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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

The process of flowering is an expression of plants 

v/hich offers a developmental system in which environment 

can be used to change a plant from vegetative to reproduc

tive development. This, in turn, provides a v/ay in which 

genetic and environmental responses of plants may be studied. 

Endogenous regulators, i.e., auxins, gibberellins, 

cytokinins, ethylene, and inhibitors, may change qualita

tively and/or quantitatively in response to environmental 

changes. These changes may be initiated by shifts in 

temperature, light intensity or light period. They may 

also be artificially effected by exogenous application of 

knov/n stimulators or retardants (Chailakhyan, 1968; Evans, 

1971). These changes are considered to have an influence 

on the flov/ering process. 

Endogenous rhythms also play a role in the physiology 

of flowering. Little is knovm concerning mechanisms and 

physiological manifestations of these rhythms (Hamner and 

Takimoto, 1965; Sv/eeny, 1969; Sunning, 1973). 

This report, utilizing Pharbitis nil strain Kidachi, 

v/ill examine resultsj of specific photoperiodic treatments 



2 

on: (a) changes in identifiable endogenous gibberellins as 

assayed through accumulation studies; (b) utilization of 

exogenously applied gibberellin; (c) magnitude of floral 

response and development as shown by dissection; and (d) 

growth response as shown by stem elongation. 

Background and Definitions 

Gibberellins constitute a group of plant regulators 

which play an important role in both the regulation of 

growth and the process of flowering. The term "gibberellin" 

v/as first given to an extract from Fusarium moniliforme, the 

imperfect, or vegetative, stage of Gibberella fu.jikuroi 

(Yabuta, 1935)-

The term "gibberellin" has, in the past, been assigned 

to any compound cgmtaining a gibbane ring (Figure 1). More 

recent publications have utilized the numbering system of 

gibberellane (Figure 1) because of thj__adyantages of a 

changed jiumbering sequence corresponding to other cyclic 

diterpenes (Lang, 1970). Therefore, this paper will use 

the more recent gibberellane numbering system.. 

Many_chemically identified gibberellins^^are only 

slightly active or even inactive in the several gibberellin 

bioassays v/hich have been developed. The more common of 

these assays include the dwarf pea assay (Brian and Hemming, 

1955 )> dwarf corn assay (Phinney, 1956), lettuce hypocotyl 
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assay (Frankland and Wareing. 196O), rice assay (Murakami, 

1966), and the barley endosperm assay (Coombe ejt al, 1967a; 

1967b). The gibberellins show varied patterns of activity 

with each assay. This variation in response is the first 

reason traditional bioassays are inadequate for identifica

tion. Secondly, inhibitors may be present which interfere 

v/ith growth responses and give a false indication of gibbe

rellin present. Thirdly, acetone is a frequently used ex-

tractant and acetone condensation products may show gibbe-

rellin-type growth responses (Mitchell et_ al, 1969). 

Specifically identified gibberellins will be abbre

viated as follows: GA. (gibberellin A.), GA^ (gibberellin 

Ao~gibberellic acid), etc. The term "gibberellin-like" will 

refer to any chemically unidentified natural compound causing 

grov/th responses typical of known gibberellins (Phinney, 

i960). The term "gibberellin-related" in this report will 

be applied to unidentified compounds showing known physical 

or chemical properties, such as the characteristic bluegreen 

fluorescence of GAs viewed under long wave UV light. 

Terminology dealing v/ith endogenous rhythms has been 

well defined (Sweeny, 1969). A biological endogenous 

rhythm is defined as a rhythm which arises from within the 

organism and repeats a definitive pattern once initiated. 

Endogenous rhythms are apparently universal (excluding 

blue :reen algae and bacteria) and are beginning to be 



recognized as influencing factors in determining physio

logical states of organism.s (Menaker, 1971; Queiroz and 

Morel, 197^). 

The terms applied to photoperiodic plants are abbre

viated as follows: long day plant = LDP, and short day 

plant - SDP. The abbreviation LD will be used for long 

day and SD for short day. 

Photoperiodic treatments are defined in this paper 

as follows: 2^ LD refers to l6 hours of light and 8 hours 

of darkness; 2^ SD refers to 8 hours of light and l6 hours 

of darkness; 2k LB refers to 8 hours of light followed by 

l6 hours of darkness with a one hour light break initiated 

in the middle of the dark period; 4-8 SD refers to 8 hours 

of light and ^0 hours of darkness; 48 LB refers to 8 hours 

of light and 40 hours of darkness with a one hour light 

break initiated 8 hours after onset of darkness. 

Occurrence of Gibberellins 

f "̂  As GAs were isolated and identified in Gibberella 

' fu.jikuroi, interest developed as to whether or not these 

compounds might be found in other organisms. Response of 

certain plants to application of fungal extracts (Mitchell 

and Angel, 1950) and extracts of GA-like fractions from 

flowering plants (Phinney et al, 1957; Alder et. al, 196l), 

led to further research involving higher plants. Both 

known GAs and GA-like substances have been found in 28 
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species of bacteria, 7 algae, 9 fungi, 1 moss, 7 ferns, 

9 gymnosperms, 30 monocots, and 100 dicots (Lang, 1970). 

GAs or GA-like compounds have also been found in all plants 

extracted except defined mutants (Jones, 1973)- This com

pels one to consider GAs ubiquitous within the plant kingdom. 

Structure and Characteristics of Gibberellins 

-Over forty GAs have been isolated and chemically 

identified. The structures of gibberellins A. through 

A^o •'"Lave been presented in two reviews (Lang, 1970; Mac-

Millan, 1971). Gibberellins A^ through Ap, k^r^ through 

A^o» and Apr through Apn have been isolated from higher 

plants. GA^ through GAi^, GA^, GA^ through GA^^, OÂ /̂ , and 

GAô ' occur in Gibberella fu.jikuroi (Paleg, 1965; Lang, 1970; 
Z^ -

MacMillan, 1971). 

The GAs are diterpenoid acids divided into two groups 

with the main difference being possession of either 19 or 

20 carbon atoms. Another difference occurs in the presence 

or absence of hydroxyl (OH) groups in positions 3 and 13. 

The 19 carbon GAs are monocarboxylic acids v/ith a carboxyl 

(COOH) group in postion 7 and have a lactone ring. The 20 

carbon GAs have COOH groups in postions 7 and 18. Several 

have COOH groups in position 20 v/hile others have an alde

hyde group (MacMillan, 1971). 

The structures of GA, through GAQ, referred to as the 
1 — — y 

di. ifusable or free GAs, are presented in Figure 1. The 
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structure of a particular GA is responsible for its charac

teristic fluorescent properties. GA^, GA^, GA^, GA^, and 

GAQ have single activation and emission maxima due to the 

hydroxyl group at carbon 13. GA2, GA^, GA^, and GAQ lack a 

hydroxyl at carbon I3 and have two activation and emission 

maxima. Fluorescent properties of GA. through GAQ are listed 

in Table 1 and can be used for identification. 

Thin layer chromatography (TLC) is also useful in 

separation of these chemically similar compounds. Silica 

gel is the most common adsorbent used for chromatographic 

plates v/ith several solvent systems having been used 

(Ikekav/a ejt al, I963; MacMillan and Suter, I963; Cavell 

et al, 1967). Table 2 lists the solvent systems most fre

quently used and known R^ values. 

