








eled and the upper platen gently inserted.
The bomb was then placed inside an air-
tight constant temperature oven main-
tained at 40° C. and the forming weight
was applied. In order to retard loss or
gain of moisture, the relative humidity of
the atmosphere inside the oven was main-
tained at a point near the critical relative
humidity of the fertilizer undergoing test
by placing a large exposed mass of the
same material inside the oven. After 24
hours, the bomb was transferred to a cold
conditioning chamber maintained at
6° C. and also having controlled relative
humidity. where it was allowed to remain
an additional 24 hours. The bomb was
then opened and the cake crushed im-
mediately. All tests were conducted in
replicates of five. and no test was con-
sidered if more than one cake was dam-
aged in handling. The average crushing
strength of four or five bombs, in pounds
per square inch, was used as an expres-
sion of the relative caking tendency of
the fertilizer.

The cake forming conditions es-
tablished were such that crushing
strengths of cakes formed from the

poorest grade of fertilizer fell below the
maximum capacity of the Troenmer
balance. Duplication among replicates
was good in fertilizers having high caking
strength and decreased as the caking
strength dropped. The test was of little
value for fertilizers having caking tend-
ency under 1 pound per square inch;
however, materials caking below 4
pounds per square inch were well enough
conditioned to cause little, if any, trouble
in the field and. therefore, it was not felt
necessary to refine the procedure further.

Experimental

Observations made during the initial
work on the standardization of testing

Table II. Formulation of Mixed Goods Used to Check
Laboratory and Field Results
Material, 54%° Be. Superphasphate 57° Bé. Superphasphate
Lb. 8-8-8 8-8-8 5-10-5 5-10-5 8-8-8 8-8-8 5-10-5 5-10-5
Ammoniating soln. A . 122 .. 152 .. 122 .. 152
Ammoniating soln. U~ 92 . 114 .. 100 . 122 .
Sulfate of ammonia 549 535 202 189 528 535 182 189
Weak superphosphate 857 827 1041 1041
Strong
sunerphosphate .. .. .. .. 867 836 1053 1053
609, muriate 273 273 173 173 273 273 173 173
Kemidol oxide 20 20 20 20 20 20 20 20
Limestone 209 223 450 425 212 214 450 413
Field Mfg. Laboratory Mfg.
57° Be. 54%° Be. 57° Be. 54%° Be.
Superphosphate super super super super
Moisture, % 7.74 8.07 5.78 5.99
Total P2O:. % 20.15 20 .44 21.36 21.35
Cit Ins P,O:, %, 0.07 0.06 0.56 0.77
Water-sol. P,O;, % 19.18 19.39 19.14 19.02
Fluorine, 9%, 1.77 1.59 1.69 1.81
Free acid (H.SO.), % 3.95 2.74 1.18 1.09

Analysis of raw materials.

Ammonium sulfate, 20,859, N

Potassium chloride, 59.70%, KO

procedures indicated that the two most
important contributing factors to the
condition of the finished fertilizer were
the composition of the ammoniating
solution and the properties of the super-
phosphate from which the fertilizers
were made.

Because of the great amount of work
already reported on superphosphate, it
was felt the initial study should be con-
cerned with ammoniating solution. To
overcome the effects of variations in the
superphosphate it was necessary to com-
plete any one phase of the study within a
relatively short time and to use only one
specific superphosphate for that phase.
The superphosphate was obtained from a
nearby manufacturer and was com-
pounded from Florida rock and 55.5° Bé.
sulfuric acid using an acid to rock ratio of

0.56.
weeks.
The initial step in the investigation
was to block out an area on the graph of
the three-component system ammonia—
ammonium nitrate—water, considered
most likely to contain solutions that could
feasibly be used commercially (Figure 7).
Boundaries for the selected area were:

The minimum curing time was 5

A. All solutions should have a total
nitrogen content of more than 459, This
boundary is designated in Figure 7 as 45%,
N. All mixtures to the left of this line con-
tain more than 459, nitrogen.

B. The vavor pressure of the ammonia~
ammonium nitrate-water system should be
lower than 60 pounds per square inch when
measured at 40° C. This boundary is pro-
jected on Figure 7 and designated as 60
pounds per square inch. All solutions to
the right of this line fulfill this qualification.

