Table lll. Apparent NAA Residues
on Untreated Olive Samples

(25-gram aliquots)

Sample Absorbance Apparent
No.* (360 mu) P.P.M.
1084A 0.090 0.08
842A 0.068 0.06
1269A 0.073 0.06
843A 0.078 0.07
1142A 0,070 0.06

2 See Tables I and II for description.

published methods for the analysis of
NAA (7, 8) to olives proved unsuccess-
ful. Bache et al. (7) analyzed apples for
NAA by extraction and a single-column
cleanup wusing silica gel.  Although
Bache’s colorimetric method was finally
adopted, the cleanup would not remove
olive oil. The gas chromatography-
ultraviolet spectrophotometry technique
(7) also proved inadequate for this pur-
pose, again due to high oil content and
interfering absorbances at 224 and 281
my.
The method finally adopted for NAA
analysis in olives is a modified combina-
tion of the published methods.

After the initial extraction of olives
with acidified chloroform, column chro-
matography on basic alumina permitted
the complete removal of olive oil
This procedure was first suggested by
Daoud and Luh (4) and was based on
the quantitative adsorption of organic
acids from nonpolar solvents.  The
alumina was washed with copious
amounts of chloroform which removed
all of the oil and some fat-soluble green
pigments. Naphthaleneacetic acid was
quantitatively eluted from alumina with
19, sodiumn bicarbonate solution.

However, the base also removed a
water-soluble, purple pigment from the
column which interfered with the colori-
metric or spectrophotornetric methods if

applied after this step. This pigment
could be removed by silica gel chro-
matography, and the acid was quantita-
tively eluted with 59 n-butanol in
chloroform (2, 3). This step was
checked by chromatographing 1000 ug.
of NAA and reading the absorbance of
5-ml. fractions at 281 my (7). Based on
the theoretical absorbance of 1000 ug. of
NAA, 94.39, of the acid was recovered
between 40 to 100 ml. elutriate (Figure
1).

Even after silica gel chromatography,
direct colorimetry or spectrophotometry
yielded relatively high blanks which did
not yield an over-all sensitivity of 0.1
p.p.m. Consequently, the final solution
was further purified by gas-liquid chro-
matography, analogous to one of the
published methods (7). Since the
colorimetric procedure based on nitra-
tion yielded considerably lower blanks
than a direct reading at 281 mpy, the
colorimetric technique was chosen for
final analysis. The extinction coef-
ficient of the color resulting from the
nitrated naphthalene ring was low and
optical cells with a 10-cm. light path
were chosen to give ultimate sensitivity.
If an absorbance of 0.11 per 2.5 ug. NAA
was arbitrarily chosen as minimum
readability, a sensitivity of 0.1 p.p.m.
with 25-gram aliquot samples was
achieved.

Residue Analysis. Olive trees were
sprayved 2 weeks after bloom with an
emulsifiable concentrate of NAA contain-
ing 150 p.p.m. active ingredient. These
tests were conducted in May 1960 and
1962, but all analyses were performed in
1962. Samples from the 1960 series were
stored at —10° C. Recoveries of NAA
added to fruit prior to extraction were
studied at three levels—0.1, 0.5, and 1.0
p.p-m. Recoveriesof added NAA at the
1.0 and 0.5 p.p.m. levels ranged from 76
t0 1049, and at 0.1 p.p.m. from 50 to 765,
(Tables I and II). Apparent NAA res-

SUCKER CONTROL CHEMICALS

Detection of Compounds that Inhibit
Vegetative Bud Growth of Tobacco

REMOVING the flower parts of tobacco
as the plants approach maturity is
a recommended procedure to improve
quality of the leaves (2). In commercial
practice, a few days after the top has been
removed the dormant buds at the base of
the leaf petioles begin to grow vigorously
and develop new shoots that must be re-
moved, sometimes repeatedly at several
weekly intervals to maintain high quality

of the salable leaves. Mineral oil emul-
sions and maleic hydrazide preparations
were developed to control sucker growth
chemically and reduce labor costs (9).
These methods have not proved entirely
satisfactory, however. A new method of
evaluating additional chemicals for
sucker control is described here, and re-
sults obtained with the method are pre-
sented.
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idues in untreated samples ranged from
0.06 to 0.08 p.p.m., which was below the
stated sensitivity of the method (Table
III).

