9 2
During 7.05 12.85 17.90 20.82
After 6.75 7.08 7.77 10.35

T1BA Before 7.25 14.85 18.80 21.85
During 7.05 14.98 18.85 22.42

C lPP Before 7.45 13.70 18.22 20.18
During 7.45 15.55 18.80 22 .0 2

L . S . D o @.05 N.S. 1.30 2.24 4.25
@.01 1.77 3.05 5.79

* T im e of application in respect to cold—induction*



average height of these  five plants twelve months after trea tm ent was 

15.6 cm s. During th is  twelve month period neither heads nor seed 

stalks developed on either of the five p lants.

Data concerning tim e of applying MH, TIB A and C1PP on the 

head -co re  ratio  and growth phase index of partia lly  induced plants a re  

shown in Table 19« Applying MH before cold-induction had no m a ­

te r ia l  effect on the head-core  ratio but significantly increased the 

growth phase index over the control. The difference between each 

of these  two values and the corresponding values for the controls 

w ere  very  apparen t. Spraying plants either before or after induction 

with T1BA caused no change of the head-core  ratio o r growth phase 

index. The head-core  ratio  was reduced and the growth phase in ­

dex inc reased  by spraying plants before induction with C1PP. The 

difference in head-core  ra tios between the control and plants sprayed 

with C1PP before induction was outstanding. Growth phase indices 

for these  two trea tm en ts  were significantly different. The head-core  

ra tio  and the growth phase index of plants sprayed during induction 

w ere essentia lly  the same as the control.

The absence from  Table 19 of the data pertaining to plants 

sprayed with MH after induction should be noted. These data w ere 

omitted from  the s ta tis tica l analysis and were not included in the 

tab le .  The h ead -co re  ratio for this trea tm ent was 1. None of the 

growth phase indices employed in these studies fit the plants in this 

trea tm en t and the plants were not scored.
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Table 19. H ead-C ore Ratio and Growth Phase Index of Cabbage Plants 

P a r t ia l ly  Induced to Flower by Cold Tem perature  Exposure 

as Influenced by Time of Application of MH, TIB A, and 

C1PP (Variety Round Dutch) 0

Growth Substances Head-■Core Ratio Growth Phase Index
Chemical
Symbol PPM

Time of Application* 
Before During

T ime of Application 
Before During

Control 1.86 - 2.1 -

MH 250 1.68 1.29 3.1 4.5

TIB A 250 1.71 1.76 2.6 2.1

C1PP 250 1.42 1.72 3.2 2.2

L .S .D .* * @.05
@.01

0.23
0.31

1.0
1.4

^ Time of application in respect to the cold-induction trea tm en t,

** L .S .D .  values apply to tim e of application means within and among 

chem icals ,



The general appearance of plants among the trea tm en t in this 

experim ent varied  little  except those sprayed with MH during and after 

induction. T here  was also varia tion  among plants trea ted  with MH 

during induction. Most plants sprayed during induction w ere r e p ro ­

ductive in appearance but none of them produced flow ers. The photo­

graphs shown in F igure  8 i l lu s tra te  the type of growth made by these 

MH sprayed p lan ts . The plant represen ted  by D was the control. Note 

the well form ed head. P lan ts  sprayed during induction with MH did not 

fo rm  heads . The degree of apparent reproductiveness in this trea tm en t 

varied  as shown in A  and B. The plant shown in A  had all appearances 

of a reproductive plant except for the production of flow ers. The plant 

shown in C was rep resen ta tive  of those sprayed with MH after induc­

tion. Note the dead te rm ina l bud and young withered leaves . Four 

la te ra l  buds developed on th is  plant but th ree  were removed just b e ­

fore  th is  photograph was m ade.
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B

Figure  8 . P a r t ia l ly  induced cabbage plants following 

trea tm en t with MH. A and B sprayed during; and C after 

cold-induction. D, control.
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MORPHOLOGICAL STUDIES 

These studies w ere  made with th ree  objectives: (1) to a sce r ta in  

the morphological changes occurring  in the term inal growing points 

while the plants w ere being cold-induced, and after induction; (2) to 

de term ine the changes in te rm in a l growing points caused by applying 

grow th-regulating substances at varied  tim es  with respect to the cold- 

induction trea tm en t; and, (3) to determ ine the tim e of seed stalk in i­

tiation among the various trea tm en ts .  Such studies should reveal the 

morphological changes associated  with the transform ation  from  the 

vegetative to the reproductive growth phase, time of differentiation 

of the seed stalk and flow ers, and any internal changes associated 

with application of growth-regulating substances.

MATERIALS AND METHODS 

Samples consisting of te rm inal shoots * were harvested  

period ically  throughout the season from  each trea tm ent in the th ree  

experim ents conducted during the 1949-50 season. The f i r s t  sam ples 

w ere collected D ecem ber 12, 1949, and subsequent samples at ap ­

proxim ately  15 day in tervals  through April 14, 1950. Each sample 

com prised  four te rm in a l shoots.

After the leaves and roots were removed from  the selected 

p lan ts , excess tissue  was tr im m ed , with a sharp knife, from  around

* See Term inology, page 24.
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the te rm in a l  shoots* The te rm in a l shoots w ere then placed in vials 

containing fo rm alin  - aceto - alcohol (FAA) solution for killing and 

fixing* Each 100 ml* of FAA formula used consisted of 6.5 ml* of 

fo rm alin , 2*5 m l.  of acetic acid and 91 m l. of 50 percent ethyl a l ­

cohol. The length of the p re se rv ed  shoots varied from  8 to 12 mm* 

depending on the size of plant and charac ter of growth.

Air was removed from  the specimens in the vials by means 

of a suction pump. Vials containing the specimens were left in the 

vacuum cham ber until the te rm in a l shoots sank to the bottom of the 

killing and fixing solution with the vacuum off, which usually r e ­

quired 20 to 30 m inutes. The vials were then sealed with a ir  tight 

lids and s to red  until F eb ruary , 1951,

After washing in running water for th ree  hours the te rm inal 

shoots w ere  dehydrated by the alcohol-xylene method as described  

by Johansen (42). These shoots were embedded in paraffin and s e c ­

tioned longitudinally at a thickness of seven m icrons with a ro ta ry  

m icro tom e . Ten to th ir ty  near-m edian  sections were saved from  

the ribbon of each shoot and mounted on slides. After drying, the 

paraffin  in and around the sections was removed with xylene. The 

sections w ere stained in safranin and aniline blue with Delafieldfs 

hematoxylin as described  by Popham (67), and mounted in balsam . 

The sections w ere studied under a low and high power and oil e m e r ­

sion m icroscope . G ross  and detail morphological changes induced 

by various trea tm en ts  w ere observed.
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The m orphological study reported  here in  was conducted with 

the la rg e ,  medium and sm all plants sprayed with 250 ppm of C1PP 

and 15 ppm of 2 ,4 -D  before , during and after the cold-induction t r e a t ­

ment as described  in experim ent 4 , Studies were lim ited to this ex ­

perim en t since no plants in other experiments were completely in 

the reproductive phase . In all, about 110 different samples were 

studied including about 440 te rm in a l shoots.

The growing point* was divided into a zonal pattern  for s im ­

plicity  in d iscussing  the morphological s tudies. The diagram m atic 

rep resen ta tion  shown in F igure  9 will facilitate an understanding of 

the location of each of the four zones. The tunica consisting of only 

the two surface  cell layers  is rep resen ted  in zone 1. The corpus 

in itials a re  rep resen ted  in zone 2. The periphera l or flanking t i s ­

sue is rep resen ted  in zone 3, and the rib m eris tem  in zone 4. This 

method was employed with realization  that certa in  tissues  w ere not 

easily  d ifferentiated from  o th e rs .  F or example, a distinction b e ­

tween the tunica and corpus in the shoot apex* was not easily made. 

