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The effects of the plant growth-retardants, Amo-

1618, AMAB, CCC, Phosphon, B995, and CO-ll, on the
growth, alkaloid concentration, chlorophyll content,
and other constituents of Datura meteloides were

studied.

All chemicals except Phosphon were applied as

sprays in concentrations of 1000 parts per million.

Phosphon was applied as a soil drench; each plant
received 100 mg. of the chemical per treatment.

Each

group of plants received four weekly treatments.

All

plants were harvested four weeks after the initial
treatment.

No inhibition of growth resulted from treatment

with the quaternary ammonium compounds, Amo-1618, AMAB,
and CCC.

Plants treated with these chemicals did

exhibit some stimulation in growth rate after the third

application.

Treatment with the quaternary phosphonium

compound, Phosphon, resulted in some reduction in

growth rate following the first two applications.

Two

subsequent applications of the retardant resulted in an

increased growth rate over that of the untreated plants.

Plants treated with B995 and CO-ll, compounds closely
related to maleic hydrazide, showed considerable reduc

tion in growth following the first three applications
of these chemicals.

Plants treated with these chemi

cals showed an increase in growth rate over that of the

control plants during the final week of the experiment.

Although a general trend toward increasing fresh and
dry weights of the plants was in evidence, no statisti
cally significant changes were noted.

In general, pronounced changes in alkaloid pro
duction were not observed.

However, plants treated

with Phosphon showed some increase in leaf and root

alkaloid concentrations.

Amo-1618-treated plants

showed a considerable increase in the concentration of
alkaloids in the roots.

Treated plants in which growth retardation was
noted exhibited an increase in chlorophyll content.

Plants treated with Phosphon showed the greatest
increase, followed in order by those treated with B995
and CO-ll.

Results obtained from selective solvent extrac
tions were inconsistent and could not be correlated

with other observations.
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INTRODUCTION

The use of growth retardants on plants is a rela

tively new concept.

The first specific plant growth

inhibitors were reported by Mitchell et al. in 1949

(20).

Since that time most of the investigations

involving plant growth inhibitors have been performed by
horticulturists.

Very little research has been con

ducted regarding the effects of growth inhibitors on
medicinal plants.

Many chemicals will inhibit the growth of plants.

However, the number of those which retard growth without
producing harmful effects in the plant is quite limited.

The principal chemicals now used specifically to retard
growth, i.e. inhibit internode extension, may be classi

fied into two distinct groups:

quaternary ammonium or

phosphonium compounds and organic acids.

The first chemicals which specifically retarded
the growth of plants were the nicotiniums (20).

The

most active compound studied was 2,4-dichlorobenzyl

nicotinium chloride (2,4-DNCL).

The primary action

elicited by this chemical was a decrease in internode
length.
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In 1950 Wirwille and Mitchell (30) reported that
some quaternary ammonium carbamates were more active and
less toxic than the nicotiniums.

The most active com

pound of this group proved to be 4-hydroxy-5-isopropyl-

2-methylphenyl trimethylammonium chloride, 1-piperidine

carboxylate (Amo-1618).

The number of plants which

respond to this compound is quite limited.

In one study

involving fifty-five species of plants (8), only six
species showed any response to Amo-1618.

This chemical

is particularly effective on chrysanthemums (29, p.8-9).
For a more complete outline on the spectrum of this and

other plant growth-retardants see Table I.
The principal effect of Amo-1618 on plants is a
reduction of internode length which, of course, is

accompanied by a reduction in plant height (7) (8) (11)
(14) (21, p.304) (23) (28) (29, p.8).

Side effects are

few and the retardant appears to be non-toxic to the

plant (8).

While root development is initially inhib

ited, it returns to normal as the plant matures (8).
Leaves of treated plants are usually much darker green

than those of untreated plants.

Qvertreatment with Amo-

1618 results in varying degrees of chlorosis.

Reduced

fresh and dry weight result from retarded stem growth

(8).

Plants treated with Amo-1618 and other growth

retardants of this class are more tolerant to toxic
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levels of salts placed around their roots than untreated

plants which wilt quickly and severely (19).

Amo-1618

also produces dwarfing of progeny and remains active in

the soil for periods of up to ten years (29, p.5)»
Another quaternary ammonium compound found to be

effective in plant growth inhibition is (2-chloroethyl)
trimethylammonium chloride (CCC).

The effects of this

compound were first reported by Tolbert (27).

This

chemical is very closely related to choline, a compound
found throughout the plant kingdom.

For the structure

of CCC and other quaternary plant growth-retarding com

pounds see Figure 1.

Due to its similarity to choline,

CCC has an anticholinesterase activity in animals (27)
and care should therefore be taken to prevent contact

with any part of the body.

Several other compounds

closely related to CCC and choline are also active as

plant growth-retardants.

These have either a bromo or

methylene group replacing the 2-chloroethyl group of

CCC; none are as active as CCC (27).
The effect of CCC on plants differs from that of

Amo-1618 primarily in degree (6) (8) (15) (19) (28)

(29, p.11) (31).