Gas chromatography (GC) is the most useful technique 

for identification and can provide confirmation of identi

fication (Cavell at al, 1967). Retention times of GAs are 

reproducible with a defined column, v/hereas Ro values with 

TLC may sometimes be questionable, even with co-chromato-

graphed standards. Table 3 lists the two most frequently 

used columns and retention times found with conditions as 

stated. 
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TABLE 1 

FLUORESCENT PROPERTIES OF GA. THROUGH GAQ 

(Elson et al, 1964) 

GA^ 

GA^ 

GA^ 

GA^ 

GA^ 

GA^ 

GAQ 

GA 9 

Gibberellin Reaction Activation Emission Relative 
condition maxima maxima intensity 

(1) 

(2) 

(2) 

(2) 

(1) 

(1) 

(2) 

(1) 

(2) 

tions: 

417 

390 
440 

417 

390 
440 

417 

417 

390 
455 

417 

390 
420 

mu 

Gibberellins 

463 mu 

420 
468 

463 

420 
468 

463 

463 

420 
473 

463 

420 
468 

were dissol 

10 

13 
7 

100 

18 
8.5 

27 

10-16 

13 
60 

10-16 

14 
7 

ved in 
1:1 ethanol/sulfuric acid and 
heated for 25 minutes at: 
(1) 100 C 
(2) 50 C 



TABLE 2 

THIN LAYER CHROMiATOGRAPHY OF THE GIBBERELLINS 

Gibberellin 

\ 

^2 

A3 

\ 

^ 

^6 

^ 

^8 

A9 

SYSTEM 

^f 

0.11 

0.04 

0.11 

0.37 

0.31 

0.25 

0.37 

0.04 

0.75 

1 * 

^GA3 

1.00 

0.36 

1.00 

3.36 

2.82 

2.27 

3.36 

0.36 

6.82 

-̂  SYSTEM 1 

SYSTEM 

% 

0.49 

0.40 

0.54 

0.95 

0.87 

0.87 

0.90 

0.30 

0.95 

2 ** 

S 
0.91 

0.79 

1.00 

1.76 

1.61 

1.61 

1.68 

0.56 

1.76 

Adsorbent: Silica gel; 
Solvent makeup: isopropyl ether/acetic acid (95:5); 
Reference: MacMillan and Suter, I963. 

** SYSTEM 2 

Adsorbent: Silica gel; 
Solvent makeup; Benzene/n-butanol/acetic acid (70:25:5); 
Referenc?: Ikekawa et al, I963. 
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Metabolism of Gibberellins 

Research concerning biosynthesis of GAs in Gibberella 

fu.jikuroi began when the structure of gibberellic acid, 

GAo, was described and its cyclic diterpenoid character

istics detailed (Cross ejb al, 1956). Biosynthetic pathways 

were proposed and validated by further research. Acetate 

1 ̂ 1 
and mevalonate labeled with C were found to be incorporated 

into GA^ (Birch ejt al, 1958). From this, it was proposed that 

biosynthesis occurred via the isoprenoid route. Radioactive 

GA^ was found in extracts of Gibberella fû jikuroi following 

l4 addition of C-labeled ent-kaurene to the media (Cross et_ al, 

1964). Higher plants also utilize the acetate to GA path

v/ay and several intermediates of the terpene pathway are 

known to be incorporated (Barendse and Kok, 1971). A pro

posed pathway is presented in Figure 2. 

Interconversions of GAs have been partially established 

for Gibberella fu.jikuroi (Cross ejt al, 1968). A biosynthetic 

interconversion similar to that of this fungus has been pro

posed for higher plants (Lang, 1970). A comparsion of these 

interconversions is shov/n in Figure 3. 

Sites of biosynthesis of GAs have been shown to be 

young developing leaves of the apical bud and also the root 

tips (Jones and Phillips, 1966). Root tips have been more 

emphatically implicated by experimental evidence showing 

GAs to move basipetally from the root tip (Jacobs and Pruett, 
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1973). A third site, perhaps more potent than apical shaot 

buds or root tips, is within developing seeds. The sugges

tion for this is observed v/hen some dv/arf plants are induced 

to flower and produceseeds. Side shoots occasionally develop 

in a leaf axil next to a developing fruit. These branches 

consequently develop like shoots of a tall {=normal) strain 

with elongated internodes, but later developing branches 

show a dwarf pattern of growth (=short internodes) when the 

seeds mature or when the fruit is removed. Side shoots 

developing at leaf axils without fruits or with aborted 

flowers also show the dv;arf habit of growth (Barendse and 

Lang, 1972). 

Transport of GAs is thought to occur in the phloem 

through demonstration of GA-like substances in sieve-tube 

sap (Ting and Lockhart, I965) and also in the xylem due 

to presence of GA-like substances in xylem exudate (Reid 

et al, 1969). Exchange via ray cells between the two 

systems (Bowen and Wareing, 1969) may account for the 

difficulty in studying GA metabolism and transport with 

radioactive materials. 

The Role of Gibberellins in the 
Physiology of Grov/th 

Gibberellins v/ere first considered endogenous re

gulators of plant growth and development via an effect on 

auxin metabolism (Brian, 1966). More concerted research 
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plus more elaborate techniques provided evidence that GAs are 

themselves endogenous regulators. This does not rule out 

direct or indirect interaction with other plant regulatory 

substances to produce observed results (Galston and Davies, 

1969). 

Gibberellins are knovnto affect stem growth by cell 

elongation (Jones and Kaufman, 1971; Weaver, 1972). Cell 

division also plays a role in stem growth (Skjegstad, 1957; 

Sachs et̂  al, 1959; Arney and Mancinelli, 1966). Exogenous 

application of GAs stimulates growth of stems, most notably 

in rosette plants, by increases in both cell number and 

cell size (Sachs, 1965). Increases in mitotic frequency 

and growth by cell division, particularly in subapical 

meristems, has been found after GA application (Imamura, 1967) 

Perhaps the most dramatic effect of applied GAs on 

growth is found when dwarf varieties are examined. Genetic 

dwarfs of Zea mays (corn) and Oryza sativa (rice) have 

shown an absence or reduced amount of GA-like substances 

thereby relating growth and endogenous GA levels (Phinney, 

1956; Suge and Murakami, 1968). GAs are the only known 

naturally occurring plant regulators to overcome dv/arfism 

in some plants and i-evert them to normal height (Salisbury 

and Ross, 1969; Barendse and Lang, 1972). Under vegetative, 

noninductive conditions, the most noted response to vGA 

application is growth by stem elongation. 
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The dwarf mutant of Pharbitis nil, strain Kidachi, 

has been shown to contain lesser amounts of GA-like sub

stances than the normal strain Tendan (Ogawa, 1962; I965). 

Differences were also found when a normal and dv/arf strain 

were grown under identical conditions but complete identifi

cation was not attempted (Barendse and Lang, 1972). 

The Role of Gibberellins in- the 
Physiolofo/ of Flov/erin̂ q; 

Floral morphogenesis and development involves express

ion of genes which have been activated by an endogenous 

stimulus. In turn, an environmental signal is required and 

must be perceived by the plant. Since plant morphogenesis 

and development is controlled by naturally occurring plant 

regulators, it is logical to assume that a regulator may be 

involved in floral induction. 

