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FORMATIVE EFFECTS INDUCED WITH™
B-NAPHTHOXYACETIC ACID!

P. W. ZIMMERMAN AND A. E. HiTcHcock

Mention has frequently been made of the varied responses induced by
many growth substances though all have in common the capacity to initi-
ate root primordia. The naphthalene group includes a number of the most
active substances. Two of these are a-naphthaleneacetic acid and S8-naph-
thoxyacetic acid and their derivatives. The former was first described as a
physiologically active substance in 1935 (10). 8-Naphthoxyacetic acid was
first mentioned as an active substance by Irvine (7) in 1938. In 1939 it was
again mentioned in two papers by the present authors (8, 9) and in two by
Bausor (1, 2). Bausor, Reinhart, and Tice (3) reported in 1940 on histolo-
gical peculiarities induced by this chemical.

The purpose of the present paper is to report some interesting modlﬁca-
tions of plant organs induced by 8-naphthoxyacetic acid and its derivatives
applied as a spray, as a vapor, or added to the soil.

MATERIALS AND METHODS

B-Naphthoxyacetic acid (NOA) was synthesized in our laboratory.
Directions for preparing it are as follows: Dissolve 48 grams of 8-naphthol
and 25 grams of potassium hydroxide in 450 cc. of water and mix with 30
grams of chloroacetic acid and 25 grams of potassium hydroxide dissolved
in 250 cc. of water. Pour the mixture into a flask and reflux for one to two
hours on steam bath. Upon cooling, potassium naphthoxyacetate precipi-
tates. The salt is only slightly soluble in alcohol or water. Filter the mix-
ture and wash with water or alcohol. After the salt has been dried, add 5
grams to 100 cc. of 50 per cent acid (5 per cent sulphuric or hydrochloric)
alcohol. The precipitate will dissolve. Next add 250 cc. of water, and S-
naphthoxyacetic acid precipitates out. Collect on a Biichner filter. The
acid can be improved and purified by redissolving in alcohol and again pre-
cipitating with distilled water. This process can be repeated until the acid
has a melting point of 154° to 156° C.

a-Naphthoxyacetic acid is synthesized by using a-naphthol instead of
the beta form. It was not used in the present experiments because itis only
slightly active.

A convenient stock solution of 10 mg./cc. in 95 per cent alcohol served
for making dilutions. The concentrations used ranged from 100 mg./l. to
1000 mg./l. The substance was applied as a spray with an atomizer,

! This article was preprinted March 18, 1941. .
Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.

(1)
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FIGURE 1. Modifications of leaves induced by naphthoxyacetic acid sprayed on the tip
of the stem. A. Hibiscus leaves which grew after tip had been sprayed with 300 mg./l.
Normal leaf on left was near the tip when experiment started. Note clearing of veins and
difference in size and pattern of the leaves. B. Tomato leaves from one plant sprayed twice
with 300 mg./l. Normal leaf on upper left. C. Tomato leaves from one plant in series from
normal (left) toward tip, 31 days after tip was sprayed with 250 mg./l. Note slight modifica-
tions and recovery.
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Spreaders such as casein, Aerosol, or Penetrol and lanolin emulsions were
sometimes used but these were not essential. The higher concentrations
were used with alcoholic solutions or emulsions.

When used as a vapor the crystals were heated under a bell jar with the
plants as described in earlier publications (8, 9). The esters are more vola-
tile than the acid or the acetamide and can be applied without heat. Soil
treatments usually consisted of 50 cc. of the solution (concentration oo
to 1000 mg./l.) applied to the soil in a four-inch pot. Only one treatment
was necessary for the most sensitive species.

The plants responding most readily were tomato (Lycopersicon esculen-
tum Mill.), hibiscus (Hibiscus rosa-sinensis L.), Turkish tobacco (Nico-
tiana tabacum L.), sensitive plant (Mimosa pudica L.), fuchsia (Fuchsia
hybrida Voss.), Jerusalem artichoke (Helianthus tuberosus L.), marigold
(Tagetes erecta L.), and yellow Paris daisy (Chrysanthemum frutescens L.).

EXPERIMENTAL RESULTS

Formative effects on leaves. B-Naphthoxyacetic acid has in common with
many other growth substances the capacity to induce epinasty of leaves,
curvature of stems, swelling and proliferation of tissue, inhibition of buds,
retardation of roots, etc. It differs from other hormone-like compounds in
its effects on leaves and flowers.

Leaves of hibiscus which grew after the tip of the plant was sprayed
with 100 mg./l. to 1000 mg./1. of naphthoxyacetic acid in water were modi-
fied in form and venation. Several modifications produced by one plant are
illustrated in Figure 1 A. The plant had been sprayed at the growing point
three different times at seven-day intervals with 300 mg./l. of naphthoxy-
acetic acid in water. The leaves were modified in size, shape, veins, and
serrate projections at the edge and tip. The picture shows the progressive
stages to the most pronounced modification and finally signs of recovery.

The peculiar clearing of the veins is notable. When viewed with trans-
mitted light the modified leaves appeared to have nearly transparent veins, a
characteristic which is often associated with virus diseases (4). The leaf on
the right in Figure 1 A shows transparent veins near the midrib though the
outer part is nearly normal. The effect of the chemical was nearly lost
when the younger (outer) part of the leaf developed. The next leaf to grow
was apparently normal. The shape of old leaves was not affected by the
substance. To bring about modification either new leaves or parts of leaves
had to grow under the influence of the chemical. R

Tomato leaves were modified in size, shape, type, number of leaflets,
pattern, and venation where the growing point was sprayed with solutions
or emulsions containing any concentration of naphthoxyacetic acid from
100 mg./l. to 1000 mg./l. To bring about pronounced modifications with
low concentrations it was necessary to repeat the application two or more
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Fi1GURE 2. Tomato plants treated with naphthoxyacetic acid. A. Left, control. Right,
plant exposed to vapors under bell jar for 24 hours. New leaves which grew after treatment
showed modification of pattern, shape, size of leaflets, and clearing of veins. B. Left, con-
trol. Right, plant treated on soil with 50 cc. of solution containing 300 mg./l. The insert
is an enlargement of the tip. Note how leaflets grew together, causing the midrib to push
through the opening: The curvature of the older part of the stem occurred within a few hours
after treatment. One leaf is only partly modified because it was partially formed when ex-
periment started.
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times. Figure 1 B illustrates the several peculiar types of leaves taken
from one plant 30 days after the plant had been sprayed with 300 mg./l.
of the substance. The leaf on the left of the upper row was near the growing
tip when the plant was treated. It grew to maturity with no noticeable
modification in shape. All other leaves produced thereafter were greatly
modified in size and shape. The veins showed clearing which, together
with the modified forms, resembled leaves of plants affected with tobacco
mosaic virus or mite infestation. Some types of virus diseases cause clear-
ing of the veins and frenching or fern-like tomato leaves. Some of the
treated plants produced several fern-like leaves in succession and then re-
verted to normal after the influence of the chemical disappeared. In con-
trast to frenching, some leaves showed failure of leaflets to separate, oc-
casionally forming a nearly simple leaf instead of compound. Frequently
the leaflets appeared on one side of the midrib but not on the other. Curl-
ing and twisting of growing leaves was striking. One such leaf is shown in
Figure 1 B. The light color of the tip is due to twisting so that the under
side shows on top. Many other modifications not easily described were evi-
dent. In general the response of the plants to naphthoxyacetic acid and its
derivatives is one of the best examples of chemical influence of a forma-
tive nature.

Recovery toward normal usually started within a month after treat-
ment, though there was much variation especially with the higher dosages.
When the growing tip of plants treated with high dosages was removed to
force axillary buds, the new shoots produced modified leaves. Nearly nor-
mal leaves grew on axillary shoots of plants treated with 100 mg./l.

Soil treatments involving 50 cc. of solution (250 mg./l.) brought out
many of the modifications described for sprays. The highest concentra-
tions caused even more modification and more lasting effects than sprays.
The leaves that grew after treatment were badly distorted. The tips of leaf-
lets often grew together, forcing the midrib to curl and grow through the
opening (Fig. 2 B). The treated plants produced new leaves showing a
series of modifications up to maximum distortion and then reverting to-
ward the normal as the chemical influence subsided.

Flowers on plants which were modified by soil treatment or repeated
applications of emulsions developed long, tubular calyxes with divisions
near the tip. The buds resembled those of the genus Geranium, known as
cranesbill.

Tomato plants were placed under bell jars and exposed to vapors of
naphthoxyacetic acid, the acetamide, and esters for a period of 24 hours.
The first effects were epinasty of all leaves and then inhibition of growth
without killing the growing points. Within a few days, however, growth
was resumed and all new leaves produced were considerably modified, as
shown in Figure 2 A. The modifying influence persisted for a considerable
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FiGure 3. Modifications induced with naphthoxyacetic acid. A. Mimosa plants show-
ing one control on the left and two plants sprayed at growing point with 300 mg./l. The
insert is an enlargement of a modified leaf to show the regular projections on leaflets. The
middle plant shows two fasciated leaves, the leaflets failing to separate from each other.
The plant on the right has a badly fasciated leaf that resembles a bloom, B. Paris daisy
showing control on left, and on right modification of leaves induced after being sprayed at
the growing tip with an emulsion containing 300 mg./1. of naphthoxyacetic acid. Photograph
taken 18 days after treatment.
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period of time but eventually the plants recovered and again produced
normal leaves. The effects in general were not as lasting as when the sub-
stance was applied to the soil. Also, the buds and flowers produced on the
plants treated with the vapors were approximately normal in contrast to
long, slender buds on plants modified through soil treatments.

Tobacco plants were sprayed at the growing point with emulsions and
water solutions of naphthoxyacetic acid. The leaves developing thereafter
curled downward and were modified in several ways. They were curled and
narrow and the veins showed clearing as if the plants had been attacked
by mites. The plants treated with 300 mg./l. of naphthoxyacetic acid grew
more rapidly in height and flowered considerably ahead of controls. The
leaves became nearly normal as the effect of the chemical disappeared.

Marigold plants treated with 300 and 500 mg./l. produced skeleton-
like leaves, the midribs becoming prominent with practically no blades.
The stems of treated plants became swollen and developed adventitious
roots.

The Paris daisy proved to be a very sensitive species. When treated at
the tip with concentrations of 100 to 300 mg./l. of naphthoxyacetic acid,
the young leaves curled downward within two hours and continued to
show pronounced epinasty for several days. New leaves which grew after
the chemical was applied were modified in size, shape, width of segments,
and size of the lamina, as shown in Figure 3 B. Clearing of veins was also
evident as described for hibiscus. The influence of the chemical was lost
within 30 to 40 days and new leaves which grew thereafter appeared
normal.

Rapidly growing artichoke plants were sprayed at the tips with 100
to 500 mg./l. of naphthoxyacetic acid solution. Within two hours the young
leaves showed epinasty and curling. Within 48 hours the stem tips became
swollen and soon thereafter produced adventitious roots. Stem elongation
was inhibited for several days, varying with the concentration of the chem-
ical. Many modifications appeared as the axillary buds grew or the termi-
nal bud resumed growth. Fasciation of leaves, lobing of leaves, clearing of
veins, growth of the midribs with small blades or lamina on one side only,
and opposite leaves grown together to make a tube around the terminal
bud, were some of the most evident results.

Mimosa plants were sprayed at the growing tip with 100, 300, and 500
mg./l. of naphthoxyacetic acid. The new leaves produced were modified
in various ways. The partially formed leaves at the time the plant was
treated developed with narrow leaflets resembling fern leaves and having
projections near the base of the leaflet. The regularity of these projections
indicated some morphological peculiarity which was not evident on the
normal leaf, but was greatly pronounced from the influence of the chemical.
Many leaves which were formed after the treatment showed considerable
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FIGURE 4. The modification of tomato fruit and flowers sprayed with 300 mg./l. of
naphthoxyacetic acid. A. Early parthenocarpic development and persistence of perianth
parts ten days after treatment. When the oldest flower (right) was fully open, the one on
left was just opening, and the two in middle (back) were closed buds. B. The same fruit as
shown in ““A” jo days after treatment. The perianth of the fruit on left was removed for
examination. C. Cross sections of normal fruit (above) with seeds, and seedless fruit (below)
induced with naphthoxyacetic acid.
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fasciation, leaflets failing to separate. In some cases two of the midribs
were fasclated, causing three rows of leaflets, one pointing upward. Some
of these formative effects are shown in Figure 3 A. The plants treated with
naphthoxyacetic acid were partially desensitized for a few days.

Formative effects on flowers and fruit. As mentioned above, the greatest
modification of flowers occurred on plants treated through the soil with
5o cc. of 250 to 1000 mg./l. of naphthoxyacetic acid. All organs of the
plant growing thereafter were considerably modified. Flower buds devel-
oped with long tubular calyxes, splitting only near the tip. They varied
from this pronounced modification to nearly normal and finally normal
flower buds after the influence of the chemical disappeared.

When normal flower buds just beginning to open were sprayed with
any of the concentrations mentioned above, the ovaries were induced to
enlarge rapidly and the perianth parts persisted for 10 to 30 days. This
peculiarity is shown in Figure 4 A. Also, the styles persisted and the stig-
mas appeared to be in a receptive condition for pollination for.a much
longer period than normal. During December to February, while these
experiments were under way, fruit set occurred only rarely on control
plants. However, clusters of flowers and buds sprayed with naphthoxyace-
tic acid set seedless fruit readily during this period. If the spray was ap-
plied when the first bud opened, the oldest flower and some of the others
developed, producing parthenocarpic (seedless) fruit. The youngest buds
usually withered and dropped. When the petals showed much withering,
the flower was too old to respond to the chemical treatment. Such flowers
usually withered within a few days after being sprayed and abscissed. The
number of fruit set varied from two to five. Table I shows the number of
fruit induced to set when flower clusters were sprayed. In no case were all
of the flowers induced to set fruit with one spraying. Either the youngest
or the oldest abscissed. Flowers in the bud stage at the time the spray was
applied frequently set fruit without opening. Emasculated flowers set
fruit poorly. Perhaps in this case a lower concentration of the substance
might have been more favorable. For practical purposes it would be best to
spray the clusters at two or more different stages of development, that
is, when the first two flowers are open and then at some later periods when
the younger flowers show considerable development.

When the seedless tomato fruit ripened, the taste was considerably
sweeter than normal fruit with seeds.

Normally the hibiscus does not develop seed pods in the Institute green-
houses. Parthenocarpic development of hibiscus ovaries was induced by
spraying the open flower with various concentrations of naphthoxyacetic
acid. Though the ovary was induced to grow, the seed did not set even
though the flowers were pollinated before and after chemical treatment.
When tomato flowers were pollinated after early parthenocarpic develop-
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ment a few seeds were formed. These were tested, however, for viability

and found viable.

Fuchsia flowers persisted for a long time and parthenocarpié develop-

TABLE 1

PARTHENOCARPIC DEVELOPMENT OF TOMATO OVARIES INDUCED BY SPRAYING THE FLOWER
CLUSTERS WITH NAPHTHOXYACETIC AcCID IN CONTRAST TO NATURAL
Fruit SET oF CONTROLS

Conc. Date No. of Stage of No.
o of flowers and development fruit Remarks
NOA treat- | buds when when set on a
spray ment treated sprayed Jan. 29
4oomg./l. | Jan. 15 5 Only one flower 4 Youngest bud still re-
open entirely mains
“ “ 2 open 4 2 buds starting to turn
1 starting to open yellow
“ “ 9 4 open 5 2 buds in good condition
I starting
soomg./l. | Jan. 20 5 3 open 3
“ “ 6 3 open 3 2 dead
“ “ 6 1 old flower 4 OId one abscissed
3 open
“ “ 5 All in bud stage 2 3 buds remaining
“ Jan. 24 5 3 open 3 2 buds in good condition
“ “ 4 1 opening 2 2 buds in good condition
u “ 4 I starting to open 3 1 bud small
“ “ 4 I starting to open 2 2 buds in good condition
“ “ 5 1 old flower 3 Old flower abscissed
2 buds opening
“ “ 4 2 open 3 1 bud still in good condi-
2 buds tion
“ “ 4 I open 2 1 dead, 1 bud remaining
1 starting
Check Jan. 15 4 1 flower o All dead
3 buds
Check “ 5 2 flowers 2 3 dead
shaken 3 buds
Check Jan. 20 4 2 flowers o All dead
2 buds
Check “ 6 2 flowers 2 4 dead
shaken 4 buds
Check “ 5 1 flower 1 4 dead
shaken 4 buds
Check “ 5 2 flowers o All dead
shaken 2 buds
Check “ 5 2 flowers o 4 dead
3 buds
“ “ 4 1 flower 1
“ “ 6 1 flower 2 4 dead
5-buds

ment occurred when treated with vapors of naphthoxyacetic and naphtha-

leneacetic acids (8) and when sprayed with solutions of these substances.

The sepals often developed chlorophyll and appeared leaf-like.
B-Naphthoxyacetic acid derivatives and other growth substances. 8-Naph-
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thoxyacetamide, ethyl, methyl, and toluol naphthoxyacetate, and the
potassium salt, weére all active and induced the same formative effects as
the acid itself. Indoleacetic acid, indolebutyric acid, and naphthaleneacetic
acid are very active substances and have many influences in common with
B-naphthoxyacetic acid. They lack, however, the unique capacity to
modify leaf types as shown for the naphthoxyacetic acid and its derivatives.

DISCUSSION

The persistence of floral parts when tomato ovaries are induced to grow
by spraying with naphthoxyacetic acid recalls the reports (s, 8) that holly
fruit was induced to set when the flower buds were sprayed or exposed to
vapors of methyl naphthaleneacetate. In the latter case the petals did not
open fully but remained in good condition for more than a month whereas
control flowers dropped within a short time (8). Both cases indicate regu-
lating influences by hormone-like chemicals. In fact, all the hormone-like
responses to growth substances indicate the regulatory effects of physio-
logically active compounds.

There is a close resemblance in appearance of modified leaves through
the influence of naphthoxyacetic acid and virus-diseased leaves (4). An
inexperienced person would be in danger of mistaking the formative ef-
fects of the chemical for virus symptoms. In the case of the latter, however,
the active agent is usually multiplied in the growing tissue while the in-
fluence of applied naphthoxyacetic acid is lost by the growing plant.

In nature many modifications in leaf patterns are known to occur. The
variations of submerged and aerial parts of amphibious plants are good
examples. The literature on this subject is voluminous. A review of the
published results and a discussion of possible relationships between natu-
rally occurring and chemically induced modifications will be considered in
a later publication.

Irvine (7), who was the first to report that 8-naphthoxyacetic acid is
physiologically active, was interested in the comparative effects on pri-
mordial tissue of X-radiation and several growth substances. She reported
that plants treated with X-radiation and lanolin preparations of 8-indole-
acetic acid, colchicine, a- and B-naphthoxyacetic acid showed disarranged
phyllotaxy, deformation and joining of leaf primordia, and splitting of the
apex into several primordial regions. Strangely enough all of the treat-
ments and substances had the same effects. We have not found a-naph-
thoxyacetic acid as active as the beta form and in our experience indoleace-
tic acid did not modify leaves of treated plants, as described for 8-naph-
thoxyacetic acid.

Bausor et al. (3) in studying histological responses to lanolin prepara-
tions of naphthoxyacetic acid found that the substance caused cell en-
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largement, cell division, differentiation, and organ formation. The response
varied with the kind and age of the tissue. They did not mention modifica-
tion of leaves produced after the tips were treated but stated that multiple
roots developed from different centers of organization and new centers of
growth in the primordium.

We have shown that naphthaleneacetic acid modifies the roots which
are initiated, causing fasciated or new organs of large diameter. This sub-
stance, however, does not modify the leaves as described for naphthoxyace-
tic acid. .

The ease with which naphthoxyacetic acid is synthesized and the low
cost of the necessary ingredients should make this growth substance of
special interest in experimental and college laboratories. Its possibilities
for practical applications are evident. One of these is its use in large scale
production of seedless tomato fruit. It has the advantage over indolebutyr-
ic acid in being the more effective on buds and flowers without emascula-
tion. Gustafson (6) has shown the possibilities for producing seedless fruit
with several substances but the preparation of the flowers for the treat-
ment with lanolin mixtures is more difficult than spraying the cluster of
buds and flowers. It is understood that some large scale commercial grow-
ers of greenhouse tomatoes spray the flowers with an emulsion containing
indolebutyric acid. However, the flowers are first emasculated before being
sprayed and this occupies the time of several employees. Perhaps the prac-
tice of emasculating is not necessary. Naphthoxyacetic acid can be sprayed
effectively on the cluster without this tedious operation. The possibility of
producing seedless fruit on field grown tomatoes and other species of plants
should be further investigated. Our preliminary results indicate that par-
thenocarpic development can be induced when buds of sweet cherry are
sprayed with naphthoxyacetic acid.

In applying the solution to flowers care must be taken not to spray the
growing stem tips or modification of new leaves will occur. This would not
seriously damage the plants but the chemical might slightly inhibit growth
for a short time and also reduce the total leaf area. Methods can most
likely be improved to the point where these difficulties will be overcome.

Several solvents, carriers, emulsions, and spreaders have been used
with naphthoxyacetic acid, including ether, alcohol, glycerine, soaps, lano-
lin, lanolin emulsions, olive oil, paraffin oils, etc. Lanolin or lanolin emul-
sions are more effective carriers than alcohol and water or water alone. The
acid is much more active and the effect more lasting in lanolin preparations
than in water. Plants sprayed with rooo mg./1. in alcoholic solution resume
growth quickly. The same concentration in lanolin emulsions had a pro-
nounced inhibiting and lasting effect. The difference in effectiveness might
have been associated with the ease of penetration or the length of time the
substance was held in contact with the treated tissue.
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SUMMARY

Several species of plants were treated with solutions and vapors of
B-naphthoxyacetic acid and their regulatory and formative effects were
compared and contrasted with those induced by other growth substances.
The principal differences concerned modifications of new organs formed
after the plants were treated with naphthoxyacetic acid.

The venation pattern and form of the leaves of tomato, hibiscus, mi-
mosa, artichoke, Paris daisy, tobacco, and marigold were modified when
solutions of naphthoxyacetic acid and its derivatives were sprayed on the
growing tip of the plants. This change occurred only in new leaves or parts
of leaves that were formed after the plants were treated. Fully formed
leaves showed the characteristic epinasty and swelling of the tissue which
are well known responses to physiologically active compounds.

The pattern of modified leaves of tomatoes varied from frenched or
fern-leaf types to simple leaves. The leaflets often failed to separate on one
side of the midrib, giving a different appearance to the two sides of the
leaf. In many respects the leaves resembled those of virus-diseased or mite-
infested plants. Clearing of the veins was pronounced in hibiscus, tomato,
artichoke, Paris daisy, and tobacco leaves. Mimosa leaves were fasciated
or fern-like with peculiar projections on the leaflets.

Plants exposed to vapors of naphthoxyacetic acid first showed pro-
nounced epinasty of leaves and growth was inhibited for a few days. The new
leaves which developed thereafter showed the characteristic modifications.

Solutions of naphthoxyacetic acid applied to the soil brought out all the
characteristics described for the sprays and vapors but the effects were
even more pronounced and more lasting. The flower buds of plants treated
by way of the soil were abnormally long with a decided calyx tube, sepa-
rating only at the tip.

Parthenocarpic development of tomato fruit was induced when flowers
or well developed buds were sprayed with emulsions or solutions of naph-
thoxyacetic acid. The ovaries often enlarged before the flowers opened,
eventually breaking through on one side of the calyx tube. The floral parts
—petals, stamens, and styles—persisted for an abnormally long time dur-
ing parthenocarpic development. In some cases both petals and stamens
remained in good condition for 21 days whereas controls withered within
3 days after the flowers opened.

Compared with other growth siibstances naphthoxyacetic acid has
several advantages for practical production of seedless tomatoes and pos-
sibly of other fruits.

¥
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FORMATION OF B-2,2,2-TRICHLOROETHYL-GENTIOBIOSIDE
IN TOMATO PLANTS GROWN IN MEDIA CONTAINING
CHLORAL HYDRATE, TRICHLOROETHYL AL-
COHOL, OR CHLORAL CYANOHYDRIN

LAWRENCE P. MILLER

Tomato plants, growing in sand cultures, have been found to be able
to withstand the addition of considerable quantities of various chemicals
which are absorbed by the growing plants and which can later be recovered
combined with a sugar as B-glycosides (5). In experiments with chloral
hydrate (CCl;CH(OH);) amounts up to a gram or more were added to
individual cultures in 5-inch pots, over a period of 7 to 15 days, without
the plants showing serious injury. Plants from these cultures had absorbed
considerable quantities of the added chloral hydrate and contained a
chlorine-containing B-glycoside which was obtained in crystalline form as
both the acetyl and the propionyl derivative. Since chloral hydrate is an
aldehyde, it was suspected that reduction to the corresponding alcohol
took place before glycoside formation. Such a reduction occurs in the ani-
mal body as the first step in the detoxication of chloral hydrate (g, p. 763).
Accordingly, some plants were grown in cultures with added trichloroethyl
alcohol (CCIsCH,OH) instead of chloral hydrate. The acetyl glycoside
obtained from these plants was identical with that obtained from the
chloral hydrate treated plants. The chlorine content of this acetyl glyco-
side corresponded to that required for the heptaacetate of a trichloroethyl
glycoside with a C,; disaccharide. Since tomato roots form B-o-chloro-
phenyl-gentiobioside from absorbed o-chlorophenol (7), it was thought
probable that the new glycoside would also be a gentiobioside. B8-2,2,2-
Trichloroethyl-gentiobioside heptaacetate and heptapropionate were there-
fore synthesized and found to be identical with the corresponding deriva-
tives from the tomato plants. It thus appears that the tomato readily
reduces chloral hydrate to the corresponding alcohol, unless in these ex-
periments, reduction took place in the culture medium before absorption.
This latter possibility seems unlikely. These results have been referred to
in a previous note (6).

Some experiments were also carried out with chloral cyanohydrin
[CCI,CH(OH)(CN)] since naturally occurring glycosides of cyanohydrins
are rather widely distributed in plants. Chloral cyanohydrin proved to be
considerably more toxic to the tomato than chloral hydrate or trichloro-
ethyl alcohol, but sufficient quantities could be added to the cultures to
induce the formation of moderate amounts of B-glycoside. The acetylation
of partially purified preparations of this glycoside yielded only 8-trichloro-

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(15)
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ethyl-gentiobioside heptaacetate. The possibility of the formation of small
amounts of a cyanophoric glycoside as well is, of course, not necessarily
excluded by this result.

EXPERIMENTAL
METHODS
Treatment of Growing Tomato Plants with Chemicals

Tomato (Lycopersicon esculentum Mill.) plants were started in good
greenhouse soil and transferred to sand cultures when three to six inches
tall. The nutrient solution used and the method of handling the cultures
were the same as in previous experiments (7). The addition of the chemical
was not started until the plants were well established and in vigorous con-
dition and before they had begun to set fruit. Usually 0.63 millimol (with
chloral cyanohydrin o.2 millimol) of the chemical in 25 cc. distilled water
was added six times weekly for 10 to 15 applications. The culture vessels
were supplied with saucers so that unabsorbed chemical would accumulate
in the cultures from day to day. The chemical was added in these relatively
small amounts in order that the growing plants would not have to handle
large quantities of the chemical at one time, but could convert it gradually
to the presumably less toxic glycoside.

Determmatwn of Amount of Chemical Absorbed and Quantity of
B-Glycoside Formed

Within a few days after the end of the last treatment the plants were
sampled. The tops and roots were ground separately through a food chop-
per and the juice extracted by squeezing through cheesecloth. The residue
remaining was mixed with water with a little toluenc and again squeezed
through cheesecloth. These extracts were centrifuged, heated to 80° to
inactivate enzymes, and again centrifuged. In order to determine the con-
tent of absorbed chemical, samples of the expressed juices were analyzed
for chloride before and after previous heating with N KOH. The heating
with KOH served to convert non-ionic chlorine to the ionic form and the
difference between the two values obtained was a measure of the non-
ionic chlorine in the expressed juice. This method possibly yielded some-
what low results in the case of the trichloro-compounds used in these tests,
but was sufficiently accurate for the purposes for which it was used; that
is, to serve as a measure of the amount of non-ionic chlorine absorbed and
to serve as a guide in the isolation procedures employed. Determinations
carried out with chloral hydrate solutions indicated that over go per cent
of the non-ionic chlorine was recovered.

Portions of the expressed juices were subjected to the action of emulsin
(50 mg. per 100 cc. in a M/20 acetate buffer at pH 4.75) after which the
non-ionic chlorine recovered on distillation was determined. The values
obtained with the samples carried through without added emulsin were a
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measure of the uncombined chemical remaining in the treated tissues, and
the increase after emulsin hydrolysis gave an indication of the quantity
combined as a B-glycoside.

Procedure for Obtaining Preparations of the 8-Glycoside Suitable
Sfor Acetylation

Partially purified preparations of the glycoside suitable for the prepa-
ration of the crystalline acetyl or propionyl derivatives were obtained as
follows. The expressed juices and aqueous extracts were treated with an
excess of lead acetate, and the lead remaining in the filtrate removed with
H,S. The precipitated lead sulphide was separated by filtration and the
excess H,S in the filtrate driven off by a stream of N. The filtrate, after
neutralization to about pH 6.5 with NH,OH, was concentrated in vacuo
to a thin syrup and extracted with hot acetone. The water content of the
syrup must be so regulated that the addition of acetone results in a separa-
tion into two layers without the formation of a precipitate in the aqueous
layer. If such a precipitate is formed, extraction with acetone is not effi-
cient, and this can be remedied by adding a little water. If the syrup con-
tains too much water, so that the added acetone dissolves, it is necessary
to concentrate the syrup further before extraction with acetone can be
attempted. The extraction is conveniently carried out by shaking the flask
containing the syrup and the acetone under a stream of hot water until
the acetone boils, then setting the flask aside to permit clear-cut separation
into two layers, and pouring off the acctone layer while it is still hot. It is
necessary to make a series of extractions, if much glycoside is present in the
syrup, and to add a little water to later portions of acetone since the ace-
tone removes some water from the syrup. It is desirable to analyze samples
from these extracts as they are being made to follow the course of the
extraction.

Acetylation

The acetone extracts were concentrated under diminished pressure to
remove the acetone and the aquecous solutions remaining were shaken a
number of times with ethyl ether to take out fatty substances. The solu-
tions were then evaporated to dryness and acetylated by adding dry pyri-
dine and acetic anhydride. After the reaction mixture had stood overnight
at room temperature it was poured into five to seven times its volume of
ice water. The product was separated from the ice water by centrifugation,
dissolved in acetone and absolute alcohol from which it crystallized after
standing for a little time at room temperature. The acetate crystallizes
rather readily from relatively impure mixtures and was obtained without
difficulty from both the top and roots with all three chemicals included in
these studies. The product was purified with the use of Norite and several
recrystallizations from absolute alcohol.



18 CONTRIBUTIONS FROM BOYCE THOMPSON INSTITUTE  [VoL. 12

RESULTS
Experiments with Chloral Hydrate

After preliminary tests had shown that tomato plants form a B-
glycoside from absorbed chloral hydrate and some information had been
obtained as to the amount of chloral hydrate that could be added safely to
the sand cultures, three series involving 48 to 100 plants each were run in
order to obtain material for the isolation and characterization of the glyco-
side formed. Data as to the amount of chloral hydrate added to each cul-
ture and the content of a trichloro-compound per 100 cc. of the expressed
juice of the tops and roots at sampling time, as well as the quantity freed
as a result of emulsin hydrolysis, are summarized in the first part of Table
I. It is seen that a large proportion of the non-ionic chlorine compound in
the root samples is present in glycosidal combination as shown by the fact
that after being subjected to the action of emulsin it is recoverable on dis-
tillation. In the juice from the tops a smaller proportion is freed on emulsin
hydrolysis. Whether this indicates the formation of another compound,
not hydrolyzable by emulsin, or merely less complete hydrolysis, because
of the prescnce of a substance or substances which retard the action of
emulsin, is not known. Calculated as $-trichloroethyl-gentiobioside on the
basis of the non-ionic chlorine content, the expressed juices contained as
much as one gram of gentiobioside per 100 cc.

TABLE 1

FORMATION OF B-GLYCOSIDES BY TOMATO PLANTS GROWN IN A NUTRIENT MEDIUM
CoNTAINING CHLORAL HYDRATE, TRICHLOROETHYL ALCOHOL, OR
CHLORAL CYANOHYDRIN

Amount recovered on distillation

Quantity] Amount present
added, | per 100 cc. ex-

Sutl)lzte%nce millimols|  pressed juice | TOPS____ B o R?_O_ts__ L
pett;';:ul- Emulsin | Without | Emulsin | Without
€ Tops Roots |hydrolysis| emulsin |hydrolysis; emulsin
Chloral hydrate 4.38 0.98 1.12 0.14 0.05 0.95 0.03
5.63 1.67 1.40 0.40 0.02 1.03 0.02
9.10 2.10 2.30 0.99 o.10 2.05 o.07
Trichloroethyl 4.80 0.75% 1.25 0.27 0.01 0.95 0.07
alcohol 5.00 0.88 1.08 o.21 0.02 0.73 o.01
Cl;:oaa! cyano- 1.60 0.46 o.50 0.07 0.02 °.19 0.03
ydrin

The addition of these amounts of chloral hydrate to the culture medium
(0.63 millimol 6 times weekly until the quantities shown in Table I had
been added) produced definite but not very marked retardation in growth
as compared to control plants. Injury, if present, involved browning of the
edges of the leaflets, especially near the tip of the plants.
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Isolation of B-trichloroethyl-gentiobioside as the heplaacetate from treated
plants. Following the procedure described in a previous section the chlorine-
containing compound formed in the tomato was obtained as the crystalline
acetyl derivative from both tops and roots. A total of about 10 grams was
prepared from the several series. After a number of recrystallizations from
absolute alcohol the substance melted at 184.5° to 185.0° C. (corr.) and
had a specific rotation of [a]3 = — 28.8° (concn., 2.57 g. in 100 cc., CHCl,).
In a mjixed melting point determination with synthetic B-trichloroethyl-
gentiobioside heptaacetate no depression in melting point was observed.

Amnalysis: Calculated for B-trichloroethyl-gentiobioside heptaacetate,
C28H37015Cl5: Cl, 13.85. Found: Cl, 13.71, 13.76.

Isolation of B-trichloroethyl-gentiobioside as the heptapropionate. Using
propionic anhydride instead of acetic anhydride the propionyl derivative
was obtained from a preparation from the root juice which contained non-
ionic chlorine equivalent to 5.8 millimols of a trichloro-compound. Yield of
crude product was 3.19 g. After three recrystallizations from absolute al-
cohol the compound (1.87 g.) showed partial melting at 134.0° to 136.0° C.
and on further heating melted completely at 149.5° to 150.5°. Specific ro-
tation was [a]}y = — 26.0° (concn., 2.56 g., CHCl;). No depression was ob-
served in a mixed melting point determination with synthetic 8-trichloro-
ethyl-gentiobioside heptapropionate.

Amnalysis: Theory for B-trichloroethyl-gentiobioside heptapropionate,
CssHa015Cls: Cl, 12.28. Found: Cl, 12.33, 12.30.

Experiments with Trichloroethyl Alcohol

Trichloroethyl alcohol was prepared according to the method of Chalm-
ers given in Organic Syntheses (2). The product was purified by fraction-
al distillation under reduced pressure, and the fraction boiling between
59° and 62° at 12 mm. pressure was used. Data showing the amount of
trichloroethyl alcohol absorbed in two series of plants and hydrolysis by
emulsin of the B-glycoside formed are shown in Table I.

Isolation of B-trichloroethyl-gentiobioside as the heptaacetate. A prepara-
tion obtained from the juice expressed from the tops of the treated plants
from the first series and containing non-ionic chlorine equivalent to 1.24
millimols of a trichloro-compound was acetylated in 30 cc. dry pyridine
and 15 cc. of acetic anhydride. Yield, o.30 g. After one recrystallization
from absolute alcohol o.21 g., melting at 184.5° to 185.0°, was obtained.
Specific rotation was [a]% = —28.5° (concn., 2.23 g., CHCL,).

Amnalysis: Calculated for B-trichloroethyl-gentiobioside heptaacetate,
C2sH37015Cls: Cl, 13.85. Found: Cl, 13.75.

Similarly, acetylation of a preparation from the root juice of the plants
in the second series containing 1.78 millimols of a trichloro-compound
yielded o.54 g. of an acetyl derivative. Two recrystallizations from abso-
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lute alcohol gave 0.34 g., m. p. 184.5° to 185.0°%; [a]¥" = — 28.8° (concn.,
3.115 g., CHCl;); Cl, 13.89 per cent.

Experiments with Chloral Cyanohydrin

Since chloral cyanohydrin was considerably more toxic to the tomato
than chloral hydrate or trichloroethyl alcohol, only o.2 millimol was added
to the cultures at each application and the plants were sampled after 1.6
millimols had been added to each culture. The data showing the presence
of a B-glycoside hydrolyzable by emulsin’ in both tops and roots in an ex-
periment involving 48 plants are given in Table 1. The expressed juice from
the tops and roots when carried through the same purification procedure
as was used with chloral hydrate and trichloroethyl alcohol treated plants
yielded B-trichloroethyl-gentiobioside heptaacetate. It thus appears that
trichloroacetaldehyde was split off from the cyanohydrin and reduced to
the alcohol before glycoside formation took place.

Isolation of B-trichloroethyl-gentiobioside as the heptaacetate. A prepara-
tion from the expressed juice from the tops, containing non-ionic chlorine
equivalent to 2.1 millimols of a trichloro-compound, yiclded, on acetyla-
tion, o0.49 g. of product. This was recrystallized three times from absolute
alcohol. Yield, 0.30 g.; m. p. 184.5° to 185.0°; [a] = —29.3°(concn., 2.105
g., CHCly); Cl, 13.67 per cent. No depression in melting point resulted in
a mixed melting point determination with synthetic B-trichloroethyl-
gentiobioside heptaacetate.

The acetyl derivative (0.37 g.) obtained from the root sample was iden-
tical with the foregoing. M. p. 184.5° to 185.0°; [af5 = — 28.3° (concn.,
2.035 g., CHCly); Cl, 13.83 per cent.

Synthesis of B-2,2,2-Trichloroethyl-Gentiobioside Ieptaacetate
and Heptapropionate

B-Trichloroethyl-gentiobioside heptaacetate, which has not been syn-
thesized previously, was obtained by condensing trichloroethyl alcohol
with acetobromogentiobiose. The acetobromogentiobiose was prepared
from B-gentiobiose octaacetate which was obtained from $-d-glucose-1,2,3,
4-tetraacetate and acetobromoglucose as described by Reynolds and
Evans (8). The methods of Reynolds and Evans were also used for the
preparation of 6-trityl-8-d-glucose-1,2,3,4-tetraacetate and the 8-d-glucose-
1,2,3,4-tetraacetate required for the gynthesis of 8-gentiobiose octaacetate.

Acetobromogentiobiose. Acetobs¥mogentiobiose was prepared from (-
gentiobiose octaacetate by a,procedure differing somewhat from that used
by previous workers (x 10). Five-gram portions of the octaacetate were
dissolved in 50.cc. of alcohol-free, dry CHCl; in a 250 cc. distilling flask
and the solution cooled °in an ice-salt bath. Fourteen cc. of a saturated
solution of HBr in acet®acid (also cooled to 0°) were added and the mix-
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ture kept at o° for 2.5 hours. The flask was then connected to a vacuum
pump and some of the HBr removed while the flask was still in the ice-salt
bath. Toluene (go cc.) was then added and the mixture distilled in a water
bath, with the temperature of the bath below 20° at the start of the distil-
lation and later not over 35°. The syrup remaining was crystallized by
adding dry ether and petroleum ether. Yield of crude product usually
about 65 per cent. The substance was recrystallized from alcohol-free
CHCl; and ether after which it melted at 141° to 142°; yield 57 per cent.
This was of sufficient purity for subsequent usc even though the melting
point was still a little lower than that of the pure substance (1).

B-Trichloroethyl-gentiobioside heptaacetate. In the first preparation 8.94 g.
of trichloroethyl alcohol (.06 mol.) were added to 4.19 g. (.006 mol.) of
acctobromogentiobiose dissolved in 15 cc. dry benzene cooled in an ice
bath and 2.0 g. of Ag,CO; added in small portions over a period of one
hour. The mixture was then kept at room temperature overnight, after
which the precipitated AgBr was filtered off and washed with benzene. The
benzene was evaporated off in vacuo and the evaporation continued after
the addition of several portions of water to remove the excess trichloro-
ethyl alcohol. The residue was taken up in absolute alcohol from which the
product crystallized. The product was rather difficult to purify, but after
six recrystallizations from absolute alcohol, o.40 g. of the pure substance
was obtained. Yield, g per cent.

A better yicld was obtained when Drierite was used as an internal des-
iccant. A mixture of 12 cc. alcohol-free, dry CHCl;, 1.28 g. (.0086 mol.)
trichlorocthyl alcohol, 5.0 g. Drierite, and 1.1 g. Ag.0) was allowed to stand
with occasional shaking for one-half hour. Two-tenths of a gram of iodine
(3) was added followed by the addition of 3.0 g. (.0043 mol.) of acetobro-
mogentiobiose in small portions during the course of one hour. The mixture
stood at room temperature overnight and was then filtered through Celite
and the precipitated AgBr and Dricrite washed well with CHCl;. The
CHC; solution was extracted three times with water and concentrated
under reduced pressure. Twenty cc. of water were added and the evapora-
tion continued to remove excess trichloroethyl alcohol. The product was
crystallized from absolute alcohol. Yield of pure compound, after four
recrystallizations from absolute alcohol, 0.71 g. or 21 per cent.

Synthetic B-trichloroethyl-gentiobioside heptaacetate was found to
have a melting point of 184.5° to 185.0° and a specific rotation [aly
= —28.7° (concn., 2.833, CHCly).

Amnalysis: Calculated for CgsHs7015Cls: Cl, 13.85. Found: Cl, 13.98,
13.84.

B-Trichloroethyl-gentiobioside heptapropionate. Synthetic B-trichloro-
ethyl-gentiobioside heptaacetate (350 mg.) was suspended in 15 cc. of dry
methanol and the solution cooled in an ice-salt bath. The equivalent of
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2 cc. of a half-normal solution of barium methylate in methyl alcohol was
added, and the mixture allowed to stand at 5° overnight (4). The barium
methylate was neutralized exactly by N/2 H3SO, and the solution evapo-
rated to dryness in vacuo, with the addition of several portions of absolute
alcohol to aid in driving off the last traces of moisture. Five cc. dry pyri-
dine and 3 cc. propionic anhydride were then added and after standing
overnight the reaction mixture was poured into 100 cc. of ice water. The
crystalline product was obtained from the ice water by centrifugation. It
was dissolved in acetone, the solution-filtered and the compound crystal-
lized after the addition of absolute alcohol. Yield, o.31 g. After a further
recrystallization from absolute alcohol o.22 g. of the pure compound was
obtained. It showed partial melting at 136° to 136.5° and on further heat-
ing melted sharply at 150° to 150.5°. If cooled after the partial melting at
136°, the substance solidified and on reheating showed no change at the
lower temperature, but melted at 150° to 150.5° Specific rotation was
[ =— 25.6° (concn., 3.335, CHCl,).

Analysis: Calculated for CssHeO15Cls: Cl, 12.28. Found: Cl, 12.15.

SUMMARY

The tops and roots of tomato plants, grown in a medium to which
chloral hydrate had been added, were found to contain a chlorine-contain-
ing B-glycoside, which was obtained in crystalline form as the acetyl and
as the propionyl derivative. The same fB-glycoside was obtained when
trichloroethyl alcohol instead of chloral hydrate was added to the nutrient
medium. Through the synthesis of f-2,2,2-trichloroethyl-gentiobioside
heptaacetate and heptapropionate, which were prepared for the first time,
this glycoside has been shown to be B-trichloroethyl-gentiobioside. 8-Tri-
chloroethyl-gentiobioside is also formed from absorbed chloral cyanohydrin.
It thus appears that the tomato readily reduces trichloracetaldehyde to
the corresponding alcohol. With chloral cyanohydrin, hydrolysis apparent-
ly precedes the reduction. Quantities of B-trichloroethyl-gentiobioside up
to one gram per 100 cc. of expressed juice were present in the plants grown
with added chloral hydrate.

LITERATURE CITED

1. Brauns, D. H. Optical rotation and a e dimension. VII. The halogeno-hepta-acetyl
derivatives of gentiobiose, Jour. Amer. Chem. Soc. 49: 3170-3177. 1927.

. CHALMERS, WILLIAM. Trichloroethyl alcohol. Organic Syntheses. 15: 80-84. 1935.

. HELFERICH, BURCKHAaT, EckArRT BoHN, und SiEGFRIED WINKLER. Ungesiittigte

w w0

Derivate von Gent und Cellobiose. Ber. Deutsch. Chem. Ges. 63: 989—998.
1930.

4. IsBELL, HORACE S. The ring structure of mannose. The optical rotation of 4-glucosido-
a-mannose. Bur. Standards Jour. Res. 8: 1179-1187. 1930.

5. MILLER, LAWRENCE P..Glycoside formation in plants from absorbed ethylene chloro-
hydrin, o-chlorophenol and chloral hydrate. Amer. Jour. Bot. 26: 14s. 1939.



1941] MILLER—TRICHLOROETHYL-GENTIOBIOSIDE IN TOMATOES 23

6. ——— Induced formation of B-gentiobiosides in gladiolus corms and tomato plants
treated with chemicals. Science 92: 42-43. 1940.
Induced formation of a g-gentiobioside in tomato roots. Contrib. Boyce Thomp-
son Inst. 11 (1940): 387-391. 1941.
8. REyYNoLDs, DELBERT DANIEL, and WiLLiaM LLoyp EvaNs. The preparation of a- and
B-gentiobiose octaacetates. Jour. Amer. Chem. Soc. 60: 2559-2561. 1938.
9. SoLLMANN, TORALD. A manual of pharmacology and its applications to therapeutics
and toxicology. 4th ed. 1237 pp. W. B. Saunders Co., Philadelphia. 1932.
10. ZEMPLEN, GEzA. Synthese der Amygdalinsiure aus Gentiobiose. Ber. Deutsch. Chem.
Ges. §7: 698-704. 1924.

7.






SYNTHESIS OF B-2-CHLOROETHYL-d-GLUCOSIDE BY WHEAT
PLANTS GROWN WITH ETHYLENE CHLOROHYDRIN
ADDED TO THE NUTRIENT MEDIUM

LAWRENCE P. MILLER

Biochemical investigations in connection with the use of ethylene
chlorohydrin in breaking the rest period (2, 3, 4) have shown that both
potato tubers (Solanum tuberosum L.) and Gladiolus corms form B-2-
chloroethyl-d-glucoside from the absorbed ethylene chlorohydrin (5, 6).
Further studies have indicated that many species of higher plants will
form B-glycosides when they absorb various chemicals which can serve as
aglycons. Experimental formation of glycosides in growing plants which
have absorbed chemicals which can unite with sugars in glycosidal com-
bination has previously received little attention from phytochemists,
although Ciamician and Ravenna [as quoted by Armstrong and Armstrong
(1, p. 86)] showed, thirty ycars ago, that certain plants will form glucosides
when inoculated with aromatic products of glucoside hydrolysis. For ex-
ample, they were able to isolate salicin from corn plants which had ab-
sorbed saligenin.

The experiments in this laboratory have been confined to compounds
which are not known to occur naturally in plants and have shown that the
artificially produced plant glycosides may involve sugars other than d-
glucose. Thus, although gentiobiose has not previously been known to
occur in gladiolus corms or in tomato plants (Lycopersicon esculentum
Mill.), and perhaps is not normally found in these species, a 8-gentiobio-
side is formed if these plants are treated with o-chlorophenol (7, 8). Such
investigations may thus yicld information on the occurrence or formation
of sugars in various species and on diffcrences or similarities between
metabolic processes in plants. It therefore seemed desirable to characterize
artificially induced glycosides in additional species and the present report
deals with experiments with wheat (Triticum aestivum L.) grown in sand
cultures to which cthylene chlorohydrin had been added. Qualitative tests
showed the presence of a chlorine-containing 8-glycoside in both the tops
and roots of the treated plants. This B-glycoside was shown to be (-2-
chloroethyl-d-glucoside through its isolation from the expressed juice of
the tops as the tetraacetate.

EXPERIMENTAL

In the first experiment 100 seeds of Marquis Beardless spring wheat
were planted in pure quartz sand in each of six 10-inch shallow earthen-
ware pots supplied with saucers and watered with tap water. After the

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(25)
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seed had germinated a nutrient solution containing the equivalent of 25 cc.
of each of the four main stock solutions (2 per cent KNO;; 4 per cent
Ca(NOy);- 4H;0; 2 per cent KH:PO, and 2 per cent MgSO,- 7H;0) and 2
cc. of a § per cent ferric tartrate solution was added to each culture. The
same quantity of nutrient was again added 22 days later. Thirty-five days
after the start of the experiment 1o millimols of ethylene chlorohydrin were
added to half the cultures and this was repeated six days later. After a
further two days the material was sampled. The tops and roots were
ground separately through a food chopper and the juice expressed by
squeezing through cheesecloth. The treated tops and roots were found to
contain 3.25 and 1.45 millimols, respectively, of non-ionic chlorine per
100 cc. of expressed juice (as determined by the difference in chloride con-
tent before and after heating with an equal volume of N KOH). As would
be expected the control plants did not contain non-ionic chlorine. After
digestion with emulsin (50 mg. per 100 cc.) in an acetate buffer at pH 4.75
for 18 hours and subsequent distillation, 2.04 and o.95 millimols of non-
ionic chlorine per 100 cc. were recovered from the top and root juice, re-
spectively. The samples carried through without emulsin yielded only a
small amount of non-ionic chlorine on distillation, thus showing the ab-
sence of an appreciable quantity of free chlorohydrin in the treated plants.

To obtain sufficient material for the isolation of the glycoside an experi-
ment involving a larger number of plants was carried out. The wheat was
grown in sand culture in 50 5-inch pots with 25 seeds planted in cach pot.
The same nutrient solution was used except that each culture received
only two-fifths of the quantity added to the larger cultures previously em-
ployed. When the plants were 10 to 14 inches tall, o.5 millimol of cthylene
chlorohydrin in a volume of 50 cc. was added to each culture six times
weekly until each culture had received 3.5 millimols. The plants were then
sampled and the expressed juice obtained. A further extract was made by
mixing the residues with water and a little toluene and again squeezing
through cheesecloth. The expressed juice and the extract were heated to
80° C. to inactivate enzymes, and centrifuged. The expressed juice of the
tops and roots was found to contain 2.5 and o.9 millimols of non-ionic
chlorine, respectively, and hydrolysis with emulsin resulted in release of
about half of the non-ionft chlorine. As in the previous experiment little
free chlorohydrin remained in the treated plants.

The juice expressed from the tops and the further extract obtained on
mixing the residue with water and again squeezing through cheesecloth
were combined and an excess of lead acetate added. After filtering off the
lead precipitate the excess lead in the filtrate was removed by precipita-
tion with HsS. The lead sulphide was filtered off and the solution concen-
trated under reduced pressure to a thin syrup. This syrup was extracted
with three successive 100-cc. portions of hot acetone. The combined ace-
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tone extracts, which contained 5.42 millimols of non-ionic chlorine, were
concentrated m vacuo to remove the acetone and the aqueous solution
remaining extracted a number of times with ethyl ether to remove fatty
material. The solution was again evaporated to a thin syrup and extracted
first with 50 cc. of hot acetone and then with two so-cc. portions of hot
go per cent acetone. The combined extracts, containing 4.8 millimols of
non-ionic chlorine, were evaporated under vacuum to dryness, with the
addition of several portions of absolute alcohol to aid in driving off the last
traces of moisture. The residue was acetylated at room temperature by
adding 60 cc. of dry pyridine and 35 cc. of acetic anhydride and permitting
the reaction to proceed overnight. The reaction mixture was poured into
750 cc. of ice water and the product extracted by shaking with chloroform.
The chloroform solution was washed with cold 10 per cent H,SO,, followed
by cold saturated sodium bicarbonate and water. After evaporation under
vacuum to remove the chloroform the residue was taken up in hot absolute
alcohol from which it crystallized. The crystals were filtered off and washed
with absolute alcohol. Yield, first crop, 0.73 g., m. p. 114.5° to 115.0° C.
(corr.). On concentration of the filtrate a further o.43 g. with about the
same melting point was obtained. After three recrystallizations from abso-
lute alcohol the substance (o.54 g.) melted at 117° to 118° and had a
specific rotation [a)¥ = —13.1° (concn., 4.26 g. in 100 cc., CHCl;). These
constants compare with a melting point of 118.5° to 119.0° and a specific
rotation of —13.4° found for synthetic $8-2-chloroethyl-d-glucoside tetra-
acetate (5). In a mixed melting point determination the melting point was
118° to 119°.

