Physiological Response of Tomato
Seedlings to Aminotriazole Toxicity

In order to evaluate the reliability of
the determination of aminotriazole in
soils, biological observations were made
on tomato seedlings planted concurrent
with chemical analyses. Small clay
pots were used and the plants were sub-
irrigated. In practically all instances
the amount of aminotriazole found by
chemical analyses was proportional to
the degree of plant injury. Table V
gives comparisons between the amount
found and the plant responses for each
soil type.

Physiological reactions were con-
cordant with the amounts of amino-
triazole found in all soils, although the
recoveries of aminotriazole varied.

Thus, the quantity of chemical that
was extractable from the soil definitely
appeared to correlate with the amount
the plant itself was able to absorb.
Observations on aminotriazole toxicity
to tomato seedlings 8 days after planting
indicated that complete albinism in the
true leaves to severe necrosis occurred
when as much as 25 p.p.m. of chemical
was present. At a concentration of
20 p.p.m. severe albinism was noted,
while 5 to 7 p.p.m. of aminotriazole
caused albinism in various degrees with
loss of turgidity in the cotyledons.
These leaves generally do not turn white
but change to various shades of yellow
when affected. When only 2 p.p.m.
of aminotriazole was present, albinism

FERTILIZER GRANULATION

occurred in 8 days with little change in
the cotyledons.

Further observation showed the de-
gree in which aminotriazole affected
tomato seedlings from 2 to 12 days after
planting. When as much as 27 p.p.m.
of chemical was present, albinism oc-
curred in 2 days, became more wide-
spread in 5 days, then developed severe
necrosis, followed by death of the plant
in 8 to 12 days. At a concentration of
7 p.p.m. albinism was evident in 2 to 5
days and became severe at 8 days.
When only 2 p.p.m. of aminotriazole
was present, albinism was noted at 5
days but was more pronounced one week
later.

It appears that knowledge of a soil’s
base exchange capacity can definitely
aid in planning pre-emergence work.
The unique structural, adsorption, and
metal-complexing properties and the
effect of 3-amino-1,2,4-triazole on plant
processes offer unusual possibilities for
basic research in plant physiology.
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Effects of Formulation on Granulation

of Mixed Fertilizers

MORE THAN 80 of some 1200 fer-
tilizer mixing plants in the United
States are producing granular mixed
fertilizers and the number of plants
going into production is continuously
increasing. It was estimated that, at the
close of 1953, the capacity for annual
production of granular mixtures in this
country exceeded 2,000,000 tons, or
129 of the total production of mixtures.
This trend toward greater production
of granular mixed fertilizers is accom-
panied by the need for basic information
on optimum conditions for agglomera-
tion of a wide range of formulations.

The volume of liquid phase present
at the surface of solid particles during
the processing of a mixed fertilizer is one

of the most important factors governing
the degree of agglomeration (7, 5).
The liquid phase consists of an aqueous
solution of the soluble constituents of the
mixture. Its volume is dependent on
the types and amounts of salts in the
liquid phase of the mixture as well as
on the moisture content and tempera-
ture (7-4). This volume of liquid
phase is not readily determined by
direct means (7), but the agglomeration
characteristics of mixed fertilizers can be
ascertained by correlating the soluble
salt content of the mixture with the
moisture requirement for optimum ag-
glomeration at a given temperature.
Accordingly, the present paper relates
to a study of the moisture requirement
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for optimum agglomeration of mixed
fertilizers formulated with triple and
ordinary superphosphates, anhydrous
ammonia, and varying proportions of
ammonium nitrate, ammonium sulfate,
and potassium chloride alone and in
combination. The data should serve as
a guide in predicting the relative effect
of formulation on moisture requirement
for optimum agglomeration of mixed
fertilizers under fixed conditions of plant
operation, This study is part of a broad
research program on the preparation of
high-analysis fertilizers of improved
physical condition being conducted in
cooperation with the Tennessee Valley
Authority.
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Figure 2. Variation in agglomeration with moisture content of 1: 2:1 ratio ferfilizers

