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ABSTRACT

onses of the species Helenium. amarum (Raf.) H, R
riousre‘;gsages of gi_bberellm, as a substitute for long photopero?ddsf
to v¥ tudied. Gibberellin A = X (GA1 + GAs) and potassium salt of
were rselh'c acid (KGAs, 75% acid) were used. The calculation of the
g.bbenmﬁon of KGAs was based upon the acid part of KGAs only,
;&;3& are summarized as follows:

1. The elevation of rosette leaves required a minimum of 0.0025
microgram/plant of GA1 4+ GAs or KGAs.

9. The elongation of rosette leaves required a minimum of
0.0025 microgram/plant of GAi + GAs or KGAs,

3. Initiation of bolting required a minimum of 0.511 micro-
gram/plant grown on soil (GA1 + GAs) or 0.412 microgram/
plant (KGAs). .

4, Initiation ot flower formation required a minimum of 1.482
microgram/plant of GA1 + GAs or 1.450 microgram /plant
of KGAs.

It was concluded that the elevation and elongation of rosette leaves
may serve as criteria for the bicassay of gibberellin. At the 5% level of
significance, responses were significant with each 10-fold increment of
gibberellin concentration. The Log dose/Log response curves are linear
in the range from 0.0025 to 0.25 microgram/plant.

Gross

INTRODUCTION

The series of experiments reported here had two pur-
poses. The first was to evaluate carefully the gross
responses of the species Helenium amarum (Raf.) H.
Rock, bitterweed, to various dosages of gibberellins as
a substitute for long photoperiods. The second was to
determine the validity and possible advantages of utiliz-
ing the rosettes of bitterweed as organisms for the
bioassay of gibberellins.

Helenium amarum is a common roadside weed and
pasture pest of the southeastern United States. Its
present range extends from southern Texas, throughout
the Gulf Coastal Plain and into Cuba. It is commonly
found as far northward as southern Illinois, Indiana,
and Central Missouri. It has been reported from Massa-
chusetts, and recently from California.

Many of the autecological aspects of bitterweed have
been studied by Caplenor and associates (1960, 1961
and unpublished data). They have shown that it nor-
mally exists as a winter annual, at least in the Gulf
Coastal Plain area. There, seeds germinate in the au-
tumn. Young plants overwinter as rosettes, and bolt in
April and early May. Subsequent observations indicate
that toward the northern limit of its range many of the
seeds do not germinate until late winter or spring, the
plant assuming a typical annual life cycle.

The life cycle and growth form of the species indi-
cates that it is a long day plant with diameter of rosette,
ﬂ}lmber of leaves, time of bolting and time of flowering
directly related to length of the photoperiod. It has been
shown that the potassium salt of gibberellic acid can
substitute for the long photoperiod in the induction of

lting, Preliminary experiments did not attempt to dis-
COVer a quantitative response, nor did they includq a
#tudy of the relationship between dosages of gibberellins
and flowering. Observations did indicate rapid responses
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by rosettes grown i

phc))toperiods and ;Lﬁgfghl?:l ot%::;?dristo s 2y
e : ponses were
o rf:atmn of the rosette leaves and (2) elongation

Nine gibberellins have been

glbbe‘reilm A;, gibberellin A,, gib
A, gl‘bberellin A;, gibberellin
berellin Aq, gibberellin A,