Long day rosette plants requiring vernalization can 

be stimulated to flower by exogenous application of GA, even 

under noninductive conditions (Lang, 1957; Barbat and 

Ochesanu, 1964). Even though GA may bypass temperature 

and/or photoperiodic requirements for some LDPs, it normally 

does not substitute for SD photoinduction. Exogenous appli

cation may, however, enhance effectiveness of a SD photoin

duction (Ogawa and Zeevaart, 1967). Cycocel (CCC = 2-chloro-

ethyl trimethyl ammonium chloride) is an inhibitor of GA bio

synthesis and inhibits floral induction in SDPs even under 
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inductive conditions. This inhibition is overcome by 

applied GA (Ogawa and Zeevaart, I967). This would suggest 

that GAs are involved in floral induction. Gibberellin 

cannot be vernalin because it would replace vernalization 

only and not LD photoinduction. Gibberellin is also not 

the floral substance, florigen, or it v/ould be universal in 

its ability to induce flov/ering. 

Gibberellins may be indirectly involved in the physi-

sology of flov/ering by affecting stem growth (Lang and 

Reinhard, 196I). To exert its effects, florigen seems to 

require an actively grov/ing bud and it has been proposed 

that GA acts to enhance mitotic activity of a meristem and 

render it more responsive to the floral stimulus (Ogav/a and 

Zeevaart, I967). 

Many GAs and GA-like substances, extracted from 

various plants, have been examined for their effects on 

floral induction and shoot elongation (Ogawa and Imamura, 

i960). Pharbitis nil Kidachi, a dwarf strain, was utilized 

in the above experiments because of short internodes and 

any resulting elongation v/as easily observed. All sub

stances which promoted flowering- were effective in causing 

shoot elongation (Ogawa, I96I). 

Acceleration of growth in Pharbitis nil is caused 

mainly by increase in cell number and only slightly by cell 

elongation (Imamura, 1967). The flowering response of 
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Pharbitis nil was increased by applied GA^ if application 

was before, during, or immediately after an inductive dark 

period. Maximum response was observed when application was 

prior to an inductive period (Ogawa, 196I). Since exoge

nously applied GAs can substitute for photoinduction in 

LDPs and enhance the inductive dark period in SDPs, GAs are 

suggested to be involved in photoperiodic floral induction. 

Timing Mechanisms of Photoperiodism 

Plant photoperiodism is considered from tv/o perspec

tives derived from two different lines of reasoning. The 

first perspective deals with the phytochrome theory; the 

second, with endogenous rhythms. 

Proponents of the phytochrome theory consider plant 

responses to light and dark as being results of actions of 

the pigment phytochrome (Borthwich and Hendricks, I96O; 

Hendricks, I96O; I963). The pigment exists in two forms, 

a red light absorbing form called P^^ or P550' ^^^ ^ ^^^" 

red light absorbing form called P^^ or P^^Q. These two 

forms are considered interconvertable in that P^^ can be 

enzymatically changed to P^ during darkness. Also, in 

response to red or white light, the pigment is changed to 

P̂ . . In response to far-red light, the P^ form predomi

nates. P^ is considered to be inhibitory to flov/ering of 

fr 

SDPs when it occurs in the middle of the dark period. P̂ ,̂ 
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must have time to revert to P^ (i.e., a long dark period) 

and its presence must be reduced to a level no longer inhib

itory for flowering (Hendricks, I963). 

Researchers interested in endogenous rhythms have 

suggested many features of photoperiodic responses which 

are not explained by phytochrome action alone (Coulter and 

Hamner, 1964; Hamner and Takimoto, 1964; Takimoto and Hamner, 

1964; 1965 a-d; Takimoto, 1966; 1967; Bunning, 1973). Phyto

chrome is generally accepted as the receptive and perceiving 

pigment for photoperiodic response, but evidence indicates 

the phytochrome alone does not serve as the timing mechanism. 

The phytochrome reaction has been shown to be temperature 

sensitive (Salisbury and Ross, I969), yet timing of the 

photoperiodic mechanism is temperature compensated (Hamner 

and Takim.oto, 1964). Also, inhibition in the absence of 

phytochrome effects has been shown with altered photoperiodic 

cycles (Hamner, I963). 

Photoperiodic floral response may be affected by 

endogenous rhythms which are a part of the biological clock. 

At least three timing mechanisms are involved in the photo

periodic response of Pharbitis nil. The first, a light-on 

rhythm, starts at the beginning of the light period (Takimoto 

and Hamner, 1964). The second, a light-off rhythm, starts 

at the beginning of the dark period and has a light sensi

tive phase eight hours after onset of darkness and each 24 
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hours thereafter. This has been shown when varying dark 

periods were interrupted by light breaks and cyclic inhib

ition to flowering resulted (Takimoto and Hamner, 1964; 

1965a). The third mechanism is similar to an hourglass in 

that increasing the length of the dark period shows a linear 

increase in floral response (Imamura, I967). The hourglass 

component is sensitive to temperature and also, with a light 

break, is slowed down, resulting in floral inhibition 

(Takimoto and Hamner, 1964). 

Utilizing a 24 hour cycle, results of photoperiodic 

treatments may be interpreted according to the phytochrome 

theory. With 24 LD treatments a SDP such as Pharbitis nil 

should remain vegetative, constituting the vegetative con

trol. Exposure to 24 SD treatments should be favorable to 

flowering bocause the long dark period exceeds the critical 

da.rk period (Imamura, 1967). Plants treated with the 24 LB 

cycle should show no flowering or decreased flowering. 

Light interruption in the middle of the dark period should 

cause inhibitory results due to the phytochrome effect and 

the dampening of the endogenous rhythm (Chailakhyan and 

Lozhnikora, I966; Coulter, in press). 

If a cycle of 48 hours is used, different interpre

tations must be utilized and endogenous rhythms only must 

be considered. With 48 SD treatments the long dark period 

should favor flov/ering. Exposure to 48 LB treatments should 
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show inhibitory effects due to the endogenous rhythm only 

because the long dark period allows adequate time for phyto

chrome reversion (P^ — ^ P ) (Hamner, I963; Coulter, in press) 

Possible Association of Gibberellins 
and Timing Mechanisms 

Effects of GAs on flov/ering may be associated with 

an aspect of the timing rnxochanisms which have been demon

strated in both SDPs (Bunning, 1973) and LDPs (Claes and 

Lang, 1947; Hsu and Hamner, 1967). Changes in endogenous 

GAs, due to differences in biosynthesis and/or utilization, 

have been observed with onset of flowering in the LDP 

Rudbeckia (Harada and Nitsch, 1959). Changes in Hyoscyamus 

niger grown under varying conditions have been noted (Lang 

and Reinhard, I96I). The greatest variety and quantity of 

GAs were present under LD conditions in Rudbeckia bicolor 

immediately prior to bolting (Lezica, I963). The content 

of natural GAs of several long day, short day and day neu

tral plants was also found to be greater under long day 

conditions. The effect of a light break in the middle of 

the dark period v/as correlated v/ith an increase in GAs to 

an amount above that of SD treated plants but to an amount 

less that of LD treated plants. These experiments uti

lized a 24 hour cycle v/hich shov/s both the phytochrome 

effect and dampening of the endogenous rhythm (Chailakhyan 

and Lozhnikora, I966). 
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Changes in GA content following different photoperiodic 

trea.tm.ents have been observed in Pharbitis nil strain Violet 

(Coulter, in press) and strain Tendan (Koberg, 1969). A 48 

hour cycle showing the endogenous rhythm effect was included 

in these reports. Differences in GA content of Pharbitis nil 

Violet vs Pharbitis nil Kidachi have been noted when grown 

under identical photoperiodic conditions (Ogawa 1962; 1965; 

Barendse and Lang, 1972). 