Analysis: Calculated for B-2-chloroethyl-d-glucoside tetraacetate
C16H23010C1: Cl, 8.64; acetyl, CH3;CO, 41.91. Found: Cl, 8.76, 8.52; acetyl,

42.33, 41.90.
SUMMARY

A chlorine-containing B-glycoside is formed in both roots and tops of
wheat plants grown in a medium containing ethylene chlorohydrin. This
glycoside has been shown to be B-2-chloroethyl-d-glucoside through the
preparation of the acetyl derivative which was found to be identical with
synthetic B-2-chloroethyl-d-glucoside tetraacetate.
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SYNTHESIS OF f-2,2,2-TRICHLOROETHYL-GENTIOBIOSIDE
BY GLADIOLUS CORMS TREATED WITH TRICHLORO-
ETHYL ALCOHOL

LAWRENCE P. MILLER

Experiments on the formation of B-glycosides in plants as a result of
the absorption of chemicals which serve as aglycons have shown that
Gladiolus corms form f8-2-chloroethyl-d-glucoside if treated with ethylene
chlorohydrin (1), but if o-chlorophenol is the foreign aglycon furnished,
a f3-gentiobioside is formed (2). It is thus scen that, in the same plant or-
gan, the sugar component of artificially induced B-glycosides may vary
with the nature of the aglycon used. It therefore seemed of interest to
include other aglycons in studies with gladiolus corms and the present
paper reports results showing that a 8-gentiobioside is formed if trichloro-
cthyl alcohol is the added aglycon. It should be pointed out, however, that,
even though B-2,2,2-trichloroethyl-gentiobioside, as the heptaacetate and
as the heptapropionate, was the only glycoside isolated, this does not
necessarily mean that it was the only glycoside formed in the treated
corms.

EXPERIMENTAL

Corms of the Giant Nymph variety (2704 g.) were placed in two 7-
liter desiccators and treated with trichloroethyl alcohol by drawing
through the desiccators a stream of air which had first been bubbled
through two tubes containing trichloroethyl alcohol. The air was passed
through at the rate of about 12 liters per hour, and the treatment was con-
tinued for one week. After another week the corms were ground through a
food chopper and the juice expressed through cheesecloth. The expressed
juice was centrifuged, heated to 80° C., and again centrifuged. The ex-
pressed juice was found to contain non-ionic chlorine equivalent to 3.04
millimols of a trichloro-compound per 100 cc. Distillation of a portion of
the expressed juice showed that 1.8 millimols was still present in the free
state since it was recovered by distillation, but hydrolysis with emulsin
resulted in the recovery of an additional 0.6 millimol, indicating that some
of the absorbed trichloroethyl alcohol had been fixed as a B-glycoside.

A partially purified preparation of the glycoside, suitable for acetyla-
tion, and containing 4.4 millimols as indicated by the non-ionic chlorine
content, was obtained by the same procedure previously used with tomato
extracts (3). Acetylation yielded o.44 g. of crystalline product. On treating
with Norite and recrystallizing twice from absolute alcohol o.28 g. melting
at 184.5° to 185.0° C. was obtained. Specific rotation was [l = — 28. 5°

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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(concn., 1.905 g., CHCl;). These constants compare with a melting point
of 184.5° to 185.0° and a specific rotation of —28.7° found for synthetic
B-2,2,2-trichloroethyl-gentiobioside heptaacetate (3). No depression was
observed in a mixed melting point determination.

Amnalysis: Calculated for S-trichloroethyl-gentiobioside heptaacetate,
CasH37015Cls: Cl, 13.85. Found: Cl, 13.64.

The propionyl derivative was prepared from 180 mg. of the acetyl
derivative by the method used for the preparation of the heptapropionate
from synthetic S-trichloroethyl-gentiobioside heptaacetate (3). Yield after
one recrystallizaton from absolute alcohol, 100 mg. The substance melted
partially at 135° to 136.5° C. and on further heating melted completely
at 150° to 150.5°. Specific rotation was [a]} = —25.5° (concn., 2.16 g.,
CHCl,). Synthetic B-trichloroethyl-gentiobioside heptapropionate has been
found to melt partially at 136° to 136.5° with complete melting at 150°
to 150.5°%; [a]B = —25.6° (3).

Analysis: Calculated for B-trichloroethyl-gentiobioside heptapropio-
nate, CysH510,5Cls; Cl, 12.28. Found: Cl, 12.13.

SUMMARY
Gladiolus corms have been shown to form f-2,2,2-trichloroethyl-
gentiobioside from absorbed trichloroethyl alcohol.
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SOME X-RAY OBSERVATIONS REGARDING THE
MEMBRANE STRUCTURE OF HALICYSTIS!

WAYNE A. Si1ssoN

Halicystis is a large oval, single-celled, marine alga which often grows to
a diameter of three centimeters. Owing to its large size, it is especially
adapted to X-ray diffraction studies of membrane structure. In contrast
to the closely related alga, Valonia, which has been the subject of con-
siderable X-ray work (2, 13, 19, 20) no X-ray studies had been reported on
Halicystis previous to 1937, when a preliminary examination (16) gave a
most unexpected result. The X-ray diffraction pattern showed the pres-
ence of mercerized cellulose which was oriented in a manner similar to
that in the synthetic membrane, Cellophane. A more detailed investiga-
tion, which is reported in this paper, has confirmed this preliminary obser-
vation (16).

There are two polymeric crystalline forms of cellulose (native and
mercerized) which may be distinguished by their X-ray diagrams, as
shown in Figure 1. In the native form (Fig. 1 A), cellulose gives three
principal X-ray diffraction rings corresponding to interplanar spacings of
6.1, 5.4, and 3.95 A. If native cellulose is dispersed and coagulated from
solutions (e.g. cuprammonium hydroxide) or swollen with certain swelling
agents (e.g., 18 per cent sodium hydroxide), then a product is obtained
which gives a new diffraction pattern after the swelling agent is washed
out (10). In this form it is known as ‘“hydrate’ or “mercerized’’ cellulose,
although it has the same analytical composition as the native form. In
addition to being more reactive chemically, it differs crystallographically
from the native form in that the glucose units of the cellulose chain are
rotated 30° to give a new unit cell arrangement (1). The difference between
the native and mercerized unit cell structure is illustrated in Figure 1 C
and D. Owing to this crystallographic difference, the X-ray diffraction
method is the most satisfactory and only definite method for distinguishing
between native and mercerized cellulose.

In all samples of plant cellulosic membranes heretofore subjected to
X-ray diffraction analysis the cellulose is found to exist in the native form.
The native form is usually considered to be the unstable form, since cel-
lulose always changes to the mercerized form when treated with strong
swelling agents, and after once in the mercerized form it is extremely diffi-
cult to revert to the native form. For this reason the existence of mercer-
ized cellulose in Halicystis is of unusual chemical, as well as biological,
interest.

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

(31)
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In addition to the 7.4, 4.45, and 4.0 A cellulose lines, there is also pres-
ent in the composite X-ray diagram of Halicystis two other patterns: (a)
an amorphous pattern and (b) a diffraction line, not due to cellulose, which
corresponds to the approximate spacing of 12.5 A. This 12.5 A line is com-
paratively intense and has the same orientation as the 7.4 A cellulose line.
Most other cellulosic membranes which have been examined with X-rays
show only the presence of an amorphous non-cellulosic pattern having a
random orientation.

In the present investigation the structure and orientation of the cel-
lulose is studied in the untreated membrane, and in membranes which
have been subjected to various purification treatments. The investigation
also includes a study of the non-cellulosic constituents and their relation
to the cellulose in building up the membrane structure. The X-ray studies
are supplemented by microscopic examination and physical tests and the
results on IHalicystis are compared with those on Valonia and Cellophane.
The mercerized structure of the cellulose is further confirmed by separating
the cellulose from the non-cellulosic constituents, by converion to the
native form, and by the formation of known derivatives and swelling
compounds.

MATERIALS AND METHODS

Three species of Halicystis were examined: grandis Blinks, ovalis
(Lyngb.) Aersch., and osterhoutii Blinks and Blinks. 1. osterhoutii was col-
lected in Bermuda by Dr. L. R. Blinks; H. grandis in the Bahama Islands
by the New York Botanical Garden; and H. ovalis in Bermuda by Dr.
J. F. G. Wheeler in 1938 and by Dr. R. E. Reeves in 1939. Unless other-
wise noted, all studies were carried out on the species ovalis collected in
Bermuda.

The samples for examination with the beam parallel to the membrane
surface consisted of several strips one to two millimeters wide, the ends of
which were fastened across a U-shaped cork support while being exposed
to the X-ray beam. For the perpendicular exposures these same samples
were removed from the U support and placed flat against the slit system.
For the membranes disintegrated by the purification process and for the
fractions recovered from the eftracting reagents, the samples were packed
into small celluloid holders made by boring a hole 2 mm. in diameter
through a flat section of celluloid 2 mm. thick.

X-ray diagrams were made with unfiltered copper radiation (Ka=1.54
A) produced in a Philips Metalix tube operating at 28 kilovolts and 25
milliamperes. The X-ray beam was defined through a pinhole system using
0.6 mm. pinholes placed 10 cm. apart. In referring to the X-ray results the
term ‘‘diagram’ will be used to refer to the composite diffraction rings
obtained from the sample, while ‘‘pattern’’ will refer to the diffraction rings
characteristic of a particular component or material of the sample.



FIGURE 1. Representative X-ray diffraction diagrams of (A) native, and (B) mer-
cerized cellulose from cotton fibers. The umt cell arrangement of glucose units in (C) native
and (D) mercerized cellulose. The X-ray patterns of cellobiose actaacetate obtained from
(E) Halicystis and (F) cotton.
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FiGUure 2. Photomicrographs and X-ray diagrams of Halicystis membrane taken
(A) perpendicular and (B) parallel to the membrane surface.
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RESULTS

The experimental results are described in the chronological order in
which they were obtained: (a) untreated membranes, (b) effect of purifica-
tion, (c) reversion to the native form, and (d) formation of derivatives.

UNTREATED MEMBRANES

A representative X-ray diagram of an untreated Halicystis membrane
is shown in Figure 3 A. This composite diagram shows diffraction effects
which apparently arise from three different components of the membrane:
First, there is present the 7.4, 4.45, and 4.0 A diffraction lines characteristic
of mercerized crystalline cellulose. Second, there is superimposed upon
these lines an amorphous pattern which tends to obscure the crystalline
cellulose pattern. Owing to its amorphous nature, it is impossible to identi-
fy this material from the X-ray diagram. Third, close to the primary beam,
there is a definite diffraction ring coresponding to the interatomic spacing
of 12.5 A. As yet, no substance has been found which is known to give a
diffraction ring corresponding to this spacing. As will be discussed later,
there is also present in the stretched diagram a 6.0 A line.

Observations made on two X-ray diagrams of each variety indicate
that the relative intensity of these three diffraction patterns differs in the
three species. II. grandis has a relatively strong amorphous pattern and a
pronounced inner diffraction ring (12.5 A), while H. ovalis shows a weak
amorphous pattern and a faint inner ring. H. osterhoutit is similar to H.
grandis. In the grandis and osterhoutii species the intensity of the amor-
phous diagram makes it difficult to distinguish the two separate 4.45 and
4.0 A cellulose diffraction rings, which are quite clearly resolved in the
ovalis species. Several patterns of the ovalis species indicate considerable
variation from membrane to membrane.

Orientation. The cellulose in Halicystis has a random orientation in the
plane of the membrane, but a selective orientation with reference to the
surface. If the X-ray beam, therefore, is passed perpendicular (see Fig. 2 A)
to the membrane surface, the 7.4 A cellulose line is missing and the 4.45
and 4.0 A lines show a random orientation. With the beam parallel (see
Fig. 2 B), the 7.4 A line is present as two arcs while the 4.45 and 4.0 A
lines still show a random orientation. This indicates that the 7.4 A crystal-
lographic planes are oriented parallel to the membrane surface, while the
b axes of the crystallites (i.e., the direction of cellulose chains) have a
random orientation in the plane of the membrane. This type of orientation
(selective uniplanar orientation) is similar to that observed for Cellophane
(17). In this connection it is interesting to note that Halicystis is also
similar to Cellophane in that the cellulose in both possesses a mercerized
crystalline structure.

The non-cellulosic material which gives the 12.5 A line also possesses
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FIGURE 3. X-ray "diffraction diagrams of Halicystis (A) untreated, (B) stretched 75
per cent (fiber axis vertical), (C) after purification treatments, (D) after treatment with hot
glycerin, (E) after treatment with hot 0.1 N hydrochloric acid and 1 per cent sodium hy-
droxide, and (F) for comparison, the X-ray diagram of mercerized cotton treated as in (E).
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a selective orientation, as indicated by the fact that the 12.5 A line is
absent with the X-ray beam perpendicular, and present as two arcs when
the beam is parallel to the membrane. It will be noticed that this orienta-
tion is similar to that of the 7.4 A cellulose line (compare A and B, Fig. 2).
There is no indication of orientation in the amorphous diagram with the
X-ray beam either perpendicular or parallel to the membrane surface.

Stretching. When Halicystis is stretched the crystalline cellulose behaves
in a manner similar to that in other cellulosic membranes. The result of
stretching is shown in Figure 3 B, which is the X-ray diagram of several
narrow strips of Halicystis which were slightly twisted, stretched 75 per
cent while moist, and allowed to dry. Twisting the strip permits the X-ray
diagram to represent the equivalent of a strip turned through 360°, and
gives an average rather than a perpendicular or parallel exposure. In the
stretched X-ray diagram, the 7.4, 4.45, and 4.0 lines all form arcs on the
equator. This means that the original selective uniplanar orientation has
been displaced by a uniaxial orientation of the crystallites parallel to the
direction of stretch. Other native (15) and mercerized (17) cellulosic mem-
branes behave in a similar manner when stretched.

The 12.5 A plane also orients itself parallel to the direction of stretching
as indicated by two arcs on the equator. It should be noticed that these
lines show a degree of orientation higher than that of the cellulose as indi-
cated by the smaller angle of the arcs. The concentration of the rings into
arcs now makes apparent in the diagram of Halicystis one other diffraction
ring corresponding to a spacing of approximately 6.0 A which was not ob-
served in the diagram of the unstretched material. This line also exists as
two arcs on the equator indicating an orientation parallel to the direction
of stretching. This 6.0 A arc too, like the 12.5 A arc, shows a higher degree
of orientation than the cellulose, and it is possible that the 12.5 and 6.0 A
diffraction lines arise from the same constituent of the membrane.

Upon stretching, part of the Halicystis diagram, which was previously
referred to as amorphous, now shows a preferred orientation as indicated
by four arcs which appear, each at 45° to the equator. Since these arcs are
superimposed upon the 4.45 and 4.0 A cellulose lines, it is impossible to
determine their corresponding interatomic spacings or whether they arise
from the same constituent as 12.5 and 6.0 A non-cellulosic lines.

Comparison of Halicystis with Valomia. The marine alga, Valonia
veniricosa Agardh, is somewhat similar to Halicystis in outward appear-
ance, but very dissimilar in membrane structure. The X-ray diagram of
Valonia is unlike Halicystis in that Valonia shows only the X-ray pattern
of native cellulose, and there is no evidence of an amorphous or non-
cellulosic constituent present. The orientation in Valonia also differs from
that in Halicystis. In Halicystis the mercerized cellulose is oriented at
random in the plane of the membrane, while in Valonia the native cellulose
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is oriented parallel in two directions which make an angle of approximately
80° to each other (2, 13). The two membranes are similar, however, in that
they both possess a selective orientation. In Halicystis the 7.4 A plane is
parallel to the surface, and in Valonia the 6.1 A plane. Thus, Halicystis
may be described as having a selective uniplanar orientation and Valonia
as having a selective biaxial orientation (15).

Comparison of X-ray and microscopic structure. The X-ray and micro-
scopic results on Halicystis and Valonia show a close correlation, as may
be seen by comparing Figure 2, which contains X-ray diagrams and photo-
micrographs of Halicystis taken perpendicular and parallel to the mem-
brane surface, with similar photographs of Valonia published elsewhere
(6). The photomicrographs show the presence of cellulose particles in both
Halicystis and Valonia. They differ, however, in that the particles exist
separately in random arrangement in Halicystis, while in Valonia they are
united end to end to form fibrils which are oriented in two directions at
approximately 80° to each other. This is in agreement with the random
X-ray diagram of Halicystis and the two 80° arcs in Valonia.

The selective orientation shown in the X-ray diagram of Halicystis
and Valonia cannot be detected in the microscope because of the ellipsoidal
shape of the cellulose particle (18). The microscopic results, however, do
not belie its existence since cross sections (6) show a laminated structure
for both Halicystis and Valonia.

The presence of non-cellulosic constituents shown in the X-ray diagram
of Halicystis is also corroborated by microscopic studies (5, 6) which show
the presence of a large amount of non-cellulosic material between the cel-
lulose particles in Halicystis.

Physical properties. The physical properties of Halicystis are compared
with those of Cellophane and Valonia in Table 1. All the data are listed
relative to dry Cellophane which is given a value of 1. The values for
Cellophane are the average of transverse and longitudinal strips. The
Cellophane contained a plasticiser and was of approximately the same
thickness (0.02 mm.) as the average Halicystis membrane. One of the most
remarkable properties of Hglicystis is the fact that it has a higher tensile
strength in the wet than in the dry condion. This is in direct contrast to
Cellophane which is weaker when wet. Valonia is also stronger when wet,
but this is to be expected since Valonia possesses a fibril structure like
cotton, which is also stronger wet than dry. Another interesting property
of Halicystis is its high elongation and elastic recovery. It is not unreason-
able to assume that this unusual physical property is due to the large
amount and nature of the non-cellulosic constituents which separate the
cellulose particles. The low elongation and high elastic recovery of Valonia
in the dry condition is probably due to the fibril structure. Owing to the
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difficulty of making measurements on the small pieces of membrane, the
values given in Table I are only approximate and of a relative nature, but
they serve to emphasize the influence of membrane structure on physical
properties.
TABLE 1
PHyYsicAL PROPERTIES OF CELLOPHANE, HALICYSTIS, AND VALONIA

t Cellophane Halicystis Valonia
Light transmission 1 1.1 1.0
Vapor permeability (H,0) 1 1.3 1.5
Moisture absorpti}m 1 1.9 0.9
. Dry 1 1.0 1.5
Tensile strength Wet 0.8 13 1B
o {Dry 1 1.3 0.2
Elongation \Wet 3 5.0 | 1
1
it . [Dry I 1.0 ! 2.0
Elastic recovery Wet 1.2 s } 0.7
PURIFICATION

When applied to Ialicystis, the usual purification treatments for cellu-
lose fail to produce a product which gives only the X-ray diagram of
cellulose. Extraction with organic solvents in a Soxhlet extractor, heating
with one per cent sodium hydroxide at 100° C. for 24 hours, and bleaching
with two per cent sodium hypochlorite for 15 minutes remove part of the
amorphous pattern, but the 12.5 A line is still present in the diffraction
pattern, as shown in Figure 3 C.

Successful purifications have been carried out by Dr. Reeves of this
laboratory (14) by extracting first with 1 per cent alcoholic solution of
potassium hydroxide, treating with o.1 normal hydrochloric acid, and then
extracting with aqueous 1 per cent sodium hydroxide. In each case the
extractions were at 75° C. for 24 hours. This process disintegrates the
membrane and leaves a product which now gives a clear pattern of mercer-
ized cellulose, as shown in Figure 3 E. Chemical tests, however, show that
this residue still contains non-cellulosic materials, and that part of the
cellulose was removed with the soluble fraction. In this connection it
should be emphasized that the above treatments in no way affect the X-ray
diagram of either native or mercerized cellulose, as shown by Figure 3 F.

The present evidence would indicate that the chemical nature of the
Halicystis membrane is changed by treatment with hydrochloric acid. The
untreated membrane is not swollen by strong sodium hydroxide or quater-
nary ammonium hydroxide or dispersed in cuprammonium hydroxide solu-
tions. If the membrane, however, is first treated with normal hydrochloric
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acid at 75° C. for 15 minutes it swells readily in strong bases and disperses
in cuprammonium hydroxide. The X-ray diagram of the product coagu-
lated from cuprammonium solution, however, still contains the 12.5 A
line. Treatment with hydrochloric acid alone does not change the X-ray
«liagram, but if the acid treatment is followed by extraction with dilute
alkali, then the X-ray pattern of the non-cellulosic constituents is de-
creased in intensity and that of the mercerized cellulose increased.

REVERSION TO NATIVE FORM

Additional proof for the existence of mercerized cellulose in Halicystis
comes from the fact that the mercerized structure may be partially con-
verted to the native form. It has been shown (11, 12) that when mercerized
cellulose from cotton or rayons is heated above 200° C. in formamide or
glycerine the mercerized cellulose is converted directly into native cellulose.
With Halicystis, attempts at conversion were successful with glycerine but
not with formamide.

When Halicystis was treated with boiling glycerine (250° C.) for 15
minutes the membrane partially dissolved. The undissolved portion gave
an X-ray diagram showing the presence of both mercerized and native
cellulose (Fig. 3 D). Mercerized cotton heated in glycerine under similar
conditions also gave a mixed diagram. In addition to partially reverting
the cellulose to the native form, the treatment with glycerine also re-
moved the 12.5 A line and most of the amorphous pattern, leaving only
the mixed diagram of mercerized and native cellulose. When the Halicystis
and cotton samples giving the mixed diagrams were treated with 18 per
cent sodium hydroxide and washed with water, the cellulose was again
completely changed back to the mercerized form.

When a Halicystis membrane was placed in boiling formamide (210° C.)
it dissolved in about 15 minutes. Upon cooling and dilution with water a
brown precipitate formed which gave an amorphous pattern. When the
liquid was added to an equal volume of cold acidified alcohol a white preci-
pitate formed which gave only the X-ray pattern of mercerized cellulose
identical with that shown in Figure 3 E. This precipitate also gave the
sulphuric acid-iodine test #or cellulose. Although treatment with hot
formamide failed to change the cellulose to the native form, the treatment
did serve as a convenient method of isolating a product from Halicystis
which gave only the mercerized cellulose diagram.

It is also known that mercerized cotton may be partially changed to
the native form by treating with hot 18 per cent sodium hydroxide and
washing in boiling water (8). Halicystis treated with hot 18 per cent sodium
hydroxide and washed in boiling water gave a partial reversion to the na-
tive g)rm. Unlike glycerine, the sodium hydroxide did not remove the
12.5 A line.
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FORMATION OF CELLULOSE DERIVATIVES

Additional evidence for the existence of cellulose in the mercerized
form in Halicystis comes from the formation of a definite swelling com-
pound with ethylenediamine which can be detected by its X-ray pattern.
Trogus and Hess have shown (21) that when ethylenediamine swells cel-
lulose, a definite swelling compound is formed, and that the extension of
the 101 plane is greater when the compound is formed from mercerized
than when formed from native cellulose. Ethylenediamine has no effect
on the untreated membrane, but if it is first treated with normal hydro-
chloric acid at 75° C. for 15 minutes, then a cellulose swelling compound is
formed, the spacings of which correspond to the compound formed from
mercerized cotton cellulose.

Further proof for the existence of cellulose in Halicystis comes from the
work of Compton of this laboratory (3) which shows that the definite
cellulose derivative, cellobiose octaacetate, may be formed. The similarity
of cellobiose octaacetate obtained from Halicystis and cotton is indicated
by their identical X-ray diagrams (shown in Fig. 1 E and F), melting
points (222° C.), and optical rotations ([a] =+441.6°).

Since cellobiose octaacetate may be obtained from either native or
mercerized cellulose, the similarity of the product obtained from Halicystis
and cotton does not prove that mercerized cellulose is present in Halicystis,
but it does prove that the cellulose molecule is present, and this eliminates
the possibility of some other unknown carbohydrate being present in
Halicystis which would give the same diffraction pattern as mercerized
cellulose.

DISCUSSION

The X-ray identification of mercerized cellulose in Halicystis is further
supported by microchemical tests by Farr (7) which show that the cellulose
particles in Halicystis turn blue when treated with iodine-potassium iodide
solution. Van Iterson (g) observed that the Halicystis membrane turned
blue when treated with iodine, and since he believed the blue coloration to
be due to amyloid, he questioned the cellulose nature of the crystalline
material which was doubly-refractive in polarized light. The X-ray identi-
fication of mercerized cellulose now explains van Iterson’s results, since it
is well known (4) that mercerized cellulose stains a deeper color than na-
tive cellulose when treated with iodine.

Although all the chemical, X-ray, and microscopic data point to the
existence of cellulose which has a mercerized crystalline structure, there
is other evidence such as its solubility in sodium hydroxide, viscosity, and
chemical reactivity which indicates that the cellulose isolated from Hal:-
cystis, especially in its colloidal behavior, is not identical with mercerized
cotton cellulose. In its isolated form, it cannot be classified as alpha-
cellulose, but rather as a bela- or gamma-cellulose, depending upon the
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method of isolation from the Halicystsis membrane. If compared with
cotton cellulose, the present data indicate that the cellulose from Halicystis
is more like cellulose from cotton which has been treated with hydrochloric
acid and then mercerized with sodium hydroxide.

The ‘“degraded’” nature of the cellulose in Halicystis is also indicated
by the relative intensity of the X-ray diffraction lines. In the pattern of
mercerized raw cotton, the 4.45 and 4.0 A lines are of about equal intensity.
If the cotton, however, is treated with hydrochloric acid to the point where
it will disperse in cold 10 per cent sodiuni hydroxide, then the 4.45 A line
of the mercerized diagram is much more intense than the 4.0 A line. From
Figure 3 E it may be seen that the 4.45 A diffraction line of Halicystis is
more intense than the 4.0 A line.

The non-cellulosic material which gives the 12.5 A line appears to be
closely bound with the cellulose as indicated by the fact that their diffrac-
tion lines have the same orientation in both the stretched and unstretched
membranes and by the fact that they are not separated by the usual cel-
lulose purification treatments. The amorphous X-ray pattern is greatly
decreased by extraction with organic solvents and dilute sodium hydroxide
and bleaching with sodium hypochlorite, but the membrane must be
broken down before the cellulose can be separated from the material which
gives the 12.5 A line. This would indicate that this material serves as a
matrix or cementing material between the cellulose in building up the
membrane structure. Whether the bond between this material and the
cellulose is of a physical or chemical nature is not indicated by the X-ray
data, since it is difficult to determine whether the lack of resolution of the
cellulose lines (especially the 4.45 and 4.0 A lines) is due to a masking
produced by the superimposition of other patterns on the cellulose lines,
or whether it is due to a broadening of the cellulose lines resulting from a
mixed crystallization of the cellulose and non-cellulosic materials.

The close association of cellulose with the non-cellulosic constituents
makes it difficult to determine the amount of cellulose present in Halicystis.
Rough estimates, however, based upon the weight of cellulose that can be
separated, indicate approximately so per cent cellulose. Furfuraldehyde
determinations by Reeves of this Laboratory (14) indicate the presence of
over 35 per cent pentosans. The lack of sufficient material prohibits fur-
ther work regarding the amount and chemical nature of the various con-
stituents of the Halicystis membrane.

The exact réle which the non-cellulosic constituents play in contribut-
ing to the physical and chemical properties of the Halicystis membrane
is not clear. It segts reasonable to assume, however, that the unusual wet
strength and the elongation and elastic regain of the membrane is due to
the non-cellulosic constituents. It also appears probable that the inertness
of the membrane to strong alkaline swelling agents which ordinarily swell
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cellulose, is due to the protective effect of the non-cellulosic materials.
The biological significance of mercerized cellulose in Halicystis also is
not clear, since it is not known whether the mercerized condition is specific
for Halicystis. Comparatively few of the lower plant membranes, or mem-
brane constituents other than cellulose, have been subjected to X-ray
analysis. It is generally believed that native cellulose is only a metastable
form, because it is extremely difficult, once it has been transformed into
mercerized cellulose by treatment with strong swelling agents, to get it
back again to the native form. The question as to why cellulose should be
deposited in the stable mercerized form in Halicystis and in the unstable
native form in the closely related cell, Valonia, is yet to be answered.

SUMMARY

1. X-ray examination of three species of untreated Halicystis shows
the presence of diffraction lines corresponding to mercerized crystalline
cellulose. There is also present a crystalline non-cellulosic pattern and an
amorphous pattern.

2. Both the cellulosic and non-cellulosic constituents have a random
orientation in the plane of the membrane but a selective orientation with
reference to the surface. When the membrane is stretched a new orienta-
tion is produced parallel to the direction of stretching.

3. X-ray and microscopic data on Halicystis are compared and dis-
cussed in relation to similar data on Valonia.

4. Some physical properties of Halicystis, Valonia, and Cellophane are
measured and discussed in relation to membrane structure.

5. The non-cellulosic constituents are not removed by the usual cellu-
lose purification treatments. After pretreatment with warm dilute hydro-
chloric acid the purification treatment leaves a residue which gives only
the diagram of mercerized cellulose.

6. The orientation and purification studies indicate a close bond be-
tween the cellulosic and non-cellulosic constituents, the exact nature of
which is not indicated.

7. When Halicystis is treated with hot glycerine the mercerized cellu-
lose is partially converted to the native form.

8. The cellulose in Halicystis forms swelling compounds with ethyl-
enediamine and yields the definite derivative cellobiose octaacetate.

9. The mercerized cellulose in Halicystis has the same crystalline struc-
ture as mercerized cotton cellulose, but exhibits different colloidal and
chemical reactions.

10. The identification of mercerized cellulose in Halicystis is of both
biological and chemical interest since it is the first example of a plant mem-
brane subjected to X-ray diffraction analysis which shows the cellulose
to exist in the mercerized form.
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SPRAYS THAT BREAK THE REST PERIOD
OF PEACH BUDS

JouN D. GUTHRIE

For the proper growth of buds of peach trees in the spring it is necessary
that they receive a certain amount of cold weather. In southern parts of
this country peach trees do not foliate properly following warm winters
and this appears to determine the southern limit of peach culture. An im-
portant contribution toward the solution of this problem made by Boyce,
Chandler, and Kimball (1), who used 2,4-dinitro-6-cyclohexylphenol, sug-
gested that it would be of interest to try other substances.

MATERIALS AND METHODS

One-year-old peach trees (Prunus persica Sieb. & Zucc.) of the Elberta
variety were planted in the spring in 10-inch pots. They were pruned to
give a head of three to six twigs. After growing outside until November
they were moved to the greenhouse at 65° to 75° F. The sprays were ap-
plied to individual twigs with an atomizer. After three weeks the number
of buds growing on each twig was recorded. Observations one or two weeks
later did not differ much from the three-week observations and will not
be presented. In general, very few buds grew on the unsprayed twigs even
after the trees were placed out-of-doors in the spring. An exception to this
was twigs infested with aphids. It appeared that aphids feeding on the
twigs terminated the rest period of the buds. Frequent nicotine fumigation
was necessary to keep these under control. The conditions in the green-
house were not favorable to the survival of flower buds. The data presented
in the tables are for leaf buds only.

EXPERIMENTS

In preliminary experiments about 40 substances were tried. The sol-
vent used was 10 g. paraffin oil dissolved in 490 cc. of acetone. One per
cent solutions of the substances in this solvent were used except in cases
where a lower concentration was necessary to avoid injury. Of the sub-
stances tried, three showed sufficient stimulative action to warrant fur-
ther trial. These were p-thiocresol (CH;CsH,SH), 4-chloro-o-phenylphenol
(CeHs- CIC¢H;0H), and a-nitronaphthalene (C10H:NO,). Weinberger (2)
has reported chloro-o-phenylphenol ineffective in concentrations of o0.06
and o.12 per cent. The results of further experiments with these substances
follow.

Experiment 1. In this experiment the sprays were applied on February
21, 1940. The solvent used was 10 g. of paraffin oil in 490 cc. acetone. As a

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(49
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positive control a o.2 per cent solution of 2,4-dinitro-6-cyclohexylphenol
was used. Each spray was applied to nine twigs. After three weeks the
number of leaf buds growing was recorded for each twig. Since the size of
the twigs varied, the total number of buds sprayed was also recorded. In
each case the values presented in the first experiment of Table I are the
totals for nine twigs. It will be seen that all of the substances tested induced
two or three times as many buds to grow as grew on the controls sprayed
with the paraffin oil-acetone mixture alone. It appears that after having
been in the greenhouse for several months, the buds respond to some extent
to the carrier alone. In the next experiment on the next season’s lot of trees
the sprays were applied soon after removal of the trees to the greenhouse.

TABLE 1

BREAKING THE REST PERIOD OF LEAF Bubs OF PEACH WITH SPRAYS CONTAINING
VARIOUS SUBSTANCES

Experiment 1 Experiment 2
Per %ent N b N P

sub- o. er o. er

Substance _stance g,‘és buds | cent ﬂﬁs buds | cent

N SPray |sprayed gfﬁ: gxi':;v sprayed gli‘lt:;v g:::
#-Thiocresol 1.00 110 58 53 187 63 34
p-Thiocresol 0.25 84 41 49 " 164 17 10
Control—carrier only 0.00 104 24 23 183 2 1
4-Chloro-o-phenyliphenol 1.00 98 53 54 171 11 6
4-Chloro-o-phenylphenol 0.25 92 41 45 174 3 2
Control—carrier only 0.00 o1 14 15 177 o o
a-Nitronaphthalene 1.00 113 64 57 137 36 26
a-Nitronaphthalene 0.25 97 49 51 137 5 4
Control—carrier only 0.00 119 22 18 143 8 6
2,4-Dinitro-6-cyclohexylphenol | o.20 o8 30 31 154 29 19
2,4-Dinitro-6-cyclohexylphenol | o.09* 146 25 17
Control—unsprayed 0.00 142 o o

* Spray prepared according to U. S. Patent No. 2,166,123 (1).

Experiment 2. In this experiment the sprays were applied on November
23, 1940, about three weeks after the trees were moved to the greenhouse.
The carrier used was the same as that used in Experiment 1, with the ex-
ception of the inclusion of a spray containing 2,4-dinitro-6-cyclohexyl-
phenol in a light petroleum oil emulsified with blood albumen according
to Boyce, Chandler, and Kimball (1). It will be noted that, with the excep-
tion of 4-chloro-o-phenylphenol some response to the substances tried was
observed even at this stage of the rest period. The paraffin oil-acetone car-
rier had little effect at this stage of the rest period.

Experiment 3. In order to see if p-thiocresol, 4-chloro-o-phenylphenol,
and a-nitronaphthalene could be used in an oil emulsified in water, an
experiment was made in which a light petroleum oil of the dormant type
emulsified with Penetrol was used. Penetrol alone was also tried as a car-
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rier. These sprays which were applied December 27, 1940 were prepared
by warming soo mg. of the substance in 5 cc. of the oil until dissolved,
adding 1 cc. of Penetrol and then shaking with 45 cc. of water. The sprays
in which Penetrol alone was used were prepared by dissolving 500 mg. of
the substance in 5 cc. of warm Penetrol and shaking with 45 cc. of water.
Each spray was applied to six twigs. The results are shown in Table II.
It will be noted that p-thiocresol and 4-chloro-o-phenylphenol were effec-
tive in inducing the growth of buds when applied in an oil emulsion. «a-
Nitronaphthalene appears to be ineffective in such a carrier at this stage
of the rest period. Little or no effect was observed for any of the three
substances in Penetrol alone.

TABLE 11

INFLUENCE OF THE CARRIER ON THE EFFECTIVENESS OF SUBSTANCES THAT BREAK
THE REsST PERIOD OF LEAF BuDs oF PEACH

! l

Substance in light oil Substance in Penetrol
Per cent | Tmlsiﬁid_with Penetrol alone
Substance si‘l'\bft?:(:e No. | No. Per No. ! No. Per
| N SPray | puds | buds | cent | buds ! buds | cent
| sprayed growing growing' sprayed growing growing
p-Thiocresol 1.0 90 | 36 40 75 6 8
4-Chloro-o-phenylphenol 1.0 8% | 2 5 28 8 « 11 12
a-Nitronaphthalene 1.0 o1 ! 5 5 105 1 1
Control—carrier only | o.0 8s ! 3 4 85 3 4
Control—unsprayed , o©.0 99 | o o
SUMMARY

p-Thiocresol, 4-chloro-o-phenylphenol, and a-nitronaphthalene break
the rest period of peach buds when applied in sprays.
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AN ANALYSIS OF FACTORS CAUSING VARIATION IN
SPORE GERMINATION TESTS OF FUNGICIDES. III
SLOPE OF TOXICITY CURVES, REPLICATE
TESTS, AND FUNGI!

S. E. A. McCaLLaN, R. H. WELLMAN,? AND FRANK WILCOXON

The present paper constitutes a further study of the factors causing
variation in spore germination tests of fungicides. Particular reference has
been paid to variations introduced by differences in the slope of the toxtcnty
curves, by replicate tests, and by the use of different fungi.

An attempt has been made to answer three main questions: Do all
toxicity curves give straight lines when plotted as probits against loga-
rithm of dose? Do tests replicated at different times using different lots lof
spores vary more than is to be expected from their internal error, or from
tests replicated at the same time using the same lot of spores? How do
some commonly used fungi compare as laboratory test organisms? Some
other questions arising from these concern the differences in steepness of
slope, the suitability of the LD 5o for all comparisons, the conditions under
which a standard fungicide may be used effectively to reduce day-to-day
variation, and the question of whether different fungi rate compounds in
like order.

On the basis of this analysis a laboratory design is outlined to give
maximum efficiency with regard to the number of spores, doses, fungi, and
replicate tests. The choice of an appropriate LD level and error term is
discussed with reference to the method of evaluating results.

METHODS

A general study was first made on six fungi and twenty compounds
replicated six different times. This constituted a total of 6oo individual
toxicity curves. Later a more detailed examination was made of copper
sulphate and ‘‘Standard Laboratory Bordeaux'’ mixture (1) on four fungi
replicated at the same and different times. These two materials were chosen
because each has been commonly used as a standard for the two techniques
of application.

Fungi. The species selected were Sclerotinia fructicola (Wint.) Rehm.?
Glomerella cingulata (St.) Sp. & von S.,* Alternaria solani (Ell. & Mart.)

! A preliminary repor. on this paper was presented before the American Phytopatho-
logical Society, Philadelphia, Pa., December, 1940 (14).

* Investigator, Crop Protection Institute.

3 Field isolate V38 (13).

¢ Obtained through the courtesy of Dr. J. F. Adams, formerly of Delaware Agricultural
Experiment Station, Newark, Delaware, 1935.

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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Jones & Grout,*® Macrosporium sarcinaeforme (Cav.),® Botrytis sp. (cinerea
type),” and Rhizopus nigricans Ehr.,+strain.® The first four fungi are of
particular interest since they probably have been the most commonly used
species for laboratory tests, while the other two have also been used to a
lesser extent.

All species were cultured on potato dextrose agar® slants at 21.5°+o0.5°
C. and the spores obtained by the rubbing and centrifuging technique (15)
from seven-day-old cultures, except Macrosporium sarcinaeforme where
21-day-old cultures were employed as suggested by Heuberger and Hors-
fall (9). The spores were obtained from three replicate transfers for all
species except M. sarcinaeforme for which six to eight transfers were re-
quired. The spore suspension concentration was adjusted to 50,000 spores
per cc. and o.1 per cent ultrafiltered orange juice added. M. sarcinaeforme
was an exception in that the spore suspension was adjusted to 25,000 for
the general study and 15,000 for the special copper sulphate and Bordeaux
tests. The spores were examined for germination after 20 to 24 hours in the
constant temperature room at 21.5°+0.5° C. and counts made on 100
potentially viable spores per concentration or deposit. Replicate counts
were not made since it has been shown that these are binomially distrib-
uted (15).

Compounds. The 20 compounds comprised three series fairly repre-
sentative of (a) the soluble heavy metal salts, (b) ‘‘insoluble’’ copper fungi-
cides, and (c) soluble and ‘‘insoluble”’ organic compounds. There were
seven heavy metals consisting of silver and copper sulphates, and mercury,
cadmium, nickel, cobalt, and zinc chlorides. The eight ‘‘insoluble’’ coppers
comprised ‘‘Standard Laboratory Bordeaux’’ (1), and proprietary samples
of copper ammonium silicate, basic sulphate, hydroxide, oxychloride,
phosphate, zeolite, and cuprous oxide. The organic compounds comprised
five synthetic materials.

The first four fungi were employed in testing all compounds and in the
detailed examination of copper sulphate and Bordeaux, while in addition
Rhizopus nigricans was used in the heavy metal and organic series and
Botrytis sp. (cinerea type) in the ‘“‘insoluble’’ copper series.

$ This fungus was isolated by Dr. Adams from “collar rot’ lesions on young tomato
transplants from Georgia. Due to the abundance of spores produced in culture and their
small size, there may be some question of its species identity, However, this isolate has be-
come distributed and used as a test organism under the name A. solani.

¢ Isolated by and obtained through the courtesy of Dr. J. G. Horsfall, formerly of New
York Agricultural Experiment Station, Geneva, New York, 1939.

7 Isolated from peony, Yonkers, New York (13, p. 331).

$ Obtained through the courtesy of Dr. A. F. Blakeslee, Carnegie Institution, Cold
Spring Harbor, New York, 1939.

* Formula: Distilled water 1000 cc., peeled potatoes 500 g., agar 20 g., dextrose 1o g.,
NaCl 1 g.



1941] McCALLAN, WELLMAN & WiLcoxoN—ToxiciTy CURVES 3

Concentrations or deposits. Two techniques were used in making up the
various doses; dose being defined as the amount of chemical to which a
given number of spores are exposed. For the heavy metal and organic se-
ries the test tube dilution method described in the first paper of this series
,(15) was employed. In brief, 2 cc. of solution were placed in a test tube,
o.5 cc. of spore suspension plus orange juice added, and drops pipetted
onto the glass slides contained in the moist chambers.

The settling tower method of applying spray deposits discussed in the
second paper of this series (16) was employed for the insoluble coppers.
Stock suspensions containing 0.01, 0.025, Or 0.10 per cent copper were re-
quired for the different materials, and exposure periods of 1, 2, 4, and 8
were used. These exposure periods constituted a dose ratio of 2; this ratio
was also used for the heavy metals, except silver and mercury, where a
ratio of 1.5 was employed. The dose ratio for the organic compounds was
1.33. These dose ratios permitted from 2 to 8 finite values per curve. For
the special study of copper sulphate and Bordeaux mixture the dose ratio
was 1.414.

Replicate tests. For each series of compounds, e.g. the heavy metals,
all members were replicated on six different days, and on each of the days
all the different species of fungi were tested. A different series of compounds "
was tested on each of another six days. In this case the replicate tests are
similar to the replicate experiments as defined in the first paper (15),
namely, tests replicated at different times and hence with different lots of
spores, though from the same isolate. However, in the special study of
copper sulphate and Bordeaux two stocks of each, differing by 25 per cent,
were prepared and each tested at the same time with the same lot of spores,
as well as being replicated at different times with different lots of spores.

SLOPE OF TOXICITY CURVES
TYPES OF SLOPES

The slopes of the 600 toxicity curves were determined graphically by
plotting the concentration or dose against the per cent inhibition of spore
germination on logarithmic probability paper (21). If the distribution of
individual lethal doses is symmetrical against the logarithm of the dose this
form of plotting will give a straight line as has been illustrated in an earlier
article (21). It was found, however, that in addition to the simple straight
line several types of compound slopes were obtained. In all there were four
types which are illustrated in Figures 1 and 2. The first type is the ortho-
dox straight line, while the second type has a left hand ‘‘break’ in the
lower values, giving a curve concave upwards. The third type is the reverse
of the second in that the break is toward the right and in the upper or
middle values producing a curve convex upwards. Finally, the fourth type
is a combination of the second and third resulting in a triple slope or sig-
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moid curve. Replicated tests of a given compound and fungus gave rise to
the same type of slope.

The distribution of the types for the 100 compound-fungus combina-
tions are shown in Table I, where it may be seen that a particular type
appears to be associated more with the compound than with the fungus.
For example, copper zeolite and the organic compounds studied give
straight lines, copper sulphate and Bordeaux tend to give concave slopes,
and cobalt and zinc chlorides convex slopes. The sigmoid type was found
only in the case of nickel chloride on Sclerotinia fructicola and Glomerella
cingulata. In no case did both concave and convex types result from the
action of the same compound on different fungi. It is possible that further
study of some curves now defined as straight lines would show them to be
of one of the other types.

TABLE 1

TyprEs oF SLOPES* FOR ToxiciTy CURVEs OF DIFFERENT COMPOUNDs AND FUNGI
WHEN ProBITS ARE PLOTTED AGAINST LOGARITHM OF DOSE

Macro-

Alternaria  Glomer-  sporium Sclerotinia Botrytis Rhigopus
Compounds solani ella sarcinae- fructicola  cimerea  migricans
cingulata  forme

Silver sulphate Concave Straight Straight Concave Straight

Copper sulphate Concave Concave Concave Concave Concave

Mercuric chloride Concave Concave Straight Concave Concave

Cadmium chloride Straight Straight Straight Straight Straight

Nickel chloride Convex Sigmoid Convex  Sigmoid Straight

Cobalt chloride Convex Convex Convex Convex Straight

Zinc chloride Convex Convex Convex  Convex Straight
Copper oxychloride Straight  Straight Straight Straight Straight
Copper zeolite Straight  Straight Straight Straight Straight
Cuprous oxide Concave Straight Straight Concave Straight
Bordeaux mixture Concave Concave Straight Concave Concave
Copper hydroxide Straight  Straight Convex  Straight Straight

Copper amm. silicate | Straight Convex Convex  Straight Straight
Basic copper sulphate | Straight Straight Straight Convex  Straight
Copper phosphate Straight  Straight Straight Convex  Straight

All 5 organic com-
pounds Straight  Straight Straight Straight Straight

* Concave or convex upwards.

The use of the methods of Bliss and associates (2, 3, 4, 17) for calculat-
ing LD3o values, assumes that the toxicity curve can be fitted best by a
straight line, at least over the greater part of its length. However, Bliss
(2) has given examples in which the lower portion of the toxicity curve is
on another flatter slope, i.e. concave type. In the data examined, 83 per
cent of the curves were of the strjight line or concave type. Such curves
present no theoretical difficulties affd can be evaluated reasonably in terms
of the LDso and reciprocal of the slope. However, the remaining 17 per
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cent with well defined ‘‘breaks’ in the upper dosages present particular
difficulties. In these cases the LD 50 is based on a range of doses which are
of no practical interest in the evaluation of fungicides. In order to rate
fungicides with slopes flattened at the top it will be necessary to compare
at the higher values, such as the LDgs.

The toxicity curve for zinc chloride on Sclerotinia fructicola is especial-
ly noteworthy for the break is in the range of the 50 per cent point. In
some tests the LD go is on one slope and in others on the second as may be
seen in Figure 2 A. Preliminary results indicate that zinc nitrate and zinc
sulphate will produce the same type of slope on S. fructicola, but the slope
with zinc acetate is a simple straight line. It is possible that in the case of
zinc salts of strong acids there is an antagonistic action between the zinc
and hydrogen ions resulting in a changed distribution of resistances above
a certain concentration. An adequate explanation for these double and
triple slopes cannot be given at this time, but their presence is evidence
that all toxicity curves cannot be fitted by a single straight line on logarith-
mic probability paper.

STEEPNESS OF SLOPE

Since it is probable that differences in slope of the toxicity curves indi-
cate difference in mode of action it was deemed of interest to compare the
reciprocals of the logarithms of the slope of the straight line and concave
curves. However, it is necessary, first, to establish that each compound-
fungus can be characterized by a single slope. The detailed data on copper
sulphate and Bordeaux mixture were analyzed by the methods of Miller,
Bliss, and Braun (17) as regards homogeneity of slopes replicated at the
same time with the same lot of spores and at different times with different
lots of spores. For all four fungi 29 pairs of curves were available for the
“within day’ or same spores comparison, and only four of these gave a
probability less than o.05. The total » and x2 for copper sulphate was 13
and 16.347, a very reasonable probability, while for Bordeaux, the cor-
responding values were 16 and 31.732. If the one outstandingly high value
is omitted (P<o.01) # becomes 15 and x* 22.083, giving a reasonable prob-
ability. Thus it is concluded that in tests replicated with the same lot of
spores, the variation of slopes are no greater than would be expected from
the deviations of the individual points from the line. The x? test applied to
the slopes of curves replicated with different lots of spores indicates, how-
ever, as may be seen in Table II, some lack of homogeneity. This apparent
inconsistency may be attributed at least in part to the fact that copper
sulphate and Bordeaux mixture give concave curves. When comparing
replicates with different lots of spores it is not always possible to work at
exactly the same upper level on the curve.

The frequency distribution of the mean N\ values (reciprocals of loga-
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rithms of slope) for the six replications of the straight line and concave type
slopes obtained graphically is given in Figure 3. The distribution is seen to
be definitely skew. The organic compounds and silver sulphate and mercu-
ric chloride have the lowest A values or steepest slopes, while Bordeaux mix-
ture, cuprous oxide, copper zeolite, copper sulphate, cadmium and nickel
chlorides are intermediate in slope. The remaining copper fungicides are
distributed over a very wide range and account for much of the skewness.

|

0.

Organic Compounds

Silver, Mercury

Copper, Codmium, Nickel
Bordeaux, Cu Zeolite, Cuprous Oxide
Other Copper Fungicides

@0 @00

FREQUENCY

,,§§.§.@.@.@,8, ®, . . 0.0 , .
(o]

. 1.5 20
RECIPROCAL OF SLOPE, A
FIGURE 3. Frequency distribution of reciprocals of slope (M), of toxncnty curves for

various compounds. Each circle represents mean of gux replicate tests for a given fungus

and compound. ;
4‘

The two highest values are ge curvé® of copper oxychloride on Botrytis
cinerea and Alternaria solani™Although the slope of their toxicity curves
indicates that the copper fungicides may be classified into two groups,
namely, Bordeaux mixture, cuprous oxide, and copper zeolite on the one
hand, and the basic copper sulphate, hydroxide, oxychloride, phosphate,
and silicate on the other, their chemical composition does not suggest any
such division, 2

In order to deterrifine whether the difference in steepness of slope of the
toxicity curves was associated mainly with the compounds or with the
fungi, a x? test for homogeneity was performed on the A? values (20, p
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196). Tests made within a given fungus for all compounds gave a total
x? of 450.681 with # equal to 74, while tests within a given compound for
all fungi with a total n of 63 gave a x2of 75.376. This shows that the slope
of the toxicity curve is determined mainly by the compound, and that the
fungi do not differ significantly in steepness of slope of toxicity curves.

CORRELATION OF SLOPE AND LDj50

Correlation coefficients were determined for the N and logarithmic
LD3so values of the toxicity curves of the straight line and concave types.
The calculations were based on the mean of the six replications as de-
termined graphically. Rhizopus nigricans was omitted from the heavy
metal data because, as will be shown later, it is more sensitive than the
other fungi and has a lower level of LD so values. The coefficient 7 for the
heavy metals and copper fungicides was respectively 0.6195 and 0.6746;
both of these are highly significant. The organic compounds studied differ
little in slope and no significant correlation could be obtained. Individual
curves for a given fungus, Macrosporium sarcinaeforme, are illustrated in
Figure. 4. The convex type slopes were not included in the above correla-
tion, but as shown in Figure 4, they would substantiate this correlation.

VARIATION OF REPLICATE TESTS
- COMPARISON WITH INTERNAL ERROR

It has been shown (15) that there exists between tests replicated on
different days, that is with different lots of spores, an error greater than
that of random sampling. Thus it is of interest to determine if the be-
tween day variation is greater than would be expected from the internal
error of the individual curves or LDsos or from tests replicated on the
same day, i.e. with the same lot of spores. If the tests on the same day
have been completely replicated as regards preparation and application of
the fungicide dose, and are found to vary no more than expected from their
internal error than the replicate test, the variation probably cannot be
ascribed to errors in technique or dose. However, if the between day varia-
tion is greater than the within day variation, the former must be due in the
main to the use of differgit lots of spores.

x? test. In order to investigate this question the special tests with copper
sulphate and Bordeaux mixture were designed. Two stocks of each ma-
terial differing by 25 per cent were freshly prepared and applied by the two
techniques (test tube method for copper sulphate and settling tower for
Bordeaux mixture). The same lot of spores was used to test both stocks.
On another day the procedure was repeated and of necessity a different
lot of spores was used. The between day tests were replicated four times
except for Bordeaux mixture on Sclerotinia fructicola, Alternaria solani,
and Macrosporium sarcinaeforme where five replications were obtained.
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TABLE II

SuMMARY OF WITHIN AND BETWEEN DAY x? TESTS ON LoGARITHMS OF LD5so AND
SLoPE FOR COPPER SULPHATE AND BORDEAUX MIXTURE

Within day n x?
All fungi—Copper sulphate 13 28.829
(gmit 2 highest values 11 17.198
LDso
All fungi—Bordeaux mixture 17 64 .800
Omit 2 highest values 15 24.144
All fungi—Copper sulphate 13 16.347
Slope
All fungi—Bordeaux mixture 16 31.732
Omit highest value 15 22.083
Between days ,
Alternaria solani Copper sulphate 3 126.352
Glomerella cingulata P “ 2 14.318
Macrosporium sarcinaeforme “ “ 1 12.602
Sclerotinia fructicola “ “ 3 4.259
LDso
Alternaria solani ° Bordeaux mixture 3 42.205
Glomerella cingulata “ “ 3 427.058
Macrosporium sarcinaeforme “ “ 4 1012.857
Sclerotinia fructicola “ “ 3 137.664
Alternaria solani Copper sulphate 2 l 10.408
Glomerella cingulata “ “ 1 0.532
Macrosporium sarcinaeforme “ “ 1 4.522
Sclerotinia fructicola “ “ 2| 6.387
Slope |
Alternaria solani Bordeaux mixture 1 ‘ 6.527
Glomerella cingulata “ “ 2 36.123
Macrosporium sarcinaeforme “ “ 4 I 7.802
Sclerotinia fructicola “ “ 3 31.043

LDso values were calculated by the method of Bliss (3) and the x? test
(17) applied as described under the slope discussion.

