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PROTECTING COTTON FIBER FROM
PERIODATE OXIDATION?

Ricuarp E. REEVES

The problem of protecting cotton fiber from certain types of oxidative
degradation is one of considerable economic importance. 1t has long been
recognized that some of the desirable properties of cottonseed fiber are
profoundly affected by the action of small amounts of oxidizing agents
(13, p- 143—144), but the chemical changes which accompany most types
of fiber oxidation are so obscure that little is known regarding the position
of attack or the nature of the oxidation products. There is, however, at
least one oxidizing agent (periodic acid, Hz10g) suitable for use on cotton
fiber the action of which has been found to be highly sclective in that it
preferentially oxidizes 1,2-gly col groupings. Experiments with the action
of this reagent upon simple reference compounds have shown that substi-
tution of methoxyl groups for onc or both hydroxyl groups prevent the
oxidation of the glycol (1, 2). The present work was undertaken to discover
the extent of substitution for hydroxyl groups in cotton fiber which would
be required to prevent or greatly diminish the oxidation of the fiber by
periodic acid.

The oxidation of cotton fiber by small amounts of periodic acid ap-
peared to offer certain advantages for initiating a study of possible methods
for fiber protection. The oxidation will proceed under very mild conditions.
The reaction is easily controlled, results are highly reproducible upon a
given fiber preparation, and the chemical changes brought about in the
fiber are probably less heterogencous than those produced by many other
oxidizing agents.

The drastic oxidation of cellulosic materials with periodic acid has been
studied by Jackson and Hudson (11, 12) and by Grangaard, Gladding, and
Purves (10). These workers have isolated some of the onidized fragments
and found them to be those anticipated from the recognized tendency of
this reagent to cleave 1,2-glveols into fragments containing two carbonyl
groupings. Davidson (6, p. 218; 7) and Brownsett and Davidson (3) have
published certain observations upon the change in viscosity of cotton fiber
upon mild oxidation with periodic acid. They have observed that the
cuprammonium viscosity falls off markedly upon oxidation while nitrate
viscosity (the viscosity in organic solvents of the nitrated cotton fiber) is
only slightly changed by the oxidation. Recently Rutherford, Minor,

L A contribution from the former Cellulose Department of the Chemical Foundation,
Boyce Thompson Institute for Plant Research, Inc., Yonkers, New York.
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Martin, and Harris (15) have shown that if the oxidized fiber is treated
with alkali before nitration the nitrate viscosity falls off in a manner cor-
responding to the loss of cuprammonium viscosity. These workers have
concluded that periodate oxidation introduces alkali-labile linkages which
arc broken down by the highly alkaline cuprammonium solution.

In the present work only the action of small amounts of the oxidizing
agent has been studied and the degradation has been followed by means
of the viscosity of cuprammonium hydroxide dispersions of the oxidized
fiber. Cuprammonium viscosity and its reciprocal, fluidity, are well recog-
nized indices of cotton fiber quality (13, p. 85—94). The British Fabrics
Research Committee (8, p. 6) lists six classes of cotton quality correspond-
ing to different ranges of cuprammonium fluidity from 1 to 50 rhes (re-
ciprocal poisc) based on o.5 per cent dispersions:

Fluidity, Rhes.

(100/7cp) Class
1to 5 ‘“...very mildly prepared . .. cottons.
5to 10 ... normal scoured and bleached cotton . . .
10 0 20 . . . textile cotton that has suffered a significant loss in its
tensile strength . . .
20 to 30 ... badly over-bleached textile cotton that suffered a
scrious loss of tensile strength.
30 1o 40 . .. cottons which show incipient loss of fibrous struc-
ture .. ..
40 1o 50 ... cottons highly degraded by chemical attack of the
kind described as ‘oxy and hydrocelluloses’ in the older
literature.”

MATERIALS AND METHODS

The following experiments were made with mature fibers of Gossypium
hirsutum L., Super Seven variety, Strain 4. Unless otherwise specified the
fiber was extracted in a Soxhlet extractor for four hours cach with alcohol-
benzene (1:1) followed by water. Mercerized fiber was prepared from the
extracted fiber by treatment at 20° C. with 25 per cent sodium hydroxide,
followed by wash, sour, wash, and air drying.

Viscosity measurements were made in modified Clibbens and Geake
type viscometers using o.5 per cent dispersions of the fiber in cuprammo-
nium containing approximately 15 g. copper and 240 g. ammonia per liter.,
A more detailed description of this procedure for determination of vis-
cosity has been given by Compton (4).

Mecthylated cotton fiber was prepared by the usc of diazomethane in
cther at o° C. (14). This procedure introduces the substituent with a mini-
mum of fiber deterioration. X-ray diffraction patterns of the substituted
fibers indicate that methyl groups so introduced are more extensively con-
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fined to the non-crystalline portions of the cotton fiber than methyl groups
introduced by other procedures.?

The desired dilutions of periodic acid were made from a 0.3 molar stock
solution. Quantitative determinations of periodate employed the arsenite
procedure described by Fleury and Lange (9). In certain instances this
procedure was made more delicate by the usce of 0.004 N in place of 0.1 N
iodine solution.

Samples of air-dried cotton fiber were weighed to contain 162 mg. of
anhydrous, unsubstituted fiber. (This amount was arbitrarily chosen be-
cause it corresponds to 1 millimol of glucose anhydride in the formula for
purce cellulose.) This amount of fiber was placed in 5 cc. of aqueous solution
containing a known amount of periodic acid. After standing at room tem-
perature for an interval of time any remaining reagent was determined and
the total consumed by the sample caleulated. Tt was found that amounts
of reagent up to and including o.o1 millimol were completely used by the
unsubstituted samples within 24 hours. After oxidation the fibers were
washed with watcr, dried in air, and reserved for viscosity measurements.
Control experiments with equal or stronger concentrations of iodic and
hydrochloric acid showed almost no change in viscosity, hence the observed
effects can be attributed almost entirely to the oxidizing action of the
reagent, and not to a hydroly tic action.

The viscometric measurements are expressed in centipoise units (gep)
or in fluidity units called rhes (10o/qcep). The latter is a useful function
in that increase in fluidity roughly parallels loss of teatile quality. Since
almost all of these dispersions exhibited the anomalous viscosity effect
characteristic of cellulose dispersions (5), the values are “‘apparent” vis-
cosities and are somewhat dependent upan the type of instrument in which
the measurement is made.

THE OXIDATION OF UNSUBSTITUTED COTTON FIBER

1t was obscrved that the behavior of a sample of cotton fiber upon oxi-
dation with periodic acid is dependent upon the pre-treatment which the
fiber has received. Raw cotton or benzene-alcohol extracted cotton fiber
consumes a considerable amount of reagent before any fall in viscosity is
noted. Water extracted fiber does not show this lag, presumably because a
readily oxidizable substance is removed which had contributed little or
nothing toward the viscosity. Mercerized fibers show extensive loss of
viscosity upon oxidation with very small amounts of reagent. Oxidation
at the proportion of one mole of reagent per 102,000 g. mercerized cotton
fiber caused a lowering of the viscosity from 37.7 to 15.7 centipoise units.
Rutherford and coworkers (15) have investigated the formation of alde-
hyde groups in cotton fiber upon oxidation with periodic acid and found

2 Unpublished obscrvations by Dr. Wayne A. Sisson.
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that a small amount of reagent (0.002 millimol per 162 mg. fiber) dis-
appeared from solution without producing aldehyde groups. They con-
cluded that this amount of reagent was adsorbed by the fiber without
reaction. In the present experiments as little as 0.0005 millimol of reagent
per 162 mg. of water extracted or mercerized fiber produced marked
changes in the viscosity, hence it appears that under these conditions the
adsorption phenomenon does not remove the first 0.002 millimol of reagent
without reaction. The change in cuprammonium viscosity of various fiber
preparations upon oxidation with small amounts of periodic acid is shown
in Table I and Figure 1.
TABLE 1

CuPRAMMONIUM ViscosITY OF RAW AND TREATED COTTON FIBER AFTER OXIDATION
wiITH PERIODIC ACID

Millimols HilO, _ Pretreatment of cotton fber
consumed by 162] Raw cotton . be
mg. anh. fiber fiber ncp Ale Ohl‘;:l!)& nzene Water ext'd. Mercerized
in 24 hours 'qcp. 7cp ncp
- 53.2 53.0 52.4 37.7
0.00025 -— - 35.2
0.00035 52.9 52.7 38.7 27.0
0.00075 — — 20.3
0.0010 53.2 52.9 24.6 15.7
0.0015 — —_ 16.6 —
0.002 53.3 40.4 12.4 7.9
0.003 39.7 31.2 8.5 6.5
©0.004 33-4 — — 4.3
0.005 23.5 17.1 5.3 3.7
0.007 11.9 -— - - —
0.01 7.6 —_ —_ 2.3
0.02 3.5 — —- —_
0.03 1.9 — — —_
5 cc. solution nep after nep after
containing 24 hours 24 hours
o.1 mm. HCI 45.2 —_
o.5 mm. HIO; —- 33.2

COMPARISON OF THE RATE OF OXIDATION OF METHYLATED AND
UNMETHYLATED COTTON FIBER

Periodic acid oxidation. Samples of alcohol-benzene and water cx-
tracted fiber and mercerized fiber were partially methylated with ethereal
diazomethane and then subjected to oxidation by periodic acid with un-
methylated fibers being exposed to the reagent for comparison under the
same conditions of temperature and initial concentration. It was found
that 9.8 per cent methoxyl in native fiber caused an appreciable decrease
in the rate of oxidation while 19.1 per cent methoxyl in mercerized fiber
showed roughly the same degree of protection. These two methylated
preparations were superior to unmethylated samples in having lower rates
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VISCOSITY (7cp)

70 —t

-

COTTON FIBER

60 |- -
o Raw

® Benzene- Alcoho! Extracted

© Water Extracted

® Mercerized

o L . . A

I
(o] 0:002 0.004 0.006 0.008 0.010
MILLIMOLS PERIODIC ACGID

F1GURE 1. The cuprammonium viscosity of 162 mg. samples of cotton fiber after
oxidation with periodic acid.
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of reaction with the oxidizing agent and in showing less loss of viscosity
during a specified interval of time. It required three hours for native cotton
fiber to reach a fluidity of 20 rhes (the badly over-bleached textile cotton
class) while the fiber containing 9.8 per cent methoxyl required 17 hours
to reach this state. In the mercerized fibers the control reached 2o rhes in

TABLE I1
EFFECT OF PARTIAL METHYLATION UPON THE OXIDATION OF NATIVE COTTON FIBER
Oxidation with 5 cc. of 6.002 M HlOg per 162 mg. anhydrous,
unsubstituted fiber
Time of |—- - -- -—
reaction Unsubstituted fiber 3.33% Methoxy! 9.82% Mcthoxyl
at 25°C., - --
hours Millimols Millimols Millimols
H,:l0s ncp H,4l0, ncp H;10s 7cp
consumed consumed consumed
° — 51.4 — 53.0 — 33.7
1.25 0.0040 7.7 0.0030 9.1 0.0018 21.3
5 0.0061 4.1 0.0052 4.3 0.0028 9.6
12 0.0084 3.6 0.0071 3.1 0.0032 5.0
24 0.0100 3.6 0.0088 2.8 0.0041 4.3
TABLE III
EFFECT OF PARTIAL METHYLATION UPON THE OXIDATION OF MERCERIZED
CotTOoN FI1BER
Oxidation with 5 cc. of 0.002 M H;10¢ per 162 mg. anhydrous,
unsubstituted fiber
Time of -
reac%i(():n Unsubstituted fiber 7.69% Methoxyl 19.1% Methoxyl
at 25°C., [——
hours Millimols Millimols Millimols
HulOo 7cp Hn[Oa 7ncp HalOQ ncp
consumed consumed consumed
] —_ 43.7 —_— 22.1 — 36.1
1.25 0.0040 4.3 0.0028 5.0 0.0019 16.1
5 0.0076 2.7 0.0060 2.9 0.0031 7.2
12 0.0088 2.4 0.0086 —_— 0.0048 4.3
24 0.0100 2.4 0.0008 2.3 0.0073 3.3

approximately one and one-quarter hours while the sample containing
19.1 per cent methoxy! required nine hours. No appreciable protection was
afforded by native fiber containing 3.3 per cent methoxyl or by mercerized
fiber containing 7.7 per cent methoxyl. The experimental results are shown
in Tables II and ITI, respectively. Figure 2 A and B shows a comparison
between the fluidity changes of the more highly methylated native and
mercerized fibers and their respective controls. The values 9.8 and 19.1
per cent methoxyl correspond roughly to the methylation of one-sixth and
one-third of the hydroxyl groups of cotton fiber.
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50 T | |

40 = NATIVE COTTON FIBER

O Methylated
o] } ® Control

FLUIDITY (100/cp)

MERCERIZED COTTON FIBER

| | I
] 6 12 18 24

HOURS

F16URE 2. Cuprammonium fluidity of cotton fiber after oxidation with periodic acid.
A. Alcohol-benzene, water extracted fiber before and after methylation (9.8 per cent meth-
oxyl). B. Mercerized fiber before and after methylation (19.1 per cent methoxyl).
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Sodium hypochlorite oxidation. A o.05 N solution of sodium hypochlorite
containing 1 per cent phosphate buffer was adjusted to pH 8.33. Samples
of the unmethylated and partly methylated native fibers were treated
with 100 parts of this solution for various lengths of time at 25° C. As is
shown in Table IV none of the samples exhibited increased protection
against the action of this reagent. Further work will be required to dis-
cover whether the methyl substituent is ineffective against hypochlorite
because the latter attacks unsubstituted positions or because it is able to
destroy a position even though the position bears a methoxyl group.

