
PHOSFON INDUCED PHYSIOLOGICAL EFFECTS
ON CHRYSANTHEMUM MORIFOLIUM, RAMAT

Item Type text; Dissertation-Reproduction (electronic)

Authors Mahmoud, El Tahir Ahmed, 1932-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:42:59

Link to Item http://hdl.handle.net/10150/284966

http://hdl.handle.net/10150/284966


This dissertation has been 
microfilmed exactly as received 6 8-12,921 

MAHMOUD, El Tahir Ahmed, 1932-
PHOSFON INDUCED PHYSIOLOGICAL EFFECTS ON 
CHRYSANTHEMUM MORIFOLIUM RAMAT. 

University of Arizona, Ph.D., 1968 
Physiology 

University Microfilms, Inc., Ann Arbor, Michigan 



PHOSFON INDUCED PHYSIOLOGICAL EFFECTS ON 

CHRYSANTHEMUM MORIFOLIUM RAMAT. 

by 

El Tahir Ahmed Mahmoud 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF HORTICULTURE 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  6  8  



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by El Tahir Ahmed Mahmoud 

entitled Phosfon induced phyfiJ.olQgi.na.1. ftfffint.n nn Chrysanthemum 

morifolium Ramat. 

be accepted as fulfilling the dissertation requirement of the 

degree of PhD 

a,. Mounk 
ecec Dissertation Direceor Date 

After inspection of the dissertation, the following members 

of the Final Examination Committee concur in its approval and 

recommend its acceptance 

3  -  I t -

Z - / S - 6 < ?  

*Thi£ approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance atjjhe final examination. 

C j l £ & & u ? c r v \ j L A *  J ,  S- i S B  

tQ> A 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to borrow
ers under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or re
production of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in the in
terests of scholarship. In all other instances, however, permission 
must be obtained from the author. 

SIGNED: 



ACKNOWLEDGMENTS 

The author would like to express his appreciation to Dr. P. L. 

Steponkus, formerly Assistant Professor of Horticulture, University of 

Arizona (presently Assistant Professor of Floriculture and Ornamental 

Horticulture, Cornell University), for his guidance, assistance, and 

interest in this work, Professor Steve Fazio, Head of Horticulture De-; 

partment, and Dr. W. P. Bemis, Professor of Horticulture, for their 

continuous help and encouragement. 

Special appreciation is extended to Dr. Paul G. Bartels, Assis

tant Professor of Biological Sciences, under whose direction this work 

was first started. Thanks are due to Dr. W. S. Phillips, Professor of 

Biological Sciences, Dr. L. Burkhart, and Dr. J. R. Kuykendall, Profes

sors of Horticulture, for their criticisms of this manuscript. 

The author is indebted to the Department of Agriculture, The 

Republic of the Sudan, for sponsoring his study. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF TABLES ........... vi 

LIST OF ILLUSTRATIONS vii 

ABSTRACT viii 

INTRODUCTION ..... I 

LITERATURE REVIEW 3 

Morphological Changes 3 

Physiological Changes 3 

MATERIALS AND METHODS 8 

Cultural Practices . 8 

Growth Hormones . 9 

The Effect of Applied Gibberellin and IAA on Phosfon 
Action ..... 9 

Endogenous Gibberellins 10 
Extraction of Gibberellins from Plant Tissue .... 10 
Thin-Layer Chromatography of Gibberellin Extract . . 11 
Bioassay of Gibberellin Fractions 12 

Influence of Phosfon on DNA, RNA, and Protein 12 

Incorporation of Radioactive Precursors ........ 12 
Autoradiographic Study 12 
Radioactivity Count 15 

Colorimetric Determination of DNA, RNA, and Protein . . 16 

RESULTS 19 

Growth Hormones 19 

The Effect of Phosfon on the Length of Internodes 
and Cells 19 

iv 



V 

TABLE OF CONTENTS--Continued 

Page 

. The Effect of Applied Growth Hormones on Phosfon 
Action 24 

The Effect of Phosfon on Endogenous GA Content 24 

Nucleic Acids and Protein 25 

Precursor Incorporation in the Apex 25 

Nucleic Acid and Protein Content of the Leaves and 
Apices . . . . 34 

DISCUSSION 41 

SUMMARY 48 

LIST OF REFERENCES • 50 



LIST OF TABLES 

Table Page 

1. The change in internode number and pith cell length 
caused by phosfon treatment 23 

2. The quantitative change in gibberellin-like activity 
in plant apices 5 weeks after phosfon treatment 26 

3. The incorporation of tritiated thymidine, uridine, 
and lysine by the apices of phosfon-treated and 
control plants of variety Jet Fire 29 

3 
4. The average number of nuclei incorporating thymidine- H 

in the shoot apex of variety Jet Fire 32 

5. The effect of phosfon treatment and gibberellin spray 
to the Jet Fire plant foliage on the incorporation of 
thymidine-l^C, uridine-l^C, and lysine-^^C ........ 33 

6. The effect of phosfon on DNA, RNA, and protein content 
of the apical shoot of chrysanthemum plants . . 35 

7. The ratio between RNA and DNA, protein and DNA, and 
protein and RNA in the apices of chrysanthemum plants, 
as affected by phosfon treatment 36 

8. The effect of phosfon on DNA content of chrysanthemum 
plant leaves 37 

9. The effect of phosfon on RNA content of leaves of 
chrysanthemum plants 38 

10. The effect of phosfon on protein content of leaves 
of chrysanthemum plants 39 

11. Phosfon effect on the ratios of leaf RNA and DNA, 
protein and DNA, and protein and RNA of chrysanthemum 
plants 40 

vi 



LIST OF ILLUSTRATIONS 

Figure Page 

1. The effect of phosfon soil application and gibberellin 
foliar spray on the stem elongation of Chrysanthemum 
morifolium var. Jet Fire 20 

2. The effect of phosfon soil application, and gibberellin 
and IAA foliar spray on the stem elongation of Chry-
santhemum morif olium var. Jet Fire 21 

3. The effect of gibberellin on the stem elongation of 
phosfon-treated and untreated Chrysanthemum morifol-
ium var. Jet Fire 22 

k. Chromatograms of apical extract of variety Jet Fire 
and their effect on the germination of lettuce seed . . 27 

5. Chromatograms of apical extract of variety Maple 
Leaves and their effect on the germination of 
lettuce seed 28 

vii 



ABSTRACT 

Phosfon retardation of chrysanthemum plants was studied in rela

tion to gibberellin and indoleacetic acid (IAA). The plants were grown 

iri phosfon containing medium and sprayed with gibberellin and IAA sepa

rately or in combination, and the growth of the stem was measured peri

odically. Gibberellin spray reversed the retarding effect of phosfon 

but IAA did not. Combined gibberellin and IAA treatment had the same 

effect on the growth of phosfon-treated plants as gibberellin alone. 

The gibberellin content of the shoot apex and developing leaves, bio-

assayed by lettuce seed germination, was greatly reduced by phosfon. 

The reduction of the total gibberellin content in the two varieties of 

chrysanthemum of unequal response to phosfon was not the same. Phosfon 

treatment caused a larger reduction in gibberellin content in Jet Fire 

than in Maple Leaves. 

Protein, DNA, and RNA content of the leaves was investigated, 

and it was revealed that phosfon does not change the protein, DNA, or 

RNA content. However, using autoradiography to study the incorporation 

3 3 3 
of thymidine- H, uridine- H, and lysine- H in the shoot apex showed that 

phosfon inhibits the synthesis of DNA and RNA and reduces the length of 

3 
the apex which synthesizes DNA. The incorporation of lysine- H was not 

affected by phosfon treatment. 

