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The concentration of endogenous gibberellic acid in sprouting barley was determined by

isotopic, derivative dilution procedures.

Larger than expected variations in the results

suggested that at this particular time of plant development endogenous gibberellic acid

occurs predominantly in a bound form.

The unidentified complex, derivative, or precursor

apparently was broken up by a mild acid treatment to yield gibberellic acid at a con-
centration which was dependent upon extraction conditions.
as to the biochemically active structure of the gibberellins.

EXTRANEOL'S GIBBERELLIC ACID Aac-

celerates the germination of bar-
ley seeds, and the resulting green malt
has an increased enzyme content (2).
However, very little is known about the
biochemical mechanism of this growth-
stimulating action. The extremely low,
effective concentrations, coupled with
the relatively poor chemical stability of
the gibberellins, have made detailed
studies difficult. Of the various analyt-
ical methods, only fluorometric assay
(6) and bioassay (4) are sensitive enough
to operate at natural levels. However,
neither method lends itself readily to
distinguish between the various gib-
berellins or gibberellin-like substances,
or to quantitative work within the part
per billion range.

An attempt was, therefore, made to
gain a better understanding on the ac-
tion of these plant hormones by means
of isotopic derivative labeling techniques.
Using labeled reagents of high specific
activity, in combination with chro-
matographic methods, these techniques
can bring phenomena into a meas-
urable range which would otherwise
be difficult to observe,

Isotopic Procedures and Reagents

A general outline of the isotopic pro-
cedures has been given (7). In order
to minimize the effect of statistical errors
in counting upon the result, the amount
of labeled gibberellic acid added should
be smaller than the expected amount
of endogenous material, The un-
avoidable error, resulting from the added
statistical errors at a minimum of 10,000
counts per sample and per channel, is
summarized in Table I.

The tritium-labeled gibberellic acid
used throughout this study had a spe-
cific activity of 144 uc. per mmole, the
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Cl.labeled diazomethane a specific
activity of 6.68 uc. per mmole. Both
materials were prepared as outlined
(7). As the counting efficiency for
CH4 is considerably higher than the
counting efficiency for tritium, this ratio
of specific activities resulted in a satis-
factory ratio in the observed counting
rates for a two-channel analyzer. Ap-
proximate values for the counting ef-
ficiencies of the two isotopes are given
in Table II.

Handling of Green Malt

Extraction of Samples. The barley
variety used throughout this study was
L. Kindred. It was allowed to germi-
nate for 5 days, and the resulting green
malt was sampled for analysis prior to
the usual kilning operation. For each
analysis, amounts varying from 2.5 to
10 kg. were extracted in a Waring
Blendor with aqueous acetone (33%
water v./v.) at a pH of 2.5. The labeled
gibberellic acid was added with the
solvent. The resulting slurries were fil-
tered, and the filtrates concentrated
under reduced pressure at 35° C. (pH
6.0). The concentrates were extracted
exhaustively with ethyl acetate (pH
2.5). Assay of volume equivalents at
this point indicated an average material
recovery of approximately 659, vary-
ing somewhat with sample weight.

Purification of Extracts. Using the
tritlum  activity of the samples as a
guide, and the tritium activity of the
standard samples as a reference, the
extracts were purified first by column
chromatography on aluminum oxide
(7), then by adsorption on activated
carbon (7), followed by a second chro-
matographic separation on aluminum
oxide. Peak fractions of this latter
chromatogram were chromatographed
individually on paper in a butyl alcohol-
ammonia system (5). The strips were
scanned with a windowless gas flow
counter, and sections carrying the gib-
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This finding raises questions

Table I. Effect of Weight of Added,
Labeled-Gibberellic  Acid upon
Accuracy
(Acid added, 5.0 ug./1000 grams)

Endogenous
Gibberellic Expecfed
Acid, Expecfed Unaveoidable
Concn., P.P.B. Error,s =%
0.25 100
1.0 30
10 7.5
100 5.2

e At a statistical accuracy of =19 for
each activity determination.

Table Il. Per Cent Counting Effi-
ciencies”
Lower Upper
Channel, Channel,
10 to 30 50 fo ©
Element Volts Volts
Cu 12.7 47.1
Tritium 8.83 0.42

@ Packard liquid scintillation spectrom-
eter, operated at 1060 volts with split
channels; data taken from third analysis.

berellin-bound tritium peaks were ex-
tracted.

Radioisotope Assay

Reaction with Dijazomethane-C!,
Solutions, 1 ml. each, of the samples in
ethyl alcohol were reacted with an
excess of diazomethane-C in ether solu-
tion, and the products were chromato-
graphed on paper (7). The dried strips
were scanned with and without window
to locate the various C! and tritium
activity peaks. The papers were then
cut accordingly, and the segments were
extracted in the presence of 300 mg. of
the corresponding unlabeled esters. The
carrier-diluted samples were recrystal-
lized in ethyl acetate-petroleum ether



until the CM to tritlum ratio leveled
out at a constant value. Between each
crystallization, the solutions were treated
with Norite A to remove trace amounts
of labeled impurities.