TABLE 1V

OXIDATION OF UNSUBSTITUTED AND PARTLY METHYLATED NATIVE CoTTON FIBER
WITH ALKALINE HYPOCHLORITE

. Viscosity (ncp) after oxidation with 100 parts o.05 N hypo-
Time of chlorite at 25°, pH 8.33
oxidation, . -
hours Unsubstituted fiber 3.33% Methoxyl 9.82% Mecthoxyl
o 5.4 53.0 33-7
0.5 14.2 17.5 12.8
1 12.3 13.1 9.7
2 8.5 9.1 7.4
4 6.1 .0 5.5
8 4.5 4.3 4.5
20 3.0 2.7 3.3

SUMMARY

1. Raw cotton or alcohol-benzene extracted cotton fiber reacts with a
measurable amount of periodic acid before loss of viscosity is noted.
Mercerized or water extracted fiber suffered a loss of viscosity with the
smallest amounts of reagent which were tested.

2. Methylation of native cotton fiber (with diazomethane) to the ex-
tent of 9.8 per cent, or mercerized fiber to the extent of 19.1 per cent gives
greatly increased resistance against oxidation by periodic acid.

3. Methylated cotton fiber which resists oxidation by periodic acid
does not show cnhanced resistance against the action of sodium hypo-
chlorite.
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CHEMICAL REACTIVITY OF COTTON FIBER
AS RELATED TO TYPE OF X-RAY
DIFFRACTION PATTERN!

Ricuarp E. REEVES AND WAYNE A. SISSON

In addition to the well known native and mercerized patterns, cotton
fibers can be treated so that they will yield a mixed diagram containing
both native and mercerized X-ray diffraction patterns superimposed.
Such fibers have been called by Sisson and Saner (3) “partially mer-
cerized.” It is believed that these fibers contain crystalline arcas which are
in part native and in part in the mercerized or hydrate state.

The present experiments compare the change in a certain ty pe of chemi-
cal reactivity with changes in the crystalline state of cellulose as shown by
the X-ray diffraction pattern of cotton fibers. Reeves and Thompson (2)
noted that native and mercerized fibers exhibit marked differences in ex-
tent of methylation by cold cthereal diazomethane. To tind how closcely
this reactivity is related to the type of X-ray diagram, a number of native,
partially mercerized, and mercerized samples were methy lated all under
similar conditions and the extent of substitution in cach determined. Some
of the partially mercerized fibers were prepared directly from raw fiber,
while others were obtained from mercerized fiber by causing it to revert,
in part, to the native state. Comparison of X-ray diagrams (before methyl-
ation) with extent of methylation shows a high correlation between this
particular reactivity and crystalline structure.

MATERIALS AND METHODS

All alkali treatments were carried out by immersing, for ten minutes,
mature raw cotton fibers (Gossvpium hirsutum L. Super Seven variety,
Strain 4) without tension in approximately 100 parts of sodium hydroxide
solution which had previously been brought to the desired temperature in
a water bath or freezing mixture. Upon removal from the caustic solution
all samples were washed for 30 minutes at the same temperature, unless
otherwise noted.

The air-dried fibers were tied in bundles approximately 1.0 mm. in
diameter and exposed over the pinhole of the X-ray apparatus from 15
to 45 minutes. X-ray diagrams were made with unfiltered copper radiation
(Ka=1.54 A) produced in a Phillips Metalix tube operating at 28 kilovolts
and 25 milliamperes. The X-ray beam was defined through a pinhole sys-

1 A contribution from the former Cellulose Department of the Chemical Foundation,
Boyce Thompson Institute for Plant Research, Inc., Yonkers, New York.

(11)
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tem using 0.6 mm. pinholes placed 10 cm. apart. The sample to plate
distance was 2 cm.

Diazomethane was prepared from nitrosomethyl urea according to the
directions of Arndt in Organic Syntheses (1). All methylations were con-
ducted simultaneously using o.2 g. of air-dried fibers. Each sample was
placed in a test tube together with 20 cc. of a solution of diazomethane in
ether. The tubes were closed with stoppers bearing capillary outlets and
stored in the refrigerator at o° to 5° C. for eight days. The diazomethane
solution was then replaced with a freshly prepared solution and the re-

TABLE 1

TyPE OF X-RAY DIFFRACTION PATTERN AND EXTENT OF METHYLATION OF COTTON FIRERS
AFTER VARIOUS TREATMENTS WITH SODIUM HYDROXIDE SOLUTIONS

Treatment
—_ - X-ray pattern, type* Methoxyl, %
Conc. NaOH, % Temperature, °C.

9 18 N 0.3

9 —10 (washed at 0°) M 12.6
12.5 60 N 5.0
12.§ 18 P 9.8
12.5 10 P (almost M) 10.7
12.5 —10 (washed at o°) M 12.1
18 60 P 8.7
18 18 M 11.0
25 60 P 9.2
25 18 M 10.9
40 60 P 9.8
40 35 M 1.1
40 o N .9

* N =native; P =partially mercerized; M ={ully mercerized.

action allowed to proceed for another week. The concentrations of the
first and second diazomethane solutions were 0.22 and o.57 Molar, respec-
tively. At the end of the sccond trcatment the fibers were washed with
ether containing acetic acid, then with alcohol and water. All analytical
values are reported on the basis of air-dried samples.

In preparing partially mercerized fiber by reversion, the samples taken
directly from the mercerizing bath were thrown into boiling water, or
washed free of alkali and placed in glycerol which was then heated to 290°
for 30 minutes.

RESULTS

In Table I are listed various treatments given to raw cotton fibers,
together with the type of X-ray pattern produced and the amount of
methoxyl taken up by the treated fibers.
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It is apparent that native fibers took up the least methoxyl, with par-
tially mercerized fibers intermediate and fully mercerized fibers becoming
most substituted.

In Table 11, fully mercerized fibers caused to revert more or less com-
pletely to the native state are examined, and the change in type of pattern
and extent of methylation is shown. Thesc two properties are again seen
to be closely related.

DISCUSSION

Sisson and Saner (3) have published a diagram showing the type of
X-ray pattern produced in cotton fibers by treatment with concentrations

TABLE 11

X-RAY DIFFRACTION PATTERN AND EXTENT OF METHYLATION OF MERCERIZED AND
PArTIALLY REVERTED COTTON FIBERS

Mercerization
- - U t ,

NaOH, [Temperature, Subsequent treatment X rai\y[l;i‘tcrn Methoxy 1,
% °C. o
25 18 Washed at 18° M 10.9
23 18 Boiling water, 1/2 hr. P 9.3
18 18 Washed at 18° M 11.0
18 18 Boiling water, 1/2 hr. P .2

18 18 Washed at 18° placed in

glycerol at 2go°for 1/2hr. | P 7.3
18 60 Washed at 60° P 8.7
18 60 Washed at 60° placed in

glycerol at 290° for 1/2 hr. | P (almost N) 6 3
12.5 —10 Washed at o° M 12.1
12.5§ -10 Boiling water, 1/2 hr. P 9.0
12.5 —10 Washed at o°, placed in glyc-

erol at 290° for 1/2 hr. r 7.4

* N =native; P=partially mercerized; M =f{ully mercerized.

of sodium hydroxide up to 50 per cent at temperatures from —20° to
100° C. In Figure 1 this diagram is reproduced with the results of the
present experiments superimposed in the form of circles centered at the
concentrations and temperatures employed. A number within cach circle
indicates the per cent of methoxy! taken up by the treated fibers. Pre-
sented in this manner, it is possible to appreciate the fact, recognized by
Sisson and Saner, that there is a gradual transition between the areas of
native and fully mercerized X-ray diagrams.

The light area to the right in Figure 1, centered roughly at s° and 40
per cent sodium hydroxide solution, is interesting because it has been
shown that these conditions do not produce mercerized or partially mer-
cerized X-ray patterns. A sample of fiber from this arca (last sample in
Table I) on methylation was slightly more reactive than other native
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FI1GURE 1. The reactivity of various native, partially mercerized, and mercerized cotton
fibers. The numbers within the circles show the amount of methoxyl (in per cent) taken up
following various alkaline treatments.
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fibers, but clearly less reactive than samples from the mercerized and par-
tially mercerized arcas.

The results in Table 11 confirm the conclusion, drawn from X-ray work,
that the hot glycerol treatment brings about more extensive reversion of
mercerized fiber than the boiling water treatment. The methylation data
indicate that in glycerol-treated fiber the reversion might be almost com-
plete.

SUMMARY

The reactivity of native, partially mercerized, and mercerized cotton
fibers with cethereal diazomethane was investigated. The extent of methyl-
ation was found to be lowest for native, intermediate for partially mer-
cerized, and highest for fully mercerized cotton fibers. In these experi-
ments change in reactivity was found to parallel change in the type of
X-ray diffraction pattern obtained from the fibers.
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BIOLOGY OF THE HOLLY LEAF MINER

ALBERT HARTZELL

The holly leaf miner (Phytomyza ilicicola Loew) is the most serious
insect cnemy of holly (Ilex opaca Ait.) in eastern United States (15). The
presence of this species in injurious numbers at Yonkers, New York, and
vicinity prompted a study of its life history. The chicf injury is caused by
the larvac mining the leaves, but punctures by the ovipositor in the leaves,
for the purpose of egg laying and for feeding, also cause severe injury.
Mined leaves present an unsightly appearance because of their yellowish-
brown color which greatly lessens the value of the tree for ornamental
purposes. As high as 8o per cent of the leaves may be disfigured by mines
and the plant thercby weakened due to loss of chlorophyll from the de-
struction of extensive cell arcas. Partial defoliation occurs following severe
injury by the leaf miner especially during periods of drought. The control
of the holly leaf miner is discussed in another paper (17). The present paper
will be restricted, thercfore, to a description of the insect, of which most of
the early stages are here both described and illustrated for the first time,
and to an account of the life history and habits of this interesting species
of fly. The work has extended over a period of four years. While certain
details of the life history and habits need further investigation, it is be-
lieved that the essential features of the bionomics of this species are as
stated here.

The holly leaf miner is indigenous to North America and was first
described by Loew (21) in 1863 as Phytomyza ilicis, but later the name was
changed by him to Phytomyza ilicicola becausc the name dlicis had already
been appropriated by Curtis for the European holly leaf miner. The
European species occurs in England, France, Germany, and Holland on
Ilex aquifolium L. (5). This species of leaf miner was accidentally intro-
duced on the Pacific Coast of North America where extensive plantings of
Ilex aquifolium are found in Oregon, Washington, and British Columbia
(8). For a discussion of the synonymy of the two species of Phyiomyza the
reader is referred to a recent article by Cameron (5). Further taxonomic
study may change the present conception regarding the species of this
genus (23).

DISTRIBUTION

Phytomyza ilicicola is widely distributed throughout the Upper Austral,
Lower Austral, and Transition life zones in North America. This species
was reported in 1921 from Syosset, Long Island, New York, by Felt (10)
and from Westchester County, New York, by Blauvelt (1) in 1937. The

Coypright, 1943, by Boyce Thompson Institute for Plant Research, Inc.
(x7)
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inscct also occurs in Massachusetts (14, 20), Connecticut (4, 12), New
Jersey (20), Maryland (7, 20), District of Columbia (20, 21), Virginia
(12, 25), North Carolina (z0), Alabama (20), and Ohio (19). It has been
intercepted in nursery stock shipped to the Pacific Coast but, according
to Essig (9), has established itself at points ranging from Calfornia to
Alaska. Phytomyza ilicis has been reported as established in several locali-
ties along the Atlantic Coast (3, 11, 13, 26, 27), but has not become a
serious pest of holly due largely to the fact that it does not attack Ilex
opaca which is the principal species of holly grown in eastern United
States. In reviewing the literature it is difficult to determine in cvery
instance whether a given locality record refers to this species because the
name has been confused with Phytomyza dlicis.

HOST PLANTS

The holly leaf miner confines its attacks chicfly to Ilex opaca. 1t has
been found occasionally on Ilex cornuta Lindl. and on Ilex aquifolium
although it is not a serious pest of these two species. It has been reported
also on Ilex glabra (19), and on Ilex verticillata var. tenuifolia (20). Accord-
ing to Cameron (5), Phytomyza tlicis confines its attacks entirely to the
Europcan species of holly (Ilex aquifolium).

DESCRIPTION OF THE INSECT
ADULT

The adult (Fig. 1 A) is a small dark colored fly about 2.5 mm. in length
The first and second segments of the antenna are brown, the third is black,
and the arista at most is 2.25 times as long as the third antennal segment.
The thorax and femora are dusty gray. There is a ycllow incisure present
on the last abdominal segment of the female. This contrasts with Phyto-
myza licis in which the antennae are entirely black, the arista threc times
as long as the third antennal segment, and the thorax and femora dark.
Phytomyza ilicis also lacks the yellow incisure in the last abdominal seg-
ment of the female (5).

EGG

The eggs (Fig. 1 B) are very small and difficult to find as they are laid
beneath the epidermis of the holly leaf. Their presence is indicated by tiny
green blisters (Fig. 1 E) on the lower side of the leaves. The eggs are laid
in leaves of current growth. The leaf tissue at this time is soft and easily
punctured by the ovipositor. The blisters are scattcred widely over the
leaf surface but many are located near the tip close to the midrib. These
green blisters often are slightly discolored at the apical end. The egg is
pure white, tapering at both ends, slightly blunted at one end; length
0.25 mm.
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FIGURE 1. The holly leaf miner, Phytomysa ilicicola. A. Adult, X10. B. Eggs, X18. C.
Larvae, X12. Left, ventral view of larva; right, dorsal view. D. Pupa, Xr12. E. Egg blister
in holly leaf, X18. F. Puncture made by ovipositor in holly leaf, X18. G. Mines made by
young larvae, Xo.7. H. Mines made by mature larvae, X3.

LARVA

The larva (Fig. 1 C) is pale yellow and tapers from the anterior to the
posterior end. The anterior spiracles of both Phytomyza ihicicola and
Phytomyza ilicis tend to be approximated at the base. They project rather
prominently (16, p. 66, 76).