acid is gibberellin A;. GA,, GA,, GA,, GA, GA

were isolated from the funguzs Gz’g’berefl; fu;;k%fo%
(Saw.) Wr. (Grove et al, 1960, Brian 1961 Cross et al.
1962). GA,, GA,, GAg, GAg, were isolated from imma-
ture seed of runner bean Phaseolus multiflorus Lam.
(MacMillan and Suter 1958; MacMillan et al. 1959,
MacMillan 1960, 1962). GA,, and GA;, were found in
Phaseolus vulgaris L. These two gibberellins were once
called Bean factor I and Bean factor I respectively
(MacMillan et al. 1959, West and Phinney 1959, West
1961). GA, was isolated from water sprouts of Citrus
unshiu Marcov. (Sumiki and Kawarada 1961). Elson
et al (1964) reported that GA,, GA;, GA,, GA,, and
some other unknown compounds were isolated from an
acidic extract of the seed Echinocystis macrocarpa
Greene, the first time GA,, and GA,, had been identi-
fied in the extract of a flowering plant. Besides these
known gibberellins, there are gibberellin-like substances
which have been extracted from members of the plant
kingdom (fungi, mosses, monocotyledonae, dicotyle-
donae) Radley 1958, Phinney and West 1960, Adler
et al. 1961, Kato et al. 1962, Kato 1963).

Gibberellins affect many physiological responses of
plants. They increase the number and length of cells,
promote vegetative growth, terminate dormacy, and in-
duce flowering and parthenocarpy (Brian 1961, Phinney
and West 1961, Stuart and Cathey 1961). The effec-
tiveness of gibberellins in biological activity varies with
structural configuration, concentration, and with the
plant or organ of the plant used for bioassay (Halevy
and Cathey 1960, Brian et al. 1962, Wittwer and Euk(?-
vac 1962). The technique of gibbere;llin extraction is
based upon a chromotagraphic technique (Phinney et
al. 1957, Bentley 1962, MacMillan et al. .1962)..Th'e
qualitative and/or quantitive assay of gibberellin s
based on physico-chemical properties or on p}hysm-
logical properties. Infrared spect'rophotopletry, tl:ao(nlr;
imetry, polarography and isotopic labeling met c}
have been used (Phineey and West 1961). Criteria for
biological assays include elongation of dwarf R«{eacsten];
(Brian and Hemming 1955, Brian et al. 1958, fc i)lm .
and Carr 1958), elongation of leaf section gﬁrw ea
seedling (Skene and Cax;r 1?61), tt;long?hl(::;foshe :ttho?)g
Jeaf (Michniewicz 1961), elongation ?957) (Phinney
dwarf Zea mays (Neely and Phinney 4 ; o

neation of cucumber tendril ( alun 2
iﬁ)i{ggtiiﬁ) c;gf cucumber hypocotyl (Brl;a“ ancfl E;‘:;
ming 1961), germination of excized embryos o

structurally identified:
berellin A,, gibberellin
Ag, gibberellin A,, gib-
The common gibberellic
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fatua L. (Naylor and Simpson 1961), angle between
lamina and sheath of intact rice seedlings (Maeda
1962). Maeda (1962) may have been the first one who
introduced angular growth to determine the response
to gibberellin treament. He found that gibbgrelhn
treatment increased the extension of the adaxial side of
lamina, therefore increased the angle between the
sheath and lamina. The response was qualitative.

MATERIALS AND METHODS

Seeds of Helenium amarum were collected on Sep-
tember 22, 1963, in Smith County, Tennessee. They
were germinated in Hoagland and Arnon’s nutrient solu-
tion number 1 (Hoagland and Arnon 1950) and trans-
planted onto pots or culture dishes, one plant per dish
or pot.

All plants were grown in the Peabody College green-
house from January 8, 1964, until termination of the
experiments (June 3, 1964). They were kept at a 10
hour photoperiod (8 A.M. to 6 P.M.) by hand manipu-
lating a black plastic cover.

A soil for growth of plants was prepared by mixing
topsoil thoroughly with peat moss (approximately 2:1).
Agar cultures were made by adding 15 grams of agar
to one liter of the nutrient solution.

Nutrient solution was given at two-day intervals to
the soil cultures and at ten-day intervals to the agar
cultures, and tap water was given daily. Temperature
was recorded as the mean of minimum and the mean
of maximum daily temperatures (minimum: 70. 76 =
0. 78° F, maximum: 105.70 = 1.96° F). Natural light
was used. The greenhouse was sprayed with lime solu-
tion on April 24, 1964 to lower the intensity of light.
The humidity was not controlled.