Statement of Ob.jectives 

__je£Lausa__̂ ibberellins are involved in regulation of 

floral development as well as growth, it is desirable to 

utilize a plant in which one or both responses can be 

delimited and accurately controlledj.̂  Pharbitis nil strain 

Kidachi is an ideal SDP in which grov/th and floral develop

ment may be considered separately or together. Kidachi, a 

single gene GA mutant, shows a dwarf habit with restricted 

growth but can still be induced to flower (Hirono, I960). 

Sinĵ e GAs are apparently involved in floral induction 

and can possibly be correlated with timing mechanisms, it 

is possible that GAs, after extraction, could be used as 

molecular indicators of vegetative and/or floral response. 

Previous experiments have shown changes in both type and 

a.mounts of GA following photoperiodic treatments affecting 

either phytochrome or endogenous rhythms (Chailakhyan and 

Lozhnikora, 1966; Coulter, in press). Following specified 

http://trea.tm.ents
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photoperiodic treatments, the occurrence of endogenous GAs 

will be assayed, to more fully analyze the role in flowering. 

Gibberellin feeding experiments will be used in conjunction 

with these photoperiodic treatments to determine how GA^ 

affects this dwarf plant when in various preinductive or 

induced floral states. An analysis of floral development 

and/or growth shall be attempted by removing a given number 

of plants from the treatments after each successive cycle 

and placing them under vegetative conditions. These plants 

will later be examined by microscopic dissection for floral 

response (Marushige, I965 a-c) and measured for growth 

response. 



CHAPTER II 

IVIATERIALS AND MiETHODS 

Experiment 1: Seeds of Pharbitis nil strain Kidachi, 

obtained from Dr. Atsushi Takimoto, Kyoto University, Kyoto, 

Japan, were scarified with concentrated HpSOjN for thirty 

minutes, rinsed with water, and placed under continously 

running H^O for 24 hours. Seeds v/ere germinated in darkness 

in moist sand with radicle upv/ard for 24 hours and planted 

about tv/o centimeters deep in flats containing a 1:1 mixture 

of vermiculite and sterile soil (Imamura, I967). Continued 

growth was enhanced with LD conditions in the greenhouse. 

When the seedlings v/ere five days old, photoperiodic treat

ments shown in Figure 4 were begun. Experimental treatments 

were carried out in Percival Plant Growth Chambers with high 

intensity fluorescent lights supplemented with about 10 $ 

incandescent lights to provide a minimum of 1000 foot-

candles at the cotyledonary surface. Automatic clocks 

provided remote control of photoperiodic sequences. The 

temperature v/as maintained at 18.5 - 1.5 C to m-aximize 

inhibition caused by light breaks (Takimoto and Hamner, 

1964), After tv/o consecutive cycles of photoperiodic treat

ments, plants v/ere placed under continuous light for 24 

24 
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hours, then harvested by excising the upper 1-2 cm of the 

stem including cotyledons and immediately freezing the 

tissue. Ten plants per flat (= per treatment) were re

tained and placed under LD conditions for dissection and 

analysis of floral response ten days later. 

Gibberellin extraction was begun by crushing frozen 

tissue and placing it into one liter of 80 ̂  aqueous acetone 

for 24 hours. (All chemicals used were reagent grade). 

The resulting diffusate was removed and retained. Residual 

tissue was covered with a second liter of 80 % acetone for 

24 hours and this diffusate also retained. After a third 

24 hour period utilizing absolute methanol as an extractant, 

the three diffusates were combined and filtered. The fil

trate was reduced under vacuum to 350 ml with a Buchler 

Flash Evaporator. 

The resulting solution v/as buffered with one gram of 

monobasic sodium phosphate and the pH adjusted to 9*0-9.3 

by addition of sodium hydroxide. The aqueous extract was 

partitioned three times with equal volumes of absolute 

ethyl acetate. The rem.aining aqueous phase was buffered 

with one gram of sodium citrate and the pH adjusted to 3.0 

with concentrated HCl. Two partitions with equal volumes 

of chloroform were made to remove pigments and growth 

inhibitors. Three partitions of equal volumes of ethyl 

acetate completed preliminary purification (West and Reilly, 
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1961). Organic portions of final partitions v/ere combined 

and volume reduced to less than 100 ml with a flash evap

orator. This reduced volume was absorbed onto one gram of 

buffered celite and evaporated to dryness at 22 C. 

The sample was handpacked on a pH 6.2 buffered celite 

column. The buffered celite was prepared by mixing 18.55 

ml of 1 M phosphate buffer (pH 6.2) with 50 grams of puri

fied celite via mortar and pestle. The purfied celite had 

been previously prepared by progressively washing 100 grams 

of Johns-Manville celite with one liter each of 0.1 N HCl, 

diethyl ether, and acetone. The celite was then air dried 

for 12 hours and oven dried for 12 hours at 80 C. 

The column was mounted on a volumetric fraction col

lector and partitioned by stepwise elution with n-hexane 

and increasing amounts of diethyl ether as follows: 

ml n-hexane ml diethyl ether 

500 0 

400 100 

300 200 

200 300 

100 400 

0 500 

The fractions resulting were collected as fourteen frac

tions. After this series, the column v/as washed with 100 ml 
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each of methanol, ethyl acetate, and acetone and each wash 

was retained as a separate fraction. 

Each fraction was evaporated to dryness under a vented 

hood. Resuspension was accomplished v/ith 0.1 ml of methanol 

and 10 ul spots were applied with micropipettes for thin 

layer chromatography (TLC). Spots for TLC v/ere placed one 

cm apart along a line 3 cm from the bottom edge of a silica 

gel coated plate. GA^ standards of 10 and 1 ug were in

cluded on each plate. Duplicate plates in each of the t̂ vo 

solvent systems used v/ere developed to 10 cm by ascending 

chromatography in Brinkman Chromatography Chambers. Solvent 

system 1 (SSI), containing isopropyl ether and acetic acid 

(95:5 v/v) (MacMillan and Suter, 1963) and solvent system 

2 (SS2), containing benzene/n-butanol/acetic acid (70:25:5 

v/v) (Ikekawa et al, I963), v/ere mixed just prior to each 

development. One plate of the duplicate set was oxidized 

by spraying with 95 ^ Et0H:rl2S0^ and oven heating at 110 C 

for 10 minutes (MacMillan e_t al, I963). 

For definitive separation of large spots two dimen

sional TLC was utilized. The plate was developed first in 

SSI, dried, rotated 90 and redeveloped in SS2. Again, GA^ 

was co-chromatographed as a standard with each testing. 

The Ro values of spots with the characteristic blue-

green fluorescence of knov/n GAs were recorded by viewing 

each plate under long v/ave (365OA) UY light. Comparison 
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of RQ^^ values with knov/n GAs (Table 2) v/as the first step 

in identification. Suspect spots v/ere then scanned using 

a TLC scanner coupled to an Aminco-Bowan Fluoro-Microphoto-

meter. Quantity of fluorescence was recorded on a Dohrmann 

recorder equipped with a disc intergrator and a Varian 

digital counter. 

Spots on oxidized plates tentatively identified as 

known GAs v/ere marked and sister areas of unoxidized plates 

scraped off and eluted with v/et ethyl acetate. The sample 

was evaporated to dryness, resuspended in 4 ml of MeOH and 

divided in half. One half v/as dissolved in 4 ml of 1:1 

Et0H:H2S0N^ and oxidized by heat:.ng for 25 minutes at 50 C 

or 100 C. Activiation and emission spectra were determined 

with a Spectrophoto-fluorometer and results compared to 

authentic GAs (Table 1) to further confirm identification. 