First instar. Pyriform pale lemon yellow larva with smooth glistening
integument. Head retracted into the thorax with only the fore-end ex-
posed. The three oral hooks are dark brown. Malpighian tubes are dark
brown and visible through the integument. The two oral spiracles ventral,
dark brown; length o.37 mm.

Second instar. Lemon yellow. Segments plainly visible. Oral hooks and
malpighian tubes dark brown but more plainly visible through the integu-
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ment than in first instar larva. Two oral spiracles dark brown, and very
conspicuously elongated; length 0.9 mm.
Third instar. Resembling the second instar but much larger; length
1.5 mm.
PUPA

Oval in shape (Fig. 1 D) tapering uniformly to a blunt point at each
end; segmented. Pale reddish-brown in color. Dorsal and ventral sides
flattened; length 2 mm.

LIFE HISTORY
METHODS

Adult leaf miners were collected and transferred by means of a pneu-
matic insect collector. For rearing insects in the greenhouse or in an out-
of-doors shelter several different kinds of cages were used depending upon
the object to be attained. In caging small holly trees, lantern globe cages
with the tops covered with wire screen (50 meshes per linear inch) were
used. The trees were in 4-inch pots resting on glass plates. When larger
trees were used cages sufficiently spacious (6636 X 24 inches) to accom-
modate a dozen trees were employed. The cages were tightly constructed
with wooden frames and floors. The sides were made of panes of glass while
the ends and tops were covered with wire screen (50 meshes per linear
inch). The greenhouse in which these cages were located was maintained
at 70° F. at night. In the out-of-doors shelter the temperaturc averaged
about 10° F. lower than in the greenhousc. Cheesecloth cages with wooden
frames of approximately the same size as the above also were used in the
out-of-doors shelter.

Cages made by cementing together strips of cheesecloth and cellophane
were used in confining adults on branches or on individual leaves.

It was not found feasible to obtain measurements of individual larvae
from the time they hatched until they pupated owing to the fact that
larvac that have been disturbed in the mines usually perish. Ten larvae
dissected from mines selected at random were collected and measured on
the same day. The average length computed from the ten measurements
was used as the average larval length for a given date. The average in-
crease in length of larvae is shown graphically in Figure 2 as correlated
with the average length of mines.

LONGEVITY OF ADULTS

The number of days that the adults were kept in captivity ranged from
one to six. The females averaged three days in captivity when placed on
holly leaves, while the males averaged only two days. Adults of both sexes
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lived less than one day without food. The earliest date on which the adults
were observed in the field at Yonkers, New York, was May 10. The latest
record was June 27.

OVIPOSITION

The period of oviposition of this specics is believed to be relatively
short as indicated by the longevity of the females. Holly leaves in the
greenhouse exposed to fertile females on May 28 showed faint traces of
mines on June 1. This would indicate an incubation period of not more
than 4 days. Under field conditions this period would be somewhat longer.
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FIGURE 2, Comparison of average larval length with average length of mine, 1942.

LENGTH OF LARVAL PERIOD

The larvae were found from June 16 to April 10 of the following year.
Weekly measurements were made of larvae throughout the spring, sum-
mer, and autumn for the detection of individuals that had moulted. The
first instar was noted June 16. The first individual of the second instar was
observed November 10, while the first individual of the third instar was
noted on December 27. The latest date in the spring that a larva was ob-
served was April 15. By April 29 all had pupated. Langford and Cory (20)
reported that 64.5 per cent of the larvac had pupated at College Park,
Maryland, on April 3 and go.g per cent by April 20.
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LENGTH OF THE PUPAL PERIOD

Holly leaves examined April 15 showed mostly pupae present in the
mines, with an occasional larva. Pupae were present in decreasing numbers
until the middle of June. Willey (12) reports all individuals examined on
March 14 at Richmond, Virginia, as being in the pupal stage.

TOTAL LIFE CYCLE

The adults were found over a period of about six weeks (Fig. 3). Ovi-
position occurs during May and June. Eggs were found in the ficld from
the latter half of May until the first week in July. The incubation period
was found to be four days. The larval period averages about ninc or ten
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FIGURE 3. Life cycle of the holly leaf miner, Phytomysa ilicicola.

months. The pupae were found in the ficld from the first weck in April
until the middle of June.

To summarize, the overwintering larvae pupate almost with the first
growth of holly in the spring. The adults emerge and lay their eggs in the
leaves as they unfold from the buds. The larvae mine the leaves through-
out the remainder of the growing season and pupate in the spring. The
comparatively long time for the insect to reach maturity precludes the
possibility of its being two-brooded in the latitude of Yonkers, New York.

HABITS OF THE INSECT
FEEDING
It is well known that species of Phytomyza puncture leaves with the

ovipositor for the purpose of feeding. Eggs are not deposited in these
punctures or, if deposited, the eggs never hatch. Cohen (6), for example,
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reports finding only one larva to 25 punctures made by Phytomysza atri-
cornis Mg., a related species of leaf miner on chrysanthemum. He points
out the fact that male flies are dependent on the female feeding punctures
and will starve when caged on unpunctured leaves.

The feeding habits of Phytomyza ilicicola females were observed on
several occasions by caging adults on young holly plants in bell jars in the
laboratory. The female inserted its ovipositor in the leaf followed by three
or four back and forth movements during which the body was arched
indicating an exerted strain to puncture. Just as soon as the ovipositor
was removed the fly quickly backed away and lowered its mouth parts to
the puncture and began feeding. The flies appear to sclect positions ncar
the margin of the leaf for insertion of the ovipositor. Punctures are mainly
interveinal, arranged in groups, and are confined almost entirely to newly
expanded leaves. In fact there is a very marked gradient in the number of
punctures from the youngest to the oldest leaves.

Male flies placed on tender foliage produced no punctures and appar-
ently died of starvation. When male and female flies were caged together
on holly foliage it was noted that the males lived longer than when caged
alone on holly leaves. The results indicate that the feeding habits of Phyto-
myza tlicicola are similar to Phylomysa atricornis.

Female flies when given a choice between Ilex opaca and Ilex aqui-
Sfolium plants showed a marked preference for the former species. Punc-
tures of Ilex opaca leaves ranged from a few to so per leaf while leaves of
llex aquifolium showed no punctures. When females were caged on Ilex
aquifolium leaves, however, a few scattered punctures were made.

The larva when feeding lies on its side and mows down the plant cells
with its mouth hooks. The destruction of plant tissue by the larva is con-
fined to the mine which is located between the upper and lower epidermis
of the leaf.

HABITS OF THE ADULTS

In collecting adults of Phytomyza ilicicola it was noticed that the males
are very active. They take to flight at the slightest disturbance. The males
frequent both the upper and lower surface of the mature holly leaves. The
female flies are tamer and somewhat more sluggish than the males. The
females are in general found close by on the folds of the immature holly
leaves. Adults were observed mating May 21.

If holly leaves are carefully examined pits will often be noticed on both
the upper and lower surfaces of the leaves. The pits first appear when the
leaves are young but they are found on fully developed leaves with no
increase in numbers. They were first thought to be caused by castigation,
i.e., by the spines of the older leaves pricking the young lcaves at time of
high wind. Holly leaves which are not infested with flies do not show pits
on the leaves. Miall and Taylor (22) found that Phytomyza slicis produces
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similar punctures on holly. In the present investigation female flies of
Phytomyza ilicicola were observed piercing the leaves with the ovipositor
for the purpose of feeding. It was possible to produce pits by caging adult
females on holly leaves frec from wind currents (Fig. 1 F). It requires from
one to four females per plant to produce several dozen punctures. The age
of the leaf and its relative succulency make the difference between few or
many punctures. The pits are the feeding punctures caused by the insect
as discussed in the previous section.

If during unfolding of the bud the leaf margin is injured by means of
repeated punctures the cells of the leaf tissue immediately adjacent to the
punctures are killed, causing distortion of the leaf. Boyce and Korsmeier
(2) have shown that a similar type of distortion is produced on lemon
leaves which develop from buds infested with the citrus bud mite (Eriphyes
sheldoni Ewing).

HABITS OF THE LARVAE

The egg punctures are found on the lower surface of the leaf, but the
larva on hatching soon passes to the palisade layer of the mesophyl and
mines just beneath the upper cpidermis. The mines are lincar, irregular,
and serpentine (Fig. 1 G). Usually there is one larva per mine. Smaller
mines anastomose with larger mines (Fig. 1 H). Such mines may envelop
a whole leaf and may contain three or more larvac. The mine is gradually
widened and later deepened to form a cavity in which pupation takes
place. Just before pupation the larva prepares an exit by cutting a circular
opening which is covered with a layer of lcaf epidermis through which the
spiracles are extended. The larva of the European holly leaf miner (Phyto-
myza ilicis), according to Miall and Taylor (22), enters the midrib on
hatching and tunnels the midrib for about two months during which time
it remains hidden from view and gives little or no indication of its pres-
cnce. In September, October, or November it leaves the midrib and enters
the blade of the leaf and produces a blotch-like mine which is usually the
first indication of infestation. This habit was not observed with Phytomyza
tlicicola. Many of the mines of this species are in the blade of the lcaf far
removed from the midrib and in positions that suggest little or no relation-
ship with the midrib as to their origin. Furthermore, Phytomyza ilicicola
typically produces linear serpentine mines rather than blotch-like mines.

SEASONAL HISTORY
CLIMATIC FACTORS

The time of emergence of the adults appears to be dependent on the
weather conditions during early spring. In a normal month such as May,
1938, with a mean temperature of 59.8° F., and 3.38 inches of rainfall
(18, 24), the first flies were observed in the field on May 16. During a late
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season such as 1940, with the mean temperature of 60.6° F., and 7.61
inches precipitation in May (18, 24), the flies were not observed until
June 3. The seasons of 1939, 1941, and 1942 were relatively dry and warm
during the carly spring. The first flies were observed in the ficld on May 10,
May 14, and May 12, respectively. Since the adults lay their cggs shortly
after emergence, oviposition, incubation, and the early development of the
larvae are correspondingly advanced or retarded by weather conditions
affecting the emergence of the adults.
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HIBERNATION

The holly leaf miner winters in the mine usually as a third instar larva.
Pupation takes place at the time of the first growth of the leaves in the
spring, usually during the period from the first week in March until the
last week in April.

POPULATION STUDIES

Population counts were made by observing adult flies on holly trees
(Ilex opaca) nine years old in nursery rows. Counts were made on the basis
of 48 trees distributed in four rows. As far as possible all counts were made
by the same person at the same hour of the day. The interval between
counts averaged three days. The results for 1942 are shown in Figure 4.
The first flics, it will be observed, were seen on May 12, when two were
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noted. There was a rapid rise in the number of adults observed until May
21, when the peak of the brood was rcached with a count of 747 flies.
After this date there was a gradual decrease until June 21 when the last
flies of the season were observed.

Langford and Cory (20) report that most of the flies emerged between
May 1 and May 20 at College Park, Maryland.

NATURAL ENEMIES

The writer observed an unidentified fungus parasite of the pupa. Sev-
eral attempts to rear parasitic insects from infested leaves were unsuccess-
ful. Opius striativentris Gahan, Closterocerus tricincius Ashm., Chrysocharis
sp., and Ilorsimenus sp. have been reported as parasitic on Phytomyza
tlicicola by Underhill (25) and Langford and Cory (20). The first named
species and Sympiesis felti Crawf. have been reported by Willey (28) as
parasitic on Phytomyza ilicis.

SUMMARY

The holly leaf miner (Phytomyza ilicicola Loew) is indigenous to North
America where it is found principally in the Atlantic and Pacific coastal
regions. In eastern United States the range of the specics extends from
Massachusetts to Ohio and as far south as Alabama. In western North
America it has been reported as established at points ranging from Cali-
fornia to Alaska.

Ilex opaca Ait. is the principal host of Phytomysza ilicicola, but the
insect occurs on several other species of holly including Ilex aquifolium L.

The primary injury of Phytomyza ilicicola is caused by the larvac
mining the leaves of holly, but oviposition and feeding punctures in the
leaves also cause injury.

Phytomyza ilicicola is single-brooded in the latitude of Yonkers, New
York. The insect passes the winter in the mines usually as a larva. Pupa-
tion occurs with the first growth of the holly plant in the spring. The
adults emerge in May and June and lay the eggs in the leaves. The incuba-
tion period is short, requiring only four or five days. The larval period ex-
tends from the middle of June to the latter part of March. The pupal pe-
riod is about one month in length. The adults emerge the fore part of May.

Aside from an unidentified fungus attacking the pupa, no predacious or
parasitic enemies of Phytomyza ilicicola were observed.
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CONTROL OF THE HOLLY LEAF MINER

ALBERT HarTzELL, DONALD L. COLLINS,! AND
WiLLIAM E. BLAUVELT!

In the experiments described by Hartzell and McKenna in 1941 (4) cer-
tain treatments which had been reccommended in the litcrature (1, 2) for
the control of the holly leaf miner (Phytomyza ilicicola Loew) did not give
satisfactory results. Hartzell and McKenna reviewed previous work on the
subject and presented additional evidence that proper timing is a critical
factor in the success or failure of a spray. It should be noted that the con-
trol reccommendations appearing in the literature are, for the most part,
based on experiments of limited scope or on the work of a single scason. All
authors stress the importance of applying the sprays and dusts at a time
determined by the presence of adult flies on the foliage. Since it is obvious
that this time must vary with the weather and the location, and probably
with unknown factors in the biology of the spccies, a separate study of the
life history and habits of the flies was made (3). The experiments described
in the present paper were designed to afford a comparison between several
recommended control measures and the best of those obtained by Hartzell
and McKenna, namely the nicotine sulphate and fish oil, and nicotine
sulphate, fish oil, and lead arsenate formulae.