were formulated with triple superphos-
phate, potassium chloride, anhydrous
ammonia (4 pounds per 20 pounds of
phosphorus pentoxide), and the re-
mainder of the nitrogen from either
ammonium nirate  (Mixture 1) or
ammonium sulfate (Mixture 2). The
substitution of ammonium sulfate for
ammonium nitrate in the formula de-
creased the grade from 12-24-12 to
10-20~10. The optimum vyields of 6-
to 20-mesh products in Mixtures 1 and
2, respectively, were 829, at 6.59
moisture and 8997 at 15.89 moisture.
Increasing the moisture content of
Mixture 1 as little as 0.49; above that
required for optmum agglomeration
(6.5 to 6.95¢) vielded a preponderance
of oversize granules and decreased the
yield of 6- to 20-mesh product from 829

to 129. This tendency toward over-
agglomeration with slight excess of

moisture above that required for opti-
mum agglomeration was not as pro-
nounced with Mixture 2. In this case
an excess of 197 moisture would appear
to lower the vyield of 6- to 20-mesh
product from 899 to about 609;. The
sensitiveness of ammonium nitrate mix-
tures to excess of moisture over that
required for optimum agglomeration
was observed throughout the course of
this studyv. These results indicate that,
with mixtures high in ammonium ni-
trate, overagglomeration can be avoided
and somewhat lower but more consistent
vields of product in the desired particle
size range can be obtained by agglomer-
ating at a lower moisture content than
that required for optimum agglomera-
tion. For example, the results for
Mixture 1 indicate that agglomeration
with 5 to 3.3¢7 moisture gives consistent
yields of 60 to 659 product in the
particle-size range of 6- to 20-mesh.
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The effect of progressive increase
in ammonium nitrate content on the
moisture required for optimum agglom-
eration of complete mixed fertilizers is
shown in Figure 3. The data repre-
sented by curve 1 were obtained on a
series of 5 mixtures of 1:1:1 ratio formu-
lated with ordinary superphosphate,
anhydrous ammonia (6 pounds per unit
of phosphorus pentoxide), potassium
chloride, and varying proportions of
ammonium nitrate and ammonium
sulfate which supplied the remainder of
the nitrogen. No filler was used in the
preparation of the mixtures, so that
grades ranged from approximately 9-9-9
to 11-11-11, Curve 2 represents data
obtained with a series of mixtures formu-
lated similarly, except that the phos-
phatic constituent was triple superphos-
phate and the degree of ammoniation
was 4 pounds of anhvdrous ammonia per
unit of phosphorus pentoxide. The
grade of the mixture varied from approxi-

Figure 3.

Effect of ammonium nitrate content on moisture
required for agglomeration of mixed fertilizers

mately 12-12-12 to 15-15-15. Curve 3
represents data on 1:2:1 ratio mixtures
of the same type, with the grade varying
from approximately 10-20-10 to 12—
24-12, These data show the effect of
increasing ammonium nitrate content on
the moisture requirement for optimum
agglomeration. The general pattern of
this set of curves would probably hold
for any nutrient ratio of high-analysis
mixed fertilizer.

The nonlinear form of the curves in
Figure 3 is the resultant of the inter-
action of the salts present on the moisture
requirement. Accordingly, the effects
of potassium chloride, ammonium sul-
fate, and ammonium nitrate on agglom-
eration were compared individually.
Individual Salt The relgtive eﬂ"e.cts of