The stock solution of gibberellin was made by dis-
solving weighed gibberellin into weighed warm distilled
water. It was stored in a refrigerator at aproximately 4
degrees centigrade. The stock solution was used within
30 days after preparation. Different concentrations of
gibberellin solution were made at the time of treatment
and were discarded after treatment. The plants were
treated by dropping 5 microliters of gibberellin solution
on the shot apex from a Hamilton microliter syringe
#701-NCH.

Two series of experiments were performed: the first
one with gibberellin A + X (GA; + GA;) from Mann

Figure 1. Control plant.
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h Laboratories, Inc., New York, New York; the
iif:flcone with gibberellic acid (Potassium salt, 75g
acid) (KGAj) from Nutritional Biochemicals Corpora-

tion, Cleveland, Ohio.

Series 1
A solution of GA; + GAj was made by dissolving
0.100 grams of GA; + GAjs in 200 grams of warm

distilled water.

Plants were separated into 12 groups of ten plants
per group. There were six groups growing in soil: six in
agar. Amounts of gibberellin applied to each plant in
each group were 0.000005 (1}, 0.00025 (2), 0.0025
(3), 0.025 (4) and 0.25 (5) micrograms. Group O was

the control group.
Plants were treated on March 2, 1964. The results
were recorded as follows:

1. The magnitude of angles between marked leaves and the
horizontal surface of the substrate. These angles were deter-
mined by measuring the distance from the substrate to the
leaves, at a point on the substrate 2 cm from the stem. The
three most prostrate leaves were marked on each plant 24
hours before treatment to insure uniformity,

2. After four days of treatment the three largest angles formed
by any three leaves on each plant (at least 25 mm long) with
the surface of the substrate were measured, using a protractor,

3. After angular response had been determined, a known amount
of GA:1 -+ GAs was applied to the plants at seven-day inter-
vals to attempt to induce bolting and flowering. The dates of
bolting and flowering were recorded, as were the amounts of
gibberellin required to induce each.

Series 2

In this series, we used KGA; (75% acid) on one
experimental group, and GA; + GAj on another. Since
the elongation of leaves of treated plants was obvious in
the first series, leaf elongation and angular response
were both measured in the second series.

A stock solution of GA; + GA; was prepared as
described in the first series. Its concentration was 500
ppm of gibberellin. A stock solution of potassium salt of
gibberellic acid (75% acid) was prepared by dissolving
0.100 gram of KGA; in 250 grams of warm distilled
water. The calculations of the KGA, concentration in
solution were based upon the acid part of KGA; only.
Therefore the concentration of stock solution was 300
ppm of gibberellic acid. Amounts of gibberellin applied
to plants growing in soil were 0.0025 (1), 0.025 (2),
0.05 (3), 0.10 (4), 0.2 (5) micrograms. Group O was
held as the control group.

Figure 2, Plant from group 3, 0.25 microgram gibberellin per plant.
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plants were treated on April 21, 1964. Responses
sured as follows:
or each plant, the 1argc§t angles formed by the T
1. ;;ves exceeding 25 mm in length were measured on A l‘?lnzgf

64, using a protractor. The surface of the substrate served
:sgn base for the angular measurement.

elongation of marked leaves (1 leaf per plant) was meas.
2. un:d on April 24, 1964. Young leaves (6 to 8 mm long) ‘:::e
chosen 24 hours before treatment.

fter determining the angular and elongation responses,

3. é}h + GAs-treated plants were abandoned and the KG}\‘:
treated plants were kept on treatment. A known amount of
KGAs was applied to the later group at seven-day intervals
to induce bolting and flowering. The dates of bolting and/or
flowering were recorded, along with the amounts of KGAs re-
quired to produce the effects.