MATERIALS AND METHODS

Description of plots. Plots were laid out in a holly (Ilex opaca Ait.)
planting nine years old grown from seed and from cuttings. Each trcat-
ment was replicated three times, once in each of three blocks. The basic
plot unit was cight trees, but most of the plots actually contained only six
or seven trees, which averaged about seven feet in height. The plot and
block arrangements arc shown in Figure 1.

That a sufficiently even normal distribution of adult flies occurred was
shown by counts of the flies made on May 23, two days before the first
sprays were applied to certain plots. In nine plots, including 6o trees, the
numbers of flies that could be scen by the observer as he walked around
each trce once were counted. The counts were made in the plots that were
to be sprayed with tartar emetic and sugar and with lcad arsenate, and in
the checks. The counts, on a treatment basis, averaged 37, 29, and 44 flies
per tree, respectively.

Evaluation of results. The cffects of the treatments were judged from the
relative numbers of mines found by examining the leaves in August. At

1 Department of Entomology, Cornell University, Ithaca, New York.
Copyright, 1943, by Boyce Thompson Institute for Plant Research, Inc.
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this time the mines are sufficiently developed to permit counting, but the
injury is not so severe as to cause the lcaves to fall. In a dry season leaves
that are extensively mined may drop off early in the autumn so that
counts made after late September are inaccurate. Approximately 200 lcaves
cach from three trees in each plot were examined. The procedure was to
start at the top of the tree and count down 200 leaves, examining all the
current season leaves except the very tender shoots of late summer growth,
and recording all of the mines. The data arc here expressed as the number
of mines per 10 leaves.
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FIGURE 1. Plot arrangement for holly leaf miner spray experiments, Figures in large
circles represent average numbers of mines per 10 leaves per plot, counted in August, 1042.
(See Table I for spray formulae.)

Treatments. The sprays and dust used are described in Table I. The dust
was applied with a rotary fan hand duster. The sprays were applied with
a so-gallon power sprayer at a pressure of approximately 300 pounds.

RESULTS

The results of the treatments, together with other pertinent data, arc
presented in Table I. It is evident that both the lead arsenate and nicotine
sulphate combination, and nicotine sulphate with fish oil alone, gave ade-
quate control. It is clear that neither one application of lead arsenate, two
applications of nicotine-lime dust, nor two applications of tartar emetic
and sugar were effective. It should be noted that during the two wecks
following the single application of lead arsenate and the first application
of tartar emetic and sugar, there were five days of rain, including at least
one exceptionally severe storm. Since analysis showed the differences be-
tween the figures from the tartar emetic plots and those from the checks
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to be almost significant, the tartar emetic sprays perhaps deserve further
tests.

Two supplementary tests of the tartar emetic and lead arsenate for-
mulae were carried on in order to run parallel experiments under conditions
more closely approximating those under which the holly is generally used

TABLE 1
RESUME oF DATA ON SPRAYING FOR CONTROL OF HOLLY LEAF MINER
No. mines
L. No. No.
Applications Plot : ber 10 leaves
Formula pp ' leaves | mines |}
1942 No. counted| counted (‘3,:::%{:"‘:‘)"'
Nicotine 1 621 729
Lime dust 3%, May 21, 28 11 621 850 15.2
(ND) I 617 1244
Lead arscnate 4 lbs. 1 024 54
Nic. sulph. 1 qt. May 14, 25 and Junc o 11 603 75 1.3
Vatsol* g00 cc. 111 013 117
Water to make 100
gals,
(LNV)
Nic. sulph. 1 qt. 1 651 130
Fish oil 2 qts. May 14, 25 and Junc ¢ 11 051 31 2.2
Water to make 100 111 606 240
gals.
(NF)
Lead arsenate 4 Ibs. I 709 1207
Vatsol* 400 cc. May 25 11 662 2034 19.4
Water to make 100 111 584 551
gals,
(LV)
Tartar emetic 4 Ibs. 1 634 499
Sugar 6 Ibs. May 25 and June 10 11 671 992 12.8
Water to make roo 111 643 1000
gals,
(TES)
1 605 1023
Check (Ck) I1 612 1273 22.§
111 615 1821

* 10 per cent aqueous dioctyl ester of sodium sulphosuccinate, product of American
Cyanamid and Chemical Corp., Bridgeville (Pittsburgh), Pa.

as an ornamental. One of these locations was on the Wallerstein estate in
Harrison, New York, the other at the Raven Rock nurseries near Elms-
ford, New York. Only one application cach of the tartar emetic and lecad
arsenate sprays was used.

At the Wallerstein estate there were two holly trees, set several hun-
dred feet from one another among other trecs and shrubs. They were
vigorous trees, about 14 feet high. They were sprayed on May 16, using a
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three-gallon compressed-air sprayer with a six-foot boom and adjustable
nozzle. At this time only three adult flies were seen on both trees, although
they were numerous in Yonkers the previous day. Tree 4 was sprayed with
a mixture of lead arsenate and wheat flour in the proportion of 6 pounds
of each in 100 gallons of water. Tree B was sprayed with tartar emetic
and brown sugar at the rate of 6 pounds of each in 100 gallons of water.
At the time of spraying, examinations of 500 older leaves from each tree
showed an average of 4.5 mines per 10 leaves on tree A and 2.5 mines per
10 leaves on trce B. When the final examinations were made carly in Sep-
tember tree A had 5.57 mines per 10 leaves and tree B had o.28 minc per
10 leaves. It is questionable whether these data reflect a real increase and
decrease, respectively, as compared to the initial infestation. However,
had no trecatment been applied, the figure would have been expected to
have been higher in the fall, because many heavily mined leaves are lost
each winter, thus lowering the spring counts. The fact that it was higher
in the fall on the trce sprayed with lead arsenate may, nevertheless, indi-
cate a lack of control, since on the tree sprayed with tartar emetic the
count in the fall was lower than in the spring, indicating a possible cffect
from the spray. This interpretation is strengthened by the data from the
main experiment.

The second supplementary experiment, involving seven trees in the
Raven Rock nursery, failed to produce conclusive results. Two trees
sprayed with lead arsenate showed a decrease in the fall and one showed
an increase, while two trees sprayed with tartar emetic showed an increase
and onc showed a decrease.

DISCUSSION

An inspection of the curve of adult fly abundance for 1942 (3) with
reference to the results of the spray operations affords interesting material
for speculation. The first flies were noticed on May 12, after which there
was a slow but steady increase in numbers through May 18, with a very
sudden increase to a peak on May 21. The first sprays of the 3-spray series
in the main planting were applied on May 14. The only sprays at the
Wallerstein estate and Raven Rock nursery were applied on May 16 and
18, respectively. The latter sprays produced rather ambiguous results, but
in general they were disappointing. The second sprays of the 3-spray series,
the first spray of the 2-spray series of tartar emetic and sugar, and the only
spray with lead arsenate and a spreader alone were applied in the main
planting on May 25. This date was during the second part of the ‘‘peak”
period of fly emergence. Thereafter the adult flies declined steadily in num-
bers until by June 9, when the last sprays were applied, the population was
approaching its lowest level. From these comparisons it seems likely that
one spray of any material applied several days before the peak would not
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be satisfactory, nor would it be satisfactory if delayed more than a day or
so after the pcak. The spray applied on Junc g probably had little effect
on the final results. It is probable that the first sprays of the 3-spray scries
were applied at the right time to have an effect on the entire pre-peak
population of flies, that the second sprays were applied at the right time
for the pcak and declining populations, and that, therefore, the satisfactory
results of both of these sprays reflect a cumulative effect of the two appli-
cations.

SUMMARY AND CONCLUSIONS

Considering the data from the spray experiments in relation to the
seasonal history of the insect it is concluded that, with a moderate to heavy
infestation one spray of any of the materials tried could not be expected,
except by chance, to produce adequate control of the holly leaf miner, be-
cause of the difficulty in timing the spray. Three applications of nicotine
sulphate and fish oil produced a good control, which was not appreciably
improved by the addition of lead arsenate. It is probable that two applica-
tions would be sufficient in a normal year, if one is made two or three days
before the peak, and the other two or three days after the peak of emer-
gence of the adult flies.
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EFFECT OF MOISTURE FLUCTUATIONS ON THE
VIABILITY OF SEEDS IN STORAGE

LELA V. BArRTON

It has been known for a long time that the three most important en-
vironmental factors affecting the length of lifc of seeds under storage
conditions arc temperature, humidity, and gaseous exchange. A great deal
of literature has appeared on this subject and no attempt will be made
here to review this work. In a description of storage effects on some flower
seeds, the present author reported in 1939 (1) that if containers in which
dandeclion seeds were stored were opencd as often as every six months, it
was necessary to reduce the moisture content to as low as 3.9 per cent at
the beginning of the storage period in order to keep the seeds viable for
three years, whereas serds sealed in glass tubes which were not opened
before the time of testing kept much better. This difference in life-span
was attributed to fluctuation in moisture content in the seeds in containers
which were opened for testing and then resealed. This interpretation was
based on actual moisturce determinations made on seeds subjected to the
two types of storage conditions.

Subsequently a test was set up, the design of which included controlled
fluctuation of humidity at constant temperature. The temperature used
was 20° C. Desiccators with different rclative humidities were used as
storage chambers. A constant humidity was maintained in each desic-
cator by saturated salt solutions with an excess of the salt (2). Thus
above saturated solutions of magnesium chloride, calcium nitrate, and
sodium chloride relative humidities of approximately 35, 55, and 76
per cent respectively were obtained. The seeds were placed in cheesecloth
bags in these desiccators. Fluctuations between 35 and 55 per cent relative
humidities, between 35 and 76 per cent, and between 55 and 76 per cent
at intervals of 2, 4, and 8 weeks were made by transferring the bags con-
taining the sceds from one desiccator to another. Certain lots were left at
each of the constant humidities for the entire storage pcriod as controls.
The seeds used were onion (Alium cepa L.), dandelion (Taraxacum offi-
cinale Weber), eggplant (Solanum melongena L.), and tomato (Lycoper-
sicon esculentum Mill.), the first two because they are very scnsitive to
adverse storage conditions and the second two because they are relatively
resistant to the same conditions. Viability tests were made on moist filter
paper in ovens at controlled temperature, except dandelion which was
germinated in the laboratory. Germination temperatures used were 25° C.

Copyright, 1943, by Boyce Thompson Institute for Plant Research, Inc.
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for onion and tomato and a daily alternation of 20° to 30° C. for eggplant.
Both viability tests and moisture determinations were made each two
weeks up to 64 weeks of storage or until the particular lot of seeds had
lost their power to germinate. For moisture determinations seeds were
dried in a vacuum oven at 80° C. for 48 hours.

RESULTS
1941 TESTS
Moisture Determinations

The moisture contents attained by the various seeds under different
humidities in storage are shown in Table 1. These figures represent averages
of all of the determinations made under a given set of conditions at various

TABLE 1

AVERAGE MOISTURE CONTENT (% oF Dry WT.) ATTAINED AT EACcH HuMIDITY,
CONSTANT AND ALTERNATING

Alternation
o Dandelion Eggplant Tomato Onion
Time | Relative
humidity
None 35 7.0 7.3 7.7 8.6
55 9.4 10.0 10.1 11.4
76 12.2 13.0 12.9 14.9
Lower | Higher | Lower | Higher | Lower | Higher | Lower |Higher
humid- | humid- | humid- | hun.id- | humid- | humid-| humid- | humid-
ity ity ity ity ity ity ity ity
2-Weekly | 35-55 7.8 9.3 8.2 9.6 8.4 9.5 9.4 11.0
35—76 8.0 11.6 8.3 12.5 8.6 12.1 9.7 14.4
55—76 9.9 12.3 10.6 12.7 10.7 12.7 12.4 14.4
4-Weekly | 35-55 7.3 8.7 7.7 9.3 8.0 9.4 8.9 10.7
35-76 7.3 11.6 7.8 12.3 8.1 I1.9 9.0 14.4
55-76 9.6 11.6 10.5 12.5 10.6 12.4 12.1 14.8
8-Weekly | 35-55 7.2 8.8 7.5 9.3 7.9 9.4 8.7 | 10.7
35—76 7.2 11.8 7.6 12.4 7.9 12.2 8.6 14.7
5576 0.3 12.1 10.2 12.6 | 10.2 | 12.7 1.7 15.5

times after storage. For example, the moisture in seeds kept at constant
humidities was determined at intervals of 2 weeks up to 36 to 52 weeks so
that the figures in the table are averages of 18 to 26 separate determi-
nations. Similarly moisture determinations were made at the time of each
transfer from one humidity chamber to another in order to determine
just how much fluctuation in moisture within the seed resulted from each
treatment. Repeated determinations were made so that any unusual cir-
cumstance such as wetting of seeds with solution, condensation of moisture
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on the sides of the desiccators, or unsaturated solutions and hence change
of humidity could be detected. These moisture tests revealed a uniformity
of water content for any one specics of seed under a given set of conditions.
The amount of moisture absorbed varied with the kind of seced. Dandelion
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FI1GURE 1. Fluctuation in moisture content of onion seeds when alternated between
two different relative humidities. Per cent moisture after two weeks at 35, 55, and 76 per
cent relative humidities indicated by open circles, circles with crosses, and solid circles
respectively,

absorbed least and onion most under any given set of conditions. Eggplant
and tomato seeds absorbed approximately the same amounts of water
under a given set of conditions.

It will be noted that, in general, when alternation from one humidity
to another was effected the variation of the moisture content of the seeds
tended to be the same as that indicated by the determinations made at
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constant humidity storage. In some cases, especially if the alternations
were made every two weeks, variations in moisture content of the seeds
was somewhat less than that indicated by the determinations made at
constant-humidity storage. Seeds transferred from a high to a low humid-
ity failed to reach the low moisture expected before they were transferred
again to a higher humidity, where again they failed to develop the max-
imum moisture content to be expected (Table I and Fig. 1).