14 14 
The incorporation of thymidine- C and uridine- G was reduced 

by phosfon treatment, Gibberellin spray increased the incorporation of 

viii 
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14 14 
thymidine- C and uridine- C in both untreated and phosfon-treated 

plants. There was no difference between phosfon-treated and non-treated 

14 
plants in the incorporation of lysine- C. Gibberellin caused increased 

14 
incorporation of lysine- C by both phosfon-treated and control plants. 

It seems that the inhibition of growth by phosfon is due to the 

inhibition of gibberellin and that the difference in growth inhibition 

between the two varieties is due to the difference in the amount of gib

berellin retained by the variety after phosfon treatment. The inhibi

tion in gibberellin results in the reduction of DNA and RNA synthesis. 



INTRODUCTION 

Growth retardants are relatively new in the field of controlled 

plant growth. These synthetic chemicals inhibit normal stem elongation 

without producing formative effects or other major changes in normal 

growth. 

The metabolic changes caused by retardants are not yet well 

known and most investigations in this area have dealt with changes in

duced by retardants in plant gibberellin (GA) and indoleacetic acid 

(IAA) content. Although there is a general understanding that retard

ants inhibit gibberellin biosynthesis (Harada and Lang, 1965; Cathey, 

1964), it has been found that plants treated with retardants lack IAA 

(Kuraishi and Muir, 1963; Wittwer and Tolbert, 1960). It has been sug

gested that retardants are anti-metabolite rather than anti-gibberellins 

or anti-auxins (Lockhart, 1962). 

Retardants are said to inhibit cell division in the subapical 

meristem of the shoot and thereby reduce the number of cells per inter-

node without interfering with normal cell elongation (Sachs, et al., 

1960). This view is contested by others who found no inhibition of 

cell length in the stem tissues (Scherff, 1952; Wheaton, 1960). 

In the present work the effect of retardants on cell elongation 

and cell division, and their relationship to gibberellin and IAA appli

cations, was studied using phosfon (2,4-dichlorobenzyl-tributylphosphon-

ium chloride). This was followed by analyzing the relation between 

1 
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retardation and deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and 

protein content. The effect of phosfon on the synthesis of these com

pounds in the shoot apex and their content in the apex and leaves was 

studied. 

All investigations were conducted on Chrysanthemum morifolium 

Ramat. using two varieties having differential responsiveness to phos

fon as far as stem elongation is concerned. 



LITERATURE REVIEW 

Literature on growth retardants that appeared prior to 1964 was 

reviewed by Cathey (1964). The part of that review which has a bearing 

on the present work, i.e., the relation between growth retardants, shoot 

growth, and growth hormones (gibberellin and indoleacetic acid) will be 

briefly presented. 

Morphological Changes 

Sachs et al. (1960) suggested that growth retardants cause a re

duction in cell number by inhibiting cell division in the subapical 

meristem, and at the same time cell division in the apical meristem is 

not inhibited by retardants and thus the number of internodes is not 

changed since it is a function of the apical meristem. However, Wheaton 

(1960) and Scherff (1952) found that Amo-1618 (2-isopropyl-4-dimethyl-

amino-5-methylphenyl-l-piperidinecarboxylate methyl chloride) inhibits 

cell elongation in Pisum sativum L. Alaska and Pharbitis nil, respec

tively. 

Physiological Changes 

According to Kuraishi and Muir (1963) Alaska pea treated with 

CCC (2-chloromethyl)trimethylammonium chloride lack indoleacetic acid 

(IAA) while the gibberellin content was not altered by such treatment. 

However, it has been shown that gibberellin acid spray did counteract 

3 



the effect of CCC on Pharbitis and other plants (Zeevaart and Lang, 

1963; Tolbert, 1961; Downs and Cathey, I960; and Conrad and Saltman, 

1961). 

Growth retardants were considered as anti-gibberellins by some 

workers (Lockhart, 1961 and 1962; Tolbert, 1960; and Cathey, 1959). 

Cathey (1964) rejected the idea of growth retardants as being anti-

gibberellins from a biochemical point of view, since they do not com

pete with gibberellins for one or more specific reaction centers in the 

plant. Anti-gibberellins, he explained, from such a point should be 

chemical analogs of gibberellin possessing the ability to block gibber

ellin activity, and there has been no such relation. However, he sug

gested that from another point of view the term anti-gibberellin 

implies the compound interference with the biosynthesis of gibberellin 

in the plant. This is the type of antagonism to which the above work

ers refer. 

Interference-of growth retardants with gibberellin biosynthesis 

was investigated in lower as well as in higher plants. Kende, Ninne-

mann, and Lang (1964) used Fusarium moniliforme Sheld. that produced 

gibberellin, but its growth was not affected by added gibberellin. 

When such a strain was grown on a culture containing phosfon, mycelium 

dry weight was increased by 507., but the production of gibberellin as de

termined by the dwarf pea bioassay was not interrupted. Amo-1618 and 

CCC did not interfere with the growth of the futigus but suppressed the 

production of gibberellin. 
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Fusarium moniliforme was tested by Harada and Lang (1965) for 

the production of gibberellin under treatment with CCC and seven of its 

analogs. An inhibitory effect on gibberellin production by CCC and 

three of its analogs was evident. Of the remaining four, one was less 

active in inhibiting gibberellin synthesis whereas the other three 

showed no such activity. On adding CCC after allowing a period for 

gibberellin synthesis by the fungus, they found that the amount of gib

berellin produced before the addition of the growth retardant had not 

been reduced but new gibberellin formation was blocked. 

Another strain of Fusarium moniliforme was also investigated in 

the above work. This strain produced gibberellins 1, 2, 3, and 7. The 

mycelium culture developed under treatment with CCC did not contain any 

of the four gibberellins as revealed by visualization under ultra

violet light on thin-layer chromatograms or by the dwarf pea bioassay. 

Based on these findings, Harada and Lang (1965) concluded that CCC and 

analogous growth retardants inhibit the biosynthesis of gibberellin by 

Fusarium moniliforme. 

Kende et al. (1964) suggested that the possible explanation for 

the lack of inhibition of gibberellin biosynthesis by phosfon-D (another 

designation for phosfon) was that it was metabolized by the fungus be

fore it could act as an inhibitor. This possibility was further inves-

• tigated and confirmed by Harada and Lang (1965). 

Trying to determine the site of gibberellin biosynthesis inhi

bition, Harada and Lang (1965) added kaurene to Fusarium in a culture 

solution treated with CCC. Their results suggested that CCC blocked a 

step in the gibberellin pathway past the conversion of kaurene. 



However, Dennis, Upper, and West (1965) followed the metabolism of 

14 
mevalonate- C, a precursor of kaurene and gibberellin, in cultured 

wild cucumber (Echinocystis macrocarpa) endosperm under Amo-1618 treat

ment. Gibberellin synthesis was found to be inhibited by blockage of 

enzymatic activity at the point at which trans-geranylgeranoid was con

verted to kaurene. Phosfon-D and phosfori-S (2,4-dichlorobenzyl-tri-

butylammonium chloride), although not as effective as Amo-1618, also 

inhibited kaurene formation. 

To determine the quantitative changes in gibberellin, Zeevaart 

(1966) treated Pharbitis nil flowers with CCC and then extracted gib-

berellins from seeds and separated them on thin-layer chromatography. 