Due to the fact that copper sulphate and Bordeaux mixture have
concave slopes it was not always possible, with a dose ratio of 1.414, to
obtain three or more points on the upper slope and hence all the data were
not available for the x* test. The results of this test are given in Table 1I.
About 52 per cent of the individual toxicity curves had reasonable x?
values, i.e. P greater than o.os, but the total x?/n result was 5.3608. This
value is in fair agreement with that of 3.440 which nmiay be obtained from
Table IV, as well as with a value of approximately 4 indicated in an
earlier article (21, p. 337). Thus it is evident that in the laboratory testing
of fungicides certain extraneous variables are present which tend to give
an internal variance somewhat greater than that of random sampling
alone. On the basis of the internal error, 22 out of 30 within day compari-
sons gave a reasonable x?, i.e. P greater than o.05. The total x* values are
unreasonable but if the two highest are omitted from both the copper
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sulphate and Bordeaux data, the remainder are reasonable. The between
day x2 values on the LDjsos are in all cases but one unreasonably high.
Thus it is to be concluded that tests on the same day with the same lot of
spores for the most part do not vary more than is to be expected from their
internal error. But tests replicated on different days with different lots of
spores depart greatly from the expected variation. Hence, the variation
of tests replicated on different days is due in the main to the use of differ-
ent lots of spores and not to errors in the dose of the fungicide.

TABLE 111

ANALYSIS OF VARIANCE ON LoGARITHMIC LDso VALUES OF COPPER SULPHATE AND
BorRDEAUX MIXTURE. Two DIFFERENT STOCKS OF EACH SEPARATELY
PREPARED AND APPLIED BUT TESTED WITH SAME LOT OF SPORES

Copper sulphate Bordeaux mixture
D.F. B -
Variance | Significance Variance Sclg::g:
Compounds (stocks) 1 0.00009 No/CF 0.00383 No
Fungi 3 0.01054 No/CF 0.07480 No
Replicate tests 3 0.01274 No/CT 0.07762 No
Compounds X Fungi 3 0.00679 No/CFT 0.00081 No
Compounds X Tests 3 0.00800 No/CFT 0.00932 Sign.
Fungi X Tests 9 0.02608 High/CFT 0.06675 High
Compounds X Fungi X Tests 0 0.00258 0.00183
Within fungi
Compounds 4 0.00511 No/CTW | o.00156 No
Replicate tests 12 0.02342 High/CTW 0.006047 High
Compounds X Tests 12 ©0.00394 ©0.00370

Error terms for Tables 111, V, and VI: CF =Compounds XFungi; CT =Compounds
X Tests; CFT =Compounds X Fungi X Tests; CTW =Compounds X Tests Within Fungi.
Significance: High, odds greater than 100:1; Sign., between 100:1 and 20:1; No, less than
20:1.

Analysis of variance of LD 5o values. In order to obtain further informa-
tion on the magnitude of the internal and within and between day errors,
an analysis of variance was performed on the logarithms of the LDjso
values for the special copper sulphate and Bordeaux mixture data. A
separate analysis was mad:%{pr each material on a complete block of four
replicated ‘‘between day’’ tésts on all four fungi. The results are shown in
Table I1I. The “within day”’ effect appears under the heading compounds
or stocks, and ‘‘between day’’ under replicate tests. It will be seen that
within fungi the replicate tests are highly significant while the ‘‘within day"’
or stock effect’is non-significant. In the general analysis no significant repli-
cate test effect for all the fungi together can be demonstated over the fun-
gusXreplicate test interaction. This is further evidence that the so-called
day-to-day variation is associated with a particular lot of spores. On a
given day there is no general error of technique affecting all the different
fungi so that the sensitivity of all is lowered or raised.



1941] McCaALLAN, WELLMAN & WiLcoxoN—Toxicity CURVES 61

The replicate test variation within fungi for Bordeaux mixture is seen
to be significantly greater than that for copper sulphate. This is to be
expected in view of the significant test variation demonstrated for the
settling tower technique in the second paper of this series (16). The x? test
shown in Table II also indicated a similar difference.

Presumably the triple interaction, compounds X fungi X replicate
tests, should be equivalent to the basic error or internal error of the individ-
ual curves. The pooled variance from the two triple interactions is 0.002208,
while the weighted mean variance of the LDsos of the individual toxicity
curves is 0.002192. This is an excellent agreement, though identical data
were not used in the two calculations, the former being based on a com-
plete block of four replicate tests and the latter only on these curves pro-
viding three or more finite values on the second slope.

HEAVY METALS, COPPER AND ORGANIC COMPOUNDS

In the laboratory testing of fungicides it is frequently necessary to
compare somewhat heterogengous materials so that an analysis on the
replicate tests within the following groups, heavy metals and insoluble
copper and organic compounds, is desirable.

Comparison of graphic with calculated method of obtaining LD 50 values.
The large amount of data involved and the ‘‘broken” and steep slopes
which in many cases did not provide three or more finite values for calcu-
lating the LD g0, necessitated a simple method of obtaining these values.
A comparison was made of the LDgo values obtained by the method of
Bliss (3) with a rapid graphic method on ten curves chosen at random from
the heavy metal data and ten from the copper fungicides. The graphic esti-
mates were made prior to the precise calculations and the method was
essentially that given in a previous paper (21, p. 333). The arithmetic
values of A and d were averaged and the resulting number was raised to the
0.07443 power.!® This gives the standard deviation of the LD3so in loga-
rithmic form. The logarithmic variance was obtained by squaring this
number. If the value of x? had a probability less than o.05, the variance
was multiplied by x*/n (21, p. 335).

19 Gaddum (8) has shown that for » individuals per dose, the variance of the log.
LLDso or om*= K\d/n, d and \ being expressed in logarithmic form. If the slope of the char-
acteristic curves is exactly known K =1/{S(w)(d/A}). Irwin (11, p. 27) has calculated from
tables of the probability integral for different values of d/A that K is very nearly constant
and is equal to o.554. Hence, if d and \ are substantially equal and in arithmetic form, for

a+N N
100 individuals, the oLD;o = -:;;- raised to the power of 4/.554/n or 0.07443. The table

of factors (21) for the 19/20 zones of error for the LD5so, was prepared by raising the values
of various numbers to a power whose exponent is 1.96X0.07443 or 0.146. In the case of the
LDgs, K was empirically determined to be 1.76, hence the exponent for the 19/20 zone table
becomes 4/1.76/100X1.96 or o.260.
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TABLE 1V

CoMPARISON OF GRAPHIC WITH CALCULATED METHOD OF OBTAINING x2, LD5so,
AND VARIANCE OF LDso

x* Log. LDso* | LDso vari-
Fungus Compound n

Calc. | Graph| Calc. | Graph | Calc. | Graph
Alternaria solani Cadmium chloride| 1 | 0.511| o 0.718| 0.716 |.00071|.00050
Nickel chloride 1| 0.011] 0.1 | 0.440| 0.439 |.00047|.00041
Copper hydroxide | 2 | 3.438] 0.8 | 0.533| 0.477 |.00215|.00224
Copper silicate 2| 1.195| 1.2 | 0.378/ 0.322 |.01257|.01402
Glomerella cingulata | Silver sulphate 2| 7.167| 10.5 | 0.345 0.322 |.00072|.00121
Zinc chloride 1| 4.699] 7.3 | 1.013] 0.982 |.00216|.00314
Bordeaux 1 |11.637| 13.0 | 0.811| 0.845 |.00630|.00483
Copper zeolite 1| 1.240| 1.4 | 0.305 0.301 |.00027|.00028
Macrosporium sar- | Cobalt chloride 1| 1.364 0.8 | 0.765/ 0.771 |.00040/.00036
cinaeforme Nickel chloride 3| 6.326] 5.1 | 1.483 1.477 |.000060|.00092
Basic Cu sulphate | 2 {20.897| 38.1 | 0.552| 0.544 |.00468|.00647
Cuprous oxide 1| 0.007 o 1.010| 1.000%*|.00249|.00054
Sclerotinia fructicolal| Copper sulphate | 1 | 2.331] 1.7 | 0.296] 0.301 |.00031|.00059
Cadmium chloride| 1 | 5.872] 5.8 | 0.441| 0.431 |.00158|.00186
Basic Cusulphate | 1 | 1.370] 3.0 | 0.446| 0.447 |.00005|.00030
Cuprous oxide 1| 7.450 7.2 | 0.500 0.501*%.01680|.00477
Botrytis cinerea Copper hydroxide| 2 | 0.322] 1.2 | 1.223] 1.210*%.01227|.00005
Copper zeolite 1| 0.08) o 0.532| 0.532 |.00052/.00045
Rhizopus nigricans | Cobalt chloride 1| 6.712| 6.0 | 0.350 0.373 |.00222/.00186
Silver sulphate 2 {13.679] 15.0 | 0.425 0.423 |.00180|.00150

* Units differ for different compounds.

** Estimated by extrapolation.

The comparison of calculated and graphic values for logarithms of
LDso, x? and variance of LD 3o are shown in Table IV. In general, the
agreement between calculated and graphic values was reasonably close.
The difference between the calculated and graphic logarithms of LDso
was in all cases less than the standard deviation of the calculated. Ten of
the graphic x? values were somewhat greater than the calculated and ten
somewhat less. The calculated and graphic variances agreed fairly well
except for the three cases in which the LD 50 was estimated by extrapola-
tion. With these exceptions, nine of the graphic variances exceeded some-
what the calculated and eight were less, while the mean difference between
calculated and graphic expressed as per cent of calculated was 26.1. Hence
it is concluded that under these conditions there is no significant difference
between the graphic and calculated methods of obtaining LDso values.
The calculated and graphic variances of LDso are in reasonably close
agreement, provided the LD 3o is near the middle range of doses. Thus the
use of the rapid graphic method is recommended for routine fungicidal
tests.

Cochran (5) has shown that an analysis of variance on groups of experi-
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ments differing in precision may give misleading results. A x? test was
made on the homogeneity of the graphic LDso variances of the copper
fungicide series. The results indicated that these experiments did not differ
essentially in precision; thus it is believed that the analysis of variance can
be appropriately applied to the data of this study.

Amnalysis of variance on graphic LD5o values. An analysis of variance
was performed on the logarithms of the graphic LD 50 values of the straight
line and concave type curves. The data were segregated into the com-
pounds having somewhat similar slopes. The results on silver and mercury,
and copper and cadmium are shown in Table V, while those for Bordeaux
mixture, cuprous oxide, and copper zeolite, and the organic compounds
appear in Table VI. The approximate values for the slopes of these com-
pounds may be seen in Figure 3.

TABLE V

ANALYSIS OF VARIANCE ON LLOGARITHMIC LDso VALUES OF SILVER SULPHATE AND
MERCURIC CHLORIDE, AND COPPER SULPHATE AND CADMIUM CHLORIDE

¢ Silver and mercury g Copper and cadmium
DF. | Lo T Tiae
. Signifi- . Signifi-
Variance cance 1' Variance cance
Compounds 1 18.1390 | High j 0.4770 No
Fun‘zi 4 1.2716 Sign. 2.1057 No
Replicate Tests 5 0.0791 No 0.0459 No
Compounds X Fungi 4 0.1855 High 0.4441 High
Compounds X Tests 5 0.0536 High 0.0187 No
Fungi X Tests 20 0.0227 High 0.0045 No
Compounds X Fungi X Tests 20 0.0072 | o.or7I
Within fungi
Compounds 5 3.7762 High 0.4506 High
Replicate Tests 25 0.0340 Sign. o0.0128 No
Compounds X Tests 25 0.0164 0.0174
TABLE VI

ANALYSIS OF VARIANCE ON LOGARITHMIC LDso VALUES OF BORDEAUX MIXTURE,
Cuprrous OXIDE AND COPPER ZEODLITE, AND ORGANIC COMPOUNDS

Copper fungicides Organic compounds
D.F. | Variance Ség::.g' D.F. | Variance S;g:ét:.
Compounds 2 7.2052 High 4 12.9812 High
Fungi 4 0.1683 No 4 1.7767 Sign.
Replicate Tests 5 0.0070 No 5 0.0284 No
Compounds X Fungi 8 0.1475% High 16 0.4965 High
Compounds X Tests 10 0.0107 No 20 0.0491 High
Fungi X Tests 20 0.0229 High 20 0.0486 High
Compounds X Fungi X Tests 40 0.0059 8o o0.0178
Within fungi . .
Compounds 10 1.5590 High 20 2.0035 High
Replicate Tests 2% 0.0197 High 25 0.0446 High
Compounds X Tests 50 0.0068 100 0.0240
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These two tables substantiate the analyses on copper sulphate and
Bordeaux mixture in that no general replicate test effect for all fungion a
given day can be demonstrated, while within fungi, i.e. for any particular
fungus, there is a definite day-to-day variation except in the case of copper
and cadmium. That is, on a particular day there is no general error such as
variations in temperature or preparation of the fungicidal deposit that
would tend to affect all the different fungi more or less alike. Rather, the
replicate test variation is associated with the particular spores of a given
species used for the test on that day. Graphic examples of replicate test
variation may be seen in Figures 1 and 2.

Since it has been shown that there is in general a highly significant
replicate test variation within fungi, the replicate test variances for the
different fungi and compounds have been assembled and tested for homo-
geneity by the x* method (20, p. 196). A x? value of 125.030 with n of 59
was obtained showing that the replicate test variances were clearly not
homogeneous. This lack of homogeneity appeared to reside in 20 per cent
of the data which when omitted gave a x? of 61.566 with n of 47 for the
remaining 8o per cent. An examination of these unusually high replicate
test variances showed that 10 out of the total of 12 were associated with
‘Rhigopus nigricans or the organic compounds. Hence it is probable that
replicate tests with R. migricans and some of the organic compounds are
not as reproducible as the other fungi or compounds.

CONTRIBUTION OF SPORE SUSPENSION ERROR

The technique of adjusting spore suspension concentrations used in
this and former studies (15, 16, 21) was, following the centrifuging and
decanting, to make up a temporary dilution from the stock suspension
and from this dilution to make spore counts in a Fuchs-Rosenthal cell of
three separate samples. From the results of these three counts the neces-
sary dilutions are made in the stock suspension to give an estimated
50,000 spores per cc. in the final drops.

Distribution of spores in drops. In order to determine the actual distri-
bution of the spores following this procedure, 16 pairs of drops were pipetted
onto glass slides. After settling, counts were made of the actual number of
spores present in a low power field (15Xocular, 16 mm. objective) focused
on the center of each pair of drops. Each test was replicated on four differ-
ent days, thus using four different lots of spores and stock suspensions.
Measurements of the number of drops from various 2 cc. pipettes gave a
mean volume of 0.0436 cc. per drop, with a mean diameter on glass slides
of 10.4 mm. The microscopic field was 1.3685 square mm. in area. Hence
50,000 spores per cc. would be expected to give approximately 35 spores
per field, or 76 spores for two fields. An analysis of the results of these data
appears in Table VII. It will be seen that for each fungus there is a highly
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significant variation in counts made from different stock suspensions (rep-
licate tests) as compared to counts on the same stock (within tests). In an
ideal suspension it may be assumed that the spores would follow a Poisson
distribution and hence the variance would equal the mean; whereas in
Table VII the variance is three to six times the mean. This failure to
achieve an‘ideal distribution of spores in drops for a given test probably
contributes to the high x*/n internal error of an individual toxicity curve

discussed previously.
TABLE VII

VARIATION IN NUMBER OF SPORES DEPOSITED ON GLASS SLIDES FROM SUSPENSION
EsTIMATED TO .CONTAIN 50,000 PER CC. THEORETICALLY EXPECTED PER
Two Microscoric FIELDs 70

Variance Standard er-
— — Me?): ror replicate
Fungus . Counts NUMBEF | tests based
Replicate | yithin tests ge;' dz on mean of
tests 3 D.F. 6o D.F. elds 70 spores
Alternaria solani * | 4508.30 330.78 8.4 ! 14.5
Glomerella cingulata 0885.39 324.93 106.2 20.1
Macrosporium sarcinaeforme 2192.00 256.40 40.2 15.4
Sclerotinia fructicola 2055.68 212.05 73.6 I1.1

Relation of spore number to LD j50. Early studies (12) indicated a linear
relation between the number of spores in suspension and the concentration
of copper sulphate for a given per cent germination of Sclerotinia (ameri-
cana) fructicola. A determination was made of this relation with respect to
copper sulphate and Bordeaux mixture on the spores of S. fructicola,
Alternaria solani, Glomerella cingulata, and Macrosporium sarcinaeforme.
Spore concentrations of 25,000, 50,000, and 100,000 per cc. were prepared
by the above method and toxicity curves obtained with a dose ratio of
1.414. The procedure was replicated at another time with a different lot
of spores. Graphic LD 50 values were obtained by plotting on logarithmic
probability paper. The logarithmic LD 5os were plotted against the log-
arithm of the spore concentration and a linear relation was found as is
illustrated in Figure s.

Contribution of spore suspension error to replicate test variation. An esti-
mate of the error in LD 5o values to be expected from the errors in different
lots of spore suspension was obtained by graphic projection on the spore
number-LD 5o curves illustrated in Figure 5. The standard error of differ-
ent lots of spore suspension based on three counts and a mean of 70 spores
was derived from Table VII for each fungus and projected by means of the
appropriate spore number-LDso curve to the LD 5o axis. Thus 8 standard
deviations of the LDso were obtained which could not be shown by the
x* test for homogeneity of variances to differ significantly for fungus or
compound. The mean, 0.000734, provides an estimated variance for repli-
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cate tests within fungi due to the errors in spore suspension. When this
variance, based on 12 degrees of freedom, is compared to that of 0.02342
and o0.06947 from Table III for copper sulphate and Bordeaux mixture
respectively, it will be seen to contribute a very small amount to the total
variance of replicate tests. However, this error as well as that of the individ-
ual toxicity curve could be reduced by making counts on more samples of
the stock suspension for a given test.
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FIGURE 5. Linear relation between logarithm of LD3o and of density of spore suspen-
sion for copper sulphate and Bordeaux mixture on Sclerotinia fructicola, Glomerella cingulata-
Alternaria solani, and Macrosporium sarcinaeforme.

USE QF A STANDARD FUNGICIDE

The use of a standard fungicide to correct the replicate test or day-to-
day variation was discussed in an earlier article (21). It has been suggested
by Horsfall et al. (10) that every lot of spores has a particular ‘“‘resistance
level,” and -hence it is to be expected that differences in response among
different lots may be adjusted by means of a standard fungicide (10, 21).
In pharmacological assay the use of a standard is universal and for a valid
comparison, as has been pointed out by Bliss and Marks (4, p. 186), the
slopes of the standard and unknown must be substantially parallel. If the
slopes are not parallel the response of a given lot of spores to the standard
and unknown will vary in an irregular manner from test to test thus pro-
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ducing a significant interaction of compounds and replicate tests as illus-
trated in Figure 6.

If the data in Tables III, V, and VI are examined, it will be seen that
there is a significant replicate test effect within fungi in every case except
copper and cadmium. The use of a standard would, in general, tend to cor-
rect for the replicate test effect within fungi and would be of some value in
all cases examined except copper and cadmium. Here it would neither in-
crease nor decrease the precision since there is neither a significant test
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FiGure 6. Example of compound X replicate test interaction. Spores of Sclerotinia
fructicola. Note crossing of lines of Bordeaux and copper zeolite with copper hydroxide and
oxychloride. The two former having similar toxicity curve slopes tend to respond in a parallel
manner as do likewise the latter pair.

effect nor a significant compound X test interaction. The benefits to be
derived from the use of a standard in correcting the test effectof any
particular compound are determined by the significance of the compound
X test interaction. In the case of similar compounds such as the two stocks
of copper suphate, or of Bordeaux mixture and the two copper fungicides
there is little or no significant interaction of compounds and replicate tests,
while with unlike compounds such as silver and mercury and the organic
series there is a highly significant interaction of compounds and replicate
tests, even though the slopes of the compounds within the two analyses
differ but little.

A standard fungicide may be employed as a check on the reproducibil-
ity of the technique and for the purpose of orientation in preliminary tests
of new compounds. Likewise a standard may be used effectively to adjust
the replicate test variation provided the compounds are essentially similar
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in chemical composition and slope. Wherever the compound X replicate
test interaction is significant, as is the case for a series of heterogeneous
compounds unlike in composition and slope, the use of a standard cannot
be expected to compensate for this interaction but only for the test effect
within fungi. Thus for such a heterogeneous series the usefulness of a
standard is limited.

COMPARISON OF FUNGI

MEAN SENSITIVITY

A comparison of the mean sensitivity at the LDso value of the fungi
to the various groups of compounds, analyzed in Tables V and VI, is given
in Table VIII. The mean LDgso values for Macrosporium sarcinaeforme
were adjusted to a basis of 50,000 spores per cc. by reference to their spore
suspension-LD 3o curve discussed above, in order to make them compa-
rable with the other fungi. By means of the { test, using the fungus X com-
pound interaction as error, only Rhizopus nigricans can be shown to be
significantly more sensitive than the other fungi.

TABLE VIII
MEAN LDso VALUES AND SPORE VOLUME

1 t
Heavy metals{cqpﬁ: [f‘ungl- Organic com-| Approximate
Fungus Log. | l':lll c: rmq pounds Log. | spore volume
p-p-m. X100~ /cglg’ch;ot p.p.m.X10 Cubic u
— ) | !
!
Macrosporium sarcinaeforme 1.224 ' 2.08¢9 ’ 3.094 , 8170.8
Alternaria solani 1.265 I 1.922 ' 2.839 ' 619.0
Sclerotinia fructicola 1.148 | 1.873 2.843 717.9
Botrytis cinerea — 1.976 ! — 526.2
Glomerella cingulata 1.250 1.807 2.869 l 257.0
Rhisopus nigricans °.751 | — "o2.377 040.9

Relation of spore volume. Data have been presented by Horsfall et al.
(10) indicating that spore sensitivity is inversely proportional to spore
volume. Measurements were made on 5o spores chosen at random, from
each of the fungi studied. The mean dimensions in u for length and width
together with their standard errors were as follows: Macrosporium sar-
cinaeforme 28.16+0.66, 23.54+o0.51; Sclerotinia fructicola 15.00%o0.35,
9.56 £ 0.07; Botrytis cinerea 11.721+0.27, 9.26 +0.19; Rhizopus nigricans
14.42%0.80, 11.16 +0.60; Glomerella cingulata 15.42+o0.21, 4.87+0.09;
and Alternaria solani length 18.38 +0.88, greatest width 8.22+0.07, least
width 5.08 1 0.01. Assuming the shape of the first four to be prolate sphe-
roids, that of G. cingulata to be a cylinder with hemispherical ends, and
A. solani a frustrum with hemispherical ends, the approximate volumes
were calculated in cubic 4 and are given in Table VIII. The range in volume
from the largest spore, M. sarcinaeforme, to the smallest, G. cingulala, is
32-fold, while R. nigricans, the one fungus significantly more sensitive, has
the second largest spores. Thus under the conditions of these studies there
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is no evidence that the average sensitivity of these six fungi to a number of
compounds is inversely proportional to the spore volume.

RATING OF COMPOUNDS BY DIFFERENT FUNGI

Do different fungi rate the same compounds in like order? The compound
X fungus interaction is a measure of the relative rating of the same com-
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FiGure 7. Examples of compound X fungus interaction. -A. Heavy metals. B.
Copper fungicides. Macrosporium sarcinaeforme, Sclerotinia fructicola, Alternaria solani, and
Glomerella cingulata in both series. Rhisopus migricans in A only and Bolrytis cinerea in B
only. Same scale as Figure 6.

pounds by different fungi. From Tables V and VI it may be seen that this
interaction is highly significant. Thus different fungi do not rate the same
compounds in the same order. Graphic examples of compound X fungus
interaction are shown in Figure 7. In Figure 7 A, for instance, copper sul-
phate and cadmium chloride differ little in toxicity toward M. sarcinae-
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forme, S. fructicola, and R. nigricans, but copper is much more toxic to 4.
solant and G. cingulata than is cadmium. Likewise in Figure 7 B the dif-
ference between Bordeaux and copper zeolite is pronounced for M. sar-
cinaeforme, S. fructicola, and B. cinerea, there is little difference for 4.
solant, and the order is reversed by G. cingulata.

CORRELATION OF FUNGI

Although the different fungi do not rate the compounds alike, it is per-
haps possible that certain species are- correlated. Correlation coefficients
(6) were determined for the mean LD 50 values of compounds tested against
all four of the fungi S. fructicola, G. cingulata, A. solani, and M. sarcinae-
Jorme. In all cases the coefficients were highly significant except for 4.
solani and M. sarcinaeforme which was barely significant (r 0.588, n 10)
and for S. fructicola and A. solani which was not significant (r 0.482, # 10).
The highest correlation was in the case of S. fructicola and M. sarcinaeforme
(r 0.929, n 10). It is to be noted that the most significant correlations do
not follow generic relationships or similarities in size of spores. A further
study of the data indicated that unusual responses were being produced
by copper oxychloride. When the results with this compound were elimi-
nated from the calculations, a highly significant correlation was found be-
tween all the fungi.

SUITABILITY OF DIFFERENT FUNGI AS TEST ORGANISMS

In the laboratory testing of fungicides it is necessary to select one or
more test species of fungi. If one is interested only in a particular fungus or
disease, that fungus will be selected provided it can be used for such tests.
However, usually there is more interest in the general effectiveness of the
fungicide. The selection of a fungus should be based on three main criteria:
(a) reproducibility of results, (b) ease of counting, and (c) ready production
of spores in quantity. Due to the common use of most of the fungi studied
here, it is of interest to ascertain to what extent they meet these criteria.

Reproducibility of Results

Factors contributing to low replicate test variation are steep slope of
toxicity curve (17) and small error in preparing the spore suspension. It is
assumed that other environmental factors likely to affect reproducibility
(15, p. 18) will be controlléd. In general, as it has been shown above, the
LDso values of Rhizopus nigricans are less reproducible than those of the
other fungi.

Steepness of slope. No significant difference in steepness of slope could
be shown between the fungi.

Spore suspension. The data in the last column of Table VII indicate
that G. cingulata may be slightly more variable from day to day and S.
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fructicola slightly less so. However, the final effect of the errors in spore sus-
pension on the LD 3o is dependent also on the steepness of the spore num-
ber-LD3so curve. No consistent difference could be shown for the steepness
of this curve between the four different fungi, nor in the standard devia-
tions of the derived LD 5o values at concentrations of 50,000 spores per cc.
It will also be noted in Table VII that G. cingulata tends to give a higher
concentration of spore suspension than expected, and M. sarcinaeforme
much lower.

Ease of Counting

High control germination. For ease and efficiency of count, high control
germination is essential. The customary procedure has been to count the
control drops, then following the necessary correction, record results on
all treatments on the basis of potentially viable spores. For example, if
the control is g7 per cent germination, 103 spores are counted in the treat-
ments and 3 deducted from the non-germinated results. Random samples
of the germination for control lots of 200 spores were obtained from 24
months of data and the mean and standard deviation of a single test deter-
mined as follows: Macrosporium sarcinaeforme 9g9.10+o0.64, Sclerotinia
fructicola 98.94 +0.68, Botrytis cinerea 98.75 +0.90, Alternaria solani 95.95
+4.92, Rhizopus nigricans 93.35+ 3.56, and Glomerella cingulata 92.93
+6.78.

Visibility of spores and germ tubes. A comparison of the fungi under this
criterion is very subjective. However, most workers will agree that some
spores are too small for ease in counting, and for many G. cingulata will be
so classified. Large, uniform-sized, dark-colored, single-celled spores with
well defined germ tubes, probably are to be preferred. A magnification of
150 is desirable for all the fungi examined except M. sarcinaeforme, for
which 100 is satisfactory.

Time of maximum germination. It is desirable that the spores will have
reached their maximum germination in a short time, preferably within 24
hours. Another study in this series, now in progress, indicates that none of
these fungi entirely meets this requirement. Certain fungi tend to produce
secondary spores in the suspension drops as the time is prolonged. Such is
the case for Glomerella cingulata; a similar effect has been observed with
Neurospora sitophila (Mont.) Shear & Dodge.

Production of Spores

Spore yield. Random samples from data taken over a period of months
show that the approximate mean yield in millions of spores per test tube
slant and its standard error is as follows: Alternaria solani 18.7 % 2.2,
Glomerella cingulata 18.4 + 7.6, Rhisopus nigricans 14.8 + 2.5, Sclerotinia
fructicola 10.1+ 2.2, Botrytis cinerea o.74 +0.41, and Macrosporium sar-
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cinaeforme o0.411o0.08. In testing compounds by the test tube dilution
method a large number of spores are required; for example, 12 compounds
at six different concentrations would necessitate about 10 million spores.
Hence B. cinerea and M. sarcinaeforme are not satisfactory for such tests.
If sufficient tubes are used, these two fungi may be employed in spray
deposit tests (16) where only about one-twentieth as many spores are
needed.

Simplicity of production. Laboratory results indicate that for all the
species studied except M. sarcinaeforme, the maximum number of spores
are produced in about one week. However, for M. sarcinaeforme a period of
about three weeks is necessary (9, 10). All six species will produce spores
readily on potato dextrose agar. Recent work by Horsfall et al. (10) states
that oatmeal agar is to be preferred for M. sarcinaeforme. A comparison was
made of spore production by S. fructicola, B. cinerea, G. cingulata,and
A. solani on 2 per cent agars of potato dextrose (see footnote g, p. 50), oat-
meal and Elliott (19) and Czapek and Barnes (18). S. fructicola and B.
cinerea produced spores readily only on potato dextrose, which was also
best for A. solani. However, A. solani produced some spores on all agars.
G. cingulata produced most spores on Czapek's agar but did well on potato
dextrose. If several different species are carried in culture, it is desirable
that they all be cultured alike.

Temperature. High spore production and germination will take place
at temperatures from 20° to 25° C. for all six fungi under consideration,
except for the spore production of B. cinerea and M. sarcinaeforme. The
temperature recommended for the latter is 20° C. (10).

Conclusion

These various comparisons with respect to the suitability of the six
different fungi, as represented by the isolates studied, lead to the conclusion
that in the long run Alternaria solani and Sclerotinia fructicola are likely
to be the most satisfactory, Macrosporium sarcinaeforme and Glomerella
cingulata fairly satisfactory, and Botrytis cinerea and Rhizopus nigricans
generally unsatisfactory.

EXPERIMENTAL DESIGN

An experimental design will be employed most efficiently when those
factors causing the greatest variation are sampled most widely. Since the
primary inteérest is rating compounds, the factors of importance are those
producing high interactions with compounds. From Tables V and VI it
may be seen that the fungus X compound interaction is of greatest mag-
nitude while the replicate test X compound interaction is significantly less.
Hence the better general rating of compounds will be obtained by testing
several fungi once rather than one fungus several times.
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Fungi. Since fungi are the major source of variation, at least two differ-
ent ones should be used as test organisms, while four would be preferable.
These organisms having the same general level of sensitivity but with a
high fungus X compound interaction, or low correlation, can be used to
best advantage. Such a complementary pair is Sclerotinia fructicola and
Alternaria solans.

Replicate tests. The greatest source of uncontrolled variation is the use
of different lots of spores, i.e. replicate tests. Although a standard may be
used to correct replicate test variations for compounds of like composition
and slope, in general it is desirable to make all comparisons at the same
time. If the number is not unduly large, such a comparison is possible.
However, if a high degree of precision is desired for the comparison of a
large number of compounds, the plan embodied in a Youden Square (22)
may be employed. If several different fungi are used, because of the high
fungus X compound interaction, not more than two tests are necessary.
But if only one fungus is used, precision can be gained by replicating the
tests three or four times.

Doses. Two finite points will suffice to define a simple straight line, but
more are necessary for compound slopes. In general, four or five different
doses giving finite responses will be satisfactory. If several dose ratios are
agreed upon and standardized, the construction of reference tables becomes
greatly simplified. Dose ratios of 2.000 and \/2.000, i.e. 1.414, are suitable
for practically all cases and are accordingly recommended.

Number of spores to count. In view of the large replicate test error, a
sample of 100 spores per dose, distributed over at least two microscopic
fields, is considered an efficient number. Probably even less could be
counted without appreciable loss of information. An added advantage of
100 is the simplicity in computations and use of reference tables. Replicate
counts can be omitted, since it was shown in the first paper of this series
(15) that their variance is practically that of the binomial distribution.

Other factors. Other important factors such as resistance to weathering
and the effect of time and temperature on germination have not been in-
cluded in this study, but it is hoped that an investigation of these may be
presented in a subsequent paper.

EVALUTION OF RESULTS
LD Levels

It is generally recognized that the LDso is the most precise point for
comparing compounds of essentially similar slopes. In the bioassay of
drugs an unknown is compared to a standard of like composition and slope,
and for such cases the LD 5o is the most efficient level of comparison. How-
ever, in the laboratory testing of fungicides it is frequently necessary to
compare heterogeneous compounds. These compounds may differ not only
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in composition but also in steepness of slope and type of slope. An example
of such heterogeneity is graphically presented in Figure 4. Comparisons
made at the LD 50 in such cases are inadequate. Here it will be necessary to
evaluate at a higher LD level, such as the LDgs, even though this point
cannot be determined as precisely as the LD so. Nevertheless, these com-
parisons made at the LDgs will have greater practical interest. An analysis
of variance on the LDgj5 values for the copper sulphate and Bordeaux data
gave a pooled variance for the triple interaction, compounds X fungi X
tests, of 0.00394. If this is compared to the equivalent value obtained from
the LD 50 analysis of 0.0022, it will be seen that in this case the precision
of comparisons at the LDgs have been decreased about one-half.

Thus for the general case of tests involving heterogeneous compounds
of unknown slope or composition, or of slopes known to differ widely at the
higher levels, it will be desirable to compare at the LDgjs. For those cases
where the slopes are essentially alike at the higher levels, the LDso will
furnish the most effective point for comparison.

Significant Differences

It has been shown that the rapid graphic methods of obtaining LD
values will give as satisfactory results as the long method of calculation.
This graphic method is discussed in detail in an earlier paper (21). In view
of the significant interaction of heterogeneous compounds with replicate
tests, the determination of the error of a particular point or curve, i.e.
internal error, is probably unnecessary for routine comparisons. The choice
of a suitable error term to evaluate the significance of difference of com-
pounds will depend on what question is to be answered. If it is desired to
know which compound is best under all conditions of the test, i.e. for all
fungi, both LD levels and all tests, it will be necessary to use the greatest
interaction involving compounds. In most cases this will be the compound
X fungus interaction. On the other hand, if it is desired to determine how
the compounds are rated for the fungi in general or for some fungus in
particular, at one LD level, the compound X replicate test error within
fungi should be gmployed. This error is chosen within fungi because the
results indicate %\ there is no general experiment error for a given day
for all the fungi affdrhence each fungus may be considered a separate test.
If the analysis of variance ipdicates a significant difference between com-
pounds, comparisons may be made between the means of individual pairs
by the ¢ test. However, only the degrees of freedom appertaining to this pair
should be employed (7, p. 65), though the pooled variance may be used.
Since the error term is an interaction, n for ¢ will be one less than the total
LD values per- compound.

The data presented in this paper as well as other unpublished results
indicate that these various interactions are more or less constant under the
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conditions prevailing in this laboratory. The pooled sums of squares for
the compound X fungus interaction in Tables V and VI give a mean
logarithmic variance of o.364. Likewise the compound X replicate test
interaction within fungi is o0.0180. These results were obtained from com-
pounds with slopes within the approximate range of o.1 to o.3\. Thus when
comparing heterogeneous compounds under these circumstances, in the
former case with one test but a wider basis of inference due to the use of
four different fungi a 20-fold difference between two compounds may be
demonstrated with odds of 20:1, while in the latter case, four replicated
tests with one specific fungus would allow a two-fold distinction to be
made.

In the special case of compounds similar in composition and slope such
as the two stocks, i.e. compounds, of copper sulphate and of Bordeaux mix-
ture, no significant compound X replicate test interaction can be shown and
hence the triple interaction or residual internal error may be used for error.
This value is 0.0022. Hence under these optimum conditions, with one
fungus, two tests would demonstrate a four-fold difference, four tests a 30
per cent difference, and 12 tests a 10 per cent difference.

SUMMARY

1. In a further analysis of the factors causing variation in spore ger-
mination tests of fungicides a study was made on 718 individual toxicity
curves. The fungi emploved were Sclerotinia fructicola, Glomerella cingulata,
Alternaria solani, Macrosporium sarcinaeforme, Botrytis sp. (cinerea type),
and Rhizopus nigricans. Twenty compounds were tested representing the
heavy metals, commercial ‘‘insoluble’’ copper fungicides, and synthetic
organic compounds. All tests were replicated from four to six different
times.

2. Four different types of slopes were observed on logarithmic proba-
bility paper: (a) Simple straight line, (b) double slope with left-hand
“break’’ in lower values giving a curve concave upwards, (c) double slope
with right-hand “break’ in upper values, or curve convex upwards, and
(d) triple slope or sigmoid curve. Seventeen per cent of the curves were of
the two latter types. The type and steepness of slope of the toxicity curve
is determined more by the compound than the fungus. The slope of a given
toxicity curve is reasonably consistent in replicate tests.

3. Heterogeneous compounds differing widely in slope as well as com-
pounds of convex and sigmoid type curves should be evaluated at high
LD levels such as the LDgs. Highly significant correlations were obtained
between steepness of slope and toxicity at the LD 50 point for straight and
concave type compounds of the heavy metal and copper series. There was
no correlation among the organic compounds.

4. A comparison of a rapid graphic method with the detailed calculated
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method of obtaining LDso values shows that the results do not differ
significantly. Accordingly the use of the former is advised for general com-
parisons.

5. Tests replicated on the same day using the same lot of spores, in
general do not vary more than is to be expected from their internal error,
whereas tests replicated at different times with different.lots of spores vary
considerably more than is to be expected. This indicates that the replicate
test variation in the main is due to the use of different lots of spores, rather
than to errors of technique in applying the fungicidal dose.

6. There is a linear relation between the logarithms of LD 50 and of the
number of spores exposed to the fungicide. Errors in adjusting the con-
centration of a spore suspension for a given test will account for only a
small portion of the variance of replicated tests.

7. Different fungicides may be rated approximately in terms of a stand-
ard. However, the most effective use of a standard to adjust day-to-day
variations is limited to compoundsof essentially similar slope and compo-
sition. A single standard cannot be used for the precise comparison of heter-
ogeneous compounds differing widely in slope and composition.

8. In their average sensitivity to a number of compounds, five of the
fungi were essentially alike; only Rhizopus nigricans was significantly more
sensitive. Nor was the sensitivity inversely proportional to spore volume.
In many cases, however, the fungi were unlike in the sensitivity to specific
compounds and would thus rate them differently. Fungi tending to rate
compounds differently, such as Alternaria solani and Sclerotinia fructicola,
can be used most efficiently in laboratory testing.

9. The selection of different fungi as laboratory test organisms should
be based on three main criteria: reproducibility of results, ease of counting,
and ready production of spores in quantity. The six fungi studied are
compared as to these and various subcriteria.

10. Experimental designs to give the maximum in efficiency of testing
and evaluating results are outlined. In general the following are advised:
5 doses; dose ratios of 2.000 or 1.414; 100 spores per count per dose; no
replicate counts; graphic methods of determining LD values; evaluation at
LDso for straight line or concave type compounds having similar slopes,
at LDgs for dissimilar slopes and curves of convex or sigmoid type; several
different fungi tested twice, rather than one fungus tested a number of
times; and for error term, the compound X replicate test interaction.
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CARBON DIOXIDE PREVENTS THE RAPID INCREASE
IN THE REDUCING SUGAR CONTENT OF POTATO
TUBERS STORED AT LOW TEMPERATURES

F. E. DENNY AND NorRwoOD C. THORNTON

From the previously reported results regarding the effect of carbon
dioxide upon the sugar metabolism of potato (Solanum tuberosum L.)
tubers, this gas would hardly be expected to prevent the accumulation of
sugars, at least with a CO; concentration as low as 5 per cent.

The tests here reported upon, however, show that this result can be
obtained with C(Q),. In order to understand the apparently conflicting facts
as to the action of CQO; upon the sugar metabolism of potato tubers, two
points regarding the conditions of such tests should be kept in mind: (a)
Whether the sugar fraction is reducing sugar or is sucrose, since the devel-
opment of reducing sugar may be retarded and that of sucrose increased,
even under the same set of conditions; an estimate based on only total
sugar would not show this difference. (b) Whether the temperature of the
test is high, such as at room temperature, or low, such as at 5° C., since
the response of the tubers as shown by changes in reducing sugar are quite
different at the two temperatures.

Thornton (3) showed that the reducing sugar content was greatly in-
creased by storage of the tubers at 21° C. in an atmosphere containing 60
per cent CQO,, and that the sucrose was increased with either 30 or 60
per cent CQ,. Barker (1), whose data unfortunately are reported only on
the basis of total sugar, found that all concentrations of CO., used with
tubers stored at 5° C. and 7.5° C. increased the total sugar content. At
1° C. total sugar was decreased with 20 per cent CQsg, but this was accom-
panied by discoloration and with the development of a peculiar odor of
the tubers. Furthermore, when the concentration of CO; at 1° C. was de-
creased to 10 per cent, the total sugar was greatly increased in comparison
with the controls in air. Barker did not use concentrations of COq below 10
per cent in his experiments at 1° C.

In the present experiments, of which this is a preliminary report, the
potato tubers were stored at low temperatures (5° C. and 8.2° C.), and in
the chemical analyses separate determinations were made for reducing
sugar and for sucrose. The results show that at 5° C. a concentration of s
per cent CO; retarded the development of reducing sugar to such an extent
that at the end of one month, or of even two months, the amounts of re-
ducing sugar of the juice of COs-treated tubers were only one-half or one-
third or one-fifth of that of control tubers in air. And yet under these same

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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conditions, the sucrose content was increased by the CQO; treatment, so
that if merely the values for total sugar were taken into consideration, it
would be concluded that the effect of CO; was to increase the sugar.

However, our interest in the problem has been in connection with the
production of potato chips with a light color, and the previous reports
(4, 2) show that only the reducing sugar content is important for chip color,
sucrose not having any effect upon the color, at least at the cooking tem-
peratures ordinarily employed for this purpose.

Thus, by using CO; in the amount of 5 per cent in the atmosphere sur-
rounding the tubers, the reducing sugar content has been maintained in
tubers stored at 5° for two months at a value sufficiently low for the pro-
duction of chips of good color, while tubers stored in air for the same period
at the same temperature have increased in reducing sugar content to the
point at which they have become worthless for potato chips on account of
the dark color of the product. However, recommendations for the use of
COs; in the storage of tubers for potato chip production cannot be made at
this time, since, even if the method should prove to be feasible and eco-
nomical, the effects upon tuber characteristics other than sugar content
and color of chips have not been determined.

METHODS

The tubers used were those of the variety Irish Cobbler. A sample
consisted of 16 tubers tied in a cheesecloth bag. The containers for main-
taining the proper gas mixtures in the atmospheres surrounding the tubers
were cylindrical steel drums, capacity approximately s4 gallons. Each
drum was closed by a sheet iron cover with a rubber gasket and bolts, and
at the edges where the gasket, drum flange, and cover met, a layer of
modelling clay completed the seal. The cover was equipped with glass inlet
and outlet tubes, through which CO; and O; were admitted to the drum
in amounts to give the desired proportions (by volume) of these two gases.
In each case, whatever the concentration of CO; (by volume), an effort
was made to maintain the Os concentration at about 20 per cent (by vol-
ume). In some cases, the O; concentration dropped below this value for
short periods, but in no instance was an O; value below 17.5 per cent ob-
served throughout the tests. At intervals of two to three days, or more
often, if necessary, especially in the early stages of a test, the proportions
of CO; and O, within the containers were determined by gas analysis and
a correction for the composition was made, if needed, by introducing the
required gas from cylinders of the compressed gases, or from bottles of the
gases obtained from these cylinders.

The methods of grinding the potato tuber tissue, squeezing the juice,
and making the sugar determinations were described in a previous paper

(2, p. 294).
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RESULTS
FIRST MONTH OF THE TEST

The arrangement of the test and the results obtained are shown in
Table I. The upper half of the table shows the results at the end of the first
'month after the start. At that time the lots remaining after the removal of
the sample bags of tubers for analysis were divided equally into two lots
as shown by the arrows in the center of the table, and the experiment was
continued for another month upon the basis shown in the headings for the
lower half of the table.

. TABLE 1
EFFECT oF CO; ON SUGAR CONTENT OF POTATO TUBERS STORED AT LOW TEMPERATURES
Sugar content of juice of tubers at start of experiment:

& 'a « «’ 4

Sucrose =3.3
“ “ “ “ “

Total =3.5
Tubers sorted into six lots and placed under the conditions of storage-temperature and
carbon dioxide concentration shown in Columns 2 to 7, lines 1 and 2 below:

Temp. of storage,°C.— 5° 5° 5° ' 8.2° 8.2° 8.2°
e :

Conc. of COp——— st 1 129 None 5%* 12%* None

Sugar con- | Red. sug.' 2.9 4.3 9.1 2.1 1.7 3.3

tent after | Sucrose | 22.6 35.6 12.9 10.1 16.4 4.0

1 month  Total 25.5 | 30.9 22.0 12.2 18.1 7.3

The remaining samples

were then subdivided

into lots as shown by

the arrows: ——————

Temp. of storage, °C.— 5°! 5° | 5° §° | 5° 5° [8.2°] 8.2° 5°i 5° 8.2°| 8.2°

|

Conc. of CO; —|s% !None‘ 5% | None| 5% | None| 5% | None s%iNoneI 5% !None

Sugar con- ' Red. sug.| 2.5 7.5! 5.2 8.412.6/ 13.1| 2.9/ 4.9 3.6' 8.4{ 3.4‘ 3.8

tentafter 1 | Sucrose [38.4] 24.342.5 38.4/20.2| 10.5/ 9.7| 5.0,27.2| 17.6i10.9] 4.0
2.6 9.9'30.8 26.014.3 7.8

additional | Total 40.9| 31.847.7, 46.8(32.8] 23.612.6 ¢. l
month . t j I l l l I l

* Per cent by volume; the O; concentration in each case was approximately 2o per cent
at the start and not lower than 17.5 per cent by volume at any time.

In the first month of the test (top half of Table I) tubers were treated
with 5 per cent and 12 per cent CO, (with Oq at 20 per cent) at two different
temperatures, 5° and 8.2°C. For comparison there were control tubers in air
at each of these two temperatures. In considering the effect of CO; upon
the sugar content of the tubers, it is desirable to discuss the reducing sugar
and sucrose data separately.

Reducing sugar. The results for the first month of the test are shown for
the 5° storage temperature in line 3 (main body of the table), columns 2,
3, and 4, Table I. It is seen that CO; retarded the development of reducing
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sugar, the control lot increasing from the value of o.2 at the start to the
value of g.1 at the end of one month, while the corresponding values for
the lots receiving a treatment with 5 per cent and 12 per cent CO; were
2.9 and 4.3, these values being only about one-third or one-half of the con-
trol. The results for the lots stored at 8.2° are shown in line 3, columns s, 6,
and 7 in Table I. At this temperature the reducing sugar increase was not
extensive as is shown by the control lot which increased from o.2 to only
3.3 (column 7); the values for the 5 and 12 per cent CO; lots (columns 5 and
6) were 2.1 and 1.7, lower than the controls, it is true, but further tests
would be needed to show whether there is a real difference due to CO,
treatment.

Sucrose. The results for sucrose during the first month of the test are
shown in line 4, Table I. Increases by CO, treatment were found for both
5 and 12 per cent CO; and at both temperatures (5° and 8.2°). The higher
amount of CQO; (12 per cent) caused large increases in sucrose, more than
a three-fold difference in sucrose increase at s° i.e., a sucrose change of
35.6 minus 3.3 for 12 per cent CQ,, as compared with 12.9 minus 3.3 for
the control (see line 4, columns 2, 3, 4). At 8.2° (see line 4, columns 5, 6, 7)
the ratio of the sucrose increase in a comparison between the values for 12
per cent CO,; and the air control is even greater, e.g. (16.4—3.3) + (4.0
—3.3) =19.

Total sugar. The total sugar values are shown in line 5. It is not profit-
able to discuss these values since they represent merely the sum of the two
sets of values which have already been discussed separately. An examina-
tion of the values in line 5 will show how ineffective total sugar values alone
would have been in disclosing what had been the effect of CO; upon the

sugar changes in the tubers.

SECOND MONTH OF THE TEST

The results of the second month of the test are shown in the lower half
of Table I. At the end of the first month'gfter the removal of sample bags
of tubers for analysis, there wep# two to four bags of tubers in each lot
available for a further test. These bags of tubers from the previous test
were divided equally in each case into two lots as shown by the arrows in
the center of Table I, and were then placed under the conditions of tem-
perature and COs listed in lines 6 and 7 in Table I (first two lines under the
center arrows). It will be noted that the tests with 12 per cent CO; were
discontinued at the end of the first month; this was done because it ap-
peared possible that at 5° C. the lower concentration of CO,, i.e. 5 per
cent, was more efffctive in retarding the development of reducing sugar
than was 12 per cent COs, and the main object in these tests for the present
at least, has been to find the conditions for maintaining a low value for the
reducing sugar. As is shown in the lower half of Table I, the tests for the
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second month were arranged to give comparisons only between 5 per cent
CO. and air. The tubers for which the results are shown in the lower half
of Table I were tubers that had already been, during the first month, under
the conditions described at the top of the corresponding column.

Reducing sugar. What are believed to be conclusive results with regard
to the capacity of 5 per cent CQO; to retard the rate of development of re-
ducing sugar at the temperatures used are shown in line 8 in Table I (third
line below the center arrows). In each comparison between g per cent CQ,
and air the reducing sugar value is lower for 5 per cent CQO; than for the
control. The extent of the difference between the 5 per cent CO; and con-
trol values varies with the temperature of storage, tending to be greater
after 5° storage than after 8.2° storage, and tending to be greater the lower
the starting value (i.e., the value at the end of the first month’s test, see
line 3 in Table I). When the starting value was low, e.g., 2.9 and 1.7 (line
3, columns 2 and 6), and when the temperature of storage during the second
month was low, i.e., 5° C., the corresponding differences between C(; and
control were large, i.e., 2.5 vs. 7.5 and 3.6 vs. 8.4 (line 8). When the starting
value was high, e.g., 9.1, line 3, column 4, or the temperature was high,
e.g., the data in column 7 representing tubers continuously at 8.2° during
both months, the differences are small and presumably are not significant.
It appears that the effect of CQj, is not to decrease the reducing sugar but
to retard its increase at low temperatures; but in column 4 no increase in
reducing sugar occurred during the second month because it was already
high at the beginning of the period, and in column 7 no increase occurred
because the temperature was too high to induce it. In neither case was
there any increase to be retarded by CO..

Special attention is directed to the value 2.5 in line 8, column 2. This
represents the reducing sugar value of the lot which was exposed to 5° C.
with 5 per cent CO. for the entire period (two months), and shows the
effectiveness of this relatively low amount of CQs in retarding the increase
in reducing sugar which normally occurs in air at this temperature (5° C.).
Compare this value (2.5) with the value 13.1 (in the same line, column 4)
which represents the control lot in air during the same two-month period.
The CO; treatment has kept the reducing sugar value down to a value
about one-fifth of that of the air control. This lot had a reducing sugar
value of 2.9 at the end of the first month and only 2.5 at the end of the
second month, which shows that 5 per cent CO, enabled this lot to remain
for a month at a temperature favorable for the rapid increase of reducing
sugar without any such increase occurring. The corresponding values in
column 3 also show a strongly retarding effect of COs, since the CO,-
treated lot increased during the second month from a 4.3 value to one of
only 5.2, while the control during the same period increased from 4.3 to 8.4.

Sucrose. In all cases the sucrose values for the lots treated with 5 per
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cent CO, are greater than those for the corresponding controls without
CO,, except possibly in the pair that started from an originally high value
(35.6 in column 3, lines 4 and g). These sucrose differences due to COj, treat-
ment occurred even with the lots at 8.2° which did not show a reducing
sugar retardation.

Total sugar. These values taken alone do not elucidate but rather ob-
scure the changes that have occurred in the two constituents of which the
total sugar is the sum.