In both series, data on elongation and angular re-
sponse Were analyzed statistically by use of the “t” test.
The amount of gibberellin needed for the induction of
bolting and the induction of flower formation were
stated as the arithmetic mean of the individual data,

REesuLTs

Series 1

For the general view of the reaction of bitterweed
rosettes to gibberellin see Figures 1 and 2. The results
of uplift of leaf in mm. as measured from lowest leaves
are show nin Table I. The results of the response as
measured by three largest angles are presented in
Table II. The results of the induction of bolting and

Reaction 1, Gibberellic Acid
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TABLE 1

arncentrations by this method. Plants
were apparently less sensitive than

GA; + GA,; veon THE

Distance ‘4 (UpLirr or LEAF 1IN
MiLLiMETERS),
Gl No. of observations Mean = Standard error of the mean
Agar Soil Agar Soil
0 25 29 2.18 = 0.42 0.86 = 0.20
1 27 30 2.46 * 0.45 1.58 4+ 0.24
2 22 30 3.27 £ 0.51 1.41 = 0.38
3 27 30 3.65 = 0.54 1.93 = 0.40
e 29 30 2.86 = 0.51 1.50 = 0.24
5 30 30 3.67 = 0.56 2.58 + (.38

® ‘d’ is distance from the substrate to the leaves, at a point on the

substrate 2 cm from the stem.

TasLE II

ErFEcT OF TREATMENT WITH GA; * GA; UPON
ANGULAR RESPONSE IN DEGREES.

No. of observations

Mean + Standard error of the mean

flowering are recorded in Table III. Group PR . -

In soil culture, the rosettes reacted positively to as 0 30 30 12.23 + 2.46 4,90 = 1.53»
little as 0.000005 microgram per plant of GA; + GA; 1 30 30 13.30 £ 2.85  7.43 = 1.07
by uplifting rosette leaves. Yet, irregularity of results 2 22 30 1059 =290  7.79 = 1.70
are such that it is only possible to state with assurance 3 24 30 3271+ 3.92 92.37 = 2.97
that as little as 0.0025 micrograms of GA; + GA; can 4 30 30 53.60 + 1.97 34.13 =+ 1.84
be detected by this effect. Beyond that amount, tenfold 5 30 30 64.90 + 1.40 5183 + 1.84
increments of the gibberellin do not result in stepwise

TasLe 11T
NEEDED TO INDUCE
N— A. + GA, (MicrocRaM PER PLANT)
Ao EEEE BOiT(ING AND/OR FLOWERING
Control group
Condit Experimental group No ugal:u-ie_nt
beyond bolting
Mean - Standard = "eamen;er —F Number of Number of
Number of Number of Number of -error of the Numbetrs of ngnlants plants plants
plants plants e mean (microgram 2 R i )
treated treated o of gibberellin fowering flowering
1;'211;‘; 233132 flowering per plazt) 0
Pants e o s 0511 + 0.034 10
P]ag” g:* 53 34 58 0552 = 0.028 10 L
soil Fee 50 30 20 1.482 = 0.04
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When using the angular response of young leaves as
a criterion for detection, 0.0025 microgram was agamn
the smallest quantity of GA; + GA; giving consistently
positive results. However, all tenfold increments abov_e
that quantity were quantitatively detectable. In this
experiment, data taken from plants growing on agar an
those taken from plants on soil were similar. Angular
responses, as demonstrated in this experiment, are de-
picted graphically in Figure 3. This indicates linear
response to the various concentrations.

Series 2

The results of the angular response by the measure-
ment of three largest angles are recorded in Table IV;
the results of the elongation response in Table V. The
results of the induction of bolting and flowering are
recorded in Table VI.

TasBLE IV

THE ANGULAR REspONSE TO TREATMENT WITH KGAy
(Groups 1, 2, 3, 4, anp 5) anp GA; + GAy
(Groups X2, X3, X4 anp X5).