T here  was a gradual trans ition  from  one tissue  to the other ra the r  

than a distinct line of dem arcation  separating them. To further 

simplify the d iscussion  the cell layers  will occasionally be re fe r red  

to as the f i r s t ,  second, th ird , fourth and so forth, p rogressing  from

1
See Term inology, page 24.



Figure  9. D iagram m atic representa tion  showing four 

distinctive zones in the vegetative growing point of cabbage. 

1. Tunica lay e r .  2. Corpus in itia ls . 3. P eriphera l or flank­

ing t i s s u e s .  4. Rib m eris tem .

F igure  10. The growing point of a vegetative cabbage 

plant harvested  F eb ru a ry  6 . (a) Tunica layer; (b) corpus

initials; (c) procam bial cells; (d) rib m eristem ; (e) young 

developing leaf. x64



- 9 4  -

the surface  laye r  inward.

RESULTS

F am ilia r i ty  with the changes that occur in the vegetative and 

reproductive growth phases as the plants developed from  seedlings to 

m a tu rity  was the f i r s t  objective. After this was accomplished any 

changes that might be caused by the applied growth-regulating sub­

stances could be m ore  readily  detected.

Seasonal Changes in the Term inal Growing Point 

of Vegetative Plants

Only slight changes w ere found in plants within a trea tm ent 

between D ecem ber 12, 1949, and F ebruary  6 , 1950. On each 

sampling date the growing points in the la rge  plants were la rg e r  

than in the medium plants and in like manner those in the medium 

plants w ere la rg e r  than in the small p lants. There was little d if­

ference  in size of growing points in plants of the same size and 

little  change occu rred  in the growing points during the cold-induc- 

tion trea tm en t .

After the plants w ere transplanted  to the field the apices b e ­

came m ore active . In F igure  10 can be seen a photomicrograph of 

a rep resen ta tive  of the vegetative plants on F ebruary  6 , 1950, about 

six weeks p r io r  to the tim e of active plant growth. The cells in 

the different t is su e s  w ere about the same size . Cells in the tunica 

w ere d is tinc t. Cells in the th ird  and fourth cell layers  were le ss
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dis tinc t.  The procam bium  cells w ere m ore active than the corpus 

in itia ls  as evidenced by d ifferential staining. The rib m eris tem  cells 

w ere  a rrang ed  in a non-descrip tive  m anner, and appeared to have 

been dividing in various p lanes. When active growth started  after 

M arch 20, activity  inc reased  in each of the four zones (Figure 11).

The cells in the tunica divided rapidly in an anticlinal plane (cell wall 

form ed in a plane perpendicular to the outer surface). Corpus in i­

tia ls  divided rapidly in various planes. Cells in this zone w ere 

easily  distinguishable from  those of adjoining zones. The division 

of the cells  in the th ird  and fourth cell layers  in the outer part of 

zone 3 near  the shoot apex was p r im arily  anticlinally. However, 

occasionally , peric lina l divisions occurred  as will be discussed 

la te r .  The procam bium  cells were dividing rapidly in a peric linal 

plane (cell wall form ed in a plane para lle l with the outer surface) and 

these  cells w ere le ss  distinct than before active growth began. Cell 

division in zone 4 occurred  in various p lanes. The cells in each zone 

w ere slightly la rg e r  and the apices were b roader than before the 

tim e of active growth.

As can be seen in F igure  12, no m ajor gross change occurred  

in the te rm in a l growing point of vegetative plants after growth s tarted  

in the spring . This shoot was collected April 14. Shoots collected 

a fte r  this date showed that no gross changes had occurred  in the grow ­

ing points, other than a slight increase  in size, as the plant heads 

reached m arke t m atu rity .
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Figure  11. The growing point of a vegetative cabbage 

plant harvested  March 27. (a) Tunica layer; (b) corpus in ­

itials; (c) procam bial cells; (d) rib m eris tem . x 64

F igure  12. The growing point of a vegetative cabbage 

plant harvested  April 14. x64
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Leaf Development 

Cells in the tunica divided anticlinally without exception. Those 

in the th ird  and fourth cell la y e rs  divided anticlinally except during the 

initiation of a leaf o r  other la te r  appendage. In the beginning of leaf 

■initiation cells  in the th ird  and fourth layers  just to either side of the 

corpus in itia ls  and in zone 3 began to divide peric linally  to form  the 

leaf in itia ls .  E arly  evidence of this phenomenon can be seen in F ig ­

u re  13. Continued peric lina l divisions followed shortly by peric linal 

and anticlinal divisions resu lted  in the formation of a leaf prim ordium , 

F igure  14. The cells in the tunica continued to divide anticlinally. In 

the leaf p rim ord ium , F igure  15, cells divided in various planes fo rm ­

ing slight "hum ps ' 1 to e ither side of the shoot apex. In F igure 16 can 

be seen a photom icrograph of a cabbage te rm inal growing point with 

young developing leaves and advanced leaf p rim ord ia .

Some Changes Which Occur in the Term inal 

Growing Point of Reproductive Plants 

Several observable g ross changes occurred  in the te rm inal 

shoots during the transitional stages from  the vegetative to the r e ­

productive phase of growth. In the early  stages of this gradual 

transfo rm ation  it was difficult to morphologically detect with c e r ­

tainty when the reproductive phase was initiated. For example, the 

te rm in a l growing point rep resen ted  in Figure 17 only depicted ind i­

cations that the reproductive phase was being initiated. The la te ra l
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F igure  13. Leaf initiation in a vegetative cabbage plant, 

(a) Shoot apex; (b) corpus initials; (c) tunica layer; (d) leaf 

initial in th ird  and fourth cell lay e rs .  x620

a

b

F igure 14. Development of a leaf prim ordium  in a vegetative 

cabbage p la n ts  (a) Tunica layer; (b) leaf prim ordium  developing by 

p eric lina l cell division. x620
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a

b

F igure  15. The growing point of a vegetative cabbage plant 

showing a leaf p rim ordium . (a) Leaf prim ordium; (b) older leaf, 

x l 28

F igure  16. The growing point of a vegetative cabbage plant 

showing leaf development, (a) Young developing leaf; (b) ad ­

vanced leaf p rim ord ium . xl28
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Figure  17. The growing point of a cabbage plant harvested 

F eb ru a ry  6 which is probably reproductive, (a) Cells forming 

in longitudinal rows; (b) leaf prim ordium ; (c) la te ra l growing 

point. x64

Figure  18. The growing point of a reproductive cabbage plant 

harvested  F eb ru a ry  24. (a) L a te ra l growing point prim ordium  d e ­

veloping in the axil of a leaf prim ordium ; (b) an older growing point 

prim ordium ; (c) cells forming in longitudinal rows. x64
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growing points w ere  beginning to differentiate and grow in the axils of 

each of two leaf p r im o rd ia .  The cells in the rib m eris tem  zone u n d e r­

neath the corpus in itia ls w ere beginning to form  in longitudinal rows 

when th is  specim en was collected. As will be seen la te r ,  the growth 

of the la te ra l  growing points and the tendancy of cells to be arranged  

in longitudinal rows in zone 4 w ere two gross changes found in this 

study to be definitely associated  with the reproductive phase. In 

con trast to the num erous studies reported  for many crops, the shoot 

apices of the cabbage plants examined in this study did not become 

"flattened and broadened at the tip" p r io r  to seed stalk or floral in i­

tiation but rem ained slightly dome-shaped throughout the study i r ­

respective  of the growth phase.