ammonium  nitrate,

Effects on . ’
. ammonium  sulfate,
Agglomeration . ’
and potassium chlo-

ride on the moisture required for opti-
mum agglomeration of ammoniated
triple superphosphate and of ammoni-
ated ordinary superphosphate are shown
in Figure 4. The degree of ammonia-
tion was 4 pounds of anhydrous ammonia
per unit of phosphorus pentoxide present
in triple superphosphate and 6 pounds
per unit of phosphorus pentoxide in
ordinary superphosphate. The mois-
ture required for optimum agglomera-
tion of the ammoniated triple super-
phosphate alone was 21.89; and, of the
ammoniated ordinary superphosphate,
14.99%. 1In general, an increasing pro-
portion of soluble salt decreases the
moisture requirement rapidly for the
first increments of salt present, and less
rapidly beyond about 109; salt content
of the mixture. Ammonium nitrate
was most effective in decreasing the
moisture required for optimum agglom-
eration, followed by ammonium sulfate,
and potassium chloride in that order.
The decrease in moisture requirement
with increase in the proportion of soluble
salt may be attributed to the increase in
volume of liquid phase, owing to its
content of dissolved salt, and to the
increased number of
dense, nonporous,
crystalline salt parti-
cles having a satu-

rated solution at
their surfaces, thus
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- (190° to 200° F.) ap-
pears to be reached
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T T | T T T water required per
Z 24 ~———Ammonlated Triple Superphosphate ] pound of added salt
E 22 —~——— Ammoniated Ordinary Superphosphate over the range of 10
) & Temperature {830 -200°F. to 40% salt content.
Z%20 T In Figure 5 the slopes
: 2 el of the curves in Figure
< w ) 4 are plotted against
zi 18 — the pounds of salt per
:E |4’§:~ _— >KC! pound of saturated
zE " A R A NRLEG solutions of ammo-
=3 B = MR350 ium nitrate (8), am-
%§|0— l = ~~\::i;' I monium sulfate (6),
o9z 4 il (NHe)5Cs and potassium chlo-
@ o S ride (6), respectively,
gu o at 194° F,
E 4 The linear form of
s ol 2 NHyNOs this graph indicates
= that the tendency of
° 10 20 30 40 50 60 the individual salt to
PERCENT SALT IN DRY MIXTURE lower the moisture
requirement for opti-
Figure 4. Effect of salts on moisture required for agglom- myum agglomeration

eration of triple superphosphate and ordinary super-

phosphate mixtures

at about 409 salt content of the mixture.
At this point the moisture requirement is
about 39, or less. This is not enough
water to dissolve entirely the solid
ammonium nitrate present and the
liquid phase of the mixture is probably
saturated with respect to this salt.
Under such conditions the moisture
requirement for optimum agglomeration
apparently remains nearly constant on
further addition of solid ammonium
nitrate.

The proportion of ammo-
nium nitrate, ammonium
sulfate, or potassium chloride in most
high-analysis mixed fertilizers falls in the
range of 10 to 409,
(200 to 800 pounds

Solubility

Figure 5.

is proportional to its
solubility at the ag-
glomeration tempera-
ture. This apparent effect of salt
solubility on agglomeration is to be
studied further with a greater number of
salts.
Mutual Effects T.h? cffects “of in-
of Salts d1V}dual salts on the
moisture requirement
are illustrated by the results in Figure 6,
which show the effect on the moisture
requirement obtained by varying the
ratio of ammonium sulfate to potassium
chloride in a series of mixtures containing
309% of one or both of these salts, 509,
ammoniated superphosphate, and 209,
ammonium nitrate. Curves 1 and 2
are for ammoniated mixtures prepared

Relationship between salt solubility and rate of

with triple and ordinary superphos-
phates, respectively. In both types of
mixtures the moisture requirement for
optimum agglomeration varied with the
ratio of potassium chloride to ammonium
sulfate and the minimum moisture re-
quirement occurred at a ratio of about 2
to 1, As would be expected from the
results shown in Figures 4 and 5, the
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Figure 6. Effect of potassium chloride-

ammonium sulfate ratio at 209% am-
monium nitrate content on moisture re-
quirement for agglomeration of mix-
tures

results in Figure 6 continue to show that
the individual effect of ammonium
sulfate in reducing the moisture require-
ment is greater than that of potassium
chloride.
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