Group 0 Is A ContrOL GROUP.

Tue Response Was ‘RECORDED IN DEGREES.

he Tennessee Academy of Science

TasLE V
Tue ELONGATION OF LEAVES IN RESPONSE To

TREATMENT WITH KGA; (Groups 1, 2, 3, 4, AND 5); 1o
TREATMENT WITH GA, + GA; (Groups X2, X3, X4,
AxD X5). (DisTANCES RECORDED IN MILLIMETERS, )

Mean - Standard error

o Number of

Group observations of the mean
0 10 27.20 + 1.97
1 10 34.70 = 1.16
9 10 39.45 + 154
3 10 37.20 + 0.77
“ 10 39.80 = 1,53
5 10 43.80 = 1.32

X2 3 40.66 + 2,34

X3 3 38.00 = 1.16

X4 3 37.66 + 3.84

X5 3 38.66 = 5.33

As in the experiments in Series 1, 0.0025 micrograms
of gibberellic acid was clearly detectable. In this ex-
periment the difference between responses to 0.0025

Fom 01:;1;1::; gs Mean :E ts],lt:g;ieﬁi error micrograms and 0.02 micrograms of gibbefellic acid was
not significant. Other increments, excepting that from
0 30 30.57 = 2.64 0.10 mg to 0.25 mg, gave significantly different re-
1 30 41.50 + 2.45 sponses. These responses are depicted graphically in
2 30 43.03 = 2.46 Figure 4,
3 30 53.87 4+ 2.26 y - .
Using leaf elongation as a quantitative criterion, the
4 30 64.37 = 2.59 . : ]
5 30 7047 + 1.84 smallest detectable quantity of gibberellic acid was
S0 9 " 0' 55 o 3'02 0.0025 microgram per plant. Responses to increments
o o 42'33 -I—- 3'23 of KGA; were consistently significant with tenfold
< 9 69.22 N 2'42 increments only, responses of group 3 and group 4
68.89 — 2.83 (two-fold increments) were not significant. They are
X5 9 89 + 2. depicted graphically in Figure 5.
TasLE VI
Ture AMounts oF KGA; (MicroGRAMS PER PLANT) NEEDED TO INDUCE
BoLTING AND/OR FLOWERING
Condition Experimental Group Control group
Numlat;let; of Nmr;lbetrs of Nungeé of Mean 4 Standard No treatment bfﬁozﬁaﬁgg
an n T
tgeated tI:eated lfolting measr:;izfot:rims ng{lal;féd Nuri]a[:ftzo{ Nulezet:‘)f NuTaTtZOf
only to belyond or of gibberellin e deriny
bolting bolting flowering per plant) ﬂowerging
Bolting 50 50 0.412 = 0.015 10 1
Flowering 50 26 3 1.450 = 0.052 10 0 24 0
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Figure 3. Dosage response curve (log dose, log response) for
GA:1 + GAs using the elevation of rosette leaves for bioassay. For the
plants growing on soil, each point represents 30 measurements; for
the plants growing on agar 22 to 30 measurements,
« plants growing on agar.
x plants growing on soil.
— significant.
. non-significant.
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Figure 4. Dosage response curve (log dose, log response) fOf

KGAs using the elevation of rosette leaves for bioassay. Each point
represents 30 measurements.

« significant point.