Preliminary studies had shown that
this latter treatment removes trace
amounts of labeled gibberellic acid
methyl-CH ester from a sample of gib-
berellin-A; methyl ester and vice versa,
making it a sensitive method of identi-
fication.

Sample Assay

The final samples were assayed by
liquid scintillation counting [l ml. of
ethyl alcohol, 10 ml. of toluene contain-
ing 0.39%, of 2,5-diphenyloxazole (DPO),
and 0.019; of 1,4-bis-2 (5-phenyloxa-
zole) benzene (POPOP)] at a discrim-
inator setting as outlined above. Since
an automatic sample changer (Packard
Tri-Carb) was wused, each series of
samples and standards could be counted
several times, minimizing minor in-
strument fluctuations.

The concentration of the endogenous
gibberellic acid was calculated as fol-

(;-1)
X ug. gibberellic acid-H? added, where
R represents the C! to tritium ratio of
the analytical sample, and r represents
the C14 to tritium ratio of the standard
sample. Since only ratios are involved,
neither the weight of the assay spec-
imens nor the exact value of the spe-
cific activity of the reagents had to be
known.

lows: ug. gibberellic acid =

Experimental Results

The results for the concentration of
endogenous gibberellic acid as obtained
in a first and a second analysis are sum-
marized in Table III. They showed a
larger than expected spread, even con-
sidering possible sample variations.
There was no indication of the presence
of any measurable amount of gibberel-
lin A; in either sample. On the other
hand, radiochromatograms of the two
samples showed a radiopeak at R, 1.25
(Figure 1), which is the R,, value usu-
ally observed for gibberellin A;. (R,
the distance traveled by the methyl-
Q1 ester of gibberellic acid, was assigned
the R,, value of 1.00; the location of
the other spots was expressed cor-
respondingly.) The C activity con-
tained within this area, however, was
lost upon dilution with carrier gibberel-
lin A; methyl ester. There was a marked
difference between the radiochromato-
grams at Ry, 0.65 and R, 2.33.

Both samples had been treated iden-
tically, except for the time element. In
the first analysis, a larger sample was used
and difficulties were encountered during
filtration of the initial extracts. As a
result, the materials had been exposed
to an acidic pH for a longer time, and

the idea occurred that gradual hydrolysis
of a natural derivative, or precursor,
might have influenced the results.

Consequently, a third analysis was
carried out to test this possibility.
In this third analysis, one half of the
material was extracted in blendors,
and the slurry was allowed to stand at
room temperature (pH 2.5) for 24
hours. The other half was extracted,
and the materials were processed in
8 hours.

The results for this third pair of analy-
ses are given in Table IIT (III-a and -b).
They indicated that the time factor indeed
markedly influences results. Correspond-
ing radiochromatograms are shown in
Figure1 (Cand D). The sample witha
shorter exposure to an acidic pH (Sample
II1-b) showed a marked radiopeak at R,
0.65, but it contained, according to the
analysis, little or no gibberellic acid. The
radiopeaks at R, 1.25 and R, 2.33 were
absent. On the other hand, the sample
which had been allowed to stand at
an acidic pH (Sample III-a) showed a
high concentration of gibberellic acid,
but little or no radioactivity within the
R,, 0.65 range.

Neither sample contained measur-
able amounts of gibberellin-4;,

Discussion

In this particular method of analysis,
the various unavoidable errors are more
likely to influence the results in the direc-
tion of high rather than low values.
Incomplete removal of foreign acids
will increase the CM to tritium ratio in
favor of high results, However, both
the chromatographic procedure in the
separation of esters and the subsequent
carrier dilution and macroscopic pur-
ification are believed to be specific,
making interference by foreign acids
an unlikely source of error. High values
could also be obtained by a partial
elimination of the tritium label from the
added, labeled gibberellic acid under
the influence of an acidic pH. Such a
possibility was ruled out by numerous
stability tests. Especially, at an acidic
pH, the molecule itself was found to be
less stable than the label. On the other
hand, partial degradation of the added,

labeled gibberellic acid could cause an
error in the direction of high values,
if endogenous material is present in a
bound form. This error, however, would
be relatively small since at a pH of 2.5,
gibberellic acid is degraded at an ap-
proximate rate of only 109, per day.

The only likely source of error result-
ing in low values is an incomplete equi-
libration between the added, labeled
gibberellin and the endogenous tissue-
bound material. As all the extractions
were carried out under identical con-
ditions yielding finely divided suspen-
sions, this factor can be ruled out as a
possible source of major error.