* Onion seeds held at constant relative humidities of 35, 55, or 76 per
cent acquired moisture contents which averaged 8.6, 11.4, and 14.9 per
cent and remained uniform throughout the test period. Onion seeds alter-
nated between 35 and 55 per cent relative humidity attained an average
of 9.4 per cent moisture after two weeks at 35 per cent and 11.0 per cent
after two weeks at 55 per cent, so that the average variation in moisture
content was 1.6 per cent every two weeks. Similarly the average variation
when the seeds were changed from 35 to 76 or from 55 to 76 per cent every
two weeks was 4.7 and 2.0 per cent respectively. This fluctuation in mois-
ture can be seen in Figure 1, where the actual moisture contents as deter-
mined by weighing samples of onion seeds after each two weeks of storage
arc plotted. The data for the first eighteen weeks of 2-weekly alternations
were used in these graphs. Similar variations were obtained for 4-weckly
and 8-weekly alternations.

Viability Tests

Some of the data obtained from viability tests made at intervals of
2 weeks from the beginning up to 52 weeks are shown in Table II. Only
onion results are presented here since dandelion seeds behaved in a similar
manner and since neither eggplant nor tomato seeds showed any reduction
in viability under any of the storage conditions except a constant relative
humidity of 76 per cent up to 64 wecks at which time the experiment was
terminated. The resistance of these seeds to unfavorablec storage conditions
has been reported before. It will be seen at once that a constant relative
humidity of 35 per cent permitted retention of viability for one ycar at
20° C., with the percentage germination only slightly reduced at the end
of that period. A reference to Table I will show that the moisture content
of onion seeds at this relative humidity was approximately ¢ per cent. At
55 per cent relative humidity at which onion seeds absorb about 11 per
cent moisture, serious deterioration occurred after 20 weeks of storage.
At 76 per cent relative humidity considerable loss in germinative power
was evident after 8 weeks of storage and after 12 weeks at this humidity
where the moisture content of the seeds was about 15 per cent, onion
seeds yielded only 23 per cent germination as compared with 96 per cent
at the beginning of the special storage period.

These comparative effects of low, medium, and high humidity storage
chambers were to be expected since previous work has demonstrated simi-
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lar onion seed characteristics. But the question remains as to whether
alternation of humidities in the storage chamber and hence fluctuation of
moisture content within the seed itself is more deleterious than a constant
high moisture content. At first it appeared that the answer to this question
was negative. Seeds which had 2-weekly, 4-weekly, or 8-weekly alternations
from 35 to 55 per cent relative humidity remained viable longer than those
at constant relative humidity of ss5 per cent and deteriorated more rapidly
than those at a constant rclative humidity of 35 per cent. Seeds under
conditions of alternation of humidity, then, were intermediate in germi-
nation capacity between those kept at the two humidities concerned. This
same response applied to seeds alternated between 35 and 76 per cent
relative humidity and between 55 and 76 per cent relative humidity. How-
ever, in these last two alternations when they were made 8-weckly, the
secds deteriorated as rapidly as they did when kept constant at the higher
humidity. This was noteworthy in view of the fact that the seeds had been
at cither 35 or §5 per cent humidity, both of which permit retention of
viability for fairly long periods (sce Table I1), for half of the time and con-

TABLE II *~
VIABILITY OF ONION SEEDS IN STORAGE AT 20° C. UNDER CONDITIONS OF CONSTANT
AND ALTERNATING RELATIVE HUMIDITIES. GERMINATION AT BEGINNING OF THIS
STORAGE TEST 96 PER CENT. FIGURES REPRESENT AVERAGLES FROM
DUPLICATES OF 100 Skkps EAcH UseD FOr Eacu TEsT

Fluctuation Per cent germination after total weeks of storage
Period Relative |
erio humidity | 4 8 12 | 16 | 20 | 24 | 28 | 32 | 36 | 40 | s2
None 35 95 | 94 | 94 | 89 | 8 | 88 | 84 | 83 | 79 | 79 | 81
55 98 | 8 | 93 | 87 | 45 28 19 10 11 7 | —
76 95 67 23 10 1 ol — | — | — | — 1=

2-Weekly | 35tos5 | o6 | 92 | g2 | 86 | 72 | 84 | 69 | 65 | 57 | 42 | 34
35to76 | 92 | 8 | 73 | 67 | 38 | 36 | 15 | 171 3| —|—
55t076 | 93 | 77 | 71 | 45 6 3 1| — | = — | —

4-Weekly | 35tos5 | — | oo | o5 | o4 | 78 | 92 | 73 | 71 | 67 | 43 | 390
35t076 | — | 8 | 9o | 57 | 58 | 35 | 18 9 | 10 2 | —
—_ 2

55to 76 86 | 84 | 63 | 15 8 3 —_ | ==
8-Weekly | 35toss | — | — | — | g0 | — | 86 | — | 75 | — | 61 | —
35096 | — | — | — | 29 | — | 18 | — 3| — —
s55to76 | — | — | — | 14 | — 4 | — o| — | — |-

sequently just half as long at the very harmful 76 per cent relative hu-
midity as the control lot at this humidity.

Further examination of the deterioration effects after certain storage
periods revealed that still other factors were involved. This is shown more
clearly in Figure 2 in which the data are plotted in the form of graphs. Here
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FIGURE 2. Viability of onion seeds stored under different humidity conditions.
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it becomes evident that during the first 12 weeks of storage at 2- or 4-
weekly alternations of either 35 to 76 or 55 to 76 the lower humidities
acted favorably to prevent rapid loss of viability during the periods at
76 per cent. However, at the 16-week storage period and thereafter the
lower humidities could no longer counteract the deleterious effect of the
high humidity and the germination capacity curves more nearly ap-
proached that of the constant high humidity. In other words at 16 wecks
of storage and thereafter deterioration at alternating humidities was at
a more rapid rate than that expected from the behavior at cach of the
humidities. This was especially marked for the alternation of 35 to 76.

TABLE III

VIABILITY OF ONION SEEDS IN STORAGE AT 20° C. UNDER CONDITIONS OF CONSTANT AND
ALTERNATING ReLATIVE HUMIDITIES. FIGURES REPRESENT AVERAGES FROM
DUPLICATES OF 100 SEEDS EAct USED For Eacn TEsT

Relative humidity Per cent germmatlon after weeks at hngh humidity

Weekly

% alternat i’on 4 8 12 16 20 24 28 32

35 None 95 94 94 89 82 88 84 83
55 None 08 86 93 87 45 28 19 10

76 None 95 67 23 10 1 ) —_ —
35to 55 2 92 86 84 ()5 42 40 —_— —
4 90 94 92 71 43 54 37 -

8 — 9 | — 75 — 55 — 10

35 to 76 2 83 67 36 1I —_ —_ — _—
4 8 | 57 | 35 9 2 r | - | -

8 - 29 - 3 - o — —

55 to 76 2 77 | 45 O e i B B
4 86 63 8 2 —_ — — —_

8 - 14 -_— o —_ — i —_— R

On the other hand, at an alternation of 35 to 55 the periods at the fa-
vorable relative humidity of 35 per cent were sufficient to decrease the dete-
rioration rate from that expected from the behavior at 55 per cent up to
48 weeks of storage after which the samc cffect as mentioned above was
indicated by tests made after 52, 56, and 64 weeks of storage. This delay
in the harmful effect produced by alternation of moisture content was no
doubt due to the fact that 55 per cent relative humidity was much less
harmful to germination capacity than 76 per cent.

The 8-weekly alternations deserve special consideration. The first via-
bility test of these seeds was made after 16 weeks of storage. Since all seeds
in alternating humiditics were placed in the lower humidity first, this
means that sceds at 55 to 76 alternation, for cxample, had the first 8
weeks at 55 per cent which permits high retention of viability and the
second 8 weeks at 76 per cent. In spite of the fact that these seeds had only
8 weeks of the unfavorable 76 per cent after which, if no other factors were
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involved, they should still have given 67 per cent germination, they gave
only 14 per cent germination. A similar effect was obtained at 8-weekly
alternation of 35 to 76 where the germination obtained was 29 per cent.

When the total length of time at the higher humidity, whether that
time was obtained by alternation or by constant humidities, is considered,
the germination percentages parallel the length of time except for the 8-
weekly alternation which gives a much lower germination percentage as
described above. These data are shown in Table III. The total period at
high humidity, then, is of great importance in determining the length of
life of onion seeds, but intervening periods of lower and hence more favor-
able humidities do not prolong the life span as much as would be expected
from the behavior data of seeds kept constantly at these lower humidities.

If the total period at 76 per cent relative humidity in alternation of
humidity were the only factor involved, 2-weekly, 4-weekly, and 8-weekly
alternations should bring about the same deterioration when the total time
at 76 is the same. Also an alternation of 35 to 76 per cent relative humidity
should be as deleterious as 55 to 76. Such was not found to be the case.
Therefore, some other factor must have been operating, and it appears from
the data in hand that that factor was fluctuation in moisture content.

1042 TESTS

In the 1941 tests the moisture fluctuation in the seeds was from high to
low at relatively short regular intervals, while in the case of the deterio-
ration of seeds in storage containers opened at intervals for testing (1) the
moisture content gradually changed from low to high or high to low
depending upon the initial moisture content. Also in the latter case the
change was over a much longer period. Another controlled experiment
designed to resemble more closely the effect of opening sealed containers
of seeds for sampling was set up in 1942. The seeds were kept in desic-
cators as described for the 1941 tests, but at 25° C. instead of 20° C. They
were placed at cither 35 or 55 per cent relative humidity at the beginning
of the special storage period and were then transferred to different humid-
ities at intervals of four weeks. The time at 33, 55, or 76 per cent relative
humidity is shown in Table IV. The uncontrolled humidity was open
storage in the laboratory. It will be seen that all of the seeds received
a total of either 4, Nos. 5 to 24 inclusive, or 12 weeks, Nos. 25 to 42 in-
clusive, at 76 per cent relative humidity which has been demonstrated as
unfavorable for the retention of viability. Onion, dandelion, and tomato
seeds were used for these tests.

As in the 1941 tests tomato seeds remained fully viable except at a
constant relative humidity of 76 per cent throughout the experiment.
These data are not presented. Again dandelion seeds behaved in a manner
similar to onion seeds, so that the discussion of these results will be con-
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TABLE 1V
VIABILITY OF ONION SEEDS IN STORAGE AT 25° C. UNDER VARIOUS HUMIDITY CONDITIONS.

FIGURES REPRESENT AVERAGES FROM DUPLICATES OF 100 SEEDS EAcH Usebp
FOR EAcH TEsT

43

Storage Per cent germination after storage for weeks
No. Weeks at
various humidities* 16 | 20 | 24 | 28 | 32 | 36 | 40 | 44 | 48
1 L48 go | 9o | 92 | 87 | 84 | 81 835 87 81
2 M38 or | 81 | 93 | 82 | 75 | 75 | 55 | 67 | 59
3 H48 72 |47 [ 15 | — | — | — | — | — [ —
4 Uncontrolled 04 | 79 | 8 | 81 | 64 | 75 | 56 | 72 | 75
5 L4 M4 Hq Mg 132 9o, | 88 | 79 | 70 | 85 | 73 | 64 | 82 | 63
6 1.4 Mg Hq M12 L24 — | — | 8 | 81| 79| 71 | 50 | 79 | 67
7 L4 M4 HgqL36 85 ( 04 | 77 | 65 | 81 | 69 | 08 | 78 | 75
8 1.4 M12 H4 M4 L24 87 | 65 | 61 64 | 68 | 92 | — | — | —
9 L4 M12 H4 M12 L6 — | — 4 — ] =173 57| 58| 70| 68
10 1.4 M12 H4 L28 — | 80 | 86 72 | 80 | 75 56 | — | —
11 Li2 Mg Hg4 Mg l24 88 | 83 | 8 | 72 | 82 | 75 | 65 | — | —
12 ILLi2 Mg H4 M12 L16 — | = = — | 77 75 | 64 | 6o | 69
13 Li2 M4 Hygl.28 — | 96 88 77 66 | 67 77 | — | —
14 Li2 M12 H4 M4 L16 — | — | 87 70 | 78 75 78 | — | —
15 L.12 M12 H4 M12 L8 — = — | = | =] — ] 63| 76 | 69
16 Li2 M12 H4 l.20 — | — | — | 8 79 74 | 70 | — | —
17 M4 L4 Mg Hq4 M32 79 | 92 75 75 78 | 60 | 65 | 68 | 68
18 M4 Ls M12Hg4 M24 — | 94 | 79 | 68 | 68 | 68 | 69 55 | 49
19 Mg L1z Mg Hqg M24 87 | o4 | 81 | 68 | 68 | 60 | 62 | 52 | 69
20 MgLi2M12H4Mi16 | — | — | — | 71 | 69 | 56 | 68 | 55 | 57
21 M1z L4 Mg Hq4 M24 or | 93 | 61 | 54 | 69 | 66 | 61 | 52 | 50
22 Miz2Lg4M12H4M16 | -- | — | — | 80 | 81 65 | 62 50 | 54
23 MizLi2MgH4M16 | — | — | 73 | — | 70 | 62 | 70 | 60 | 50
24 Miz2Li2Mi2H4M8 | — | — | — | — | — | 77| 72 | 61 | 54
25 L4 Mg Hi2 Mg L2g — | 85 | 48 | 62 | 62 | 58 | 49 | 49 | 49
26 L4 Mg Hi2 Mi12 Li16 — | — | — | — | 57| 53| 37| 42 | 45
27 LLg Mg Hi21.28 — | 76 | 60 | 41 01 49 | — | — | —
28 I.L4 M12 Hi2 M4 L16 —_ | - | - 35 | 47 | 50| 32 | 33 | 34
29 L4 Mi12Hi2 M121.8 — | — | — | — | — | — | 20| 29 | 20
30 .4 M12Hr2 L2o —_ | -] - 40 | 43 34 | 25 26 | —
31 Li2 Mg Hi2a Mg 116 - — | — | st | 48 | 44 | 34 | 31 | 33
32 Li2 Mg Hi2M12 L8 — | — | — | —{ — | — | 39| 34 | 31
33 Li2 Mg Hiz2 120 — | — | — | 55| 48 | 45 | 39 | 27 | —
34 Li2 M1z Hi2 M4 L8 — | — | — | — | — | 47| 38 | 28 | 25
35 L1i2 M12 Hrz2 L12 — | — | — | — | — | a7 | 41 | 32 | 45
36 M4 Lgs Mg Hia M24 — | — | 41 | 44 | 43 | 33 | 39 | 26 | 22
37 M4LgMi2Hiz2Mi16 | — | — | — | — | 44 | 36 | 27 | 21 | 19
38 MgLiz2MgHi2Mi6 | — | — | — | — | 47 | 44 | 31 22 | 21
39 M4Li2MizHi2M8 | — | — | — | — | — | — | 36 | 26 | 20
40 Mi2LgMgH12M16 | — { — | — | — | 42 | 38 | 27 | 1 19
41 M12Lg4Mi2Hi2M8 | — | — | — | — | — | — | 27 | 22 10
42 MizLi2Mg4H12M8 | — | — | — | — | — — | 31 | 15 | 21

* Per cent relative humidity, L =35; M =355; H=76.

fined to onion only. Moisture determinations were made to ascertain the
level attained in each humidity chamber. For onion this was found to be
approximately 8 per cent at 35 per cent relative humidity, 10 per cent at
55 per cent relative humidity, and 15 per cent at 76 per cent relative
humidity. Control lots were kept at constant relative humidities of 35,
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55, and 76 per cent and open in the laboratory throughout the experiment.
Storage, except the laboratory lot, was in a constant temgerature chamber
of 25° C.