Using dwarf corn d5 and dt-mutants as a bioassay he found two major 

areas or regions of gibberellin-like activity at 0.2 to 0.3 (frac

tion II) and 0.4 to 0.6 (fraction III) in the seeds of untreated 

plants. A considerable amount of stimulatory activity was also found 

in the zone which included the origin (fraction I). All three frac

tions of gibberellin-like substances were also found in seeds from 

treated plants, but in much reduced quantities. The bioassay with 

dwarf pea showed fraction II to be highly active in the untreated 

plants and fraction III was almost completely inactive. This availa

bility of fraction II was highly reduced by CCC application. Zeevaart 

suggested that fraction III was gibberellin A5. 

Brook, West, and Anthony (1967) used nine-day-old Pisum sativum 

Alaska to study the changes in nucleic acid caused by phosfon-S treat

ment. Spectrophotometric determination of the different nucleic acid 



fractions, fractionated on a MAK (methylated albumin-kieselguhr) col

umn, showed that the treatment caused a decrease of soluble RNA and an 

32 
increase of ribosomal RNA. Feeding orthophosphate- P to the primary 

stem axis of the seedling and measuring the distribution of radioactiv

ity among the nucleic acid fractions revealed that phosfon-S caused a 

32 
' decrease in the specific activity of all P labeled nucleic acid frac

tions except what was arbitrarily called s-^-RNA. Phosfon-S treatment 

made the nucleic acids in the tissues more resistant to RNase degrada

tion than the nucleic acids in the untreated plant tissues. Another 

effect of the growth retardant was that it made DNA-RNA resistant to 

RNase action. 



MATERIALS AND METHODS 

Cultural Practices 

As will be specified below, the present work was conducted using 

Chrysanthemum morifolium Ramat. var. Jet Fire separately or in combina

tion with variety Maple Leaves. Plant material for the different tests 

was secured as three to four inch long, soft terminal cuttings from 

stock plants and rooted in vermiculite. Cuttings were left for a period 

of 14 to 20 days in the rooting medium depending on the development of 

an adequate root system for transplanting. 

Rooted cuttings were grown in six-inch pots containing a steril

ized medium of one part soil, one part sand, and two parts peat moss. 

Rooting and growth were made in the greenhouse with temperature modified 

by either evaporative cooling or steam heating according to the prevail

ing temperature outside the greenhouse. Transplants were kept vegeta

tive during the duration of each test by an additional six hours of 

light from cool-white fluorescent lamps (intensity 150ft-c) positioned 

directly above the plants four feet from the surface of the bench on 

which the pots were set. 

Phosfon was applied as a drench from a 107„ standard solution 

after diluting the appropriate amount per pot to a volume of a 100 ml 

with tap-water. The diluted phosfon was added to a wet medium after the 

transplants were established. 

8 
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Growth Hormones 

The Effect of Applied Gibberellin and IAA on Phosfon Action 

In the first experiment the relation between phosfon and IAA as 

affecting plant height was tested. Phosfon was applied at the rate of 

0.6 ml of 10% (V/V) standard solution per pot. This experiment was made 

of the following treatments: 

1. control 

2. phcsfon 

3. phosfon + 40 mg/liter IAA once 

4. phosfon + 20 mg/liter IAA weekly 

5. phosfon + 20 mg/liter IAA every four days 

Another experiment was initiated to study the relation between 

phosfon retardation and gibberellin (GA) or GA combined with IAA accord

ing to the following schedule: 

1. control 

2. phosfon 

3. phosfon + 20 mg/liter GA once 

4. phosfon + 10 mg/liter GA weekly 

5. phosfon + 10 mg/liter GA every four days 

6. phosfon + 20 mg/liter GA + 40 mg/liter IAA once 

7. phosfon + 10 mg/liter GA + 20 mg/liter IAA weekly 

8. phosfon + 10 mg/liter GA + 20 mg/liter IAA every four days 

Initial treatment with growth hormones was given immediately 

following the phosfon drench, and periodic sprays were then made as 
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specified above. The duration of the first experiment was four weeks 

and the second was six weeks, and the treatments were replicated six 

times. 

A third experiment was designed in which the use of IAA was 

eliminated, and a new treatment was added in which GA was sprayed on 

plants grown on soil devoid of phosfon. Gibberellin sprays and measure

ment of stem elongation increments were limited to once every two weeks. 

The number of replications was changed to four and the experiment was 

extended to ten weeks. 

Endogenous Gibberellins 

Extraction of Gibberellins from Plant Tissue. Both chrysanthe

mum varieties were used in studying gibberellin content when treated 

with phosfon (1.0 ml per pot of 10% V/V standard solution) compared to 

the untreated. Plant apices and the young leaves surrounding them were 

collected from plants grown under long photoperiod for five weeks. 

Twenty apical portions (15 gm) from each treatment were collected, ex

tracted in 70% (V/V) acetone for 24 hours, and the extract was removed 

by filtering. The extraction was repeated twice using the same solvent. 

The three extracts were combined and the acetone was removed under re

duced pressure using a flash evaporator (Lang, 1960). 

The remaining aqueous solution was adjusted with 507» (V/V). HC1 

to pH 2.5, and partitioned three times with ethyl acetate. Thus, the 

gibberellins moved to the organic phase while the retardant remained in 

the aqueous phase (Harada and Lang, 1965). Ethyl acetate extracts were 



combined, and the solvent removed under reduced pressure as mentioned 

above. The residue was redissolved in a mixture of ethyl acetate and 

acetone (1:1 V/V). This gibberellin fraction was reserved separation 

by the thin-layer chromatography and bioassay. 

Thin-Layer Chromatography of Gibberellin Extract. The 

gibberellin-containing fraction was spotted as a 1.0 cm wide band to the 

origin of a 20x20 cm silica gel-G thin-layer plate which was about 250 u 

thick. The plate was developed to 15 cm in a mixture of chloroform-

ethyl acetate-acetic acid (60:40:5 V/V) as the solvent (Zeevaart, 1966). 

The chromatogram was divided into ten equal zones and the silica gel 

scraped off and eluted twice with 5.0 ml of ethyl acetate and once with 

5.0 ml of 957o (V/V) methanol; the eluates were evaporated, and each 

sample was taken up in 1.3 ml water containing 0.057» Tween 20 and re

tained for bioassay. 

Another sample was prepared from sets of nine plants to detect 

visually the differences in gibberellins on thin-layer chromatograms us

ing ultra-violet light. The ultra-violet detection was also used for 

root extracts. The root material from the treated and untreated plants 

was of equal weight (3.0 gm), and the same procedure used for extraction 

from the shoot apices was followed. This fraction for visual detection 

of gibberellins was spotted on thin-layer plates and. developed in di~ 

isopropyl ether-acetic acid (95:5 V/V), sprayed with ethanol-sulfuric 

acid (95:5 V/V), and heated at 120 C for 10 minutes. Gibberellin-like 

materials were identified by their UV fluorescence (MacMillan and 

Suter, 1963). 
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Bioassay of Gibberelliri Fractions. Grand Rapids lettuce seeds 

were used for bioassaying the relative gibberellin quantity of each ex

tract (Harada, 1962). The eluate of each fraction was added to one 

hundred seeds in a petri dish and then placed in the dark for 48 hours 

at approximately 27.5 C. Other seeds were germinated in known concen

trations of gibberellin (Abbott Laboratories, North Chicago), which were 

used as standard. 