C. The ammonium nitrate-water ratio

Table I. Effect of Solution Composition on Caking Tendency of a 3-12-12 Fertilizer
Solution Data Mixed Goods Data
Approx. VP NHNO; Av. caking
Total at 40° C., Amm. rate, wt. in Free tendency, Ib./sq.
Solution  NH,NO;, NH;, H,0, N, Ib./sq. inch % all soln. finished moisture, inch, 3 and 5

No. % % A A gage 3=12-12 goods goods, % wh. % weeks’ cure
1 30.0 44 .5 25.5 47.2 62 4.7 1.9 5.95 3.3

2 30.0 40.5 29.5 43.9 44 4.6 2.1 6.34 4.3

3 30.0 36.8 33.2 40.8 36 4.5 2.2 6.77 4.2

4 25.0 45.8 29.2 46.5 69 4.9 1.6 6.21 3.1

5 25.0 43.9 311 449 50 4.9 1.7 6.41 3.1

6 36.0 44.3 19.7 49 .1 62 4.5 2.2 5.53 3.3

7 36.0 42.0 22.0 47 .2 57 4.5 2.3 5.73 3.7

8 36.0 39.0 25.0 44.7 48 4.4 2.4 6.01 2.7

9 45.0 42.3 12.7 50.6 69 4.2 2.7 5.08 2.9
10 45.0 38.0 17.0 47 .1 45 4.0 2.9 5.42 4.0
11 45.0 35.0 20.0 44 .6 40 3.9 3.0 5.68 5.8
12 55.0 39.0 6.0 51.4 63 3.8 3.2 4.68 4.3
13 55.0 36.0 9.0 48.9 46 3.7 3.4 4.88 4.0
14 55.0 33.0 12.0 46.4 46 3.6 3.6 5.13 4.1
15 55.0 30.8 14.2 44 .6 32 3.5 3.7 5.29 4.9

U 36.0 49.0 15.0 53.0 97 4.6 2.0 5.18 3.7

A 65.0 21.7 13.3 40.6 11 2.7 4.8 5.32 8.0

B 55.5 26.0 18.5 40.9 15 3.2 4.1 5.69 6.5

C 66.8 16.6 16.6 37.1 3 2.2 5.4 5.67 9.0
D 60.0 34.0 6.0 49.0 50 3.5 3.7 4.70 4.7
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should be such that the solution could be
manufactured from an 85%, ammonium
nitrate solution without concentration—
i.e., there should be not more than 85 parts
of ammonium nitrate for every 15 parts of
water in the finished mixture. This
boundary is designated in Figure 7 by the
line labeled 859, AN solution. All mix-
tures below this line fulfill this qualification.

The ratios of total nitrogen and am-
monium nitrate to water were calculated
and vapor pressures were obtained from
the charts of Sanders and Young (74).

None of the solutions now manu-
factured fell within the area outlined;
however, the commercial solutions were
tested along with 13 solutions from within
the area and three other solutions selected
from outside the area. (Solution 2 fell
outside the specified area because of an
error in formulation; however, its prox-
imity to the 459 N line led to its being
considered as one of the bounded solu-
tions.) The reasons for testing solutions
from outside the specified area were
varied. Solution 3 was chosen as a
solution having the same nitrogen con-
tent as commercial solution B, but lower
ammonium nitrate content per unit of
nitrogen. Solution 12 was used to de-
termine the effect of increasing the ratio
of ammonia to ammonium nitrate on
commercial solution D.

Solution U had the same ratio of am-
monia to ammonium nitrate as solution
2 but a much lower water content.

Results

The results of the tests are shown in
Table I, which also shows the solution
composition and pertinent data regard-
ing 3-12-12 mixtures. The vapor pres-
sures of the solutions shown in column 6
were determined only approximately;
however, they were of the same order of
magnitude as those calculated from the
work of Sanders and Young and were
assumed to be relatively correct.

The caking tendencies shown in the
last column represent an average of two
determinations made after 3 and 5 weeks
of curing. Substantial increase in water
(column 9) did not necessarily increase
caking, and where the ammonium ni-
trate content of the finished goods was
below 39, the caking tendencies were
consistently low. The solutions now
offered for sale, with few exceptions,
showed poorer conditioning properties
than those selected from the area. The
obvious disadvantage of the solutions
within the area is higher vapor pressure
of the solution.