The viability of onion seeds in storage under the various moisture
conditions is shown in Table IV. The most obvious effect on viability as
in the 1941 tests was the length of time at the very harmful relative humid-
ity of 76 per cent. This was evident regardless of the condition of storage
before or after exposure to this humidity. This means, then, that when the
total storage time was considered, deterioration was more rapid at a con-

o r—rTTT T T T T T T T T T T T T
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0 1 | | 1 | | | | | | | | 1 | | | 1
] 6 12 8 24 30 36

WEEKS OF STORAGE AT LOWER HUMIDITIES

F1GURE 3. The effect of length of fluctuating storage humidities before exposure to 76
per cent relative humidity on subsequent viability of onion seeds at 76 per cent relative
humidity. Average germination percentages obtained immediately after the period at 76 per
cent relative humidity.

stant relative humidity of 76 per cent. However, when the total time at the
high humidity alone was considerced, germinative capacity decreased more
rapidly when the seeds were subjected to moisture fluctuation. This is
evident for seeds exposed for 12 weeks to 76 per cent relative humidity.
But fluctuation in humidity prior to transfer accelerated deterioration at
76 per cent relative humidity only if it had been given for as long as 12
weeks before exposure to 76 per cent. Shorter periods of fluctuation before
exposure were without effect as were the longer fluctuation periods when
followed by only 4 weeks at 76 per cent relative humidity. This is shown
graphically in Fig. 3.

Seeds stored open in the laboratory No. 4, Table IV, were also subjected
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to a wide variation in moisture content. There was a steady increase
in moisture from 6.7 per cent in May up to 11.1 per cent in August after
which it declined to 9.3 per cent by the end of September and by November
the moisture content was again 6.8 per cent, where it remained tairly
constant for the remainder of the tests. Since this experiment was started
in April, tests on germination were madc at intervals of 4 weeks throughout
the period of greatest fluctuation. The germination response was almost
identical with that for storage at a constant humidity of 55 per cent, in
spite of the fact that in the latter case sceds contained 11 per cent moisture
throughout the storage period. In open laboratory storage this high
amount of moisture was present for only approximately 4 wecks of the
storage period.

In conclusion, then, it may be said that fluctuation in moisture content
of stored onion seeds when continued for periods as long as twelve weeks
and especially if a relatively high moisture content is involved is deleterious
to their keeping quality and results in deterioration at a rate greater than
that which would be expected from seed behavior at, constant humidity
levels.

. SUMMARY

Sceds were stored under conditions of controlled temperatures and
humiditics to determine the effect of fluctation in moisture content on
viability. The length of time at a harmful relative humidity (76 per cent)
was found to be directly related to the deterioration rate of gnion and
dandclion seeds regardless of the storage conditions before and after this
exposure. When the period of exposure to 76 per cent relative humidity
was as long as eight or twelve weeks, previous variations in relative
humidity accelerated loss of viability.
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THE STORAGE OF CITRUS SEEDS

LELA V. BARTON

Although the longevity of many seeds in storage has been found to be
increased by drying, there are some seeds which do not tolerate desiccation.
A review of some literature pertaining to seeds of both of these types has
been made by Crocker (4). Citrus seeds are among those which are injured
by drying and hence deteriorate rapidly under ordinary conditions of
storage. Dealers in these seeds have experienced difficulty in maintaining
their germinative power although Florida sour orange seeds have been
reported to be more resistant to drying effects than most other citrus seeds.
For the most part they have kept the seeds moist, either in the original
fruit juice or in moist sand or some other moist medium after cleaning
until they were sold. Inquirics from seedsmen together with the fact
that very little experimental work on the keeping quality of these seeds
has been reported led to the present study. These experiments, designed
to show the effects of moisture content, temperature, and scaling upon
life span were somewhat limited due to the difficulty of obtaining large
quantities of fresh seeds which had not been allowed to dry out. How-
ever, it has been possible to demonstrate that sceds of lemon and grape-
fruit may be kept viable for at least a year under certain conditions.
Arrangements for supplics of sceds were made by Mr. Milo Hunt of
Whitticr, California.

1939 TESTS

Sweet orange and grapefruit secds were obtained from Johnson-Appleby
Co., Cambridge, Massachusetts, on April 30, 1939. They were received
in slightly fermented juice from the fruits. The seeds had not been washed
or dried after removal from the fruit. Many of them, especially orange
sceds, had been injured in removal from the fruit. After they were received,
the seeds were washed thoroughly and most of the broken ones removed.
They were divided into two lots, both of which were dried on blotters in the
laboratory, one for four hours and the other for forty-eight hours. At the
end of each of these periods, moisture determinations and germination
tests were made and lots were stored in open and in sealed containers in
the laboratory and in a 5° C. room. Scaled storage was in tin cans with
tight-fitting lids and sealing wax.

On April 24, 1939, seeds of rough lemon and sour orange were received
from Charles T. McCarty, Eldred, Florida. These seeds had been cleaned
and kept moist in shipment by mixing with moist sand. The sand was re-

Copyright, 1943, by Boyce Thompson Institute for Plant Research, Inc.
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moved by sieving and, after taking samples for moisture determinations
and gemination tests, lots of each kind were stored immediately in open
and sealed containers in the laboratory, in a 5° C. room, and in a room
below freezing with an average temperature of —5° C. Other lots of these
sceds were dried on blotters in the laboratory for seven days after which
they were tested and stored like the moist samples.

For the moisture determinations made on all sceds at the time of stor-
age, duplicate lots of approximately ten grams each were weighed and
then dried in a vacuum oven at 78° C. for forty-eight hours, after which the
dry weight was determined. Calculations of moisturce content were made
on the basis of the dry weights of the seeds. The moisture in the seeds
stored in open containers gradually became adjusted to the humidity
of the air in the storage room, but it was thought desirable to determine
the effect of the initial drying on the keeping quality under all storage
conditions. Secds in scaled containers maintained the same moisture con-
tents throughout the storage period since only one germination sample
was secaled in a can and the seeds were never exposed to the air from the
time they were stored until the germination test was made.

Germination tests after each storage period were made in the green-
house and in controlled-temperature ovens at a daily alternating temper-
ature of 20° to 30° C., where the seeds were left at 20° C. for sixteen hours
and at 30° C. for cight hours daily. The medium used in the greenhouse
was a mixture of sod soil, sand, and granulated peat moss in equal
parts. For the oven tests, the seeds were mixed with moist granulated peat
moss. Both of these methods proved satisfactory for testing the viability
of stored seeds. Duplicates of fifty seeds each for each test were used for
lemon, sweet orange, and sour orange sceds and duplicates of twenty-five
seeds each werc used for grapefruit.

More than one embryo was present in each of many of the seeds. In
greenhouse plantings, the total number of secdlings appearing above
ground were recorded. In oven cultures, only onc germination per seed
was counted and the seeds were discarded as soon as the first sprout ap-
peared.

Results obtained from oven tests of moist sceds are shown in Table I.
Each figure represents the average percentage from duplicates of seeds
producing one scedling. Laboratory storage of moist grapefruit sceds re-
sulted in rapid deterioration. On the other hand, sceds from the same lot
which contained 123 per cent moisture at the beginning of the storage
period remained fully viable in an open container at 5° C. for 232 days
(December 21, 1939, Table I) after which the viability declined so per
cent by 344 days (April 11, 1940). In sealed containers in this same room
the seeds had deteriorated after 148 days (September 28, 1939) and gave
no germination after 232 days. The moisture content of these moist seeds
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in open containers was gradually reduced from 123 per cent to equilib-
rium with the air humidity in the room. This will be discussed further in
1942 tests below. In sealed containers the original high moisture level was
retained, and was detrimental to keeping quality. Drying the seeds to
52 per cent moisture reduced the germination of grapefruit from 32 to 21
per cent. Such dried seeds were all dead in room temperature storage, open
or sealed, when the first germination test was made 55 days after storage.
From such seeds in open containers at 5° C. reduced germination was ob-
tained after 83 days of storage and none were viable after 148 days. In
spite of the initial decline in viability due to drying to 52 per cent moisture
these seeds retained full germination capacity for 232 days in sealed con-
tainers at §° C. This favorable effect of sealing was in direct contrast to
the effect on seeds with 123 per cent moisture.

Sweet orange seeds with 82 per cent moisture behaved in a manner
similar to the moist grapefruit already described. Again open storage in a
5° C. room was ecffective in preserving the seeds for a longer time than
sealed storage while open or sealed storage in the laboratory was very
unfavorable (Table I). Reduction in moisture of orange seeds from 82 to
25 per cent of their dry weight decreased their germination power from
71 to g per cent none of which survived 53 days’ storage either in the labo-
ratory or at 5° C.

Sour orange seeds containing 8o per cent moisture and capable of go
per cent germination exhibited greater resistance to degencration in storage
in the laboratory and at 5° C. than either grapefruit or sweet orange (Table
I). The supply of sour orange seeds stored at 5° C. was cxhausted before
any differences in open and sealed storage were apparent. After 156
(September 28, 1939) days of storage when the last germination test was
made seeds from these two conditions showed 70 and 63 per cent viability.
In addition to the laboratory and 5° C. storage, — 5 C. was also used tor
sour orange seeds. This temperature proved even more harmful than that
of the laboratory, causing a decline in viability from go to 27 per cent in
open storage in 16 days. Sealed storage below freezing produced similar
effects.

Not only were sour orange seeds more tolerant of laboratory temper-
ature storage than either grapefruit or sweet orange, but they also withstood
drying to 4 per cent moisture, after which they were still capable of 22 per
cent germination. After such drying these seeds could not endure storage
in open containers for as long as 57 days at any of the three temperatures
tried, but sealed storage at 5° C. kept them viable for 346 days in spite
of their reduced germination power at the beginning of the storage period.

The response of moist lemon seeds (56 per cent moisture) to storage
was similar to that of the sour orange. More lemon seeds were available
for tests and demonstrated that sealed storage was superior to open stor-
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age at 5° C. for keeping moist seeds viable for a period as long as 352 days
(April 11, 1940, Table I). It should be pointed out, however, that *‘moist”’
lemon seeds contain 56 per cent moisture as compared to 8o per cent in the
sour orange and even higher percentages in the sweet orange and grape-
fruit. Although open storage of moist lemon sceds in the laboratory
caused almost immediate reduction in viability, it was superior to sealed
storage at this temperature as far as length of life was concerned.

Lemon seeds were even more resistant to drying than sour orange secds.
The former were dried from 56 per cent nioisture to 4 per cent with a re-
sulting decrease in germination from 84 to 46 per cent. In sealed storage
in the laboratory and at 5° C. these sceds rctained their full germination
capacity for soo days at which time the seed supply was exhausted. About
one-third of the seeds failed to sprout after the same length of time at
—5° C. Deterioration of dried seeds was much more rapid in open storage

at all temperatures.
1942 TESTS

Twenty-five pounds of grapefruit seeds still moist with the juice of the
fruit and with some of the fruit pulp still attached were received from
Johnson-Appleby Co. on February 16, 1942. The seeds were in excellent
condition. No fermentation had taken place. They were rubbed and washed
thoroughly to free them of pulp the same day they were received. They
were then left moist overnight at 10° C. The next day storage tests were
begun. Some sceds were stored moist containing 131 per cent moisture cal-
culated on the basis of the dry weight of the seeds. Others were dried on
blotters in the laboratory for six, sixteen, and twenty-four hours before
storage. At the end of the drying periods the moisture remaining in the
seeds was 100, 78, and 60 per cent respectively. Further drying was avoided
because the seed supply was limited and the 1939 tests had shown that
reduction in moisture to 52 per cent resulted in reduced germination of
grapefruit. -

The four lots were divided into individual viability test samples and
were stored in open and sealed containers in the laboratory, at 5° C., and
at approximately —5° C. Moisture determinations and germination tests
as described for the 1939 experiments were made at the beginning of stor-
age. Further germination tests were made after storage for 2, 4, 8, 12, 16,
and 52 weeks. For the most part, duplicates of thirty-five seeds each were
used for viability tests both in moist granulated peat moss at a daily
alternating temperature of 20° to 30° C. and in soil in the greenhouse.
Seedling counts were made as described for 1939.