Unlike Amo-1618 and some of the other

inhibitors, however, the effects are never stimulatory
(8).

The effect of CCC on alkaloid formation has been

studied in various Nicotiana species (10).

Species
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difference appears to be the predominant factor in

determining the effect on alkaloid production.

An

increase in alkaloid content of Nicotiana tabacum L. was

observed as a result of CCC-treatment, while a decrease

was noted in N^ rustica L.
A third quaternary ammonium compound, allyltri-

methylammonium bromide (AMAB), was reported by Tso and
Jeffrey (28).

AMAB has an effect on Nicotiana alkaloids

similar to that of CCC (10).

This compound has been

shown to cause stimulation of growth at low concentra
tions in a manner similar to that of Amo-1618.

The fourth compound in this general group contains
a quaternary phosphonium moiety rather than ammonium.

This inhibitor, 2,4-dichlorobenzyltributylphosphonium

chloride (Phosphon), is used extensively by horticultur
ists (29, p.9).

The effects of Phosphon were first

reported by Preston and Link (24).

The actions of this

growth retardant are similar to those of the above-

mentioned compounds (6) (7) (8) $% p.608) (28) (29,
p.9); the principal difference being that it is toxic to
plants when applied to their leaves.

Due to this phyto-

toxicity Phosphon must be applied to the soil, whereas
the other compounds may be applied either to the soil or

directly to the aerial parts of the plants.

All four of the previously-mentioned plant growth
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inhibitors are considered to be anti-gibberellins.
Their major effects on plants have been observed to be

diametrically opposed to those of gibberellin (7) (9»
p.608) (10) (11) (15) (21, p.304) (22) (28).

The first

workers actually to attempt elucidation of the mechanism
of action of these chemicals were Kuraishi and Muir

(15).

They demonstrated that treatment with the growth

inhibitors resulted in a decrease in the diffusible
auxin content of the affected tissues.

In a more recent

study by Lockhart (18), it has been shown that Phosphon
and CCC interact competitively with gibberellins.

He

concluded that these reagents retard stem elongation by
partially blocking the system which provides natural
gibberellin to the growth mechanism.

A new class of chemically different growth inhibi
tors includes the organic acids H-dimethylaminomaleamic

acid (CO-11) and N-dimethylaminosuccinamic acid (B995)

(25).

These compounds are very closely related to

maleic hydrazide, a known inhibitor of auxin (Figure 2).
The close relationship of the structures of these

three chemicals suggests to the author that they prob

ably share the same mode of action in regard to growth
inhibition.

Maleic hydrazide has been shown to cause a

reversible inhibition of auxin by Leopold and Klein

(16).

The reduction of auxin effectiveness by this
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chemical is explained by Andreae and Andreae (2) as
being due to its effect of increasing the enzymatic

destruction (oxidation) of indole acetic acid.

In oppo

sition to this theory, however, Brian and Hemming (4)
and Lockhart (18) have more recently shown maleic hydra
zide to be a mitotic poison which acts independently of

auxin or gibberellin.
In view of the above information and the knowledge

that gibberellic acid causes a decrease in the alkaloid

content of many medicinal plants (26, p.990-994), it was
decided to study the effects of these plant growth-

retarding chemicals on alkaloid-producing plants.

It

appeared possible that treatment with these chemicals
would result in an increase in alkaloid production.

TABLE I

PLANTS AFFECTED BT VARIOUS GROWTH RETARDANTS

Retardant
Common Name
Amo-1618

Plants Known to be Affected
Chemical Name

4-hydroxy-5-isopropyl-2methylphenyl trimethylammonium
chloride, 1-piperidine

Chrysanthemum, Tobacco, Pinto
bean, Cucumber

carboxylate
CCC

(2-chloroethyl)trimethylammonium chloride

AMAB

Phosphon

Tobacco, Chrysanthemum, Pea,
Lily, Hydrangea

allyltrimethylammonium bromide

Tobacco, Cucumber, Ulothrix,
Beet, Citrus seedlings

2,4-dichlorobenzyltributyl-

Chrysanthemum, Hydrangea, Pea,
Lily, Petunia, Salvia, Phlox,

phosphonium chloride

Tobacco

B995

N-dimethylaminosuccinamic acid

Alfalfa, Apple seedlings,
Broccoli, Marigold, Morning
Glory, Peanut, Petunia, Pinto
bean, Poinsettia, Scabiosa,
Soybean, Squash, Zinnia

CO-11

N-dimethylaminomaleamic acid

Alfalfa, Apple seedlings,
Broccoli, Marigold, Morning
Glory, Peanut, Petunia, Pinto
bean, Poinsettia, Scabiosa,
Soybean, Squash, Zinnia
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QUATERNARY PLANT GROWTH-RETARDANTS
AND RELATED COMPOUNDS
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FIGURE 2

ORGANIC ACID GROWTH RETARDANTS AND MALEIC HYDRAZIDE
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EXPERIMENTAL

The plant used in this study was Datura meteloides
D.C.