G ross  changes occurring  in the growing point in the early  

stages of initiation of the reproductive phase can be seen m ore 

c lea rly  in F igure  18. Growth had initiated in a few la te ra l  growing 

poin ts. Cells in the rib  m e ris tem  zone w ere being arranged  in 

m ore  distinct longitudinal rows when this shoot was collected. On 

the left side of the te rm in a l growing point just beneath the apex was 

a leaf p rim ord ium  with a la te ra l  growing point prim ordium  in its 

ax is . Note that the prim ord ium  of the la te ra l  growing point had made 

about the same growth as that of the leaf. The two uppermost la te ra l  

growing point p rim ord ia  shown in F igure 19 had also made growth 

equal to th e ir  adjacent leaf p rim ord ia . The te rm inal growing point 

shown in F igure  19 was slightly m ore advanced in the reproductive
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F igure  19. The growing point of a reproductive cabbage 

plant harvested  March 10. (a) L a te ra l growing point p r i ­

m ordium . x64

Figure  20. The growing point of a reproductive cabbage 

plant harvested  March 27 showing a probable flower p r im o r ­

dium. (a) Leaf making lim ited growth; (b) probable flower 

p r im ord ium . x64



- 103 -

phase than the one shown in F igure  18. The younger leaves were not 

developed so well in the shoot shown in F igure 19 as in F igure 18. 

The cells  in the rib  m e ris te m  w ere in longitudinal rows.

In F igu re  20 is  shown an advanced stage in the reproductive 

growth p h ase . L a te ra l  growing points had been initiated throughout 

the length of the shoot. More newly developed leaves had made 

lim ited growth and cells in the rib  m eris tem  were in longitudinal 

row s. As will be shown in detail la te r  in this discussion it was d if­

ficult to distinguish between a floral initial or prim ordium  and a leaf 

initial o r p rim ord ium . By thoroughly studying type of leaf growth 

and num ber of la te ra l  growing points which have been initiated one 

can become proficient in distinguishing floral prim ordia from  leaf 

p r im o rd ia . One outstanding feature found in this study was the f irs t  

flower p rim ord ium  to be initiated was found in the axil of a much 

dwarfed leaf p rim ord ium . After several flower prim ordia were in i­

tia ted  the leaves became rudim entary . Based on these observations 

the upperm ost p rim ord ium  on the right side of the te rm inal growing 

point in F igure  20 was labeled as a probable flower prim ordium .

In F igure  21 is shown a developing young flower. Sepal 

p r im ord ia  w ere c lea rly  d istinct. Initiation of the other floral p a r ts  

had not o ccu rred .

L a te ra l  Shoot Development 

In the development of a la te ra l  shoot which may be either
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Figure  21. The growing point of a reproductive cabbage plant 

h arvested  M arch 27. (a) Developing flower; (b) la te ra l growing

point. x64

Figure  22. A developing la te ra l  shoot prim ordium  in cab 

bage. (a) A la te ra l  shoot p rim ordium . xl28
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vegetative o r reproductive the m eris tem a tic  bud in the axil of a leaf 

began to d ifferen tia te . As growth proceeded the growing point of the 

la te ra l  shoot assum ed an a rch itec tu ra l design and gross morphology 

identical with that in the growing point of the te rm inal shoot.

The tunica in the la te ra l  shoot was formed by the two surface 

cell la y e rs  in the early  stages of growth. Shown in F igure 22 is a 

young la te ra l  growing point in the leaf axil of a te rm inal shoot. The 

tunica was d istinct, and the corpus initials were detectable but less  

d is tinc t.  The planes of cell division in the la te ra l growing point 

w ere identical with those in the te rm inal growing point. In the 

tunica, cell divisions were anticlinal, the corpus initials divided 

anticlinal and peric lina l, and the cells in the rib m eris tem  divided 

in various p lanes. Divisions were anticlinal in the third  and fourth 

cell lay ers  of the periphera l zone except during the initiation of a 

la te ra l  organ when they w ere peric linal. A young la te ra l  shoot is 

shown in F igure  23. The rib  m eris tem  cells were in longitudinal 

rows which indicates th is la te ra l  was in the reproductive phase.

In F igure  24 is a m ore advanced stage in the growth of a 

la te ra l  shoot. This la te ra l  shoot had a growing point morphologically 

ch a rac te r is t ic  of the early  stages of the reproductive growth phase. 

The la te ra l  shoot shown in F igure 25 was rapidly initiating floral 

p r im ord ia  when it was collected.
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Figure  23. A developing la te ra l shoot showing f irs t  pair of 

leaves in cabbage, (a) Portion of te rm inal shoot; (b) old leaf; 

(c) young leaf; (d) la te ra l growing point. xl28

F igure 24. A developing la te ra l shoot in cabbage. This 

la te ra l  shoot is morphologically charac teris tic  of the early 

stages of the reproductive growth phase. xl28
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Figure  25. A reproductive la te ra l  shoot in cabbage. xl28

a

F igure  26. Flow er initiation in cabbage, (a) Corpus in ­

itials; (b) tunica layer; (c) flower initial in third and fourth 

cell lay e r .  x620
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Flow er Development

F lo ra l  in itia ls  a ro se  in the upperm ost p a r t  of the p eriphera l 

zone of the growing point. The principal plane of cell division in the 

th ird  and fourth cell lay e rs  of th is  area  was anticlinal. When floral 

initials w ere  being d ifferentiated  a few of the cells divided in a p e r i ­

clinal p lane. E a r ly  evidence of peric lina l cell division in the th ird  

and fourth cell la y e rs  is shown in F igure  26. In F igure 27 is shown 

a flower bud initial resulting  from  peric linal cell division from  the 

th ird  and fourth la y e rs .  It was evident that this was a floral initial, 

because the te rm ina l shoot from  which it was selected was develop­

ing only flo ra l in itia ls . Continued peric linal and anticlinal divisions 

of the flo ral initia ls resu lted  in the form ation of the flower p r im o r ­

dium, F igure  28, and the young developing flower, F igure 29. The 

o rd e r  of appearance of the flo ral p a r ts ,  F igure 30, 31 and 32, was 

found to be sepals , s tam ens, p istil and la s tly  peta ls . A c ross  s e c ­

tion of a flower is shown in F igure  33.

It has been generally  intimated in the l i te ra tu re  that flowering 

in c ruc iferea  is te rm in a l .  In this study, cabbage flowers were in i­

tiated la te ra lly  on either side of the shoot apex in the same manner 

as leaves and la te ra l  shoots. F u rth e rm o re , the gross shape and 

ce llu lar appearance of the shoot apex in 3 reproductive plant was not 

different from  that of a vegetative plant. The growing points of the 

ygggj^g^yg and reproductive plants were different. To attest the b e ­

lief that the apices of the plants in the two growth phases were alike,
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Figure  27. A developing flower initial in cabbage, 

(a) P e r ic l in a l cell divisions in the th ird  and fourth cell 

la y e rs .  x620

F igure  28. The developing flower prim ordium  in cab­

bage. (a) F low er prim ordium . xl28
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F igure  29. The development of a flower showing sepal 

initia ls in cabbage, (a) Advanced flower primordium; (b) s e ­

pal in itia ls . xl28

F igure  30. The development of a flower showing sepal 

p rim ord ium  in cabbage, (a) Sepal prim ordium , the firs t  

flower part to develop. xl28
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F igure  31. The development of a flower showing stamen 

prim ord ium  in cabbage, (a) Sepal; (b) stamen prim ordium . 

xl 28

(a)

the

F igure  32. Longitudinal section of a cabbage flower. 