X non-significant point,
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Figure 5. Dosage response curve (log dose, log response) for
GAs using the elongation of the rosette leaves for bioassay. Each
Point represents 10 measurements.
o significant point.
X non-significant point.
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The data indicate n

GA, and KGA o difference in response to GA, +

3 In equal amounts.

Discussion
Results indicate a number

31]3113 hcatu?n of gibberellins by bitterweed held on short
p Ot}(;plerlod. These responses are, in chronological order
? tttenln occurrence, (1) elevation of the apices of
rosette leaves, (2) elongation of rosette leaves, (3) bolt-
g, f‘nd (4) blooming. Under conditions of these
€xperiments, mean total minimal amounts of gibberellin
(GA; + GA; or KGA,) required to elicit these re-
Sponses were, respectively, (1) 0.0025 microgram per
Plfmt, (2) 0.0025 microgram per plant, (3) 0.511
microgram per plant (GA; + GA,, plants growing on
agar )_, 0.552 microgram per plant (GA; + GA,, plants
growing on soil), or 0.412 microgram per plant
(KGA;), and (4) 1.482 microgram per plant (GA, +
GA3), or 1.450 microgram per plant (KGA,). Since
these responses, with the possible exception of leaf
elongation, are also natural responses to long photo-
period, it appears that the gibberellins substitute for
some natural product formed only in response to long
(12 hour) photoperiods. The responses to long photo-
period and to gibberellins are also similar in that they
do not truly induce the plants to fswer. Both long
photoperiods and treatment with gibberellins must be
continued beyond an initial phase or blooming will not
occur. Another difference in effect of treatment which
may be quantitative rather than qualitative is that very
young seedlings react more positively to treatment with
gibberellins than to long photoperiods (Caplenor, un-
published data). Chailakhian (1961) has reported that
a greater quantity of gibberellin-like substances can be
extracted from long-day plants kept on long photo-
periods than when they are kept on short photoperiods.
This work suggested that in long-day plants the level
of endogenous gibberellins or gibberellin-like substances
varies proportionally with the photoperiods. It explains
why seedlings too immature to bolt on very long photo-
periods can be induced to do so precociously by treat-
ment with gibberellins; because seedlings are able to
react to gibberellin-like substances before they can be
photoperiodically induced to produce them. Thus the
response mechanism is apparently developed before the
synthetic mechanism.

of definite reactions to

No literature was found relating the elevation of
leaves of rosette plants in response to treatment with
gibberellins. Maeda (1962) reported the move{nent.of
the lamina toward the abaxial side aft.er treating rice
seedlings with gibberellins. His previous work had
shown that the lamina joint participates in 'the bending
movement of laminae toward their abaxial side and th_at
there was an increment of cell length at the abaxial
side. In bitterweed experiments t}}e leaves were ele-
vated toward their abaxial side. This suggests either an
increase in cell number and/or cell le{lgth on the abaxial
side of the leaf or some osmotic disturbance ofl C'Z‘IHS
resulting in increased turgor pressure on the abaxial side.

In the first work on bitterweed, the responses of basal
leaves were chosen because of ease of measurement.
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Later experiments showed that leaves near the apex
were more responsive. The basal leaves are oldest and
are least reactive. This is probably because the site of
gibberellin activity is at the meristematic region of the
apex (Bradley and Crane 1957, Sachs et al. 1959, Koller
et al. 1960, Evtushenko 1961, Sachs and Lang 1961).
Both methods of measurement of the elevation of
leaves after treatment with gibberellins indicated that
responses were more regular and significant in young
leaves than in basal leaves.

Gibberellin has been shown to cause bolting and/or
flowering of plants grown under non-inductive condi-
tions (Lang and Reinhard 1961). Bolting was a con-
sistent response (Lang 1956a, 1957), but induction of
floral formation by gibberellins varied with physiologi-
cal types of plants (longday, shortday, cold-requiring)
and with the conditions under which the plants were
grown (Lang 1956b, Doorenbos and Wellensiek 1959,
Dostal 1959, Bukovac and Davidson 1959, Harada and
Nitsch 1959). Gibberellins induce the flowering of
longday plants grown in shortday conditions, but they
will not substitute for short photoperiod in shortday
plants or for cold in cold requiring plants. This fact
leads to many attempts to explain the flowering mech-
anism. Lang (1957) suggested that gibberellin prob-
ably functions in conjunction with inhibitory factors and
that a response is the display of promotive processes
versus inhibitory processes. Lincoln and Hammer
(1958) suggested that gibberellin promotes the capacity
for the storage of the floral stimulus in the immature
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tissue. Chailakhian (1961) suggested that floral for.
mation is controlled by flowering hormones (ﬂoﬁgen)
composed of two factors: gibberellin necessary for vege.
tative growth and anthesin necessary for flowering,
Most published results indicate that there are at least
two factors involved in the initiation of flowering, 1
this is the case, the terminal factor (anthesin) has net
been isolated and identified. Our work suggests that,
although gibberellins added as a single dose are not
inducive, a specific amount of gibberellins applied over
a period of time constitutes the only external require-
ment for the initiation of flowering of bitterweed.