This particular species of Datura was chosen

because of its sturdiness and resistance to insect

attack.

The seeds were chosen from a sample obtained

from one plant of the 1961 seed crop grown at the Oregon
State University Farm Crops plot.

On May 24, 1962, the seeds which were previously
dusted with Ferbam

to retard damping-off were planted

in a prepared flat containing one part sand, two parts

sandy loam, and fifty grams of complete fertilizer.2
The flats were then covered with glass plates (to retain

moisture).

These were then covered with heavy brown

paper to exclude light.

The seeds were allowed to ger

minate in the greenhouse at a temperature ranging from
65° to 80° F.

The average germination date was deter

mined to be June 8, fourteen days from the time of
planting.

When a sufficient number of seeds had germinated
Ferbam, General Chemical Division, Allied

Chemical and Dye Corp.

New York.

(Ingredients:

76%

Ferric Dimethyldithiocarbamate; Inert Ingredients.)
2

Organic Morcrop, Chas. Lilly Co., Seattle,

Washington, (analysis: total nitrogen, 5%; available
phosphate, 3%; available potash, 2%).
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the paper was removed and the glass plates were raised

to allow air and light to enter for continued growth of

the emerging seedlings.

When the plants had attained a

height of approximately five centimeters the glass
plates were removed entirely.

On June 18, one hundred uniform plants were trans
planted into paper bands fixed in flats containing a
soil mixture identical to that described previously.
The flats were then moved to another section of the

greenhouse where the temperature ranged from 60°F. at
night to a maximum of 95°F. during the day.

All plants

were periodically sprayed with Black Flag insecticide^
to retard infestation with aphids and spider mites.

By July 4, the 26-day-old plants had attained a
height of approximately eight centimeters.

At this time

eighty plants were selected from the group for uniform

ity of size and appearance and were transplanted into
one-gallon cans.

The cans contained the aforementioned

soil mixture to which was added ten grams of complete
fertilizer per can.

The plants were randomized on the greenhouse bench

*Black Flag House and Garden Insect Killer, BoyleMidway Inc., Cranford, New Jersey. (Ingredients: 1%
D.D.T.; 1% Methoxychlor; 0.25% Piperonyl butoxide;
0.1% Rotenone; 0.2% Pyrethrin; 0.2% other Cube resins;

0.97% Petroleum distillates; 96.28% inert ingredients).
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according to the plan in Figure 3.

The randomization

was accomplished by placing eighty consecutively num
bered stakes in a large box and shaking them thoroughly

until they were well mixed.

The stakes were withdrawn

from the box at random and placed in the cans as they
occurred.

Treatment of Plants

The plants were divided into eight groups of ten

each.

The plan for treatment is shown in Table II.
The treatment solutions of CCC, AMAB, CO-ll, and

Amo-1618 were prepared from fifty per cent stock solu4

tions

by diluting 0.2 ml. of stock solution to 100 ml.,

to obtain a concentration of one thousand parts per

million.

One drop of polysorbate-80 was also added to

each 100 ml. of solution to aid in spreading on the
plant leaf.
5

The B995 was available in crystalline formp the
treatment solution was prepared by dissolving 0.1 Gm. of
the substance in sufficient water to make 100 ml.

As

^Fifty per cent solutions of Amo-1618, CCC, AMAB,
and CO-ll were obtained through the courtesy of

Dr. Paul C. Marth, Principal Physiologist, Growth
Regulator and Antibiotic Investigations, Crops Protec
tion Research Branch, U.S. Department of Agriculture,
Beltsville, Maryland.

%995 was obtained through the courtesy of
Dr. J. A. Riddell, Plant Physiologist, Naugatuck
Chemical Co., Bethany 15, Connecticut.
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FIGURE 3
RANDOMIZATION PLAN
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TABLE II

TREATMENT PLAN

Plant Number

1-10

11 -

20

Treatment Received
Control

-

Untreated

Amo-1618

-

1000 p.p.m.

21 - 30

AMAB

31-40

Phosphon

41 - 50

CCC

1000 p.p.m.

51 - 60

B995

1000 p.p.m.

61 - 70

Not included

71 - 80

OC—11

1000 p.p.m.
-

—

100 mg/plant

6

in this study
1000 p.p.m.

Plants numbered 61-70 were designated as a second
"control** group and saved for seed.
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in the above solutions, one drop of polysorbate-80 was
added.

The Phosphon treatment-solution was prepared by
7

dissolving 1.67 Cm. of technical grade Phosphon' in
sufficient water to make 2000 ml.

No surface-active

agent was added to this solution.
Each group of plants was removed from the green
house bench to a small room for treatment.

This was

done in order to avoid contamination of the various

plant groups with chemicals intended for other groups.
Solutions containing one thousand parts per million of
Amo-1618, CCG, AMAB, B995» and C0-11 were applied to the
previously mentioned corresponding groups by means of a

nebulizer.

Each plant was sprayed to "run-off," that

is, until droplets of solution on the plant leaves

became large enough to drip off.