SUMMARY

The rapid increase in reducing sugar which occurs in potato tubers
stored at 5° C. was prevented by storing the tubers in an atmosphere con-
taining 5 per-cent carbon dioxide. At the end of two months at 5° C. the
reducing sugar content of the COs-treated lot was approximately one-fifth
of that of the control lot in air.
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RELATION OF CERTAIN AIR TEMPERATURES
AND HUMIDITIES TO VIABILITY OF SEEDS

LELA V. BARTON

It has been well established by many investigators that the moisture
content of seeds is of the utmost importance as a factor in the determina-
tion of their longevity. This applies not only to the absolute moisture con-
tent but also to fluctuation in moisture content, especially to fluctuations
around the ‘‘critical’”’ moisture content which varies according to the
variety of seed. That temperature is of vital importance in connection with
the keeping quality of seeds has also been demonstrated repeatedly.
Neither moisture nor temperature can be considered alone, since the effect
of one depends upon the other.

In view of these facts, it becomes highly desirable to ascertain the
actual amounts of water which will be absorbed by seeds in different locali-
ties, i.e. under different conditions of humidity and temperature. Such
knowledge would make it possible to determine whether air-dry seeds, in
any particular region, could be stored with safety.

The present paper presents data on moisture contents of six varieties
of seeds, stored at four different temperatures and three different relative
humidities. Correlations with the germination capacity, under all of these
conditions, have been made. Fluctuations in moisture content of seeds
stored in open containers in the laboratory at Yonkers, New York, have
also been determined. Data are given to show the comparative rate of de-
terioration of seeds of different germination capacity under unfavorable
conditions of temperature and humidity.

TEMPERATURE AND HUMIDITY EFFECTS
METHODS

Seeds used for these tests were lettuce (Lactuca sativa L.), onion (Allium
cepa L.), tomato (Lycopersicon esculentum Mill.), flax (Linum usitatissi-
mum L.), peanut (Arachis hypogaea L.), and long-leaved pine (Pinus
palustris Mill.). Large desiccators containing saturated solutions of mag-
nesium chloride (MgCl,-6H:0), calcium nitrate (Ca(NOs)s-4H:0), or
sodium chloride (NaCl) with an excess of the salts were placed in constant
temperature chambers of 5°, 10°, 20°, and 30° C. According to Spencer (13),
the relative humidities of the air over saturated solutions of magnesium
chloride are approximately 33, 35, 34, and 32 per cent at 5°, 10° 20° and
30° C. respectively. Saturated solutions of sodium chloride provide atmos-
pheres of 78, 77, 76, and 76 per cent at 5°, 10° 20° and 30° C. The relative

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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humidities prevailing over saturated solutions of calcium nitrate are 56 and
51 per cent at 20° and 30° C. respectively. The relative humidities over
saturated calcium nitrate solutions at 5° and 10° C. have not been deter-
mined but it is probable that they lie between 55 and 60 per cent. The three
relative humidities used, then, were approximately 35, 55, and 76 per cent.
The seeds were placed in cheesecloth bags over the solutions in the desic-
cators. Moisture determinations were made on each seed lot after 8,17, 29,43,
105, 150, 232, and 372 days. Approximately two-gram samples of lettuce,
onion, tomato, three-gram samples of flix, and five-gram samples of pine
and peanut were removed from the desiccators and placed in weighing
bottles and the weights determined. Seeds were removed from 5°and 10° C.
desiccators in a cold room and placed immediately in a desiccator over cal-
cium oxide which was then transferred to room temperature. All weighings
were made after samples had come to room temperature. Samples were
then dried in a vacuum oven with an air-jacket temperature of 78° C. for
48 hours after which the dry weights were ascertained. The moisture per-
centages were calculated on the basis of the dry weights of the seeds. Single
lots of seeds were used for these determinations. Numerous previous tests
had demonstrated the close agreement of duplicate lots under this method
of treatment.

All tests for the germination capacities of the seeds were made in ovens
at controlled temperatures previously determined as favorable. Moist filter
paper was used as the medium for the germination of lettuce, onion, to-
mato, and flax at controlled temperatures of 20° 25° 25° and 20° to 30° C.
respectively. Twenty to thirty degrees C. represents a daily alternation of
temperature where the cultures are left for 16 hours at 20° and for 8 hours
at 30° each day. Duplicates of 100 seeds each were used for these tests.
Pine and peanut seeds were mixed with moist granulated peat moss for
germination. Duplicates of 25 seeds each of peanut were placed at 20° C.
A single lot of 100 seeds of pine was placed at 5° C. for one month after
which it was transferred to 20° C. for germination. Some germination of
pine occurred at 20° C. without low-temperature pretreatment but a much
higher and more uniform germination was obtained after pretreatment for
one month at 5° C.

This experiment was begun in August, 1939. Data reported below show
that the moisture contents of air-dry seeds in this locality are high in
August. .
RESULTS AND DISCUSSION

Moisture contents. Results of moisture determinations made 8, 29, 103,
and 372 days after storage under special conditions are shown in Table I.

Tests from all conditions made after 8 and 17 days showed fluctuations
which indicated that the seeds had not reached an equilibrium with the
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FiGURE 1. Moisture content of seeds after 43 days of storage at relative humidities

of 76, 55, and 35 per cent.
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moisture in the storage chamber. Tests made as long as 29 days after stor-
age showed that an equilibrium was being established by that time and
changes in moisture content of individual samples on subsequent dates
were doubtless due in great part to the error of sampling.

It was noted that the seeds showed differential water absorption ac-
cording to species and that the amount of moisture taken up under all
conditions by the various seeds always appeared in the same relative posi-
tion. This is shown in Figure 1 where the moisture determinations made
43 days after storage are used. In the order of increasing water-absorption
capacity, the seeds were peanut, lettuce, flax, pine, tomato, and onion.
This order persisted regardless of storage temperature or atmospheric hu-
midity.

The chemical composition of the seeds may account, at least in part,
for this variation in the amount of moisture absorbed by different sceds
under identical conditions. Peanut, flax, lettuce, and pine seeds, which
contain large amounts of oil, have low absorption capacities. On the other
hand, tomato and onion, both of which contain larger amounts of protein
and smaller amounts of oil, occupy intermediate and high positions as re-
gards ability to absorb moisture. Ewart (10) stated that the resistant power
of a seed to desiccation depended partly on the nature and thickness of the
coats and partly on the form in which the reserve food was stored. Other
conditions being similar, albuminous sceds were least resistant to desicca-
tion, oily seeds next, and starchy seeds most resistant. The present tests
confirm these statements for albuminous and oily seeds. The types of seed
coats, also, doubtless play a réle.

It should be pointed out that, at the beginning of the tests, seeds of the
same lot possessed the same vitality in all storage conditions, but, as the
storage period lengthened, loss of vitality progressed much more rapidly
under conditions of high humidity and temperature. This means, then,
that moisture determinations were made with increasing proportions of
non-viable seeds. That the state of viability was without effect on the
actual amount of water absorbed was demonstrated by the failure of the
moisture content to change as the germination capacity decreased. This
may be seen from a comparison of Tables I and II. Other workers have
shown that seed viability does not affect the total water absorption. Hein-
rich (11) weighed seeds of Lolium perenne after o to 384 hours in a moist
room at 20° C. and found that live seeds contained more water than dead
ones up to 24 hours, after which they were approximately the same. Atkins
(1) also found that seeds, living or dead, take up the same quantity of wa-
ter in their initial stages and that there is no difference until germination
begins.

With a relative humidity of only 35 per cent, seeds took up approxi-
mately the same amount of water at 5° and 10° C., but in every case they
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remained drier at the higher temperatures of 20° and 30° C. (Fig. 1). At
55 and 76 per cent relative humidities, however, the peak of moisture ab-
sorption was at 10° C. and the lowest absorption was at 30° C. This was
shown throughout the tests made after storage for 29 days or longer (Table
I). There was no indication that equilibrium was reached more quickly
at 30° C. than at any of the other temperatures tried. In all seeds, at 55 per
cent relative humidity, there was an initial lag in absorption at 5 ° C. The
moisture contents of seeds at this temperature were lower than those at
10°, 2¢®, or 30°, eight days after the tests were begun. After 17 days, mois-
ture in seeds at 5° C. equalled or exceeded that in seeds at 30° C. and after
29 days equalled or exceeded that at 20° C., from which time it remained
slightly in excess of that at 20° C. for all seeds (Fig. 2).

Coleman and Fellows (8) determined moisture contents of cereal grains
and flax seeds exposed to 15, 30, 45, 60, 75, 90, and 100 per cent relative
humidity at 25° C., but no other temperature was used. The large amount
of moisture absorbed by elm and flower seeds in a high-humidity room at
5° C. has been pointed out in previous papers (5, 6). Boswell and others
(7) stored seeds of bean, sweet corn, beet, cabbage, carrot, onion, spinach,
tomato, and Spanish peanut at 50° and 80° F. at relative humidities of 78
to 81 per cent, 66 per cent, and 44 to 51 per cent, and reported that at a
given relative humidity the seeds developed slightly higher moisture con-
tents at 50° F. than at 80° F. They stated that this could not be explained
by the physical characteristics of the air, such as differences in vapor pres-
sure, weight of water in the air, or vapor deficit. The results reported here
show significantly higher moisture contents of seeds at a given relative
humidity at 10° C. than at 30° C. Less moisture was absorbed at 20° C.
than at 10° C. but more than at 30° C. Approximately the same amount
was taken up at 5° and 10° C. at 35 per cent relative humidity but as the
relative humidity was increased to 55 and to 76 per cent, seeds absorbed
more water at 10° than at 5° C. The explanation for these phenomena must
be sought not only in the physical conditions of the atmosphere surround-
ing the seeds but in the physical conditions of the seeds themselves. The ac-
tual determination of the vapor pressures of both seeds and atmosphere at
the different temperatures used and the relations of these curves to each
other may provide a basis for explanation of the behavior.

Viability. Germination tests in ovens at controlled temperatures were
made at the beginning of the storage period and after storage for 8, 43, 150,
232, and 372 days. The results are shown in Table II and Figure 3. When
Figures 1 and 3 are compared it becomes obvious that the actual amount
of water absorbed by the seed is not directly related to its loss of vitality
under any given set of conditions. The three seed types exhibiting greatest
retention of vitality under all conditions were peanut, flax, and tomato. On
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the basis of the actual amount of moisture absorbed these seeds occupy
low, intermediate, and high positions (Fig. 1). Similarly lettuce, pine, and
onion seeds which lose vitality most readily under all conditions have low,
intermediate, and high moisture contents. Boswell and others (7) also re-
ported that among different kinds of seed, deterioration was not always
correlated with the relative moisture-absorbing capacity of the seeds.
Furthermore, under the conditions of this experiment, viability does not
seem to depend on chemical composition.

A positive correlation is found, however, between the initial vitality of
the seeds and the rate of loss of germination capacity. Peanut, flax, and
tomato all showed initial germination capacities of over go per cent while
lettuce and onion showed only 63 and 66 per cent.

Pine seeds represent a special case as regards initial viability. It will be
seen from Table II that g6 per cent germination was obtained. The same
seeds if germinated without low temperature pretreatment gave only 57
per cent germination in moist granulated peat moss at 20° C. It has been
reported in a previous publication (3) that fresh seeds of Pinus palustris
produced the same seedling stand with or without pretreatment at low
temperature, but as their vitality decreased, pretreatment became neces-
sary for maximum seedling production. Since the vitality of this lot was
reduced to 57 per cent as indicated by germination test without pretreat-
mwent, it was to be expected that the seeds would lose their germination
capacity at a rapid rate under unfavorable conditions. Thus it was found
that behavior of these seeds was similar to those of lettuce and onion.

These facts indicate that deterioration, once initiated, proceeds rapidly
to death of all of the seeds under unfavorable storage conditions but is not
marked under favorable conditions. At 5° C., even in high humidity, all
seeds kept well regardless of initial vitality, but as the storage temperature
was increased, the need for high quality seeds was evident if vitality was to
be maintained.

No effort will be made here to review all of the literature dealing with
humidity and temperature in relation to loss of witality of seeds. The ad-
vantage to the seed trade of a knowledge of the amount of moisture ab-
sorbed by seeds under varying conditions of humidity and temperature and
the relation to keeping quality is obvious. Another practical application
of this knowledge is in seed extraction. Eliason and Heit (9) emphasized
the importance of the humidity of the kiln in the extraction of pine seeds
from their cones. If the humidity was too high some of the seeds were killed.
They established the limits of humidity for safety in extracting seeds at
temperatures of 117° to 142° F. Many additional data are needed to pro-
vide a good working basis for the determination of standards for storage
and extraction of seeds.
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MOISTURE RELATIONSHIPS OF SEEDS STORED OPEN
IN THE LABORATORY

A previous publication (6) has emphasized the significance of fluctua-
tion in moisture content as a contributing factor to deterioration of seeds
in storage. In order to determine more exactly what fluctuations actually
exist under ordinary atmospheric conditions during the caurse of a year
at Yonkers, New York, moisture determinations were made in the manner
described above for sceds of carrot (Daucus carota L. var. sativa DC.), egg-
plant (Solanum melongena L.), lettuce, tomato, and long-leaved pine

1 ‘ T 1 T T T T T
10 | -
g of :
pes } .
.- 2 (J
Q 8 |- -t
g .
- 0
z Tt ]
o r
b .
6 I ~
e o O Tomato
5 Pine
¢ @ Lettuce
4 ] ! ] ] ] 1 ]
FEB. 1939 MAY JULY AUG. SEPT. NOV. DEC. JAN. 1940

FIGURE 4. Moisture contents at various times of the year of seeds stored open in
the laboratory. Moisture expressed as percentage of dry weight of seeds. Duplicates of
approximately 2 grams each used for each test.

stored open in the laboratory in February, May, July, August, September,
November, and December, 1939, and January, 1940. The results of these
tests showed that the moisture content of seeds in August was practically
double that in January or February. This applied to every type of seed
tested although there was considerable variation in the actual amounts of
water taken up by the different varieties. These differences are shown
graphically in Figure 4, where a comparison of lettuce, pine, and tomato
seeds is made. In spite of the differential water-absorbing capacities of
these seeds, all of them contain the maximum moisture in August and are
relatively dry during the months of November, December, January, and
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February. Carrot and eggplant moisture contents at the various testing
periods were practically the same as for tomato. Pine seeds took up less
moisture from the air while lettuce seeds remained driest.

This test simply serves to emphasize the necessity of drying seeds to a
known moisture content before storage since the amount of moisture pres-
ent in ‘‘air-dry’’ seeds depends not only on the locality but on the time of
year the tests happen to be made. ‘‘Air-dry’’ seeds placed in sealed contain-
ers in August in Yonkers, New York, would contain twice as much mois-
ture as the same seed lot sealed during the winter months. In the evaluation
of sealed as opposed to open storage, these facts should be considered.

The differential absorption of water by the different species furnishes
additional evidence that the ‘‘critical’’ moisture content varies with dif-
ferent seeds. It is believed that fluctuation in moisture content is most
deleterious to seed viability when it occurs around the ‘“‘critical’’ point. It
has been found (6) that dandelion and aster seed with moisture contents
between 6 and 8 per cent deteriorated much more rapidly when fluctuation
in moisture was introduced. Fluctuations at lower moisture contents were
without effect.

COMPARATIVE RATE OF DETERIORATION OF SEEDS
OF DIFFERENT GERMINATIVE CAPACITIES

This test was devised to demonstrate further the fact already pointed
out in a previous paper (4), that deterioration, once initiated, proceeds as
an autolytic process. Therefore it is very important that old seeds removed
from a favorable storage condition to an unfavorable one should have lost
none of their vitality at the time of transfer. As a further demonstration
of these effects, seeds of eggplant, onion, and tomato of the same lots as
described in previous papers (2, 4) were removed from their original stor-
age conditions on April 18, 1940, and placed under temporary storage con-
ditions as follows: open container at 5° C., desiccators at approximately
76 per cent relative humidity at 25° and 35° C. Seeds from the original
storage conditions were selected toggive a range in viability as indicated by
germination tests made at the tini#. of removal. In the cases of eggplant
and tomato seeds, those witich had been stored open or sealed air-dry or
dried before sealing at both laboratory and below-freezing temperatures
were used. Onion seeds of the dried lot sealed and kept in the laboratory as
well as those stored below freezing open or sealed air-dry or with reduced
moisture were also used. It should be kept in mind that all of these seeds
were over eight yeéars old at the beginning of these special tests.

It will be seen from Table III that each kind of seed was represented
by lots showing variation in vitality at the beginning of the special storage
tests. For example, eggplant seeds sealed air-dry and stored in the labora-
tory had deteriorated so that only 37 per cent were viable at the beginning
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of this experiment while seeds of the same lot stored sealed air-dry in a
room below freezing gave 87 per cent germination. A further study of the
data in Table I1I, which show germination results obtained after 1, 2, 3, 4,
5, 6, 8, and 12 weeks of special storage, indicates clearly the necessity for
seeds of high quality if the viability is to be retained under unfavorable
storage conditions as indicated here by 25° C. and 35° C. and high humid-
ity. The comparative rates of vitality loss at 25° C. for eggplant seeds
stored at laboratory temperature demonstrates the favorable effect of
drying the seeds to approximately 7 per cent moisture content before stor-
age. Not only do the seeds give a higher percentage germination immedi-
ately after removal from storage than either those stored open or sealed
air-dry, but their ability to withstand unfavorable further storage is
marked as compared with air-dry seeds stored open or sealed. Seeds with
a germination capacity of 75 per cent were able to withstand unfavorable
storage for at least eight weeks without a significant decrease in vitality.
Those less viable and showing only 59 per cent germination deteriorated
more rapidly, four weeks representing the maximum safe storage. Seeds
with only 37 per cent viable suffered serious deterioration by the end of
two weeks at 25° C. Seeds from open storage in a room below freezing be-
haved in a manner similar to those dried and sealed in the laboratory. This
was to be expected since the vitality was similar in the two lots (76 and 75
per cent). Lots with slightly higher vitality (87 and 83 per cent) showed a
less rapid decline in germination capacity as indicated by the response after
12 weeks at 25° C. (Table III and Fig. 3).

Both onion and tomato seeds deteriorated more rapidly at either 25° or
35° C. than did those of eggplant. A comparision of the behavior of the
three types of seeds at 25° C. after cold room storage under various condi-
tions is shown in Figure 5. The differences in the responses of seeds of only
slight differences in vitality after further storage at 25° C. and 76 per cent
relative humidity is evident at once. When seeds of all three varieties were
tested directly after removal from favorable storage in the cold room, all
conditions appeared equally good for the retention of vitality. Whether
storage had been open or sepled, onion, tomato, and pepper still produced
a high percentage of seedlings after storage for eight years. That the stor-
age conditions were not equally good, however, was shown by the behavior
of seeds of these same lots placed at 25° and 76 per cent relative humidity.

In spite of the fact that the germination capacity of onion seed stored
air-dry, open, or sgaled in a cold room for eight years was still 85 per cent,
these seeds were without economic value (germination reduced to 14 and
29 per cent) within a week after removal from the favorable storage condi-
tion to 25° C. That drying to a moisture content of approximately 8 per
cent before sealing was beneficial, was shown by the higher germination
capacity, 94 per cent as opposed to 85 per cent, upon removal from favora-
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FIGURE 5. Deterioration of 8-year-old seeds after removal from cold room storage
to 76 per cent relative humidity at 25° C.
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ble storage condition and by the increased ability to withstand unfavorable
storage conditions. In the last case, onion seeds could be kept at 25° C. for
at least three weeks after removal from the cold room and still give a germi-
nation of 8o per cent.

The same effect, though less pronounced, was noted for tomato (Fig.
5). Sealing, and not drying, however, proved most beneficial for these seeds
under the conditions of the present tests. This also applied to eggplant but
to a lesser degree (Fig. s).

Comparable results were obtained after storage at 35° C. with the ex-
ception that deterioration of all seeds was more rapid than at 25° C.

Deterioration of all seeds at 5° C. which is a favorable storage tempera-
ture was much less rapid in spite of the high humidity of the 5° C. room
(TablelIII).

It is surprising that seeds giving germination up to 85 and 86 per cent
as in the cases of onion and tomato should deteriorate so much more rap-
idly under unfavorable conditions than seeds with go to g4 per cent germi-
nation capacity. The indication is that deterioration of a seed lot, once
initiated, proceeds rapidly to the death of all of the seeds. Different seeds
vary in their sensitivity to adverse conditions. Onion and tomato are very
sensitive while eggplant seeds with as low as 75 per cent viability can be
kept for six weeks at 25° C. and still be 70 per cent viable.

The better the storage condition for keeping the steds viable, the better
the chance of survival when they are removed to an unfavorable condition.
Apparently the seeds experience no injurious ‘‘shock’’ upon transfer from
a storage room below freezing to 25° C. or 35° C., since in all cases seeds so
treated kept better than those transferred from laboratory storage. This
simply confirms the many reports which state that low temperature is best
for storage. The important thing in resistance to later unfavorable storage
conditions is the viability of the seed upon its removal from storage regard-
less of the temperature of storage. Seeds dried and stored sealed in the
laboratory may keep better than those stored open in a room at 5° C.
where high humidity prevails, as has been demonstrated for several flower
seeds (6). In these cases, thenf resistance to further storage would be in
favor of the original labora?ory storage.

Other conditions being eqgal, low temperature has always been fcund
to be superior to higher temperatures for maintenance of viability.

The results here reported serve to confirm the fact already pointed ba.
(4, 6), that the keeping quality of any particular lot of seeds does not de-
pend upon initial vitality but upon storage conditions. Seeds of low germi-
nation capacity may be stored successfully for fairly long periods if the
storage copditions 4re favorable. On the other hand, seeds in which de-
terioration has been initiated, even if the germination capacity is still high,
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are incapable of remaining viable for long periods under adverse storage
conditions.

In the light of these results, it is likely that the germination standards
for onion and tomato, 70 and 75 per cent respectively, as reported by
Mclntyre (12) are too low, unless the seeds are planted immediately after
testing since those seeds might be subject to rapid deterioration under un-
favorable storage conditions. The standard of 6o per cent given by McIn-
tyre for eggplant would probably be adequate. Similarly, the arbitrary
minimum standards of viability for onion and tomato given by Boswell
and others (7) as 70 and 8o per cent respectively might be too low. The
time required for a significant loss of vitality or to reach a minimum stand-
ard under a given set of conditions would depend upon the initial germina-
tion capacity of the seed lot.

Heinrich (11) used seeds of the same germination capacity but of differ-
ent ages and found that old seeds were less resistant to unfavorable storage
conditions than fresh seeds. Tests to determine this point are now in prog-
ress in this laboratory. The present report includes seeds of different
germination capacities but of the same age.

SUMMARY

The amount of water absorbed by seeds of lettuce, onion, tomato, flax,
peanut, and long-leaved pine at 5° 10°, 20°, and 30° C. at relative humidi-
ties of 35, 55, and 76 per cent was determined. It was noted that the seeds
showed differential water absorption according to species. In the order of
increasing water-absorption capacity, the seeds were peanut, lettuce, flax,
pine, tomato, and onion. This order persisted regardless of storage tempera-
ture or atmospheric humidity. With a relative humidity of 35 per cent,
seeds took up approximately the same amount of water at 5° and 10° C.
but, in every case, less water was absorbed at the higher temperatures of
20° and 30° C. At 55and 76 per cent relative humidities, however, the peak
of moisture absorption was at 10° C. and the lowest absorption at 30° C.

Comparisons of curves showed no direct relation of actual amount of
water absorbed to germinability. However, it was found that seeds of high
initial vitality were much more resistant to unfavorable storage humidities
and, temperatures than were those with low initial vitality. This fact was
also demonstrated in a test using 8-year-old seeds of .eggplant, onion, and
tuwato selected to give a range in viability. It was shown that deterioration
of a seed lot, once initiated, proceeds rapidly to the death of all the seeds
under unfavorable storage conditions.

Moisture determinations made on seeds of carrot, eggplant, lettuce,
tomato, and long-leaved pine, which were stored open in the laboratory,
showed the moisture contents in August approximately double that in
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January or February. It is believed that these fluctuations contribute to
deterioration of seeds in open storage.

I.

2.

o

10.

II.

12.

13.
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USE OF SULPHUR AS A REAGENT FOR THE ESTIMATION
OF THE SULPHYDRYL GROUPS OF EGG ALBUMIN

JoHN D. GUTHRIE AND JOSEFH ALLERTON

Although much work has been done in recent years on the SH groups of
proteins, especially_egg albumin, the possibility of using sulphur as a re-
agent for this purpose has been neglected. While it has been known since
the work of Heffter (5) that egg albumin reacts with sulphur to form H,S,
this fact is seldom mentioned in discussions of the sulphydryl groups of
egg albumin or if mentioned receives only passing attention. For example,
Mirsky and Anson (7, p. 309) say, ‘‘Heffter attempted to estimate protein
SH groups by measuring the amount of hydrogen sulfide formed.”’ In view
of our results, it would be more accurate to say that Heffter was the first
to estimate protein SH groups and by measuring the amount of H,S pro-
duced from a mixture of egg albumin and sulphur found that 10 g. of egg
albumin yielded 9.5 mg. of H,S. This calculated as cysteine per cent gives
a value of 0.68 which is not far from the average value of o0.60 found in the
present work in which sulphur was used as a reagent for SH.

The purpose of the present paper is to show how the highly specific re-
action of SH with sulphur to form H,S may be used for the study of SH in
proteins and to offer confirmation of the SH values for egg albumin ob-
tained by workers who used less specific reagents for this purpose.

METHODS

Preparation of egg albumin. Crystalline egg albumin was prepared trom
eggs not over one day old by the procedure described by Heidelberger (6,
page 83). In all cases the egg albumin was recrystallized three or more
times. Comparison of the sulphydryl value at the third and fifth or sixth
recrystallization showed no significant difference. After recrystallization
the egg albumin was stored at 5° C. in the ammonium sulphate mother
liquor with a few drops of toluene. For use in the experiments it was centri-
fuged down, taken up in water, and dialyzed in collodion bags with running
tap water containing a little toluene until on dialysis for an hour or more
against distilled water the dialyzate gave a negative test for the ammonium
ion with Nessler's reagent and for the sulphate ion with barium chloride.
This dialysis usually took 40 hours. Occasional analysis of the dialyzed egg
albumin for ammonia by aeration with Na;CO; into standard H,SO, in-
sured absence of ammonia from the egg albumin solutions. After dialysis a
preliminary total nitrogen determination was made by the micro method
of West and Brandon (12). From this value the necessary dilution to give

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(103)
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the desired egg albumin concentration was calculated. Two samples of 5 or
10 cc. were then taken from the filtered and diluted solution for determina-
tion of total nitrogen by the Kjeldahl-Gunning-Arnold method (2, page
21). The amount of egg albumin was then calculated by assuming the ni-
trogen content of egg albumin to be 15.6 per cent.

Reaction of egg albumin with sulphur. In general the procedure previ-
ously used in the determination of glutathione was used (4). The most im-
portant change was to use more sulphur with egg albumin and for this
reason a colloidal solution of sulphur was used in place of the alcoholic
solution previously employed. This change was necessary, since without it
the amount of H,S produced was not proportional to the amount of egg
albumin when amounts over 50 mg. were used. The colloidal sulphur was
prepared by rapidly pipetting 10 cc. of a hot, saturated solution of sulphur
in absolute alcohol into 5o cc. of water in a 250-cc. beaker, heating to boil-
ing on a hot plate, and then adding 10 cc. more of the hot, saturated solu-
tion of sulphur in absolute alcohol to the boiling solution. The alcohol was
then removed by boiling down to about 20 cc. and the solution was made
up to 25 cc. with water. Fresh reagent was prepared for each experiment.

In the case of the experiments with the native protein, 10-cc. portions
containing a known amount of egg albumin were pipetted into Van Slyke-
Cullen (11) aeration tubes, 10 cc. of M/15 phosphate buffer at pH 7.05,
about 50 mg. of cetyl alcohol to prevent foaming, and 1 cc. of the freshly
prepared colloidal sulphur reagent were added and the tube connected to a
previously prepared recciving tube containing 25 cc. of 2 per cent zinc ace-
tate. The tubes were then placed in a constant temperature bath at 30° C.
and aerated rapidly with nitrogen or with nitrogen containing a little HCN
for four hours. After this period the amounts of ZnS in the receiving tubes
were determined either iodometrically or colorimetrically.

When nitrogen containing a little HCN was used for aeration in the
above procedure, it was obtained by bubbling the nitrogen through two
flasks containing go per cent phosphoric acid (sp. gr. 1.744 at 28° C.) and
then through three tubes 1 incl;g;l diameter and 3 feet long about one-
eighth full of crude calcium cyafde (Cyanogas). The nitrogen was then
distributed to each determination.

In experiments in which the egg albumin was denatured, this was done
by the use of alkali in the presence of KCN. The egg albumin solution, §
cc., was placed in a Van Slyke-Cullen (11) aeration tube, 5 cc. of 1 per cent
KCN and 1 cc. of N/1 NaOH added, and the mixture allowed to stand for
one hour at room temperature (about 28° C.). The solution was then neu-
tralized with 10 cc. of M/15 phosphate buffer, pH 7.05 and 2 cc. of 0.962
N HCI. This adjusted the pH to about 6.9. Cetyl alcohol and sulphur were
then added and the determination continued as described above for native
egg albumin.
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Determination of H,S todometrically. In the iodometric method the H,S
produced was determined by adding 10 cc. of N/1000 or 5 cc. of N/200
KIO; to each receiving tube, depending on the amount of H,S expected.
This was followed by 2 cc. of 1 per cent freshly prepared KI, 10 cc. of 1:5
HCI, and finally 1 cc. of 1 per cent starch prepared according to Morrow
(8, page 225). After waiting for complete solution of the zinc cyanide, if
present, the excess iodinc was titrated with N/1000 Na;S;0s.

Determination of H,S colorimetrically. In the colorimetric method,
methylene blue was developed in the receiving tube by adding 5 cc. of o.1
per cent solution of p-amino-dimethylaniline hydrochloride in zo per cent
HClI and 5 cc. of M/50 FeCl;- 6H0 in 1:9 HCl. Standards were prepared
by bubbling H,S into 100 cc. of N/20 NaOH for ten minutes adding 10 cc.
of N/1 NaOH and diluting to 1.5 liters. This solution was then roughly
standardized and an aliquot diluted so that 5 cc. would contain very nearly
the amount of H,S expected from the egg albumin. The final solution was
then pipetted in 5 cc. quantities into five receiving tubes containing 25 cc.
of 2 per cent zinc acctate. Three of these were titrated according to the
iodometric procedure outlined above and methylene blue was developed
in the other two which were used as colorimetric standards. After standing
closed overnight, the standards and determinations werec made up to 5o
cc. in volumetric flasks and carefully compared in a colorimcter. Two or
three readings were taken on one side, the cups exchanged, and two or threc
readings taken on the other side of the colorimeter. The averages of these
were used in calculation of the amount of H,S produced.

Since it is customary to express the amount of sulphydryl in proteins in
terms of cysteine per cent, this value has been calculated from the equation
2RSH +4S—H,;S+RSSR, or 1 cc. of N/1000 H:S is equivalent to o.121 mg.
of cysteine.

A typical experiment. Two preparations of egg albumin were used. One
was recrystallized three times and the other was from the same lot of eggs
but recrystallized five times. After dialysis for two days against running
tap water containing a little toluene, both lots were negative for NH, when
dialyzed against distilled water. Both were made up to 57 cc. Micro-Kjel-
dahls on 1 cc. of 1/11 dilution of this gave approximate egg albumin values
of 164 and 161 mg. per 10 cc. of the original solution. After filtration sam-
ples were taken for macro-Kjeldahls, which later gave values of 168 and
164 mg. egg albumin per 10 cc. respectively. Portions of the solution were
then used for reaction with sulphur by the procedure previously outlined.
In this particular experiment the aeration was with nitrogen containing a
little HCN. Determination of the HsS was by the colorimetric procedure.
In one case 10 cc. of the egg albumin solution was used and was not de-
natured; in the other, 5 cc. of the egg albumin solution was used which was
denatured with 5 cc. of 1 per cent KCN and 1 cc. N/1 NaOH for one hour
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at 26° C. The aeration was for four hours at 30° C. Standards were solu-
tions of H.S in dilute NaOH equivalent to 7.5 cc. of N/1000 Na;S;0; and
prepared as outlined previously. The results are given in Table I.

TABLE 1

ResuLTs OF A TypICAL EXPERIMENT IN WHICH THE SULPHYDRYL CONTENT OF NATIVE AND
DENATURED EGG ALBUMIN WaAs DETERMINED BY REACTION WITH SULPHUR

. . Egg albumin denatured with
Stage of Native egg albumin NaOH and KCN
recrystal- -
lization Mg. egg SH as cysteine Mg. egg SH as cysteine
albumin per cent albumin per cent

ard 168 0.58 84 1.21

“ 168 0.57 84 1.17

sth 164 0.59 82 1.15

“ 164 o.60 82 1.18

RESULTS

The results of most of the experiments using various combinations of
the procedures outlined in this paper are summarized in Table II. The val-
ues given are all averages of duplicates. Since the various combinations of
the procedures used gave slightly different values, some study was made of
the errors involved, so that correction could be made for these. One angle
of approach was to determine the recovery of SH from glutathione by the
various procedures and base the corrections on this. It was also found that
contrary to previous statements, HCN did have some effect on the final de-
termination of the HsS. In the iodometric procedure the determination of
known amounts of H,S in the presence of HCN as used in the above pro-
cedures gave values of ¢ per cent too high. With the colorimetric procedure
the values with known amounts of H,S were 5 per cent too low. Average
values corrected on the basis of recovery from glutathione and on the effect
on HCN are given in Table II. Values in which the aeration was for eight
hours are high, especially where HCN was used, since HCN has a slight
tendency to convert S-S to SH under the conditions of these experiments.

Taking the average of all the corrected values, one arrives at the value
of 0.60 cysteine per rent for the SH content of native egg albumin and 1.29
cysteine per cent for the SH content of egg albumin denatured with alkali
in the presence of KCN.’

DISCUSSION

The above results are strong evidence that native egg albumin contains
sulphydry! groups and supports the conclusion of Anson (1) that the sul-
phydryl groups of native egg albumin are free and accessible but relatively
inactive toward such reagents as ferricyanide, porphyrindin, or nitroprus-
side, but active toward iodine and iodoacetamide. It might be stated here,
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that after reaction with sulphur the egg albumin did not appear to be de-
natured. It was still coagulable by heat in acid solution and did not reduce
ferricyanide.

Since the cysteine plus cystine content of egg albumin is about 1.3 per
cent (9, p. 217), the sulphur procedure which gives 1.2g cysteine per cent
after denaturation with alkali and KCN, shows that all of the potential SH
groups of egg albumin belong to cysteine or cystine. This is in agreement
with Mirsky and Anson (7) who found the SH content of reduced dena-
tured protein to be 1.14 per cent. Greenstein (3) has found that egg albu-
min denatured with guanidine reduces porphyrindin to the extent of 1.24
cysteine per cent. The value o.60 cysteine per cent for native egg albumin
indicates that half of the cysteine in native egg albumin is in the reduced
form, while half may be in the oxidized form (cystine). This agrees with the
findings of Mirsky and Anson (7) and of Todrick and Walker (10) on de-
natured egg albumin.

If we assume a molecular weight of 40,000 for egg albumin, we arrive
at the conclusion that native egg albumin has two SH groups and one S-S
group in the molecule. It appears that two SH groups are formed from the
S-S group by the reducing action of KCN, so that egg albumin after treat-
ment with NaOH and KCN has four SH groups.

SUMMARY

Using sulphur as a reagent for the determination of SH groups in egg
albumin, the SH content of native egg albumin was found to be o0.60 in
terms of cysteine per cent. After denaturation with NaOH and KCN the
SH content was found to be 1.29 cysteine per cent. This later value accounts
for all of the cysteine plus cystine present in cgg albumin. Assuming a
molecular weight for egg albumin of 40,000, the above values indicate the
presence of two SH groups and one S-S group in the egg albumin molecule.
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FLOWERING IN DIGITALIS PURPUREA INITIATED
BY LOW TEMPERATURE AND LIGHT

Joun M. ArRTHUR AND EpwWARD K. HARvVILL

Foxglove (Digitalis purpurea L.) plants have been grown in the green-
houses of the Institute for several years at night temperatures as low as 55°
to 60° F. without producing a single flower. The plants grow well and in-
crease laterally by producing new clusters of leaves around new growing
points so that after 18 months’ growth a single plant occupies all of the
available space in a 10- or 12-inch pot. Digitalis almost invariably flowers
in June, however, if well grown plants are planted in the open soil in August
or September and allowed to remain outside all winter. The long period of
cold weather initiates certain changes in the plants which prepares them
for flowering when warm and long days return the following spring. The
present study is concerned with the proper cold treatment and lighting nec-
essary for bringing the plants into flower at any time during the fall, win-
ter, or spring months.

METHODS OF STUDY

The seed for this strain of digitalis was obtained originally from Pro-
fessor Edward Kremers of the University of Wisconsin and was grown from
plants used in a previous study (5) on digitalis glucosides as affected by
ultra-violet radiation. Analysis for glucosidal content has shown it to be
little different from the ordinary garden variety of digitalis, and probably
it reacts similarly to low temperature and light treatments. Seeds were
sowed in November or December and plants were repotted individually as
they developed, finally reaching rosettes of leaves one foot or more in
diameter, and taking an cight-inch pot by the following May or June.

A set of these plants was placed on a cold treatment schedule on May
14 and continued until September 30. The treatment during the first year
consisted of moving the plants to a cold room held at 50° F. each evening,
where they were left during the night and were then returned either to the
greenhouse or to open sunlight (weather permitting) each morning. At the
end of September the plants were stationed permanently in the greenhouse
held at 55° to 60° F. each night and were given intermittent lighting (cycle
10 minutes on and 20 minutes off from 6:00 p.m. to 6:00 a.m.) using 5o0-
watt Mazda lamps. About 50 per cent of the plants came into flower in No-
vember following this treatment. The control plant held continuously in
the greenhouse (Fig. 1 A) did not flower. A plant from those receiving the
cold treatment is shown in flower (Fig. 1 B). It appeared from this response

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(111)
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FiGure 1. Digitalis after low temperature treatments. A and B, November 18, 1938.
A. Control held continuously in greenhouse. B. Dark Room at 50° F. each night, May 14 to
September 30, then long days in warm greenhouse. C. January 4, 1940. Same dark room as
B except week-ends only outside from May 10 until September 12. D. Held continuously in
41° F, dark room from May 10 to September 12. E. Same as D, except returned to outside
each week-end. F. Cold dark room each night and outside each day. (D, E, F. Condition of
plants at end of cold treatment.)
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that a period of low night temperatures of approximately four and one-
half months was required to bring digitalis plants into flower. A note on
this first year of the work has already been published (1).

During the following year tests were made to determine more conven-
ient methods for giving these plants the required low temperature treat-
ment. Sets of plants were kept in the cold dark room continuously at 50° F.
Other sets of plants were kept in the cold dark roem continuously except
that they were exposed out-of-doors from Saturday morning until Monday
morning when they were again returned to the cold room, thus spending
only the week-end in sunlight. A third set was kept in the cold room at
night and out-of-doors each day. The treatments were carried on in each
casce from May 10 until September 12. Representative plants from each set
are shown in Figure 1. Those plants of the first set (Fig. 1 D) kept continu-
ously in the cold dark room were severely injured by the treatment and
only a few survived. The second set which spent each week-end outside
came through in excellent condition (Fig. 1 E). The plants were dark green
in color and in a vigorously growing condition. Many of these plants flow-
ered when given subsequent long-day lighting treatment in the greenhouse.
A few failed to flower but continued vegetative growth. The third set of
plants which were in the cold only at night survived the treatment but did
not grow well. They formed closcly set, flat rosettes of leaves, dwarfed in
height as shown in Figure 1 F. They were slower to produce flower stalks
when brought into the long-day lighting treatment but many of them
flowered.

The results of this second year test showed the advantage both to the
plants and to the operator of kecping the plants in the cold dark room con-
tinuously except for the week-end exposure of two days and nights out-of-
doors. The plants grew slowly during the long cold period at 50° F. and
were in fair condition at the end of it ready for the flowering response when
brought under long day conditions. At the same time the operator was re-
lieved of the labor of moving the plants from the cold room to the open
sunlight and back again each day. The flowering response following the re-
turn to long day conditions was not as uniform as desired. A few of the
plants failed to flower. One of the flowering plants was photographed on
January 4, 1940 and is shown in Figure 1 C, .

In the third year of the tests the plants were started on the cold treat-
ments on June 7 and continued until October 12. Two cold dark room tem-
peratures, 41° and 50° F., were used in the study. Only one set of plants was
used in each cold room treatment and the plants were kept continuously
in the cold rooms all of each week except that they were brought out into
sunlight Saturday morning and left until Monday morning, thus giving the
plants the same treatment which was found best the preceding year, except
that a lower temperature was used in one case. Practically all of the plants
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from the 50° F. cold room died from injury brought about by the sudden
shift to low temperature, and were discarded following the second week-end
exposure outside, while those from the 41° F. cold room showed very little
injury. It is not known at present whether this failure to survive wasdue
to the higher outside temperatures in June when the treatments were
started as compared to the lower temperatures prevailing at the start in
May, the year before, or to the fact that a light of low intensity was inad-
vertently left burning in this cold room for two weeks at the start of the
cold treatment. Further work must be done to determine the cause of such
lethal shocks when starting the cold treatments. The plants transferred to
the 41° F. cold room withstood the shock without any great injury. The
lower temperature apparently protected the plant against such injury.
However, a slat shelter was provided after the first two week-end exposures
out-of-doors, which shielded the plants appreciably from the high intensity
June sunlight.

The plants were removed from the cold treatment and placed perma-
nently in the greenhouse on October 12 and were exposed to various light-
ing arrangements each night. These plants were in excellent condition at
the end of the treatment. Some plants received intermittent light from
soo-watt lamps (cycle 10 minutes on and 20 minutes off from 6:00 p.m.
until 6:00 a.m.). Another group was exposed continuously from 6:00 p.m.
to 6:00 a.m. to the light from an 85-watt fluorescent lamp (Cooper Hewitt
type). A third group received intermittent light from a goo-watt high in-
tensity mercury lamp (type H-1, lighting cycle 1 hour, 33 minutes on al-
ternated with 2 hours, 20 minutes off from 6:00 p.m. until 6:00 a.m.). All
plants exposed to these lights came into flower in November and Decem-
ber. This cold treatment seemed to be the most satisfactory since more
than g5 per cent of all individual plants so exposed came into flower follow-
ing the return to long days. In most cases only four or five weeks of lighting
was required to bring the plants into flower. Plants treated at 50° F. the
year before required nearly three rnonths of ng to bring them into
flower. The lower temperature of 41° F. was therefore much more favora-
ble. Two or three of the two-year-old plants which were carried over from
the tests of the preceding year were given the cold treatment, but did not
flower when exposed to the long days. These plants were in very poor vege-
tative condition when rémoved from the cold treatment so that this might
account for their failure, rather than the fact that they were one year older
than those which came into flower. A single plant which had received the
cold treatment was placed in a geeenhouse with no supplementary light at
night. A flower stalk developed but many of the terminal florets were abor-
tive. Late in December this plant produced several laterals which flowered
normally. It is therefore possible to produce some flowers on digitalis under
short day conditions, but long days greatly favor rapid flowering. On the
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other hand, no plants in our experience have ever reached the flowering
stage without first having a period of low temperature treatment.

EXPOSURES TO OUTDOOR TEMPERATURES REQUIRED FOR FLOWERING

All of the tests reported so far have been with plants exposed for a cer-
tain period in a cold room at a constant low temperature. It has been men-
tioned previously that plants set out-of-doors during the summer or early
fall and left out all winter come into flower normally the following June. In
tests made during the first year of the present study it was found that three
out of five plants removed from a heated greenhouse in January and placed
in an unheated greenhouse or cold frame would flower in June. During the
past summer a number of plants were set in the open soil in June and
grown until October. They were then placed in large pots and removed to
a cold frame where they would be exposed to the normally cool tempera-
tures prevailing in this region during the fall and winter months. Two or
threc plants were brought into the warm greenhouse (55° to 60° F. at
night) each month from October to January and given supplementary
light. The first plants came into flower in early March from those which
were brought in on December 18. Only one out of three plants brought in
during November had produced a flower bud by April, while those brought
in during January were also showing several buds by April. Flowering re-
sponse was at a slower rate for all of these plants as compared with those
treated in the cold room and exposed to light for a short period each week-
end. This may Have followed from the poor vegetative condition since
plants which appeared to be in good vegetative condition at the end of the
cold treatment were first to flower under the lights. It was apparent, how-
ever, from these studies that plants left out-of-doors in the fall had reached
their potential flowering stage by the middle of December. Since outdoor
temperatures at night often drop to 50° F. during the last half of Septem-
ber in this region, this would allow the plants a natural cold treatment of
approximately three months necessary to bring them to the flowering stage.
It would then require an additional two and one-half months of lighting to
bring the flowers out. In contrast with this natural cold treatment it has al-
ready been pointed out that flowers are brought out by approximately one
month of lighting in October and November following the carefully regu-
lated cold storage treatment from June to October as already described.
Since the red-purple flower spikes are large and attractive (often reaching
a height of five feet) these plants might meet some demand for flowers at
Christmas time.

DISCUSSION OF COLD TREATMENTS

Thompson (9) has summarized the results of considerable study of the
relation of temperature and day length to the flowering of certain vegetable
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crops, especially biennials. Such plants as cabbage, celery, and beets pro-
duce flowers and seed stalks the first year from seed if grown for a period
of 50 to 60 days at a comparatively low temperature of about 50° to 60° F.
The essential difference between winter wheat and spring wheat as regards
the response to flowering on long days is that winter wheat requires a pe-
riod of low temperature at some time during its growth before long days
are effective in bringing it into flower. Gassner (4) found that winter wheat
seeds, germinated slowly at temperatures just above freezing, came into
flower very quickly. Lyssenko and others (reviewed by Whyte, 10) have
shown that this cold treatment can be given during a slow germination of
the seeds and has named the process by a Russian term, which we translate
as ‘‘vernalization.” The conclusion might be drawn at once from this work
that there might be vernalization of any seed which produces a plant re-
quiring at some stage in its development a cold temperature period pre-
liminary to flowering. If we were prone to generalize on such responses we
might expect that soaked seeds of beets, cabbage, celery, or digitalis might
be vernalized by cold temperature so that they would produce flowers at
once when returned to long days at high temperature. Lojkin (6), working
at this Institute for more than two years on this problem, failed to find
positive evidence of such vernalization in these seeds of biennial plants, al-
though she confirmed the findings of previous workers as to winter wheat
and published only on this part of the work. Slogteren (8) and others (2)
have shown that hyacinths and daffodils require a period of low tempera-
ture storage after planting before they can be brought into the proper con-
dition for flowering. This period is normally from two to three months for
hyacinth at a temperature of 50° F. in a dark storage room. During such
preliminary cold treatment the young shoot slowly emerges above the soil
level and at the end of the treatment the plants can be brought into flower
rapidly by exposure to long days and higher temperatures.

Digitalis clearly belongs to that group of plants which must be well
grown before it can be converted into the flowering stage by a long expo-
sure to cool temperatures. This type of response should not be confused with
vernalization or other effects which take place in seeds. Owen, Carsner, and
Stout (7) have proposed the term ‘‘photothermal induction’’ for a combina-
tion response to both thermal and photoperiodic induction in sugar beets.
Since the comparable flowering response brought about by day length has
been called ‘“‘photoperiodism’’ by Garner and Allard (3), we propose that
this flowéring response in plants brought about by low-temperature be
called thermoperiodism, a response considered independent of day length
however important this may be in the subsequent rate of development of
the flower stalk.
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SUMMARY

1. Plants of Digitalis purpurea which had been given a cold treatment
of approximately four months (June to October) at 41° F. came into flower
rapidly when returned to a long day and higher temperature in a green-
house.

2. The best method found for preserving a slow growth and an excellent
appearance of the plants during the long storage treatment was to remove
the plants to a slatted shade in sunlight for two days and nights each week.

3. Plants left out-of-doors in cold frames until December 18, then re-
turned to a long day and higher temperature in the greenhouse, flowered
after two and one-half months, while approximately one month of lighting
was required after the more carefully regulated cold room treatment at
41° F.

4. It is proposed that this flowering response in plants brought about
by low temperature be called thermoperiodism.
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PRELIMINARY EXPERIMENTS ON THE CONTROL
OF THE HOLLY LEAF MINER

ALBERT HARTZELL AND GEORGE F. McKENNA

The holly leaf miner (Phytomyza tlicicola Loew) is the most serious in-
sect pest of holly (Ilex opaca Ait.) in eastern North America. The chief in-
jury is caused by the larvae mining the leaves, but puncturing of the leaves
by the female with the ovipositor for the purpose of egg laying, and possi-
bly for feeding, causes leaf distortion (Fig. 1). The miner confines its attack
chiefly to Ilex opaca, and is not a serious pest of I. cornuta Lindl. or I.
aquifolium L.

Nicotine and soap sprays have been recommended for the control of the
holly leaf miner by Felt and Rankin (5) and by Britton (1). Excellent re-
sults are reported by Downes (3) in the control of European holly leaf
miner (Phytomyza ilicis Curt.), a related species, in British Columbia, with
a 2 per cent nicotine-lime dust.

A spray consisting of 5 lb. lecad arsenate and 1 Ib. S.S.S. Spreader made
up to 100 gal. with water was found by Felt and Bromley (4) to give satis-
factory control of Phytomyza ilicicola in Connecticut.

All authors stress the importance of applying the spray or dust at the
time the adult flies are present on the foliage, if the desired results are to be
obtained.

While satisfactory control has been reported by a number of investi-
gators, Langford and Cory (6) failed to obtain control in Maryland with
nicotine, rotenone, pyrethrum, and cyanide gas.

In the present investigation some of the more promising sprays reported
by others were tested together with new combinations. There was a heavy
infestation of holly leaf miner at Yonkers, New York, where these experi-
ments were conducted. The work extended over three seasons.

MATERIALS AND METHODS

Arrangement of plots. Randomized plots were laid out in a holly (Ilex
opaca) planting eight years old grown from seed and from cuttings. Each
treatment was replicated at least three times. The plot arrangements for
1940 are shown in Figure 2.

Types of treatment. The types of treatment during the season of 1938
consisted in spraying or dusting the foliage of holly with the following mix-
tures: (a) powdered lead arsenate (5 1b.) and soybean flour (1 1b.) made up
to 100 gal. with water, applied twice; (b) molasses (24 gal.) and nicotine
sulphate (1 qt.) made up to 100 gal. with water, applied once; (c) powdered

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(119)
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FIGURE 1. Holly leaf miner. A. Adult fly (X15); B. mines produced by larvae in holly
leaf (X5); C. lower side of the leaf showing punctures by ovipositor (Xo.s5); D. distorted
leaf induced by oviposition punctures (Xo.5); E. a young leaf (enlarged) photographed
4 days after-exposure to adults (X5). (Note punctures made by ovipositor.)
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North plot
T TL CK
191 997 698
F FL
535 470
T FL CK TL F
497 114 1216 456 443
CK TL F FL T
1395 276 368 401 237
South plot
FL FN CK FNL
2098 45 722 11
CK FNL FL F
770 147 365 929
F FNL FN CK
593 33 73 1138
FL F F FL
205 209 288 348
FN CK FN FNL
84 812 110 234
CK=No treatment.
T =Textac.
TL =Textac 4lead arsenate.
F =Fish vil.

FI. =Fish oil+lead arsenate.
FN =Fish oil+nicotine sulphate.
FNL =Fish oil +nicotine sulphate +lead arsenate.

F1GURE 2. Holly leaf miner plot arrangement—194o.

calcium arsenate (1 part) and hydrated lime (g parts), applied twice; (d)
B, B’-dichloroethyl! ether! (19%) and powdered calcium arsenate (99%), ap-
plied twice; (¢) non-treated check.

During the season of 1939 treatments were made as follows: (a) pow-
dered lead arsenate (2.5 Ib.) and calcium caseinate (1 Ib.) made up to 50
gal. with water, applied once; (b) a miscible oil (Scale-O)? (5 gal.) and pow-
dered lead arsenate (2.51b.) made up to 100 gal. with water, applied once;
(c) Scale-O (5 gal.) made up to 100 gal. with water, applied once, followed
by Scale-O (1 gal.) and powdered lead arsenate (2.5 Ib.) made up to 100 gal.
with water, applied once to the same plot as (c); (d) non-treated check.