Sepal; (b) stamen; (c) p is til .  The petal, not shown is 

last flower part to develop. x64



- 112 -

Figure  33. C ross section of a cabbage flower showing 

f loral d iag ram , (a) Sepal; (b) anther lobe, 2; (c) stamen; 

(d) p is ti l ,  2 carpels; (e) petal tip. xlOO

F igure  34. Photograph of a cabbage plant which was 

devernalized by high tem p era tu re . After six weeks of te m ­

p e ra tu re s  above 85° F . this plant ceased to flower and p ro ­

duced a sm all f irm  head at the summit of the seed stalk.
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ten  reproductive plants w ere devernalized by subjecting them to te m ­

p e ra tu re s  above 85° F # in the greenhouse for six weeks. As a r e ­

sult of th is  trea tm en t the plants ceased to flower and were t r a n s ­

form ed from  the reproductive to the vegetative growth phase. The 

plant shown in F igure  34 had seed pods on a Hseed stalk" which bore 

a sm all but f irm  cabbage head at the summit of the seed stalk.

C erta in  morphological changes which occur as a plant t r a n s ­

form s from  the vegetative to the reproductive phase have been d is ­

cussed above. It should be noted that the f irs t  evidence of initiation 

of the reproductive growth phase was about February  24. A study of 

the shoots collected on that date from  the various trea tm ents  was 

then m ade.

Effect of Growth-Regulating Substances Upon 

Time of Flower Initiation 

It was found that the morphological charac te r is tics  of the 

growing points within a trea tm en t were s im ilar but great differences 

among the various trea tm en ts  w ere observed. Seed stalk initiation 

had occurred  in certa in  trea tm en ts  on F ebruary  24 while in other 

trea tm en ts  it had not.

P lan t size at the tim e of cold-induction had no effect upon the 

tim e of initiation in reproductive p lants. Initiation occurred  in m e ­

dium size plants as early  as in la rge  p lants. The growing points of 

the sm all plants w ere vegetative and consequently no seed stalk ini-
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tia tion  o ccu rred .

L arge  P lants

T here  was little  evidence on F eb ru ary  24 to indicate that in i­

tia tion  of the reproductive growth phase had occurred  in any of the large 

control p lan ts . L a te ra l  growing points in the axils of the leaves were 

not enlarging. The only indication was the cells in the rib m eris tem  

just beneath the corpus in itials w ere being formed in longitudinal rows, 

F igure 35. F igure  36 rep resen ts  a growing point collected F ebruary  24 

from  a plant sprayed with C1PP before induction. The reproductive 

phase had b een initiated in the growing points of all plants examined 

for this t re a tm en t .  Cells in the rib m eris tem  were in longitudinal 

row s, and la te ra l  growing points were differentiating throughout the 

length of the shoot.

No evidence of initiation existed on F eb ruary  24 in any of the 

plants sprayed during induction with C1PP, F igure 37. The cells in 

the rib  m eris tem  w ere not arranged  in longitudinal rows but in a non- 

descrip tive  m anner. No la te ra l  growing points were differentiating 

in any plants examined. In F igure  38, evidence of initiation can be 

seen* This figure is rep resen ta tive  of the large plants on F ebruary  24 

which w ere sprayed afte r  induction with C1PP.

Based on this study the o rder of initiation among the large plants 

sprayed at various tim es  with C1PP follows: f ir s t ,  in plants sprayed

before induction; second, in plants sprayed after induction; th ird , in
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Figure  35. The growing point of a cabbage plant (large 

size) harvested  F eb ruary  24. There is little evidence of 

the reproductive phase. x64

■ ■ v k

Figure  36. The growing point of a cabbage plant (large 

size) sprayed with C1PP before cold-induction and harvested 

F eb ru a ry  24. (a) Rib m eris tem  cells forming in longitudinal

rows and (b) la te ra l  growing points developing in the leaf axils 

a re  indicative of the reproductive phase. x64
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Figure  37 . The growing point of a cabbage plant (large 

szie) sprayed with C1PP during cold-induction and harvested 

F eb ru ary  24. There is no evidence of the reproductive phase. 

x64

#

Figure  38. The growing point of a cabbage plant (large 

size) sprayed with C1PP after cold-induction and harvested 

F eb ru a ry  24. The rib m eris tem  cells were forming in longi­

tudinal rows and a few la te ra l  growing points were developing 

when this te rm ina l shoot was harvested . x64
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control plants; and fourth, in plants sprayed during induction.

Photom icrographs of the growing points of la rge  plants sprayed 

with 2 ,4-D  before, during and afte r  the induction trea tm ent a re  p r e ­

sented in F ig u res  39, 40 and 41, respectively . These shoots showed 

little  indication that the reproductive phase had been initiated when the 

shoots w ere collected on F eb ru a ry  24. Studies made of shoots collected 

two weeks la te r  indicated that initiation occurred  earlies t in plants 

sprayed before induction and la tes t in plants sprayed during induction. 

The difference in tim e of initiation between the plants sprayed before 

and those sprayed afte r  induction was negligible. Plants sprayed 

during cold-induction w ere considerably less  advanced in the r e p ro ­

ductive phase than plants sprayed before or after induction.

Medium Plants

In the control plants of medium size certain  morphological 

changes, associated  with the initiation of the reproductive growth phase, 

w ere noticed in te rm in a l shoots collected F ebruary  24. Cells in the 

rib  m e ris tem  w ere beginning to form  longitudinal rows and la te ra l 

growing point p rim ord ia  w ere differentiating in the axils of the leaf 

p rim ord ia , F igure  42. A com parison of the term inal growing point 

shown in F igure  42 with the one in F igure 43 shows that initiation of 

the reproductive phase was slightly m ore advanced in plants sprayed 

With C1PP before induction than in the control plants. L a tera l growing 

points w ere growing in the axils of the older leaves of plants sprayed
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Figure  39. The growing point of a cabbage plant (large 

size) sprayed with 2,4-D  before cold-induction. Rib m e r i ­

stem  cells w ere forming in longitudinal rows when harvested 

F eb ru a ry  24. x64

Figure  40. The growing point of a cabbage plant (large 

size) sprayed with 2 ,4-D  during cold-induction. A few 

la te ra l  growing points were developing when harvested 

F eb ru a ry  24. x64
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Figure  41. The growing point of a cabbage plant (large 

size) sprayed with 2 ,4-D  after cold-induction. A few la te ra l 

growing points were developing and the rib m eris tem  cells 

w ere forming in longitudinal rows when harvested F ebruary  24. 

x64

F igure  42. The growing point of a cabbage plant (medium 

size) in the control. L a te ra l growing points were beginning to 

develop and rib m e ris tem  cells were forming in longitudinal 

rows when harvested  F eb ru ary  24. x64

L
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Figure  43. The growing point of a cabbage plant (medium 

size) sprayed with C1PP before cold-induction. L a tera l grow­

ing points were developing and rib m eris tem  cells were forming 

in longitudinal rows when harvested  F ebruary  24. x64

Figure 44. The growing point of a cabbage plant sprayed 

with C1PP during cold-induction. General disorganization of 

the cells  occurred  in all shoots harvested  February  24 from 

this trea tm en t but no evidence of initiation of the reproductive 

phase was observed. x64
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before induction.