Influence of Phosfon on DNA, RNA, and Protein 

Incorporation of Radioactive Precursors 

Autoradiographic Study. The influence of phosfon (1.0 ml per 

pot of 107. solution V/V) on the incorporation of tritiated precursors 

of DNA (deoxyribonucleic acid), RNA (ribonucleic acid), and protein in 

the shoot apices of the plants was studied. Precursors used were thy-

3 3 3 
midine-methyl- H, uridine-6- H, and lysine-6- H, respectively (purchased 

from New England Corporation of Boston, Massachusetts). They had the 

respective specific activities of 6.70, 9.34, and 5.50 curies/milli-

mole. 

Each plant, phosfon treated or untreated, received 0.1 ml (125 

uc/ml radioactivity) of the appropriate material five weeks after phos

fon application. The radioactive precursors were applied as drops to 

the stem apices and the surrounding young leaves two minutes after being 

sprayed with 0.027. (V/V) Tween 20. The plants were allowed to incorpor

ate the tritiated precursors for 24 hours before the apices were col

lected and immediately fixed in ethanol-acetic acid (3:1 V/V), 



dehydrated in tertiary butyl alcohol, and embedded in Tissuemat (56.5 C 

melting point). The apices were longitudinally sectioned to five mi

crons in thickness on a rotary microtome. Serial sections were mounted 

on slides coated with a thin layer of gelatin chrome alum adhesive, the 

-Tissuemat (Fisher Scientific Co.) removed from the sections with xylene, 

and the sections rinsed in running water (Jensen, 1962). 

The radioactive materials incorporated in the plant cells were 

detected by the liquid emulsion method described by Ficq (1959). Kodak 

emulsion NTB2 (Eastman Kodak, Rochester, New York) was used for the de

tection of radioactivity. NTB2 has a medium silver grain-size sensitiv

ity and thus has a moderate efficiency and does not form many background 

grains (Prescott, 1964). The slides were dipped for five seconds in the 

emulsion which had been dissolved in distilled water at 50 C (Caro, 

1964). After dipping, the excess emulsion was allowed to run off and 

the slides were horizontally stacked in slide boxes containing calcium 

chloride placed in such a manner as to allow uniform moisture absorption 

without contaminating the coat of emulsion. The slide boxes were then 

wrapped in black paper and stored at a temperature of 4 C or less. 

Grain development was examined from time to time in additional 

replicates of the slides until adequate development of grains was 

achieved after 43 days of storage. Slides were developed in Kodak D-19 

for three minutes, rinsed in an acid bath for one minute, fixed in a 

Kodak fixing solution for three minutes, and washed in running tap water 

for one hour (Abdel Wahid, 1965). All processes from emulsion 
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application to fixing were performed in a darkroom illuminated by light 

filtered through a Wratten Safelight Series 1. 

Tissues prepared for the determination of incorporated labeled 

thymidine were stained before applying the emulsion to the slides while 

3 3 
those for the study of the incorporation of uridine- H and lysine- H 

were stained after developing and fixing. The Feulgen method as de

scribed by Gomori (1952) was used to stain the tissue incorporating 

3 
thymidine- H. The slides containing the sections were rinsed in water, 

hydrolyzed in N HC1 at 50 C for 15 minutes, washed in water, and stained 

in Schiff's reagent as described by Longley (1952). This was immedi

ately followed by coating with emulsion. 

__ 3 
Tissues which were allowed to incorporate uridine-6- H were 

stained in 2.0% pyronin Y solution and extracted five times with equal 

volumes of chloroform, according to Tepper and Gifford (1962). The 

slides were then differentiated twice in batanol and once in xylene. 

Mercury bromophenol blue was the stain used for tissues incorporating 

3 
lysine-6- H (Abdel Wahid, 1965). Slides were made permanent by mounting 

cover slips using permount. 

Only the median longitudinal sections of apices were used in 

counting of grains developed on the emulsion as a result of radioactive 

material incorporation. Four slides of phosfon-treated and similar un-

3 . 3 
treated sections were selected for thymidine-methyl- H, uridine-6- H, 

3 
and lysine-6- H incorporation study. In each median section, the grain 

counting was made in 20 consecutive microscope fields of 75 u diameter 
r 

starting from the apex down the center'of the pith. The average number 



of grains per nucleus in the case of thymidine- H incorporation and per 

3 3 
cell for uridine- H and lysine- H was counted. The average number of 

grains was adjusted by subtracting the background (0.16 grains/cell) 

which was counted in longitudinal sections of apices to which radioac

tive precursors were not added. 

14 
Radioactivity Count. The incorporation of thymidine-2- C uri-

14 14 
dine-2- C, and lysine-1- C was determined in the apical part of the 

stems (including developing leaves and internodes) of phosfon-treated, 

phosfon-treated-gibberellin-sprayed, gibberellin-sprayed, and untreated 

plants. Gibberellin was sprayed on all plant foliage (as 40 mg/liter) 

12 days before the apices were collected for determination of incorpor

ated radioactivity. 

14 14 14 
Thymidine- C, uridine- C, and lysine- C were added to the in

dividual apices as drops of 0.025 ml solutions having the radioactivity 

of 50, 32, and 42.5 uc/ml, respectively,. The three precursors had the 

respective specific activity of 59, 56.4, and 15.5 mc/mM. 

The radioactive precursors were left to incorporate for 12 hours 

and then the apices were collected, weighed, and homogenized in absolute 

methanol. DNA and RNA were extracted from the homogenate in the same 

manner which will later be specified for the extraction of nucleic acids 

and made to a final volume of 3.0 ml. Protein was precipitated by 3.0 

ml of 20°/o trichloroacetic acid and the pellet collected by centrifuging 

at 3000 x g, washed twice with 5% trichloroacetic acid, and suspended 

in 10 ml of 0.1 N NaOH. 
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One-half milliliter of the radioactive solution was pipetted in 

planchets and evaporated to dryness. The radioactivity was counted on a 

gas-flow counter. Each treatment of the above was replicated three 

times. 

Colorimetric Determination of DNA, RNA, and Protein 

Leaves from Chrysanthemum morifolium variety Jet Fire and vari

ety Maple Leaves were analyzed for their DNA, RNA, and protein content. 

One expanded leaf from each of the five plants of an individual treat

ment, phosfon-treated and untreated, was severed at the connection of 

the blade and the petiole. The blade was immediately weighed and homog

enized in cold absolute methanol with a mortar and pestle at 2.0 i 0.5 C. 

The homogenate was made to a volume of 20 ml and 0.5 ml of it was re

served for protein analysis. The remaining homogenate was centrifuged 

at 1000 x g and the pellet was washed twice with methanol, twice with 0.2 

M HCIO^, and once with absolute ethanol. All of these steps were per

formed at the same temperature used for homogenization. Lipids in the 

pellet were removed in ethanol-acetic acid (2:1 V/V) heated in a water 

bath at 50 C for 30 minutes and were discarded with the supernatant 

(Smillie and Krotkov, 1960). 

The nucleic acids in the pellet were hydrolyzed in 57» HCIO^ at 

70 C for 40 minutes, and the nucleotides remained in the supernatant af

ter centrifugation. The nucleotide solution was adjusted to approximate

ly pH 7.0 with concentrated KOH and made to a volume of 10 ml with dis

tilled water. Insoluble HCIO^ was removed in the cold by centrifugation. 
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Total nucleotides in the supernatent were determined by reading the ab-

sorbancy at 260 and 290 mu, subtracting the second reading from the 

first, and multiplying by a factor of 57 to get the total nucleotides 

per milliliter of solution (Cherry, 1962). 

DNA content was determined in a sample of the material used for 

the determination of total nucleic acid. The diphenylamine method was 

used for this determination (Burton, 1956). One volume of nucleotide 

was mixed with two volumes of diphenylamine reagent and heated in boil

ing water for 10 minutes in stoppered vials. The absorbancy of the mix

ture was read at 600 mu. Standard curve of DNA (Calbiochem, Los 

Angeles) and the DNA content was determined accordingly. 