In this manner, each

plant received a correspondingly larger dose as it grew.
In order to prevent the solutions from entering the
soil, paper shields which permitted exposure of only the
aerial parts to the spray were employed.

Due to its phytotoxicity when applied to the

leaves of the plants, Phosphon was applied as a soil
7

'Technical grade phosphon was obtained through the
courtesy of Dr. Charles R. Downing, Agriculture Chemi
cals Group, Virginia-Carolina Chemical Corporation, 401
East, Main Street, Richmond 8, Virginia.

drench.

The previously mentioned solution was applied

in quantities of 120 ml. to each can containing the
plant designated to receive Phosphon.

This method of

treatment supplied each plant with 100 mg. of Phosphon.
All plants were treated once weekly for a period
of four weeks.

The plants were measured every second

day, beginning on the first day of treatment and ending
on the day of harvest.

On the final day of growth, just

prior to being harvested, all plants were examined for

height, number of flowers, number and size of capsules,
number of internodes, and stem diameter.

Harvesting
On August 11, 1962, the 64-day-old plants were
harvested and prepared for analysis.

The plants were

removed from the cans by carefully washing the soil away
with water in such a manner as not to lose any of the
small rootlets.

Following removal from the can, each

plant was thoroughly washed in order to remove any
extraneous material such as dust and insecticide from

the various parts.
towel.

Excess moisture was removed with a

The plants were then divided into three portions

consisting of leaves and flowering tops, stems, and

roots.

The various plant parts were weighed immediately

to determine their fresh weight.
After weighing, the fresh plant parts were wrapped
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in cheesecloth and placed on drying racks.

These racks

were then placed in a forced-air drying oven at 110°F,
for forty-eight hours.

At the end of the 48-hour drying

period, each portion of the plant parts was placed in a
desiccator to attain room temperature and was then

weighed separately to determine its dry weight.

Upon

completion of this procedure each portion was ground

immediately to a number 40 powder in a Wiley mill.

The

ground plant parts from each group of differently
treated plants were pooled and stored in tight, light-

resistant glass containers.

These were stored in desic

cators until the subsequent chemical analyses were
performed.
Alkaloid Analysis

The analysis for total alkaloid content was per

formed according to the Brummett-Sciuchetti method (5)
and carried out as follows:

1.
A 25-mg. sample of the pooled powdered
leaf material was placed in a small extrac
tor previously fitted with a small pledget
of cotton in the bottom.

Another small wad

of cotton was placed lightly on top of the
sample.
2.

An amount of citric acid buffer

8

R

The extractors were fitted with Teflon stop
cocks in order to eliminate the need to use stop-cock
grease. The grease interferes with the subsequent
color reaction to be used.
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solution" sufficient to wet the sample
(about 0.5 ml.) was added.

The top of the

extractor was then fitted with a cork and

the sample was allowed to macerate for two
hours.

3.
At the end of the two-hour maceration
period, a 3-ml. portion of citric acid
buffer was added to the extractor and the
entire volume of solution was allowed to

run into a 25 ml. separatory funnel to which
15 ml. of chloroform had been added. The
extractor was subsequently washed with two
1-ml. portions of citric acid buffer, the
washings being collected in the separatory
funnel.

4.

The aqueous phase, which was floating

on the chloroform was made basic to litmus

by adding 28% ammonium hydroxide and the
separatory funnel was shaken vigorously for
one minute.
The two phases were allowed to
separate and stand overnight.
5«
After standing overnight, the chloro
form phase was drawn off into a 50 ml.
Erlenmeyer flask. The aqueous phase remain
ing in the separatory funnel was shaken with
an additional 10 ml.

of chloroform.

The

phases were again allowed to separate and
the chloroform was drawn off and added to

the first 15 ml.

The combined chloroform

solutions were stored in the refrigerator
until time of analysis.

The subsequent an&i^ais of the chloroform extract

by the Vitali-Morin reaction (5) was performed as
follows:

1,
From each 25 ml. sample, 10-ml. aliquots were taken and evaporated to dryness
on a water bath.

"Citric acid buffer consisted of 41 ml. of
0.2MNa2HP04+159 ml. of 0.1M Citric Acid.

2.
Immediately after drying, 0.2 ml. of
fuming nitric acid was added to the residue.
Care was taken to insure complete coverage
of the residue by the acid.
3.
The nitrated residue was then allowed
to evaporate to dryness on the water bath
and placed in a desiccator to assure com
plete dryness.

4.
The residue in the evaporating dish
was then quantitatively transferred to a
10 ml. volumetric flask with four consecu

tive washings of anhydrous acetone.
5.

To each 10 ml. volumetric flask con

taining the acetone-dissolved residue was
added 0.1 ml. of 3% potassium hydroxide in
absolute methanol.

6.

The optical density of the violet

color formed was read on the Bausch and

Lomb "Spectronic 20" colorimeter at 550
millimicrons exactly 300 seconds after addi
tion of the alcoholic potassium hydroxide.
7.
The alkaloid concentration was inter
polated from a standard curve prepared from
known concentrations of scopolamine
in

chloroform (Figure 4).