No evidence of initiation was found in any term inal shoots 

examined of plants sprayed during induction, F igure 44. A general 

lack  of organization of the cells was observed especially in the apices 

of all shoots collected F eb ru ary  24 from  plants sprayed during induc­

tion with C1PP, F igure  44. Shoots collected from  all trea tm ents  were 

s im ila r ly  handled throughout the histological procedure for any one 

sampling date . Those harvested  on different dates were handled as 

nearly  alike as possib le . One might assum e that C1PP applied during 

induction in te rfe re s  with norm al cellular organization during the 

period of in itiation. As will be pointed out la te r  such pronounced d is ­

organization of the cells was not observed in shoot apices harvested 

from  any trea tm en ts  before or after February  24. A sim ilar but less  

pronounced response was observed in the apices of te rm inal shoots co l­

lected F eb ru a ry  24 of plants sprayed after the induction trea tm en t, 

F igure  45. L a te ra l  growing points were differentiating in these t e r ­

minal shoots which indicates initiation of the reproductive phase.

Initiation of the reproductive growth phase appeared to have 

occurred  ea r l ie s t  in the plants sprayed before induction. The plants 

in the control w ere next in o rder followed by those sprayed after induc­

tion.

T erm inal shoots of medium size plants sprayed with 2,4-D b e ­

fore , during and afte r  the induction trea tm ent a re  shown in F igures 46, 

47 and 48, respectively . Initiation of the reproductive phase was m ore
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F igure  45. The growing point of a cabbage plant (medium 

size) sprayed with C1PP afte r  cold-induction. There was slight 

cellu la r d isorganization  in the shoots harvested  F eb ru a ry  24 

from  this trea tm en t and slight evidence of initiation of the r e ­

productive phase. x64

F ig u r e  4 6 .  T h e  grow in g  point  of  a cabbage  plant (m e d iu m

s iz e )  s p r a y e d  with  2 , 4 - D  b e fo r e  c o ld - in d u c t io n .  H a r v e s t e d

F e b r u a r y  2 4 .  x64
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F igure  47. The growing point of a cabbage plant 

(medium size) sprayed with 2 ,4-D  during cold-induction. 

H arvested  F eb rua ry  24. x64

F i g u r e  4 8 .  The grow ing  point of  a cabbage plant

(m e d iu m  s iz e )  sp r a y e d  with 2 , 4 - D  after  co ld - in d u c t io n .

H a r v e s t e d  F e b r u a r y  2 4 .  x64
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advanced in plants sprayed before (F igure 46) and after the induction 

trea tm en t (F igure  48) than in the control (F igure 42). There was no 

observab le  d ifference between plants sprayed before and those sprayed 

a f te r  the induction t rea tm en t .  P lants sprayed with 2 ,4-D  during in ­

duction showed a lm ost no evidence of initiation on F ebruary  24. A 

study of the shoots harvested  two weeks la te r  revealed that initiation 

had o ccu rred .  These  morphological observations hardly corroborate  

the data in Table 16 dealing with the growth phase index. These in ­

consistencies may be attributed to varia tion  in auxin content of the 

two groups of plants at or im mediately following initiation.

Small Plants

T here  w ere no indications of initiation of the reproductive 

phase in any of the sm all plants examined.

Seasonal Changes in the Term inal Growing Points of P lants 

Kept Vegetative by Growth-Regulating Substances 

L ittle  change occurred  during the season in the general m orphol­

ogy of the growing points of plants sprayed with C1PP during the induc­

tion trea tm en t .  The general morphology of such plants is shown in 

F igu res  49, 50 and 51. Specimens used in preparing these photo­

m icrographs w ere collected January 20, klarch 27 and April 14, r e ­

spectively . It is to be recalled  from  the preceding d iscussion however 

that on F eb ru a ry  24, the time of seed stalk initiation, m arked cellu lar 

d isorganization  occu rred  in the growing points of the plants in th is t r e a t -
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F igure  49. The growing point of a cabbage plant (medium 

size) sprayed with C1PP during cold-induction. Harvested 

January  20, 1950. x64

llsS

F i g u r e  50 .  The growing  point of  a cabbage plant (m ed iu m

size )  s p r a y ed  with  C1PP during c o ld - in d u ct io n .  H a r v e s ted

M a rch  27,  1950.  x64



- 126 -

Figure  51. The growing point of a cabbage plant (medium 

size) sprayed with C1PP during cold-induction. Harvested 

April 14, 1950. x64

f
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m ent. Such, d isorganization  did not prevail two weeks p r io r  or two 

weeks subsequent to F eb ru a ry  24.

In F igure  49, indications a re  that a few of the cells in the rib 

m e r is te m  region had form ed in longitudinal row s. Term inal shoots 

collected M arch 27, F igure  50, appeared to be slightly elongated as 

com pared with genuinely vegetative shoots. Even so, this shoot could 

not be c lassified  as being in the reproductive phase. The shoot r e p r e ­

sented in F igure  51 was s tr ic tly  vegetative and is charac te ris tic  of 

o thers  collected April 14 from  plants sprayed during cold-induction 

with 250 ppm C1PF.
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DISCUSSION

Results  of this study support the findings of Boswell (7) and 

M ille r (59) that low tem p era tu re  is the main environmental factor a s ­

sociated with precocious seeding in cabbage. In addition, the size of 

the plants when subjected to low tem pera tu res  is an important factor 

(7) and (48). L arge  plants have g rea te r  tendencies to shoot to seed than 

sm all ones. P lan ts  with s tem  d iam eters  6 m m . or la rg e r  at c o ld - t re a t­

ment of approxim ately 38° F .  for 42 days bolted, whereas plants with 

d iam ete rs  of 4 m m . did not bolt.

T here  was considerable difference in response by the two v a r i ­

eties to cold-induction t re a tm e n t . Golden Acre plants having a stem 

d iam ete r  of 6 m m . or g rea te r  readily  bolted after cold-induction.

Round Dutch plants with stem  diam eters  of 6 to 7 m m . did not bolt 

a fte r  a s im ila r  cold trea tm en t .  Although tem peratu re  had a pronounced 

effect on p rem a tu re  flowering in cabbage, this effect was influenced in 

both v a r ie t ie s  by growth-regulating substances. These substances 

alone did not have sufficient influence to change the growth phase from  

vegetative to reproductive, but appeared to aid such changes when used 

in combination with the environment.

The influence of the substances applied varied  with the chem icals, 

concentrations, plant s izes and tim es of application. Aside from, fo rm ­

ative effects and increased  growth ra te  during the seedling stage the most 

outstanding chem ical influences w ere noticed in plants trea ted  with 2 ,4 -D ,



- 129 -

C1PP and MH. Vegetative growth ra te  was stimulated in young plants 

soon a f te r  trea tm en t with low concentrations of NA, but this response 

was not noticable a few weeks afte r  trea tm en t. Application of TIB A as 

used in th ese  experim ents had no apparent effect on plant growth.

Recent concepts concerning mechanism s involved in the t r a n s ­

ition of plants from  the vegetative to the reproductive phase center 

around the hypothesis of existing flower-inducing and flower-inhibiting 

substances* Cailadbjan (9 ) suggested that a hormonal substance which he 

called ’’f lo rigen” was produced in the leaves and translocated  to the 

growing point. According to the theory  sufficient quantities of the sub­

stance m ust rem ain  in the growing point for sufficient tim e for flower 

induction to o ccu r . Cholodny (10, 11) made a different approach by 

suggesting that florigen might be an ord inary  auxin or auxin-like sub­

stance and not a specific flower inducing substance.