Determination of DNA, RNA, and protein was done twice following 

the same procedure except that in the second experiment the DNA solution 

and diphenylamine mixture were stored overnight before the reading was 

made, i.e., the heating was omitted (Giles and Myers, 1965), and this 

procedure gave better resolution. The difference between the total nu

cleic acids content and DNA content gave the RNA content. 

Protein was estimated according to the Lowry et al. (1951) 

method. The sample for this purpose was precipitated with cold 10% tri

chloroacetic acid. The precipitate was collected by centrifugation and 

dissolved in 5.0 ml 0.1 N NaOH. One-tenth of a milliliter of the NaOH 

suspension was mixed with 5.0 ml of 100:1:1 (V/V) of 4.07o Na^CO^ in 0.1 

N NaOH, 4.07» sodium tartrate, and 2.0% copper sulfate (CuSO^-SH^O) and 

incubated for 15 minutes at 45 C. A 0.5 ml of phenol reagent (Folin-

Ciocalteau), diluted 1:1 (V/V) with distilled water, was added to the 
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above material and immediately mixed and incubated for 30 minutes at 

room temperature. The absorbancy of the protein material was then read 

at a wavelength of 750 mu. A standard curve was prepared using bovine 

serum albumin fraction V (Sylvana, Millburn, N. J.). 

DNA, RNA, and protein content was also determined in weighed 

samples of apices (apices and developing internodes) following the above 

procedure. For DNA determination the mixture of the extract and the di~ 

phenylamine was stored overnight in the dark at room temperature before 

reading its absorbancy. 



RESULTS 

Growth Hormones 

The Effect of Phosfon on the Length of Internodes and Cells 

The retarding effect of phosfon was not immediately evident 

(Figs. 1, 2, and 3) but developed gradually until it reached a signif

icant level four weeks after phosfon application. 

Phosfon-treated plants of Chrysanthemum morifolium var. Jet 

Fire developed short stems and dark-green colored leaves when compared 

to the untreated plants. After similar treatment of Maple Leaves with 

phosfon (0.6 ml of 107o V/V standard solution) for the same duration of 

time, no change in leaf color was visually detectable, and the stem was 

shortened but to a lesser degree compared to variety Jet Fire (Table 1). 

During this period the number of internodes of Jet Fire stems 

was significantly reduced in phosfon-treated plants, but the reduction 

in the number of internodes of Maple Leaves was negligible (Table 1). 

The cell length, in the pith of fully developed internodes, was the same 

in phosfon-treated and untreated Jet Fire plants (Table 1). 

In the leaf transverse section there was an uneven and limited 

increase in the layers of spongy parenchyma caused by phosfon treatment 

of both varieties. Air spaces in this part of the leaf were increased 

in size by phosfon treatment. 
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Figure 1. The effect of phosfon soil application and gibberel-
lin foliar spray on the stem elongation of Chrysan
themum morifolium var. Jet Fire. 
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Figure 2. The effect of phosfon soil application, and gibber-
ellin and IAA foliar spray on the stem elongation 
of Chrysanthemum morifolium var. Jet Fire. 
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Figure 3. The effect of gibberellin on the stem elongation 
of phosfon-treated and untreated Chrysanthemum 
morifolium var. Jet Fire. 
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Table 1. The change in internode number and pith cell length caused by 
phosfon treatment. 

Variety 
Number of 
Internodes 

Cell Length^ 
(micron) 

Jet Fire 

Phosfon-treated 9 65.4 

Control 14 62.5 

Lsd(.05) 4.67 14.49 

Maple Leaves 

Phosfon-treated 20 -

Control 21 -

Lsd(.05) 4.04 -

a. Average of eight replications 

b. Average of four replications 
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The Effect of Applied Growth Hormones on Phosfon Action 

Plants of variety Jet Fire treated with phosfon at the rate of 

0.6 ml of 10% (V/V) standard solution made less growth than the un

treated plants. When sprayed with IAA solution once in four weeks, 

once weekly, or once every four days, the retardation of the stem by 

phosfon was not reversed (Fig. 1). 

Gibberellin (GA), given once following phosfon treatment, elim

inated the retarding effect'of phosfon. The application of GA at 4- or 

7-day intervals did not increase stem elongation over that elicited by 

a single spray or the control (Fig. 2). The spray of untreated plants 

with gibberellin increased the stem length over the phosfon-treated and 

gibberellin-sprayed but not over the control (Fig. 3). Combined appli

cations of IAA and GA did not produce growth that was more than the un

treated plants (Fig. 2). 

The Effect of Phosfon on Endogenous GA Content 

Extracts of shoot apices from phosfon-treated and non-treated 

plants of the two varieties were chromatographed on silica gel-G plates 

and sprayed with ethanol-sulfuric acid (95:5 V/V). No fluorescence 

could be detected by UV light. However, in root extracts four spots 

which correspond to gibberellins A^, A^, A^, and Ag (MacMillan and 

Suter, 1963) were evident. In variety Jet Fire there was no visual dif

ference in the size of these spots between treated and untreated plants, 

but in root extracts of variety Maple Leaves gibberellins A,. and A^ 

were visually less - prominent (smaller in size) than in the untreated. 
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The presence of gibberellin-like activity in the lettuce seed 

bioassay of extracted shoot apices of Jet Fire and Maple Leaves was con

siderably reduced by phosfon treatment. Five weeks after the applica

tion of phosfon, the gibberellin-like activity was reduced by 78% in 

Jet Fire and 65% in Maple Leaves. Originally, Jet Fire contained more 

gibberellin-like substances in the apex than Maple Leaves. However, 

after phosfon treatment Maple Leaves retained more of such substances 

than Jet Fire (Table 2, Figs. 4 and 5). 

Considering the gibberellin fractions individually as separated 

on a thin layer of silica gel-G, there was a considerable amount of 

gibberellin-like activity between the origin and R^ 0.5 in the extract 

of untreated plant apices of the two varieties. Between the origin and 

0.5, the gibberellin-like activity of the Jet Fire extract was inhib

ited more than the Maple Leaves extract by phosfon application (Figs. 4 

and 5). 

Nucleic Acids and Protein 

Precursor Incorporation in the Apex 

3 3 
The incorporation of thymidine- H per nucleus and uridine- H per 

cell in the entire 1500 u of the shoot apex was significantly reduced, 

3 
but the incorporation of lysine- H in this segment was not affected by . 

phosfon treatment (Table 3). 

3 
In the top 75 u of the apex thymidine- H incorporation was rela

tively low in the treated and untreated plants and then rose to reach a 

maximum at 150-225 u. This peak was followed by a decline in incorpora

tion that ends at 675-750 u after which the incorporation increased. 
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Table 2. The quantitative change in gibberellin-like activity in plant 
apices 5 weeks after phosfon treatment. 

Variety Treatment 
GA 

ug Equivalent/ 
Apex 

Percent of 
Control 

Jet Fire Control 

Phosfon-treated 

0.0914 

0.0205 

100 

22 

Maple Leaves Control 

Phosfon-treated 

0.0694 

0.0240 

100 

35 
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Table 3. The incorporation of tritiated thymidine, uridine, and lysine 
by the apices of phosfon-treated and control plants of variety 
Jet Fire. 