Further calculation

was necessary to report the concentration

on a mg/Gm basis. All determinations were
done in duplicate or until three coinciding
colorimetric readings were obtained.
Chlorophyll Analysis

Further analysis was performed to determine the

effects of the plant growth-retardants on the chloro

phyll content of the plants.

The analysis was conducted

by a method described by Gjerstad (13).

This method was

Total alkaloid concentration is calculated as

scopolamine since this is the primary alkaloid found in

this plant and most other Datura species (3, p.53).

.8.

.7-
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o
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modified (1) by the use of 0.5 Gm. samples of dried
leaves and tops, and by the employment of a Soxhlet
extraction apparatus.

The method of analysis employed

was as follows:

1.
A one-half-gram sample of dried and
powdered leaves and tops was accurately
weighed and placed in a fat-extracted
Whatman extraction thimble.

This was then

placed in the extraction chamber of the
Soxhlet apparatus.
2.

Seventy-five milliliters of solvent

(20% water in acetone) were used in the
extraction process which proceeded for one

and one-half hours (a predetermined time
necessary for complete extraction) at a rate
of approximately one cycle every ten minutes.
3.
When the extraction was complete the
chlorophyll-containing solvent was passed
through a filter into a 200 ml. volumetric
flask, and then brought to volume by subse
quent washings of the distillate with more
of the above mentioned solvent—all passing
through the filter to assure no loss of
chlorophyll on the paper.

4.

The optical density of the solution was

then read on the Bausch and Lomb

"Spectronic 20" colorimeter.
Readings were
taken at 663 millimicrons and 645 milli
microns, respectively, for each sample.
All
determinations were carried out in duplicate.
5.
The values thus obtained were inserted
in the following set of simultaneous equa
tions (13) in which x is the concentration
of chlorophyll a, and y is the concentration
of chlorophyll b. The equations were then
solved for x and y.

Io 663= 82.04x +9.27y

log -&

log ^= 645=

16.75x + 45.6y
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Selective Solvent Extraction

In order to determine the effect of the plant
growth-retardants on various other constituents of the

plants, an abbreviated selective solvent extraction

was carried out.

In this procedure, the general

sequence of solvents proposed by Dragendorff (12, p. 8-

66) was followed.

The sequence of solvent, material

extracted thereby, and time required for extraction

may be seen in Table III.

The general procedure was as

follows:

1.
Two-gram samples of powdered leaves
and tops were accurately weighed and placed
in Whatman extraction thimbles of the type
previously mentioned.

2.

The thimble containing the plant

material was placed in the extraction cham
ber of the Soxhlet extraction apparatus and
extracted ;vith the desired solvent.

3.

After extraction was complete (evi

denced by lack of color of solvent in the

extraction chamber), the thimble and its
contents were removed and placed in an oven

to dry at 60°C.

4.

When the plant material was completely

dry, it was again placed in the extractor
and extracted with the next solvent of the
sequence.

5.
Each solvent containing its particular
extractive material was evaporated to dry
ness on a water bath in a previously tared
evaporating dish.
The evaporating dish with
its residue was then transferred to an oven

where it was dried to constant weight at a
temperature of 60°C. The final weight rep
resented the amount

of material that was
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soluble in the particular solvent used which
represented two grams of powdered plant
material.

All determinations were carried

out in duplicate or until agreement was
obtained between two samples.

TABLE III

SELECTIVE SOLVENT EXTRACTION

Solvent

Material soluble
in solvent

Time required
for complete
extraction

1.

Petroleum Ether

ethereal and
fixed oils

eight hours

2.

Ether

resins

six hours

(anhydrous)

closely allied
c ompounds, some
chlorophyll

Alcohol, U.S.P.

resins, tannins,
bitter princi
ples, alkaloids,
glucose, pig

3.

and

six hours

ments, etc.
4.

Water

mucilages,
acids, glucose,
saccharoses, and

six hours

other

carb ohydrat es,
albuminous

substances, etc.

Due to presence of fixed oil, a small amount of
alkaloid and chlorophyll are also extracted.

OIL
e
rr

RESULTS AND DISCUSSION

Growth Effects

The plants were inspected daily for growth respon
ses during the four-week observation period of the

experiment.

Height measurements were taken every two

days (Figure 5)»

To obtain a growth pattern from the

effects of the various growth regulators on the plants,

the rate of growth was determined by calculating the
amount of height increase per group in each one-week

period (Figures 6 and 7)»
One week following the first treatment only those
plants treated with Phosphon and B995 exhibited an
appreciable reduction in height when compared with con

trol (untreated) plants.

No other outward signs were

noted indicating possible effects from the growth regu
lating chemicals.
All plants attained a maximum rate of growth

during the second week of the experiment (Figures 6 and

7).

At the end of the second week inhibition of growth

was evident in the plants treated, respectively, with
Phosphon, B995» aa& CO-11.