With reference to the solutions selected
from outside the area, solution 3 showed
marked improvement in caking tendency
over solution B, solution 12 showed little
change from solution D, and solutions U
and 2 had comparable caking tenden-
cies. As both of the latter solutions
showed marked improvement over pres-
ent commercial solutions, because of its
high nitrogen content, and despite its

510

Table Ill. Comparative Caking Tendencies of Field and Laboratory
Manvufactured Fertilizer
(Pounds per square inch)
54'%° Bé. Acid 57° Bé. Acid
2-week 4-week 6-week 2.week 4.week 6-week
Grade Soln. cure cure cure cure cure cure
Field Tests
8-8-8 U 5.4 4.9 3.65 4.3 4.2 1.0
8-8-8 A 7.0 5.4 6.75 7.3 5.2 2.7
5-10-5 U 2.9 2.6 2.04 1.9 1.2 1.1
5-10-5 A 6.8 2.9 3.58 5.2 3.8 3.4
Laboratory Tests
8-8-8 U 9.5 6.9 6.2 6.2 3.5 1.6
8-8-8 A 11.3 7.3 7.1 8.8 5.8 4.8
5-10-5 U 8.1 3.7 4.4 5.0 3.3 2.9
5-10-5 A 7.1 5.0 4.5 4.7 3.8 2.7

Formulation and Analysis of 3~12~12 Fertilizer Used for Solution

Phase Studies

Table IV.
Formulation
Ammoniating solution B (40.8%, N) 153
Superphosphate (19'/,%, APA) 1268
Potassium chloride (609, K,O) 408
Coarse dolomite 211

i ¢ Determined by n-hexane entrainment.

Grams

Analysis %
Total P,Os 14.0
Cit.-insol. P,O; 1.5
H,0-sol. P,O; 3.9
Total N 2.9
K.O 11.9
Moisture (free)e 5.6

high vapor pressure, solution U was
selected as the material for field testing.

Field Tests

The initial field tests using solution U
were conducted on 3-12-12 material and
showed definite improvement over simi-
lar materials made with a B solution
(Table II). However, the most com-
prehensive tests were made using two
other formulations and superphosphate
made with two different strengths of
acids. The ammoniating solutions com-
pared in these tests were U and A. The
formulations were 8-8-8 with 2.5 units of
nitrogen from solution and 5-10-5 with
2.7 units of nitrogen from solution, the
balance of the nitrogen being furnished
by the addition of ammonium sulfate.
Superphosphate raw materials were made
from 54.5° and 57° Bé. acid. Super-
phosphate was manufactured and for-
mulated in the laboratory and caking
tendencies were determined upon the
laboratory-manufactured material as well
as those manufactured in the field.

Field material was cured in 60-ton
piles. The material went into the pile at
approximately 140° F. and had dropped
to approximately 90° F. by the end
of the 6-week curing period. Labora-
tory material was cured in sealed cans at
a constant temperature of 122° F. The
field material was bagged in 5-ton lots at
2-week intervals, Results of all the
tests are shown in Table III.

The caking tendencies of field-made
mixes were consistently below those made
in the laboratory. The materials made
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with 57° Bé. acid were consistently lower
in caking than those made from 54.5°
Bé. acid. The 8-8-8 materials made
with solution U were substantially lower
than those made with solution A. The
5~10-5 showed little improvement when
made with solution U in the laboratory.

The discrepancy between field and
laboratory work was accredited to dif-
ferences in superphosphate manufacture;
however, as the laboratory mixture was
almost always consistently higher or at
least equal to commercially prepared
goods, as far as caking tendency was con-
cerned, the discrepancy was in the right
direction for allowing prediction of field
results in the laboratory.

Crystallization from Solution
Phase of a 3-12-12 Fertilizer

The solution phase was censidered to
to be of primary importance in the caking
of fertilizers; and, in order to gain addi-
tional understanding of the mechanism
of caking, some knowledge had to be
gained regarding its composition and the
type and character of materials which
would be obtained when solids were
allowed to crystallize from solution.
Fortunately, Rader (72) had outlined a
procedure for obtaining samples of solu-
tion phase and had listed (77) composi-
tion and properties for the solution phase
of several fertilizers. However, a 3-12-12
grade was not included in his listing.
A sample of solution phase was dis-
placed from a 3-12-12 which had been
formulated with 3 units of nitrogen from



solution, allowed to cure for 6 weeks, and
brought to temperature equilibrium at
35° C. The analysis and formulation of
the fertilizer are shown in Table I'V.