Results for residues found in treated
olives and harvested at various periods
after treatment up to actual harvest
time (mid-October) are shown in Tables
I and II and plotted in Figure 2.
Residues of NAA from the 1960 test
were generally lower than those of 1962,
However, in both cases no detectable
residues (below 0.1 p.p.m.) were found
at harvest time. The reason for lower
1960 residues may be the slow volatiliza-
tion of NAA during almost 2 vyears’
storage. If, however, the straight-line
portion of the 1962 series (Figure 2) is
extrapolated to 0.1 p.p.m., a calculated
waiting period of 100 days after treat-
ment is obtained.
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Methods

Preparation of Chemicals. Many of
the chemicals were available for these
tests in minute quantities, For this
reason, lanolin paste was used as a carrier
to conserve the amount of chemical re-
quired and thus make it possible to test
a wide range of chemicals. Each chemi-
cal was prepared at approximately 1.09;
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Table I. Results of Screening Tests with the Xanthi-nc Tobacco Plant for Detection of New Chemical Sucker
Inhibitors
% %
Reduction Reduction
in in
Compound, Weight Compound Weight
Family of Other Family of Other
and No. Chemical Name Suckers Responses® and No., Chemical Name Suckers Responses®
Maleic Phenylacetic
hydrazide . . .
) . 19 2,4-Dichlorophenylacetic acid 86 +
1 6-Hydroxy-3-(2H)-pyrida- 98 0 20 2,3,6-Trichlorophenylacetic 84 +
zione (treated control) acid
Carbamate Phosphonium
2 a-Carboxyethyl N¥-3- 90 0 21 Tributyl 2,4-dichlorobenzyl- 90 ++++
chlorophenylcarbamate phosphonium chloride
3 3-Chloro-isopropyl 98 0 22 Triphenylmethylphosphonium 84 ++++
N-phenylcarbamate chloride
Indol Picolinium
ndote , 23 2,4-Dichlorobenzyl-2- 86  ++++
4 Methyl-a-methoxy-propionyl- 82 ++ picolinium chloride
3-indoleacetate 24 2,4-Dichlorobenzyl-3- 98 ++++
5 Morpholine-3-indoleacetate 60 ++ picolinium chloride
25 2,4-Dichlorobenzyl-4- 96 ++++
Methoxy- picolinium chloride
phenylacetic
. Quaternary
6 Ammonium-3-chloro-a- 97 + ammonium
th henylacetat
7 Anrflrfmﬁﬁiﬁiff&f.e 92 + 26 Ammonium chloride, ('5- 60
methoxyphenylacetate hyd.roxyc'arvacryl) trimethyl,
8 Ammonium-a-2,3- 094 + 1-piperidinecarboxylate
trimethoxyphenylacetate 27 Ammonium iodide, (5- 65 ++++
9 a-Methoxy-3,4-dichloro- 94 + hydroxycarvacryl)
phenylacetic acid trmgethyil,tbplperldme-
10 a-Methoxyphenylacetic acid 86 +4+ carboxylate
11 3-Nitro-a-methoxyphenyl- 920 + 28 2-Chloroethyltrimethyl 60 0
acetic acid ammonium chloride
29 2-Chloroethyltrimethyl 72 0
L ammonium p-toluene
Nicotinium sulfonate
12 4-Chlorobenzylnicotinium 87 0 30 2,4-Dichlorobenzyl, triethyl 1 0
chloride ammonium chloride
13 2,4-Dichlorobenzylnicotinium 80 0 31 2,4-Dichlorobenzyl, trimethyl 6 0
chloride ammonium chloride
14 a-Naphthylmethylnicotinium 84 0 32 2-Fluoroethyltrimethyl 70 0
chloride ' ammonium tosylate
Miscellaneous
Phenoxy 33 N-2-Chlorophenyl- 20 0
15 2,5-Dichlorophenoxyacetamide 88 +++ phthalmic acid
16 2,5-Dichlerophenoxyacetic 74 +++ 34 2,2-Dichloropropionic acid 74 0
acid 35 N-Dimethylamino maleamic 67 0
17 2,6-Dichlorophenoxyacetic 5 + acid
acid 26 Methyl 2,3,5-triiodobenzoate 39 +4++
18 2,4,6-Trichlorophenoxyacetic 4 + 37 Pentachloropentadienoic acid 40 0
acid 38 Trichloroacrylic acid 55 0

a () = None observable; 4

slight epinast

+ 4+ = severe epinasty of petioles or gall formation;

y of petioles or gall formation;