The other half of the sample was prepared for GC analysis 

by mixing with 2 ml of diazomethane to form methyl ester 

derivatives of the GAs. This v/as accomplished to more 

readily control volatility of samples (Cavell et. al, 1967). 

Methylated samples v/ere evaporated to dryness, resuspended 

in 0.1 ml carbon disulfide and injected as a 2 ul amount 

into a Beckman GC-5 Gas Chromatograph. The following 

columns v/ere used: (1) 2 f. SE 33» a non-polar column; (2) 

2 f. QF 1, a very polar column. Standards of both GA^ and 

GA^ were analyzed for comparison with those previously 
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published (Table 3) (Cavell et. al, I967). Peak responses 

detected were recorded with a Honeywell recorder and re

tention times compared for identification. Each compound 

showing a peak was trapped and fluorescence analysis v/as 

utilized to determine if the.retention time shown repre

sented a GA or some other compound. 

Experiment 2: Five day old seedlings of Pharbitis nil 

strain Kidachi were given seven repetitive cycles of photo

periodic treatments shown in Figure 4. Twenty plants v/ere 

subjected to each designated photoperiodic treatment. Half 

of the plants in each treatment v/ere treated v/ith a total 

of 10 ug of GA^ while the other half served as untreated 

controls. GA^ v/as applied as 2 ug in 10 ul of O.05 % Tween 

20 to the joint of the leaf and petiole during the main 

light period of each of the first five cycles. Ten days 

after termination of photoperiodic treatments plants were 

checked by microscopic dissection for flowering and measured 

for grov/th response . Control plants for each photoperiodic 

treatment v/ere also removed after each cycle and maintained 

under vegetative conditions until growth and floral analysis 

ten days later. 



CHAPTER III 

RESULTS 

Gibberellin Extraction and Identification 

Characteristics of gibberellins and other compounds 

isolated in Experiment 1 are summarized in Table 4. Four 

sets of criteria were used to confirm GA identification: 

(1) partition characteristics and retention volume on 

a buffered celite partition column; 

(2) R-n and R^. values from TLC using two different 

solvent systems; 

(3) fluorescence excitation and emission spectra; 

(4) retention time in GLC with polar and non-polar 

columns. 

Individually, any of the above would be v/eak in resolving 

positive identification; but, collectively, they provide a 

rigorous test for identification. 

The total fluorescence for each spot found with TLC 

was measured and compared to known concentrations of GA^. 

Since relative fluorescence intensities of GA^ - GA^ are 

knov/n (Table 1), it was possible to calculate the concentra

tion of identified GAs. 

In addition to GA^ and GAg listed in Table 4, several 

spots v/hich showed bluegreen fluorescence characteristic of 

32 
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GAs did not display chromatographic properties of known GAs 

on TLC or GLC. These compounds are either unknown GAs or 

GA-related and are possibly involved in growth and flowering. 

A fluorescent spot with R̂ ^̂  = 0.49 (SS2) from the 24 LD 

treatment is an example of these GA-related compounds, as 

is 8. spot with R^^^ = 6.1 (SSI). The intensity of fluores-

ence obtained from the latter spot was outstanding in that 

it was ten-fold that of any other compound. 

Samples from the 24 LD treatment also contained com

ponents with GLC retention times equivalent to those of GA. 

and GAr;, but no other data supported positive identification. 

A peak corresponding to GA^ v/as also indicated in samples 

from the 24 SD treatment by GLC only. Peaks corresponding 

to GA^ and GAr; were also indicated by GLC in samples from 

the 24 LB treatment but by no other criteria. Both 48 hour 

treatments, v/hen analyzed by GLC, displayed all recorded 

peaks with retention times corresponding to kaurene and 

kaurenoic acid standards. Also, a retention time correspond

ing to GAr; v/as indicated by GLC analysis in both 48 hour 

treatments, but this identification v/as not supported by 

other criteria. 

Response to Exogenous Application 
of Gibberellic Acid 

Differences in grov/th and flowering effected by C-Â  

application, obtained in Experiment 2, are presented in 

Table 5- Untreated plants exposed to 24 SD, 24 LB, or 
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48 SD photoperiodic treatments show no significant differ

ences in growth. Untreated plants subjected to 24 LD or 

48 LB photoperiodic treatments are greatest in length. 

GA^ treated plants exposed to 24 LD photoperiodic treat-

m.ents show a significant increase in length compared to 

other GA^ treated plants. 

Flov/ering results presented should be compared to 

those of plants exposed to 24 SD photoperiodic treatments. 

The floral inhibition due to phytochrome and dampening of 

the endogenous rhythm is shown in results from, the 24 LB 

photoperiodic treatment. Inhibition of flov/ering during 

the 48 LB photoperiodic treatment due to dampening of the 

endogenous rhythm only is shov/n in the floral results. 

Although the dark period of the 24 LD photoperiodic 

treatment was shorter than the critical dark period and 

should have been noninductive, a few plants flowered. 

However, the level of flowering was far belov/ that of other 

treatments irrespective of v/hether GAo was applied or not. 

This flov/ering may be due to the eight hour dark period 

being almost equal to the nine hour critical dark period 

(Imamura et_ aJ., 1966), and reinforcement of successive 

cycles causes induction. Optimum flov/ering should result 

from a SD treatment and apparently the additonal 24 hours 

of darkness in the 48 SD treatment is innocuous to flower

ing after seven cycles if no exogenous GA^ is applied. 
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Responses to Number of Cycles 

Pharbitis nil strain Kidachi produces no terminal 

flower, therefore, flov/ering results may be interpreted as 

follows: 

(1) percentage of plants flowering after each cycle 

of photoperiodic treatment; 

(2) number of flov/ers per plant for each cycle of 

photoperiodic treatment. 

These results, obtained in Experiment 2, are presented in 

Figures 5 and 6 respectively. 

Plants exposed to 24 SD or 48 SD photoperiodic treat

ments, both favorable to flov/ering, reached 100 % flowering 

after only one cycle. Interestingly, the 24 LB and 48 LB 

photoperiodic treatments, previously considered completely 

inhibitory to flov/ering, were only partially inhibitory for 

this strain. The percentage flowering increased after each 

cycle until 100 % was reached for all photoperiodic treat

ments after cycle seven. Plants subjected to the 24 LD 

photoperiodic treatment show vegetative results until cycles 

five through seven which show an abrupt increase in per

centage of plants flov/ering. Control plants exposed to 24 

LB or 48 LB treatments show no significant differences in 

floral buds per plant. Results also indicate the extra 24 

hours of darkness in the 48 SD photoperiodic treatment has 

an effect on flowering v/hich is shov/n until cycle four and 
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then no significant differences are seen between the two SD 

treatments. Flowers of both untreated control and GA^ 

treated plants from 48 SD photoperiodic treatments were 

better developed anatomically in all comparisons made. 



CHAPTER IV 

DISCUSSI0x\ 

The process of flowering in photoperiodic plants 

offers a unique situation in which growth and reproductive 

development may be environmentally controlled. The devel-

opm.ent of flowers depends upon a proper stimulus being jjer-

ceived by the plant and being converted into factors useful 

for activiating genes which v/ill change a young, vegetative 

bud into a floral bud (Salisbury and Ross, I969). In the 

case of photoperiodic plants, a defined light:dark ratio 

is the needed stimulus to initiate this change (Evans, 1971). 