Lang (51), in discussing the physiology of flowering in long and 

short day plan ts , visualized two basically  different possibilities: 1 , an 

inductive day length which prom otes flowering and 2 , a non-inductive 

day length which inhibits flowering. The form er implies that plants a re  

not capable of flowering unless photo-induced so as to build up a flow er­

ing s tim ulus. The la t te r  implies that plants a re  capable of flowering 

but flowering is suppressed  by non-inductive day lengths which builds 

up a flowering inhibitor. F ro m  these possibilities Lang concludes that 

f lo ra l initia tion, in long day and short day plants, is determ ined by 

flowering stim uli generated in the leaves and translocated  to the growing
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point* H e fu r th er  c o n c lu d es  fr o m  r e s u lt s  o f gra ftin g  e x p e r im en ts  w ith  

lo n g  and sh o r t d ay  p la n ts  that th e  f lo w e r in g  s t im u li of th e  tw o p la n ts  a re  

s im ila r  and p o s s ib ly  th e sam e* D e fin ite  p ro o f h a s not b een  e s ta b lish e d ,  

a s  p o in ted  out b y  L a n g , that su b s ta n c e s  ex tra c te d  fr o m  flo w er in g  p lan ts  

and in tro d u ced  into n o n -f lo w e r in g  p la n ts  ca u sed  f lo r a l in itia t io n .

Plan ts  which requ ire  thermo-photoinduction build up two floral 

s tim uli according to Lang (51)* The stimulus produced during the cold 

trea tm en t has been called "vernalin11 and considered to be a p recu rso r  

which acts  as a catalyst of florigen formation. Purv is  (68 ) believed the 

course  of vernalization  was auto catalytic . This could well be and if 

t ru e  explains why the stimulus cannot be extracted from  living cells . 

The sev e ra l hypotheses and possib ilities  set forth by Lang (51) can be 

explained on the basis  of synthesis, level, economy and distribution of 

auxins or phytohormones Many authors have p re fe rred  to explain 

th e ir  re su lts  with the phytohormone theory (4, 5, 6 , 11, 14, 15, 25, 36, ip., 

5 2 ,5 5 ,5 7 ,9 2 ,9 3 ,9 4 ,9 5 ) .  The recent work of Leopold and associates

(52 ,53 ,55 ,57) have ra th e r  conclusively shown that auxins exert an e f­

fect on flowering in Winter barley , Alaska pea, Biloxi soybean and 

Winter ry e .

Data have been reported  (14) to indicate that phytohormone con­

tent fluctuates in ce lery  during and subsequent to cold-induction t r e a t ­

m ent. A low phytohormone level during induction followed by an

1 See Term inology, page 24.
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in c rease  subsequent to induction appears to be associated with seed stalk 

initia tion (14,51). Gustafson (36) p resented  data which show a reduction 

in phytohorm ones in plants grown at tem pera tu res  above 30° C. Brandis 

and M cQuire (8 ) have shown that heat (52^ C. for 20 minutes) destroys 

the geotropic response  in crops with in terca la ry  m eris tem s such as 

sugar cane. This response was res to red  by soaking the plants in a so lu ­

tion containing 100 m g . / I  of indoleacetic acid. Their data strongly sug­

gest that low tem p era tu re  had a s im ilar  effect which indicates the re  a re  

m inim al, optimal and maximal tem pera tu re  ranges for auxins and 

phytohorm ones. Leopold (57) presented  data which conclusively show 

an in terac tion  of auxin and tem pera tu re  in flower initiation. He found 

a differential response to auxin applied to long day, short day and in ­

d eterm inate  plants which w ere grown under various tem p era tu re s .  Auxin 

(NA) tre a te d  plants subsequently grown under low tem peratu re  conditions 

flowered e a r l ie r  and m ore profusely than the controls. Under average 

te m p e ra tu re s  (18-20° C.) applied auxin had no effect or inhibited flow er­

ing depending on the plant.

Van Overbeek et jd (9 4 )  found that the stem  apices of pineapple 

plants contained la rge  quantities of free  phytohormone (called free  auxin 

by Van Overbeek) but sm all amounts of bound phytohormone (bound auxin); 

w hereas , the leaf bas is  contained little free  and large quantities of bound 

phytohormone. Skoog (80) considered cabbage leaves to contain re la tively  

la rg e  amounts of bound phytohormone, or 4 mg. per kg. f re sh  weight.

Van Overbeek et al (94) assum ed the transform ation  of bound phytohormone
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to f ree  phytohormone to cause flowering in pineapple. Low te m p e ra ­

tu re s  may reduce the free  or active phytohormone content in the apex, 

cause a change of phytohormone distribution in plants or modify the 

pbytohormone m echanism  so as to re lease  the bound phytohormone in 

the le av es .  This hypothesis takes into account the function of the leaves 

and s tem  tips in f lo ral initiation. It finds support in experimental ev i­

dence with pineapple (94); celery  (14,21); and barley, soybean, pea, 

and rye  (57) •

Results reported  here  with respect to cabbage appear to be 

read ily  explained by the auxin or preferably  phytohormone theory . With 

th is theory  it becom es n ecessa ry  to make certain  assum ptions. F i r s t ,  

te m p e ra tu re  a l te rs  the phytohormone m echanism . Such an assumption 

is feasib le  since an in teraction  between tem pera tu re  and auxin and t e m ­

p e ra tu re  and phytohormones have been dem onstrated experimentally

(14 ,21 ,57). Second, low tem p era tu res  (below 45° F .)  and high te m ­

p e ra tu re s  (85° F .  and above)tendto lower the free  phytohormone level 

(8 , 14, 21). Third , vegetative growth is favored by a static phytohormone 

supply, and reproductive growth is favored by a ra th e r  high phytohor­

mone supply following a ra th e r  low one (14,21,94). Along with these 

assum ptions, ce rta in  generalizations can be made. F i r s t ,  cabbage 

plants held at tem p era tu re s  of 50° to 80° F .  rem ain vegetative possibly 

as a re su lt  of an economic use of a static phytohormone supply. Second, 

plants held below 45° F .  for sufficient tim e tend to bolt as a resu lt of 

a reduction of free  phytohormone in the apex followed by a sharp
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in c re a se  brought about by a re lease  of the bound form  in the leaves. 

T h ird , the reaso n  la rg e  cabbage plants bolt m ore readily  than sm all 

ones might be elucidated by the possibility  of a g rea ter  supply of bound 

pbytohormone existing in la rg e  plants than in sm all. Such a thought is 

co rro bo ra ted  by the fact that tem pera tu re s  below 45® F .  for two to 

four weeks change the growth charac te r  in small plants (7 ), although 

such tre a tm en ts  a re  insufficient to induce the reproductive phase. 

F ourth , d ifferences in bolting tendencies among varie ties  may be in ­

te rp re te d  on the basis of a g rea te r  phytohormone stability existing in 

slow bolting v a r ie t ie s ,  such as Round Dutch, than in varie ties  which 

bolt read ily , such as Golden A cre. The bound phytohormone might 

be re leased  to the free  form  fas te r  in Golden Acre than in Round 

Dutch. Such is the case in bolting and slow bolting celery  varie ties  

(14). If t ru e  with cabbage it explains why certa in  varie ties  require  

longer cold trea tm en ts  than others to induce the reproductive phase.

The devernalization  response brought about in cabbage as 

mentioned above by high tem pera tu re s  may well be explained on the 

b as is  of a lowering of the phytohormone content by the high te m p e ra ­

tu r e s .  Growth ch a rac te r is t ic s  of devernalized plants w ere almost 

identical with plants trea ted  with MH, which indicates that MH may be 

an anti-phytohormone as well as an anti-auxin as dem onstrated by

Leopold and Klein (54).