The only variations made in the Rader
technique applied to this work were:
substitution of methanol for ethanol as
the “ram” solution and making no
effort w adjust free moisture content.
In order to obtain enough solution phase
to study the crystals formed upon cooling,
it was necessary to composite collection
from several displacements. Results
given below are based on analysis of ap-
proximately 125 grams of solution col-
lected from 13 kg. of fertilizer.

The composited solution was cooled by
stages to 25° 15° and 6°. At each
temperature the crystals formed were re-
moved by filtration, sucked dry on a
fritted crucible, dried overnight at 40°,
and weighed. The final filtrate and
various crystal fractions were analyzed

(Table V., A).

Types of Crystals Deposited
By Solution Phase

A study of the crystal forms of the
various salts that might possibly
crystallize from the saturated solution
phase of fertilizers. revealed that the
ammonium and calcium phosphates and
potassium chloride had crystal forms
which would have only minor knitting
effect when mixed with inert material—
that is. these salts all crystallized in

Table VI. Effect of Varying Ammoniation Rate, Water Content, and ANE
Factor on Caking of X-12-12 Fertilizer
Caking
Caled. Anclysis of Tendency,
Solution Analysis Finished Goods Lb./Sq. Inch
Amm,

Solution NH:NO;, NH;, H.0, N, NH,NO;, rate, H.0, 3
No. % % % % o wt. % o Initial weeks
1-N 24.3 43.8 31.9 44 6 1.0 3.0 5.8 5.7 8.8
2-N 39 .1 35.3 25.6 42 .8 2.0 3.0 5.8 7.0 8.0
3-N 49.1 29.5 21.4 41.5 3.0 3.0 5.8 8.4 9.9
4-N 56.3 25.3 18 .4 40.6 4.0 3.0 5.8 10.3 10.9
5-IN 61.6 22.2 16.2 39.9 5.0 30 5.8 13.6 12.7
6-IN 65.9 19.8 14.3 39 .4 6.0 3.0 5.8 17.2 15.0
1-W 65.5 29.5 5.0 47 .2 4.0 3.0 4.8 11.5 12.5
2-W 56.3 253 18 .4 40.6 4.0 3.0 5.8 10.3 11.0
3.W 49.3 22.2 28.5 35.5 40 3.0 6.8 11.9 11.3
4-W 43.9 19.8 36.3 31.7 4.0 3.0 7.8 11.4 10.2
5-W 39.6 17.8 42 .6 28.5 4.0 3.0 8.8 11.1 10.3
6-W 36.0 16.2 47 .8 25.9 4.0 3.0 9.8 9.4 10.2
1-A 61.4 18.5 20.1 36.7 4.0 2.0 5.8 12.5 11.1
2-A 56.3 25.3 18 .4 40.6 4.0 3.0 5.8 10.5 10.5
3.4 51.9 311 17.0 43.8 4.0 4.0 5.8 12.4 9.7
4-A 48 .1 36.1 15.8 46.6 4.0 5.0 5.8 14.0 11.0

equidimensional cubic or rhombohedral
forms, or as triclinic plates. On the
other hand, potassium nitrate formed
long trigonal crystals; ammonium chlo-
ride, dendritic crystals; and ammonium
nitrate, either elongated monoclinic or
orthorhombic crystals. The three last-
named salts would tend to increase knit-
ting of nonsoluble porous particles,
through formation of crystal bridges with
fewer fracture lines.

Table V. Partial Crystallization from Solution Phase of a 3-12-12 Fertilizer

A. Analysis of Fractions

Filtrate Crystals Crystals Crystols

Temp., ° C. 6 6 15 25
Wt. % of original solution 78.5 5.5 6.3 9.7
NH; nitrogen, % 5.78 8.86 7.98 7.37
NO; nitrogen, % 3.31 9.28 9.35 10.86
K0, % 7.99 26.91 30.57 33.14
Na.O, % 1.71 1.43

1, % 11.51 19.67 18.86 17.74
P.Os, % 2.45 6.56 0.42 0.37
SOs, % 2.00 . .