Five applications were made of the following spray mixtures during the
season of 1940, as follows: (a) fish oil (2 qt.) and powdered lead arsenate (4
Ib.) made up to 100 gal. with water; (b) fish oil (2 qt.), nicotine sulphate (1
qt.), and powdered lead arsenate (4 1b.) made up to 100 gal. with water;

! Furnished by Carbide and Carbon Chemicals Corporation, New York, N. Y.
! Product of Andrew Wilson, Inc., Springfield, N. J.
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(c) fish oil (2 qt.) made up to 100 gal. with water. Four applications were
made during the same season of (a) diethylene glycol diabietate (Textac)?
(1 pt.), and powdered lead arsenate (4 |b.) made up to 100 gal. with water
to which a 10 per cent aqueous dioctyl ester of sodium sulphosuccinate
(Aerosol OT)* at a dilution of 1 to 1000 was added to the last application;
(b) Textac (1 pt.) and Aerosol OT 1 to 1000 for the last application; (c)
fish oil (2 qt.) and nicotine sulphate (1 qt.) made up to 100 gal. with water;
(d) check.

The sprays with the exception of-Textac were applied by means of a 50-
gal. capacity power sprayer at a pressure of 300 Ib. Textac was applied by
means of a hand sprayer. The dusts were applied by means of a hand
duster.

RESULTS

The sprays and dust were applied in 1938 during the week of May 19 to
25, and on June 22. In 1939 all the sprays were applied May 31, except
Scale-O, which was applied May 10 and June 5. The results of the first and
second year’s work were not promising.

The results obtained in 1940 indicate that fish oil (2 qt.), and nicotine
sulphate (1 qt.) made up to 100 gal. with water gave a control of g1 per
cent (Table I). No advantage was gained by the addition of lead arsenate
to this spray (Table II).

The fact that three applications of Textac alone followed by a single
application of AeroSol OT and Textac gave a control of 72 per cent may be
of interest since both Textac and Aerosol OT are spreading agents. The
presence of lead arsenate seems to detract from rather than add to their ef-
ficiency.

In addition to the randomized field plots referred to above, eight holly
trees ranging in height from 10 to 12 feet and with a 6-foot spread at the
base were sprayed on June 3, 1940, with a mixture consisting of Aerosol OT
at a dilution of 1 to 1000 in water, nicotine sulphate (1 qt.), and powdered
lead arsenate (2.5 |b.) made up to 100 gal. with water. Counts of mines in
the leaves resulted in a total of 72 mines present in the leaves of these eight
trees, while the corresponding unsprayed check which consisted of three
trees showed a total of 547 mines. This is a reduction of 95 per cent when
compared with the check.

No injury that could be attributed to the sprays was observed on the
foliage in 1940, except with Textac alone and in combination with lead
arsenate.

! Product of Hercules Powder Co., Wilmington, Del.

¢ Product of American Cyanamid and Chemical Corp., Bridgeville (Pittsburgh), Pa.
According to a private communication from the New York office of this corporation, Aerosol
OT is identical with Vatsol OT.
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TABLE 1
EFFECT OF SPRAYS APPLIED DURING THE SEASON OF 1940 IN REDUCING
THE NUMBER OF MINES IN LEAVES
. Av. No.
Spray mixture Dates No. 0.
(Water added to make up 100 gal.) applied pg::}:;?s mines Roid;?;gn
North plot
May 3
Fish oil—2 qt. May 17
Lead arsenate—4 Ih. June 7 67 084 70
une 17
}uly 17
May 6
May 17
Fish oil—2 qt. June 7% 114 1346 59
June 17
July 17
Textac—1 pt. May 8
Lead arsenate—a 1b. May 20 8 1720 8
(added Aerosol OT at 1:10000n June 14) | June 7% 7 73 4
June 14
T May 10
extac—1 pt. May 17
(added Aerosol OT at 1:1000 0n June 14) | June 7% 97 925 72
June 14
Check 113 3399 °
South plot
May 6
Fish oil—2 qt. May 17
Nicotine sulphate—1 qt. June 7 101 425 88
Lead arsenate—4 1b. June 14
June 17
May 3
Fish oil—:2 qt. May 17
Lead arsenate—4 Ib. }une 7 92 1216 64
une 17
July 17
ish oil—2 qt. ay 17
Nicotine sulphate—1 qt. June 14 1oz 312 o1
July 17
May 6
May 17
Fish oil—2 qt. June 7 77 1719 50
June 17
July 17
Check 115 3442 o
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Counts of mined holly leaves (Fig. 1 B) were made in October of each
year. In 1940 counts were made of all the mines in the leaves on three rep-
resentative trees in each plot. Control was estimated by comparing the
number of mines in the treated with its corresponding check.

TABLE II

MINEs FounD IN PLoTs TREATED WITH NICOTINE AND LEAD ARSENATE EXPRESSED
As PEr CENT oF MINEs Founp IN Fisr O1L CHEcCk PLot

Nicotine
Mixture with fish oil
Present Omitted
Present 21 60
Lead arsenate
Omitted 15 100

In 1940 the number of punctures in leaves on one representative tree in
each plot were counted. There appears to be no correlation between the
number of punctures and the number of mines. It is well known that species
of Phytomyza make many punctures in leaves with the ovipositor for the
purpose of feeding in which eggs are not deposited or if deposited the eggs
never hatch. Cohen (2), for example, reports finding only one larva to ap-
proximately 25 punctures for Phytomyza atricornis Mg., a related species of
leaf miner in chrysanthemum. He points out the fact that male flies are de-
pendent on the female feeding punctures and will starve when caged on un-
punctured leaves.

SEASONAL OCCURRENCE AND CLIMATIC FACTORS

In 1938, pupation took place under natural conditions between April 10
and April 15. Adults (Fig. 1 A) reared from detached mined holly lecaves
containing puparia collected April 15 emerged April 29 and April 30. The
first flies were observed in the ficld on May 16. As they were present in con-
siderable numbers some of the individuals problably emerged several days
previous to this date. The flies continued to be present in the field as late
as July 12. Leaves were considerably injured by oviposition punctures at
this date but mines remained inconspicuous.

Adults emerged in cages in the greenhouse from mined leaves contain-
ing puparia on May 28, 1940, when 20 individuals were observed, on May
29, 26 adults emerged, and on May 30, 118 adults emerged, after which
date the number of individuals emerging became so abundant that counts
were discontinued because of the difficulty in making accurate records of
individuals. All the adults had emerged by June 8. The flies were first ob-
served in the field on June 3.

According to the local weather station (7) the mean temperature for
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May, 1938, was 59.8° F., and the total precipitation was 3.36 inches. Both
these figures arc within a degree and an inch respectively of the 70-year
average. The mean temperature for June, 1938, was also normal, but the
total precipitation was 7.13 inches, which exceeded by 3.61 inches the 70-
year average.

The mean temperature for May, 1939, was 64.8° F., which was 4 degrees
above the 71-year average. Precipitation was light, only 0.89 inch, which
was 2.39 inches below the 71-year average. The mean temperature for
June, 1939, was 72.2° F., or 2.2° above the 71-year average. The total pre-
cipitation (3.8 inches) was within o.28 inch of the 71-year average.

The season of 1940 was late. The mean temperature for May was 60.6°
F., and the total precipitation was heavy (7.61 in.). The mean temperature
for June was 70.4° F. while the total precipitation was 3.01 inches.

During an average season such as in 1938 the flies made their appear-
ance about the middle of May, but in a late season such as 1940 the flies
were not observed until the first week in Junc.

DISCUSSION

Felt and Bromley (4) have stressed the importance of the proper timing
of lead arsenate spray for the control of the holly leaf miner. They state
that the spray should be applied when the adults are found in abundance
on the leaves. Our results tend to show that foliage protected by applica-
tion of fish oil and nicotine sulphate spray during the period that the flies
are present in the field tends to be relatively free from mines. The nicotine
sulphate spray has the advantage of being relatively non-poisonous to
higher animals and does not leave an unsightly residue. It is probable that
our failure to control in 1938 and 1939 may have been due to improper tim-
ing of the first application.

SUMMARY

A series of sprays and dusts were tested as to their efficiency to control
holly leaf miner (Phytomyza ilicicola).

A spray consisting of two quarts of fish oil, and one quart of nicotine
sulphate made up to 100 gal. with water sprayed on the foliage gave a re-
duction in mines of g1 per cent in ficld plots at Yonkers, New York, as
compared with the unsprayed check.

Spray applications were made the second and third weeks in May, fol-
lowed by an application about the middle of June and a final application
around the middle of July.
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A SURVEY OF PLANT PRODUCTS FOR INSECTI-
CIDAL PROPERTIES

ALBERT HARTZELL AND FREDERICKA WILCOXON

The use of plant products as insecticides may be traced through the
centuries to ancient times. The Chinese mandarins are said to have used
camphor to ward off bubonic plague and thus unwittingly repelled the rat
flea, the vector of Pasteurella pestis Yersin & Kitasato.

The commercial development of plant insecticides is attributed to a
lady of Ragusa, Dalmatia,who noticed dead insects on a discarded bouquet
of pyrethrum flowers. She began milling pyrethrum into powder and thus
was born the pyrethrum industry.

Another line of development has come through the use of fish poisons
by primitive peoples. Derris is used by the Malay natives for killing fish as
are also cubé and other rotenone-containing plants in South America.

While many plant products have been used as insecticides in combina-
tion with perfumes and repellents (32) particularly with household insecti-
cides, aside from a few well known plant insecticides such as pyrethrum,
derris, cubé, and nicotine, the amount of definite information on their tox-
icity to a given insect is relatively meager.

No attempt will be made here to cite the voluminous literature on
the above named, well known plant insecticides or on other rotenone-
containing plants except to call attention to a few articles that give re-
views of the literature on these subjects.

The literature on plant insecticides up to 1924 has been reviewed by
McIndoo and Sievers (18). As the result of testing products of 54 species of
plants on various species of insects they conclude that, aside from pyre-
thrum, temperate zone plants are not worth testing. They considered the
chances of finding insecticides in tropical plants, especially fish poisons,
very good. Of those tested, derris and cubé were found to be the best.

Stédger (29) found that powders and volatile constituents of nutmeg,
eucalyptus, cloves, caraway, silver linden flowers, and a number of other
plants are toxic to ants.

Anabasine was found by Orechoff and Menschikoff (21) in Anabasis
aphylla L., a weed common in Turkistan. Its insecticidal efficiency was
tested by Richardson, Craig, and Hansberry (25).

Spies (28) reports that croton resin is more toxic to goldfish than
rotenone.

Fagundes (9g), in Brazil, lists 89 toxic or insecticidal plants.

Tattersfield (31) reviews the literature of fish poisons up to 1936.

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(127)
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Plummer (23) reports on the toxicity of Haplophyton cimicidum A. DC.
to fruitflies. This plant has been used in Mexico to control cockroaches
and other household pests. The toxic principle is said to be an alkaloid.

Tests made by Kayumov (15) with essential oils from geranium and
lavender indicate that they are toxic to red spider and cotton aphis.

It was reported in India (20) that the addition of cashew nut oil to
kerosene increased the toxicity to culicine mosquito larvae threefold.

Landreth (16) observed that Japanese beetles are attracted to castor
bean plants and that thousands of de¢ad beetles were found under the
plants, presumably killed by eating the foliage. Experiments conducted
by Christensen (6) also indicated that castor bean foliage would kill grass-
hoppers. The suggestion is made that castor beans be planted around grain
fields to ward off grasshopper attacks. On the other hand, experiments con-
ducted by Metzger (19), Smith (26), Spain (27), and by the Oklahoma
Agricultural Experiment Station (4) indicated that castor bean was not
toxic to grasshoppers to the extent that it can be used as a practical insec-
ticide. Drake (7) claims that castor bean plants used as barriers will not
control grasshoppers. It was reported (5) from experiments in Brazil that
the powdered leaves of castor bean will repel aphids, mosquitoes, and the
rust fly. Castor oil was used in combination with pyrethrum as a fly spray
by-Lefroy (17).

Gibbon (11) found dead Japanese beetles under the fleece vine (Poly-
gonum auberti), killed by eating the foliage of this plant.

Pan (22) reports that leaves and flowers of several species of Prunus,
including P. persica and P. americana, are toxic to insects.

Infusion of bulbs of Cyclamen elegans was found by Pylnov (24) to be
toxic to fruit tree pests such as Paratetranychus.

Bushland (2) tested various volatile oils as ovicides for screwworm and
reported a number that possess high toxicity.

It was reported (8) that the flowers of dwarf buckeye (Aesculus pavia
alba) attract and kill Japanese beetle.

Hwang (14), in China, isolated an unknown alkaloid designated by
him as tripterygine, from Tripterygium wilfordii Hook., which he found to
be a potent insecticide. Recently Swmgle, Haller, Siegler, and Swingle (30)
found that Tnpterygw wilfordit is toxic to the silkworm, eastern tent
caterpillar, souther army worm, Colorado potato beetle, diamond back
moth, imported cabbage worm, codling moth, and several other species of
insects.

Haller (12) found that the fruit of the Amur cork tree (Phcllodcndron

spp.) yields a quick-acting insecticide toxic to mosquito larvae, houseflies,
and codling moth.

MATERIALS AND METHODS
The,erude botanical drugs were furnished through the courtesy of S. B.
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Penick and Company, New York, N. Y. The plant products in Tables I
and II, with the exception of balm of Gilead, European linden, oil of bay
leaves, boneset, and wormwood, were obtained locally, chiefly from the
Boyce Thompson Arboretum, Yonkers, N. Y., as were also white pine,
Scotch pine, Norway spruce, hemlock, wild black cherry, sumac, sassa-
fras, wild geranium, skunk cabbage, quack grass, and various species of
ferns except male fern (Tables I1I and VII). Spearmint, peppermint, sage,
chive, rhubarb, Russian tarragon, chamomile, and ground ivy were grown
in the Institute herb garden, while gladiolus and geranium were grown in
the greenhouses (Tables 11, 111, and VII).
. Covillea tridentata, Baileya multiradiata, Eriodictyon californicum, and
various species of Ephedra were obtained from and identified by the Boyce
Thompson Southwestern Arboretum,! Superior, Arizona (Table VII).

The plants were dried at room temperature. When thoroughly dry
they were passed through a meat grinder after which they were ground
in a power-driven ball mill overnight or as long as necessary to obtain a
granulated product suitable for extraction.

The essential oils, thymol, oleoresin of aspidium, and santonin were
purchased from reliable drug firms (Tables IV and VI).

METHODS OF EXTRACTION

Preliminary extractions of plant products were made as follows: Four
grams of an essential oil or of ground plant material were placed in 10 cc.
of acetone overnight (16 hr.) at room temperature. One and one-half cc.
of the resulting extract were used in one liter of water. Water extracts were
prepared in a similar manner by substituting water as a solvent for ace-
tone.

Known concentrations were prepared by evaporating the extracts to
dryness on a steam bath, reweighing and diluting with the required amount
of water or acetone for a given concentration.

In a few cases a Soxhlet extractor was used, but this was found to be
unnecessary for preliminary extractions.

BIOLOGICAL TESTS

Preliminary tests were made on guppies (Lebistes reticulatus Peters)
but this species was discontinued as a test animal when it was discovered
that extracts from the roots of Symplocos paniculata would kill these fish
but did not give an appreciable kill of mosquito larvae (Culex quinquefas-
ctatus Say). Thereafter a standard method of testing insecticides was used.
As mosquito larvae are relatively easy to kill with insecticides any sub-
stance that shows promise is likely to be detected. Tests were made essen-

! Through the courtesy of Frederick Gibson.
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tially according to the method of Campbell, Sullivan, and Smith (3). Mos-
quito eggs? were obtained from Orlando, Florida. The eggs were shipped
weekly to Yonkers, New York, via air mail. As soon as the eggs were re-
ceived they were placed in tap water in four-liter beakers at room tempera-
ture. The eggs hatched within 24 hours. When the larvae had hatched,
yeast was added at the rate of 5§75 mg. to 150 cc. of water which amount
was in turn added to each four-liter beaker containing the mosquito larvae.
The following day 500 mg. of blood albumen were dissolved in 150 cc. of
water which was added to each four-liter beaker containing the mosquito
larvae. Thereafter yeast and blood albumen were added on alternate days
in amounts specified above. Larvae five days old were used for testing. Test
tubes (25 cc. capacity) containing larvae in solutions to be tested and the
checks in tap water or in acetone and water solutions were placed in an
oven at 30°+1° C. overnight (16 hr.). It was found by experiment that
the larvae would tolerate one part acetone to 330 parts of water. In none
of these tests was acetone used at a concentration greater than 1:660 and
usually at much lower concentrations.

The solutions containing the larvae were poured into porcelain dishes
and living and dead larvae were counted. Tests were run in duplicate, i.e.
two tubes containing ten larvae each. If any larva was found to be dead
in the checks, the tests were repeated. Any substance giving a 5o per cent
or more kill was considered worthy of further testing. These retests were
made at four or more concentrations.

Tests to determine whether a material possessed promise as a contact
insecticide were made on A phis rumicis L. on nasturtium according to the
method of Hartzell and Wilcoxon (13), as described in a previous publica-
tion.

Tests to determine whether a substance is a stomach poison were made
by spraying the material with a wetting agent (0.5 per cent Penetrol) on
wheat plants and colonizing grasshopper (Melanoplus differentialis Thom-
as) nymphs on the sprayed plants after the foliage had dried. The checks
consisted of tests on grasshopper nymphs that were colonized on wheat
plants that had been sprayed with the wetting agent (o.5 per cent Penetrol)
and allowed to dry.

RESULTS

TOXICITY OF PLANT EXTRACTS TO MOSQUITO LARVAE AND APHIDS

Products of plants relatively resistant to insect attack. It was thought that
plants known to be relatively resistant to insect attack may contain an
active principle that could be extracted and be used as an insecticide. Felt
(10, p. 47) has published a list of the deciduous trees giving a numerical
resistance rating. Trees knawn to be highly resistant to insect attack are

* Obtained through the courtesy of C. H. Bradley.
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given a rating of 3, while trees known to be very susceptible to insects are
given a rating of o.5. Intermediate ratings are given also to species whose
resistance is known to lie between these extremes.

Water and acetone extracts of dried leaves obtained from 14 species
and the buds of one species of deciduous trees were tested on mosquito
larvae. The results are shown in Table I. Only two leaf extracts of this
series gave kills of 50 per cent or more to mosquito larvae. There appears
to be no correlation between resistance rating and toxicity to mosquito

TABLE 1

TREES ARRANGED ACCORDING TO COMPARATIVE INJURY BY INsEcTs CoMPARED WITH KILLS
OBTAINED ON CULEX QUINQUEFASCIATUS WITH LEAF EXTRACTS

Resistance | /0 K’".t‘)f
Common name Scientific name rating by lmosqunbo Solvent*
E. P. Felt || 2EVe¢ >¥
leafextracts

Tulip tree Liriodendron tulipifera L. 3.0 85 Water
Tree of heaven Atlanthus altissima Swingle 3.0 20 Acetone
Catalpa, hardy Catalpa ovata Don 3.0 10 Acetone
Gingko Ginkgo biloba L. 3.0 ) Acetone and water
Oak, scarlet Quercus coccinea Muenchh, 2.5 35 Acetone
Plane, oriental Platanus orientalis L. 2.5 20 Acetone
Plane, American | Platanus occidentalis L. 2.5 5 Acetone
Maple, sycamore | Acer pseudo-platanus 1.. 2.5 10 Acetone
Maple, Norway | Acer platanoides L. 2.0 o Acetone and water
Oak, white Quercus alba L. 2.0 2§ Water
Oak, black Quercus velutina Lam. 2.0 10 Acetone and water
Linden flowers

and leaves** Tilia europoea 1.5 50 Acetone
Horse chestnut Aesculus hippocastanum 1.. I.§ 5 Acetone
Elm, American Ulmus americana L. 1.0 1o Water
Balm Gilead buds,

N. F., true** Populus sp. 0.5 95 Acetone

* Water and acetone extracts were made of each plant product and tested on mosquito
larvae. The solvent giving the highest kill is reported in cach case, except with extracts that

gave identical kills. . .
** Obtained through the courtesy of S. B. Penick & Co., New York, N. Y., and listed

here according to the names and spelling given in their Price List and Manual of Botanical
Crude Drugs, December 1, 1937.

larvae of the materials tested. The tulip tree, for example, has a resistance
rating of 3, according to Felt, while an acetone extract of the leaves gave
a kill of 85 per cent to mosquito larvae. An extract of balm of Gilead buds
gave a kill of g5 per cent; this, according to Felt's resistance rating, is 0.5
which places it among the least resistant trees to insect attack. Yet an
acetone extract of the buds proved the most toxic in this series to mosquito
larvae.

In addition to the trees reported above, several plants known to be
relatively free from insect attack also were tested. The results obtained
with water and acetone extracts of these plants appear in Table II. Again
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there appears to be no correlation between resistance to insect attack and
toxicity to mosquito larvae.

Crude botanical drugs and essential oils. It was thought that drug plants
(35) might offer a promising source of insecticides non-poisonous to hu-

TABLE 11

Toxicity To CULEX QUINQUEFASCIATUS OF EXTRACTS FROM
INSECT-RESISTANT PLANTS

C . % Kill of

omrx:on Scientific name Extract of mosquito Solvent*

name larvae
Bay Pimenta acris Kostel. Oil of leaves 100 Acetone
Boneset Eugpatorium perfoliatum L. | Leaves and stems o Acetone and water
Catnip Nepeta cataria L. Leaves and stems 30 Acetone
Kudzu vine | Pueraria hirsuta Schneid. | Leaves o Acetone and water
Sage Salvia officinajis L. Leaves 8o Acetone
Wormwood | Artemisia absinthium L. | Leaves 10-5 Acetone and water

* See footnote *, Table 1.
TABLE II1

ExTrACTs OF CRUDE BoraNicaL Probucts Not PoisoNous To HuMANs GIVING A KILL OF
FROM 50 PER CENT TO 100 PER CENT TO M0OSQUITO LARVAE
(CULEX QUINQUEFASCIATUS)

Common or trade name Scientific name Plant part | Solvent lg‘l,l
Barberry Berberis sp. Root Acetone | 70
Butternut bark of root* Juglans cinerea Bark of root | Water 55
Caraway Carum carvi L. e Acetone | go
Chive Allium schoenoprasum L. Whole Water 70
Coltsfoot root* Tussilago farfara Root Water 70
Dogwood, flowerin Cornus florida L. Leaf Acetone | 6o
Echinacea root, N.F.* Brauneria Root Acetone | 100
Elecampane root* Inula heleniom Root Acetone | 100
Fern, male Aspidium filix-mas [L.] Sw. | Rhizome Acctone | 100
Fringe tree bark of root, true,

Ni‘." Chionanthus virginica Bark of root | Acetone | 65
Gold thread* Coptis trifolia Whole Acetone | 55
Golden seal root, N.F.* Hydrastis canadensis Root Water 70
Grindelia robusta herb, N.F.* | Grindelia sp. Whole Acetone | 65
Hydrangea root, N.F.* Hydrangea arborescens Root Acetone | go
Ironwood* Osirya virginiana Wood Acetone | 65
Juniper berries, hand pkd.,

mature* Juniperus sp. Berry Acetone | 70
Mustard seed, black, U.S.P.* | Brassica nigra, etc. Seed Water 100
Prickly ash berries, N.F.* Xanthoxylum sp. Berry Acetone | 60
Pumpkin Cucurbita pepo L. Seed Acetone | 100
Rhubarb Rheum officinale Baill. Root Water 70
Sage Salvia officinalis L. Root Acetone | g5
Skunk cabbage Symplocarpus foetidus (L.]

Nutt. Root Acetone | 653
Spice bush Bengoin aestivale [L.] Nees | Bud Acetone | 65

* Obtained through the courtesy of S. B. Penick & Co., New York, N. Y., and listed
here according to the names and spelling given in their Price List and Manual of Botanical
Crude Drugs, December 1, 1937.
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mans. Through the centuries there has been a gradual selection and dis-
carding of botanical drugs poisonous to humans. Insecticides have not had
this advantage because of their more recent development. Crude botanical
drugs and essential oils which gave kills of 50 per cent or more to mosquito
larvae are listed in Tables II, III, and IV. Balm of Gilead buds and Euro-
pean linden flowers and leaves (Table I) also gave Kkills of this magnitude.
Drug plants which gave kills of less than 50 per cent will be found also in
the miscellancous lists in Tables II and VII. Toxicity curves of some of the
more promising products appear in Figure 1.

TABLE 1V

ToxiciTy oF ACETONE EXTRACTS OF EssENTIAL OiLs To M0sQUITO LARVAE
(CULEX QUINQUEFASCIATUS)

0il of P.p.m. | % Kill

Bay leaves 25 55
50 100

Cubebs 50 50
100 100

Cypress 50 9o
100 100

Patchouli 50 85
100 100

Rosemary 50 20
100 70

Santal 25 65
50 100

Sweet basil 50 9%
100 100

Sweet marjoram 50 50
100 95

Wormseed or chenopodium I1.1 35
25.0 90

The median lethal dose (LD3so) for mosquito larvae of echinacea root
was found to be 16.5 p.p.m., for balm of Gilead buds 5.8 p.p.m., for sage
root 18.3 p.p.m., for filicin, a product of male fern, 11.0 p.p.m., oil of cy-
press 31 p.p.m., oil of rosemary 78 p.p.m., and oil of sweet basil 28 p.p.m.
These compare with 0.06 p.p.m. for rotenone.

Elecampane, echinacea, and filicin were tested on Aphis rumicis. The
results appear in Table V. A steam distillate of elecampane gave kills of
90.0 and 79.3 per cent in duplicate tests, which compared with gg.3 and
96.4 per cent for filicin. The kills obtained with acetone extracts of elecam-
pane and echinacea were below 50 per cent.
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" Anthelmintics. 1t will be noted that among the most toxic products
listed in Table III are several anthelmintics. It was thought advisable to
test a series of anthelmintics at known concentrations on mosquito larvae.
The results appear in Table VI. Oleoresin of aspidium (male fern) and thy-
mol at 25 p.p.m. gave a kill of 100 per cent, while oil of chenopodium at a
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%  Ficure 1. Effect of acetone extracts of plant products on mosquito larvae (Culex
quinguefasciatus). A. Oil of cypress, LDso 31 p.p.m.; B. Oil of rosemary, LDso 78 p.p.m.;
C. Balm of Gilead buds, LDso 5.8 p.p.m.; D. Sage root, LDso 18.3 p.p.m.; E. Echinacea
root, LDsa 16.5 p.p.m.; F. Rotenone, LD35o 0.06 p.p.m.
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TABLE V

ToxicITY TO APHIS RUMICIS OF EXTRACTS OF BoTaNicaL DRUGS
(DupLICATE TESTS)

Name I Conc., % % Kill
Elecampane root 0.2 34.3
40.6
Elecampane root (steam dist.) 0.18 90.0
79-3
Echinacea root 0.2 49.4
38.6
Filicin (male fern) o.1 99.3
96.4
Spreading agent (Penetrol) 0.5 58.6
42.0
TABLE VI

ToXx1CITY OF ANTHELMINTICS TO MOSQUITO LARVAE
(CULEX QUINQUEFASCIATUS)

Therapeutic % Kill of

Name use mosquito larvae P.p.m.
Botanical drugs
Oil of chenopodium Roundworms 95 16.7
Oleoresin of aspidium Tapeworms 100 25.0
Pepo (pumpkin seed) Tapeworms 85 >600.0
Quassia Pinworms 30 600.0
Santonin Roundworms 10 100.0
Thymol Hookworms 100 25.0
Compound not obtained from plants
Carbon tetrachloride Hookworms 85 200.0

concentration of 16.7 p.p.m. gave a kill of 95 per cent to mosquito larvae.
Pepo (pumpkin seed) was much less toxic, requiring a concentration
of over 600 p.p.m. to give a kill of 85 per cent. No appreciable kill was
obtained with quassia chips at 6oo p.p.m. or with santonin at 100 p.p.m.
It will be noted that the botanical drugs of this series compare favorably
with carbon tetrachloride which gave a kill of 85 per cent at a concentra-
tion of 200 p.p.m.

Both oil of chenopodium and santonin are poisonous to humans at
very low concentrations.

The situation with anthelmintics is analogous with that of insecticides
in that both are required to kill the parasitic organism without causing
appreciable injury to the host.

Miscellaneous plant products. Of the miscellaneous plant products tested
(Table VII), all gave kills to mosquito larvae of less than 50 per cent. In-
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TABLE VII

ACETONE AND WATER ExTRACTs OF PLANT PropUCTS GIVING KiLLs OF LEss THAN
50 PER CENT T0 M0sQUITO LARVAE (CULEX QUINQUEFASCIATUS)

[VoL. 12

Common or trade I . %
name Scientific name Plant part Solvent Kill
Aletris root (Unicorn
true), N.F.t Aletris farinosa Root Acetone 15
Angelica root, Amer.t| Angelica sp. Root Acetone 40
Arbor vitaet Thuja occidentalis Leaves Water 2§
Baccharis Baccharis sarothroidesGray| Seed Acetone )
Baileya Baileya multiradiata Flowers Acetone & water °
Balm Melissa officinalis L. Leaves & stem | Acetone & water o
Bamboo brier roott | Smilax tamnoides Root Acetone 30
Barberry Berberis vulgaris L. var.
atropurpurea Reg. Root & stem | Acetone 1o
gaSilla' sweei’t  of Ocimum basilicum L. \BVh(l)cle lant ﬁcetone & water °
ayberry bark o . . ark of root cetone 35
r):)otf Y Myrica cerifera {Wax Acetone & water | 10
Birch, sweet Betula lenta L. Bark Water 10
Black cohosh root,
N.F.t Cimicifuga racemosa Root Water 2§
Black haw bark of
root, N.F.t Viburnum prunifolium Bark of root Acetone & water | 30
Black willow barkt | Salix nigra Bark Acetone 5
Blessed thistle herb,
select { Cnicus benedictus Whole plant Water 35
Blood root, naturalt | Sanguinarie canadensis Root Acetone 35
Biue flag root, N.F.t | Iris sp. Root Acetone & water 5
Brake (Bracken) Pteridium latiusculum
(Desv.) Maxon Rhizome Acetone o
Buckbean leavest Menyanthes trifoliata Leaves Acetone & water o
Bugle weedt Lycopus virginicus Whole plant Acetone & water ()
Burdock root, N.F.t | Arctium sp. Root Acetone 5
Castor bean Ricinus communis L. Seed Acetone o
Chamomile Matricaria chamomilla 1.. | Leaves & stem | Water 5
Cherry, wild black Prunus serotina Ehrh. Leaves Water 10
Cladrastis Cladrastis (Maackia)
amurensis Benth. Root & stem | Acetone 5
Comfrey roott Symphytum officinale Root Water 45
Leaves Acetone 20
Creosote bush Covillea lridentata Stem Acetone °
Root Acetone o
Culvers root, N.F.t | Veronica virginica Root Water 15
~Ephedra sp. Acetone & water o
Ephedra Ephedra altissima Stalk Water 5
Ephedra procera Acetone & water o
Fern, Christmas Polystichum acrostichoides
[Michx.) Schott. Rhizome Acetone o
Fern, cinnamon Osmunda cinnamomea L.. | Rhizome Acetone o
Fern, flowering Osmunda regalis L. Rhizome Acetone o
Fern, hay-scented Dennstagdtia punctilobula
(Michx.) Moore Rhizome Acetone 10
Fern, sensitive Onoclea sensibilis L. Rhizome Acetone 10
Figwort herbt Scrophularia nodosa Whole plant Acetone 25
Geraniwm Pelargonium zonale Willd. | Leaves & stem | Acetone o
Geranium, wild Gerantum maculatum L. Root Acetone 20
* Gladiolus Gladiolus sp. Leaves Acetone 5

* See footnote,* Table 1.

t Obtained through the courtesy of S. B. Penick & Co., New York, N. Y., and listed
here according to the names and spelling given in their Price List and Manual of Botanical
Crude Drugs, December 1, 1937. .

** Obtained through the courtesy of Dr. David Fairchild, Fairchild Tropical Garden,
Coconut Grove, Florida.
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TABLE VII (Continued)
Comm::t:; trade Scientific name Plant part Solvent* K‘%l
Golden rod leaves

and topst Solidago odora Leaves & tops | Acetone & water 5

Gourd, Missouri Cuburbita foetidissima

HBK. Root Acetone o
Hemlock T'suga canadensis Carr. Needles Water 10
Horehound herbt Marrubium vulgare Whole plant Water o-30
Horse nettle berriest | Solanum carolinense Berry Acetone 40
Ivy, ground Nepeta hederacea (1..)

revisan. Whole plant Water 30

Lady slipper roott Cypripedium sp. Root Water 30
Maple, Norway Acer platanoides L. Leaves Acetone & water o
Maple, sugar Acer saccharum Marsh. Leaves Acetone & water °
Marjorqm, i“{feli( - Origanum vulgare L. \éthl)(Ic plant ﬁcetone 5

ountain ash bar . ar cetone 10

Mountainashbterriest| Sorbus americana llzerries ﬁ(‘etone 20

, . oot cetone 20
Pagoda-tree, Japan. | Sophora japonica L. {Stem Acetone o
Passion flower, herbt | Passiflora incarnata Whole plant Water 5
Pennyroyal leaves,

Americant Hedeoma pulegioides Leaves Acetone & water o
Peppermint
Peppermint herb, Mentha piperita 1.. Whole plant Acctone 10

Americant
Pine, Scotch Pinus sylvestris L. Needles Acctone 25
Pine, white Pinus strobus L. Needles Water 10
Pink root, genuinet | Spigelia marilandica Root Water 30
Pipsissewa herbt Chimaphila umbellata Whole plant Acetone & water o
gleuriS)l; rogt,(gue bT Asclepras tuberosa Ill%OOt ﬁcetone & water o

rayer beads (Crab’s o oot cetone 10

eye bean) Abrus precatorius \Stem Acetone 10
Quack grass Agropyron repens [L.]

Beauv. Root Acetone & water | 35
Sarsaparilla root,
Americant Aralia nudicaulis Root Acetone 45
Sassafras Sassafras officinale Nees
& Eberm. Leaves Acetone 5
Scullcap herb, N.F.t | Scutellaria lateriflora Whole plant Acetone 25
Senega root, N.F.t | Polygala senega Root Acetone 10
Snake root, Canada | Asarum canadense L. Button Water 10
Southernwood Artemisia abrotanum 1.. Whole plant Acetone & water o
Spearmint Mentha spicata 1.. Leaves & stem | Acetone & water o
Spruce, Norway Picea abies [L.] Karst. Leaves & small
branches Acetone & water o
Squills, red ﬂl?ulb ‘&fetone 20
eaves ater 5
Sumac Rhus op. \Berry Water 20
Sweetleaf Symplocos paniculata Miq.| Root Acetone 10
Tansy herbt Tanacetum vulgare Whole plant | Acetone 10-30
Tarragon, Russian | Artemisia sacrorum Ledeb.| Leaves & stem | Acetone 15
Leaves Acetone 40
Tung-oil tree Aleurites fordii Hemsl. Stem Acetone 5
Root Acetone °
Vervain herb, bluet | Verbena hastata Whole plant Acetone 30
Wahoo bark of root,

N.F. Euonymus atropurpureus | Bark of root | Acetone & water | 15
Wild yam root, N.F.t| Dioscorea villosa Root Acetone & water )
Wintergreen herbt | Gaultheria procumbens Whole plant | Water 20

ormwood leavest | Artemisia absinthium Leaves Acetone 15
Yellow parilla roott | Menispermum canadense | Root Acetone 35
Yellow roott Xanthorrhiza apiifolia Root ﬁcetone g water 5
Yerba santa Eriodictyon californicum {é‘f::‘es Agg't:g:: water 3:
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cluded in this list were a number of drug plants, xerophytic plants, ever-
greens, garden vegetables, and flowers.

TOXICITY OF CASTOR BEAN FOLIAGE TO GRASSHOPPERS

It was thought that the conflicting reports of the toxicity of castor
bean foliage to grasshoppers may be due to differences in toxicity exhibited
by different varieties of castor bean. The following 11 varieties of castor
bean were tested on nymphs and adults of Melanoplus differentialis: Rici-
nus communis var. Africanus, Bourboniensis arboreus, Brazilian, Cambo-
gensis, Communis, Duchess of Edinburgh, Gibsonii, Panormitanus, Red
Spire, Sanguineus, Zanzibarensis.

From 10 to 25 partly-grown grasshopper nymphs were caged on potted
castor bean plants. Counts of living and dead grasshoppers were made
daily. This method was discontinued because of cannibalism. Later individ-
ual nymphs were caged on leaves and the amount eaten noted daily. Of
the several varieties of castor bean tested it required 8 days with Zanzi-
barensis and 37 days with Red Spire to obtain a 50 per cent kill. The other
varieties showed intermediate periods. Some of the nymphs that survived
transformed to adults on the castor bean foliage.

It was soon discovered that the amount of foliage eaten by the grass-
hopper nymphs and adults which died was barely sufficient to sustain life
so that the factor of starvation could not be eliminated.

There can be no doubt that castor bean contains a toxin as a number of
nymphs that fed on the foliage were affected with a paralysis of the legs
although some so affected continued to live for days.

Water and acetone extracts of the seed and leaves of castor bean gave
kills of less than 5o per cent to mosquito larvae and were not toxic to grass-
hoppers.

It was thought that ricin, a poisonous protein of castor bean, which is
known to affect hemoglobin in warm-blooded animals, might be toxic to
insects as a stomach or contact poison. Grasshoppers fed for seven days
on wheat plants dusted with ricin were not appreciably affected although
their bodies were covered with the white powder by coming in contact
with it while feeding on the plants. Preparations of ricin, ricinin, and
crushed castor bean seeds, each incorporated in bran mash baits and fed to
grasshoppers, also showed no toxicity whatever.

It is believed "the utility of castor bean as an insecticide awaits the
application of p r chemical methods of extraction of a specific toxin for
insects.

L

DISCUSSION

One of the objects of this investigation was to reveal chemical groups
that possess insecticidal properties. Many of the plants tested contain
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terpines known to be potent insecticides. On the other hand, filicin, a toxic
constituent of male fern, is a phloroglucinol propyl ketone, while the active
principle of elecampane is helenin. In the case of pumpkin (seed) and a
number of other plants the active principle is not known.

There appears to be no correlation between botanical classification and
toxicity to insects. The plants tested ranged from Pteridophytes through
the Angiosperms to Compositae. A similar lack of correlation has been
noted for botanical drug plants and pharmacological effect (34).

Water and acetone extracts do not necessarily remove the toxic princi-
ple from plant products. Of the two, acetone was found to be the better
solvent. Geranium leaves and flowers are toxic to Japanese beetle (1), but
water and acetone extracts are not toxic even to mosquito larvae.

MclIndoo and Sicvers (18) relied chiefly on water as a solvent and thus
possibly failed in many cases to obtain extracts toxic to insects.

The fact that a plant extract is toxic to mosquito larvae does not neces-
sarily indicate that it possesses marked toxicity to other species of insects.
As an illustration, an acetone extract of balm of Gilead buds is toxic to
mosquito larvae but possesses little or no toxicity to Aphis rumicis; on
the other hand, filicin (33) possesses a toxicity comparable with that of
pyrethrum to mosquito larvae, Aphis rumicis, and houseflies (Musca
domestica L.)

None of the plant products tested caused injury to plants nor showed
promise as stomach poisons, although in this respect only a limited number
were tested.

Plants known to contain toxins to warm-blooded animals were avoided,
with few exceptions, in this study as it was hoped to find toxins specific to
insects.

It should be remembered that mere toxicity to insects is not the only
requirement of a satisfactory insecticide. Availability, cost, stability, and
other factors are involved.

The results given in this paper are presented because it is believed that
they may be of scientific interest and may help to form a basis for a broader
understanding of insecticidal plants.

SUMMARY

Products of 150 species and varieties of plants were tested as possible
insecticides. Of this number water and acetone extracts of 36 species gave
kills of 50 to 100 per cent to mosquito larvae (Culex quinquefasciatus).
Products of the following 18 botanical drugs gave kills of go to 100 per cent:
balm of Gilead buds, caraway seed, echinacea root, elecampane root, hy-
drangea root, male fern rhizome, black mustard seed, pepo (pumpkin
seed), sage root, oil of bay leaves, oil of cubebs, oil of cypress, oil of patch-
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ouli, oil of rosemary, oil of santal, oil of sweet basil, oil of sweet marjoram,
and oil of wormseed or chenopodium.

In addition, a steam distillate of elecampane gave an average kill of
89 per cent to Aphis rumicis.

Of the 18 plant products giving the highest kill to mosquito larvae all
are botanical drugs, although many species not listed as drug plants were
tested. It is of interest to note that among the drug plants giving high kills
to mosquito larvae are several well known anthelmintics.

No correlation was found to exist between insect resistance to plants
and toxicity of leaf extracts to mosquito larvae.

Of 11 varieties of castor bean tested on grasshopper (Melanoplus differ-
entialis), the foliage of none was found to be sufficiently toxic to be satis-
factory as a practical insecticide. Preparations of ricin, ricinin, and crushed
castor bean seeds, each incorporated in bran mash baits and fed to grass-
hoppers, also showed no toxicity.

Extracts that will kill tropical fish will not necessarily give an appre-
ciable kill to mosquito larvae.
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FURTHER TESTS WITH VITAMIN B, ON ESTAB-
LISHED PLANTS AND ON CUTTINGS

A. E. HitcHcock AND P. W. ZIMMERMAN

Reports that certain plants were benefited by small additions of vita-
min B, to the growing medium (3, 4) were the principal basis for sub-
sequent interest in the possible use of vitamin B, in horticultural prac-
tice. Unfortunately, before the above-mentioned claims could be sutstan-
tially confirmed, and before any practical application could be tested ade-
quately, there appeared a number of popular articles with exaggerated ac-
counts of practical results which might be expected from the use of vita-
min B;. The erroneous impression created by these popular articles has
led to considerable confusion concerning the status of vitamin B,, not only
among laymen, but also among scientists. The status of vitamin B; in
horticultural practice has been reviewed by one of the present authors
(13).

The importance of vitamin B; in the growth of green plants is by no
means clear at present. The results of certain experiments with isolated
roots (2, 8, 3, 9, 12) are essentially in agreement, but the results with cut-
tings (11, 10, 7) and with established plants (3, 4, 1, 5, 13) lack agreement.
Thus the claims of Bonner and Greene (3, 4) that certain plants benefited
from an external supply of vitamin B; were not substantiated by the re-
sults of Arnon (1) and Hamner (5), who showed that all of the plants they
used were capable of synthesizing adequate amounts of vitamin B; when
the nutrient medium contained no source of this vitamin. At present it
scems unlikely that under normal field and greenhouse conditions the
growth of plants is limited directly by the lack of an external source of
vitamin B;.

With respect to the importance of vitamin B, in the rooting of cuttings,
the situation is similar to that described for established plants. Our results
(7) showed that root development in cuttings was not acceclerated by de-
ferred treatment with vitamin Bi. In some instances it appeared that vita-
min B; and also several other substances functioned as activators. With
optimum mixtures of a root-inducing substance and vitamin B, the num-
ber of initiated roots was increased but their rate of growth either remained
the same or was reduced. This is in contrast to the suggestion of Went,
Bonner, and Warner (11) and Warner and Went (10) that the development
of initiated roots in cuttings is greatly accelerated by an external supply
of vitamin B,.

Although brief mention has been made of results obtained with vitamin

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(143)
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B: in this laboratory (7, 13), it is the purpose of the present paper to de-
scribe the results of other experiments in which provision was made to
determine the influence of other factors in addition to vitamin B;. There
are relatively few reports which give detailed data relating to treatment of
green plants and cuttings (grown in light) with vitamin B,.

MATERIALS AND METHODS

The vitamin B1 used in all experiments was obtained from Merck & Co.
Inc. under the name of thiamin hydrochloride or Betabion. Freshly-
prepared solutions were used in all cases.

A white-flowered China aster (Callistephus chinensis Nees var. Queen
of the Market) was used in the potted plant tests. Cuttings of the following
plants were used in other tests: Actinidia arguta Miq., Ardisia japonica
Thunb., Celastrus articulatus Thunb., Citrus sp., Euonymus radicans Sieb.
var. vegeta Rehd., Fuchsia hybrida Voss, Hibiscus syriacus L., Ilex glabra
Gray, Juniperus chinensis L., Ligustrum ovalifolium Hassk. (privet), Rosa
var. Briarcliff, and Taxus media Rehd. var. hicksii Rehd.

Flat-grown plants. Twenty aster seedlings were planted in each of four
flats containing a standard soil mixture consisting of composted sod soil
amended with peat moss and a 5-8-7 commercial mineral fertilizer. The
root systems were not washed free of soil as was done in the second test.
Three flats were watered weekly with 350 cc. of a solution containing vita-
min B, in concentrations of o.o1, 0.1, and 1.0 mg./l. respectively, and at
other times with tap water. The control flat received tap water only. The
test was started February 17 and terminated April 29.

In a second test similar aster seedlings were first washed free of all soil
and then the root systems were dipped into solutions containing vitamin
Bi. The concentrations of vitamin B, were o.1, 1.0, and 10 mg./l. respec-
tively. Root systems of control seedlings were dipped into tap water.
After the dip treatment the seedlings were planted in soil in flats as de-
scribed for the preceding test.

Potted plants. Aster seedlings were transferrgd from flats to 4-inch pots
when the rosette of leaves was about 10 cm. in diameter. The soil was a
composted sod soil mixture containing at the start ample nutrients and
organic matter for the initial growth of most plants used in this laboratory.
The same soil mixture was used in all pots. A mineral commercial fertilizer
(5—-8-7) was applied thereafter at such times and in sufficient quantities
to maintain the plants in an actively growing state.

One hundred aster plants were arranged in five rows of 20 plants each
on a greenhouse bench occupying a space of 3 X 14 feet. The treatments
were administered according to the Latin Square arrangement shown in
Table I. Each of the five concentrations of vitamin B; was applied to a
total of 20 plants which were arranged in five sets of four each so that all
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five treatments appeared in every row and in every block. This arrange-
ment not only tends to minimize differences due to chance variation, but
it also makes possible the determination of any important influence due to
position in different rows or in different blocks.

TABLE 1

ARRANGEMENT OF PLANTS ON BENCH SHOWING THE CONCENTRATION OF VITAMIN B,
(p.p.M.) APPLIED TO THE SOoIL WEEKLY*

Block number
Row number |- -
I | I 11 v \Y
5 10.0 1.0 0.5 0.1 0.0
4 1.0 0.5 0.1 0.0 10.0
3 0.5 0.1 0.0 10.0 1.0
2 0.1 0.0 10.0 1.0 0.5
1 0.0 10.0 1.0 0.5 0.1

* Each concentration applied to 20 plants which were distributed in 5 lots of 4 each.

Deferred treatment of cuttings. Duplicate sets of cuttings were treated
initially for 24 hours, as indicated in the first column of Table IV. When the
cuttings were removed from the rooting medium on the sixth and twelfth
days for the deferred treatment (Part B, Table IV), comparable sets were
removed and replanted without treatment (Part A, Table IV). Vitamin
B; was applied as a solution for a period of 24 hours to the basal ends of
cuttings. A mixture containing one-fourth German peat moss and three-
fourths sand, by volume, was used as the rooting medium.

Treatment of the rooting medium. Duplicate sets of cuttings were planted
in sand (pH 6.8) on December 4 and 5. The control plot of sand was watered
with tap water having a reaction of pH 6.5 to 7.1. The treated plot of sand
was watered every three to five days with tap water containing 1 p.p.m.
of vitamin B, and at other times with tap water. The sand plot to which
vitamin B; was added had received 27 liters of the vitamin solution by De-
cember 27, 37 liters by January 6, 47 liters by January 15, and 62 liters by
January 31. Different types of cuttings were selected, but an attempt was
made to include comparable types in each replicate set, as illustrated for

Taxus in Figure 3.
EXPERIMENTAL RESULTS

Flat-grown plants. The average height and the fresh weight of aster
seedlings grown in the three flats receiving weekly applications of vitamin
B, were greater than for plants in the control flat. The total number of
flowers was also greater for the plants in the treated flats as compared with
the number of flowers on control plants. The maximum differences which
were obtained with a concentration of o.or mg./l. of vitamin B, are illus-
trated in Figure 1, A and B. Data for this test are recorded in Part A of
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FiGURE 1. A. Flat-grown aster controls after 10 weeks. B. Similar plants grown
in soil watered weekly with o.01 p.p.m. of vitamin B;.
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Table II. The relative size or density of the root systems was approxi-
mately proportional to the relative size of the top growth (Fig. 1, A and B).

" TABLE II
-
INFLUENCE OF VITAMIN B; ON THE GROWTH OF ASTER SEEDLINGS GROWN IN FLATs

Conc. vit. By, | Total No. | _ Relative height of plants __| Total wet | Av. wet.wt.
mg./l. flowers Tall Medium Short wt. (g.) |(g.) per plant

A. Soil watered weekly with 350 cc. of solution

1.00 19 10 6 4 239 12.0
o.I1o 17 2 1o 8 235 11.8
0.0l 21 5 6 8 244 13.8
0.00 12 1 9 8 156 8.7

B. Root systems dipped into solution before planting

10.0 9 1 3 9 147 9.8
1.0 8 o 5 I5 170 8.5
o.1 10 3 6 11 208 10.4
0.0 5 o 7 13 173 8.7

Seedlings similar to those used in the preceding test were washed free
of soil and the roots were then dipped into a solution of vitamin B; before
planting in flats. Data for the second test are shown in Part B of Table
IT and the maximum differences which were obtained with o.1 mg./l. of
vitamin B, are illustrated in Figure 2, A and B. In this test the differences
in growth of treated and control plants were less pronounced than in the
preceding test. Although the highest concentration of vitamin B, (10 mg./1.)
caused a mortality of 25 per cent, the 15 plants which survived were essen-
tially the same in appearance as plants in the other flats.

The fresh weights of control plants were about the same in both tests
so that washing the roots free of soil had relatively little effect on the fresh
weight, but exerted a noticeable influence on the relative height of the
plant and the total number of flowers produced (Table II). In both tests
there was considerable variation in the height of plants in the same flat.
Thus the treatment with vitamin B; did not cause a more uniform growth
of the aster seedlings. While the results of these tests with flat-grown plants
indicate a favorable influence of vitamin B; on the growth of aster seed-
lings, there was no influence of vitamin B; on the growth of potted aster
plants during June and July.

Potted plants. Since the marked variation in the size of flat-grown plants
indicated that the crowded conditions may have been partly responsible
for causing differences in growth, the potted plant test was undertaken
for the purpose of minimizing the factor of competition. The final height
measurements made on July 10 (Table III) show no significant influence of
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- swusn 4. A, CUNLTOl @Sters 10 weeks atter transplanting. B. Similar plants treated
oots) with o.1 p.p.m. of vitamin B, at the time of transplanting. Plants in A and B washed
2e of soil when transplanted.
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vitamin Bjon the growth of the China aster. The totals for the vitamin B,
treatments ranged from 262 to 271 as compared with 287 for the water con-
trols (Table III). Differences due to the position of plants in different rows
(240, 286, 281, 275, 271) were more significant than those (258, 267, 268,
272, 288) due to position within the row. The measurements made two
weeks previously (June 26) showed similar trends. In this case the totals
for vitamin B, treatments were 158 to 167 as compared with 174 for the
water controls. The corresponding row totals were 147 to 174 and the block
totals were 157 to 192. With respect to the ineffectiveness of vitamin By,
these results are similar to those reported previously for 20 varieties of
plants grown in pots in the greenhouse (7).

TABLE 111

INFLUENCE OF VITAMIN B; ON THE GROWTH OF ASTER SEEDLINGS.
HEIGHT OF PLANTs IN CENTIMETERS® ON JULY 10, 1940

Block Row number Block Block Conc. vitamin B, (p.p.m.)
number . 2 3 4 s totals || number | = 0.1 0.5 1.0 10.0
I 53 61 61 59 54| 288 I 53 61 61 59 54

Il 50 62 §5 48 57| 272 I1 62 55 48 57 50

111 46 54 59 54 55| 268 11 59 54 55 46 54
v 48 54 51 61 353 | 267 IV 61 53 48 54 51

\Y 43 55 55 53 52| 258 v 52 43 55 55 53

Row Column

totals 240 286 281 275 271 totals 287 266 267 271 262

* Average of four plants.

Results with potted asters grown during June and July revealed no
influence of vitamin B, on growth as in the case of the seedlings grown in
flats during March and April.