An hypothesis is p resented  above with reference to a possible 

ro le  played by phytohormones in the transform ation  from  the vegetative
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to reproductive  growth phase in cabbage. The question a r is e s  as to the 

ro le  of synthetic grow th-regulating substances when applied to various 

plant s izes  at va ried  tim es  with respect to cold-induction. Apparently

2 ,4-D  exerted  an influence upon the phytohormone mechanism which 

tended to stabilize the free  phytohormone supply, irrespec tive  of the 

tim e it was applied. Responses were s im ila r  in la rge , medium, and 

sm all p lan ts . The degree of effectiveness, however, was g rea te r  in 

sm all and medium than in la rge  p lan ts . These differences might be ex ­

plained on the bas is  of a g rea te r  total quantity of bound phytohormone 

in la rg e  plants than in sm alle r  ones. Possib ly  2,4-D was m ore stable 

than the phytohormones to low tem p era tu re s .

Response to C1PP varied  consistently with tim e of application. 

F low ering appeared to be stimulated when this substance was applied 

before or a fte r the cold-induction trea tm en t. In sharp contrast, 

flowering was inhibited or suppressed  when C1PP was applied during 

cold-induction. The outstanding response from  this chemical was 

obtained when plants w ere medium size . P lants trea ted  before or 

a fte r  cold-induction flowered ea r l ie r  and m ore profusely than the con­

t r o l s .  Those tre a ted  during the induction trea tm ent did not flower, and 

only 4 out of 20 plants tended to develop seed stalks. There appears to 

be no c lea r ,  a ll-encom passing explanation of these re su lts .  It might be 

assum ed that low tem pera tu re s  gradually lower the free  phytohormone 

content. Apparently it is n ecessa ry  for the rela tive level of free  phyto- 

horm one to drop ra th e r  low, or to fluctuate widely before the reproductive
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phase is  induced. If such is the case, plants sprayed with C1PP before 

induction had a norm al phytohormone content and a high auxin-like 

chem ical content at the beginning of the cold storage trea tm en t.  As a 

re su lt  of low tem p era tu re  the re la tive  levels of these  chemicals were 

reduced , followed by a sharp increase  after the cold-induction t r e a t ­

m ent. The resu lts  suggest that within certa in  lim its  the range over 

which these  substances fluctuates may be a m ore decisive factor than 

the actual quantity at any given level. Lack of seed stalk development 

and subsequent flowering in medium size plants sprayed during the 

cold-induction trea tm en t may be sim ilarly  explained. The rela tive 

level of f ree  phytohormone at the beginning of induction was biologically 

the sam e as in plants sprayed before induction. No chemical was ap ­

plied however to ra ise  the re la tive  auxin level as with plants sprayed 

before induction. During the f irs t  21 days of cold-induction trea tm en t 

low te m p e ra tu re s  did not reduce the free  phytohormone to a level suf­

ficiently low to induce the reproductive phase, or did not effect adequate 

re le a se  of the bound fo rm . At the end of 21 days m ore auxin-like 

chem ical (C1PP), was applied which may have ra ised  the level of 

auxin-like substances in the p lants. This substance (C1PP) in some 

way served  at leas t some of the same functions as phytohormone. Then 

the rem aining 21 days of cold-induction trea tm ent were insufficient to 

effectively reduce these  substances low enough to induce the reproductive 

growth p h ase . Another possibility  is the application of C1PP during cold- 

induction prevented  the wide fluctuation in phytohormone content
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n e c e ssa ry  to induce reproductive development. The stimulative response 

fro m  C1PP applied afte r induction can th e re fo re  be explained on the basis  

of a low level of free  phytohormone resulting from  the low tem pera tu re  

t re a tm en t followed by an ex trem ely  high level of auxin brought about by 

the application of C1PP, and the re lease  of bound phytohormone. This 

high auxin level following cold-induction stimulated growth and rep ro du c­

tive development.

The phytohormone theory  is also applicable to the resu lts  ob­

tained with MH applied to medium size plants at varied  tim es with r e ­

spect to the cold-induction trea tm en t. Definite evidence has been p r e ­

sented that MH is an anti-auxin (53,54) and this chemical might th e re ­

fo re  be useful in reducing the free  phytohormone level. Data reported  

h e re  lends evidence to such a possibility . Round Dutch plants sprayed 

before a p a r t ia l  cold-induction trea tm ent developed m ore open heads 

than the con tro ls . Although these  plants produced m ore open heads no 

seed stalks o r  flowers appeared . Such response may be in terpre ted  as 

meaning that MH reduced the free  phytohormone supply in the apex. In 

view of the fact that com paratively little  growth occurred  in the MH 

trea ted  plants it seem s likely that MH altered  the entire phytohormone 

system  to the extent tha t bound phytohormone in the leaves was not r e ­

leased  to the f ree  form , and translocated  to the apex so as to effect 

growth. All plants sprayed with MH during cold- induction produced 

open heads, and about half of them  developed elongated stem s and leaves 

m orphologically ch a rac te r is t ic  of reproductive p lants. The lack of
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flowering response  in th is  trea tm en t was due possibly to the same 

rea so n  as those sprayed before induction. The te rm inal bud was killed 

in m ost plants sprayed after cold-induction. The reason  for the lethal 

response  obtained is believed to be due to the higher tem pera tu res  en ­

dured following chem ical trea tm ent by these  plants than by those sprayed 

before  o r during induction. P lants sprayed before and during the cold 

trea tm en t w ere subjected to approximately 38° F .  following spray ap ­

p lica tions. Those sprayed after cold-induction were moved immediately 

to a greenhouse where the average tem pera tu re  was above 65° F .  More 

of the active MH chemical was probably absorbed by the plants at this 

h igher te m p e ra tu re ,  resulting in severe stunting or killing of the t e r ­

m inal buds. Had MH sprayed plants been subsequently trea ted  with an 

auxin o r  auxin-like substance the resu lts  might have been very  different. 

Klein and Leopold (45) suggest that MH has no d irect influence on flow er­

ing but a l te rs  the auxin m echanism  which subsequently affects f low er­

ing. Results  of these  experim ents indicate that MH a lte rs  the phyto- 

horm one system  which subsequently affects flowering.

With respec t to the morphological studies it will be recalled  

that la rg e  plants had correspondingly la rg e r  growing points than medium 

o r sm all ones. Too, only slight changes occurred  in the growing points 

while the plants w ere being cold trea ted . Then, after growth s ta rted  in 

spring th e re  w ere no m ajor gross changes in the te rm ina l growing 

points of plants making vegetative growth, but cells elongated and 

la te ra l  buds developed in plants making reproductive growth. The f irs t
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and m ost re liab le  morphological evidence of reproductive growth found 

in th is  study was longitudinal rows of cells in the rib  m eris tem  and 

growth of la te ra l  buds. These morphological changes preceded flower 

initia tion as much as 15 to 30 days, whereas experimental evidence 

p resen ted  (75,84) on cambial activity, limited phloem cell formation, 

inc reased  cell wall th ickness, f re e r  staining of certain  t is su es ,  and the 

accum ulation cell inclusions occur shortly before or concommitantly 

with flower initia tion. Shoushan (79) found in tra -ce llu la r  accumulation 

of s ta rch  granules just p r io r  to flower initiation in L illium . He also 

found that flower in itials a rose  in the second the th ird  cell layers  of 

the flanking m e ris tem , and leaf initials a rose  in the th ird  and fourth 

cell la y e r s .  Examination of cabbage m eris tem s in this study c learly  

dem onstra ted  that all la te ra l  appendages arose  in the th ird  and fourth 

cell la y e rs  of the flanking m e ris tem . The last morphological evidence 

of reproductive growth was the origin of flower prim ordia  in the axils 

of dw arf leaf p r im o rd ia . Since these sessile  leaf prim ordia  eventually 

ceased  to d ifferentiate  they signified the final stage of the gradual 

tran s it io n  fro m  vegetative to reproductive development. Apices of 

cabbage shoots rem ained unchanged as the stem  axis elongated and 

produced la te ra l  appendages. In vegetative plants these la te ra l  ap ­

pendages w ere leaves and in reproductive plants they were either dwarf 

leaves , la te ra l  shoots, o r flow ers. The te rm inal apices did not d if­

fe ren tia te  into flow ers, however, flowers arose  so closely together 

n ear  the apices of m ature  flowering stalks that they appeared to
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the unaided eye to te rm ina te  the flowering stalk . The i r re g u la r  o rder  

of appearance of flower p a r ts  (sepals , stam ens, p istil and lastly  petals) 

ag rees  with the findings of Thompson (89) and is the common o rd er  for 

the c ru c ife rae  fam ily .