Part of Apex 
Microns 

From the Tip 

DNA-Grains/ 
Nucleus 

(Thymid ine-3H) 
Control Treated 

RNA-Grains/ 
Cell 

(Uridine-^H) 
Control Treated 

Protein-Grains/ 
Cell 

(Lysine-^H) 
Control Treated 

0-75 30a 19 14a 12 46 45 

75-150 51a 30 22a 15 53a 48 

150-225 54a 31 20 15 52 48 

225-300 46a 26 16 15 49 44 

300-375 33 21 16 12 46 39 

375-450 32 18 15 12 44 40 

450-525 29 19 14 10 41 39 

525-600 26a 15 14 9 36 38 

600-675 22a 16 13 8 31 33 

675-750 20a 11 11 . 8 26 27 

750-825 28a 16 14 9 31 30 

825-900 25a 13 15 10 36 31 

900-975 22a 14 17 12 35 30 

975-1050 21a 14 16 10 35 32 

1050-1125 23a 12 15 9 33 30 

1125-1200 22a 12 15 9 30 29 

1200-1275 22b 7 12 8 22 29 

1275-1350 25b 7 12a 7 26 26 

1350-1425 24b 4 12a 7 24 22 

1425-1500 21b 3 13b 6 22 22 

Average 29b 15 15b " 10 35 34 

Lsd(.05) 
6.01 3.21 10.81 

a. Significant at the 57. level. 

b. Significant at the 17. level. 
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3 
The change in thymidine- H incorporation in the remaining part of the 

1500 u segment was not significant in the non-treated plant apices. 

However, in the apex of the treated plants, the incorporation continued 

to diminish to become negligible at 1350-1500 u (Table 3). 

3 
Uridine- H incorporation was also low in the first 75 u of 

treated and non-treated plants but increased and reached a maximum in 

the following 75 u (75-150 u from the top). The minimum incorporation 

3 
of uridine- H was at 675-750 u and followed by another peak at 900-

1025 u. At the end of the 1500 u segment the incorporation of uridine 

was considerable in both phosfon-treated and untreated plant apices 

(Table 3). 

The average grain number in apices of untreated plants incorpor-

3 
ating lysine- H was relatively low in the apical 75 u and rose to a max

imum at 75-150 u, but in the treated plants the incorporation was 

maximal in the upper 225 u. 

Table 3 shows a comparison of the incorporation of the three 

precursors in corresponding 75 u sections in treated and untreated stem 

3 
apices. There was a significantly higher thymidine- H incorporation in 

the first 300 u of the apices of untreated plants and also at 525-1500 u. 

3 
Significantly, more uridine- H was incorporated by the untreated plants 

3 
in the top 150 u and the last 225 u of the segment. Lysine- H incorpor

ation was similar in treated and untreated except at 75-150 u where the 

untreated incorporated more of the radioactive precursor (Table 3). 

As shown in Table 3, in the last part of the 1500 u segment the 

3 
incorporation of thymidine- H became negligible in treated plants. 



However, the incorporation in untreated plants continued, at a consider

able level, to the end of the longest section studied (approximately 

4000 u). Such a limitation did not exist in the incorporation of uri-

3 3 
dine- H or lysine- H. 

3 
The percentage of nuclei which did not incorporate thymidine- H 

is shorn in Table 4. In the shoot apical meristem (the top 250 u) no 

3 
cells lost their ability to incorporate thymidine- H as a result of 

phosfon treatment. In the part of the subapical meristem that is next 

to the apical meristem, there was also no decrease in the percentage of 

3 
nuclei incorporating thymidine- H in the control plants, but the phosfon 

treatment reduced the percentage at 1050-1500 u. 

The term apical meristem is used here following the definition 

given by Sachs et al. (1960), and thus it is the part of the shoot com

prising the leaf initiation point and above. The subapical meristem is 

any part of the stem apex which has cell division except the apical 

meristem. 

14 14 
Thymidine- G and uridine- C incorporation was less in the 

apices and developing parts of phosfon-treated Jet Fire plants than in 

14 
the untreated, but the reduction of lysine- C incorporation in the api

cal shoot was not significantly reduced. Gibberellin spray raised the 

incorporation of the three radioactive precursors above the control. 

There was no significant difference in the incorporation of these pre

cursors between the developing parts of gibberellin-treated plants and 

phosfon-treated-gibberellin-sprayed plants (Table 5). 



Table 4. The average 
shoot apex 

number of nuclei incorporating thymidine-
of variety Jet Fire. 

H in the 

Distance From 
Apex (u) 

7„ Nuclei With Thymidine-^H 
Distance From 
Apex (u) 

Control Phosfon-Treated Lsd(.05) 

00-75 100 100 -

75-150 100 100 -

150-225 100 100 -

225-300 100 100 -

300-375 100 100 -

375-450 ' 100 100 

450-525 100 88 30.69 

525-600 100 95 26.86 

600-675 100 100 -

675-750 100 79 22.37 

750-825 100 94 14.08 

825-900 100 89 11.83 

900-975 98 97 8.33 

975-1050 93 96 26.35 

1050-1125 96 83 21.36 

1125-1200 97 92 10.08 

1200-1275 94 64 14.91 

1275-1350 100 82 13.45 

1350-1425 100 76 19.36 

1425-1500 97 60 16.41 

Note: Average four replications. 
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Table 5. The effect of phosfon treatment and gibberellin spray to the 
Jet Fire plant foliage on the incorporation of thymidine-^C, 
uridine-and lysine-^C. 

Treatment 

Incorporated Radioactive Precursor 
(cpm per apex) 

Thymidine- Uridine-14C Lysine -^C 

Phosfon 

Control 

Phosfon + GA 

Gibberellin 

1013 ± 199 

2452 ± 161 

3926 ± 375 

4111 ± 341 

2104 ± 310 

3899 ± 433 

7936 ± 1290 

8440 ± 1142 

4082 ± 216 

4896 ± 246 

11,983 ± 943 

10,255 ± 767 

Note: Average of three replications. 
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Nucleic Acid and Protein Content of the Leaves and Apices 

Colorimetric determination revealed that DNA content of the apex 

of the phosfon-treated Jet Fire and Maple Leaves plants did not differ 

from the untreated. This was true of protein and RNA content in Jet 

Fire. However, in Maple Leaves phosfon application reduced protein and 

RNA significantly (Table 6). Protein and RNA as a function of DNA, and 

protein as a function of RNA, were not adversely affected by phosfon 

(Table 7). 

DNA in Jet Fire and Maple Leaves, per leaf, per fresh weight, 

and per dry weight in the phosfon-treated plants did not differ from 

that of the untreated plants (Table 8). Also RNA per leaf was not 

changed by the treatment, but one experiment showed a decreased RNA 

content per weight resulting from phosfon application to Jet Fire while 

in the other experiment there was no difference. A similar decrease was 

found in variety Maple Leaves (Table 9). The RNA content of the foli

age per dry weight was significantly reduced by phosfon (Table 9). 

Total protein per leaf, fresh weight, and dry weight was not 

changed by phosfon (Table 10). 

The ratio of RNA and protein to DNA in the leaves of the two 

varieties was not affected by phosfon (Table 11). 
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Table 6. The effect of phosfon on DNA, RNA, and protein content of the 
apical shoot of chrysanthemum plants. . 

Plant Component 

Jet Fire 

Quantity per 
gm F.W. 

Maple Leaves 

Quantity per 
gm F.W. 

Control Treated Lsd (.05) Control Treated Lsd (.05) 

DNA (ug) 24.80 26.40 8.09 

RNA (ug) ' 278.25 275.04 11.74 

Protein (mg) 18.19 15.62 7.28 

33.92 25.47 14.35 

453.76 262.22 180.79 

27.06 20.88 5.42 

Note: Average of four replications. 
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Table 7. The ratio between RNA and DNA, protein and DNA, and protein 
and RNA in the apices of chrysanthemum plants, as affected 
by phosfon treatment. 