The authors are inclined to attribute
the relatively large differences in results
to a cause other than analytical error.
Thus, the appearance of a pronounced
radiopeak at R, 0.65 in the radio-
chromatograms of extracts vielding rel-
atively low values for gibberellic acid,
seems to indicate a chemical cause,
such as the existence of a precursor or
natural derivative of gibberellic acid
yielding gradually, upon acid treatment,
gibberellin in a free form. It remains
to be determined whether or not one is
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Figure 1. Radiochromatograms of the
gibberellin carbon-T4 esters

A. First determination

B. Second determination
C. Third determination, a
D. Third determination, b

Table Nl. Results of Determination of Endogenous Gibberellic Acid in
Green Malt
Labeled

Sample Material ~ Cl4/H? Cl4/H? Endogenous

Wt.,  Moisture, Added, Standard, Sample, R _ 7 Gibberellic Acid
Analysis  Grams o ug- r R r ug. P.p.b.e
I 10,000 44.8 51.0 0.235% 0.640 1.74 88.7 16
IT 5,000 49.0 25.5 0.279% 0.440 0.58 14.8 6
IIl-a 2,500 36.6 17.0 0.259¢ 1.346 4.196 71.3 45
III-b 2,500 36.6 17.0 0.259¢ 0.263 0.015 0.3 less than 1

@ Values based on dry weight.

b Samples assayed at different times and slightly different discriminator voltages.
¢ Calculated value, based upon specific activity of reagents and actual counting efficiencies

of 0.249.
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dealing with a pH-sensitive enzymatic
reaction, or simply an acid effect.

This observation also raises some ques-
tion as to the biochemically active form
of the gibberellins. The fact that barley
responds to treatment with extraneous
gibberellic acid would indicate that this
compound, or a derivative, constitutes
part of the growth regulatory mech-
anism during this stage of plant develop-
ment. On the other hand, the absence
of free endogenous gibberellic acid,
as observed under mild extraction con-
ditions, favors a derivative, or precursor,
as the biochemically active component.
This view is supported by the appearance
of the marked radiopeak at R, 0.65 in
Sample III-b which disappears upon
exposure to an acidic pH (Sample I1I-a)
for 24 hours. Additional data will be
needed to resolve this question.

In another study (3) various plants
were treated with tritium-labeled gib-
berellic acid, and were analyzed for

residual gibberellic acid after the end
of the growth period. The results ob-
tained there indicated a higher than ex-
pected stability of the tissue-bound
gibberellic acid, suggesting the pos-
sibility of stabilization by complex
formation. On the other hand, in most
samples relatively large amounts of re-
sidual tritium activity were associated
with materials other than gibberellic
acid, which at that time were con-
sidered to be decomposition products.
This would have to be re-examined in
the light of the existence of possible con-

jugated forms of gibberellic acid.

Acknowledgment

The authors thank Ann M. Dalziel for
preparing all the samples with C!-
labeled diazomethane. Thanks are also
due to Edward G. Martin, Rahr Malt-
ing Co., for his able assistance in the in-
itial extraction work.

FERTILIZER-PESTICIDE MIXTURES

Homogeneity of Fertilizer-

Pesticide Mixtures

The use of fertilizer-pesticide mixtures has grown rapidly.
in the laboratory were relatively nonuniform, factors influencing their uniformity were evalu-

ated.

added on a solid carrier.

fine particles and by the phosphatic portions of a mixed fertilizer.
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Because mixtures prepared

The mixtures were more uniform if insecticide were added as a solution than if

Mixing during addition of solution and use of closely sized
fertilizer increased uniformity. The insecticide solution was preferentially adsorbed by the

The variation in

insecticide content of random samples was large enough to cause poor analytical pre-

cision.

nonuniformity and forms toxic dusts.

Concentration of the toxicant on the fine portions of the fertilizer contributes to
Preferential adsorption of toxicant by certain

portions of a mixed fertilizer may accelerate decomposition of the toxicant.

FERTILIZER-PESTICIDE MIXTURES, in-
troduced about 1950, have rapidly
attained importance in agricultural prac-
tice. Their use was made possible
by the development of toxic, chlorinated
hydrocarbon insecticides that are stable
in the soil and reasonably stable in
mixtures with fertilizers. The latest
data available indicate that 109,956
tons, equivalent to 0.749; of all mixed
fertilizers, were used in the United
States in the year ending June 30,
1956 (6).

Two general methods are used to
formulate fertilizer-pesticide mixtures.
Either solid carriers containing the insec-
ticide or solutions of insecticide are
incorporated into well cured fertilizers.

Carriers provide a simple method of
producing fertilizer-pesticide mixtures,
because the mixtures can be formulated
in conventional fertilizer-mixing equip-
ment. Solution addition of toxicant
can cause less dilution of the plant nu-
trient content of the fertilizer, and is
generally recommended for introduction
of toxicant into granular fertilizers.

Most suggested methods of preparation
of the mixtures (3, 7) are based primarily
on plant-scale experience.

This paper presents data on the uni-
formity of mixing of toxicant with fer-
tilizers by the above two methods, and
the relative distribution of pesticides
among the ingredients of mixed ferti-
lizers.
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Materials and Methods of Analysis

The chemical and screen analyses of
the fertilizer materials used in this study
are listed in Table I. With the excep-
tion of the 5-20-20 fertilizer, all were
commercial products. The 5-10-5
mixture was a well cured, nongranular
material. The granular 5-20-20 was
an experimental product formulated
from ordinary and triple superphos-
phates, potassium chloride, and an
ammonia-ammonium nitrate solution.

The insecticides were undiluted tech-
nical grade products. Laboratory rea-
gent quality benzene and acetone were
used as solvents.

Carrier-insecticide concentrates (25%