The amount of inhibition

apparent from treatment with these chemicals was

approximately equal at this time.
At the end of the third week an unexpected
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phenomenon was noted.

While the growth rate of those

plants treated with B995 and GO-11 remained only about

83% and 85%* respectively, of that of the control
plants, the plants treated with Phosphon no longer
showed inhibition.

However, as a result of the pre

vious inhibition, the height of the Phosphon-treated
plants remained considerably less than that of the
controls.

During the fourth week all treated plants, with

the exception of those treated with Amo-1618, showed a
marked stimulation in the weekly growth rate over that

of the control plants.

Although Amo-1618-treated plants

demonstrated a slight increase in the growth rate over
the controls, it was not considered to be an appreciable

stimulation.

In Figure 5 it can be seen that in spite

of the stimulation during the final week of the experi

ment the plants treated with Phosphon, B995» and CO-11
still achieved less total growth than did the control
plants.

This was most likely due to an initial inhibi

tory effect.

It is interesting to note chat at no time

did the quaternary ammonium compounds (Amo-1618, AMAB,

and CCG) exhibit any tendencies to inhibit total plant
height.

Immediately prior to harvesting the plants at the
end of the four-week experimental period, a count of
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flowers and internodes was made and stem diameters were
measured.

tions.

Table I? shows the results of these observa

No appreciable differences were noted.

The

equality in the number of internodes and flowers among
the various groups indicates that any effects on growth,
either inhibitory or stimulatory, were due to the effect
on interaode elongation rather than to an effect on the
maturity of the plants.

No significant changes in fresh or dry weight of
the various plant parts were observed as a result of

treatment with the different plant growth-retardants.

This fact was confirmed by statistical analysis of

variance (29, p.151-175) (Tables VI and VII).

However,

it will be seen in the following section that the
general increases, slight as they were, had a consider

able effect on total alkaloid content per plant.
Alkaloid Effects

As stated in the introduction, it was considered

possible that the plant growth-retardants might induce
an increase in alkaloid production in Datura species.

From the results of this experiment, it would appear

that this possibility Is more than purely hypothetical.
Plants treated with Amo-1618 when analyzed for
alkaloid content exhibited a 9.7% reduction in alkaloid

concentration in the leaves, a 3% increase in stem
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TABLE IV

RELATIONSHIP OF FLOWERING, NUMBER OF
INTERNODES AND STEM DIAMETER OF
TREATED DATURA METELOIDES

12

12

Average12

Average

Number of

Number of

Stem

Flowers

Internodes

Diameter

Control

2.1

9.0

0.817 cm.

Amo-1618

2.4

8.7

0.826 cm.

AMAB

2.4

8.9

0.794 cm.

ccc

2.5

8.7

0.830 cm.

Phosphon

2.5

8.6

0.821 cm.

B995

1.9

9.0

0.804 cm.

CO-11

2.4

8.8

0.806 cm.

Treatment

12

Average is based on ten plants.

Average

TABLE V

WEIGHTS15 OF PLANT PARTS OF DATURA METELOIDES
TREATMENT WITH VARIOUS GROWTH RETARDANTS

Leaves and Tops
Fresh

Treatment

Weight

(Gm.)

Stems

Dry
Weight
(Gm.)

%

Fresh

Water

Weight

(Gm.)

Roots

Dry
Weight
(Gm.)

%

Fresh

Water

Weight
(Gm.)

%

Dry
Weight
(Gnu).

Water

Control

37.80

4.47

88.17

26.40

4.02

84.77

19.31

2.63

86.38

Amo-1618

38.80

4.63

88.07

27.30

4.34

84.10

20.94

2.76

86.82

AMAB

39.30

4.77

87.87

27.70

4.33

84.37

20.80

2.77

86.68

Phosphon

40.40

4.71

88.34

26.20

3.89

85.15

17.37

2.31

86.70

CCC

38.60

4.79

87.59

27.90

4.25

84.77

19.45

2.66

86.32

B995

40.40

4.74

88.27

25.50

3.90

84.71

21.12

2.82

86.65

CO-11

41.56

5.07

87.80

26.89

4.15

84.57

19.38

2.67

86.22

13

Weights are based on the average of ten plants.
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TABLE VI

ANALYSIS OF VARIANCE OF FRESH WEIGHTS
BT PLANT PART OF DATURA METELOIDES

Leaves and Tops
Source of
Variation

Among Sample

Sum of'
D.F.

~"6~

Within Sample
Total

Squares

16V

1540.7^
6<

Mean Square

F

Remarks

0.686

Not Significant

"oTW

Not Significant"

"25.

1S41.47
Stems

Source of

Variation

Among Sample
Within Sample
Total

Sum of
D.F.

Squares
*t*4~ » *fQ

23

"3

10%. 49

Mean Square
7.46

WW

Remarks

1121.25
Roots

Source of
Variation

Sum of
D.F.