The findings in the morphological studies coincide with growth 

and flowering responses  as d iscussed  in the phytohormone theory . An 

im portan t point concerning these  studies was the general cellular d is ­

organization  in growing points harvested  F ebruary  24 of medium size 

plants sprayed during the induction trea tm en t. Auxins as well as the 

substituted phenoxy compounds have been found to activate growth by 

increasing  cell division and cell elongation (2 ). P ro lifera tion  of 

various t i s su e s ,  development of roots and shoots from callus, and 

general in c rease  in growth resulting from  the application of phenoxy 

compounds as reported  by Beal (2) and shown in this study, strongly 

indicate that th e ir  main function morphologically is to encourage cell 

division and growth. T here  a re  indications that cellular organization 

during norm al seed stalk initiation is involved in determining the growth 

phase which follows. Evidence presented  in this study suggests that 

C1PP applied during a cold trea tm en t influenced cellular organization. 

Until fu rther work is conducted on this subject it would be presum ptious 

to claim  that th is  phenomenon was brought about solely by the chemical 

tre a tm e n t .

M a le ic  h y d ra z id e  a p p ea rs  to  p rev en t c e l l  d iv is io n  b y  in h ib itin g  

m it o s is  (1 6 ,2 2 ,2 4 ,3 4 ,6 9 ) .  A p p aren tly  th is  su b sta n ce  d o e s  not
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in te rfe re  with cell elongation (34). Chelidonic acid (56) and alpha 

cyano-B (2 ,4 , dichlorophenyl) acry lic  acid (58) have also been found to 

inhibit plant growth. P lant response to the acrylic  acid formulation ap ­

p ea red  to be s im ila r  to that of m aleic hydrazide. One m ajor difference 

noted was that ax illary  Ibud development appeared not to be affected by 

alpha cyano-B (2 ,4 , dichlorophenyl) acrylic  acid. F urther  re sea rch  

with th ese  chem icals is n ece ssa ry  before the ir  auxin and anti-auxin 

p ro p e r t ie s  a re  fulfyunder stood.

The genuine m echanism  involved in the transform ation  from  

one growth phase to another rem ains obscure . Whether it be from  the 

form ation  of a specific flower-inducing substance (florigen) or some 

other m ore  complex phytohormone system  affords intriguing specula­

tion. The system ic nature of reproductive growth in cabbage is d em ­

onstra ted  f i r s t  by the reproductive charac te ris tics  of young developing 

la te r a l  shoots; second, by the production of numerous la te ra l  seed-sta lk  

b ranches; and th ird , by the devernalization response as accomplished 

by exposing m ature  flowering plants to high tem p era tu re s .  The ind i­

vidual cell most likely encom passes the basic factor or factors in ­

volved. The course of development in cabbage is governed by te m p e r ­

a tu re , light, w ater , and the food and nutrient supply. The genetic 

constitution plays a m ajor role in the type and quantity of response.

It is  of im portance to 'know that certain  grow th-regulatory substances 

used p roperly  a l te r  the quantity and quality of plant development. To 

th is extent growth and development may be controlled or manipulated



- 141 -

in such a m anner as to obtain the d es ired  plant response*
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SUMMARY

Response to 2, 4 -dichlorophenoxyacetic (2,4-D); alpha, ortho- 

chlorophenoxypropionic (C1PP); alpha naphthaleneacetic (NA); and 

^ “triiodobenzoic acid (T1BA); and maleic hydrazide (MH) varied  

with concentration, tim e of application and size of cabbage seedings. 

Concentrations in ppm were; 5, 10 , 15 and 20 2,4-D; 50, 100 , 250 

and 500 C1PP and TIB A; 100, 250, 500 and 1000 NA; and 250 MH. The 

th re e  plant sizes w ere la rge  (s tem  diam eter 9 m m .), medium (6 m m .) , 

and sm all (4 m m .) .  Most of the work dealt with the medium s ize .

Without an accompanying cold-induction of 38° F .  for six 

weeks no chem ical affected flowering. Almost complete inhibition of 

reproductive development was achieved in medium size Golden Acre 

sprayed during cold-induction with 250 ppm C1PP. Flower initiation 

and development was stimulated in large and medium plants by C1PP 

applied before o r  after induction. Response to 15 ppm 2,4-D  was s im ­

i la r ,  but le ss  pronounced. Spraying la rge plants during induction with

2 ,4 -D  or C1PP re ta rded  flowering two weeks.

Sprays of 250 ppm of MH applied before partia l induction of 

m edium size Round Dutch plants induced open head development and 

when applied during partia l induction promoted seed stalk development 

in many plants that otherwise would have remained vegetative. A l­

though 50 percent of the plants in this trea tm ent produced seed stalks, 

none flow ered. T erm inal buds were killed and subsequent growth sup­

p re s se d  for one year  by MH applied after pa rtia l induction.
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Low concentrations of auxin-like chem icals (2 ,4 -D , C1PP, NA) 

applied before cold weather generally promoted vegetative development 

and stim ulated growth in height for two months in medium size  plants of 

both v a r ie t ie s . Proliferation of tissu es , malformation of leaves, and 

shoot and root development in and around callus tissue were common 

with high concentrations of 2 ,4 -D  and C1PP. Plants sprayed with TIB A 

in concentrations up to 500 ppm resem bled the controls.

The m ost reliable morphological changes indicative of reproduc­

tive  development w ere the formation of longitudinal rows of ce lls  in the 

rib  m eristem , lateral bud development and dwarfing of young le a v e s . 

Appearance of these changes varied among treatm ents but occurred  

about February 24 in large and medium size p lan ts. Spraying large or 

medium plants with C1PP (250 ppm) before or after cold-induction 

hastened the appearance of these changes. Large plants sprayed during 

induction initiated reproductive growth two weeks later than con tro ls . 

Plants of medium s ize  sprayed with C1PP during induction showed no 

evidence of reproductive growth as late as April 27. The apices did 

not becom e dom e-shaped but rem ained unchanged in the transition  

from vegetative to reproductive development.

Leaf and flower in itia ls arose from periclinal ce ll division in 

the third and fourth ce ll layers of the flanking m eristem  just below the 

shoot apex. F low ers w ere produced laterally  as were the leaves and did 

not term inate the seed  stalk . Flower in itia ls were distinguished from
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leaf in itia ls  by g ross  changes associated  with reproductive growth. 

When flower initiation began the subtending leaf became dwarfed. 

After severa l flowers w ere produced the leaf developed no further 

than the p r im ord ia l  s tage.

A method for num erically  evaluating the degree of r e p ro ­

duction was p resen ted . Vegetative and reproductive growth, and 

f lo ra l development w ere histologically presented  and discussed on 

the b a s is  of synthesis , d istribution and economy of phyto hormone s.
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