Recognition of this controllable system offers a way in 

which vegetative to reproductive changes may be used to 

study differentiation phenomena and, more specifically, to 

study changes occurring in chemical compounds, such as 

plant growth regulators, associated with these phenomena. 

Since the relationships of GAs in the flowering pro

cess are relatively unknov/n, a study such as this is appro-

piate. Environmental chambers allow light and temperature 

to be regulated, and assaying accumulation of GAs after 

discussed photoperiodic treatments should show if these 

treatments are associated with changes in biosynthesis 
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and/or utilization of GAs. As in previous studies (Chaila

khyan and Lozhnikova, 1966; Coulter et al, 1966; Coulter, 

in press), the GAs did show changes following different 

photoperiodic treatments. 

Occurrence of GA^ in Pharbitis nil strain Kidachi 

following 24 SD photoperiodic treatments agrees with re

sults found for strain Tendan (Koberg, I969) and Violet 

(Coulter, unpublished), even though amounts detected are far 

less. Presence of GA^ in plants subjected to 24 SD photo

periodic treatments is not surprising due to GA^ being 

accepted as the most biologically active GA in grov/th and 

the most active in flowering for Pharbitis nil (Ogawa and 

Zeevaart, 196?). Occurrence of GAg in plants from the 24 

LD treatment is significant in that GAn is considered 

rather inactive relative to GAo (Brian e;t al̂ , I962), and 

may represent a storage molecule. It should be noted that 

most assays testing GA potency are growth assays and the 

same order of activity may not apply to the flowering pro

cess. It is fortunate that GA extractions were made at 

cycle two of the photoperiodic treatments due to flowering 

of all plants after five or more cycles (Figure 5)* 

The vast difference in flowers per plant of plants 

subjected to the 24 SD or 48 SD photoperiodic treatments 

is seen at cycle 2 even though the extra 24 hours of dark

ness in the 48 SD photoperiodic treatment seems to become 
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innocuous to flowering in later cycles. Absence of GA^ in 

plants from 48 SD treatments can be interpreted in that GA^ 

may be utilized maximally in the flov/ering response and not 

be accumulated in detectable amounts. Since Pharbitis nil 

strain Kidachi is a GA mutant (Hirono, i960), this inter

pretation is not favored. Compounds isolated from plants 

subjected to 48 SD or 48 LB photoperiodic treatments appear 

identical by all criteria applied. Therefore, if utilizable 

GA v/as present, floral responses should be more alike than 

those recorded. This suggests that GAs may be indirectly 

involved in floral initiation. 

The large accumulation of GA-related compounds in 

plants exposed to 24 LD photoperiodic treatments suggests 

either a storage response or may shov/ accum.ulation of GA 

precursors due to blockage in the biosynthetic pathway, 

thereby supporting classification of this dwarf strain as 

a GA mutant. 

The presence of only two detectable GAs differs 

greatly from results of tv/o normal strains of Pharbitis nil 

(Koberg, 1969; Coulter, in press). In addition to GA^ and 

GAoi these strains contained GA. and GA^ and all were 

present in greater amounts than found in Pharbitis nil 

Kidachi. These accumulation results, together with floral 

responses recorded, support the hypothesis that GAs are in

directly involved in flowering (Lang and Reinhard, I96I) and 
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may act in conjunction with other factors in floral response 

(Chailakhyan, 1968). 

Comparison of growth of control plants (Table 5) 

reveals plants subjected to 24 LD or 48 SD photoperiodic 

treatments are much greater in length. Comparison of GA^ 

treated plants shov/s only those from 24 LD photoperiodic 

treatments to be statistically different. These results 

show that applied GA is not utilized equally by growth pro

cesses and the increasing complexity of the differentiating 

floral bud. 

These results agree with those previously reported in 

that applied GA which causes stem length elongation may 

also affect flowering (Ogawa, 196I). When growth and flower

ing are considered together, a factor other than GA must be 

present. This is suggested since GA is not limiting in 

GAo treated plants exposed to 24 SD and 48 SD photoperiodic 

treatments. Growth of plants receiving these photoperiodic 

treatments is not significantly different, yet floral re

sponse is much greater in plants exposed to 48 SD photo

periodic treatments. The additional flowering which results 

for 48 SD plants treated with GA^ suggest that the long 

dark period favors synthesis of something other than GA 

that promotes flov/ering in the presence of GA. 

If a factor other that GA is involved, it is pre

ferentially shunted to flowering. No detectable GAs were 
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found in plants subjected to 24 LB, 48 SD or 48 LB photo

periodic treatments which is also supportive data for an

other factor to be involved since these plants possessed 

flowers after seven cycles of photoperiodic treatment. 

It is reasonable to postulate that changes in GAs and 

GA-related compounds found following these photoperiodic 

treatments is a result of timing mechanisms being involved 

in GA biosynthesis and/or utilization, as is the indication 

in Pharbitis nil Tendan (Koberg, 1969) and Violet (Coulter, 

in press). Since Pharbitis nil Kidachi is a dwarf GA 

mutant, genes controlling these pathways may be activated^ 

but enzymes formed may be only partially effective in needed 

reactions. The presence of precursor-like compounds and 

GA-related compounds in large amounts suggests Kidachi is 

a hypomorphic mutant in that suboptimal levels of GA is 

produced. The limited amount of GA present may account for 

the dwarf growth habit of this strain, but cannot account 

for flov/ering responses observed. Another factor must there

fore be considered as being present and active in the flower

ing process. 

Summary 

Pharbitis nil strain Kidachi was utilized to assay 

endogenous GAs following photoperiodic treatments known to 

affect phytochrome and/or the endogenous rhythms. From 

plants exposed to a LD vegetative treatment, GAg and GA-
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related compounds were isolated. GA^ was isolated from 

plants subjected to a SD which favored flowering. Com

pounds isolated from plants exposed to a 24 hour SD with a 

light break, a 48 hour SD, or a 48 hour SD v/ith a light 

break, were identified as precursors to the GAs. GAs and 

GA-related compounds were affected in both type and amount 

by different photoperiodic treatments. This suggests timing 

mechanisms, phytochrome and the endogenous rhythms, are in 

volved in the biosynthesis and/or utilization of GAs. 

Flowering results obtained after GA was exogenously applied 

suggest that another factor, in addition to GA, is involved 

in the process of flowering. 



LIST OF REFERENCES 

Adler, N. , T. Medwick, R. G. Johl, and M. A. Manzelli. I96l. 
Evidence for the v/idespread occurrence of a 
gibberellic acid-like substance in higher plants. 
Advances in Chemistry Series, No. 28, p. 26-36. 

Arney, S. E.,^and P. Mancinelli. 1966. Basic action of 
gibberellic acid in elongation of Meteor pea 
stems. New Phytologists 65:l6l. 

Barbat, I., and C. Ochesanu. 1964. The action of gibbe
rellin A3 on Chrysanthemum Morifolium in non-
inductive photoperiodic conditions. Naturwissen-
schaften 11:316-317. 

Barendse, G. W. M. , and N. J. J. Kok. 1971. Incorporation 
of l̂ C - kaurene into the gibberellin of a high
er plant (Pharbitis nil Chois). Plant Physiology 
43:476. 

Barendse, G. W. M. , and A. Lang. 1972. Comparison of endo
genous gibberellins and of the fate of applied 
radioactive gibberellin A^ in a normal and a 
dwarf strain of Japanese morning glory. Plant 
Physiol. 49:836-841. 