B. Calculated Anclyses of Solufgion Phaose at 35°, 25°, and
15° C.
Temp., ° C. 35 25 15 62
NHj nitrogen, 9, 6.25 6.13 5.99 5.78
NOj nitrogen, % 4.76 4.10 3.70 3.31
K.O, 9% 12.89 10.71 9.23 7.99
Na.O, % 1.42 1.57 1.69 1.71
Cl, % 13.03 12.52 12.05 11.51
P.O;, % 2.35 2.56 2.71 2.45
SO;, % 1.57 1.74 1.87 2.00
C.?  Coalculoted Moteriols Still in Solution After Cooling
Solution Phase to Indicated Temperoture
% of original soln. phase ppt. 0.0 9.7 16.0 21.5
NH; nitrogen, %, 6.25 5.53 5.03 4.54
NOj nitrogen, % 4.76 3.70 3.1 2.60
K.0, % 12.89 9.67 7.75 6.27
Na.O, % 1.42 1.42 1.42 1.34
Cl, % 13.03 11.30 10.12 9.04
P,Os, % 2.35 2.31 2.28 1.92
SO, % 1.57 1.57 1.57 1.57
@ Actual analysis.
¢ Basis, 100 parts of solution phase from 35° extraction.
VOlL.

2, NO.

Microscopic study of crystals taken
from the solution phase showed the char-
acteristic dendrite form of ammonium
chloride and long barlike crystals as-
sumed to be potassium nitrate. The
actual composition of the individual crys-
tals obtained was not determined; they
could have been pure salts, solid solutions
of the ammonium and potassium salts, or
mixtures of all three. In any event, the
shape of the crystals appeared to be such
that their formation would have a detri-
mental effect upon the fertilizer.

Actual chemical anal-

Variation in . .
ysis of the solution

Solution Phase

. . hase was not ob-
During Coolin p .

g 8 ‘{ained for the various

temperatures of crystallization. How-

ever, from the weights and analysis of the
6° filtrate and the 6°, 15°, and 25° crys-
tals shown in Table V, A it was possible
to calculate the analysis of the solution
phase at the wvarious temperatures.
Results of the calculations are shown in
Table V, B, where it is seen that the
main loss of material from solution was
contributed by the ammonia and nitrate
nitrogen, potassium oxide, and chloride
ions. Further calculations indicated the
effect of cooling upon the ion content of
the 35° solution phase. The results ot
these calculations are shown in Table
V, C, and allow speculations as to the
types of salts which crystallize from solu-
tion upon cooling.

Assuming ammonium
nitrate as the crystal-
lized material, and us-
ing nitrate nitrogen as
a basis for calculation, the 35° solution
phase would contain 27.29; ammonium
nitrate, or its equivalent. At 6°, the
original solution would have lost 12.49,
of ammonium nitrate, indicating that
459, of the ammonium nitrate in solution
would have been removed by crystalliza-

Types of Salts
Crystallizing
From Solution
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tion. Using ammonia nitrogen for the

same calculation, the original solution
would contain 35.79, ammonium ni-
trate, and would have lost 9.89, of its
weight, or 36.09% of the ammonium
nitrate in solution would have been re-
moved by crystallization. The differ-
ence between the two calculations indi-
cated that a substance containing nitrate
nitrogen, other than ammonia nitrate, was
crystallized. Janecke (7) pointed out
that ammonium nitrate and potassium
chloride would not coexist in solution,
but would double decompose to form
ammonium chloride and potassium
nitrate, and the addition of potassium
nitrate to a saturated solution of am-
monium chloride actually increased the
solubility of ammonium chloride.
Janecke also indicated that solid phase
in equilibrium with this solution would
consist of mixed crystals of potassium
nitrate and ammonium chloride. In the
case of 3-12-12 fertilizer, this solution
would undoubtedly be in equilibrium
with potassium chloride, and possibly
with a potassium chloride-ammonium
chloride solid solution. In any event,
if it is assumed that metathesis took
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place, calculation of weight losses from
the solution phase, using the ammonia
nitrogen as a basis for ammonium chlo-
ride and nitrate nitrogen for potassium
nitrate, showed that cooling the solution
from 35° to 6° would deposit 15.6% of
the solution weight as potassium nitrate
and 6.59 as ammonium chloride for a
total loss of 22.19,. This value agreed
fairly well with the 21.5% shown in
Table V, G, and gave good ion balance.

Other ions would increase the cal-
culated value to approximately 23%,.
Although ammonium nitrate, as such,
did not appear to be present in the
solution phase, it seemed definitely to be
contributory to the types and amount of
salts that were in solution and would,
therefore, be a controlling factor in the
caking of mixed goods containing high
potash. This further substantiated the
results obtained previously (Table I) and
led to the establishment of a term known
as the ammonium nitrate equivalent
(ANE) of a2 mixed goods.

The term ANE was arbitrarily defined
as “the apparent weight per cent of am-
monium nitrate in a finished fertilizer.”