Results from oven tests are shown in Table II. It is evident that none
of the drying periods was injurious to the seeds since 94 to g9 per cent of
them germinated when tested immediately after reduction in moisture
content,
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TABLE 11

GERMINATION OF GRAPEFRUIT SEEDS IN MoI1sT GRANULATED PEAT Moss AT 20° T0 30° C.
FIGURES REPRESENT AVERAGES OF DUPLICATES FOR EAcH TEST

Storage Per cent germination after storage for weeks
Temperature | Moisture* Osg:rllegr o 2 4 8 12 16 52
131 0 04 68 94 13 13 32 o
S 94 89 10 4 ) —_
100 0 06 8o 66 13 4 24 —
S 8 | 77 9 o | — | —
Laboratory
78 o 99 84 86 24 | 43 54 3
S 99 97 8o 50 9 —_
60 (0] 04 93 83 10 36 36 1
S 90 93 82 9o 98 o
131 O 94 | 100 | 97 | 93 | 87 80 | 89
S 9 | 97 | 87 77 | 86 °
100 (0] 06 97 100 04 94 83 88
o c S 100 | 97 97 84 84 41
5 e e [ .
78 (0] 99 97 | 100 92 07 91 83
S 100 | 99 | 99 | 79 | 91 73
6o O | o4 | 94 | 97 | 93 | 90 | 8 | 88
S i ;88 88 91 9_4 ) 84 06
131 (0] 94 | 76 84 71 3 o —
S 8 | 79 | 83 3 o | —
100 (0] 96 76 81 87 3 o —
o c S 7 | 77 | 14 3 o | --
—5°C.
78 0] 99 87 04 86 o 1 —
S 76 89 74 I o —
60 (0] 04 93 89 86 o o —
S 91 99 89 o o —_—

* Per cent moisture calculated on the hasis of dry weight of seeds.

First let us consider the life span in the laboratory. Open and scaled
storage had similar effects on the keeping quality of the moist seeds and
those dried to 100 per cent moisture. The germination power was reduced
significantly under these conditions after eight wecks. These sceds were
so very moist that some of them germinated in the open storage containers
before they dried out. No germinations occurred in sealed storage, how-
ever, regardless of moisture content, due, probably, to the lack of oxygen
or the accumulation of carbon dioxide in the storage chamber. When the
seeds were dried to 78 per cent moisture before storing, their life span at
room temperature was lengthened. Further reduction in moisture content
to 60 per cent before storage made it possible for 98 per cent of the seeds
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to germinate after sixteen weeks in sealed containers. On the other hand,
open storage of these seeds in the laboratory brought about a marked re-
duction in germination atter eight wecks. For effective storage of grape-
fruit seeds for as long as sixteen weeks in the laboratory, it was necessary
to reduce the moisture to about 6o per cent and then place in scaled con-
tainers. Sealing tended to be harmful rather than beneficial to seeds with
higher moisture contents. The limit of effective drying previous to storage
was not determined by these experiments. However, the 1939 tests re-
ported above indicated that drying to 52 per cent moisture injured grape-
fruit seeds. Since the crops may vary in their resistance to desiccation,
more work nceds to be done to settle this point.

A temperature of 5° C. was superior to laboratory temperature for
prolonging the life of grapefruit seeds (Table II). Again, as in the 1939
tests, open storage at this temperature proved an excellent means for
keeping the sceds viable forat least a year, at which time the seed supply
was cxhausted. The initial storage moisture present in the seeds was
without effect on longevity under these conditions. This was to be ex-
pected since the seeds had not been harmed by the drying process and since
they were in open containers. In sealed containers, however, the advantage
of pre-desiccation to at least 78 per cent moisture was demonstrated. Ger-
mination tests of samples from sealed containers at 5° C. of sceds with mois-
ture contents of 131, 100, 78, and 60 per cent showed o, 41, 73, and 66 per
cent viable at the end of a year of storage. Such a difference was not evident
after sixtcen weeks of storage at which time all of the seeds gave excellent
germination.

Grapefruit seeds were injured by a temperature below freezing so that
only occasional scedlings were produced after twelve weeks of such storage
(Table II). No differences were observed between open and sealed storage
at this temperature. These effects were in agreement with those obtained
for sour orange and rough lemon seeds described above.

DISCUSSION

Other workers have dealt with short-lived seeds and have attributed
their deterioration to various causes.

Jones (5) reported that the viability of river maple (Acer saccharinum
I..) sceds was lost if their moisture content was reduced to 30 to 34 per
cent. Since this occurred at temperatures from o° to 35° C., he concluded
that the temperature was not important but that life depended cntirely
on water content. Seeds harvested in the spring and stored over water
in desiccators at 10° C. continued to give high germination up until No-
vember. They kept better when carbon dioxide was not allowed to accu-
mulate.

On the other hand, Kidd (6) attributed prolongation of the life of
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rapidly-deteriorating Hevea brasiliensis seeds to the presence of 40 per cent
of carbon dioxide produced by the respiration of the seeds in a closed flask.
He did not make moisture determinations of these seeds but said that
they had a high water content. He summarized, in part, that ‘“The resting
stage of the moist sced is primarily a phase of narcosis induced by the
action of carbon dioxide" (6, p. 624).

Busse (3) thought that the rapid loss of viability of poplar seeds when
left in air was due to the injurious action of oxygen. He was able to demon-
strate that seeds in sealed containers with reduced oxygen pressure re-
mained viable longer than those subjected to full atmospheric pressure.

Work with grapefruit seeds in this laboratory has shown the impor-
tance of moisture content, temperature, and sealing effects on viability.
High moistures were detrimental to seeds in closed containers especially
when stored at laboratory temperatures. However, drying of grapefruit
seeds to 6o per cent moisture, still a very high moisture content, prolonged
their germination capacity in sealed storage in the laboratory as com-
pared with open storage at this temperature. Obviously, then, some factor
other than carbon dioxide accumulation was operating to prolong the life
of grapefruit seeds, since scaled storage was not favorable in all cases. This
was shown further by the less favorable effect of sealed storage at 5° C. as
compared with open storage at that temperature. Mold appeared on moist
seeds in sealed storage in the laboratory at an early date and may have
been a factor in deterioration but it would be very difficult to say whether
the mold led to deterioration or whether deterioration led to the develop-
ment of mold.

The best storage condition found for grapefruit seeds was in open con-
tainers in a room held at 5° C. This room had a very humid atmosphere.
After a year of open storage grapefruit seeds contained 18 per cent moisture.
Since limited tests indicated that these seeds were somewhat injured by
drying on blotters in the laboratory to 52 per cent moisture, the beneficial
effect of drying to 18 per cent at 5° C. is of particular interest. Certainly it
cannot be said that their longevity depends entirely upon water content.
It appears that the drying temperature and perhaps other factors such as
rapidity of desiccation etc. are of importance. In this respect, these seeds
differ from those of river maple as described by Jones (5). Citrus seeds
apparently vary widely in their tolerance to desiccation. Whereas the
germination of seeds of grapefruit was reduced 30 per cent by drying to 52
per cent moisture and those of sweet orange 8o per cent by drying to
25 per cent moisture, sour orange and rough lemon seeds could be dried to
4 per cent and still retain 25 and 50 per cent of their original germination
power.

The harmful effect of a temperature of approximately —5° C. on the
keeping quality of seeds of grapefruit, sour orange, and rough lemon is in



1043] BARTON—STORAGE OF CITRUS SEEDS 55

direct contrast to the efficacy of this same temperature for maintaining
the viability of many seeds of relatively low moisture contents, such as
vegetable and elm sceds: for example (Barton 1, 2). Other authors have
also reported favorable storage effects of temperatures below freezing
(Crocker 4). That the deleterious effect on citrus seeds of such temperatures
was not due entirely to high moisture content was demonstrated in the
present experiment where rough lemon and sour orange sceds dried to
4 per cent moisture and still capable of germination were unfavorably
affected.

The interrelation of gaseous exchange, moisture content, and temper-
ature in their effects on the keeping quality of short-lived citrus seeds is
not apparent at the present time. Much more work is needed to clarify
the situation.

SUMMARY

Seeds of grapefruit, sweet orange, sour orange, and rough lemon were
stored under different conditions to determine factors which would prolong
life. It was found that grapefruit and sweet orange seeds were injured by
drying on blotters in the laboratory to 52 and 25 per cent moisture respec-
tively calculated on the basis of the dry weight of the sceds. However, sceds
of both of these forms remained viable longest in open storage in a humid
atmosphere at 5° C. where the moisture content was reduced to approx-
imately 17 per cent. Grapefruit seeds may be kept successfully for at least
a year under these conditions. Five degrees C. also proved best for main-
taining the viability of sour orange and rough lemon sceds both of which
tolerated more drying than grapefruit and sweet orange seeds. Laboratory
temperature and —5° C. were deleterious to keeping quality. Some phascs
of the interrclation of gaseous exchange, moisture content, and temper-
ature in their effects on the longevity of short-lived citrus seeds are dis-
cussed.
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INACTIVATION OF THE BROWNING SYSTEM
IN DRIED APPLES

F. E. DENNY

In a previous article (2) it was shown that the browning, which occurs
when the cut tissue of apple (Pyrus malus L.) is exposed to air, could be
prevented by dipping the freshly-cut fruit tissue into a solution made by
dissolving one gram of thiourea, NHCSNH; (also called thiocarbamide),
in a liter of water. It was noted at that time, however, and has since been
demonstrated many times with apple tissue dried after the thiourea treat-
ment, that the browning system, as a whole, of such dried products was
not inactivated, at least not completely, since if such dried apples were
soaked in an excess of water the tissuc promptly developed a brown
color.

The object of the present paper is to show that if the dried apple slices,
obtained as a result of the thiourca treatment, are hcated for approx-
imately 1.5 hours at 80° C. (176° F.), the tissue may then be soaked in
water without the development of a brown color. The function of the
thiourea is to protect the cut surface from browning during drying, the
inactivation of an cssential component of the browning system of the
internal portions of the tissue being then accomplished by means of heat.

It is also shown that by the use of thiourca a dried apple pulp in the
form of thin sheets may be obtained, and that when this dried product is
soaked in water there is no development of a brown color in the pulp. A
heat treatment of the dried product is unnccessary when the proper
amount of thiourea is incorporated into the pulp at the time the fresh
tissue is disintegrated in preparation for the drying process.

EXPERIMENTS WITH SLICES OF APPLES

Preparation of dried slices. The apples were peeled and the cores re-
moved. Slices uniformly one-quarter inch thick were prepared by the use
of a hand-operated stainless steel slicing machine. These were dipped at
once into a beaker partly filled with a solution made by dissolving one gram
of thiourca in a liter of water. The slices from onc apple were allowed to
stand in the dipping liquid while the slices from the next apple were being
prepared (approximatcly 30 to 6o seconds). These apple rings were then
arranged on a half-inch wooden rod at distances of about one-quarter inch
apart and were placed on a rack in the drying room. The temperature of
the room was thermostatically controlled at 35° C. (95° F.) and the air
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was stirred briskly but not violently by the heat-control equipment. Under
these conditions the moisture content of the apple slices was reduced until
it was about 15 per cent, in about 24 hours. Usually samples were removed
at different intervals to furnish tissue with varying amounts of moisture. It
was found necessary to reduce the moisture content to below 20 per cent in
order that good color of slices could be maintained on further standing in
air at room temperature.

The apple slices prepared and dried in this way were white, without any
tinge of brown color. This is shown by the dry samples in ticr 2, Figure
1 A. However, although these slices were white (and have been found to
remain so for many weeks if kept dry, and indefinitely if stored dry at a
temperature of 5° C.), the browning system in the bulk of the tissue had
not been inactivated by the treatment. When the dry white slices were
placed in water and soaked for a few hours the tissue became brown, as
shown in tier 3, Figure 1 A. The thiourea treatment had protected the
outer layer of the slice until the moisture content had been reduced to the
point at which browning in the internal region could not occur.

IHeating of dried slices. The inactivation of the browning system in these
dricd apple slices was accomplished by heating them in an oven. For these
tests only the central slices from cach apple were used. Browning is par-
ticularly active in the tissue adjacent to the core and in the fibrovascular
strands in the center of the apple. Four or five of these central slices were
available from each apple.

Half-pint glass fruit jars were used as containers for heating dried
apple slices in the oven. The empty jars were first placed in the electric
oven and were brought to the desired temperaturc as shown by a ther-
mometer placed approximately one inch from the edges of four such jars.
Randomly selected apple rings were put in the jars which were sealed and
returned quickly to the oven. After the desired period of heating, the slices
were removed from the oven, placed in an excess of water in beakers, and
soaked. During the first two hours of soaking the water was decanted
occasionally and fresh water was applied. This was to leach the thiourea
from the tissue. The soaking was continued overnight and the color of the
apple slice was then noted.