Jet Fire Maple Leaves 

Control Treated Lsd, Control Treated Lsd, _cv (.05; (.05; 

RNA/DNA 12. ,23 11. ,64 6. .04 13, .30 10. ,34 4. .22 

Protein/DNA 768. ,79 643. ,77 221. .97 797. ,76 819, .79 26. .96 

Protein/RNA 72. ,71 60. .38 24. .63 69, .29 84. ,83 24. .80 

Note: Average of four replications. 
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Table 8. The effect of phosfon on DNA content of chrysanthemum plant 
leaves. 

DNA (ug) 
Variety Jet Fire Variety Maple Leaves 

Exp. 1 Exp. 2 Exp. 1 Exp. 2 

Per leaf 

1. Control 20.39 34.40 19.24 29.32 

2. Treated 25.85 36.58 27.12 31.00 

Lsd^ Q5j 7.47 6.96 11.01 3.98 

Per gm F.W. 

1. Control 22.02 47.71 33.21 46.24 

2. Treated 26.16 61.40 49.24 54.44 

Lsd( Q5) 7.21 21.31 17.88 9.49 

Per gm D.W. 

1. Control 235.68 510.65 241.39 336.16 

2. Treated 219.46 515.10 331.20 366.19 

Lsd^ Q5j 34.17 191.12 114.88 58.39 

Note: Average of five replications 
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Table 9. The effect of phosfon on RNA content of leaves of chrysanthe
mum plants. 

RNA (ug) 
Variety Jet Fire 

Exp. 1 Exp. 2 

Variety Maple Leaves 

Exp. 1 Exp. 2 

Per leaf 

1. Control 

2. Treated 

Lsd(.05) 

337 

282 

114.64 

281.35 

241.40 

98.52 

372 

329.26 

51.05 

322 

261 

136.13 

Per gm F.W, 

1. Control 

2. Treated 

Lsd(.05) 

370 

286 

78.36 

399.59 

397 

36.70 

677 

566.00 

106.59 

536 

401 

66.78 

Per gm D.W. 

1. Control 

2. Treated 

Lsd(.05) 

3963 

2404 

200 

4277 

3329 

661 

4918 

3807 

1042 

3896 

2700 

325 

Note: Average of five replications. 
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Table 10. The effect of phosfon on protein content of leaves of chry
santhemum plants. 

Protein (mg) 
Variety Jet Fire Variety Maple Leaves 

Protein (mg) 
Exp. 1 Exp. 2 Exp. 1 Exp. 2 

Per Leaf 

1. Control 26 25.24 24 23 

2. Treated 27 24.04 25 22 

Lsd(.05) 
5.72 3.67 4.74 4.63 

Per gm F.W. 

1. Control 27 45.98 35 36.86 

2. Treated 29 42.55 41 40.55 

LSd(.05) 
5.27 6.90 6.31 10.31 

Per gm D.W. 

1. Control 202 492.13 • 361.55 334.20 

2. Treated 196 356.96 343.37 286.28 

Lsd(.05) 
51.95 63.46 63.46 74.23 

Note: Average of five replications. 
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Table 11. Phosfon effect on the ratios of leaf RNA and DNA, protein 
and DNA, and protein and RNA of chrysanthemum plants. 

Variety Jet Fire Variety Maple Leaves 
Functions : : 

Exp. 1 Exp. 2 Exp. 1 Exp. 2 

RNA/DNA 

1. Control 19.48 8.48 16.54 12.08 

2. Treated 12.24 8.79 9.42 11.18 

Lsd(.05) 
8.51 2.78 8.26 5.05 

Protein/DNA 

1. Control 1658 792 1150 915 

2. Treated 1279 924 755 1062 

^(.05) 
573 408 526 237 

Protein/RNA 

1. Control 85 93 70 76 

2. Treated 104 105 80 95 

Lsd(.05) 
38.41 38.96 26.07 27.10 

Note: Average of five replications. 



DISCUSSION 

Phosfon-treated plants developed shorter internodes, but the re

sponse by the two chrysanthemum varieties was not the same. The reduc

tion in stem elongation in Jet Fire was 627> of the control and 38% in 

Maple Leaves. This is in accord with Marth, Preston, and Mitchell 

(1953) who showed the inhibition of the growth of 40 species of plants 

by Amo-1618 ranged from very high to none. 

Two factors could account for the development of shorter stems 

under phosfon treatment: either shorter internodes or fewer internodes. 

As shown in Table 1, the number of internodes of Jet Fire plants was re

duced by about 36% by phosfon treatment. Since there was no change in 

cell length of fully developed internodes (Table 1) which could account 

for this change in stem length, the difference between the total reduc

tion in stem length (62%) and the reduction in the number of internodes 

would then be due to the formation of shorter internodes in the stems of 

phosfon-treated plants. Therefore, in Jet Fire the effect of phosfon is 

to decrease both the number and the length of internodes. the behavior 

of Maple Leaves, when treated with phosfon, was different from that of 

Jet Fire. Phosfon application did not significantly reduce the number 

of internodes in Maple Leaves, and the main source of growth inhibition 

was therefore due to the formation of shorter internodes (Table 1). 

The number of internodes is a function of the apical meristem, 

while the length of the internodes is a function of the subapical 
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meristem. In Jet Fire, the autoradiographic study indicated that phos-

3 
fon reduced the incorporation of thymidine- H in both the apical and 

subapical meristems and limited the length of the part of the stem in 

3 
which thymidine- H was incorporated (Table 3). Since hydrolyzation of 

the plant tissues in hot HC1, as used in this work, removes all free 

nucleotides (Jensen, 1962), then the grains in the nuclei were the re-

3 
suit of the synthesis of DNA from thymidine- H. Thus, phosfon reduced 

the synthesis of DNA in the apical and subapical meristem and also lim

ited the length of the subapical meristem since the DNA synthesis was 

negligible below the 1500 u of the apex. Thus, the reduction in DNA 

synthesis in both the apical and subapical regions would cause the ob

served reduction in the number and length of the internodes of Jet Fire. 

In Maple Leaves, the reduction in growth was only due to shorter inter-

3 
nodes. While thymidine- H incorporation was not studied in this variety 

it may be inferred that the shorter internodes were due to phosfon inhi

bition of DNA synthesis in the subapical meristem. These results with ... 

Maple Leaves are in accord with what was reported by Sachs et al. (1960) 

in their histological study of the shoot meristem of a variety of 

chrysanthemum retarded by Amo-1618. In their work the count of mitotic 

figures showed that Amo-1618 did not affect the mitotic activity of the 

apical meristem cells but prevented mitosis in the subapical meristem. 

Since the number of internodes is a function of the apical meristem, 

this numbier will be normal in treated plants while the length of inter

nodes, which is a function of the subapical meristem, will be reduced. 

However, Sachs et al. (1960) findings do not agree with results obtained 
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with Jet Fire plants which were treated with phosfon, and hence there 

could be a differential response of plant variety to the applied retard-

ant. 

In variety Jet Fire, foliar applications of gibberellin counter

acted the retarding effect of phosfon on the stem growth regardless of 

the frequency of application (Fig. 3). Most of the work which was re

viewed by Cathey (1964) indicated the ability of gibberellin to overcome 

the action of retardants on growth and support this result. 