Deferred treatment of cuttings. Data in Table IV show that deferred
treatment of cuttings of Euonymus, privet, and Hibiscus with vitamin B,
(1 p.p.m.) did not increase the average number of roots per cutting. On
the contrary, the number of roots was reduced by the deferred solution
treatment. Thus the group totals are in all cases lower for deferred treat-
ment of cuttings (Part B, Table IV) than for cuttings which did not re-
ceive a deferred treatment (Part A, Table IV). Some of the adverse effect
of deferred treatment is to be attributed to the 24-hour period of solution
treatment, since the values in Part A of Table IV show that the removal
and replanting procedures caused no pronounced reduction in the average
number of roots. There was no beneficial effect resulting from an initial
treatment with a mixture of indolebutyric acid and vitamin B, and, in
addition, a deferred treatment with vitamin B; applied on the sixth or
twelfth day.
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INFLUENCE OF A DEFERRED TREATMENT WITH VITAMIN B, ON THE AVERAGE
NuMBER oF Roots PErR CUTTING

Part A Part B
. Deferred treatment
I't‘:,z':tlnl::::] Without deferred with vitamin B,
24 hours treatment Group (1 p.p.m.) 24 hrs. Group
4 - totals ||- totals
2nd 6th 12th 2nd 6th 12th
day day* | day* day day day
Euonymus (Oct. 3 to Oct. 22)
Water 2 I o 3 3 o 1 4
%g" 20 mg. /L. 62 64 6o 186 50 68 35 153
B, ,"1’,;‘5;,."} 60 55 55 170 53 50 41 144
B; 1 p.p.m. 1 () ° 1 1 ) ° 1
Column totals l 125 l 120 l 115 ’ 360 107 ‘ 118 ' 77 \ 302
Privet
Water ° o o ° o o o o
1B 80 mg./l. 33 43 26 102 17 44 26 87
IB 80 mg./l.} 6 o 11 18 2 86
B, 1 p.p.m. 49 3 3 5 45 3
11 p.p.m. o o o ° o o o o
Column totals 82 79 56 l 217 62 l 62 49 173
Hibiscus
Water 3 2 ° 5 1 o 1 2
%g 40 mg./{. 13 17 26 56 I 14 8 23
B, 14;':;%“/ } 16 15 16 47 9 7 11 27
B; 1 p.p.m. 2 o o 2 2 1 o 3
Column totals i 34 | 34 | 42 ‘ 110 13 ‘ 22 ‘ 20 ! 55

* Cuttings planted after initial treatment (indicated in first column) and then removed
and replanted without treatment.
** Indolebutyric acid.

The average length of rdots on Euonymus, Hibiscus, and privet cuttings
was about the same for all lots which had been treated initially with solu-
tions containing indolebutyric acid. For example, in the case of Euonymus
the total average length of roots in millimeters was 115, 119, and 113 for
lots not receiving a deferred treatment, and 119, 111, and 113 for lots
which received a deferred treatment with vitamin B,. The corresponding
root count values shown in Table IV are 125, 120, and 115 (Part A) and
107, 118, and 77 (Part B). Thus the deferred treatment reduced the num-
ber of roots without influencing appreciably the length of the roots.
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The results here described for the ineffectiveness of deferred treatment
of cuttings with vitamin B, are essentially the same as those reported pre-
viously for Taxus, Celastrus, Actinidia, and Hibiscus (7).

Treatment of the rooting medium. Cuttings treated initially with in-
dolebutyric acid produced approximately the same number of roots with
and without application of vitamin B; to the rooting medium (Table V).
Increasing the concentration of indolebutyric acid caused an increase in
the average number of roots on cuttings planted in control sand (Part A,

TABLE V

AVERAGE NUMBER OF R00Ts ON CUTTINGS PLANTED IN SAND WITH AND WITHOUT THE
APPLICATION OF VITAMIN B; (1 P.P.M.) TO THE ROOTING MEDIUM

Part A Part B
“Without vitamin B, With vitamin B,
Name of cutting N: d:é's - — —_— - —

n sa Conc. IB in talc, mg./g. Conc. IB in talc, mg./g.
o | 1 ' 3 | 8 o I 1 ‘ 3 l 8
Ardisia japonica 39 o — 13 42 o — 22 27
Celastrus articulatus 33 o — 4 13 o —_ 1o 2
Citrus aurantium 57 1 — — 4 1 — — 2
Fuchsia hybrida 22 16 19 26 — 14 20 30 —
Ilex glabra 30 2 3 12 — o I 10 —
Juniperus chinensis 58 o — 1 2 o — 4 3
Rosa (var. Briarcliff) 22 3 20 —_ — 1 25 —_ —_
Taxus media hicksis 58 ) — 5 10 2 — 6 11

Table V). The corresponding values for treated sand (Part B, Table V)
show that relatively fewer roots were induced on cuttings of Ardisia,
Celastrus, and Juniperus pretreated with the higher concentration of in-
dolebutyric acid as compared with the number of roots induced by pre-
treatment with the lower concentration. The reduction in number of roots
on cuttings of these three genera was associated with a noticeable decrease
in average root length and with one or more of certain other symptoms
characteristic of a relatively high concentration of root-inducing substance
(pronounced swelling and proliferation of the stem, retardation of shoot
growth, and the reduction in the amount of basal callus).

Retardation of shoot growth was most pronounced on Celastrus cuttings
pretreated with the higher concentration of indolebutyric acid and then
planted in sand watered with vitamin B;. Pronounced overtreatment effects
were absent in cuttings of Ilex and Taxus. On cuttings of Fuchsia pre-
treated with the higher concentration of indolebutyric acid, the roots
emerged entirely from the stem tissue above the base in the case of the
cuttings planted in sand watered with vitamin B,. Similarly treated Fuch-
sia cuttings planted in control sand rooted at the base in addition to root-
ing from stem tissue above the base. The lower root count value for Citrus
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cuttings planted in the treated sand (Part B, Table V) was due to a lower
(25 per cent) percentage of rooted cuttings. Seventy-five per cent of the
cuttings rooted in control sand. This difference in rooting response is at-
tributed to variability in the type of cuttings and not to any adverse in-
fluence of vitamin B;.

FiGuRe 3. Cuttings of Taxus media hicksii 58 days after treatment with talc prepara-
tions of indolebutyric acid. Left to right: control talc, 3 mg./g., and 8 mg./g., respectively,
of indolebutyric acid. Cuttings planted in sand (top row) and in sand watered weekly with
1 p.p.m. of vitamin B, (lower row).

The rooting response of].”yaxus cuttings shown in Figure 3 is typical of
the results obtained with most other genera in showing no increase in root
growth resulting from additions of vitamin B, to the rooting medium. On
the contrary, i '%se cases where the number of roots on cuttings in the
treated sand was noticeably different from the number of roots on control
cuttings, thefesponse in the former case was characteristic of a relatively
higher concentration of root-inducing substance. In this respect, the re-
sults are similar to those previously reported (7) in which case vitamin
Bi and several other substances appeared in some of the tests to function
as activators but not as factors for root growth.
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DISCUSSION

The fact that vitamin B, appeared to influence the growth of flat-
grown aster seedlings but not pot-grown asters, indicates that any favora-
ble effects of small additions of vitamin B, to the soil must depend upon
special conditions which at present are not known. Even though not all
conditions were identical in the two cases, such differences as existed do
not appear to offer a substantial basis for a satisfactory explanation of the
inconsistent results obtained. The larger number of flowers on aster plants
receiving vitamin B, treatments was not to be anticipated. Neither Bonner
and Greene (4) who reported beneficial effects of vitamin B; on growth nor
Hamner (5) who reported no beneficial effects, found any differences in
flowering. It scems probable that the differences in the responses of flat-
grown aster plants were not entirely due to vitamin B..

The soil mixture was the same in all tests with aster seedlings, but there
was more competition for nutrients and for light in the case of flat-grown
plants than in the case of potted plants. Although the flat-grown plants
exhibited no pronounced symptoms of nutrient deficiency, there was
marked variation in the size of the plants in each flat, regardless of the
treatment. It is thus possible that vitamin B, may be beneficial to growth
under conditions in which the nutrients are limited. In the tests with flat-
grown plants no provision was made to determine this point. On the other
hand, Arnon (1) and Hamner (5) reported no influence of vitamin B; on
the growth of plants given an adequate supply of complete nutrients.

In addition to the possible limitation in nutrient supply in the case of
the flat-grown plants, there is the possibility that the China aster does not
respond to small additions of vitamin B; during June and July in the same
manner as during February and March. Hamner (5) obtaired no influence
of vitamin B, regardless of whether the plants were grown under long
or short day conditions.

Considering the smaller differences resulting from dipping the root
systems in vitamin B, solutions as compared with the differences obtained
by applying the solution to the soil, it is not certain that in the former case
the difference in growth was due to vitamin B,. All plants washed free of
soil were retarded more than those transferred to flats without having their
roots washed, regardless of the concentration of vitamin B, used. Thus the
treatment of roots at the time of transplanting did not reduce appreciably
the setback or so-called ‘‘shock’ as claimed by others (10).

Variability in the response of aster to treatment with vitamin B, is
similar to the variability in the responses of other plants to vitamin B,
reported by different workers. However, more weight is to be attached to
the results with potted asters than to the results with flat-grown asters.
In the potted plant test 20 replicate lots of soil were used for each of the
four treatments with vitamin B; and also for the controls, whereas in the
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flat test a single lot of soil was used for each of the three treatments with
vitamin B; and also for the controls. The more substantial potted plant
test makes the results far more convincing than the results with flat-grown
plants. Lacking any substantial confirmation of the results of Bonner and
Greene (4), it must be concluded that the growth of established plants is
not significantly influenced by small additions of vitamin B; to the growing
medium.

Went, Bonner, and Warner (11) and Warner and Went (10) have sug-
gested that cuttings treated initially with an optimum concentration of a
root-inducing substance form root primordia, many of which do not grow
due to lack of vitamin B;. They stated that if vitamin B, is applied as a
deferred treatment after the root primordia are formed, root development
is accelerated, resulting in the production of a larger number of roots and
a faster rate of growth. Data in Table IV reveal no such beneficial effects
of vitamin B; under conditions in which indolebutyric acid proved highly
effective for rooting. Similar results were obtained previously with Celas-
trus, Actinidia, Hibiscus, and Taxus (7). Furthermore, we have shown
(6, 7) that cuttings of camellia varieties which are difficult to root, respond
readily to proper trecatment with an effective root-inducing substance (in-
-dolebutyric acid or naphthaleneacetic acid) notwithstanding that camellia
leaves are reported (4, 10) to be low in vitamin B;. The consistently lower
root count values resulting from a deferred treatment indicate that the
procedure of subjecting cuttings to a 24-hour solution treatment 6 to 12
days after planting in the bench is likely to retard rather than accelerate
rooting.

The application of vitamin B; to the rooting medium was not effective
in promoting the root growth of cuttings of nine genera which had been
treated initially with indolebutyric acid. Homewer, in this case the retarda-
tion in certain instances was not due to the mechanics of the method as in
the case of a 24-hour deferred treatrignt of the basal ends of cuttings. These
results and also those reported prev‘iously (6, 7) indicate that cuttings of
the plants used are capable of meeting their own vitamin B; requirements.
Differences in rooting rgiponse in these tests were characteristic of a root-
inducing substance angfot of a root growth factor. Certain unpublished
data which will be thgibasis of a future report, also indicate that the rooting
responses of cuttings planted in mixtures containing different kinds and
amounts of pe oss are ot explainable on the basis of a single limiting
factor such as?gmin B:. In addition, tests with internodal and budless
cuttings are now under way to determine the influence of vitamin B, under
conditions in which the synthesis of vitamin B, is eliminated or greatly
reduced.
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SUMMARY

China aster seedlings grown in flats (one flat per treatment) during
February and March produced taller plants with a greater fresh weight
when the soil was watered weekly with a solution of vitamin B, (o.01, 0.1,
and 1.0 mg./l.) than when watered only with tap water (control flat). In
contrast, there was no influence of vitamin B, on stem elongation of potted
asters grown individually in pots (20 pots per treatment) during Junc and
July. Stem elongation of potted asters varied significantly for plants lo-
cated in different rows on the greenhouse bench but not according to treat-
ment with vitamin B; in concentrations of 0.1, 0.3, 1.0, and 10 mg./l. These
results appear to be typical of the conflicting reports in the literature re-
lating to treatment of the soil with vitamin B;. However, the more substan-
tial experimental plan for potted asters makes the results more convincing
than those obtained with flat-grown asters.

Application of vitamin B, every three to five days to the rooting medi-
um (sand) or as a deferred treatment to the basal ends of cuttings did not
accelerate the development of roots as reported by Warner and Went.
Differences in rooting response were characteristic of a root-inducing sub-
stance (indolebutyric acid) and not of a root growth factor. In a few cases
vitamin B, appeared to function as an activator, thus increasing the activ-
ity of indolebutyric acid as previously reported for several substances in
addition to vitamin B,.

The results of these tests indicate that vitamin B, should not be recom-
mended for practical use in treating cuttings or as a soil amendment until
there is more substantial evidence than at present to show that plants or
cuttings can benefit from an external supply of vitamin B;.
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:MBRYOLESS DILL SEEDS
FLORENCE FLEMION AND EL1ZABETH WATERBURY

Recently a grower of dill (Anethum graveolens L.) seeds sent us a sample
of seeds which, in spite of being apparently well filled and in good con-
dition, gave only about 50 per cent germination. Examination of these
seeds showed that the seeds which failed to germinate had no embryos.
The embryo lies at one end of the seed while the remaining content con-
sists of endosperm. The embryoless seeds had apparently normal endo-
sperm.

Various lots of dill seeds were obtained from other sources and examina-
tion of these seeds for germinative capacity and for presence of embryos
has shown that failure to germinate is due to lack of embryos. Seeds with
embryos showed satisfactory germination. These results indicate that the
occurrence of seeds without embryos but with endosperm is quite frequent
in dill and accounts for low germination results with fresh seeds.

TECHNIQUE AND RESULTS

Duplicate lots of 100 seeds each were soaked in water at room tempera-
ture for about 20 hours, then examined in order to determine the percent-
age of sceds containing embryos. The embryo is quite small and lies em-
bedded in the endosperm at one end of the seed (Fig. 1 C). In seeds lacking
embryos there is a cavity in the endosperm where the embryo would nor-
mally be found (Fig. 1 B). Such seeds have apparently normal endosperm
while the embryos either aborted at an early stage of growth or never de-
veloped. By slitting the seeds open longitudinally those with cavities could
be readily detected. A few were empty, that is devoid of both endosperm
and embryo, while in a few others the entire contents of the seed had
deteriorated. In macroscopic preparations there was no evidence of the
presence of embryos in the cavities. However, in preliminary studies of
microscopic preparations made by Norma E. Pfeiffer, evidence of disinte-
grated tissue was found in the cavities.

The variation in size of the embryo is shown in Figure 1 A. Frequently,
but not invariably, the smaller embryo was found in the smaller seeds. In
general, the smaller seeds in a given lot contained a greater proportion of
embryoless seeds than did the larger seeds from the same lot.

At the time the cutting tests were made (February and March, 1941)
duplicate lots of 100 seeds each from the same lots were planted in soil and
kept in a greenhouse maintained at approximately 70° F. except during
warm days when the temperature frequently rose higher. The soil mixture

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(157)
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consisted of one-third peat moss, one-third sand, and one-third sterilized
sod soil. The figures presented in Table I are the total germinations ob-
tained by the twentieth day, although most of the seeds had germinated
by the tenth day. All of the seeds were of the Long Island Mammoth
variety with the exception of the set grown in North Africa which was
labeled common dill.

AWUOY}O

wing

seed coat

34—endosperm

FIGURE 1. Dill seeds—isolated embryos and free-hand longitudinal sections. A. Shows
variation in size of embryos. B. Section shows cavity in embryoless seed. C. Section shows
embryo embedded in endosperm. Camera lucida drawings M X11.

The data obtained from 12 different lots of dill seed (Table I) illustrate
the close agreément of the percentage germination and the percentage of
seeds containing embryos. In several instances the germination is some-
what lower and this is probably due to some of the embryos lacking suffi-
cient vigor to germinate. It is readily seen that most of the seeds which
failed to germinate lacked embryos.

One other member of the Umbelliferae was examined for this absence
of embryos. A lot of common parsley (Petroselinum hortense Hoffm.), 1940
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crop grown in California, contained 21 per cent embryoless seeds. When
planted under the same conditions as described above for dill seeds, 73 per
cent germinated.

TABLE 1
PER CENT OF EMBRYOLESS SEEDS AND GERMINATION OF VARIOUS LoTs OF DILL SEEDS
Cutting test, per cent* Germi
.. rmination,
Origin Crop Embryo- Non- per cent*
less | EMPty | yizple |Embryos
American 1040 62 I 38 29
California “ 13 87 87
“ “ 48 4 48 46
“« “ 9 91 87
Connecticut 1939 30** 2 59** 54t
Holland “ 14 1 85 82
“ “ 8"’ 1 o1 88
gollarxl(_d (;: Denmark “ 12 88 88
ew Yor 1940 o** gr** 94t
North Africa “ 11 89 83
North Dakota “ 7 93 87
? ? 60 5 35 24

* Averages of duplicate lots of 100 seeds.
** Only 1 set of 100 seeds.
t Duplicate lots of 50 seeds.

DISCUSSION

As far as the authors are aware, the phenomenon of embryoless seeds
in dill has not been previously reported. However, embryoless seeds have
been reported in a number of species especially in the cereals.

The frequency of occurrence as observed in wheat, rye, and bald barley
was about o.1 per cent (13), in rice from o.01 to 0.02 per cent (12), and in
seeds of castor-oil plant about o0.18 per cent (15). This occurrence is quite
low in contrast to the percentage found in dill seeds which in several in-
stances was about 6o per cent. In Ginkgo (5) 12 per cent were found to be
without embryos, but it is not clearly stated whether such seeds contained
endosperm.

Several workers (6, 14, 17) correlated the occurrence of embryoless
seeds in corn with inheritance and linkage relations. In wheat and rye (7,
11) it appeared to be a varietal character. Another embryoless type has
been observed which is believed to be non-hereditary in character and is
probably due to some irregularity during fertilization (8, 14). In some cases
(9) it appears that without the stimulus of fertilization apparently normal
seeds develop which contain endosperm but lack embryos. Various causes
have been discussed such as age of pollen as well as external factors, the
combined action of which might be responsible (14, 15). Even if the fer-
tilization mechanism has functioned properly, the growing seed is under the
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influence of various genetic factors which may cause an arrested develop-
ment at any stage of growth.

Many crops of carrot yield poorly germinating seeds. An examination
(2, 3) has shown that the failure of a large percentage of the seeds to ger-
minate was due to defective or immature embryos. Cole, as stated by
Borthwick (3), found that some of the immature embryos would germinate
when kept for long periods under germination conditions. Double fertiliza-
tion occurs in this family (10). In carrot (4) not only is the pollen apparent-
ly short-lived but it appears that cross-pollination occurs between umbels,
while 1n parsnip (1) cross-pollination within umbels seems to be the rule.
In carrot (3), seeds produced in umbels of the first and second order are of
somewhat better germinating quality than those produced in umbels of
the third and fourth order. The seed crop of carrot is about equally divided
between the first two and the last two orders of umbels.

In plantings of dill (16) spacing which gives a high yield per acre is
much closer than where the maximum individual plant development oc-
curs, but unfortunately no tests were made to determine the germinative
capacity of seeds obtained from various parts of the plant grown at various
spacings. Some growers report that oftentimes the poorest yielding fields
(sparse stand) will produce seeds of high germinating quality, while fields
with perfect stands giving a high yield per acreage will produce seeds of
poor germinating quality. Dill has been grown on various types of soil and
under varying climatic conditions such as temperature and moisture, but
the growers still continue to have difficulty.

Dill seed has been produced chiefly in Europe but due to cutting off the
supply from abroad there will be a large increase in production in the
United States this year. The only seeds grown in Europe which were tested
were of the 1939 crop from which a high germination was obtained. From
correspondence with various seedsmen, the consensus of opinion is that
European-grown dill also fluctuates from year to year but not to such a
great extent as does dill grown in the United States. It has been estimated
by some growers that about go per cent of their dill seed crops are of below-
normal germination.

&

An examination of twelve different lots of dill seeds revealed that most
of the seeds which failed tg%%’fmmate were without embryos although the
endosperm was present. The occurrence of these embryoless seeds is quite
frequent and accounts for the great variation in the germinative capacity
found in the various lots.
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SIMULTANEOUS FORMATION OF A 8-GENTIOBIOSIDE AND A
B-GLUCOSIDE IN GLADIOLUS CORMS
TREATED WITH CHEMICALS

LAWRENCE P. MILLER

Experiments on the artificial production of glycosides in Gladiolus
corms from absorbed chemicals which serve as aglycons have shown that
the sugar component of the glycosides formed depends on the nature of
the introduced aglycon. Thus, with ethylene chlorohydrin B-2-chloro-
ethyl-d-glucoside is formed (1) but, with o-chlorophenol or trichloroethyl
alcohol, B-gentiobiosides are produced (3, 4). Gentiobiose [6-(8-d-gluco-
sido)-d-glucose] is not known to occur normally in gladiolus corms al-
though a detailed study of the carbohydrates present does not appear in the
literature. Preliminary tests on the action of emulsin on the expressed
juice of control corms have shown only a small increase in reducing power
after emulsin hydrolysis indicating that, if any gentiobiose is present,
the quantity is low. It seems quite probable, therefore, that the gentiobiose
is produced as a result of the chemical treatment. The introduced chemical
may induce the formation of gentiobiose which is then combined with the
aglycon to form the B-gentiobioside, or the B-gentiobioside could arise
without the presence of any free gentiobiose at any stage through con-
densation of the chemical with d-glucose to the 8-glucoside and subsequent
condensation of the B-glucoside in the 6-position with another mol of
d-glucose. If the B-gentiobioside is formed as the result of the stimulation
of the production of gentiobiose by the chemical treatment, the presence
in the tissue of another chemical, which of itself does not stimulate the
production of gentiobiose, might result in this chemical also being con-
densed with gentiobiose. It, therefore, scemed of interest to subject
gladiolus corms to the simultaneous action of o-chlorophenol and ethylene
chlorohydrin to see whether the specificity of these chemicals for condensa-
tion with either glucose or gentiobiose in gladious corms would persist in
such a dual treatment.

Acetylation of purified extracts of corms treated as indicated above
yielded a product which was readily separated into two fractions, the one
being B-o-chlorophenyl-gentiobioside heptaacetate (m. p. 207.5° to 208.5°
C., corr.), and the other B-2-chloroethyl-d-glucoside tetraacetate (m. p.
118° to 119°). No evidence was obtained for the presence in the acetylated
mixtures of either B-o-chlorophenyl-d-glucoside tetraacetate (2) (m. p.
150.5° to 151°) or B-2-chloroethyl-gentiobioside heptaacetate (m. p. 167.0°
to 167.5°, unpublished results). It is thus seen that the type of glycoside

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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resulting from the absorption of one chemical was not influenced by simul-
taneous treatment with another chemical which combined with a different

sugar.
EXPERIMENTAL

Gladiolus corms of the Alice Tiplady variety (2300 g.) were placed in a
7-liter desiccator connected to several series of Van Slyke-Cullen tubes ()
and to a vacuum pump so that a stream of air which had first passed
through two tubes containing either o-chlorophenol or ethylene chloro-
hydrin could be drawn through the desiccator. The switch from one chem-
ical to the other was made every few hours with the o-chlorophenol treat-
ments being continued for somewhat longer periods than the chlorohydrin
treatments because of the lower vapor pressure of o-chlorophenol. Usually
the chemical treatment was carried out for only about eight hours cach
day; air which had not been in contact with either chemical was drawn
through for the other 16 hours. With this method of treatment it would
be expected that glycoside formation from the absorbed o-chlorophenol
and cthylene chlorohydrin would take place simultaneously in the treated
corms. During a 247-hour period the corms were subjected to the vapor of
o-chlorophenol for 52 hours and to ethylene chlorohydrin for 39 hours.
Twelve days after the end of this treatment period the corms were sampled
for the characterization of the glycosides formed.

The corms were ground through a food chopper and the juice expressed
by squeezing through cheesecloth. The residue was covered with water
and a little toluene and again squeezed through cheesecloth. This was
repeated a second time and an additional aqueous extract obtained. The
expressed juice and the aqueous extracts, handled separately, were centri-
fuged, heated to 80° C., and again centrifuged. A portion of the expressed
juice was subjected to the action of emulsin for 16 hours at 35° C. in a
M/20 acetate buffer at pH 4.75. Distillation of the sample after emulsin
hydrolysis resulted in the recovery of o.54 millimol of o-chlorophenol and
0.38 millimol of ethylene chlorohydrin per 100 cc. of expressed juice. The
sample without added emulsin yielded no o-chlorophenol and only o0.08
millimol of ethylene chlorohydrin per 100 cc.

The expressed juice and the @queous extracts were combined and
precipitated with an excess ofglead acetate. The filtrate from the lead
precipitate was freed from excess lead by H;S. The lead-free filtrate was
then concentrated under reduced pressure to a thin syrup and extracted
with two portions of 200 cc. of acetone and two portions of 200 cc. of go
per cent acetone. The combined acetone extracts were concentrated under
vacuum and the aqueous residue remaining after the removal of the acetone
extracted a number of times with ethyl ether. The aqueous solution was
again concentrated to a thin syrup and extracted with 5o cc. of acetone
followed by two 50-cc. portions of go per cent acetone. The first acetone
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extract and the last two acetone extracts were evaporated to dryness and
acetylated in scparate portions. The crude product on solution in acetone
and crystallization after the addition of absolute alcohol yielded two frac-
tions in each case, the one (total weight 1.29 g.) melting at 203° to 206° C.
(before recrystallization), and the other (0.87 g.) at about 115°.

The residue remaining after the original acctone extractions was freed
of acetone and extracted in a continuous extractor with ethyl acetate.
Acetylation of the material extracted by ethyl acetate yielded a further
1.22 g. of the higher melting fraction and 1.05 g. of the lower melting
product.

Since B-2-chloroethyl-d-glucoside tetraacetate is several times as soluble
in absolute alcohol as B-o-chlorophenyl-gentiobioside heptaacetate, the
two substances separated out well even in the first crystallization of the
crude product. Recrystallization from absolute alcohol gave pure f-o-
chlorophenyl-gentiobioside heptaacctate, m. p. 207.5° to 208.5° C., [a]}¥
= —49.3° (concn., 2.96 g. in 100 cc., CHCl3) and B-2-chloroethyl-d-
glucoside tetraacetate, m. p. 118° to 119° [a)3 = —13.4° (concn., 3.6 g.,
CHCls). These constants compare with a melting point of 207.5° to 208.5°
and a specific rotation of —49.7° found for synthetic 8-o-chlorophenyl-
gentiobioside heptaacetate (3) and a melting point of 118.5° to 119.0° and
a specific rotation of —13.4° for synthetic B-2-chloroethyl-d-glucoside
tetraacetate (1). Mixed melting point determinations of the isolated prod-
ucts with the corresponding synthetic compounds gave no depression.

There was no indication that ecither 8-2-chloroethyl-gentiobioside hepta-
acctate or f-o-chlorophenyl-d-glucoside tetraacetate was present in the
acetylated mixture. It scems safe to conclude that neither of these glyco-
sides was formed in any appreciable quantity if at all.

SUMMARY

Condensation of ethylene chlorohydrin with d-glucose to form the f-
glucoside and formation of the B-gentiobioside from absorbed o-chloro-
phenol took place in gladiolus corms even when the chemical treatments
were carried out under conditions involving the simultancous production of
the two glycosides. No evidence was obtained for the formation of either
B-2-chloroethyl-gentiobioside or $8-o-chlorophenyl-d-glucoside.
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FATE OF CHLORAL HYDRATE ABSORBED BY GROWING
PLANTS OF LAGENARIA LEUCANTHA

LAWRENCE P. MILLER

The absorption of chemicals which can serve as aglycons by higher
plants leads to the formation of 8-glycosides (2). Characterization of such
glycosides in a number of species has shown that the sugar component
may vary with the species or in the same species with different aglycons
(3). In the species studied thus far the sugar involved has been either
d-glucose or gentiobiose. The formation of B-gentiobiosides was an un-
expected result since gentiobiose is not known to be widely distributed
in plants and its occurrence as the sugar component of natural glycosides
is rare. Studies of additional species will yield information as to the fre-
quency of such B-gentiobioside formation and will disclose whether some
species will utilize sugars other than d-glucose or gentiobiose in glycoside
formation from introduced chemicals.

Results given in the present report show that plants of Lagenaria
leucantha Rusby form S-2,2,2-trichloroethyl-d-glucoside from absorbed
chloral hydrate. Chloral hydrate is an aldehyde and has to undergo reduc-
tion to the alcohol before glycoside formation occurs. This reduction ap-
parently takes place readily in the plant. The identity of the glycoside
formed in L. leucantha was established through the synthesis of 8-2,2,2-
trichloroethyl-d-glucoside tetraacetate, which was prepared for the first
time, and which was found to be identical with the acetyl glycoside ob-
tained from the treated plants.

EXPERIMENTAL
Treatment of Growing Plants with Chloral Hydrate

Sceds of Lagenaria leucantha were placed on moist filter paper and after
the emergence of the hypocotyl were transferred to sand cultures in 8-inch
shallow earthenware pots, 2 seeds to each pot. Nutrient was supplied by
the drip culture method of Shive and Robbins (5). The solution was made
up according to Formula I of these authors and in addition a minor element
solution was added so that the final solution contained 3 p.p.m. of iron as
ferric tartrate, o.50 p.p.m. of manganese as MnSO, 4H;0, o.25 p.p.m. of
boron as H3BOs, and o.125 p.p.m. of zinc as ZnSO, 7H;0. For the first five
days after transfer of the seeds to the sand cultures the nutrient solution
was diluted to one-fifth its usual strength. The flow was so regulated that
about one liter of solution was added to each culture in 24 hours. As the
plants grew larger this was increased to meet the increasing demands of

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
(167)
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the plants for moisture. After 37 days the plants had reached a height of
about 8 feet and were in vigorous condition. For treatment with chloral
hydrate the drip culture method was discontinued, the pots supplied with
saucers and 1.0 millimol of chloral hydrate added to each of 12 cultures 6
times weekly for 8 applications. The equivalent of 25 cc. of each of the
salt solutions used previously for sand cultures (3) was also added to
supply nutrients during this period.

Isolation of B-2,2,2-Trichloroethyl-d-glucoside as the Tetraacetate

The plants were sampled four days after the last addition of chloral
hydrate. The tops and roots were ground separately through a food grinder
and the juices expressed through cheesecloth. The expressed juices were
centrifuged, heated to 80° C. and again centrifuged. Analysis for chlorine
before and after heating with N KOH indicated the presence of non-ionic
chlorine equivalent to 0.47 and o0.36 millimol of a trichloro-compound per
100 cc. of the expressed juice of the tops and roots respectively. On distilla-
tion non-ionic chlorine equivalent to o.04 and o.09 millimol per 100 cc.
was recovered ; after emulsin hydrolysis an additional o.12 and 0.06 milli-
mol was obtained from the top and root juices respectively.

A purified preparation suitable for acetylation was obtained from the
top juice by the same procedure previously used with tomato plants treated
with chloral hydrate (4). The portion acetylated contained non-ionic
chlorine equivalent to 4.4 millimols of a trichloro-compound and yielded
1.80 g. of crude product melting at 141° to 142° C. Treatment with Norite
and recrystallization from absolute alcohol gave 1.16 g. melting at 144.5°
to 145.5° (corr.) with a specific rotation [a]3 = —29.3° (concn., 4.1 g. in
100 cc., CHCl;). A mixed melting point determination with synthetic
B-2,2,2-trichloroethyl-d-glucoside tetraacetate gave no depression.

Analysis: Calcd. for f-2,2,2-trichloroethyl-d-glucoside tetraacetate,
CieH21010Cl3: Cl, 22.17. Found: Cl, 22.12, 22.09.

Synthesis of 8-2,2,2-Trichloroethyl-d-glucoside Tetraacetate

A solution of 29.8 g. (0.20 mol) of trichloroethyl alcohol (1) in go cc.
dry benzene was cooled in an ice bath and 16.5 g. (0.04 mol) acetobromo-
glucose and 14 g. Ag:CO; added. The mixture was shaken frequently
during the first few hours after which it was allowed to stand at room tem-
perature overnight. The mixture was then filtered, washed well with ben-
zene, and the filtrate evaporated i# vacuo. Water was added to aid in the
removal of unreacted trichloroethyl alcohol. Finally the product was
crystallized from absolute alcohol. Yield of crude product 1.66 g., m. p.
137.5° to 138.5°. After three recrystallizations from absolute alcohol, 0.98
g. melting at 144.5° to 145.5° was obtained. Specific rotation was found
to be [a]f = —29.0° (concn., 3.095 g., CHCI,).
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Analysis: Caled. for Ci6H21040Cls: Cl, 22.17. Found: Cl, 22.01, 22.15.

SUMMARY

Plants of Lagenaria leucantha have been shown to form f-2,2,2-tri-
chloroethyl-d-glucoside when grown in a medium containing chloral
hydrate.
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X-RAY STUDIES REGARDING THE FORMATION AND
ORIENTATION OF CRYSTALLINE CELLULOSE IN
THE CELL WALL OF VALONIA!

WAYNE A. SISsON

During the past ten years, the mature cell wall of the large, single-
celled, marine alga, Valonia ventricosa Agardh, has been the subject of
X-ray diffraction studies by several investigators. Sponsler (11, 12), in
1930, first focused the attention of X-ray workers upon Valonia when he
pointed out the unique possibility which it offered for determining the
orientation of the two minor axes of the cellulose crystal lattice. Since the
first X-ray work on cellulose, the two major axes of the unit cell were known
to be oriented in most fibers either parallel or at some spiral angle to the
fiber axis. Owing to the cylindrical form of cellulose fibers, however, it was
impossible to obtain further definite evidence regarding the orientation of
the cellulose lattice with reference to the surface of the cell wall. Sponsler
(12) pointed out that the difficulty in splitting longitudinally such a small
cell as the cotton fiber and pressing it flat for X-ray analysis could be easily
overcome in the large wall of Valonia, which often grows to a diameter of
over three centimeters. By cutting flat pieces of the Valonia cell wall,
several of which were superimposed horizontally, Sponsler was able to
show that the 1or (6.1 A) and the 101~ (5.4 A) crystallographic planes
intersect each other in the cellulose unit cell at an angle of approximately
go°. Of special biological interest (11) was the fact that the 101 planes
were found to lie roughly parallel to the surface of the cell wall.

In 1932 Astbury, Marwick, and Bernal (1) made X-ray patterns of
single pieces of the Valonia membrane. In addition to the orientation of
the 101 plane showed by Sponsler’s superimposed sections, they found two
principal sets of crystallites crossing each other at an angle of approxi-
mately 80°. When compared with Preston’s microscopic data (6), it was
found that the X-ray crystallites are parallel to the direction of the fine
crossed striae of the wall which are visible in the microscope. Preston and
Astbury (7) later published in greater detail their X-ray and microscopic
studies and showed that the cell wall consisted of layers in which the
cellulose chains in any one layer are inclined to those in the adjoining
layers at an angle of approximately 80°. Van Iterson (5) has discussed some
of the reasons why alternate layers in Valonia should have opposite orienta-
tions.

In 1936, Farr (3) reported the existence of cellulose particles in Valonia
which were similar to particles previously found in the young cotton fiber

! 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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and other developing plant cells by Farr and Eckerson (4). Microscopic
mounts from the liquid portions of the cytoplasm showed separate cellulose
particles, while in the layers of dense cytoplasm many of the particles were
arranged end to end in the form of fibrils. In the outer layers of the mem-
brane the fibrils cross at an angle of approximately 80°.

Since the Valonia cell consists of a large volume of liquid cytoplasm
surrounded by a thin layer of dense or viscous cytoplasm which in turn is
limited by the compact cellulose membrane, the present investigation will
be discussed under three headings: (a) liquid cytoplasm, (b) viscous cyto-
plasm, and (c) mature cellulose membrane. The studies on liquid cytoplasm
are concerned primarily with the identification of crystalline cellulose,
those on the viscous cytoplasm deal with the production of orientation,
while the orientation of the mature cell wall is discussed in the third sec-
tion.

METHODS AND RESULTS

Cells of Valonia ventricosa were used in the present investigation. The
sample was collected by Captain John W. Mills at Dry Tortugas in June
1937. The live cells were placed in fruit jars containing sea water, brought
by boat to Key West and hence by airplane to New York. In the laboratory
at Yonkers, the material was kept green and apparently alive for several
weeks. The cytoplasmic studies were made immediately on the green cells,
while the orientation studies were made later on cells preserved in either a
o5 per cent ethyl alcohol solution or in a solution of 1.4 per cent formalin
and 70 per cent alcohol.

The X-ray diagrams were made with unfiltered copper radiation as

described in an earlier paper (g).

LIQUID CYTOPLASM

The liquid cytoplasm was obtained by piercing the wall of the green
Valonia cell with a razor blade and collecting the fluid contents in a beaker,
care being taken not to dislocate material from the inner cell wall which
would pass out with the liquid. The last few drops of the liquid were dis-
carded. The liquid (250 cc.) was centrifuged and decanted to obtain a resi-
due which gave a diffraction pattern showing Laue spots. This indicated
the presence of salts. The residue was then washed several times with
water, after which it gave the X-ray pattern shown in Figure 1 A. This
pattern contains a broad amorphous band and two sharp diffraction rings,
but no evidence of the characteristic cellulose diffraction rings. In order
to show the presence of crystalline cellulose it was necessary to subject the
residue to a further purification., This was accomplished by heating the
residue in a 2 per cent sodium hydroxide solution, followed by bleaching
with a 2 per cent hypochlorite solution and washing with dilute (0.1 N)
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FI1GURE 1. X-ray diffraction patterns of (A) residue centrifuged from liquid cytoplasm,
(B) same material as (A) after purification, (C) fibers formed by stretching viscous cyto-
plasm, (D) disintegrated membrane after treatment with 18 per cent sodium hydroxide,
and (E) photomicrograph of cellulose particles and fibrils in viscous cytoplasm.
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hydrochloric acid and water. The X-ray diagram of the final residue is
shown in Figure 1 B. In addition to the few Laue spots due to salts, there is
present the characteristic pattern of crystalline cellulose.

VISCOUS CYTOPLASM

A number of Valonia cells were emptied of their liquid contents and the
membrane cut into four quarters with a sharp razor. These quarters were
carefully washed by dipping them in distilled water. The viscous cyto-
plasm lining the inner membrane was then removed by fastening to a sup-
port one end of the membrane and scraping with a spatula. The sample of
cytoplasm obtained in this way was divided into two parts, one of which
was dried in the form of films and the other as fibers. A photomicrograph
of the viscous cytoplasm is shown in Figure 1 E.

Films. The viscous cytoplasm was spread in the form of a thin film on
a glass slide and dried at room temperature. The tough dried film, which
adhered to the glass slide, was cut into strips 2 mm. wide which were re-
moved from the glass with a razor blade. Several of these strips were
mounted horizontally to build up a mount for X-ray examination. X-ray
diagrams of this mount with the X-ray beam perpendicular and parallel
to the plane of the film are shown in Figure 2 A and B, respectively. Cor-
tesponding X-ray diagrams of the natural membrane are shown in Figure
2 C and D.

The parallel X-ray diagrams (Fig. 2 B and D) show the 101 lines present
as strong arcs of about equal orientation, while the 101~ lines are only
faintly present as weak arcs which are at right angles to the 101 arcs. This
type of X-ray diagram indicates a selective orientation (8) which is further
shown in the perpendicular diagrams (Fig. 2 A and C) where the 101 line
is now absent and the 101~ present. The perpendicular diagrams of the
artificial and natural membranes, however, differ in that the artificial
membrane (Fig. 2 A) shows a random orientation while the natural mem-
brane (Fig. 2 C) shows the characteristic cross orientation.

Fibers. The viscous cytoplasm was placed in the form of a strip on a
glass slide, and after the strip had dried sufficiently to support itself it was
removed from the glass, stretched slowly as drying progressed, and finally
placed across the open end of a glass tube. Upon drying, the ends of the
strips, which extended down the outside of the tube, adhered to the glass
so that a tension was set up in’that portion of the strip which was stretched
across tlie open end of the tube. The stretched portion dried to form a
strong taut fiber. X-ray diagrams of the fiber are shown in Figure 1 C.

Examination of Figure 1 C shows that the 101, 101, and oo2 lines all
exist as arcs on the equator. This means that the b axes (direction of cellu-
lose chains) are oriented parallel to the direction of stretch and that they
have a random orientation around this axis [uniaxial orientation (8)].
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FIGURE 2. X-ray diffraction pattern of membrane formed from viscous cytoplasm (A)
perpendicular and (B) parallel to membrane surface; (C) and (D) are corresponding X-ray
diagrams, and (E) and (F) photomicrographs of the mature membrane.
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MATURE MEMBRANE

The present investigation confirms the cross spiral orientation, shown
in the perpendicular X-ray diagram (Fig. 2 C), and the selective orienta-
tion, shown in the parallel X-ray diagram (Fig. 2 D), which have been ob-
served by other investigators (1, 7, 11, 12). In addition, comparative X-ray
and microscopic studies show that the X-ray orientation may be closely
correlated with the orientation of the cellulose particles which are arranged
end to end to form the fibril. The close correlation between the X-ray angle
and the fibril angle is shown by a comparison of C and E in Figure 2. The
selective orientation shown in the parallel X-ray diagram (Fig. 2 D)
cannot be detected in the microscope because of the circular shape of the
fibril cross section. The seclective orientation shown in the X-ray diagram,
however, is in agreement with the laminated structure shown in the photo-
micrograph of the cross section (Fig. 2 F).

The effect of Valonia cell size upon the cross spiral angle was investi-
gated. A series of 15 uniformly-shaped cells, varying in size from o.27 Xo0.39
cm. to 3.6 X4.2 cm. for their minor and major axes, was selected. The
relation of size to age for these cells is not known but it is assumed that the
size is related to age. X-ray diagrams of all the cells were taken on a section
of the membrane opposite the holdfast. The angles measured on the X-ray
diagram all fall between 73° and 85° and there is no correlation between the
angle ahd the size of the Valonia cell. The angle variation observed from
cell to cell is no greater than that observed in different sections of the
same cell. The spiral angle appears to be more closely related to the shape
of the Valonia cell rather than to the size, since diagrams taken at various
positions on very irregular cells show a wider variation in angle than do
similar diagrams made on cells which more closely approach a sphere.

Action of swelling agents. The native membrane of Valonia is rather
inert toward many chemical reagents which normally swell or disperse most
cellulosic membranes. For example, 70 per cent sulphuric acid, cupram-
monium hydroxide, 18 per cent sodium hydroxide, etc. produce no visible
swelling, and after washing out the swelling agent the X-ray diagram is
still that of native cellulose. If the membrane, however, is first boiled in
water and treated with dilute hydrochloric acid it is then swollen by swell-
ing agents, and after washing out the reagent it gives the characteristic
X-ray diagram of mercerized cellulose as shown in Figure 1 D. This inert-
ness of the Valonia membrane is probably due to the compact form of the
membrane since microscopic observations show isolated fibrils to be af-
fected by swelling agents.

DISCUSSION OF RESULTS
LIQUID CYTOPLASM

The X-ray identification of crystalline cellulose in the liquid cytoplasm
of Valonia is in agreement with the observation of Farr (3) that there are
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present in the liquid cytoplasm cellulose particles, whose size, shape,
double refraction in polarized light, and reaction to sulphuric acid and
iodine are like those of the particles from the young cotton fiber. The cellu-
lose diffraction rings from Valonia, however, differ from those of the young
cotton fiber in that the diffraction rings are sharper and more clearly re-
solved, indicating that the crystallinity of the cellulose is more perfect in
Valonia than in cotton. Sponsler (11) has observed that the diffraction rings
produced by the mature Valonia membrane are sharper and more clearly
resolved than those obtained from other cellulose fibers.

It is interesting to note that the X-ray diagram of the unpurified residue
(Fig. 1 A) is similar to that obtained by Preston and Astbury (7, Fig. 6,
Plate I) for the ‘‘pole’ area of the Valonia cell. They attributed this dia-
gram to a cross section of a cylindrical holdfast located at the pole. They
state further that the holdfast is ‘‘filled with small granules which appear
to be plastids surrounded by a comparatively thick layer of starch.”

Since sharp, well defined cellulose diffraction lines may be observed in
the original negative of Figure 1 B, it is most likely that the cellulose pat-
tern is merely masked by the pattern of the other constituents present in
the material of Figure 1 A which are later removed by the purification
process to give the diagram shown in Figure 1 B. The masking here is prob-
ably similar to that observed in young cotton fibers (g).

VISCOUS CYTOPLASM

Previous X-ray studies (8) have shown that whenever a swollen sample
of cellulosic material is constricted in one direction, either by dehydration
or by pressure, then the cellulose crystallites orient themselves with the
101 plane normal to the direction of constriction. On the basis of this be-
havior, Preston and Astbury (7) have suggested that ‘‘it is probably un-
necessary to invoke anything more complicated than the simple act of
drying” in order to explain the observed selective orientation of the 101
crystallographic planes parallel to the Valomia membrane surface. The
present work would appear to offer experimental confirmation of this
suggestion. A comparison of the parallel X-ray diagram of the membrane
artificially prepared from the Valonia cytoplasm (Fig. 2 B) with the dia-
gram of the native membrane (Fig. 2 D) shows that the selective orienta-
tion in the artificial membrane is just as perfect as -that in the natural
membrane.

The orientation in the plane of the two membranes, however, is quite
different. In the artificial membrane (Fig. 2 A) the crystallites have a
random orientation while in the native membrane (Fig. 2 C) they have the
characteristic cross orientation. This would seem to suggest that the
selective orientation in both artificial and native membranes may have
been produced by a common factor such as dehydration, but that other
factors besides dehydration are involved in the production of the cross
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orientation of the native membrane. The fact that parallel orientation can
be produced by the application of tension (Fig. 1 C) would indicate that
tension could be a factor in producing the parallel cross orientation of the
native membrane.

The production of a selective orientation by drying viscous cytoplasm
composed of fibrils and particles (see Fig. 1 E) would seem to indicate that
a whole fibril can be rotated during drying so that the 101 crystallographic
plane is parallel to the surface. In previous work on bacterial cellulose
membranes (8) it was impossible to determine definitely the nature of the
crystalline aggregate (crystallite) which moved as a unit, but there was
“some evidence that bead-like strands of bacteria move as units during
plastic flow.” The present results, however, indicate more clearly that the
crystalline aggregate which moves as a unit is the whole cellulose particle
or many particles united as a fribril. It is well known that relatively short
molecules possessing polar groups or that large molecular aggregates which
are anisodimensional can be oriented, but it appears unique to have as
large a unit (1 u in diameter) as the cellulose particle rotated by molecular
forces. The parallel orientation of the fibrils by stretching could be due to
the shape of the long thread-like fibrils, but there is nothing visible about
the shape of the fibril which would explain selective orientation.

MATURE MEMBRANE

The cross spiral and the selective orientation observed in the X-ray
diagram of the mature Valonia membrane and its close correlation with the
observed particle or fibril orientation makes possible certain conclusions
regarding the structure of the cellulose particle. As pointed out clsewhere
(10), it is possible to account completely for the dispersion from a perfectly
parallel oriented X-ray diagram for Valonia on the basis of the observed
deviation of the fibrils from a parallel orientation in the two spiral direc-
tions, as may be observed by a comparison of C and E in Figure 2. Since
the rotation of the particle around its long axis cannot be observed in the
microscope it is impossible to draw as close a correlation with the parallel
X-ray diagram, but it seems ggiite certain that the length of the 101 arc
(Fig. 2 D) can be explained largely on the basis of the fibril rotation.

Particle structure. From the present data two conclusions can be drawn
regarding the structure of the cellulose particle. First, the cellulose chain
molecules (direction of b axis of unit cell) are arranged parallel to the long
axis of the cellulose particle. Whether a single cellulose chain runs the
entire length of the particle (1.5 u) or only part of the way, is not known,
but it is fairly certain that the cellulose chains, regardless of their length,
can have little or no deviation from a perfect orientation parallel to the
long axis of the particle. Second, the various crystallographic planes of the
unit cell extend continuously in the same direction throughout the particle.
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This means that, in addition to the parallel orientation, the cellulose chain
molecule and also the glucose units which build up the chain have a three
dimensional regularity which extends throughout the particle. In other
words, the crystalline regularity of the particle approaches that of a single
crystal. It is impossible to say definitely that the cellulose particle does not
contain still smaller aggregates, but if such is the case then the present
data impose the condition that the aggregates have a perfect three di-
mensional orientation within the particle, and the particles may still be
classified as a single crystal rather than a crystal aggregate (2).

SUMMARY

1. The marine alga, Valonia ventricosa Agardh, has been examined by
X-ray diffraction analysis with special reference to the inner liquid cyto-
plasm, the surrounding layer of viscous cytoplasm, and the outer limiting
cellulosic membrane.

2. The liquid cytoplasm upon purification shows the presence of cellu-
lose, the crystallinity of which is more perfect than that of the cellulose
obtained from other cellulosic membranes.

3. The viscous cytoplasm is composed largely of crystalline cellulose
which may be dried in the form of either films or fibers. The films show a
selective orientation of the 101 crystallographic plane parallel to the sur-
face, but a random orientation in the plane of the surface. The fibers show
a uniaxial orientation parallel to the fiber axis.

4. The outer membrane posscsses a selective orientation of the 101
plane parallel to the surface, but a cross spiral orientation of approxi-
mately 80° in the plane of the membrane, confirming the observations of
other investigators. No correlation was found between the angle of the
cross spiral orientation and the size of the Valonia cell.

5. The selective orientation in the dried films and the parallel orienta-
tion in the stretched fibers indicate that dehydration and tension may play
a part in producing the orientation found in a mature Valonia membrane.

6. The X-ray orientation is compared with the fibril orientation and a
close correlation is indicated between the X-ray crystallite and the micro-
scopic cellulose particle. This correlation enables one to conclude that the
cellulose chain molecules are arranged parallel to the long axis of the
particle and that the crystalline regularity of the particle approaches that
of a single crystal.
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FORMATION OF MICROSCOPIC CELLULOSE PARTICLES IN
COLORLESS PLASTIDS OF THE COTTON FIBER!

WanDpA K. FARr

The observed formation of mercerized cellulose particles of microscopic
dimensions in the chloroplasts of Halicystis (2, 4) constituted a basis for
the reinvestigation of cotton fiber protoplasm during the period of forma-
tion of mative cellulose particles of similar dimensions. Microscopic studies
of developing fibers over a period of many years had failed to furnish in-
formation concerning early stages of cellulose particle development. They
appeared suddenly and full-formed in the protoplasm of the living fibers.
Neither the attributes of a crystallization phenomenon nor of any recog-
nized biological process of formation were in cvidence. A possible similarity
in the method of formation of cellulose particles in Halicystis and in the
cotton fiber was not indicated. The cotton fiber contains no chloroplasts,
and the absence of starch formation throughout its entire period of de-
velopment (1) suggested that colorless plastids are either absent or non-
functional in this highly specialized cell.

In Halicystis the formation of uniform-sized cellulose particles (1.1 X 1.5
microns) takes place through the fragmentation of cellulose rings of vary-
ing diameter but equal thickness. These rings are produced successively in
the outer regions of the plastid plasma during the normal growth of the
chloroplast. The membrane of the mature chloroplast finally bursts and
its entire contents, including the cellulose particles and the green plasma,
are deposited in the course of the formation of a new lamella of the cell
membrane. The various stages of cellulose ring and cellulose particle forma-
tion can be followed microscopically with comparative ease, although the
dark green plasma tends to obscure such minute structural details. It
seemed to be unlikely that the counterpart of this phenomenon had been
overlooked in the cotton fiber.

MATERIAL AND METHODS

The reexamination of developing cotton fibers (Gossyptum hirsutum L.)
was undertaken with improved methods. The fibers were removed from the
seeds with extreme care and mounted in filtered juices which had been
expressed from other fibers in the same boll. This mounting medium, while
less clear than either water or a sugar solution with similar osmotic proper-
ties, was found to be preferable to either of these for maintaining the
fiber contents in good condition for a period of a half hour or more. In order

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

(181)
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FIGURE 1. A. In the protoplasm of young cotton fibers disc-shaped cellulose-forming
plastids varying over a wide range in diameter are barely visible. The relative refractive
indices of the plastids and the cytoplasm in which they are floating obscure their contents
and cause them to resemble vacuoles. (X 820). B. A young cotton fiber from a 10-day-old boll,
slightly crushed. The separate cellulose particles and the cellulose-forming plastid in the
exuded protoplasm, along with the cellulose particles in the fibrils already deposited in the
cell wall, are swelling and coloring blue in the presence of HsSO; and 1;KI—a reaction char-
acteristic of cellulose (X 1700).




FARR—FORMATION OF CELLULOSE PARTICLES

FIGURE 2. Stages in development of cellulose-forming plastids from the cotton fiber
show cellulose particle formation through the fragmentation of cellulose rings, of equal thick-
ness but varying diameter, produced successively at the interface of the plastid plasma and
the plastid membrane. The membrane of the mature plastid finally bursts and the cellulose
particles within and outside of plastids covered with the plastid plasma are discharged into
the protoplasmic matrix of the cell (X1580).
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FARR—FORMATION OF CELLULOSE PARTICLES

FIGURE 4. A. Expressed protoplasm froma young cotton fiber shows large numbers of
cellulose plastids and the fiber nucleus (X785). B. Expressed protoplasm from starch-
forming cells of the outer integument show large numbers of starch grains in various stages

of development (X 1430).
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FIGURE 5. A. An early stage of the H,SO; and I;KI reaction of a small cellulose plas-
tid from a cotton fiber (X 1460). B. As the plastid swells the membrane frequently bursts,
allowing the plastid plasma to escape. Cellulose particles are blue and the plastid plasma
yellow (X1460). C. A later stage of reaction of a larger cellulose-forming plastid with
HSO, and I3KI (X 1460). D. An earlier stage of reaction of the plastid shown in 5 C. The
last formed cellulose ring is still in evidence at the surface of the plastid plasma (X1460).
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F1GuRe 6. A. Separate cellulose particles and cellulose rings in various stages of dis-
integration, surrounded by the plastid plasma, as they flow from a ruptured plastid (X 1500).
B. Subsequent alignment of the cellulose particles in single rows to form cellulose fibrils
(X 1500).