Since preliminary observations had indicated an gal-
most immediate response by bitterweed rosettes to
treatment with gibberellins, one of the purposes of this
series of experiments was to test their adaptability as
organisms for the bioassay of gibberellins. If acceptable
they should have certain advantages over some organ-
isms in current usage. These advantages are that (1)
they are easily and quickly grown without specialized
facilities, (2) the response is definite and rapid, and
(3) the responses are easily measured with common
rulers and/or protractors. Evident responses which are
rapid enough to have possible use in bioassay are the
elevation and elongation of rosette leaves. Both of these
responses were tested. Results are shown in Tables II,
IV, and V and in Figures 1, 2, and 3. Table VII relates
the results of these attempts to those of other experi-

menters.

TasLE VII
SUMMARY OF DIFFERENT METHODS OF B10AssAY FOR GIBBERELLIN
Organism Response Method of Treatment Sensitivity Type of Curve
Dwarf pea stem Percentage of stem 4 microliter drop 0.0001 to 5 Linear
(McComb & Carr 1958) elongation in the axil of micrograms per plant Log dose/Log response
third node
Dwarf Zea Mays Elongation of the 0.1 ml test solution 0.001 to 1.0 Linear
(Phinney 1961) first leaf sheath ins first unfolding  microgram per plant Log response/Log dose
e
Wheat leaf section Elongation of leaf 10 segments in 10~* ppm to Non-linear
(Skene & Carr 1961) sections 5 ml of test solution 10~* ppm solution Response/Log dose
per incubation
Oat leaf Elongation of the 12 sections in 0.001 to 10 Non-linear
(Michniewicz 1961) first leaf section 0.5 to 1 ml test micrograms per ml  Response/Log dose
solution of solution
Cucumber tendril Elongation 15 se.ctions intest . 0.33 ppm to 3.3 Non-linear
(Galun 1959) solution ppm solution per Response/Log dose
incubation
Excised embryo of Percentage of 25 embryos in 1072 ppm to Linear
Avena sativa germination 0.25 ml of test 10~ ppm solution Response,/Log dose
(Naylor & Simpson 1961) solution per incubation
Leaf elevation or 5 microliter drop 0.0025 to 0.25 Linear

Bitterweed rosette
leaf elongation

on the apex

micrograms per plant Log response/Log dose
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In detection of minimal amounts of gibberellin o
responses  of bitterweed are less sensitive than the
dwarf pea method and the method involving germina-
tion of Avena sativa excised embryos. It is the same
order (thousandths of micrograms) as other methods.
Leaf elongation and angular leaf elevation are clearly
linear responses (Log response/Log dose). Such re-
sponse leads to obvious advantages in interpolation. The
obvious disadvantage of the bitterweed method is that
it could not be used directly to test chromatograms of
extracts as could the germination and leaf section

methods.

It seems clear that gross responses of bitterweed
rosettes may serve for the bioassay of gibberellins. Even
though the tests are not as sensitive as some previously
devised, there are certain real advantages in the
methods described here. The response is rapid and
linear: sensitivity is in the order of thousandths of
micrograms, and no specialized growth or measuring
devices are required.
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