In addition, the endogenous gibberellin-like content of the api

cal extract, assayed by lettuce seed germination test, of the two varie

ties was drastically reduced by phosfon. This, and the failure of IAA 

to counteract the effect of phosfon, indicate that the lack of gibber

ellin is related to growth inhibition. It has been shown, in flowering 

plants (Zeevaart, 1966) and in Fusarium using different bioassay meth

ods, that retardants block the biosynthesis of gibberellin but do not 

destroy the gibberellin formed before retardants were applied. 

The presence of gibberellins in extracts of apical shoots of 

both treated and untreated plants could not be detected on chromatograms 

by UV light after spraying with ethanol-sulfuric acid. This was appar

ently due to the presence of too much pigmentation in the shoot apex ex

tract. The four gibberellins, according to MacMillan and Suter (1963), 

corresponding to A^, A,., A^, and Ag were visible under UV light on chro

ma tographs of root extracts of phosfon-treated and untreated Jet Fire 

and Maple Leaves plants. Since these gibberellins were detected after 
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weeks of the phosfon application, it is apparent that gibberellins 

formed before the treatment were not destroyed by phosfon. 

The gibberellin-like content was originally higher in variety 

Jet Fire than in variety Maple Leaves. Following phosfon treatment this 

content was reduced in both varieties, but the portion that was retained 

by Maple Leaves was more than that retained by Jet Fire (Table 2). The 

ability of Maple Leaves to retain more gibberellin after phosfon treat

ment and to attain normal growth with a gibberellin content less than 

that required for the normal growth in Jet Fire could, in part, be re

sponsible for the less retardation of growth in Maple Leaves, although 

only the reduction in internode length without a decrease in number of 

internodes would indicate a qualitative difference rather than a quanti

tative difference. 

14 
The incorporation of thymidine- C by the apices and developing 

portion of the shoot of plants treated with phosfon was not only restored 

by gibberellin spray but was increased over that of the untreated plants 

(Table 5). Since phosfon inhibits both the synthesis of DNA and gibber

ellin, and since gibberellin application could restore the synthesis of 

DNA in phosfon-treated plants, it appears that the phosfon inhibition of 

DNA synthesis is due to inhibition of gibberellin synthesis in the 

plant. 

3 
Phosfon also imposed a reduction of uridine- H (Table 3) and 

uridine-^C (Table 5) incorporation. Tests with RNase showed that uri-

3 
dine- H incorporated in the cell is synthesized into RNA (Prescott and 

Bender, 1962). There was no significant reduction in the incorporation 
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of lysine- H (Table 3) or lysine- C (Table 5) in the apices of phosfon-

treated Jet Fire plants. However, this is not what would be expected 

since the inhibition of RNA is normally followed by the inhibition of 

protein synthesis. While the inhibition of growth is usually accompan

ied by an inhibition in RNA synthesis (Key, 1964; Shannon and Hanson, 

1962) especially in intact plants (Brown and Broadbent, 1950; Heyes, 

I960; Jensen, 1957), growth is more sensitive than RNA synthesis to in

hibitory materials (Key and Ingle, 1964). 

14 
Gibberellin increased the RNA synthesis and lysine- C incorpor

ation in the developing parts of phosfon-retarded Jet Fire plants. The 

14 
synthesis of RNA and the incorporation of lysine- C by phosfon-treated-

gibberellin-sprayed plants were more than the untreated and about equal 

to that of untreated plants which were sprayed with gibberellin (Table 

5). It could be concluded that the inhibition of gibberellin synthesis 

in the plants is followed by the inhibition of DNA synthesis and this, 

with the inhibition of RNA synthesis, results in the development of re

tarded plants. 

Indoleacetic acid (IAA) failed to overcome the retarding effect 

of phosfon whether used once or repeated every four days (Fig. 1). The 

combination of gibberellin and IAA application had no more stimulating 

effect on the growth of phosfon-treated plants than gibberellin alone 

(Fig. 2). It appears that IAA is not involved in growth retardation by 

phosfon and it has no synergistic effect with gibberellin action as has 

been reported by Wittwer and Tolbert (1960)v The report of Wittwer and 
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Tolbert, according to Cathey (1964) has not been supported by any other 

known work. 

The apical shoot DNA content per fresh weight was not reduced by 

phosfon in Jet Fire or Maple Leaves, but total protein and RNA content 

were reduced in Maple Leaves while remaining constant in Jet Fire (Table 

6). However, when the protein and RNA content were taken as a function 

of DNA, which is an adequate indicator of cell number, both were unchanged 

quantitatively by phosfon application (Table 7). 

Since the content of leaf DNA in both varieties was not signifi

cantly affected by phosfon (Table 8), and the increase in spongy layers 

only occurred in small areas in the present experiment, it seems that 

the overall number of cells per leaf was not altered by phosfon. Simi

larly, phosfon caused no reduction in leaf protein, but while the RNA 

content per individual leaf was not influenced by phosfon, the content 

of RNA per fresh weight or per dry weight was less in leaves of plants 

treated with phosfon (Table 9). This decrease in RNA was due to the ac

cumulation of more dry matter by phosfon-treated plants which has been 

reported to accompany the application of other growth retardants (Mitch

ell, Wierwille, and Weil, 1949). The ratio of RNA and protein to DNA 

is a better way of measuring changes caused by phosfon and, hence, RNA 

and protein content of the leaf was not affected by phosfon in the two 

chrysanthemum varieties (Table 11). 

It can be concluded that phosfon inhibits gibberellin synthesis 

in Chrysanthemum morifolium L var. Jet Fire, and this causes the inhi

bition of DNA synthesis in both the apical and the subapical meristem 
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and the limitation of the length of the subapical meristem. The inhibi

tion of DNA synthesis in the apical meristem results in the formation of 

less internodes by the plant, and the inhibition of DNA synthesis in the 

subapical meristem and the limitation of the length of the apical meri

stem result in the formation of shorter internodes without reduction in 

the cell size in fully developed internodes. RNA synthesis, which is 

associated with growth, is also inhibited by phosfon, and the inhibition 

is correlated with growth inhibition. 



SUMMARY 

The objective of this work was to investigate the effect of 

phosfon on the synthesis and content of plant DNA, RNA, and protein and 

correlate these with the effect of phosfon on gibberellin content. 

Exogenous application of IAA to the plants did not reverse the 

action of phosfon, and it seems that IAA is not involved in the action 

of phosfon. However, normal stem elongation in phosfon-treated plants 

was secured by a gibberellin spray. Phosfon inhibited the biosynthesis 

of gibberellin in the apical part of the shoot, but as the bioassay and 

UV light scanning of chromatograms of the plant extract showed, the gib

berellin that was formed in the plant before the application of phosfon 

was not affected by phosfon. 

DNA synthesis is reduced by phosfon in the apical and subapical 

meristem, and the lower part of the subapical meristem did not synthe

size any DNA. RNA synthesis was also reduced in the stem. 

The reduction of DNA synthesis in the apical meristem accounts 

for the reduction in the number of the internodes, and the reduction of 

DNA synthesis in the subapical meristem causes the formation of shorter 

internodes. Thie length of cells in mature internodes was not affected 

by phosfon application. 

The synthesis of DNA, RNA, and protein was increased in the 

phosfon-treated plants over that of the untreated plants by a gibber

ellin spray, and hence the inhibition of gibberellin synthesis by 

48 



phosfon appears to be the reason for the reduction of DNA and RNA syn

thesis in the plant. 

In the developing parts of the shoot and in the leaf, the con

tent of DNA, RNA, and protein remained unchanged after growth retarda

tion by phosfon. 
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