Birch, A. J., R. W. Richards, and H. Smith. 1958. The bio
synthesis of gibberellic acid. Proc. Chem. Soc. 
1958:192-193-

Borthv/ick, H. A., and S. B. Hendricks. I96O. Photoperiodism 
in plants. Science 132:122-1228. 

Bowen, M. R., and P. F. Wareing, 1969. The interchange of 
l4c - kinetin and l̂ C - gibberellic acid be-
tv/een the bark and xylem of v/illow. Planta 
89:108-125. 

Brian, P. W., and H. G. Hemming. 1955- The effect of 
gibberellic acid on shoot grov/th of pea seed
lings. Physiol. Plantarum 0:669-681. 

Brian, P. V\J. , H. G. Hem.ming, and D. Lowe. 1962. Relative 
activities of the gibberellins. Nature 193? 
946-948. 

49 



50 

Brian, P. w. 1966. The gibberellins as hormones. Int. Rev. 
Cytol. 19:229-266. 

Bunning, E. 1973. The Physiological Clock. Springer-
Verlag, New York. 258 pages. 

Cavell, B. D., J. MacMillan, R. J. Pryce, and A. C. Shepard. 
1967. Plant hormones V. Thin layer and gas-
liquid chromatography of the gibberellins. 
Phytochemistry 6:867-874. 

Chailakhyan, ̂M. Kh. 1968. Internal factors of plant flower
ing. Annual Reviev/ of Plant Physiology 1£:1. 

Chailakhyan, M. Kh. , and V. N. Lozhnikova. 1966. Effect of 
interruption of darkness by light on plant gibbe
rellins. Soviet Plant Physiol. lj:73k-7kl. 

Claes, V. H., und A. Lang. 1947. Die blutenbildung von 
Hyoscyamus niger in 48 - stundigen lichel-
dunkel-zyklen und in zyklen mit aufgeteilten 
lichtphasen. Zeitschrift fur Naturforsohung 
2b:56. 

Coombe, D. G. , D. Cohens, and L. G. Paleg. 1967a. Barley 
endosperm bioassay for gibberellins I. Para
meters of the response system. Plant Physiol. 
42:105-112. 

Coombe, D. G. , D. Cohens, and L. G. Paleg, 1967b. Barley 
endosperm bioassay for gibberellins II. Appli
cation of the method. Plant Physiol. 42:113-119. 

Coulter, M. W. , and K. C. Hamner. 1964. Photoperiodic 
flowering response of Biloxi soybean in 72-hour 
cycles. Plant Physiol. ̂ :848-856. 

Coulter, M. W. , C. D. Cagle, and L. L. Esenwein. I966. 
Influence of endogenous rhythms on the occurrence 
of natural gibberellins in selected short day 
plants. Plant Physiol. Proceedings p. xxviii. 

Coulter, M. W. Plant and Cell Physiology, in press. 

Cross, B. E., R. H. B. Gait, and J. R. Hanson. 1964. The 
biosynthesis of the gibberellins, part 1. (-) 
kaurene as a precursor of gibberellic acid. 
Journal Chemical Society London. 295-300. 



51 

Cross, B. E., J. T. Grove, J. MacMillan, and T. P. C. Mul-
holland. 1956.. Gibberellic acid IV. Struc
tures of gibberic and allogibberic acids and 
possible structures, of gibberellic acid. Chem. 
and Ind. (London). 954-955. 

Cross, B. E«, K. Norton, and J. C. Stewart. 1968. The 
biosynthesis of the gibberellins. Part III. 
Jour. Chem. Soc. London. Part C:1054-1063. 

Elson, G. W., D. F. Jones, J. MacMillan, and P. J. Suter. 
1964. Plant hormones IV. Identification of 
the gibberellins of Echinocystis macrocarpa 
Greene by thin layer chromatography. Phyto
chemistry ;̂: 93-101. 

Evans, L. T. (ed). I969. The induction of flowering. 
Cornell University Press. 488 pages. 

Evans, L. T. 1971. Flower induction and the florigen 
concept. Ann. Rev. Plant Physiol. 22:365-394. 

Frankland, B. , and P. F. Wareing. 196O. Effect of gibbe
rellic acid on hypocotyl growth of lettuce 
seedlings. Nature 185:255-256. 

Galston, A. W. , and P. J. Davies. I969. Hormonal regula
tion in higher plants. Science 163:1288-1297. 

Hamner, K. C. I963. Endogenous rhythms in controlled 
environments. In L. T. Evans (ed). Environ
mental control of plant growth. Academic 
Press, Inc. New York. Pages 215-232. 

Hamner, K. C , and A. Takimoto. 1964. Circadian rhythms 
and plant photoperiodism. Amer. Naturalist 
48:295-322. 

Hamner, K. C , and J. Bonner. 1938. Photoperiodism in 
relation to hormones as factors in floral 
initiation and development. Botanical Gazette 
100:388-431. 

Harada, H. , and J. P. Nitsch. 1959. Changes in endogenous 
grov/th substances during flov/er development. 
Plant Physiol. :^:409-415. 

Hendricks, S. B. I96O. Rates of change of phytochrome as 
an essential factor determining photoperiodism 
in plants. Cold Spring Harbor Symp. Quant. 
Biol. 2^:245-248. 



52 

Hendricks, S. B. 1963. Metabolic control of timing. 
Science Vn-. 21-27 . 

Hirono, Y., Y. Ogawa, and S. Imamura. I96O. Eine neue 
methode fur gibberellin-test bei einem 
zwergmutanten von Pharbitis nil Chois. Plant 
and Cell Physiol. 1:81-89. 

Hsu, J. C , and K. C. Hamner. 1967. Studies on the in
volvement of an endogenous rhythm in the photo
periodic response of Hyoscyamus niger. Plant 
Physiol. 4^:725. 

Ikekawa, N. , T. Kagawa, and Y. Sumiki. 1963. Determina
tion of nine gibberellins by gas and thin 
layer chromatographies. Biochemistry of 
bakanae fungus. LXVII. Proc. Japan. Acad. 
19:507-512. 

Imamura, S. (ed). I967. The physiology of flov/ering in 
Pharbitis nil. Japanese Society of Plant 
Physiologists, Tokyo. 150 pages. 

Imamura, S., M. Muramatsu, S. Kitajo, and A. Takimoto. 
1966. Varietal difference in photoperiodic 
behavior of Pharbitis nil. Bot. Mag. Tokyo 
79:714-721. 

Jacobs, W. P., and P. E. Pruett. 1973. The time course 
of polar movement of gibberellin through Zea 
roots. Am. J. Bot. 6^:896-900. 

Jones, R. A., and P. B. Kaufmann. 1971. Regulation of 
grov/th in Avena stem segments by gibberellic 
acid and kinetin. Physiol. Plantarum 24; 
491-497. 

Jones, R. L. , and I. D. J. Phillips. I966. Organs of 
gibberellin synthesis in light-grown sunflower 
plants. Plant Physiol. 41:1381-1386. 

Jones, R. L. 1973. Gibberellins: their physiological 
role. Ann. Rev. Plant Physiol. 24:571-598. 

Koberg, F. J. I969. Identification of gibberellins in a 
wild type strain of Pharbitis nil following 
selected photoperiodic treatments. M.S. thesis. 
Texas Tech University. 



53 

Lang, A. 1957. The effect of gibberellin on flower forma
tion. Proceedings National Academy of Sciences 
41:709-717. 