++

moderate epinasty of petioles or gall formation;
+ +++ = treated buds discolored, indicating contact burning.

bamate (No. 3), commonly known as
chloro-IPC, retarded sucker growth by
an amount equal to that of maleic hy-
drazide without distorting the plant when
applied in lanolin paste. However, pre-
liminary field experiments with chloro-
IPC, conducted cooperatively with R. N.
Jeffrey, indicated that this compound
may cause moderate to severe crinkling
of the leaves of the Catterton variety of
tobacco when applied as a spray at rela-
tively high dosage levels.

Limited field experiments were also
conducted with aqueous spray applica-
tions of the chemicals shown in Table I.
Two-hundred milligrams of each chemi-

cal was applied per plant in 30 ml. of
aqueous spray suspension in order to wet
the upper third of each of five plants per
chemical treatment. Ethanol (0.29)
and Tween-20 (0.59) were used to dis-
pense chemicals in water. Relatively
mature plants of the Catterton variety
growing at Beltsville, Md., were used.
Greenhouse results obtained with paste
application of Xanthi-nc, as compared
with field-sprayed Catterton, consistently
showed the following trends. A reduc-
tion of 959, or more in sucker growth in
the greenhouse gave satisfactory sucker
control for 3 to 4 weeks in the field.
Chemicals that induced 90 to 959, re-
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duction in the greenhouse controlled
suckers for a period of 1 to 2 weeks in the
field. Perhaps this period could be ex-
tended by a repeated application or by
increasing the applied dosage. Com-
pounds that caused slight epinasty in the
greenhouse did not always induce similar
effects on the more mature field plants.
Both the moderate and severe formative
effects caused by a chemical applied
under greenhouse conditions resulted in
malformed plants when these chemicals
were used in field experiments. Chemi-
cals that caused localized discoloration of
buds in the greenhouse usually injured
foliage of field plants severely.
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Applied in appropriate amounts,
chloro-IPC gave a sucker-retarding effect
equivalent to that produced by the con-
ventional MH treatment, and there was
no apparent injury. Further evaluation
of chloro-IPC under field conditions
using commercial varieties is, of course,
necessary.

Compounds No. 8 to 11, inclusive,
belong to a family of methoxyphenyl-
acetic acids, some of which are known to
translocate readily in a downward direc-
tion in plants, which is an important
characteristic of a sucker-inhibiting com-
pound (7, 3, 5). Ammonium-3-chloro-
a-methoxyphenylacetate reduced sucker
growth 979, with only slight epinasty of
the petioles. Also included in Table I
are compounds that are now being
evaluated rather widely as retardants for
plants other than tobacco (4, 6-8).
These chemicals were relatively ineffec-
tive as sucker inhibitors of tobacco. No
recommendations are made for the use
of any of these or other new chemicals
mentioned for sucker control of field-
grown tobacco.

FERTILIZER CONSISTENCY

Although the method described has
been applied to only the tobacco plant
at present, with modifications, it may
possibly be useful in developing a chemi-
cal method for retarding lateral bud
growth of other crops, such as chrysan-
themums, that are now disbudded by
hand labor.

Acknowledgment

The authors appreciate the coopera-
tion of those who supplied the following
compounds: Wilkins Reeve, University
of Maryland, College Park, Md., com-
pounds No. 4, 6-11; Amchem Products,
Inc., Ambler, Pa., compounds No.
15-20; American Cyanamid Co., N. Y.,
N. Y., compound No. 28; Columbia-
Southern Chemical Corp., Pittsburgh,
Pa., compounds No. 2 and 3; Nauga-
tuck Chemical Division, U. S. Rubber
Co., Bethany, Conn., compounds No. 1
and 35; Virginia-Carolina Chemical
Corp., Richmond, Va., compound No.
21,

Bulk Blending of Fertilizer Material:
Effect of Size, Shape, and Density

on Segregation

Literature Cited

(1) Linder, P. J., Craig, J. C., Jr,
Walton, T. R., Plant Physiol. 32, 572
(1957).