AGRICULTURAL AND FOOD CHEMISTRY
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Effect of varying component concentration on caking tendency of mixed fertilizer

The effective ammonium nitrate equiva-
lent of fertilizer, from the standpoint of
reversible caking, would be that portion
which was in the solution phase. The
3-12-12 used in these experiments had an
ammonium nitrate equivalent of 4.29%,
and, based on the nitrate nitrogen, all of
the ammonium nitrate equivalent was in
solution at 35° C. At 6°, however, the
effective ammonium nitrate equivalent
was only 0.9%.

Ion summation of the 35° solution
phase showed the solids content to be
599, whereas actual drying at 40° gave
a value of 629,. If, to round off figures,
it is assumed that solids content is 609
and that the fertilizer contained 69
free moisture, then the solution phase
would consist of approximately 15%,
the total weight of the fertilizer and
would deposit 3.29, of the fertilizer
weight upon cooling at 6°. This same
grade of fertilizer, having an ammonium
nitrate equivalent factor of 19, would
undoubtedly have less solution phase,
deposit fewer, if any, objectionable type
crystals and have much lower caking
tendency.



The validity
of the above
theory  was
checked by
a series of
experiments wherein fertilizers were
manufactured with varying ammonium
nitrate equivalent contents, while the
phosphorus and potash were held con-
stant at 12 and 12. To clarify the prob-
lem further, free water and ammonia-
tion rate were likewise varied in separate
series. Results of these tests are shown
in Table VI and plotted in Figure 8.

Each group of tests contained a com-
mon mix (4-N, 2-W, 2-A), and it was in-
teresting to note the good checks in cak-
ing tendencies among these similar mixes.
Although there was some variation from
the anticipated curve (Table I), after 3
weeks’ curing the trend plainly indicated
ammonium nitrate equivalent to be a sub-
stantial contributor to caking, water con-
tent to be almost negligible with a slight
downward trend, and ammoniation rate
to be detrimental initially with no
marked effect after 3 weeks’ cure. The
last noted phenomenon is in line with
other work which indicated greater dis-
turbance of the water of hydration of
calcium phosphates with increased am-
moniation rate.

These conclusions are valid only so
long as no change is made in the physical
characteristics or normal water content of
the superphosphate, as these appear to be

Effect of Variations

In Ammonium Nitrate
Equivalent, Free Water,
And Ammoniation Rate

important factors in the caking of mixed
goods.

Summary

The experimental information indi-
cated that caking in high potash fertilizer
could be controlled to some degree by
control of the ammonium nitrate equiv-
alent. Increasing the ratio of ammonia
to ammonium nitrate in ammoniating
solutions improved the conditioning
effect. Above a certain moisture con-
tent, “free” water did not contribute to
caking, and the effect of ammoniation
rate was transitory. Metathesis played
an important part in caking.
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Physiological and Biochemical Effects of Maleic
Hydrazide on Pre- and Postharvest Behavior
BOYCE D. EZELL and MARGUERITE S. WILCOX

Biological Sciences Branch, Agricultural Marketing Service,
U. S. Department of Agriculture, Beltsville, Md.

This work is a part of a general study on the storage behavior of sweet potatoes, carried

on during several seasons.

Preharvest foliar sprays of maleic hydrazide have been used
with other root crops to reduce sprouting and prolong the commercial storage life.

This

work was to determine the effect of similar sprays on the pre- and postharvest behavior

of sweet potatoes.

Preharvest foliar sprays had little if any visible effect on the foliage

and no significant effect on the accumulation of carotenoid pigments in the roots during

the interval between treatment and harvest.

However, the treatment caused surface

pitting of the harvested roots and seriously interfered with the normal synthesis of pro-
vitamin A (carotene) and other carotenoid pigments during storage.

USE OF PREHARVEST FOLIAR SPRAYS
of maleic hydrazide to inhibit
sprout formation and prolong the storage
life of several bulb, tuber, and root
crops has been reported (4, 8, 9).

Intact onion plants sprayed 2 weeks
before harvest with 2500 p.p.m. of
maleic hydrazide showed no sprouting
after 1 month at 35° F. plus 4 months at
55° F. (9). Flavor, color, and odor

VOL 2 NO. 100 MAY 12 1954

were apparently not affected. The
treated bulbs remained dormant for 8
weeks when planted in the greenhouse
while nontreated bulbs grew normally
and produced large vegetative tops.
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