Lang, A. 1970. Gibberellins: structure and metabolism. 
Ann. Rev. Plant Physiol. 21.:537-570. 

Lang, A., and E. Reinhard. 1961. Gibberellins and flower 
formation. Advances in Chemistry Series 28: 
71-79. — 

Lezica, R. F. P. I963. Gibberellins in Rudbeckia bicolor 
grown under different photoperiods. Bull. Soc. 
Royale Sciences Liege 34:49-55. 

MacMillan, J., and P. J. Suter. I963. Thin layer chromato
graphy of the gibberellins. Nature 197:790. 

MacMillan, J. 1971. Diterpenes - the gibberellins. In 
T. W. Goodwin (ed.). Aspects of terpenoid 
chemistry and biochemistry. Academic Press, 
London, Nev/ York. 

Marushige, Y. 1965a. Ontogeny of the vegetative and the 
reproductive apices in Pharbitis nil Chois. I. 
Development of the vegetative apex. Bot. Mag. 
Tokyo 78:353-359. 

Marushige, Y. 1965b. Ibid. II. Development of the Ter
minal flower bud. Bot. Mag. Tokyo 7^:397-406. 

Marushige, Y. 1965c. Ibid. III. Development of axillary 
buds. Bot. Mag. Tokyo 78:407-4ll. 

Menaker, M. 1971. Biochronometry. National Academy of 
Science, Washington, D.C. 

Mertz, D., and W. Henson. 1967. Light stimulated bio
synthesis of gibberellins in Fusarium monili
forme . Nature 214:844-846. 

Mitchell, J. E., and C. R. Ancgel. 1950. Plant grov/th 
regulating substances obtained from cultures 
of Fusarium moniliforme. Phytopathology 40:872. 

Mitchell, J. W., N. Mandava, J. R. Plimmer, J. F. Worley, 
and M. E. Drowne. I969. Plant growth-regulatin; 
properties of som.e acetone condensation pro
ducts. Nature 223:1386-1387. 



54 

Murakami, Y. 1966. Bioassay of gibberellin using rice 
endosperm and some problems of its application. 
Bot. Mag. Tokyo 71:315-327. 

Ogawa, Y. 1961. Uber die wirkung des gibberellins auf 
die Blutenbildung von Pharbitis nil Chois. 
Plant and Cell Physiol. 2:311. 

Ogav/a, Y. I962. Quantitative difference of gibberellin-
like substances in normal and dwarf varieties 
of Pharbitis nil Chois. Bot. Mag. Tokyo 
7̂ :44:974:50: — 

Ogav/a, Y. I965. Changes in the content of gibberellin-
like substances of seeds and seedlings in the 
tall and dwarf varieties of Pharbitis nil Chois. 
Bot. Mag. Tokyo 78.:474-480. 

Ogav/a, Y., and S. Imamura. 196O. Uber die Wirkung der 
Pflanzendiffusate auf die Streckung des 
Sprosses und die. Bot. Mag. Tokyo^Tl:125-132. 

Ogawa, Y., and J. A. S. Zeevaart. 1967. The relation of 
grov/th regulators to flov/ering. In S. Imamura 
(ed.). Physiology of flov/ering in Pharbitis nil. 
Japanese Soc. of Plant Physiologists, Tokyo. 

Paleg, L. G. I965. Physiological effects of gibberellins. 
Ann. Rev. Plant Physiol. l6_:291-322. 

Phinney, B. 0. 1956. Growth response of single-gene 
dv/arf mutants in maize to gibberellic acid. 
Proc. Nat. Academy of Sciences 42:185-189. 

Phinney, B. 0. I96I. Dv/arfing genes in Zea mays and their 
relation to the gibberellins. ^ L. T. Evans 
(ed.). Plant grov/th regulation. Iowa State 
Univ. Press. 

Phinney, B. 0., C. A. VJest, M. Ritzel, and P. M. Neely. 
1957. Evidence for gibberellin-like substances 
from flowering plants. Proc. Nat. Acad. Sci. 
41:398-404. 

Phinney, B. 0., and C. A. West. I96O. Gibberellins as 
native plant grov/th regulators. Ann. Rev. 
Plant Physiol. 11:411-436. 



55 

Queiroz, 0., and C. Morel. 1974. Photoperiodism and 
enzyme activity. Tov/ards a model for the 
control of circadian metabolic rhythms in the 
crassulacean acid metabolism. Plant Physiol. 
11:596-602. 

Reid, D. M. , A. Crozier, and 3. M. R. Harvey. I969. The 
effects of flooding on the export of gibberellins 
from the foot to the shoot. Planta 89:376-379-

Sachs, R. M. I965. Stem elongation. Ann. Rev. Plant 
Physiol. 16:73. 

Sachs, R. M., C.^F. Bretz, and A. Lang. 1959. Gibberellin 
application in Samolus and Hysocyamus. Am. J. 
Bot. 46̂ -376. 

Salisbury, F. B. , and C. Ross. I969. Plant Physiology. 
V/adsworth Publishing Co., Belmont, California. 
747 pages. 

Skjegstad, K. R. 1957. The anatomical basis for the gibbe
rellin response in Zea mays. Abstract Botanical 
Society of America, AIBS meetings, Stanford 
University. 

Sv/eeny, B. M. 1969- Rhythmic Phenomena In Plants. Academic 
Press, New York. l47 pages. 

Suge, H. , and Y. Murakami. 1968. Occurrence of a rice 
mutant deficient in gibberellin-like substances. 
Plant and Cell Physiol. 9:4ll. 

Takimoto, A. I966. Timing mechanism determining the 
critical dark period in Pharbitis nil. Bot. 
Mag. Tokyo 71:474. 

Takimoto, A. 1967. Studies on the light affecting the 
. initiation of endogenous rhythms concerned 
v/ith photoperiodic responses in Pharbitis nil. 
Bot. Mag. Tokyo 80:241-247-

Takimoto, A., and K. C. Hamner. 1964. Effect of tempera
ture and pre-conditioning on photoperiodic 
response of Pharbitis nil. Plant Physiol. 
19.:1024. 

Takimoto, A., and K. C. Hamner. 1965a. Studies on red 
light interruption in relation to timing 
mechanisms involved in the photoperiodic 
response of Pharbitis nil. ibid. 40:852. 



5^ 

Takimoto, A., and K. C. Hamner. 1965b. Effect of double 
red light interruptions on the photoperiodic 
response of Pharbitis nil. ibid. 40:855. 

Takimoto, A. , and K. C. Hamner. 1965c. Effect of far-
light and its interaction with red lisht ij 

'-red 
in the 

photoperiodic response of Pharbitis nil. ibid. 
40:859. 

Takimoto, A., and K. C. Hamner. 1965d. Kinetic studies 
on pigment systems concerned with the photo
periodic response in Pharbitis nil. ibid. 
40:865. 

Ting, Y. C , and J. A. Lockhart. 1965- Translocation of 
applied gibberellin in bean seedlings. Am. J. 
Bot. 12:828-833. 

West, C. A., and T. Reilly. 196I. Properties of gibbe
rellins from flov/ering plants. Advances in 
Chemistry Series 28:37-41. 

Weaver, R. J. 1972. Plant Growth Substances in Agriculture. 
W. H. Freemand and Co., San Francisco. 594 pages. 

Yabuta, T. 1935- Biochemistry of the bakanae fungus of 
rice. Agriculture and Horticulture (Tokyo) 
10:17-22. 