(2) McMurtrey, J. E., Jr., USDA-ARS
Agriculture Information Bull. No. 245,
T. S. Govt. Printing Office, 1962.

(3) Mitchell, J. W., Marth, P. C,
Preston, W. H., Jr., Science 120, 263
(1954).

(4) Preston, W. H., Jr., Link, C. B,
Plant Physiol. 33, 49 (1958).

(5) Preston, W. H., Jr., Mitchell, J. W,
Reeve, W., Science 119, 437 (1954).
(6) Riddell, J. A., Hageman, H. A,
J’Anthony, C. M., Hubbard, W. L.,

Ibid., 136, 39 (1962).

(7) Tolbert, N. E., Proc. Fourth Internatl.
Conf. on Growth Regulation, 1961, Iowa
State Univ. Press, Ames, la., pp.
779-86.

(8) Wirwille, J. W., Mitchell, J. W,
Botan. Gaz. 111, 491 (1950).

(9) Zukel, John W., U. S. Rubber Co.,
Naugatuck Chemical Division, Nauga-
tuck, Conn., MHIS No. 8.

Received for review January 9, 1963.  Accepted
April 5, 7963.

GEORGE HOFFMEISTER,
S. C. WATKINS, and
JULIUS SILVERBERG

Tennessee Valley Authority,
Wilson Dam, Ala.

The tendency of dry-blended fertilizers to segregate during handling and spreading
was shown to result chiefly from differences in particle size of the various components of
the blend. Variations in particle density had little effect, and shape had practically no

effect.

HE sIMPLE dry blending of granular

fertilizer materials is gaining popu-
larity as a method of producing mixed
fertilizers. Such blends are distributed
widely in bulk (3-5) and are being
bagged to an increasing extent.

The major technical problem con-
nected with dry blending appears to
be that of segregation. Unless certain
precautions are observed, the components
of blends may segregate severely during
handling and distribution. Such segre-
gation not only causes difficulties in
sampling and in meeting guaranteed
analysis but also results frequently in
spotty crop response in the field.

The components of a blend tend to
segregate when they differ in physical
properties to such an extent that they
respond differently to mechanical dis-
turbance. The physical properties of
possible significance in this respect have
been recognized to be particle size, shape,
and density, but little information has

been reported as to guantitative effects
of these properties on segregation. The
need for such information as a guide to
the preparation of blends with good
handling properties led to the study re-
ported here—an evaluation of the rela-
tive contributions of size, shape, and
density difterences to segregation of
granules in dry blends.

Handling procedures that may induce
segregation include coning (as occurs
when mixtures are allowed to drop into
sloping piles in storage areas, hoppers, or
truck beds), vibration (as occurs in bulk
spreader trucks being driven to and
across fields), and ballistic action (as
imparted by fan-type spreaders). Since
it was recognized that the effects of
particle size, shape, and density on segre-
gation might differ with the different
handling procedures, each procedure was
studied separately. Most of the work
pertained, however, to coning and to
ballistic action. Exploratory tests indi-
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Segregation can be held to a minimum by using materials of matching size dis-
tribution and by avoiding the coning of blends during handling.

cated that vibration was only a minor
cause of segregation; also, work by
Smith (6) indicated that most mixtures
could be transported 30 miles in a
spreader truck with little segregation due
to vibration.

Size, Shape, and Density of
Fertilizer Materials

Size distributions, granule shapes, and
granule densities were determined for
various fertilizer materials commonly
available for bulk blending. Typical
measurements are shown in Table I.

All the materials fell almost entirely
within the 6- to 16-mesh size range, but
the distribution within this range varied
widely. For example, a prilled urea and
a high-density prilled ammonium nitrate
contained 80 to 909, of —10416-mesh
particles, whereas an 18-20-0 (18-46-0)
ammonium phosphate and a triple
superphosphate had about the same pro-