Fi1GURE 7. (For description see legend on opposite page.)
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to prevent excessive evaporation from the microscopic mount, the cover
glass was sealed on three sides with paraffin of a low melting point (45° C.).
Microscope slides of colorless glass not more than 0.6 mm. in thickness
were selected and the thinnest of the No. o cover glasses alone were used.
The light intensity of the low-voltage, ribbon-filament, microscope lamp
was lowered by means of a rheostat in order to increase the visibility of any
small protoplasmic structures of low refractive index. The range of re-
fractive indices which were taken into consideration in making this adjust-
ment is indicated in the following table:

Refractive Indices

Water 1.33

Protoplasm 1.33 to 1.34

Starch (cotton) 1.513

Cellulose (3) particle 1.565 Lengthwise
1.530 Crosswise

This effort to obtain experimental conditions in which any hitherto in-
visible structures in the fresh protoplasm could be discerned was quickly
rewarded. In young cotton fibers, tips of two of which are shown in Figure
1 A, structures, circular in outline and varying widely in diameter, were
faintly but definitely visible. Floating, as they were, in the fiber cytoplasm
they had the appearance of vacuoles filled with clear sap. Careful focusing
suggested, however, that their contents were more or less dense and this
belief was strengthened by the observation that other cytoplasmic inclu-
sions which were moving past them in a lower focal plane were completely
obscured—a microscopic phenomenon not associated with the passage of
cytoplasmic structures beneath real vacuoles.

In order to observe these new structures more closely, the wall of a
fiber was broken with a dissecting needle and the protoplasmic contents
allowed to flow out into the mounting medium. Their form was then seen
to be disc-like, not spherical, and their contents not only dense but also
granular. All stages of cellulose ring and cellulose particle formation were
rapidly identified in the various stages of development of these colorless
plastids (Fig. 2). The successive stages of ring formation and disintegra-
tion reveal the fact that the mechanism of natsve cellulose particle forma-
tion in the colorless plastids of the cotton fiber is essentially similar to the
mechanism of mercerized cellulose particle formation in the chloroplast of
Halicystis.

FIGURE 7. A. Separate cellulose particles in the protoplasm of a young cotton fiber
(X 1450). B. Early stage of fibril formation in a young cotton fiber (X 1450). C. Cell mem-
brane of the cotton fiber after the deposition of cellulose fibrils in spiral arrangement
(X1450).
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In the developing cotton fiber the cellulose-forming plastid is rendered
nearly invisible by the similarity in its refractive index and that of the
cytoplasm which surrounds it. Measurements show that both are between
1.33 and 1.34. While the cellulose particles, with refractive indices of 1.565
(lengthwise) and 1.530 (crosswise), are held within the plastid membrane
they are very effectively obscured. When they are freed by the bursting
of the membrane, as shown in Figure 2 I, they attain a degree of visibility
which made possible their identification in 1934 (3). Their complete de-
velopment within a specialized organ such as a plastid accounts fully for
their sudden appearance, full-formed, in the cytoplasm, prior to the as-
sumption of their final réle in the formation of the cell membrane.

In the course of the identification of a protoplasmic structure such as
the cellulose-forming plastid it is necessary that it be carefully compared
with other protoplasmic structures in which any form of resemblance may
exist at any stage of development. In Figure 3 a cellulose-forming plastid
from the protoplasm of a young cotton fiber and a colorless, starch-forming
plastid from a cell of the outer integument of the cotton seed have been
photographed together. The comparative obscurity of the cellulose-forming
plastid as well as the very different physical aspects of crystalline carbo-
hydrate synthesis in which the two plastids are engaged are thus clearly
shown. The cellulose-forming plastids, in large numbers and in many
different stages of development, are compared with the single nucleus of
the cotton fiber from a mount of expressed fiber protoplasm in Figure 4 A.
Figure 4 B illustrates the contrast in the general appearance of expressed
protoplasm from the starch-forming cells of the outer integument of the
young cotton seed (1).

The microchemical identification of the cellulose particles in the cellu-
lose-forming plastids of the cotton fiber is shown in Figure 5. When the
I.KI solution is applied, the plastid plasma becomes deep yellow in color.
No differential coloration of either the cellulose particles or the well-formed
cellulose rings occurs until the strong sulphuric acid is added (3) to the
mount. As the acid comes into contact with the cellulose particles they
begin to swell and their blue color is in sharp contrast with the yellow color
of the plastid plasma (Fig. 5§ A). As the swelling reaction continues the

FI1GURE 8. M. Stem cells of the cotton plant showing chloroplasts and colorless cellulose-
forming plastids (X650). N. Cellulose-forming plastids in young leaf cells (X810). O. A
young leaf cell with a nucleus, chloroplast, and cellulose-forming plastid (X810). R. Ex-
pressed protoplasm of leaf cells showing both starch-forming and cellulose-forming plastids
(X1100). S and T. Cellulose formation contrasted with starch formation in plastids from
cotton fibers (X1470). U. Expressed protoplasm from leaf cells shows chloroplasts and
cellulose-forming plastids (X1290). W. Expressed protoplasm from boll wall cells shows
small chloroplasts with single starch grains and cellulose-forming plastids in many stages
of development (X810).
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plastid membrane frequently bursts, as shown in Figure 5 B, allowing the
plastid contents to pass through the opening. The same type of reaction
takes place in both small and large plastids (Fig. 5 B and C). The-well
developed unfragmented rings within the plastid have a tendency to frag-
ment more readily than the Halicystis rings. When the sulphuric acid was
added to the mount containing the plastid shown in Figure 5 D, the
cellulose particles were barely visible in an unbroken ring. Contact with
the reagent caused them to separate very quickly.

If the reaction of the plastid with sulphuric acid and iodine is permitted
to continue beyond the stage shown in Figure 5 C, the rapidly swelling
cellulose particles finally spread through the yellow plasma which sur-
rounds them producing a blue coloration of the entire plastid mass. In
Figure 1 B a young cotton fiber, taken from the boll ten days after the date
of flowering, has been crushed in order to express some of the protoplasm.
The addition of sulphuric acid and I,KI brings about the swelling and blue
coloration of the cellulose particles in the recently deposited fibrils in the
cell wall, of the separate cellulose particles in the expressed protoplasm, and
an advanced stage of particle swelling and coloration in a cellulose plastid,
as described above.

The phenomenon shown in Figure 2 I constitutes the connecting link
between this recently acquired knowledge of the method of formation of
cellulose particles in the colorless plastid of the cotton fiber and our previ-
ous knowledge of the method of formation of the cell membrane of the cot-
ton fiber by cellulose particles and their associated cementing materials
(3). A more detailed study of the plastid contents which pour out through
the ruptured membrane is shown in Figure 6 A. It is composed of a few
disintegrating rings and many separate cellulose particles, all imbedded in
the plastid plasma. These same particles are found later aligned end to end
in single rows to form cellulose fibrils as shown in Figure 6 B. The impor-
tant steps in cellulose fibril and cell membrane formation are summarized
in Figure 7 A, B, and C.

The formation of mercerized cellulose particles in the chloroplast of
Halicystis and of native cellulose particles in the colorless plastid of the
cotton fiber by processes which are essentially similar serve to indicate the
significance of these observations in connection with the synthesis of cellu-
lose in living plant cells. Generalizations concerning the process of cellulose

FiGUuRre 9. Column A. Stages in development of the chloroplast of Halicystis shqping
cellulose ring and cellulose particle formation (X1540). Column B, Stages in starch forma-
tion in the chloroplasts of the cotton plant (X 1540). Column C. Cellulose particle formation
takes place in the colorless plastids of the cotton fiber by a process of successive ring forma-
tion and fragmentation essentially similar to the mechanism of cellulose formation in
Halicystis (X 1540).
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formation throughout the plant kingdom are not warranted, however, upon
the basis of such limited observations. Among the many immediate prob-
lems created by these new findings no one is more important than the
determination of the method of cellulose formation in plant cells in which
both starch and cellulose are being formed. In the leaf, stem, and boll-wall
cells of the cotton plant, starch is produced in chloroplasts. The process
of cellulose formation in these same cells is shown in Figure 8. In the stem
cells illustrated in Figure 8 M both chloroplasts and colorless cellulose-
forming plastids are in focus. The chloroplasts are usually found near to
the surface of the protoplast; the cellulose-forming plastids lie in the in-
terior regions of the protoplast. Figure 8 N shows plastids in the process
of cellulose particle formation in young leaf cells; Figure 8 O, a young leaf
cell with a chloroplast, nucleus, and cellulose-forming plastid in one focal
plane; Figure 8 R, expressed protoplasm from a leaf cell with both starch
and cellulose formation in progress in different plastids; Figure 8 Sand T
contrast sharply the mechanisms of starch formation and cellulose forma-
tion in the cotton plant; and Figure 8 U and W show both cellulose-
forming plastids and starch-forming plastids in expressed protoplasm of
boll-wall cells and leaf cells respectively.

SUMMARY

“The results of this investigation are summarized in Figure g.

"Native cellulose particles are formed in the colorless plastids of living
cotton fibers by a process which is essentially similar to the method of for-
mation of mercerized cellulose particles in the chloroplasts of Halicystis.
These physical aspects of cellulose formation have no apparent points in
common with the process of starch formation either in chloroplasts or in
colorless plastids in the cotton plant.

Within very young plastids, whether colorless or pigmented, no struc-
tural features have been observed which will indicate the type of crystalline
carbohydrate to be produced. The cells of the leaves, stems, and boll walls
of the cotton plant carry on the formation of these two closely related
carbohydrates, starch and cellulose, simultaneously, in separate plastids.
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A PREPARATION FROM YEAST THAT IS ACTIVE IN
BREAKING THE REST PERIOD OF BUDS

JouN D. GUTHRIE

The discovery of Bennett and Skoog (3) that yeast extracts will break
the rest period of buds of peach and pear has resulted in speculation as to
what constituent of yeast is responsible for this activity. It was suggested
by Guthrie (6, 7) that glutathione might be the active substance. However,
Bennett, Oserkowsky, and Jacobson (2) in a recent paper have shown that
yeast extracts are much more active than would be expected from their
glutathione content, and that the extracts retained their activity after the
removal of glutathione. They think that the effect of glutathione is due to
the presence of an active impurity rather than to glutathione itself. This
could be proved by obtaining a sample of glutathione that had no stimula-
tive effect on resting buds. Until this is done, an equally valid explanation
of their results and those of the present paper would be that glutathione is
one of the constituents of yeast extracts that has dormancy-breaking
action, but is not the most active one. The purpose of the present paper is
to record the mode of separation and chemical properties of a preparation
from yeast that was found to be much more active than glutathione in
breaking the rest period of buds. Since the work on this preparation had
to be terminated becausc of the acceptance of another position, some of the
conclusions are based on limited data and are more in the nature of sugges-
tions for those who may wish to continue the work on this problem.

EXPERIMENTAL RESULTS

Dormancy-breaking action of the preparation. A preparation from yeast
that had been prepared in February 1938 for another purpose was tried on
resting buds of pear (Pyrus communis L.). This preparation was the one
designated as C in the description of mode of preparation given later in
this paper. It proved to be very active in amounts of 10 mg. and definitely
more so than the same amount of glutathione. An extract from yeast was
also included in this experiment, the details of which follow:

The preparation from yeast was tested on branches of pear trees that
had grown outside in pots all summer and were put in the greenhouse about
November 1, 1940. The injections were made by the methods used by
Bennett and Skoog (3). An empty calcium chloride tube was connected to
the cut end of the twig with a piece of rubber tubing and the solution to be
tested introduced into the tube. The solution was usually drawn into the
tree within a few hours. The yeast preparation was compared with a yecast

Copyright, 1941, by Bovce Thompson Institute for Plant Research, Inc.
(z95)
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extract made by adding alcohol to 50 g. of fresh yeast until the total volume
was 250 cC., heating to boiling, cooling, centrifuging, and evaporating 200
cc. of the supernatant liquid almost to dryness 7 vacuo in a bath at 50° C.
The material was taken up in 200 cc. of water and filtered. Five cc. of this
extract representing 1 g. of yeast were injected into each of five pear
branches. This was compared with 10 mg. of the yeast preparation and
with 10 mg. of glutathione, each dissolved in 5 cc. of water, and injected
into five pear branches. The results were: 1 g. yeast induced 6, s, 2, 4, 2
buds to grow or a total of 19; 10 mg. of the yeast preparation induced 8, 3,
5, 10, 5 buds to grow or a total of 31; 10 mg. of glutathione induced 2, 2, 2,
1, 1 buds to grow or a total of 8; and water alone induced 2, 2, 2, 1, 2 buds
to grow or a total of 9. This experiment shows that glutathione was not
active in amounts of 10 mg. However, another test made at the same time
showed it to be active when 50 mg. were used. These results agree with the
conclusions of Bennett, Oserkowsky, and Jacobson (2) that yeast contains
one or more substances that are much more active than glutathione in
breaking the rest period of buds. The procedure used for making the yeast
preparation should offer a good starting point for work directed toward the
isolation or identification of these substances.

Yeast extract also breaks the rest period of potato tubers. The extract
used was prepared by mixing 100 g. of yeast with soo cc. of alcohol, heating
to boiling, cooling, and centrifuging. The supernatant, 450 cc., was evapo-
rated in vacuo in a bath at 50° C. to about 5 cc. and then made up to 150 cc.
with water. After filtration it was used to treat potatoes by placing 12 one-
eye, approximately cubical, pieces in a Petri dish with the eyes up and
pouring in enough solution to come about two-thirds of the way up the
sides of the pieces. The treatment was for four days at 10° C., after which
the pieces were planted, and the time for 6 pieces out of 12 to show sprouts
above ground was determined. Those treated with the undiluted extract
described above were 50 per cent above ground in 22 days. For the same
extract diluted one-third, the time was 25 days, and for a one-ninth dilu-
tion the time was 40 days. Controls treated with water were so per cent
above ground in 44glays. Those treated with 200 mg. of glutathione in 100
cc. were 5o per cent*aboveround in 43 days. This amount of glutathione
is one-fifth to one-tenth that found effective in breaking the dormancy
of potato tubers in previous experiments (7). It was chosen since it repre-
sents the approximate glutathione content of the yeast extracts used. This
experiment also shows that the major part of the rest period breaking ac-
tion of yeast extracts is due to some substance or substances other, than
glutathione.

Procedure for.oblasning the preparation from yeast. The starting material
for this preparation was the supernatant liquid left from the preparation
of glutathione. The yeast, 3.2 kg. of Fleischmann'’s baker’s, was crumbled
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in an 8-liter battery jar. A mixture of 175 cc. of 89 per cent alcohol, 55 cc.
of concentrated sulphuric acid, and 130 cc. of ether was added. After ten
minutes it was stirred, 1500 cc. of water added, and allowed to stand 30
minutes. The sulphuric acid was partly precipitated with 120 g. barium
hydroxide, Ba(OH).-8H:0, in 300 cc. of hot water and allowed to stand
3o minutes. The material was then centrifuged. The supernatant had a
volume of 2.8 liters. It was brought to approximately half normal by addi-
tion of sulphuric acid and the glutathione precipitated with o.g g. cuprous
oxide. The yeast was extracted a second time with 2 liters of 1 per cent
sulphuric acid, the supernatant adjusted to approximately half normal
and the glutathione precipitated with o.45 g. cuprous oxide. After standing
overnight at about 5° C. the cuprous salt of glutathione was centrifuged
out, and the supernatants from several batches of yeast were used to make
the following preparations.

The supernatant liquid from 36 kg. of yeast after removal of the cuprous
salt of glutathione was precipitated by the addition of 5o cc. of 10 per cent
mercuric sulphate in 10 per cent sulphuric acid per kg. of yeast or a total of
1.8 liters of the reagent. After standing several days the precipitate (A)
was centrifuged out and washed three times with water. After standing
about a week another precipitate (B) came down from the supernatant
liquid. After separation and washing of this precipitate the supernatant
liquid was precipitated further by the addition of 0.6 I. of 10 per cent
mercuric sulphate in 5 per cent sulphuric acid. A precipitate (C) was
centrifuged out after about a week and washed three times with
water.

These three precipitates were suspended separately in water and de-
composed with hydrogen sulphide. After removal of the mercuric sulphide
precipitate the supernatant was freed from hydrogen sulphide with a
stream of nitrogen. The supernatant was then almost neutralized to litmus
by the addition of hot, saturated barium hydroxide, and the precipitate
centrifuged out, washed three times with water, and discarded. The super-
natant was then precipitated with an excess of saturated cupric acetate,
250 cc., 100 cc., and 100 cc. being used respectively for precipitates A, B,
and C. After standing a week or longer at about 10° C. the copper pre-
cipitates were centrifuged out, washed with water, and decomposed with
H.S. After removal of the copper sulphide the supernatant was freed from
hydrogen sulphide with a stream of nitrogen. The supernatants were then
evaporated to small volume 4% vacuo in a bath at 40° C. and precipitated
by the addition of excess alcohol. After standing several days at 5° C. the
precipitates were filtered out with suction on hardened paper, dried in a
vacuum desiccator over sulphuric acid, and weighed. Precipitate A weighed
6.9 g., B 2.4 g., and C 1.2 g. After about three years the B and C prepara-
tions were used in the experiments described in this paper. Both were active
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in breaking the dormancy of buds, but most of the experiments were made
with preparation C.

Properties of the yeast preparation. The preparation C from yeast, the
mode of preparation for which is described above, contained 17.4 per cent
nitrogen by the micro method of West and Brandon (12). It gave only a
faint blue color with Folin’s phenol reagent (1o, p. 213) or with sodium
sulphite and the uric acid reagent of Folin and Marenzi (5), indicating that
little or no tyrosine or cystine was present. The ninhydrin reaction was
faint, indicating that it contained but smal quantities of the amino acids
that give this test. Knoop’s test for histidine (8, p. 69) and the Sakaguchi
test for arginine (10, p. 188) were negative. The preparation gave a heavy
precipitate with phosphotungstic acid. The Kossel test and the Murexide
test (9, p. 112) were faint. The faint Kossel test is hard to explain in the
light of subsequent findings in which adenine was identified as one of the
constituents. Some interfering substance may have been present. The sul-
phur content was 2.6 per cent. The preparation contained about 5 per cent
barium from the barium hydroxide used in its preparation. No precipitate
was observed with picric acid or metaphosphoric acid. A very strong test
for pentose was obtained with Bial’s reagent (11, p. 284) and with phloro-
glucinol and hydrochloric acid. The organic phosphorus content by the
method of Briggs (4) was 5.2 per cent. The presence of pentose and phos-
phorus suggested the presence of a nucleotide. The properties of prepara-
tion B were similar to those of preparation C.

It was also found that the preparation C from yeast activated the re-
duction of methylene blue by glutathione and the juice of potato tubers.
Thus in experiments conducted 7 vacuo in Thunberg tubes, 2 mg. of prepa-
ration C, plus 5 mg. glutathione, plus 5 cc. of potato juice at pH 6.9 reduced
2 cc. of methylene blue, 25 mg. per liter, in one minute, while without prep-
aration C the reduction time was 13 minutes. The potato juice alone re-
duced the methylene blue in about two hours.

Unpublished experiments by Dr. Helen Purdy Beale showed that prep-
aration C inactivated tobacco mosaic virus (Marmor tabaci var. vulgare
Holmes) when mixed with the virus in concentrations of 2 mg. per 2 cc.
8 minutes before inoculation. The lesion count on Nicotiana glutinosa L. was
22 compared with 203 for the water control. Preparations A and B likewise
inactivated the virus. .

Attempt at further purification. After considerable preliminary experi-
mentation it was found that the yeast preparation could be fractionated
by precipitating with lead acetate and then precipitating the lead acetate
supernatant with copper acetate. The lead acetate precipitate contained
the substances giving the strong pentose test and contained phosphorus,
while the copper acetate precipitate contained a large amount of adenine.
The details of such fractionation follow:
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One gram of the preparation C from yeast was dissolved in 22.75 cc.
of water and 7.5 cc. of N/10 sulphuric acid. After one-half hour a small
precipitate of barium sulphate was centrifuged out, washed with 10 cc. of
water, and discarded. Saturated lead acetate, 5 cc., was added to the
supernatant and washings. After one-half hour the lead precipitate was
centrifuged out and washed three times with water. Saturated copper
acetate, 10 cc., was added to the supernatant and washings. -After four
hours the copper precipitate was centrifuged out and washed three times
with water. The washings and supernatant were discarded.

The lead acetate precipitate obtained as described above was sus-
pended in water and decomposed with hydrogen sulphide. The lead sul-
phide was centrifuged out and washed three times with water. After re-
moval of the hydrogen sulphide with a stream of nitrogen the supernatant
and washings were evaporated in vacuo to about 1 cc. in a bath at about 45°
C. The liquid was then transferred with about 4 cc. of water to a centrifuge
tube and precipitated with 50 cc. of absolute alcohol. After standing at
about —7° C. overnight the precipitate was taken up in about 3 cc. of
water with gentle warming. A few drops of absolute alcohol were added
and after 2 hours at room temperature a small amount of brown gum was
removed on the end of a stirring rod. Absolute alcohol, 50 cc., was then
added rapidly and the solution placed at about —7° C. overnight. The
precipitate was centrifuged out, washed with 15 cc. of absolute alcohol and
15 cc. of ether and allowed to dry. It weighed 240 mg., gave a strong Bial’s
test for pentose, and contained 7.3 per cent phosphorus. When neutralized
5-mg. portions were injected into four twigs of peach (Prunus persica
Sieb. & Zucc.), a total of 25 buds grew. With water controls six buds
grew per four twigs.

The combined alcohol and ether washings and supernatant liquid were
evaporated to dryness #n vacuo and washed from the flask into a centrifuge
tube with about 20 cc. of absolute alcohol. After standing overnight the
precipitate was centrifuged out, washed with absolute alcohol and ether,
and allowed to dry. It weighed 92 mg. It contained g.2 per cent of phos-
phorus. When 4-mg. portions were injected into three twigs of peach, a
total of 11 buds grew. With water controls four buds grew per three twigs.

The precipitate obtained with copper acetate after lead acetate as de-
scribed above was suspended in water and decomposed with hydrogen
sulphide. The copper sulphide was centrifuged out, washed with about 7 cc.
of water containing three drops of acetic acid, and with water. After re-
moval of the H;S with a stream of nitrogen, the supernatant and washings
were evaporated in vacuo in a bath at 45° C. and then in a conical centrifuge
tube by the method of Williams and Spies (13, p. 141) to about o.5cc.
About 6 cc. of absolute alcohol were added. After standing overnight at
about —4° C. the precipitate was centrifuged out, taken up with about 1
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cc. of water and again precipitated with about 6 cc. of absolute alcohol.
After standing overnight at about —7° C. the precipitate was centrifuged
out, washed with 2 cc. of alcohol, and dried by the method of Williams and
Spies. Later this dried precipitate was taken up with three drops of con-
centrated hydrochloric acid, precipitated with 1 cc. of alcohol containing
a little hydrochloric acid, and dried. It gave lath-shaped crystals like
adenine dihydrochloride on evaporation with dilute hydrochloric acid on
a microscope slide. When injected in neutralized 4-mg. portions into three
peach twigs, 22 buds grew. On water controls four buds grew per three
twigs.

The supernatant and washings of the alcohol precipitation described
immediately above were evaporated to dryness, taken up with two drops of
concentrated hydrochloric acid, and precipitated with 1.5 cc. of absolute
alcohol. After several hours at about —7° C. the precipitate was centri-
fuged out, washed with absolute alcohol containing a little hydrochloric
acid, and dried. It weighed 34 mg. When injected in neutralized 4-mg.
portions into three peach twigs, 23 buds grew. On water controls four buds
grew per three branches. The nitrogen content of this preparation was 35.2
per cent, the calculated percentage for adenine dihydrochloride is 33.7 per
cent. It gave typical crystals of the gold chloride double salt of adenine
with gold chloride and hydrochloric acid. This indicated that it was com-
posed éhiefly of adenine.

Action of adenine on resting buds. In order to see if ademne was effective
in breaking the rest period of buds, adenine sulphate (Eastman Kodak),
neutralized with dilute sodium hydroxide,.was injected in amounts of 4 mg.
in 2 cc. volume into six peach twigs, while six controls were injected with
an equivalent amount of sodium sulphate in 2 cc. volume. The results were:
16 buds grew on the twigs injected with adenine and 7 buds grew on the
controls. In a similar experiment 26 buds grew on five pear twigs injected
with 4 mg. of neutralized adenine dihydrochloride (prepared from the
sulphate), while 15 buds grew on controls injected with an equivalent
amount of sodium chloride. Although it is possible that the sample of ade-
nine contained an active impurity, these experiments indicate that adenine
has some action in breakmg the rest period and should be further investi-
gated.

Since the preparations from yeast that are active in breaking the rest
period contain adenine, pentosé, and phosphorus, and since adenine itself
appears to havesome stimulative action, it would be of interest to investi-
gate the effect of adenine-containing nucleotides on resting buds, especially
those showing co-énzyme activity (1, p. 71). It may be mentioned that the
adenyl methylthiopentose of Suzuki, Odake, and Mori (11) was found to
have little or no stimulative action on resting buds. This substance was
supplied by the laboratory of the late Dr. P. A. Levene of the Rockefeller
Institute for Medical Research.
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SUMMARY

The results of Bennett, Oserkowsky, and Jacobson, which showed
that the action of yeast extracts in breaking the rest period is due to some
substance or substances other than glutathione, were confirmed. A proce-
dure is given for obtaining a preparation from yeast that is much more ac-
tive than glutathione. This preparation contained adenine, pentose, and
phosphorus. It also hastened the reduction of methylene blue by potato
juice plus glutathione. Experiments indicated that adenine had some
dormancy-breaking action. It is suggested that the effect of adenine and
adenine-containing nucleotides on resting buds be investigated further.
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DORMANCY IN SEEDS OF IMPATIENS BALSAMINA L.

GARNETTE S. KROEGER

INTRODUCTION

That some seeds exhibit dormancy when freshly-harvested has been
known for some time. This condition is reported to have been found in
cotton (8), cucurbits (7), tobacco (5), sced of crested wheatgrass (2), blue-
grass (3), and lettuce (4, 10, 12). Niethammer (6), in dealing with the
germination behavior of several kinds of seed, places Impatiens balsamina
in the group which requires a resting period of at least four months. Her
results are based on known harvest dates and tests made immediately and
at intervals after harvest.

In the experiments reported in this paper, the object was to determine
the length of the dry storage period necessary after harvest date for com-
pletion of after-ripening of Impatiens balsamina L., and also to see if seeds
harvested at different times were different in their degree of dormancy or
germination capacity. It was hoped to discover whether a certain length
of time in dry storage was necessary for after-ripening or all seeds became
germinable at the same time of year regardless of harvest date. Experi+
ments were also conducted to find out what effect pretreatment in moist
condition ata low temperature (5°C.) had onsubsequent germinationat 25°C.

The term after-ripening is used in this paper in its broadest sense, that
of preparation of the seed for the resumption of growth,—in this case by
means of dry storage. After-ripening is often used in a more limited sense,
indicating the overcoming of dormancy by treatment in a motst condition,
usually at a low temperature.

EXPERIMENTAL RESULTS AND DISCUSSION
PRELIMINARY TESTS

Seeds of Impatiens balsamina were received from Dr. Donald W. Davis,
Department of Biology, College of William and Mary, Williamsburg,
Virginia, on April 12, 1937. The seeds had been collected at The Forest
Research Institute, Dehra Dun, U. P. India. When placed as soon as re-
ceived in a moist medium at a daily alternating temperature of 15° to
30° C. or in a greenhouse held at approximately 21° C., the seeds failed to
germinate. Low temperature pretreatment in a moist condition was only
slightly effective, producing but a few seedlings. However, high germina-
tion percentages over a wide range of temperatures resulted from a test of
samples of the same secd lot started in December 1937. The lower constant
temperatures, 15° C. or 20° C., or a daily alternating temperature of 10° to
20° C. yielded 20 to 54 per cent germination. At constant temperatures of

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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25° C. or 30° C,, or daily alternations of 10° to 30° C., 15° to 30° C,, or
20° to 30° C., 60 to 92 per cent germination was obtained. The highest
germination percentage was obtained when seeds were placed at a constant
temperature of 25° C. Moist granulated peat moss was the medium used
for these controlled temperature tests. Some of the seeds were also planted
in soil in the greenhouse, which resulted in 73 per cent seedling production.
Low temperature pretreatment was found to be of no advantage. Seeds
planted in flats and placed in a cold frame in December 1937 rotted before
the following spring. The results of December tests of seeds received in
April indicated after-ripening in dry storage, the seeds having been held
dry in the laboratory for the intervening period.

Some of the resulting seedlings of the above test were raised to maturity
in the greenhouse and seeds were collected from the plants on various dates.
Seeds collected in April and May 1938 gave 100 per cent germination the
following November while those collected in August and September gave
only 58 per cent in the November test. These tests were made at 25° C. in
a medium of moist granulated peat moss. When the seeds which were
collected in August and September were tested a year later, they gave 100
per cent germination indicating dormancy had been overcome by the dry
storage period at room temperature. These tests were limited by the scar-
city of seeds, only 25 seeds being available for each sample. Tests were not
made soon enough after harvest to determine the minimum effective time
for dry storage.

Several seedlings from the 1938 test were grown in the field for 1939
harvest. Collection dates were carefully recorded and tests made im-
mediately and at weekly intervals after harvest. Collection of the seeds
began in July 1939 and lasted through October of the same year. The seeds
were stored dry in open containers in the laboratory. For the germination
tests, the seeds were mixed with moist granulated peat moss and placed in
a germinator held at constant 25° C. From 18 to 24 weeks were required to
reach full germination capacity for seeds placed in the germinator im-
mediately after harvest. After 13 weeks of dry storage the time required for
completion of germination had dropped to g to 17 weeks (varying with the
different collection lots). Due to lack of seeds, after 13 weeks of dry storage
no further tests were made until the seeds had remained for 26 weeks in
the laboratory, at which time tests indicated complete after-ripening had
been obtained; that is, 80 to 100 per cent germination resulted from the
seeds remaining 3 to 5 weeks in the germinator. Here, as in the 1938 experi-
ment, scarcity of seed limited the number of tests, the samples consisting
of from 5 to 50 seeds.

In another experiment seeds from the 1939 collection were used to de-
termine the effect of temperature and humidity on after-ripening in dry
storage. The experiment was started in September 1939 and seeds were
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stored at 20° and 30° C. in desiccators in which the relative humidity was
controlled by saturated salt solutions according to the method of Spencer
(9). Sodium chloride was used to produce 76 per cent relative humidity
and calcium nitrate to produce approximately 5o per cent relative humid-
ity. Seeds were also stored over calcium oxide which was placed in desic-
cators at both temperatures and an additional lot of seed was stored open
at 30° C. A control seed lot was placed open in the laboratory.

Germination tests consisting of samples of 20 seeds each were made at
25° C., the seeds being mixed with moist granulated peat moss. The seeds
were tested after one-half, one, three, five, six, and seven months of storage
under the conditions just described. After one-half month’s storage, the
highest germination percentage was obtained by seeds stored over calcium
oxide at 30° C. After one month’s storage, seeds stored at 20° C. in all
conditions gave lower percentages than those stored at 30° C. After storage
for three months, all lots gave high percentages, 100 per cent being ob-
tained by seeds stored over calcium oxide at 30° C., open at 30° C. and in
the laboratory. Seeds stored longer than three months at 70 per cent rela-
tive humidity at 30° C. began to deteriorate from mold and gave only 8 per
cent germination after storage for seven months. This was the only lot
which was harmed by the storage conditions. The time required for com-
plete germination decreased gradually with increasing time of storage up to
six months. None of the temperature and humidity conditions tried proved
to be of more benefit for after-ripening than dry storage in the laboratory.
This is in agreement with Wharton’s (12) data on lettuce seed which show
that high temperature storage of dry seed may be effective in breaking
dormancy. Further work done on lettuce seed in Arizona (4) also indicates
the desirability of storing ‘‘new’’ seed at relatively high temperatures and
in open containers to break their dormancy.

FURTHER TESTS

With these preliminary experiments as a background, a new experi-
ment was begun in 1940 with the setting out of the parent plants which
were seedlings produced from the 1939 crop of seeds.

Flowering began in the following June and the first collection of seeds
was made on August 14. The last collection was made on October 16,
and seeds were collected thrice weekly during this interval. Each week's
harvest was combined to form one lot and ten lots in all were collected and
numbered consecutively 1 to 10. As green fruits turned a tannish color they
were considered ripe and only ripe fruits were collected. Each pod of Im-
patiens balsamina has five valves which coil elastically and eject the seed
in dehiscence. The fruits were ready to dehisce at the time of harvgst and
broke open when touched. The seeds were then spread out to dry in the
laboratory. Each collection of seeds was separated before drying into two
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sizes, those held by a sieve with an opening of 2.00 mm. and a sieve with an
opening of 1.19 mm. Except where otherwise stated, the experiments below
were carried out with the set of larger seed. This size separation was done
80 as to give comparable results of different collection lots in case the ger-
mination percentages of large and small seeds varied. As soon as the seed of
the last harvest in any one week had had a day or two to dry out, the week'’s
collection was combined and stored open in the laboratory, since this
storage condition had previously been found favorable for after-ripening.

Germination tests were made for each lot immediately after each week’s
collections were combined and at weekly intervals thereafter through 25
weeks of storage. Each test consisted of two samples of 100 seeds each, one
put directly in the germinator held at constant 25° C. (which proved the
most favorable temperature in preliminary tests), the other at 5° C. for a
pretreatment period of two weeks before being placed at the germination
temperature. The seeds were mixed with granulated peat moss kept moist
throughout the experiment and kept in bottles. As soon as the root ap-
peared, seedlings were counted and removed. The bottles containing the
seeds and peat moss were examined once a week during the experiment.

Dry storage effects. The beneficial effect of a dry storage period has been
reported by Simpson (8) for freshly-harvested cottonseed and by Malskaia
(5) for freshly-harvested seed of Nicotiana rustica L. The experimental re-
sults described in this paper place Impatiens balsamina in the class with
cotton and tobacco in that a period of dry storage was found necessary for
freshly-harvested seeds to obtain full germination capacity.

Data in Figure 1 show dry storage effects on two of the ten lots col-
lected, the first and last collections made. These collections were made
August 14-19 (Lot 1) and October 14—16 (Lot 10) respectively. Those seeds
which were placed in moist granulated peat moss at the germination tem-
perature of 25° C. immediately after harvest were retarded both as to ger-
mination capacity and as to germination energy, neither of the two lots
reaching 6o per cent after 20 weeks in the germinator. After storage for four
weeks in the laboratory, both germination percentage and rate increased
considerably. A great improvement was found when seeds stored for nine
weeks were tested. Eighty-two per cent germination was obtained for both
lots, although seeds of the August collection required four weeks longer to
reach this percentage than did seeds of the October collection. Still further
improvement resulted when seeds were stored for 16 weeks. Here again the
germination energy of the October collection seemed slightly superior to
that of the August collection. Storage for 25 weeks was found to improve
seeds of Lot 1 but showed no improvement over storage for 16 weeks for
seeds of Lot 10. All of the ten lots collected showed substantial gain in ger-
mination percentage and rate from 16 weeks of dry storage, but beyond
this period results varied with the different lots. From 16 to 25 weeks of dry
storage at room temperature was required for overcoming dormancy of
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FiGure 1. Effect of weeks of dry storage at room temperature and date of harvest on after-
ripening. Lot 1 was collected August 14—19 and Lot 10, October 14-16.
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fresh seed. When after-ripening was complete two to three weeks in the
germinator were generally required for obtaining a substantial germination
percentage, the time varying with the different seed lots. When this per-
centage was obtained in two to three weeks, the seed was considered no
longer dormant.

A final test was made on all of the collection lots in June 1941. This test
occurred 43 weeks after the harvest of Lot 1 and 34 weeks after the harvest
of Lot 10. As is shown by the data in Figure 1, one week in the germinator
yielded 100 per cent germination for Lot 1 and 86 per cent for Lot 1o.

WEEKS FOR 50% GERMINATION

WEEKS OF DRY STORAGE AT ROOM TEMPERATURE

FIGURE 2. Decrease in number of weeks required to obtain so per cent of germination
capacity with increase of number of weeks of dry storage. Lot 1 was collected August 14-19;
Lot 5, September g—13; and Lot 10, October 14~16.

Malskaia (5), in his work on tobacco seed, found that during the three
to five months following harvest, the germination capacity was unstable
and became stable only at the time of spring sowing. This may apply to the
findings on Impatiens balsamina, especially on Lot 10 shown in the graph,
which seemed to have reached a maximum after 16 weeks of dry storage;
further storage up to 25 weeks showed no improvement in germination per-
centage or energy. .

In general, the later collections of seeds seemed to be slightly inferior in
germination capacity to the earlier collections. The maximum final per-
centages obtained by these later collections were between 85 and go, while
the earlier lots produced g5 to 100 per cent germination. This inferiority
seemed to be offset, however, by a tendency of the seeds harvested later in
the season to be less dormant than those gathered during the first four or
five weeks. This tendency may be seen in Figure 1 but is more clearly de-
fined in Figure 2. Since the lots varied greatly in their germination capac-
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ity, the standard of measurement for data was the number of weeks re-
quired to reach so per cent of the total germination capacity. The three
lots indicated in Figure 2 were collected approximately a month apart, in
August, September, and October of 1940. The August harvest required 23
weeks to reach 5o per cent of its germination capacity after o weeks of dry
storage as compared with 20 weeks for the September harvest and 17 weeks
for the October harvest. This tendency seemed to endure up to ten weeks
of storage after which time there was slight difference between the lots.

In connection with these results it is of interest to note the findings of
Hite (3) who reported that ripening of bluegrass seed occurred at a more
rapid rate on the plant than during storage. Seed collected June 29 reached
normal germination in a much shorter time than those collected June 1.

A weak dormant period of about four weeks is reported for cucurbits by
Odland (7). He found differences in germination from seeds of different
fruits in the case of the pumpkin. If the fruit was allowed to remain on the
vine until “over-ripe’’ the seed germinated promptly, but if the fruit was
picked at the stage generally considered ripe the germination was delayed
several weeks. In the experiment discussed in this paper an effort was made
to collect seeds all of which were at the same stage of maturity. Hence, un-
like the findings of Odland (7), the results with Impatiens cannot be ex-
plained by ‘‘ripeness’’ or ‘‘unripeness’’ of seed when collected.

Thompson (10) discovered that lettuce seed from the fourth or fifth
harvest was not more than one-half as large as seed from the first harvest,
but its germination was 100 per cent higher. There is a general belief that
second harvest seed is inferior to that harvested first. This may be true as
far as size and weight are concerned but Thompson found the second har-
vest seed superior in germination. This difference in seed size between early
and late harvests was not found in Impatiens. Nor was any evidence found
to show a larger percentage of small seeds present in later collections. In
order to determine the germination capacity of the small seeds (those
which would not pass through a sieve with an opening of 1.19 mm.), a
duplicate test was run as for the larger seeds which were used exclusively
in this experiment. No difference was noted either in germination capacity
or energy between the large and the small seeds.

Samples of all seed collections tested the June after harvest were found
to be completely after-ripened thereby indicating that for the gardener
who wants to plant seeds of Impatiens balsamina in the spring for summer
flowering there is no problem involved. But for the geneticist or others who
want seedlings as quickly as possible after harvest, it is important to know
that fresh seed exhibit a dormancy which can be partially overcome by pre-
chilling in a moist condition and completely overcome by several months’
dry storage at laboratory temperature.

Effect of moist low temperature pretreatment. Although the preliminary
tests on Impatiens balsamina had shown no indications of a beneficial effect
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derived from pretreatment of the seeds in a moist medium at low tempera-
ture, the fact is well established for many kinds of seeds that dormancy
may be overcome in part or wholly by this treatment. Davis (1), in working
on dormancy in Ambrosia, emphasized the close relation between moisture
content of the embryo and the temperature employed in after-ripening. He
reported that at low or high temperature the moisture content determines
whether after-ripening will take place. If the temperature is low, the seeds
must be moist; if high, the seeds must be dry. If the seeds were kept moist
at a high temperature, after-ripening was counteracted by the effects of
high respiration.

Toole (11) reported that prechilling moist seed of timothy, which is
slightly dormant when freshly harvested, increased germination but this
treatment alone did not bring about complete germination. Experiments
were conducted on Impatiens balsamina to determine whether prechilling
would be of benefit in hastening after-ripening and hence germination.

A two-week period of low temperature was arbitrarily decided upon as
the pretreatment period and later experiments proved a longer period of
one month to be of no further benefit. For each sample of seed placed di-
rectly in the germinator held at 25° C. a duplicate sample was placed at 5°
C. Moist granulated peat moss was the medium. At the termination of two
weeks, the sample was removed from the low temperature and placed at
the germination temperature of 25° C. These samples were treated in a
similar manner to those placed directly at 25° C.; upon examination once a
week germinated seeds were counted and removed.

The beneficial effect on fresh seed of prechilling can be seen if Figure 3
is examined. The two lots used in these graphs are those collected in August
(Lot 1) and September (Lot 5) approximately a month apart. For both lots
of freshly-harvested seed, low temperature pretreatment gave an improve-
ment in germination capacity and energy. After several weeks of dry stor-
age, six and four for Lots 1 and srespectively, a period at 5° C. proved to be
still of great value in hastening germination. After 12 weeks of dry storage
for Lot 1 and after eight weeks for Lot s, the pretreatment at low tempera-
ture was of only slight advantage to germination. After five weeks in the
germination temperature, seeds of Lot 1 stored for 13 weeks gave approxi-
mately the same germination percentage regardless of pretreatment. Seeds
of Lot 5 stored for nine weeks gave better germination percentage at a more
rapid rate than those pretreated at 5° C.

It was found for most of the lots that once the effect of prechilling
ceased to be of benefit, it actually hindered both germination percentage
and speed. In many cases the seeds became moldy in the low temperature
and had to be discarded. In no instance did germination occur within two
weeks in the germinator at §° C. The number of weeks of dry storage after
which prechilling proved of no benefit varied with each seed lot, ranging
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FIGURE 3. Effect of pretreatment for 2 weeks in a moist medium at 5° C. on germination
after indicated number of weeks in dry storage at room temperature. Dotted lines, seeds
pretreated; solid lines, seeds not pretreated. Lot 1 was collected August 14-19 and Lot s,
September g—13.
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from 8 to 14 weeks. Data were examined in an effort to determine whether
seeds of early harvests required low temperature pretreatment after a
longer period of dry storage than did those of late harvests. No such indi-

cations were found.
SUMMARY

Seeds of Impatiens balsamina are dormant when freshly harvested and
require from four to six months of dry storage at room temperature for
after-ripening. From two to three weeks at the germination temperature
were required for completion of germination, when full after-ripening had
been attained. Twenty-five degrees Centigrade was found to be the most
favorable temperature for germination. Germination of fresh seeds was ac-
celerated by pretreatment for two weeks in a moist condition at 5° C. be-
fore the seeds were placed at the germination temperature. Prechilling
ceased to be effective after the seeds had been stored dry for two to three
months and in some cases proved harmful after that time.

There was a tendency for seeds harvested later in the season to be in-
ferior in germination capacity, but less dormant as measured by time re-
quired for the completion of germination. Seed size was not responsible for

this difference.
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EFFECT OF TEMPERATURE ON THE AVAILABIL-
ITY OF INSOLUBLE NITROGEN

M. M. McCooL

It was observed during the progress of our studies on the agronomic
value of synthetic insoluble nitrogen that this element in the soluble form
in urea was more effective in the promotion of plant growth than it was in
the insoluble form (1). The indications were, however, that this relation-
ship was affected by the temperature under which the growth comparisons
were made. Accordingly, the rate of nitrate formation from urea, insoluble
nitrogen in Urea-Ammonia Liquor-37 (UAL-37) base, and cottonseed meal
at different temperatures has been measured. In addition, the effect of time
of application of the two latter to soil on the growth rate of millet (Echino-
chloa frumentacea Link) has been investigated.

MATERIALS AND METHODS

The methods of procedure which were followed in measuring the effect
of temperature on the rate of nitrate formation were the same as those
given previously (1), with the exceptions that 100 grams of Sassafras sandy
loam to which were added 5 grams of soil from a productive garden and 30
milligrams of nitrogen composed the cultures, and the entire mass of soil
in each culture was dispersed. The cultures were placed in ventilated incu-
bators which were maintained at 10° 20° 27° and 35° C. respectively.
After 30 and 60 days the nitrate nitrogen in triplicate cultures was deter-
mined. In measuring the plant growth response millet was planted in
Gloucester loam which was taken from a local area, screened, and while
moist placed in glazed jars of two-gallon capacity. The basic treatment
consisted of 6 grams of superphosphate, 16 per cent P,Oys, 0.5 gram of po-
tassium chloride, and sufficient dolomite to bring the pH value to 6.0.
Three-tenths gram of nitrogen was added to the cultures where the plans
called for its addition. The random system was followed in arranging the
cultures on the bench in the greenhouse. The cottonseed meal and UAL-3%
base were leached with distilled water to remove the soluble nitrogen there-
from. The growth period extended from February 24 to May 14, 1941. The
minimum temperature of the greenhouse was 21° and the maximum 27° C.

RESULTS

The results obtained from the studies on nitrification are represented by
Figure 1. It is apparent from these results that urea is nitrified most rapidly
of the lot of carriers employed. It was the only one from which nitrates

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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were formed in this soil at 10° C. At 20° C. urea and cottonseed meal had
approached their maximum production of nitrates after 30 days but the
UAL-37 base had not done so. The cultures to which the latter was added
did not give up the maximum amount in the chambers maintained at 2%°
and 35° C. until tested at the close of the 6o-day period. It thus appears
that the nitrification of the insoluble nitrogen in UAL-37 base is relatively
slower at each of the temperatures than is that in cottonseed meal, the dif-
ference being greatest at 20° and 27° C. It should be noted that Smith (2)
determined the rate of nitrate formation from ammonium sulphate, urea,
ground fish, and activated sludge in jars of Norfolk sandy loam when held
under different ranges of temperature. He reported urea to nitrify most
rapidly under all ranges of temperature.

TABLE I

EFFECT OF TIME OF APPLICATION OF INSOLUBLE NITROGEN ON GROWTH RATE OF MILLET.
REsULTS EXPRESSED AS DRY WEIGHT IN GRAMS

Time of application in days before seeding

Cultural
treatment®

e I w s 1 e

Cottonseed meal! 14.2,15.3,10.8 | 14.3,13.4,12.6
UAL-37 base | 15.4,12.6,13.9 | 14.5,14.8,12.3

14.2,14.4,11.9 | 16.1,15.4,17.3

14.1,15.0,15.4 l 16.9,14.7,17.0

Analysis of Variance

Degrees of Sum of Mean
freedom squares square
Effect of application date 3 28.97 9.66
Cottonseed meal, UAL-37 1 0.10 o.10
Comparison of cottonseed meal and
UAL-37—different periods 3 3.31 1.10
Error 16 31.28 1.9%
Total | 23 | 63.66 |

* Yield control, no nitrogen—3.6, 3.75, 2.65 g.

Cottonseed meal and UAL-37 base were mixed with the soil at seeding
and 17, 34, and 68 days prior to it. The yields of millet together with the
analysis of the data are given in Table I. The yields were increased slightly
by adding the materials to the soil 34 days prior to seeding and significantly
so when they were added 68 days before the millet seeds were planted.

There is no evidence of any difference between the cottonseed meal and the
UAL-37 base.
SUMMARY AND CONCLUSIONS

The rate of nitrate formation from urea, cottonseed meal, and UAL-37
base was determined after 30 and 6o days in Sassafras soil incubated at
10°, 20°, 27° and 35° C. The urea was the most active and was the only
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one which nitrified at 10° C. The UAL-37 base was the least active and
most strikingly so at 20° C.

Cottonseed meal and UAL-37 base were added to soil cultures at seed-
ing and 17, 34, and 68 days prior to the seeding of millet. The yields were
greatly augmented over the control in all cases. The addition of the ma-
terials 68 days before seeding gave a significant increase in yields over the
yields found when the materials were added at shorter intervals before
seeding.
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POTATO VARIETIES: SUGAR-FORMING CHARACTERISTICS OF
TUBERS IN COLD STORAGE, AND SUITABILITY
FOR PRODUCTION OF POTATO CHIPS

F. E. DENNY AND NOorRWOOD C. THORNTON

In the previous test (2) with tubers of the 1939 crop 11 varieties were
included, and the temperatures employed were 5° 10° and 15° C. The
experiment was continued with tubers of the 1940 crop, including in addi-
tion to the same 11 varieties 14 others; and, since the previous results had
shown that 5° was too low and 10° too high for continuous storage, if chips
of good color were to be obtained, tests at 10° were largely discontinued,
but those at 5° were included, and the interval between 5° and 10° was
divided, lots being stored at 7° and 8.2°.

Two other factors not studied in the previous experiment were brought
into the present series of tests: (a) time after harvest at which tubers were
placed in cold storage, with starting dates on October 25 and Decem-
ber 24; (b) the duration of the storage at a given temperature, four (and
in a few cases, five) storage periods being employed, these varying from
about 10, 17, or 18 days to as much as 144 days.

In addition to this main experiment, there were various side experi-
ments in which information was obtained on such factors as: the effect of
small differences in temperature (e.g. at 5°, 6°, and 7°), rate of de-sugaring
when tubers were transferred from low to high temperatures, comparison
of tubers of the same variety from different localities or grown under dif-
ferent proportions of fertilizer constituents.

Sugar analyses for both reducing sugar and sucrose, and potato chip
samples were obtained from each lot of each variety under the various con-
ditions of storage, although some of the combinations of the factors had to
be omitted because of an insufficient stock of tubers of some of the varie-
ties. In addition, data (not presented in this paper) were obtained for
many of the varieties over long periods of storage at 10° C. and at room
temperature.

In all, about 1000 analyses (for each of the two sugars) were obtained,
the data including combinations of 25 varieties, three storage tempera-
tures, four duration periods at each temperature, and two different stages
after harvest at which storage was started. The de-sugaring tests involved
removal of tubers of several varieties from cold storage at three different
intervals after storage started.

Since such a wide range of conditions was covered with so many varie-
ties, and with so many analyses, it is believed that the results give a general

Copyright, 1941, by Boyce Thompson Institute for Plant Research, Inc.
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picture of the situation, and have sufficient validity to justify the rather
detailed presentation which is attempted in this report.

MATERIALS AND METHODS

The potato (Solanum tuberosum L.) tubers were grown in the Institute
gardens and, except as mentioned in the text, were harvested August 5 to
14, 1940. The yield was low due to a prolonged period of hot weather in
July. The planting stock was obtained from a seed-supply firm, and the
variety names used in this paper are those on the labels as received from
the seedsman. The variety names are subject to some variation in the
literature. The spelling for Spaulding Rose is usually Spaulding’s Rose, and
our stock may be the same as Spaulding’s Rose 4 listed in the text by
Thompson (5). The variety Eureka may be the same as Early Eureka (see
Thompson 5, p. 370).

After harvest, the small tubers (those with side-to-side diameter less
than 1.75 inches) and those having cuts or bruises were discarded, and the
remainder was divided into samples of 15 to 16 tubers each, with an equal
distribution among them as to size of tubers. Each sample was placed in a
cheesecloth bag and was labeled, the sample from the various varieties for
each storage condition was accumulated in a burlap bag to which was at-
tached a tag showing the samples included and the dates on which removal
from storage or transfer to another storage condition was to be made.

The burlap bags containing the samples were placed in storage rooms
at the selected temperatures. The rooms were under thermostatic control
and a reading was made each day (except Sundays) to give assurance that
the proper temperature was being maintained. The storage temperatures
were not measured by air temperatures but by the temperatures shown by
a thermometer immersed in 250 cc. of water placed in a 500 cc. Erlenmeyer
flask. Tests indicated that the rate of temperature change in the liquid was
nearly the same as the change in a medium-sized potato tuber, as shown by
a thermometer inserted into a tuber subjected to the same temperature
change.

The methods used in obtaining juice, preparing the juice for the sugar
analyses, the analytical procedure, the slicing of tubers for chips, and the
details of cooking in thi preparation of chips are the same as those de-
scribed in a previous pgper (2).