Squares

L>qui
Mean Square

Among Sample

102.24

ToT

Within Sample

613.31

ns

Total

2E2E

F

EE

Remarks

Not Significant"

TABLE VII

ANALYSIS OF VARIANCE OF DRY WEIGHTS
BY PLANT

PART OF DATURA METELOIDES

Leaves and Tops
Source of

Variation

Sum of
D.F.

Among Sample

Squares

Within Sample

67
"6T

Total

sm

3

Mean Square
1.12

"0T5T

Remarks

1-15

Not Significant

F

Remarks
Not Significant

Stems

Source of
Variation
Among Sample
Within Sample

Sum of
D.F.

Squares

Mean Square

2.2'

X36
0.28

Total
Roots

Source of

Variation

Among Sample
Within Sample
Total

sum of

D.F.

El
69

Squares

12.82
14.48

Mean Square

"0T28
15720"

F

"1750-

Remarks

Not Significant
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alkaloid concentration, and a 25.6% increase in the con

centration of root alkaloid (Figure 8).

The latter

increase was of sufficient magnitude to warrant consid
eration.

AMAB-treated plants exhibited little deviation

from the control in all plant parts.

The greatest dif

ference appeared as a 7.9% increase in the concentration
of root alkaloid.

Phosphon-treated plants showed a general trend
toward an increase of alkaloid concentration in all

plant parts.

These plants exhibited an 8.8% increase in

the leaves and tops, a 14.3% increase in the stems, and

a 17.2% increase in the roots.

While none of these fig

ures were particularly striking, the trend was neverthe
less obvious.

The overall effect on alkaloid concentra

tion in the various plant parts of the CCC group was

about the same as that of AMAB; showing an 8% increase
in the leaves, a small decrease in the stems, and a
slight increase in the roots.
The effects of B995 and CO-11 on alkaloid concen

tration did not parallel the similar effects noted on

growth rate.

While B995-treated plants showed a 10.9%

decrease in alkaloid concentration in the leaves, plants
treated with CO-11 exhibited a 10.1% increase.

Their

effect on stem and root alkaloid concentrations were
about the same.

The stem alkaloid concentration of
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B995-treated plants was 4.5% greater than that of con
trol plants while that of plants treated with CO-ll was
approximately equal to the controls.

Plants treated

with B995 and CO-ll showed 10.5% and 8.4% increases,
respectively, in the concentration of alkaloids in the
roots.

None of the differences in alkaloid concentration

outlined above, with the exception of that elicited by
Amo-1618 on the root, and possibly that of Phosphon on
the same organ, appear to be particularly striking when
viewed alone.

However when these are multiplied by the

equally unimpressive increases in dry weight of the
various organs to obtain the total amount of alkaloid

produced by the plant, the overall picture is brought
more clearly into focus (Table VIII).

Increases in total leaf alkaloid content of 14.6%,
16.6%, and 24.8% were obtained from plants treated with
Phosphon, CCC, and CO-ll, respectively.

Increases in

stem alkaloid were not considered significant.

The

roots of plants treated with Amo-1618 showed a 31.9%

increase in alkaloid production over the control plants.
This was due primarily to increased concentration.

The

roots of B995-treated plants showed an 18.6% increase in
total alkaloid due to a combined effect of increased

growth and increased concentration.

In regard to the

TABLE VIII

EFFECT OF GROWTH-RETARDANTS ON ALKALOID CONTENT14 OF DATURA METELOIDES
Leaves—Tops
Treatment

Mg./Gm.

Mg./Organ

Stems

Mg./Gm.

Mg./Organ

Roots

Mg./Gm.

Per Plant

Mg./Organ

Mg./Plant

Control

4.18

18.68

3.33

13.39

5.95

15.65

47.72

Amo-1618

3.78

17.50

3.43

14.89

7.48

20.64

53.03

AMAB

4.00

19.08

3.20

13.86

6.42

17.78

50.72

Phosphon

4.55

21.43

3.80

14.78

6.98

16.12

52.33

CCC

4.55

21.79

3.32

14.11

6.13

16.31

52.21

B995

3.73

17.68

3.48

13.57

6.58

18.56

49.81

CO-ll

4.60

23.32

3.32

13.78

6.45

17.22

54.32

14

Calculated from dry weight and alkaloid analyses data:

and tops + stems + roots.

Per plant^leaves
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total alkaloid content per plant, a general increase was

noted in all plants treated with inhibitors.

The only

notable increases occurred in those plants treated with

Amo-1618, CO-ll or Phosphon.

However, none of these

increases were considered very significant.
Effects on Chlorophyll

Although no apparent differences were observed in
the green color of the aerial parts in the treated
groups, an effect was noted when the leaves and tops

were analyzed for content of chlorophyll a and chloro

phyll b (Table IX).

Plants treated with Amo-1618

exhibited a reduction in both pigments, with the great

est reduction (18.1%) occurring in chlorophyll b.

A

slight decrease in both pigments was noted in AMABtreated plants.

A substantial increase in both pigments

0-8.1% in chlorophyll a and 20.8% in chlorophyll b) was
observed in plants treated with Phosphon.
CCC-treated plants demonstrated no striking change

in chlorophyll content.