Preliminary tests indicated the approximate ranges of time, temper-
ature, and moisture content of slices for successful inactivation of the
browning system. At 85° C. (185° F.), if the moisture content was above
15 per cent, caramelization occurred when the duration of heating was as
much as two hours. At 75° C., two hours of heating were insufficient to
prevent browning of soaked tissue if the moisture content of the dried slices
at the time of heating was below 15 per cent. A heating period of one to
two hours at 80° C. (176° F.) was found to be about right. The results of
such a test with tissue from five varieties of apples are shown in tiers 4 to 7,
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FI1GURE 1. A. Rows: top row var. McIntosh and in order downward: Northern Spy,
Cortlandt, King, Rhode Island Greening. Tiers: No. 1, control slices, not treated, dried,
soaked in water; Nos. 2 to 7, slices dipped into o.1 per cent thiourea solution and dried; No.
2, not soaked; Nos. 3 to 7, soaked in water; No. 3, not heated before soaking; Nos. 4 and s,
heated 1 hour at 80° C. after drying and before soaking; Nos. 6 and 7, heated 2 hours; Nos.
4 and 6, slices with 14 per cent moisture, Nos. 5 and 7 with 11 per cent moisture at time of
heating. B. Ring No. 1 at left dipped into o.1 per cent thiourea, dried, not heated, soaked in
H;0; rings Nos. 2 to 5 dipped into 0.1 per cent thiourea, dried and heated at 80° C. for 1.5
hours before soaking in water; No. 6, same but heated 2 hours. Moisture contents of rings
before heating were, left to right: 17.5, 13.5, 9.9, 8.0, 8.0. C. Films of dried apple pulp: top
row, dried, not soaked in water; bottom row, corresponding lots after soaking in water.
Amount of thiourea added to fresh tissue at time of pulping: left to right, 1 part by weight
9( thiourea to 5000 parts of fresh tissue; 1:7500; 1:10,000; I:12,500; control, water added
instead of thiourea solution,
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Figure 1 A. The hcating period after drying and before soaking was one
hour for the lots shown in tiers 4 and 5, and two hours for those shown in
tiers 6 and 7. Two different moisture contents were also involved in this
test, the moisture content of the lots in tiers 4 and 6 being 14 per cent, and
those in tiers 5 and 7 being 11 per cent. It is seen that two hours’ heating at
80° C. (176° F.), tiers 6 and %, was sufficient to inactivate the browning sys-
tem of the tissue of all five varicties, and at both moisture contents, since
slices so treated when soaked in water retained their light color in a satis-
factory manner. The heating period of one hour was also successful in all
cases but one, this being the Cortlandt sample which showed an undue
amount of browning in the series with 11 per cent moisture, ticr s, row 3,
Figure 1 A.

Selecting a heating period of 1.5 hours at 80° C. (176° F.), the range of
moisture contents of tissue at which inactivation could be accomplished was
tested. In this experiment, apples of the variety Mclntosh were used.
The thiourea dipping solution was again o.1 per cent, and samples of
apple rings were removed at intervals after the drying process was started
so as to furnish lots with decreasing amounts of moisture; the actual
moisture contents of these lots were found later to be: 17.5, 13.5, 9.9, and
8.0 per cent. The results of this test are shown in Figure 1 B. The missing
segments in Figure 1 B represent those removed before soaking, for the
purpose of a moisturc determination. The four rings in the center show the
condition after heating for 1.5 hours at 80° C. (176° F.) and soaking in
water. Since the lot at 8.0 per cent moisture (second from the right in
Fig. 1 B), showed a small amount of browning, another sample at this
moisture content was heated for 2 hours instead of 1.5 hours with the
result that complete inactivation of the browning system was obtained
(right hand ring in Fig. 1 B).

As a result of these tests, the method of inactivating the browning
system in dried apples may be stated as follows: slice the pecled and cored
apples into one-quarter inch slices, dip into a thiourea solution made by
dissolving one gram of thiourea in a liter of water, dry the slices in a cur-
rent of air until the moisture content is 10 to 15 per cent, heat the dried
slices in an oven at 80° C. (176° F.) for 1.5 hours.

Effect on constituents of the browning system. Although the main object
in these tests was to obtain a dried apple product which would not turn
brown when it was soaked in water, some tests werc made to determine
which part or parts of the browning system were inactivated by the heat
treatment. The procedure used was that employed by Overholser and
Cruess (3) in testing for the organic peroxide and peroxidase components
of the oxidase system. According to this method a blue or purple color
resulting from the addition of the benzidine reagent alone indicates the
presence of both organic peroxide and an active peroxidase; but if the
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coloration is not obtained until hydrogen peroxide is added in addition to
benzidine, the test indicates the absence of a naturally-occurring organic
peroxide but the presence of an active peroxidase.

Thiourea-treated dried apple rings white in color were soaked in an
excess of water which was then decanted and a few drops of the benzidine
reagent were applied. A dark blue coloration resulted within a few minutes,
indicating the presence of both peroxidase and a naturally-occurring
peroxide. When the same test was applied to the apple rings which had been
heated at 80° C. for 1.5 hours the benzidine test before the addition of
hydrogen peroxide was negative, but it was strongly positive after apply-
ing both benzidine and H;(.. These tests indicate that the heating process
had destroyed the organic peroxide constituent but not the peroxidase con-
stituent of the browning system. This shows that the functioning of the
browning system, as a whole, could be prevented by inactivating only one
of the components of the system, i.c., the organic peroxide. Browning could
then not occur even though the peroxidase component remained active.

EXPERIMENTS WITH APPLE PULP

When slices of apple fruit are merely dipped into a dilute thiourca solu-
tion, it is only in the outer cells of the slices that thiourca comes into con-
tact with the browning system. As shown in the preceding paragraphs, the
internal tissues of the slices retain their capacity for browning when soaked
in water.

This leads to the question whether subsequent browning could be pre-
vented by a thorough disintegration of the tissue in the presence of thiourea
previous to the exposure to drying conditions.

In the first experiments on incorporating thiourea into apple pulp, the
thiourea solution was added to the chopped fresh tissue (10 cc. of solution
to 100 g. of fruit), and after grinding with a mortar and pestle, the pulp
was poured on a picce of cheesecloth laid on a large watch glass, and dried
in a current of air at 35° C. (95° F.).

When the thiourea added amounted to at least 1 part of thiourea (by
weight) to 10,000 parts of apple tissue, the film of dried pulp so obtained
was of good color, i.e., browning did not occur. When several small quan-
tities of this dried pulp were cach separately soaked in water, however,
some of these small samples showed some development of brown color,
while others did not. This indicated that the grinding had been incomplete,
that small bits of tissue survived the grinding in such manner that the thio-
urca did not penetrate to the inner portions. Such bits then released their
content of protected enzyme when the tissue was soaked in water.

This difficulty was overcome by the usc of a Waring Blendor, see Davis
(1). The procedure employed was as follows: the apples were peeled and
cored; 200 g. of tissue in the form of small chunks were placed in the bowl
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of the machine and 60 cc. of the thiourea solution were added. The appa-
ratus whipped the tissue into the condition of a fine pulp within a few
minutes, and this pulp was poured on cheesecloths placed on eight-inch
watch glasses. In a current of air at 35° C. (95° F.) the tissue dried in about
24 hours. The cloth was stripped from the watch glass, and in turn, the
film of dried apple pulp was stripped from the cloth.

When the amount of thiourca was varied in series to furnish 1 part (by
weight) of thiourea to 5000, 7500, 10,000 and 12,500 parts of fresh apple
tissue, it was found that the limit of dilution to give complete inactivation
of the browning system, i.e., no coloration when the dried tissue was soaked
in water, was at 1 part to 10,000. At 1:12,500 considerable browning
occurred.

Discs of these samples of dried apple pulp were cut out from these films
and the colors before and after soaking in water are shown in Figure 1 C.
The products obtained with thiourea treatments using amounts of 1: 5000,
1:7500, and 1:10,000 (by weight) were of good color in the dried condition,
and no browning occurred with them when thev were soaked in water.

Effect on constituents of the browning system. The benzidine and benzidine
+H;0; tests were applied to these films of dried apple pulp in the manner
previously described for the dried apple slices. Portions of the dried films
from the 1:5000, 1:7500, and 1:10,000 lots were soaked in an excess of
water which was then decanted. The application of a few drops of the
benzidine reagent did not lead to the development of a blue color, indicating
the destruction of the organic peroxide constituent; but upon the addition
of both benzidine and H,0; a dark blue color developed promptly, showing
that an active peroxidase was present in the tissue.

Samples of dry films from these same lots of pulp were heated in an
oven at 80° C. (176° F.) for 1.5 hours. A repetition of the benzidine tests
gave negative responses both before and after the addition of hydrogen
peroxide, indicating that during the heating of the dried pulps even the
peroxidase constituent of the browning system had become inactivated.

Thus, in the effect of heat upon the dried tissue, there was a difference
between the dried slices (in which thiourea came in contact with only the
surface cells of the fresh slices) and the dried pulps (in which the thiourea
came into contact with perhaps nearly all of the fresh tissue). The heat
did not inactivate the peroxidase constituent of the slices but did inactivate
it in the pulps. With dry slices, the organic peroxide constituent was
not inactivated until after heating, with dry pulp it was inactivated
even before heating. With slices the peroxidase component was still active
even after heating, but with the pulp the heat treatment rendered it com-
pletely inactive.
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SUMMARY

The white dried apple slices obtainable when fresh apple slices are
dipped into a o.1 per cent thiourea, NH;CSNHj; (thiocarbamide), solution
and dried in a current of warm air, turn brown if they are soaked in water.
However, when the thiourea-treated dried slices were heated in an oven at
80° C. (176° F.) for 1.5 hours, browning did not occur when the slices are
soaked in water.

Benzidine tests (with and without hydrogen peroxide) showed that the
organic peroxide and peroxidase constituents of the browning system were
both present in the active condition in the dried slices previous to heating,
and that the heat treatment destroyed only the peroxide component,
the peroxidase constituent retaining its activity.

When thiourea was added to fresh apple tissue¢ which was then rapidly
reduced to a pulp in the bowl of a mixing machine with rotating blades,
the pulp when dried in shallow layers in a current of warm air furnished
a dried apple product in the form of films. These films of dried apple pulp
may be soaked in water, the resulting sauce showing no brown color. The
lowest amount of thiourea which will give this result is approximately
1 part of thiourea to 10,000 parts of fresh apple fruit tissue (by weight).

Benzidine tests on the dried pulp before heating showed that the organic
peroxide component of the browning system had been destroyed by the
thiourea treatment, although the peroxidase constituent was still func-
tional. Heating the film of dried pulp at 80° C. for 1.5 hours resulted in
the inactivation of the peroxidase.
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EFFECT OF POST-HARVEST PRE-STORAGE CONDITIONS
ON THE RATE OF DEVELOPMENT OF SUGAR IN
POTATO TUBERS DURING SUBSEQUENT
COLD STORAGE

F. E. DENNY AND NorWOOD C. THORNTON

Previous experiments (2, 3) showed that the time after harvest at which
potato tubers (Solanum tuberosum L.) were placed in cold storage (at 5°C.)
was an important factor in the subsequent rate of sugar development,
carly storage inducing the formation of high amounts of reducing sugar,
while a late start of storage favored the accumulation of sucrose.

The present experiments were carried out to determine whether the
conditions of storage from harvest time until cold storage was initiated
had an influence on the changes in sugar content during cold storage.

Shortly after harvest the samples of tubers were placed in cach of four
rooms with temperatures ranging from 15° to 24.4° C. At the highest
temperature the relative humidity was varied from 42 to g2 per cent. At
intervals samples were transferred from these rooms to cold storage at
5° C., and sugar analyscs of the juice made at intervals thereafter.

The principal effect of these pre-storage conditions was upon the sucrose
content during subsequent cold storage. The lowest post-harvest temper-
ature used, i.e., 15° C., rctarded the rate of sucrose accumulation, the
samples from this storage condition forming only about one-half as much
sucrose as was formed by the tubers stored under the other three sets of
conditions.

A surprisingly small influence of the post-harvest storage condition
upon the reducing sugar content in subscquent cold storage was found.
There was some evidence, however, that pre-storage at 15° C. held the
reducing sugar content of the tubers to a level about 20 per cent lower than
that of tubers from the other three pre-storage conditions.

It should be emphasized that the post-harvest pre-storage conditions
tested did not influence the content of either reducing sugar or sucrose
during the pre-storage period. The effects found were upon the sugar con-
tent after the tubers were transferred from the pre-storage conditions to
cold storage at 5° C.

MATERIALS AND METHODS

T'ubers. The tubers of the varieties Green Mountain and Carman No. 3
were grown in the Institute gardens and were harvested in mid-August
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1942. Those of the varieties Irish Cobbler and Katahdin were purchased
in a local market from supplies of tubers that had been recently harvested
in Long Island.

The tubers werc sorted into sizes and divided proportionately into
samples of 16 tubers each for Irish Cobbler and Katahdin, 18 tubers for
Green Mountain, and 20 tubers for Carman No. 3. The tuber samples in
cheesecloth bags were distributed into burlap bags for storage under the
conditions of the test.

Storage rooms. The rooms used for obtaining the variations in temper-
ature and humidity were as follows: Room A was a warm room, the temper-
ature averaging 23.3° C. in the interval from September 3 to December 24,
and varying only about 2° from this value. The air was dry, the relative
humidity being about 42 per cent, and varying from about 53 per cent in
September to about 43 per cent in October, 39 per cent in November, and
23 per cent in December.

Room B was a galvanized iron cylinder, capacity 790 liters, placed in
room A. The humidity of this space was kept high by suspending wet
cloths from the ceiling. The average temperature was 24.4° C., slightly
higher than that of room A. The humidity was g2 per cent, varying from
about g1 per cent in September, to about g4 per cent in October, g3 per
cent in November, and 87 per cent in December. Slow ventilation was
provided and gas analyses were made frequently to make certain that
there was no accumulation of carbon dioxide within the cylinder.

Room C was a basement room of the cellar type with earth completely
surrounding it except on one wall. Constancy of temperature was not
maintained but the changes were quite gradual, ranging from 22.5° C.
in early September to 18.5° C. in late October, at which time electric heat
was applied which maintained a temperature not lower than 17° C. at
any time until the final sample was removed on December 24. The average
temperature for the entire period was 19.8° C. The average relative humid-
ity of this room was 70 per cent, varying from 85 per cent in September to
76 per cent in October, 63 per cent in November, and 43 per cent in De-
cember.

Room D was a well insulated thermostatically controlled storage room
with the temperature maintained at 15° C., and deviating only slightly
at any time from this figure. The average humidity was 86 per cent, varying
from 88 per cent in September to 87 per cent in October, 84 per cent in
November, and 8o per cent in December.

Durations in pre-storage. The tubers were placed under the pre-storage
conditions on August 27. Therefore the lots removed on October 1 and
placed in cold storage were under the pre-storage conditions for 35 days,
those removed October 26 for 6o days, those removed December 1 for
96 days, and those removed on December 24 for 118 days.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