PLAN OF EXPERIMENTS

Samples were placed in cold storage at two different stages after harvest
(which, as previously stated, was in the interval August 5 to 14), the first
starting period being October 25, and the second December 24, the tubers
for the last seriés remaining in burlap bags at room temperature (approx.
25° C.) from harvest until December 24. Sugar analyses were made at har-
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vest, or shortly after, at the start of each starting period, and at each inter-
val at which tubers were removed from storage. The temperatures of stor-
age were 5°C., 7°C.,and 8.2°C., these being used for the following reasons: 5°
C. because increase in sugar content of tubers was known to occur readily
at this temperature, and this permitted a study of the sugar-forming
characteristics of the various varieties; and 7° and 8.2° because it was
hoped that at one of these temperatures the reducing sugar values of some
or of all of the varieties would remain low enough to permit the production
of potato chips of good color. The particular value 8.2° was not deliberately
selected, and happens to be the temperature resulting from an approximate
thermostat setting between 8° and 8.5°; and since there was no way of
knowing whether better results would be obtained at 8° or 8.5°, the ther-
mostat setting was not disturbed. The results show that this was a favor-
able temperature for demonstrating temperature effects upon sugar con-
tent, upon potato chip color, and upon the relation of the variety of potato
to these factors.

From the lots at each temperature and each starting period samples
were removed at intervals; sugar analyses were made and chips were pre-
pared. Since it was expected that the sugar increase would be slower at the
higher temperatures, the duration of these intervals between two removal
dates varied with the temperature, being shorter for 5° and progressively
longer for 7° and 8.2°.

As is shown in the tables, samples of certain varieties were not included
in the tests at certain of the storage temperatures. This is because there
were not enough tubers of some varieties to permit that many samples. In
such cases, the available samples were spread over the range of conditions
as far as the supply would go, the placing of samples of varieties with a de-
ficient number of tubers being arranged among the varieties so as to give
representation to all of the conditions of the test. A complete set was ob-
tained for the 5° storage at both starting dates, but six to nine of the varie-
ties lacked representation at 7° and three to six of them at 8.2°.

In addition to this main experiment there were a number of side experi-
ments on various phases of the problem. The details of each of these tests
are described when the results of the experiment itself are presented.

RESULTS

The results for the main experiment are given separately for reducing
sugar and for sucrose. In each case there is a table showing the separate orig-
inal values for each of the determinations made (578 in each of Tables III
and VIII). From these master tables were prepared summary tables in
which the analyses were brought together by aggregating comparable
items, to show the general effect of temperature, duration of storage, effect
of time of starting storage, and characteristics of different varieties with
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regard to each of these factors. Figure 1 shows the values for all of the vari-
ties combined into one average value for each of the storage conditions.
The method of combining the determinations to obtain this average value
is described in the paragraph ‘‘Experimental errors."”

EXPERIMENTAL ERRORS

There were no duplicate samples for any of the individual determina-
tions in the main experiment. To have carried out the experiment in dupli-
cate would have restricted seriously the range of conditions that could have
been tested, and it seemed that the important consideration at this stage
of the problem was to cover the range as widely as possible, and thus make
sure of an orientation in the field.

TABLE 1

ANALYsIS OF VARIANCE OF THE VALUES IN TABLEs III AND VIII ForR THE 13 VARIETIES
WITH DATA FOR EACH OF THE VARIOUS STORAGE CONDITIONS
INCLUDED IN THE EXPERIMENT

. _— Deglt:ees Reducing sugai— Sucrose
urce of variation o
Sums of . Sums of .
freedom aquares Variance squares Variance
Total 311 4589.67 — 8177.84 —
Between varieties 12 653.29 54.44 | 3703.64 | 308.64
« starting dates 1 136.01 136.01 306.23 306.23
“ temperatures 2 1854.81 | 927.41 | 2102.02 | 10§1.01
4 removal dates 3 866.83 | 288.94 86.00 28.67
Starting dates X temperatures 2 60.74 30.37 5.87 2.94
“ 4  Xremoval dates 3 66.52 22.17 | 119.48 39.83
Temperatures X ¢ “ 6 450.75 75.13 123.41 20.57
Starting datesXtemperatures Xre-
moval dates (residue) 6 32.02 5.34 08.42 16.40
Varieties X temperature 24 115.68 4.82 | 436.68 18.20
%  Xstarting dates 12 41.38 3.45 | 668.35 55.70
Xremoval dates 36 148.67 4.13 | 114.09 3.17
Error 204 162.97 0.80 | 413.65 2.03

Nevertheless, although no duplicates were run, the experimental error
was obtainable by the analysis of vasjance. For this purpose not all of the
values in Tables III and VIII were available, due to the necessity of omis-
sions of samples for which there was an insufficient supply of tubers.

However, there wege 13 of the varieties for which measurements cover-
ing all of the experimental conditions were available. These were: Chip-
pewa, Russet Rural, Heavyweight, Carman No. 3, Rural New Yorker,
Number Nine, Irish Colibler, Early Rose, Katahdin, Eureka, Green Moun-
tain, Delaware, and Spaulding Rose. Data for these for both reducing sugar
and sucrose permitted setting up two 13X 24 tables which gave the values
shown in Table I. It is seen that the error variance for reducing sugar was
0.80, and for sucrose was 2.03. These values were used to test the signifi-
cance of differences between totals for comparable items in various portions
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of the tables, as will be described when the data in the tables are discussed
in later paragraphs.

Although duplicate determinations were not made in the main experi-
ment, a side test of the variation among samples was carried out by remov-
ing quadruplicate samples of some of the varieties at some of the storage
conditions, and making the sugar determinations in the usual way. The
results are shown in Table II and the variances found were 0.76 for reduc-
ing sugar and 1.83 for sucrose, in good agreement with the values found in
the main experiment.

TABLE 11
SAMPLING AND ANALYTICAL ERROR As SHOWN BY ANALYSES OF QUADRUPLICATE SAMPLES
Sums of squares of
Values obtained on quadruplicate samples, deviations from the
milligrams per cc. of juice mean of each
Variety |[Temp. quadruplicate
Reducing sugar Sucrose Riﬂ;g:ng Sucrose
Irish §° |15.0 {13.7 |12.9 {13.9 | 9.2 | 7.9 | 8.2 | 7.1 2.28 2.26
Cobbler 7° 4.1 | 4.0 3.8 5.3|3.1|2.6]|2.8]2.5 1.38 0.21
Russet 5° 7.3/ 6.515.3/4.5/4.3/3.7|4.2|4.8 4.64 0.61
Rural 7° 00/0.0/0.6 0.9 |1.9 1.6 1.8]1.4 I.11 o.15
1
Chippewa | 7° 4.1 { 4.1 I 4.7 | 2.6 |27.5 ’30.4 23.0 (27.6 2.41 28.11
Carman
No. 3 7° 1.7/2.7{0.9 2.4|1.8|2.0|1.0]2.8 1.93 1.64
Pooled sum of squares 13.75 32.98
Degrees of freedom=3X6=| 18 18
Variance = 0.76 1.83

The analyses that formed the basis for Table I included only those from
the 13 varieties that were held in all of the storage conditions. A basis for
including the data for all of the varieties, even though simultaneous analy-
ses of each from all of the conditions of the experiment were not available,
was found in the following procedure. The weighted average of all of the
measurements at 5° for all of the varieties for both starting dates was pre-
pared by multiplying the average value between two removal dates by the
number of days between the removal dates. The sum of these products
divided by the sum of the days for the intervals gave a weighted value for
that variety at 5° over that period of storage. For example, the procedure
for the variety Neverblight in line 1 of Table III is as follows:

(0.0':-5-4 )(32_ 18)+ (27_'1;5_';") (50—32)+ (1'9—-:—6—'1) (93— 59)

(32—18)+(59—32)+(93—59)

=35.1
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When the values for the two starting dates were found, and these also com-
bined so as to give a weighted mean, the final value was the average for that
variety for storage at §°, and represented the capacity of that variety to
form reducing sugar during storage at 5°. This process was repeated for
each of the 25 varieties.

Then a new table (not shown in this report) similar to Table III was
prepared, in which each value in the table was expressed as a percentage of
the weighted mean for that variety. Each column (corresponding to the
columns in Table III) then consisted of a series of percentages. These col-
umns had average values; the separate items in a column had deviations
from this average; from these the squares of the deviations and the sums of
the squares of the deviations were formed; and from these by pooling both
the sums of squares and the (rn— 1) values, an average standard deviation
was obtained. The same procedure was carried out for the sucrose values.
The standard deviation for the reducing sugar obtained in this way was
15.09 per cent and for sucrose it was 18.39 per cent. These are expressed
as percentages of the average value at 5° and to change these percentage
values into milligrams of sugar per cc. of juice, for comparison with the
error variance values in Table I, they were multiplied by the average sugar
value at 5° for the 13 varietics represented in Table I. The average values
at §° were 6.61 mg. of reducing sugar and 10.71 mg. for sucrose. These
values multiplied by o.1509 and o0.1839 give 1.00 mg. and 1.97 mg. as
standard deviations respectively for reducing sugar and sucrose. The
square of each value gives the variance in each case and is 1.00 for reducing
sugar and 3.88 for sucrose.

These error values are somewhat larger than those computed by the
two other methods, but they are sufficiently similar to give confidence that
this procedure for combining the observations on the different varieties
under the various storage conditions is permissible, and gives a dependable
composite value. For this reason the average values obtained by pooling
all of the variety percentages for the various temperatures and starting
dates were used in preparing the curves in Figure 1.

DATA FOR REDUCING SUGAR

The analyses for reducing sugar are shown in Table III. One item, the
one for Early Rose at 8.2° under the column heading 144, is enclosed in
parentheses. The flask holding the liquid for this sugar determination was
broken accidentally and the true value could not be obtained. The value in
parentheses is an estimated value and was inserted to facilitate the compu-
tations. It is seen that a considerable error in the estimate of this value
could have been made without causing any important change in the values
which would be obtained in the various estimates.

The values o.0 in the table mean that the analysis value was less than
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o.1 mg. but this does not mean that such juices had no sugar. In many
cases, it is known that the samples so listed had traces of sugar, as shown
by a trace of cuprous oxide on the asbestos mat in the sugar determina-
tion. To have obtained a measure in such cases would have required that
the amount of juice taken for a sample be increased or some other sugar-
method be used, but in any event, the amount would have been very low,
and would have been of no significance in connection with the objects of
these experiments.
Effect of Temperature

The over-all effect of temperature on the reducing sugar in the juice is
shown in Table IV which was prepared by aggregating the comparable

TABLE 1V
REDUCING SUGAR: SuMs AT DIFFERENT STORAGE TEMPERATURES

No. of Sums of reducing sugar values
0. 0 Starti for all four removal dates No. of Diff
. varieties tarting at each temperature items iff. req.
simultaneously dates summed for sign.
represented 5° 7° 8.2°
Oct. 25 408 .4 142.8 §7.2 52 18.2
13 Dec. 24 279.0 84.7 38.7 52 18.2
687.4 227.5§ 95.9 104 25.8
Oct. 23 431.6 147.5 — 56 18.9
14 Dec. 24 204.7 88.7 — 56 18.9
726.3 236.2 —_ 112 26.8
19 Oct. 23 ’ 619.9 l 216.0 —_ l 76 | 22.1
16 Dec. 24 I 328.7 i 92.8 —_ 64 l 20.2
19 ' Oct. 23 l 668.7 ’ — ’ 110.2 76 l 22.1
22 I Dec. 24 I 579.0 l — I 111.3 I 88 ' 23.7

items in Table IIl. Only analyses representing simultaneous determina-
tions in strictly comparable groups were summed. For example, in Table
I1I there were 13 varieties that had complete data for 5°, 7°, and 8.2° at
both starting period¥ there were 14 varieties (including the 13 just men-
tioned and one other) that.had complete data for 5° and 7° at both starting
periods; there were 19 varieties for 5° and 7° for the October 25 series, etc.
As is shown by the table headings in Table IV, the values in columns 3, 4,
and § are the summed values for all four removal dates at each tempera-
ture, and for all of the varieties sampled simultaneously, with the number
of varieties involved bejng indicated in column 1.

The values in columns 3, 4, and 5, Table IV, show the large effect of
small differences in storage temperature upon the reducing sugar content,
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causing, for example (see line 1), a decrease from 408.4 at 5° to 142.8 at 7°,
and then a further decrease to 57.2 at 8.2°. The other items in Table IV are
in general agreement with this difference. Considered as a whole, the data
show that the reducing sugar values at 7° are about 35 per cent and at 8.2°
about 16 per cent of those at 5°. It is true that these computations are not
made at exactly the same number of days after the start of storage, but if
the reader will turn to Figure 1 and interpolate on the curves for 5°, 7°, and
8.2° to get the values for the 7° and 8.2° curves at the points correspond-
ing to the final value for 35°, i.e. after the same number of days from the
start of storage, the ratios of the values at these points will be found to be
about the same as those indicated above.

By comparing the values for the two different starting periods, it is seen
that the general temperature effect has been about the same whether the
storage started October 25 or December 24, but this statement must be
read carefully, because in a table to follow it is shown that the rate of in-
crease of reducing sugar at a given temperature is markedly influenced by
the starting date.

The data in columns 6 and 7, Table IV, are included to assist the reader
in deciding whether the differences shown are sufficiently large to be signif-
icant. The figure 52 in column 6, line 1, in the body of the table, is the
number of items summed to give the values 408.4, 142.8, and 57.2, i.e.
there were analyses for 13 varieties at each of four removal dates. The

value 18.2 is computed from this expression: V.80 X 52X2X2=18.2 (3,
page 49), in which the value o.80 is the variance of each determination of
reducing sugar (see Table I), 52 equals the number of items included in
each sum, the 2 under the square root sign is the multiplier for the differ-
ence between two sums, and the final 2 is the multiplier to furnish odds of
19 to 1 (probability =o0.05), when the degrees of freedom are in excess of
about 30, and which in our case are 204 (see Table I).

The differences in each comparison are well over the requirement (e.g.
84.7—38.7=46.0, to take the smallest difference). Perhaps, in this table,
the right-hand columns are hardly necessary, but the same value called
“Diff. req.” in this table will be found in other tables in which its use may
be required to furnish an estimate of significance, and the computation
given above will serve to show how the value was established for each case
in which it appears in a table.

Influence of Starting Date on the Rate of Reducing Sugar Increase

When tubers which are low in reducing sugar, either because they have
been harvested recently, or because they have been exposed to high tem-
peratures (10° C. or higher) for a sufficiently long period, are placed at low
temperatures, such as 5° and 7° and to a less marked extent at 8.2° the re-
ducing sugar increases. Table V has been prepared from the data in Table
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III by summing comparable values, to show the rate of this increase, and
how it is influenced by the temperature, and especially by the time after
harvest at which the storage was started.

The values in Table V were assembled in the following way: e.g. there
were 13 varieties in Table III which furnished analyses for all three tem-

TABLE V

REDUCING SUGAR: EFFECT OF STARTING DATE UPON THE SUMS AT DIFFERENT
INTERVALS DURING STORAGE

Sums of reducing sugar
No. of values for all of the
) v:-i.rieties | Stgrting Temp varieties li\igl.nosf Dlt}'b:eq.
simultaneously ate : s :
represented Removal stage summed | sign.
1st 2nd 3rd 4th
5° 14.9 | 105.8 | 149.1 | 138.6 13 9.1
7° 4.1 | 34.8) 50.4 | 44.5 13 9.1
Oct. 25 8.2° 3.3 | 15.7| 20.8| 17.4 13 9.1
22.3 | 156.3 | 229.3 | 200.5 39 15.8
13 -
5° 16.2 | 66.3 | 95.6 | 100.9 13 9.1
7° 4.0 18.0 | 25.2| 37.5 13 9.1
Dec. 24 8.2° 0.7 4.1 9.8 | 24.1 13 9.1
- 20.9 88.4 | 130.6 | 162.5 30 15.8
5° 28.3 | 162.1 | 220.2 | 209.3 19 I1.0
19 Oct. 25 7° 5.5 | 55-4| 90.7| 64.4 19 1.0
33.8 | 217.5 | 3.0.9 | 273.7 38 15.6
5° 18.3 | 79.8 | 112.0 | 118.6 16 10.1
16 Dec. 24 7° 4.0 18.1 29.0 | 41.7 16 10.1
22.3 97.9 | 141.0 | 160.3 32 14.3
Oct. 23 5° ' 49.8 ’ 234.4 | 307.2 ‘ 288.8 25 i 12.7
25 |
Dec. 24 5° ' 44.3 ! 151.0 | 211.0 | 222.4 25 | 12.7
19 Oct. 25 8.2° l 8.6 ' 27.4 ' 36.3 | 37.9 | 19 l 11.0
22 Dec. 24 8.2° , 6.6 | 17.8 ‘ 27.2 I 50.7 22 [ 11.9

peratures, 5°, 7°, and 8.2° and for both starting dates, October 25 and
December 24. The first removal stage was at 18 days at 5°, and the sum of
the reducing sugar values for these 13 varieties, at the 18-day stage at s°
for the October 25 starting date, was 14.9. There were 19 varieties with
data for both 5° and 7° at the October 25 starting date, and the reducing
sugar sum for these 19 at 5° in the October 25 series was 28.3.

Perhaps the most interesting fact in Table V is the difference shown by
the two starting dates in the behavior of the reducing sugar on storage at
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low temperatures. The values for the October 25 starting date (lines 1, 9,
and 15) rise rapidly to a maximum value at the third removal stage, 59
days, and then show decreasing values at the fourth removal, 93 days. The
values for the December 24 starting date (lines 5, 12, and 16), however, rise
much more slowly and continue to rise even to the last removal date, 94
days. The final values (for 93 and g4 days) also are lower for the December
24 starting date, 138.6 and 100.9. There is a similar situation for the 7°
items (see lines 2 and 6 in Table V), except that the final value for Decem-
ber 24, i.e. 37.5, is not significantly lower than that for October 23, i.e. 44.5,
the difference being 7.0 and not reaching the required difference for the
sums of 13 items, i.e. g.1 (see right-hand column).

When the sums for all three temperatures at October 25 and December
24 are considered, the final value for October 23, i.e. 200.3, is significantly
higher than that for December 24, i.e. 162.5, because the difference 38.0 is
greater than 15.8 which is the minimum required difference between sums
of 39 items. Furthermore, the October 25 values show a drop from the third
to the fourth removal stage, 229.3 —200.5=28.8, and the December 24
values show a rise between the same intervals, 162.5—130.6=31.9, both
values being greater than 15.8.

The values for the storage at 7° in the October 25 series also show a de-
crease from a maximum at the third removal interval to a lower value for
the fourth (see lines 2 and 10, Table V); and likewise the December 24 se-
ries at 7° shows a rice continuously and even between the third and fourth
intervals.

The entries for 8.2° storage do not show a significant decrease from the
third to the fourth interval for the October 235 series, and the December 24
series shows a gain, and a very large one, between the last two intervals.
This may be due to the onset of rapid sprouting which occurred at about
that time.

In addition to emphasizing a fact already brought out in a previous sec-
tion, that there are large differences between the sums for 5° 7°, and 8.2°,
Table V also furnishes additional information on the point. It shows the
length of the storage period required for this difference to become apparent.
The required difference between 5°and 7° was reached at the first removal
stage (17 to 18 days), e.g. 14.9—4.1; 16.2 —4.0; etc., all such differences be-
ing larger than the minimum difference listed in column g¢. The required
difference between 7° and 8.2° was reached at the second removal interval.

Graphical Representation of the Temperature and Starting-Date Effects

After having examined the summed values in TablesIV and V and hav-
ing noted the significance of the differences between comparable sets of
data, it is profitable then to examine Figure 1. The graphs for reducing
sugar are shown in the top half of the figure. These curves represent the
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combined data for all of the varieties under all of the conditions tested.
Note, again, as was mentioned in the discussion of the tables, the large dif-
ferences between the reducing sugar values at the three temperatures; the
temporary maxima in the 5° and 7° curves at the third removal interval
with a lowering of the reducing sugar values at the fourth interval in the
curve for the October 25 series, but not for the December 24 series, the
curves for this starting date showing a progressive rise from the start to the
end of the test at these temperatures.

An estimate of the dependability of the plotted points for reducing
sugar in Figure 1 can be made in the following way. As shown in a para-
graph in the sub-heading ‘‘Experimental errors,” the standard deviation
of a single determination was 15.09 (expressed as per cent of the average
value at 5°). There were 16 to 25 entries for each point for each storage
duration of 17 days or more, and, therefore, the standard error of the aver-
age of these values (but not including the 10-day items) will be in the range
from 15.09+1/25 to 15.09-++/16, or from 3.0 to 3.8 units of the plotting
scale at the left edge of Figure 1.

Characteristics of the Various Varieties

For convenience in comparing the varieties in regard to the reducing
sugar values after storage at different temperatures, Table VI was prepared
by summing the analyses for all four removal dates at each temperature
and for each starting date. For example, the value 16.1 in column 2, line 1
in Table VI was obtained by adding the values o.0, 5.4, 6.7, and 4.0 in
Table III, columns 4, s, 6, 7, line 1, and the value 12.2 is the sum of 1.0,
3.7, 3.7, 3.8, in Table III, columns 17, 18, 19, 20, line 1. These two values,
16.1 and 12.2, represent the capacity of this variety to accumulate reducing
sugar at 5°. It was the sum of the values in these columns in Table VI which
established the order of varieties in Tables III, VI, VIII, and XI. But, al-
though this establishes a basis for the arrangement of the varieties, it does
not mean that each variety in the list forms sugar less readily than the
variety just below it, or that the sugaring capacity of a variety is greater
than the one just preceding it in the list. The error variance previously re-
ferred to (Table I) will help to determine the limits beyond which the dif-
ferences with respect to these values may be regarded as significant.

Since each one of the items in Table VI is made up by summing four
values, the difference required between entries in the table is given by the
value of the expression 1/0.80X 4 X2 X2, which equals 5.1. If comparable
pairs were added such as 16.1412.2, then eight items enter into the sum
and the value 8 would replace 4 in the above expression and the required
difference between sums of two comparable pairs would be 7.2 (see bottom
of Table VI).
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The varieties in Table VI form a series, with each member differing
from the adjoining variety by only a small amount, and, only in the case of
one pair (Blue Mercer and Warba, column 3) by as much as the required
difference of s5.1. If a variety is selected it will be noted that usually only
at a considerable distance in the series will a value be found that differs
from that of the variety selected by 5.1. Nevertheless, it is possible to divide
the series roughly into groups.

TABLE VI
REDUCING SUGAR: SuMs FOR ‘DIFFERENT VARIETIES
. Sums of reducing sugar values for all
Variety | four rer%loval dates
Temperatures— 5° 7° 8.2°
Starting dates— Oct. 25 | Dec. 24 | Oct. 25 | Dec. 24 | Oct. 25 | Dec. 24
Neverblight 16.1 12.2 — 0.9 0.0 —
Chippewa 17.1 12.4 8.9 6.0 3.0 2.3
Russet Rural 20.§ 12.3 4.6 0.5 0.9 0.0
Heavyweight 22.1 14.5 7.3 4.3 0.0 0.0
Carman No. 3 22.1 16.5 4.0 2.9 0.0 0.3
Blue Victor 23.2 15.7 4.7 4.0 — —_
White Rural 25.1 14.2 7.6 — — 0.0
Rural New Yorker 24.7 16.6 7.4 3-4 0.3 0.0
Number Nine 24.0 18.9 4.9 2.5 0.0 0.0
Sir Walter Raleigh 32.3 16.3 7.2 — — 0.0
Irish Cobbler 33.5 19.1 11.0 0.2 2.6 0.0
Early Rose 31.0 22.0 8.2 6.6 2.7 1.6
Early Six Weeks 34.3 21.8 — 3.2 0.0 —
Katahdin 30.5 26.6 14.2 8.8 3.3 3.1
Early Ohio 40.0 27.2 14.8 —_ — 1.3
Eureka 43.7 24.9 15.7 7.2 8.4 3.7
Russet Burbank 40.8 28.1 12.3 —_ — 2.5
Green Mountain 42.5 28.8 17.2 13.5 9.9 10.8
Delaware 44.9 30.8 16.9 15.2 12.2 10.0
Bliss Triumph 46.2 31.0 — — 18.4 17.0
Pride of Multnomah 54.8 30.9 — — 7.9 5.7
Spaulding Rose 51.8 35.6 22.5 13.6 13.9 6.9
Blue Mercer 54.7 37.0 - — 9.7 10.9
Warba 50.1 55.4 26.6 — — 19.7
Axtell's Bugless 54.2 59.9 —_ — 17.0 15.5

Differences required:
Between aﬁg: two items (each representing the total for 4 analyses in Table III)—s.1;
between the sums of two comparable items (these values representing the total for 8
analyses in each comparable series) —7.2; between the sums of three comparable items
(12 analyses in each series) —8.8.

Examining first the data for 5° in columns 2 and 3, it is seen that the
first nine varieties are considerably lower than the others, especially for the
October 25 starting date. By comparing this list of varieties from Never-
blight to Number Nine inclusive with the table in the text by Thompson
(s, p. 370—371) in which various varieties have been classified into groups
on the basis of shape and color of tubers, sprouts, and flowers, it is found
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that all of these except Chippewa and Blue Victor belong to the Rural
group. (White Rural is not listed by Thompson, but we are assuming that
it belongs to the Rural group.) Thus, the chemical data obtained from
sugar analyses of tubers stored at different temperatures line up with the
external characteristics which formed the basis of the original classification
by Stuart (4).

One of the varieties in the Rural group as given by Thompson, i.e. Sir
Walter Raleigh, shows sugar values higher than the other varieties in the
Rural group in the data for the October 25 starting date. For the December
24 date and for both starting dates at 7° and 8.2°, Sir Walter Raleigh lines
up with the other varieties in the Rural group, leaving in doubt the ques-
tion whether there is a real difference between any of the varieties in the
Rural group in the response to storage temperature.

In the list from Irish Cobbler downward to Katahdin and possibly in-
cluding Early Ohio are a number of varieties intermediate with regard to
reducing sugar values, ranging over into the Rural group at the top and
into the remaining varieties below them. There are insufficient data for
Early Six Weeks and Early Ohio to place them more accurately in the series.

From Eureka downward in Table VI all of the varieties (except possi-
bly Russet Burbank), at all temperatures, and for both starting dates, are
high in reducing sugar. These varieties are Green Mountain, Delaware,
Bliss Triumph, Pride of Multnomah (except at 8.2°), Spaulding Rose, Blue
Mercer, Warba, and Axtell’'s Bugless.

Chippewa, although it has sugar values as low as any in the Rural group
at 5° storage, is differentiated from the Rural group by its response during
storage at 7° and 8.2°, being distinctly higher over that range than any of
those in the Rural group.

Irish Cobbler, although having more sugar at 5° in the October 23 series
than members of the Rural group, compares favorably with them at other
portions of the table. This variety gave results quite different for the two
starting dates. When start of storage was delayed until December 24, re-
ducing sugar values were much lower, and at 7° and 8.2° remained at values
comparable to those of the Rural group.

Blue Victor, listed by Thompson in the Peerless group, showed sugar
characteristics similar to varieties in the Rural group, but no supply of
tubers of other varieties in the Peerless group was available, at the time, to
test further the question of similarities between the Rural and Peerless
groups.

There are some other comparisons of varieties within groups that may
be made with the results in Table VI. The list given by Thompson (5)
shows Green Mountain and Delaware in the same group, the Green Moun-
tain group. The data in Table VI show a remarkably good agreement be-
tween these two, at all temperatures, and both starting dates.
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Early Rose and Spaulding Rose are listed as being in the same group,
the Rose group, but are placed in two different sections of the group, Early
Rose in Section 1 and Spaulding Rose in Section 2. A corresponding differ-
ence is found in Table VI for these two varieties, Early Rose having signif-
icantly lower amounts of reducing sugar.

Another comparison is between Irish Cobbler and Eureka. If our Eu-
reka is the same as the Early Eureka in the Thompson table, these two
are in the same group. The data in Table VI, however, indicate a difference
between them. When the data are summed separately for 5°, 7°, and 8.2°,
the differences are respectively 16.0, 11.7, and 9.5, all exceeding the re-
quired difference 7.2, and when the data are summed for all three tempera-
tures and both starting dates the difference is 37.2, a value much higher
than the required difference 8.8. Possibly upon further study of these two
varieties a division into sections could be made in the Cobbler group, as
was done with the Rose group.

Other pairs within groups are Russet Burbank and Pride of Multno-
mah; Early Six Weeks and Early Ohio; Bliss Triumph and Warba. The
first two appear in Thompson'’s list in two different sections in the group,
and our analyses are in accord with that separation. As for the other two
pairs, our data are too incomplete for a satisfactory decision. It may be
that Early Six Weeks and Early Ohio are significantly different. Any differ-
encé between Bliss Triumph and Warba, by the analyses available, de-
pends upon the fact that the Warba value for December 24 at 5° (i.e. 55.4)
was greater than the corresponding value for October 25 (i.e. 50.1) and since
in the entire list only this variety and Axtell’s Bugless showed greater re-
ducing sugar values for the December 24 starting date than for that of
October 235, it seems that further tests would be needed for a decision as to
any dissimilarities between Bliss Triumph and Warba with regard to re-
ducing sugar values under different storage conditions.

Varietal Response in Different Years

In the 1939—40 series of experiments (2), 11 varieties were included
and the reducing sugar values after 62 days at 5° with a starting date of
December 1 are given on page 300 of the article. These same 11 varieties
were included in the 1940—41 experiment, and it seemed of interest to at-
tempt to compare the values for the same varieties in the two tests in dif-
ferent years. :

There was no series starting on December 1 in the 1940-41 experiments,
but there were series starting October 25 and December 24. By getting the
sums of these 11 varieties at each removal interval for each starting date
from the values in Table III and plotting them, it was found that an inter-
polation for December 1 could be made and that the removal dates of 59
days for the October 25 series and 55 days for the December 24 series occurred
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at places on the curves at which the curves had flattened out to nearly
straight lines. The 194041 values for each of the 11 varieties at a Decem-
ber 1 starting date and a 62-day removal from 5° were then approximated
by straight line interpolation. The reducing sugar values for the 11 varieties
for the experiments in the different years are shown in Table VII. Since
the values are paired, the differences can be tested by Student’s method

TABLE VII

COMPARISON OF RESULTS WITH THE SAME VARIETIES IN
EXPERIMENTS IN TwWo DIFFERENT YEARSs

Reducing sugar values, mg. per cc. of juice

s . 1940—41 experiment.
Variety 1939—40 experiment, By interpolation to get the
62 days at 5° starting value for 62 days at 5°
on Dec. 1 starting on Dec. 1
Russet Rural 4.1 5.8
Chippewa 6.6 4.5
Carman No. 3 7.3 6.8
Irish Cobbler 8.3 9.2
Early Ohio 9.6 12.0
Katahdin 9.8 10.6
Russet Burbank 11.1 11.6
Blue Victor 13.0 7.2*
Green Mountain 13.5 12.7
Spaulding Rose 13.7 14.2
Bliss Triumph 20.4 12.7

* The corresponding value for Blue Mercer under these conditions at this date was 13.3.

(3, p. 20). The mean difference is 1.01 and the standard deviation of the
mean difference between the 11 entrics is 1.00, which indicates no significant
difference in the series as a whole.

That the behavior of these 11 varieties has been similar in the two dif-
ferent years is also shown by use of the method of “Correlation from
Ranks,”” using a formula originally developed by Pearson, and the use of
which has recently been illustrated by Crist (1). If the rank of the 11 vari-
ties in 1939 was 1, 2, 3, ctc. as shown in column 2 in Table VII, the rank of
these same varieties taken in the same order in 1940 was: 2, 1, 3, 5, 8, 6, 7, 4,
9, 11, 9. The repetition of g and omission of 10 is in accordance with Crist’s
scheme, and is due to the tie in column 3 between Green Mountain and
Bliss Triumph. The deviations between ranks of the varieties are, therefore,
(1-2), (2-1), (3-3), etc. and the sum of the squares of these deviations is 33.
The rank correlation is computed as follows:
6Z(d)* ©)@33) _ _ 198

=1——=0.850
11(112—1) 1320 5

Corr.=1-— i —1) =

The probable error of this rank correlation coefficient was computed by the
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formula given in the same paper by Crist, and was found to be +o.079.
Consequently, the correlation in the rank of the varieties in the two years
is highly significant.

The varieties that do not show values agreeing satisfactorily in the two
years are Blue Victor and Bliss Triumph. Now in 1940—41, data were ob-
tained not only for Blue Victor but also for the variety Blue Mercer, and
the value for Blue Mercer, after interpolation for a December 1 starting
date and a 62-day period at 5°, was 13.3, which agrees well with the 1939—
40 value given for Blue Victor. The tubers of these two varieties are very
similar and unusual for potato tubers, being coarsely blotched with blue
and yellow. It is possible, therefore, that the 1939—40 lot was mislabeled
Blue Victor, and was in fact Blue Mercer. A planting of these two varieties
has been made for the 1941—42 tests.

Bliss Triumph, although showing higher values in 1939—40 than in
1940—41, in another respect was similar in both years, being relatively high
in each. It is to be included in future experiments to determine whether
there is a difference in the response of tubers of this variety in crops of dif-
ferent years.

Potato Chips

A sample of potato chips was prepared for each of the lots listed in
Tables III and VIII. The results of the present tests were in agreement
with those of the previous year (2) in showing that the reducing sugar value
could be taken as a satisfactory indication of potato chip color. This year,
again, the value 5.0 mg. of reducing sugar per cc. of juice was found to be a
good dividing line; lots showing values greater than this gave chips too
brown in color, grading upward from this, with increasing shades of dark-
ness, until at values of 10.0 or more the chips became unsightly. Even at
5.0 the color was at the higher limit, and in the range 3.0 to 5.0 the color
would not be good according to the standard set by many, if not most, of
the potato chip manufacturers and distributors. Lots showing reducing
sugar values of 3.0 or lower, however, gave chips very light brown or tan in
color, ranging down to nearly white.

The relation of chip color to the various factors studjgd in this test, such
as varieties, time of starting storage, temperature, and ‘the duration of the
storage, can best be studied by merely examining the entries in Table III,
and looking in the various columns and lines for reducing sugar entries
below 5.0, and especxally for those below 3.0.

Thus, at 5°, and for the October 235 starting date, seven of the varieties
failed to furnish good chips after only 18 days of storage, and all of the
varieties had passed the 5.0 limit by 32 days; the late starting date (Dec.
24), however, retarded tke rate of reducing sugar increase to such an extent
that only one variety had passed the limit by the 17th day of storage, and
many varieties gave chips of fair color after 31 days at 5°.
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Quite a different situation is encountered when the values in the col-
umns headed 7° are examined. With storage starting on October 25, the
chips for all varieties from the top of the table downward to Eureka (and
Russet Burbank from the varieties below Eureka in the list) gave chips
with either good or fair color for the entire sampling period of 131 days. By
delaying the start of storage until December 24 (see columns 21-24 in
Table III), a still further improvement was obtained so that at 7° such
varieties as Eureka, Katahdin, and Spaulding Rose were brought to values
below the limit.

When the analyses for the 8.2° storage are examined it is found that
only Axtell’'s Bugless, Warba, Bliss Triumph, and possibly (or probably)
Green Mountain developed reducing sugar beyond the upper limit, and so
were unsuitable for production of chips of good color.

For each temperature and each starting date the length of the storage
period is also a factor, and shorter periods may be satisfactory for a variety
which during longer periods accumulates too much sugar. However, it is
seen from Table III that, in general, an interval of about 40 to 6o days is
sufficient to permit the variety to reach a sugar value which is approaching
the equilibrium at that temperature, a fact which is also shown for the
varieties in general in Table V (comparing the entries under the third re-
moval date with entries for the second and fourth).

The discussion of the factors for potato chip color in the four preceding
paragraphs has been mainly on the basis of a limit of 5.0 mg. per cc. of
juice. If the problem is now re-examined on the basis of a 3.0 mg. limit,
which would be a limit for a high standard as to color, it is seen that in the
October 25 series many varieties failed to meet the requirement at 7°, and
even some varieties of the Rural group which tend to maintain low
amounts of reducing sugar, showed values above the 3.0 mark at the 68-
day removal period. Early Rose also could be placed in this group at that
temperature and that starting date.

In the December 24 series, however, the values at 7° are brought down
to much lower levels, and reducing sugar concentrations below 3.0 were
maintained during the entire experimental period of 108 days by all of the
varieties in the list from Neverblight to Early Six Weeks, inclusive.
Eureka, Green Mountain, and Katahdin are within the limit up to and
including the 49-day removal date.

A still further reduction in the concentration of reducmg sugar was ob-
tained by storage at 8.2° but even at this temperature some of the varieties
failed to maintain a sufficiently low reducing sugar value, and so furnished
chips of poor color. Among them are Axtell’s Bugless, Warba, Bliss Tri-
umph, Delaware, Green Mountain, and Spaulding Rose, although the last-
named may have been below the limit when the starting date was Decem-
ber 24.
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Other factors to be considered in connection with the requirements for
potato chips are: sprouting at the different temperatures and with differ-
ent starting dates, shrinkage, ease of slicing, etc. There was no sprouting at
5° at any removal period, some sprouting at 7° at the last removal period,
and at this stage there was considerable sprouting at 8.2°. But in no case in
this report were the tubers sprouting beyond the limit for producing potato
chips, and slices for frying were made without difficulty. At the last re-
moval date at 8.2°, the tubers of some of the varieties, especially Chippewa,
were soft, but they could not be regarded as unsuitable at that time. It is
believed, however, that 8.2° represents the upper limit of storage tempera-
ture for many of these varicties. From the standpoint of commercial pro-
duction of potato chips, an important consideration is the amount of dry
weight shrinkage. Our data do not cover this phase of the problem.

No apparatus was available for a mechanical measurement of chip color
and the color ratings were made merely on the basis of individual judg-
ment. The limits as to color were those based on the examination of potato
chip samples collected from retail stores, and upon suggestions made by a
number of persons engaged in the commercial production of potato chips.
Furthermore, at a meeting of an association of potato chip manufacturers,
some samples of various lots obtained as a result of these tests were exhib-
ited, and in the ensuing discussion it appeared that the limits we had set
corresponded quite well with the opinions expressed by many of those pres-
ent. Perhaps their standard was more restricted, since samples near our
upper limit were regarded by them as distinctly too dark. Another difh-
culty in rating the color is due to variation in the color of chips from differ-
ent tubers in the same lot. Occasionally there are a few chips in a set of 32
chips from 16 tubers that are considerably darker than the others. This
is probably accounted for by the variation in reducing sugar among the
tubers. Out of a sample of 100 tubers about 67 will have a reducing sugar
value between the values mean + 1.0 times the standard deviation (S.D.)
of a single tuber. Of the other 33, one-half of the number or, let us say,
17 will have a value higher than mean plus 1.0XS.D. (and the others will
be below the value mean minus 1.0XS.D.). In a sample of 16 tubers,
0.16 X 17 = 2.7 tubers, say 2 or 3 tubers, will have values higher than mean
plus 1.0XS.D. If the variance of the reducing sugar of a sample of 16

tubers is 0.80 mg., the S.D. is \/;§;=o,9 mg., and the S.D. of a single

tuber is \/16Xo.9=3.6 mg. Thus, if the mean is 3.0 mg., 2 or 3 tubersina
sample of 16 tubers may show reducing sugar values higher than 6.6 mg.
per cc. This would give a distinctly darker color to chips from such tubers
as compared with chips from tubers with the average values of reducing
sugar. But while we are showing how these chips from tubers with sugar
values much higher than the average can be obtained in a given sample,
we must not neglect the fact that about two-thirds of all of the tubers will
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TABLE VIII
Sucrose VALUES SHOWING RESPONSE OF TUBERs OF POTATO VARIETIES TO CONDITIONS OF STORAGE
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have sugar values within the limits, mean +1.0XS.D. and these two-
thirds will have a preponderance of effect in establishing the tint of the
combined chips from all of the tubers from a given lot brought together
into a single package.

DATA FOR SUCROSE

Although, as stated in previous reports (2, 6) and confirmed by the
present tests, the sucrose content is not a factor in the color of potato chips,
analyses for sucrose were made, and for each sample reported upon in Table
I11I there is a sucrose value to correspond to it in Table VIII. The varieties
in the sucrose table are listed in the same order as that given for the reduc-
ing sugar table, and it is seen, at once, that the order of varieties for in-
creasing amounts of reducing sugar is not at all the order of these same
varieties for sucrose. The differences among the varieties with respect to
sucrose will be referred to in a later paragraph.

Effect of Temperature

A summary of the temperature effect by adding the sucrose values for
various varieties with strictly comparable analytical values is shown in
“Table IX. The values in columns 3, 4, and 5 show that increasing the tem-

. TABLE IX

SUCROSE: SUMS AT DIFFERENT STORAGE TEMPERATURES
No. of Sums of sucrose values for all
varieties Starting four removal dates at each No. of Diff. req.
simultaneously dates temperature S;;i::‘: d for sign.
represented 5° 7° 8.2°

Oct. 23 496.0 303.2 185.9 52 29.1

13 Dec. 24 617.4 404.3 272.5 52 29.1

1113.4 707.5 458.4 104 41.1

Oct. 25 518.4 320.3 — 56 30.2

14 Dec. 24 657.2 428.5 — 56 30.2

1175.6 748.8 —_ 112 42.6

19 Oct. 25 678.3 459.8 — 76 35.1

16 Dec. 24 726.2 472.1 — 64 32.2

19 i Oct. 25 774.0 — 283.5 76 35.1

22 Dec. 24 984.0 —_ 447.4 88 37.8

perature by 2 degrees, i.e. from 5° to 7°, decreased the sucrose values so
that the 7° values are about 60 to 70 per cent of those at 5°; and that in-
creasing the temperature to 8.2° brought about a still further reduction to
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values at 8.2° about 40 per cent of those at 5°. The differences between %°
and 8.2° are also definite, the values at 8.2° being about 65 per cent of
those at 7°. These percentage changes in sucrose over this temperature
range are not as great as the percentage changes in reducing sugar in the
same temperature range.

Changes at Intervals during Storage at 5°

Rapidity of change. Upon being transferred from room temperature to
5° the response to increase in sucrose was more rapid than that of increase
in reducing sugar. This is shown readily merely by inspection of the
analyses in columns 3 and 4, 16 and 17, in Tables III and VIII. Even by
the first removal date, 17 to 18 days after start of storage, the sucrose
values had increased markedly. In reality the increase was more rapid than
is indicated in Table VIII, as is shown by analyses which were obtained
from 16 varieties in the October 25 series, and from ¢ in the December 24
series on samples that were taken on the 1oth day after start of storage.
These are not entered in Table VIII but are included in the measurements
that formed the basis for Figure 1. The results at this early sampling period
show that the sucrose values on the 1oth day after starting storage at 5°
were about 75 per cent of the values on the 17th to 18th day. On the other
hand, there were no increases in the reducing sugar values during the
10-day period at either starting period. This does not mean that the re-
ducing sugar increase is always slow in starting. It is slow if there is a delay
after harvest before putting the tubers into cold storage, but if the tubers
are cold-stored soon after harvest a rapid increase in reducing sugar results
(see Table XIII).

Attatinment of maximum. After the rapid start in the increase in sucrose
in storage at 5°, the subsequent progressive change depended upon the time
after harvest at which the cold storage was started. This is shown by Table
X. Comparing first the 5° values for October 25 and December 24, it is
seen that the samples from the October 25 series, lines 1, 9, 15, reached a
maximum sucrose value at the first removal interval, i.e. after 17 to 18
days of storage, and then the values receded. The samples from the
December 24 series, lines 5, 12, 16, on the other hand, showed gradually
increasing values and did not reach the highest value in the series until the
fourth (last) removal date, 93 to 94 days after the start of storage. This
total effect, however, as is shown in later paragraphs, is caused by the
behavior of only certain of the varieties, and is not a characteristic of the
entire list of varieties.

Changes during Storage at 7°

The effect upon sucrose values by storage at 7° was much less distinct
than at 5°. These values are shown in lines 2 and 10, Table X, for the
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October 235 series, and although there is a distinctly low value at the fourth
removal interval, 131 days after the start, the time at which the maximum
was reached is uncertain.

The successive values for the December 24 series at 7° are shown in lines
6 and 13, and on comparing the differences between intervals with the re-
quired difference in the right-hand column it is found that the sucrose value
at the second interval is significantly higher than those at either the third
or fourth interval. This indicates a maximum value at that stage, even
though the curve is rather flat over the first three intervals.

Changes during Storage at 8.2°

The sucrose values for various removal intervals during storage at 8.2°
are shown for the October 25 series in Table X in lines 3 and 17. In both
comparisons the differences between the values for the first and fourth re-
moval intervals exceed the required difference value in the right-hand

TABLE X
SUCROSE: SUMS AT DIFFERENT STAGES OF REMOVAL FROM STORAGE

Sums of sucrose values for
No. of all of the varieties No. of |
varieties Starting | o . items Diff. req.
simuléaneously date P Removal stage summed for sign.
represented
1st 2nd ard 4th
5° 159.9 | I121.0 | 103.7 | II1I.4 13 14.5
7° 86.3 | 79.4| 97.6 | 39.9 13 14.5
Oct. 25 8.2° 57.7 1 $4.4| 42.6| 31.2 13 14.5
303.9 | 254.8 | 243.9 | 182.5 39 25.2
13
5: 139.4 | 149.9 | 156.6 | 171.5 13 14.5
7 101.7 | 120.2 99.4 83.0 13 14.5
Dec. 24 8.2° 70.9 | 71.5| 58.5| 71.6 13 14.5
312.0 | 341.6 | 314.5 | 326.1 39 25.2
5° 226.3 | 170.3 | 133.9 | 147.8 19 17.6
19 Oct. 25 7° 123.7 | 113.1 | 149.0 | 5§6.9 19 17.6
350.0 | 283.4 | 282.9 | 204.7 38 24.9
5° ?@64 .9 | 17575 | 185.5 | 200.3 16 16.1
16 Dec. 24 7° ;@37.2 | 140.2 | 117.1 | 97.6 16 16.1
1228.1 | 315.7 | 302.6 | 297.9 32 22.8
:Oct. 133 5° 302.6 | 220.1 | 184.5 | 199.1 25 20.1
35
Dec. 24 5° 245.5 | 262.1 | 276.2 | 309.0 25 20.1
19 ‘Oct. 25 8.2° 9o.x | 80.5| 60.9 | s52.0 19 17.6
22 | Dec. 24 8.2° | 118.5 | 115.2 | 04.8 | 118.9 22 18.9
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column, and since a rather regular series of values is obtained, it seems
likely that a temporary maximum for the sucrose values is shown. The
analyses for the 8.2° storage in the December 24 series are shown in lines 7
and 18. No differences between intervals equal to the value in the right-
hand column are shown. The sucrose value in the December 24 series rose
within 10days to an equilibrium value at 8.2° and then remained essentially
stationary at that value for more than 100 days. It is true that there is a
significantly low value at the third removal date, but one would hardly
accept it as a characteristic behavior without further tests.

Graphical Representation of the Temperature and Starting-Date Effects

The curves in the lower half of Figure 1 show the changes in the sucrose
values under the different storage conditions. These are based on the com-
bined values for all of the varieties.

Again an estimate of the dependability of the plotted points may be
made by referring to the proper paragraph under the heading ‘‘Experi-
mental errors’”’ and noting that the standard deviation for sucrose was
18.39 (expressed as percentages of the 5° average, which are the units for
the plotting scale in Fig. 1). Since there were 16 to 25 entries for all points
for storage durations of 17 days or more (but not for the 10-day points),
the standard error for the averages of 16 to 25 items would be from 18.39
++/25to 18.39+4/16, i.e. from about 3.7 to 4.6 units in the plotting scale
at the left edge of Figure 1.

The general situation for sucrose is the same as that described in the
preceding paragraphs. There is a difference in the sucrose curves for 5°
between the October 25 and December 24 series, the former showing a
temporary maximum and then a rapid fall, while the latter shows a con-
tinuous rise. This rise in the curve for the December 24 series is partly de-
ceptive, however, since the effect is dependent on the response of only eight
of the varieties (see Table XI, columns 2 and 3). These eight (named in a
paragraph that follows) increased markedly during the 5° storage following
the December 24 starting date, while all of the other varieties but two
(Russet Burbank and Pride of Multnomah) reached sucrose maxima nearly
exactly the same as that reached at 5° for those in the October 235 series,
and then stayed there.

It will be noted that the 7° curve for sucrose in the October 25 series has
a portion drawn with a dotted line. This was inserted because of the pre-
ponderant effect of the value 23.4 mg. of sucrose for the variety Russet
Burbank in Table VIII in the column under 7° and 68 days. The expected
value at this point is 5.3 mg. and the difference between the value as
entered and the expected value is 18.1 mg. which is ¢ times 2.02 which is
the standard deviation of the difference between two measurements

+ :.—0—3 XV 2= 2.02). If this entry is omitted the graph would follow the
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dotted portion of the graph over that interval. However, it is only in con-
nection with this graph that any attempt has been made to make allowance
for this unusual value. In all other parts of the paper, the entry 23.4 mg.
was included in the computations, and was allowed to contribute its share
toward the sums and toward the items of variation which entered into the
analyses, and which were used to compute the values of the experimental
€rrors.

TABLE XI

SUCROSE: SUMS FOR DIFFERENT VARIETIES
Variety | Sums of sucrose values for all four removal dates
Temperatures— 5° 7° 8.2°
Starting dates— Oct. 25 | Dec. 24 | Oct. 25 | Dec. 24 | Oct. 25 | Dec. 24
Neverblight 31.0 35.1 — 45.1 12.5 —
Chippewa 42.8 79.8 23.0 48.8 12.6 44.1
Russet Rural 25.7 26.8 11.6 12.2 7.8 5.7
Heavyweight 23.9 22.3 11.8 11.3 8.3 5.9
Carman No. 3 26.7 25.7 13.6 12.3 8.6 8.9
Blue Victor 22.4 39.8 17.1 24.2 — —
White Rural 21.0 23.9 10.9 — —_— 5.4
Rural New Yorker 21.3 19.4 10.9 10.0 7.4 5.3
Number Nine 23.5 22.4 17.6 11.7 7.3 6.1
Sir Walter Raleigh 22.9 19.0 11.8 — — 6.4
Irish_Cobbler 43-4 74.4 25.9 54.9 14.§ 35.2
Early Rose 52.5 54.6 25.4 34.2 18.6 24.0
Early Six Weeks 39.3 33.9 — 23.4 17.6 —
Katahdin 29.9 30.9 19.6 24.6 12.9 14.6
Early Ohio 42.1 41.4 24.8 — —_ 18.6
Eureka 35.4 75.0 35.5 60.6 20.1 36.3
Russet Burbank 37.6 27.8 45.0 — — 13.9
Green Mountain 73.9 7.7 48.9 50.6 24.4 38.1
Delaware 68.2 67.3 38.2 41.1 23.4 27.2
Bliss Triumph 45.2 90.8 — — 22.0 45.8
Pride of Multnomah 37.1 25.1 — —_ 16.7 15.6
Spaulding Rose 28.8 40.¢ 21.2 32.0 20.0 20.9
Blue Mercer 23.4 32.6 — —_ 9.9 12.§
Warba 36.3 47.9 29.9 — —_ 27.9
Axtell’'s Bugless 52.0 58.1 — — 18.9 27.8
Differences required:

Between any two items (each representing the total for 4 analyses in Table II1)—8.1;
between the sums of two comparable items (these values representing the total of 8
analyses in each comparable series) —11.4; between the sums of three comparable items
(12 analyses in each series) —14.0.

-

Characteristigs of the Various Varieties

Table XT is a summary of the sucrose analyses in Table VIII for various
varieties, and was prepared by adding the values for each of the four re-
moval periods for each temperature and each starting date.

It will be noted that although the varieties of the Rural group and Blue
Victor are low in both reducing sugar and sucrose, and although such
varieties as Green Mountain and Bliss Triumph are high in both sugars,
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there are some contrasts with regard to the content of these two sugars in
the case of certain other varieties. For example, Chippewa, although low
in reducing sugar, is very high in sucrose, and Blue Mercer is high in re-
ducing sugar and low in sucrose.

There was a difference also in the response of varicties to the develop-
ment of sucrose as a result of different starting dates. This is shown in Table
XI. Comparing the values for 5° for each variety for the two starting dates,
it is seen that most of the varieties show about the same totals for both
October 25 and December 24. The agreement is in many cases quite sur-
prising in view of the different effects in other respects caused by the dif-
ference in the starting dates. This agreement, therefore, emphasizes the
exceptions found in columns 2 and 3. Note that large increases were found
for the December 24 over the October 25 series for the following varieties:
Chippewa, Blue Victor, Irish Cobbler, Eureka, Bliss Triumph, Spaulding
Rose, and Warba. The difference in the values for Blue Mercer at the two
dates also is slightly greater than the required difference. Russet Burbank
and Pride of Multnomah, on the other hand, show a decrcase for the
December 24 series, rather than an increase.

This behavior of the varicties in the sucrose change at 5° at different
starting dates is also interesting in relation to the group classification. On
this basis Irish Cobbler and Eureka seem to belong to the same group,
although the reducing sugar values for these two varieties showed signifi-
cant differences. Bliss Triumph and Warba show the same type of response
and are in the same group. Russet Burbank and Pride of Multnomah are
the only ones to show a downward trend at the late starting date and they
belong in the same <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>