Increases of 15% and 11%,

respectively, in chlorophyll a and chlorophyll b were
noted in B995-treated plants.

No appreciable differen

ces were noted in plants treated with CO-ll.

A relatively high percentage of red-pigment, pre

sumably of the anthocyanin type, was noted.

While it

was not measured separately, the color was very much in

TABLE IX

CHLOROPHYLL CONTENT OF LEAVES—TOES IN DATURA PLANTS

Treatment

Chlorophyll a

% of Control

Chlorophyll b

% of Control

(Mg./Gm.)

(Mg./Gm.)

Ratio

a/b

Control

2.54

Amo-1618

2.17

81.9

2.07

91.2

1.048

AMAB

2.26

89.0

2.09

92.1

1.081

Phosphon

3.00

118.1

2.74

120.8

1.095

CCC

2.64

103.9

2.28

100.4

1.158

B995

2.92

115.0

2.52

111.0

1.198

CO-ll

2.73

107.4

2.23

98.2

1.224

2.27

1.119
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evidence by direct observation.

When light was allowed

to penetrate through the solutions they appeared to be
However, when the same solu

emerald green in color.

tions were observed in reflected light, the color was
noted to be deep red.

This phenomenon was observed for

all plants, treated or untreated, and is possibly a
characteristic of the species.
Selective Solvent Extraction

The selective solvent extraction was run in order

to determine possible effects of the growth retardants

on some general groups of metabolic products (Table
III).

The results of these extractions are summarized

in Table X.

No differences of any consequence were noted in
either the petroleum ether or ether extractions of the

various groups of plants.

Increases of 35*65% and

25.13% in the alcohol extraction were observed in plants
treated with Phosphon and CO-ll respectively.

The

increase in the Phosphon-treated plants can be corre
lated with the increase in chlorophyll and alkaloid

previously noted.

However, no such correlation can be

seen in the plants treated with CO-ll.

Extraction with water showed 25.33% and 44.3%

increases and a 16.8% decrease from Amo-1618, CO-ll,
and Phosphon, respectively.

The increases in the
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water-soluble constituents are difficult to explain

since no general trends were associated with growth or
other metabolic products.

It is possible the decrease

observed in Phosphon-treated plants could be related
to the tremendous increase in alcohol soluble
constituents.

TABLE X

EFFECT OF GROWTH RETARDANTS ON THE PETROLEUM ETHER,

ETHER, ALCOHOL, AND WATER EXTRACTS15 OF DATURA METELOIDES
Treatment

Petroleum
Ether

% of

Ether

% of

Alcohol

% of

218.50

10.40

Water

Control

Control

Control

% of
Control

128.90

Control

28.25

Amo-1618

27.75

98.23

9.85

94.71

217.50

99.54

161.65

125.33

AMAB

25.70

90.97

9.00

86.54

247.90

113.46

125.00

96.97

Phosphon

29.00

102.65

9.15

87.98

296.64

135.65

107.25

83.20

CCC

30.00

106.19

11.40

109.62

245.75

112.47

151.65

117.69

B995

30.50

107.96

10.50

100.96

245.75

112.47

126.15

97.87

CO-ll

31.75

112.39

10.40

100.00

273.40

125.13

186.00

144.30

-^Expressed as milligrams of extractive per gram of sample

4*
ro
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SUMMARY AND CONCLUSIONS

1.

Of the six growth retardants tested on Datura

meteloides, only three, Phosphon, B995» and CO-11,
caused a reduction in growth at the concentrations used.

All compounds elicited some degree of growth-rate stimu
lation during the final week of the experiment.

Further

experiments using both higher and lower doses of the
inhibitors could possibly yield more substantial

results.

It was also concluded that inhibitory effects

of these compounds would be more obvious if younger
plants were used.

2.

The growth retardants used in this experiment

appear to produce their effect on growth by inhibiting
or stimulating internode extension.

There appears to be

no effect on maturity of the plants.

3.

Effects of the plant growth-retardants on

alkaloid content at the stage of growth tested were not
particularly outstanding.

However, Fhosphon-treated

plants showed appreciable increase in leaf and root

alkaloid concentrations, while Amo-1618-treated plants
exhibited a considerable increase in root alkaloid.

It

was postulated that more interesting results might have

been obtained had the plants been analyzed two weeks
earlier when the chemicals were showing their maximum

r 9

effect on growth.

4.

As was expected from previous work, the

chlorophyll content of plants in which growth retarda

tion was evident (Phosphon, B995, and CO-11-treated)
was increased.

Plants treated with Phosphon exhibited

the greatest increase in chlorophyll, followed by B995treated plants and those treated with CO-11.
5.

Results of selective solvent extraction of

general groups of plant constituents were inconsistant
and difficult to explain.

It is possible that other

methods, such as chromatography would yield more
meaningful results in this regard,

6.

Prom the individual results and general trends

noted in this investigation, it was concluded that

further research along this line may prove profitable.
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